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�S�u�m�m�a�r�y� 
� � 

�2� �S�u�m�m�a�r�y� 

�T�h�e�r�m�o�p�h�i�l�i�c� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�p�.� �a�r�e� �z�o�o�n�o�t�i�c� �b�a�c�t�e�r�i�a� �l�e�a�d�i�n�g� �t�o� �t�h�e� �m�o�s�t� �o�f�t�e�n� �r�e�p�o�r�t�e�d� 

�g�a�s�t�r�o�e�n�t�e�r�i�t�i�s� �i�n� �t�h�e� �E�u�r�o�p�e�a�n� �U�n�i�o�n�.� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �a�n�d� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�i� �a�r�e� �t�h�e� 

�m�a�j�o�r� �s�p�e�c�i�e�s� �r�e�l�e�v�a�n�t� �f�o�r� �h�u�m�a�n� �c�a�m�p�y�l�o�b�a�c�t�e�r�i�o�s�i�s�,� �w�h�i�c�h� �m�a�n�i�f�e�s�t�s� �w�i�t�h� �w�a�t�e�r�y� �o�r� �b�l�o�o�d�y� 

�d�i�a�r�r�h�e�a�,� �a�b�d�o�m�i�n�a�l� �c�r�a�m�p�s�,� �f�e�v�e�r� �a�n�d� �i�n� �f�e�w� �c�a�s�e�s� �l�e�a�d�s� �t�o� �a�u�t�o�i�m�m�u�n�e� �s�e�q�u�e�l�a�e�,� �s�u�c�h� �a�s� 

�r�e�a�c�t�i�v�e� �a�r�t�h�r�i�t�i�s�,� �i�r�r�i�t�a�b�l�e� �b�o�w�e�l� �d�i�s�e�a�s�e� �a�n�d� �G�u�i�l�l�a�i�n�-�B�a�r�r�é� �s�y�n�d�r�o�m�e�.� �E�v�e�n� �t�h�o�u�g�h� �t�h�e� 

�p�a�t�h�o�g�e�n�s� �a�r�e� �f�a�s�t�i�d�i�o�u�s� �i�n� �v�i�t�r�o� �a�n�d� �o�n�l�y� �g�r�o�w� �a�t� �r�e�d�u�c�e�d� �o�x�y�g�e�n� �l�e�v�e�l�s�,� �t�h�e�y� �a�r�e� �v�e�r�y� 

�s�u�c�c�e�s�s�f�u�l� �i�n� �c�o�l�o�n�i�z�i�n�g� �d�i�f�f�e�r�e�n�t� �w�a�r�m�-�b�l�o�o�d�e�d� �h�o�s�t�s� �a�n�d� �i�n� �q�u�i�c�k�l�y� �s�p�r�e�a�d�i�n�g� �w�i�t�h�i�n� �a� �c�h�i�c�k�e�n� 

�f�l�o�c�k�.� 

�T�h�i�s� �P�h�D� �t�h�e�s�e�s� �w�a�s� �f�o�c�u�s�e�d� �o�n� �g�e�n�o�m�i�c� �d�i�v�e�r�s�i�t�y� �o�f� �C�.� �j�e�j�u�n�i� �a�n�d� �C�.� �c�o�l�i� �a�n�d� �t�h�e� �u�n�d�e�r�l�y�i�n�g� 

�m�e�c�h�a�n�i�s�m�s�,� �i�n� �p�a�r�t�i�c�u�l�a�r�,� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�,� �w�h�i�c�h� �i�s� �t�h�e� �c�a�p�a�c�i�t�y� �t�o� �t�a�k�e� �u�p� �f�r�e�e� �D�N�A� 

�f�r�o�m� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �a�n�d� �a�d�a�p�t� �t�o� �c�h�a�n�g�i�n�g� �c�o�n�d�i�t�i�o�n�s�.� 

�W�e� �i�d�e�n�t�i�f�i�e�d� �s�t�r�a�i�n�s� �w�i�t�h� �a�m�b�i�g�u�o�u�s� �r�e�s�u�l�t�s� �i�n� �s�p�e�c�i�e�s� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �b�y� �r�e�a�l�-�t�i�m�e� �P�C�R� 

�t�a�r�g�e�t�i�n�g� �g�e�n�e�s�,� �u�s�u�a�l�l�y� �d�i�s�t�i�n�c�t� �f�o�r� �C�.� �c�o�l�i� �a�n�d� �C�.� �j�e�j�u�n�i�.� �U�s�i�n�g� �n�e�x�t� �g�e�n�e�r�a�t�i�o�n� �s�e�q�u�e�n�c�i�n�g� �a�n�d� 

�k�-�m�e�r� �a�n�a�l�y�s�i�s� �t�h�e� �s�t�r�a�i�n�s� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d� �a�s� �C�.� �c�o�l�i�,� �h�a�r�b�o�r�i�n�g� �a� �s�u�b�s�t�a�n�t�i�a�l� �a�m�o�u�n�t� �o�f� 

�r�e�c�o�m�b�i�n�e�d� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e�s�,� �l�e�a�d�i�n�g� �t�o� �g�e�n�e� �v�a�r�i�a�n�t�s�.� �I�n�t�e�r�e�s�t�i�n�g�l�y�,� �t�h�e�s�e� �s�o�-�c�a�l�l�e�d� �h�y�b�r�i�d� 

�s�t�r�a�i�n�s� �s�h�a�r�e�d� �a� �c�o�m�m�o�n� �s�e�t� �o�f� �g�e�n�e�s� �w�i�t�h� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e� �i�n�t�r�o�g�r�e�s�s�i�o�n�,� �w�h�i�c�h� �m�a�y� �h�a�v�e� 

�a� �p�o�t�e�n�t�i�a�l� �r�o�l�e� �i�n� �s�t�r�e�s�s� �d�e�f�e�n�s�e�.� �S�i�n�c�e� �t�h�e� �h�y�b�r�i�d� �s�t�r�a�i�n�s� �w�e�r�e� �p�r�e�f�e�r�e�n�t�i�a�l�l�y� �i�s�o�l�a�t�e�d� �f�r�o�m� �e�g�g� 

�s�h�e�l�l�s�,� �w�h�i�c�h� �i�s� �a� �d�r�y� �a�n�d� �h�a�r�m�f�u�l� �e�n�v�i�r�o�n�m�e�n�t� �f�o�r� �t�h�e�r�m�o�p�h�i�l�i�c� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�p�.�,� �t�h�i�s� �m�a�y� 

�h�i�n�t� �a�t� �s�e�l�e�c�t�i�o�n� �f�o�r� �s�t�r�a�i�n�s� �w�h�i�c�h� �s�u�r�v�i�v�e�d� �h�a�r�s�h� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s�.� �I�t� �a�l�s�o� 

�d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �C�a�m�p�y�l�o�b�a�c�t�e�r� �i�s� �a�b�l�e� �t�o� �u�n�d�e�r�g�o� �e�x�t�e�n�s�i�v�e� �g�e�n�e�t�i�c� �e�x�c�h�a�n�g�e�.� 

�T�h�e� �q�u�e�s�t�i�o�n� �a�r�o�s�e�,� �u�n�d�e�r� �w�h�i�c�h� �c�o�n�d�i�t�i�o�n�s� �t�h�e� �p�a�t�h�o�g�e�n� �a�c�q�u�i�r�e�s� �g�e�n�e�t�i�c� �m�a�t�e�r�i�a�l� �b�y� �n�a�t�u�r�a�l� 

�t�r�a�n�s�f�o�r�m�a�t�i�o�n�,� �l�e�a�d�i�n�g� �t�o� �t�h�e� �i�n�t�r�o�d�u�c�t�i�o�n� �o�f� �s�u�c�h� �a�n� �a�m�o�u�n�t� �o�f� �n�e�w� �g�e�n�e�t�i�c� �m�a�t�e�r�i�a�l�.� �F�a�c�t�o�r�s� 

�r�e�g�u�l�a�t�i�n�g� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �a�n�d� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �a�r�e� �o�n�l�y� �p�o�o�r�l�y� �u�n�d�e�r�s�t�o�o�d� �i�n� 

�C�.� �j�e�j�u�n�i�.� �T�h�e�r�e�f�o�r�e�,� �w�e� �d�e�v�e�l�o�p�e�d� �a� �s�i�n�g�l�e� �c�e�l�l�-�b�a�s�e�d� �u�p�t�a�k�e� �a�s�s�a�y� �t�o� �m�o�n�i�t�o�r� �c�o�m�p�e�t�e�n�c�e� 

�d�e�v�e�l�o�p�m�e�n�t�.� �A�s� �a� �f�r�e�s�h� �f�i�e�l�d� �i�s�o�l�a�t�e� �w�e� �u�s�e�d� �C�.� �j�e�j�u�n�i� �s�t�r�a�i�n� �B�f�R�-�C�A�-�1�4�4�3�0� �w�h�i�c�h� �h�a�d� �r�e�c�e�n�t�l�y� 

�b�e�e�n� �i�s�o�l�a�t�e�d� �f�r�o�m� �c�h�i�c�k�e�n� �m�e�a�t� �a�n�d� �b�e�l�o�n�g�s� �t�o� �c�l�o�n�a�l� �c�o�m�p�l�e�x� �2�1� �(�S�T�4�4�)�,� �w�h�i�c�h� �i�s� �a�l�s�o� 

�c�o�m�m�o�n�l�y� �f�o�u�n�d� �i�n� �h�u�m�a�n� �i�s�o�l�a�t�e�s�.� �F�o�r� �b�e�t�t�e�r� �c�o�m�p�a�r�a�b�i�l�i�t�y� �t�h�i�s� �s�t�r�a�i�n� �w�a�s� �d�i�s�t�r�i�b�u�t�e�d� �f�o�r� 

�c�o�m�m�o�n� �u�s�e� �i�n� �t�h�e� �P�A�C�-�C�A�M�P�Y� �c�o�n�s�o�r�t�i�u�m�.� �S�i�n�c�e� �n�o� �s�e�q�u�e�n�c�e� �d�a�t�a� �w�a�s� �a�v�a�i�l�a�b�l�e� �w�e� 

�s�e�q�u�e�n�c�e�d� �t�h�i�s� �s�t�r�a�i�n� �u�s�i�n�g� �s�h�o�r�t�-�r�e�a�d� �I�l�l�u�m�i�n�a� �a�n�d� �s�i�n�g�l�e� �m�o�l�e�c�u�l�e� �r�e�a�l�-�t�i�m�e� �(�S�M�R�T�)� �l�o�n�g�-� 

�r�e�a�d� �s�e�q�u�e�n�c�e� �a�n�a�l�y�s�i�s�.� �B�f�R�-�C�A�-�1�4�4�3�0� �h�a�d� �a� �g�e�n�o�m�e� �s�i�z�e� �o�f� �1�.�6� �M�b� �a�n�d� �h�a�r�b�o�r�e�d� �a� �4�1� �k�b� 

�p�l�a�s�m�i�d�.� �F�o�r� �v�i�s�u�a�l�i�z�a�t�i�o�n� �o�f� �D�N�A� �u�p�t�a�k�e�,� �w�e� �c�o�v�a�l�e�n�t�l�y� �l�a�b�e�l�l�e�d� �C�.� �j�e�j�u�n�i� �g�e�n�o�m�i�c� �D�N�A� �w�i�t�h� �a� 

�f�l�u�o�r�o�p�h�o�r�e� �a�n�d� �a�d�d�e�d� �t�h�i�s� �l�a�b�e�l�l�e�d� �D�N�A� �t�o� �C�.� �j�e�j�u�n�i� �c�e�l�l�s� �u�n�d�e�r� �d�i�f�f�e�r�e�n�t� �g�r�o�w�t�h� �c�o�n�d�i�t�i�o�n�s�.� 

�T�h�e� �r�e�s�u�l�t�s� �o�b�t�a�i�n�e�d� �b�y� �t�h�e� �s�i�n�g�l�e� �c�e�l�l� �a�s�s�a�y� �c�o�r�r�e�l�a�t�e�d� �w�e�l�l� �w�i�t�h� �t�h�e� �r�e�s�u�l�t�s� �o�b�t�a�i�n�e�d� �b�y� �a� 

�c�l�a�s�s�i�c�a�l� �a�s�s�a�y� �a�p�p�r�o�a�c�h� �b�a�s�e�d� �o�n� �t�h�e� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �a�n�d� �s�u�b�s�e�q�u�e�n�t� �s�e�l�e�c�t�i�o�n� �f�o�r� �a� 
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�U�H�V�L�V�W�D�Q�F�H�� �P�D�U�N�H�U���� �7�K�L�V�� �V�K�R�Z�H�G�� �W�K�D�W�� �W�K�H�� �D�V�V�D�\�� �L�V�� �D�� �S�R�Z�H�U�I�X�O�� �W�R�R�O�� �W�R�� �D�Q�D�O�\�]�H�� �F�R�P�S�H�W�H�Q�F�H��

�G�H�Y�H�O�R�S�P�H�Q�W���L�Q���&�����M�H�M�X�Q�L�����,�Q�F�U�H�D�V�H���I�U�R�P���S�+�����������W�R�����������U�H�V�X�O�W�H�G���L�Q���D���K�L�J�K�H�U���I�U�D�F�W�L�R�Q���R�I���F�R�P�S�H�W�H�Q�W��

�F�H�O�O�V���� �%�H�O�R�Z�� �S�+�� ���� �Q�H�L�W�K�H�U�� �F�R�P�S�H�W�H�Q�F�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �Q�R�U�� �'�1�$�� �X�S�W�D�N�H�� �Z�D�V�� �R�E�V�H�U�Y�H�G����

�)�X�U�W�K�H�U�P�R�U�H���� �D�H�U�R�E�L�F���F�R�Q�G�L�W�L�R�Q�V���D�E�R�O�L�V�K�H�G���F�R�P�S�H�W�H�Q�F�H���G�H�Y�H�O�R�S�P�H�Q�W���E�X�W���Q�R�W���'�1�$���X�S�W�D�N�H���L�Q��

�D�O�U�H�D�G�\�� �F�R�P�S�H�W�H�Q�W���&���� �M�H�M�X�Q�L���� �7�K�H�V�H�� �I�L�Q�G�L�Q�J�V�� �V�X�J�J�H�V�W�H�G�� �D�� �V�W�U�R�Q�J�� �U�H�J�X�O�D�W�L�R�Q�� �R�I�� �F�R�P�S�H�W�H�Q�F�H��

�G�H�Y�H�O�R�S�P�H�Q�W���L�Q���&�����M�H�M�X�Q�L�����:�H���I�X�U�W�K�H�U���V�K�R�Z�H�G���W�K�D�W���F�R�P�S�H�W�H�Q�F�H���G�H�Y�H�O�R�S�P�H�Q�W���L�Q���&�����M�H�M�X�Q�L���G�L�G���Q�R�W��

�G�H�S�H�Q�G���R�Q���J�U�R�Z�W�K���W�H�P�S�H�U�D�W�X�U�H�V���R�U���F�D�U�E�R�Q���G�L�R�[�L�G�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V�����6�L�Q�F�H���&�����M�H�M�X�Q�L���R�I�W�H�Q���U�H�V�L�G�H�V��

�L�Q���W�K�H���V�O�L�J�K�W�O�\���D�O�N�D�O�L�Q�H���L�Q�W�H�V�W�L�Q�H���R�I���S�R�X�O�W�U�\�����W�K�H���U�H�V�X�O�W�V���L�P�S�O�L�F�D�W�H���H�[�W�H�Q�V�L�Y�H���J�H�Q�H�W�L�F���H�[�F�K�D�Q�J�H���L�Q��

�W�K�H���K�R�V�W�����7�K�L�V���P�L�J�K�W���E�H���E�H�Q�H�I�L�F�L�D�O���W�R���V�Z�L�W�F�K���K�R�V�W�V���D�Q�G���R�U���W�R���V�X�U�Y�L�Y�H���L�Q���W�K�H���H�Q�Y�L�U�R�Q�P�H�Q�W������

�,�Q�� �D�� �F�R�R�S�H�U�D�W�L�R�Q�� �V�W�X�G�\���� �W�K�H�� �V�L�Q�J�O�H�� �F�H�O�O�� �D�V�V�D�\�� �Z�D�V�� �X�V�H�G�� �W�R�� �F�K�H�F�N�� �W�K�H�� �H�I�I�H�F�W�� �R�I�� �D�Q�� �L�P�P�X�Q�H��

�V�W�L�P�X�O�D�W�L�Y�H�� �V�X�E�V�W�D�Q�F�H���� �F�X�U�F�X�P�L�Q���� �Z�K�L�F�K�� �Z�D�V�� �V�X�J�J�H�V�W�H�G�� �D�V�� �D�� �S�R�W�H�Q�W�L�D�O�� �W�U�H�D�W�P�H�Q�W�� �R�S�W�L�R�Q���I�R�U��

�F�D�P�S�\�O�R�E�D�F�W�H�U�L�R�V�L�V�����R�Q���Q�D�W�X�U�D�O���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�����7�K�H���'�1�$���X�S�W�D�N�H���D�V�V�D�\���G�L�G���Q�R�W���L�G�H�Q�W�L�I�\���H�L�W�K�H�U��

�V�W�L�P�X�O�D�W�L�Q�J�� �R�U�� �L�Q�K�L�E�L�W�L�Q�J�� �H�I�I�H�F�W�V�� �R�I�� �F�X�U�F�X�P�L�Q�� �R�Q�� �Q�D�W�X�U�D�O�� �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�� �L�Q���&���� �M�H�M�X�Q�L���� �Z�K�L�F�K��

�F�R�U�U�R�E�R�U�D�W�H�V���L�W�V���D�S�S�O�L�F�D�W�L�R�Q���G�X�U�L�Q�J���F�D�P�S�\�O�R�E�D�F�W�H�U�L�R�V�L�V���Z�L�W�K�R�X�W���W�U�L�J�J�H�U�L�Q�J���W�K�H���D�G�D�S�W�L�Y�H���S�R�W�H�Q�W�L�D�O��

�R�I���W�K�H���S�D�W�K�R�J�H�Q����

�,�Q���F�R�Q�F�O�X�V�L�R�Q�����H�[�W�H�Q�V�L�Y�H���J�H�Q�H�W�L�F���H�[�F�K�D�Q�J�H���R�F�F�X�U�V���L�Q���&�D�P�S�\�O�R�E�D�F�W�H�U�����S�R�W�H�Q�W�L�D�O�O�\���H�Q�O�D�U�J�L�Q�J���W�K�H��

�D�G�D�S�W�L�Y�H���S�R�W�H�Q�W�L�D�O���R�I���W�K�H���I�R�R�G���E�R�U�Q�H���S�D�W�K�R�J�H�Q�����7�K�L�V���P�L�J�K�W���V�X�S�S�R�U�W���W�K�H���S�D�W�K�R�J�H�Q���D�V���V�X�F�F�H�V�V�I�X�O��

�F�R�O�R�Q�L�]�H�U���D�Q�G���V�X�U�Y�L�Y�R�U�����%�H�V�L�G�H�V�����K�L�J�K���J�H�Q�H�W�L�F���S�O�D�V�W�L�F�L�W�\���P�D�\���K�L�Q�G�H�U���F�R�U�U�H�F�W���G�L�D�J�Q�R�V�W�L�F�V���D�Q�G���K�D�V��

�W�R�� �E�H�� �W�D�N�H�Q�� �L�Q�W�R�� �D�F�F�R�X�Q�W�� �I�R�U�� �F�R�Q�W�L�Q�X�R�X�V�� �P�R�Q�L�W�R�U�L�Q�J�� �R�I���&�D�P�S�\�O�R�E�D�F�W�H�U�� �Y�D�U�L�D�Q�W�V���� �,�W�� �U�H�P�D�L�Q�V��

�L�P�S�R�U�W�D�Q�W�� �W�R�� �V�W�X�G�\�� �Q�D�W�X�U�D�O�� �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�� �L�Q�� �G�H�W�D�L�O�� �L�Q�� �R�U�G�H�U�� �W�R�� �U�H�G�X�F�H�� �W�K�H�� �D�G�D�S�W�D�E�L�O�L�W�\�� �R�I��

�W�K�H�U�P�R�S�K�L�O�L�F���&�D�P�S�\�O�R�E�D�F�W�H�U���V�S�S�����L�Q���W�K�H���I�X�W�X�U�H������ 

  

�S�u�m�m�a�r�y� 
� � 

�r�e�s�i�s�t�a�n�c�e� �m�a�r�k�e�r�.� �T�h�i�s� �s�h�o�w�e�d� �t�h�a�t� �t�h�e� �a�s�s�a�y� �i�s� �a� �p�o�w�e�r�f�u�l� �t�o�o�l� �t�o� �a�n�a�l�y�z�e� �c�o�m�p�e�t�e�n�c�e� 

�d�e�v�e�l�o�p�m�e�n�t� �i�n� �C�.� �j�e�j�u�n�i�.� �I�n�c�r�e�a�s�e� �f�r�o�m� �p�H� �6�.�5� �t�o� �7�.�5� �r�e�s�u�l�t�e�d� �i�n� �a� �h�i�g�h�e�r� �f�r�a�c�t�i�o�n� �o�f� �c�o�m�p�e�t�e�n�t� 

�c�e�l�l�s�.� �B�e�l�o�w� �p�H� �5� �n�e�i�t�h�e�r� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �n�o�r� �D�N�A� �u�p�t�a�k�e� �w�a�s� �o�b�s�e�r�v�e�d�.� 

�F�u�r�t�h�e�r�m�o�r�e�,� �a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �a�b�o�l�i�s�h�e�d� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �b�u�t� �n�o�t� �D�N�A� �u�p�t�a�k�e� �i�n� 

�a�l�r�e�a�d�y� �c�o�m�p�e�t�e�n�t� �C�.� �j�e�j�u�n�i�.� �T�h�e�s�e� �f�i�n�d�i�n�g�s� �s�u�g�g�e�s�t�e�d� �a� �s�t�r�o�n�g� �r�e�g�u�l�a�t�i�o�n� �o�f� �c�o�m�p�e�t�e�n�c�e� 

�d�e�v�e�l�o�p�m�e�n�t� �i�n� �C�.� �j�e�j�u�n�i�.� �W�e� �f�u�r�t�h�e�r� �s�h�o�w�e�d� �t�h�a�t� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �i�n� �C�.� �j�e�j�u�n�i� �d�i�d� �n�o�t� 

�d�e�p�e�n�d� �o�n� �g�r�o�w�t�h� �t�e�m�p�e�r�a�t�u�r�e�s� �o�r� �c�a�r�b�o�n� �d�i�o�x�i�d�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�.� �S�i�n�c�e� �C�.� �j�e�j�u�n�i� �o�f�t�e�n� �r�e�s�i�d�e�s� 

�i�n� �t�h�e� �s�l�i�g�h�t�l�y� �a�l�k�a�l�i�n�e� �i�n�t�e�s�t�i�n�e� �o�f� �p�o�u�l�t�r�y�,� �t�h�e� �r�e�s�u�l�t�s� �i�m�p�l�i�c�a�t�e� �e�x�t�e�n�s�i�v�e� �g�e�n�e�t�i�c� �e�x�c�h�a�n�g�e� �i�n� 

�t�h�e� �h�o�s�t�.� �T�h�i�s� �m�i�g�h�t� �b�e� �b�e�n�e�f�i�c�i�a�l� �t�o� �s�w�i�t�c�h� �h�o�s�t�s� �a�n�d�/�o�r� �t�o� �s�u�r�v�i�v�e� �i�n� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�.� 

�I�n� �a� �c�o�o�p�e�r�a�t�i�o�n� �s�t�u�d�y�,� �t�h�e� �s�i�n�g�l�e� �c�e�l�l� �a�s�s�a�y� �w�a�s� �u�s�e�d� �t�o� �c�h�e�c�k� �t�h�e� �e�f�f�e�c�t� �o�f� �a�n� �i�m�m�u�n�e�-� 

�s�t�i�m�u�l�a�t�i�v�e� �s�u�b�s�t�a�n�c�e�,� �c�u�r�c�u�m�i�n�,� �w�h�i�c�h� �w�a�s� �s�u�g�g�e�s�t�e�d� �a�s� �a� �p�o�t�e�n�t�i�a�l� �t�r�e�a�t�m�e�n�t� �o�p�t�i�o�n� �f�o�r� 

�c�a�m�p�y�l�o�b�a�c�t�e�r�i�o�s�i�s�,� �o�n� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�.� �T�h�e� �D�N�A� �u�p�t�a�k�e� �a�s�s�a�y� �d�i�d� �n�o�t� �i�d�e�n�t�i�f�y� �e�i�t�h�e�r� 

�s�t�i�m�u�l�a�t�i�n�g� �o�r� �i�n�h�i�b�i�t�i�n�g� �e�f�f�e�c�t�s� �o�f� �c�u�r�c�u�m�i�n� �o�n� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �i�n� �C�.� �j�e�j�u�n�i�,� �w�h�i�c�h� 

�c�o�r�r�o�b�o�r�a�t�e�s� �i�t�s� �a�p�p�l�i�c�a�t�i�o�n� �d�u�r�i�n�g� �c�a�m�p�y�l�o�b�a�c�t�e�r�i�o�s�i�s� �w�i�t�h�o�u�t� �t�r�i�g�g�e�r�i�n�g� �t�h�e� �a�d�a�p�t�i�v�e� �p�o�t�e�n�t�i�a�l� 

�o�f� �t�h�e� �p�a�t�h�o�g�e�n�.� 

�I�n� �c�o�n�c�l�u�s�i�o�n�,� �e�x�t�e�n�s�i�v�e� �g�e�n�e�t�i�c� �e�x�c�h�a�n�g�e� �o�c�c�u�r�s� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r�,� �p�o�t�e�n�t�i�a�l�l�y� �e�n�l�a�r�g�i�n�g� �t�h�e� 

�a�d�a�p�t�i�v�e� �p�o�t�e�n�t�i�a�l� �o�f� �t�h�e� �f�o�o�d�-�b�o�r�n�e� �p�a�t�h�o�g�e�n�.� �T�h�i�s� �m�i�g�h�t� �s�u�p�p�o�r�t� �t�h�e� �p�a�t�h�o�g�e�n� �a�s� �s�u�c�c�e�s�s�f�u�l� 

�c�o�l�o�n�i�z�e�r� �a�n�d� �s�u�r�v�i�v�o�r�.� �B�e�s�i�d�e�s�,� �h�i�g�h� �g�e�n�e�t�i�c� �p�l�a�s�t�i�c�i�t�y� �m�a�y� �h�i�n�d�e�r� �c�o�r�r�e�c�t� �d�i�a�g�n�o�s�t�i�c�s� �a�n�d� �h�a�s� 

�t�o� �b�e� �t�a�k�e�n� �i�n�t�o� �a�c�c�o�u�n�t� �f�o�r� �c�o�n�t�i�n�u�o�u�s� �m�o�n�i�t�o�r�i�n�g� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �v�a�r�i�a�n�t�s�.� �I�t� �r�e�m�a�i�n�s� 

�i�m�p�o�r�t�a�n�t� �t�o� �s�t�u�d�y� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �i�n� �d�e�t�a�i�l� �i�n� �o�r�d�e�r� �t�o� �r�e�d�u�c�e� �t�h�e� �a�d�a�p�t�a�b�i�l�i�t�y� �o�f� 
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�W�i�r� �i�d�e�n�t�i�f�i�z�i�e�r�t�e�n� �S�t�a�m�m�e� �m�i�t� �u�n�e�i�n�d�e�u�t�i�g�e�n� �E�r�g�e�b�n�i�s�s�e�n� �i�n� �d�e�r� �S�p�e�z�i�e�s�d�i�f�f�e�r�e�n�z�i�e�r�u�n�g� 

�m�i�t�t�e�l�s� �R�e�a�l�-�T�i�m�e� �P�C�R�.� �D�i�e�s�e� �b�a�s�i�e�r�t�e� �a�u�f� �d�e�r� �D�e�t�e�k�t�i�o�n� �v�o�n� �Z�i�e�l�g�e�n�e�n�,� �d�i�e� �n�o�r�m�a�l�e�r�w�e�i�s�e� 
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�8



Zusammenfassung 

9 
 

�G�L�H�V�H�U�� �6�W�D�P�P�� �L�P�� �3�$�&���&�$�0�3�<�� �.�R�Q�V�R�U�W�L�X�P�� �Y�H�U�W�H�L�O�W�� �X�Q�G�� �J�H�P�H�L�Q�V�D�P�� �Y�H�U�Z�H�Q�G�H�W���� �'�D�� �N�H�L�Q�H��

�6�H�T�X�H�Q�]�G�D�W�H�Q�� �G�L�H�V�H�V�� �6�W�D�P�P�H�V�� �Y�R�U�O�D�J�H�Q���� �V�H�T�X�H�Q�]�L�H�U�W�H�Q�� �Z�L�U�� �G�L�H�V�H�Q�� �P�L�W���V�K�R�U�W���U�H�D�G�� �,�O�O�X�P�L�Q�D��

�X�Q�G���(�L�Q�]�H�O�P�R�O�H�N�•�O���(�F�K�W�]�H�L�W���O�R�Q�J���U�H�D�G���6�H�T�X�H�Q�]�L�H�U�X�Q�J������������

�%�I�5���&�$�������������� �K�D�W�W�H���H�L�Q�H���*�H�Q�R�P�J�U�|�‰�H���Y�R�Q�����������0�E���X�Q�G���W�U�X�J���H�L�Q���������N�E���J�U�R�‰�H�V���3�O�D�V�P�L�G���� �=�X�U��

�9�L�V�X�D�O�L�V�L�H�U�X�Q�J�� �G�H�U�� �'�1�$���$�X�I�Q�D�K�P�H���� �P�D�U�N�L�H�U�W�H�Q�� �Z�L�U�� �J�H�Q�R�P�L�V�F�K�H���&���� �M�H�M�X�Q�L�� �'�1�$�� �N�R�Y�D�O�H�Q�W�� �P�L�W��

�H�L�Q�H�P���)�O�X�R�U�R�S�K�R�U���X�Q�G���J�D�E�H�Q���G�L�H�V�H���P�D�U�N�L�H�U�W�H���'�1�$���]�X���&�����M�H�M�X�Q�L���=�H�O�O�H�Q�����G�L�H���X�Q�W�H�U���Y�H�U�V�F�K�L�H�G�H�Q�H�Q��

�%�H�G�L�Q�J�X�Q�J�H�Q�� �J�H�Z�D�F�K�V�H�Q�� �Z�D�U�H�Q���� �'�L�H�� �(�U�J�H�E�Q�L�V�V�H���� �G�L�H�� �P�L�W�� �G�H�P�� �(�L�Q�]�H�O�]�H�O�O���$�V�V�D�\�� �E�H�R�E�D�F�K�W�H�W��

�Z�X�U�G�H�Q�����N�R�U�U�H�O�L�H�U�W�H�Q���J�X�W���P�L�W���M�H�Q�H�Q�����G�L�H���P�L�W�W�H�O�V���N�O�D�V�V�L�V�F�K�H�P���$�V�V�D�\���E�H�R�E�D�F�K�W�H�W���Z�X�U�G�H�Q�����G�H�U���D�X�I��

�G�H�U���7�U�D�Q�V�I�R�U�P�D�W�L�R�Q���X�Q�G���D�Q�V�F�K�O�L�H�‰�H�Q�G�H�Q���6�H�O�H�N�W�L�R�Q���P�L�W���H�L�Q�H�P���5�H�V�L�V�W�H�Q�]�P�D�U�N�H�U���E�D�V�L�H�U�W�H�����'�L�H�V��
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�$�X�I�Q�D�K�P�H�� �E�H�R�E�D�F�K�W�H�W���� �$�H�U�R�E�H�� �%�H�G�L�Q�J�X�Q�J�H�Q�� �Y�H�U�K�L�Q�G�H�U�W�H�Q�� �.�R�P�S�H�W�H�Q�]�H�Q�W�Z�L�F�N�O�X�Q�J�� �M�H�G�R�F�K��
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�O�H�E�H�Q�V�P�L�W�W�H�O���D�V�V�R�]�L�L�H�U�W�H�Q���.�H�L�P�V���X�Q�G���N�|�Q�Q�W�H���G�D�V���3�D�W�K�R�J�H�Q���L�Q���G�H�U���H�U�I�R�O�J�U�H�L�F�K�H�Q���.�R�O�R�Q�L�V�L�H�U�X�Q�J��

�X�Q�G���L�P���h�E�H�U�O�H�E�H�Q���X�Q�W�H�U�V�W�•�W�]�H�Q�����$�X�‰�H�U�G�H�P���N�D�Q�Q���J�H�Q�H�W�L�V�F�K�H���3�O�D�V�W�L�]�L�W�l�W���G�L�H���N�R�U�U�H�N�W�H���'�L�D�J�Q�R�V�W�L�N��

�E�H�K�L�Q�G�H�U�Q�� �X�Q�G�� �P�X�V�V�� �E�H�U�•�F�N�V�L�F�K�W�L�J�W�� �Z�H�U�G�H�Q���� �X�P�� �N�R�Q�W�L�Q�X�L�H�U�O�L�F�K���&�D�P�S�\�O�R�E�D�F�W�H�U���9�D�U�L�D�Q�W�H�Q��

�H�U�N�H�Q�Q�H�Q���]�X���N�|�Q�Q�H�Q�����(�V���E�O�H�L�E�W���Z�L�F�K�W�L�J�����Q�D�W�•�U�O�L�F�K�H���7�U�D�Q�V�I�R�U�P�D�W�L�R�Q���J�U�•�Q�G�O�L�F�K�H�U���]�X���X�Q�W�H�U�V�X�F�K�H�Q����

�X�P�� �G�L�H�� �$�G�D�S�W�D�W�L�R�Q�V�I�l�K�L�J�N�H�L�W�� �Y�R�Q�� �W�K�H�U�P�R�S�K�L�O�H�Q���&�D�P�S�\�O�R�E�D�F�W�H�U�� �V�S�S���� �L�Q�� �G�H�U�� �=�X�N�X�Q�I�W�� �]�X��

�U�H�G�X�]�L�H�U�H�Q�������� ��

�Z�u�s�a�m�m�e�n�f�a�s�s�u�n�g� 
� � 

�d�i�e�s�e�r� �S�t�a�m�m� �i�m� �P�A�C�-�C�A�M�P�Y� �K�o�n�s�o�r�t�i�u�m� �v�e�r�t�e�i�l�t� �u�n�d� �g�e�m�e�i�n�s�a�m� �v�e�r�w�e�n�d�e�t�.� �D�a� �k�e�i�n�e� 

�S�e�q�u�e�n�z�d�a�t�e�n� �d�i�e�s�e�s� �S�t�a�m�m�e�s� �v�o�r�l�a�g�e�n�,� �s�e�q�u�e�n�z�i�e�r�t�e�n� �w�i�r� �d�i�e�s�e�n� �m�i�t� �s�h�o�r�t�-�r�e�a�d� �I�l�l�u�m�i�n�a� 

�u�n�d� �E�i�n�z�e�l�m�o�l�e�k�u�l� �E�c�h�t�z�e�i�t� �l�o�n�g�-�r�e�a�d� �S�e�q�u�e�n�z�i�e�r�u�n�g�.� 

�B�f�R�-�C�A�-�1�4�4�3�0� �h�a�t�t�e� �e�i�n�e� �G�e�n�o�m�g�r�d�f�e� �v�o�n� �1�,�6� �M�b� �u�n�d� �t�r�u�g� �e�i�n� �4�1� �k�b� �g�r�o�R�e�s� �P�l�a�s�m�i�d�.� �Z�u�r� 

�V�i�s�u�a�l�i�s�i�e�r�u�n�g� �d�e�r� �D�N�A�-�A�u�f�n�a�h�m�e�,� �m�a�r�k�i�e�r�t�e�n� �w�i�r� �g�e�n�o�m�i�s�c�h�e� �C�.� �j�e�j�u�n�i� �D�N�A� �k�o�v�a�l�e�n�t� �m�i�t� 

�e�i�n�e�m� �F�l�u�o�r�o�p�h�o�r� �u�n�d� �g�a�b�e�n� �d�i�e�s�e� �m�a�r�k�i�e�r�t�e� �D�N�A� �z�u� �C�.� �j�e�j�u�n�i� �Z�e�l�l�e�n�,� �d�i�e� �u�n�t�e�r� �v�e�r�s�c�h�i�e�d�e�n�e�n� 

�B�e�d�i�n�g�u�n�g�e�n� �g�e�w�a�c�h�s�e�n� �w�a�r�e�n�.� �D�i�e� �E�r�g�e�b�n�i�s�s�e�,� �d�i�e� �m�i�t� �d�e�m� �E�i�n�z�e�l�z�e�l�l�-�A�s�s�a�y� �b�e�o�b�a�c�h�t�e�t� 

�w�u�r�d�e�n�,� �k�o�r�r�e�l�i�e�r�t�e�n� �g�u�t� �m�i�t� �j�e�n�e�n�,� �d�i�e� �m�i�t�t�e�l�s� �k�l�a�s�s�i�s�c�h�e�m� �A�s�s�a�y� �b�e�o�b�a�c�h�t�e�t� �w�u�r�d�e�n�,� �d�e�r� �a�u�f� 

�d�e�r� �T�r�a�n�s�f�o�r�m�a�t�i�o�n� �u�n�d� �a�n�s�c�h�l�i�e�R�e�n�d�e�n� �S�e�l�e�k�t�i�o�n� �m�i�t� �e�i�n�e�m� �R�e�s�i�s�t�e�n�z�m�a�r�k�e�r� �b�a�s�i�e�r�t�e�.� �D�i�e�s� 

�z�e�i�g�t�e�,� �d�a�s�s� �d�e�r� �A�s�s�a�y� �s�e�h�r� �g�u�t� �g�e�e�i�g�n�e�t� �i�s�t�,� �u�m� �K�o�m�p�e�t�e�n�z�e�n�t�w�i�c�k�l�u�n�g� �i�n� �C�.� �j�e�j�u�n�i� �z�u� 

�a�n�a�l�y�s�i�e�r�e�n�.� �E�i�n�e� �E�r�h�o�h�u�n�g� �d�e�s� �p�H�-�W�e�r�t�s� �v�o�n� �p�H� �6�,�5� �a�u�f� �7�,�5� �f�u�h�r�t�e� �z�u� �e�i�n�e�r� �E�r�h�o�d�h�u�n�g� �d�e�s� 

�A�n�t�e�i�l�s� �a�n� �k�o�m�p�e�t�e�n�t�e�n� �Z�e�l�l�e�n�.� �U�n�t�e�r� �p�H� �5� �w�u�r�d�e�n� �w�e�d�e�r� �K�o�m�p�e�t�e�n�z�e�n�t�w�i�c�k�l�u�n�g� �n�o�c�h� �D�N�A�-� 

�A�u�f�n�a�h�m�e� �b�e�o�b�a�c�h�t�e�t�.� �A�e�r�o�b�e� �B�e�d�i�n�g�u�n�g�e�n� �v�e�r�h�i�n�d�e�r�t�e�n� �K�o�m�p�e�t�e�n�z�e�n�t�w�i�c�k�l�u�n�g� �j�e�d�o�c�h� 

�n�i�c�h�t� �d�i�e� �D�N�A�-�A�u�f�n�a�h�m�e� �i�n� �b�e�r�e�i�t�s� �k�o�m�p�e�t�e�n�t�e�n� �C�.� �j�e�j�u�n�i�.� �D�i�e�s� �s�p�r�i�c�h�t� �f�u�r� �e�i�n�e� �s�t�a�r�k�e� 

�R�e�g�u�l�i�e�r�u�n�g� �d�e�r� �K�o�m�p�e�t�e�n�z�e�n�t�w�i�c�k�l�u�n�g� �i�n� �C�.� �j�e�j�u�n�i�.� �D�a�r�u�b�e�r� �h�i�n�a�u�s� �z�e�i�g�t�e�n� �w�i�r�,� �d�a�s�s� 

�K�o�m�p�e�t�e�n�z�e�n�t�w�i�c�k�l�u�n�g� �i�n� �C�.� �j�e�j�u�n�i� �n�i�c�h�t� �v�o�n� �d�e�r� �W�a�c�h�s�t�u�m�s�t�e�m�p�e�r�a�t�u�r� �o�d�e�r� �v�o�n� 

�K�o�h�l�e�n�d�i�o�x�i�d�k�o�n�z�e�n�t�r�a�t�i�o�n�e�n� �a�b�h�i�n�g�.� �D�a� �C�.� �j�e�j�u�n�i� �h�a�u�f�i�g� �i�m� �a�l�k�a�l�i�n�e�n� �D�a�r�m� �v�o�n� �G�e�f�l�U�g�e�l� 

�v�o�r�k�o�m�m�t�,� �i�m�p�l�i�z�i�e�r�e�n� �d�i�e� �E�r�g�e�b�n�i�s�s�e�,� �d�a�s�s� �e�r�b�l�i�c�h�e�r� �g�e�n�e�t�i�s�c�h�e�r� �A�u�s�t�a�u�s�c�h� �w�a�h�r�e�n�d� �d�e�s� 
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�u�m� �i�n� �d�e�r� �U�m�w�e�l�t� �z�u� �U�b�e�r�l�e�b�e�n�.� 

�I�m� �R�a�h�m�e�n� �e�i�n�e�r� �K�o�o�p�e�r�a�t�i�o�n�,� �w�u�r�d�e� �d�e�r� �E�i�n�z�e�l�z�e�l�l�-�A�s�s�a�y� �v�e�r�w�e�n�d�e�t�,� �u�m� �d�e�n� �E�f�f�e�k�t� �d�e�r� 

�i�m�m�u�n�s�t�i�m�u�l�i�e�r�e�n�d�e�n� �S�u�b�s�t�a�n�z� �C�u�r�c�u�m�i�n�,� �w�e�l�c�h�e� �a�l�s� �p�o�t�e�n�z�i�e�l�l�e� �B�e�h�a�n�d�l�u�n�g�s�o�p�t�i�o�n� �f�u�r� �e�i�n�e� 

�C�a�m�p�y�l�o�b�a�c�t�e�r�i�o�s�e� �v�o�r�g�e�s�c�h�l�a�g�e�n� �w�u�r�d�e�n�,� �a�u�f� �d�i�e� �n�a�t�u�r�l�i�c�h�e� �T�r�a�n�s�f�o�r�m�a�t�i�o�n� �z�u� �u�n�t�e�r�s�u�c�h�e�n�.� 

�E�s� �w�u�r�d�e�n� �k�e�i�n�e� �s�t�i�m�u�l�i�e�r�e�n�d�e�n� �o�d�e�r� �i�n�h�i�b�i�e�r�e�n�d�e�n� �E�f�f�e�k�t�e� �v�o�n� �C�u�r�c�u�m�i�n� �a�u�f� �d�i�e� �n�a�t�u�r�l�i�c�h�e� 

�T�r�a�n�s�f�o�r�m�a�t�i�o�n� �v�o�n� �C�.� �j�e�j�u�n�i� �m�i�t�t�e�l�s� �A�u�f�n�a�h�m�e�-�A�s�s�a�y� �b�e�o�b�a�c�h�t�e�t�.� �D�i�e�s� �u�n�t�e�r�s�t�u�t�z�t� �d�i�e� 

�A�n�w�e�n�d�u�n�g� �w�a�h�r�e�n�d� �e�i�n�e�r� �C�a�m�p�y�l�o�b�a�c�t�e�r�i�o�s�e�,� �o�h�n�e� �d�a�s�s� �d�a�s� �a�d�a�p�t�i�v�e� �P�o�t�e�n�z�i�a�l� �d�i�e�s�e�r� 

�P�a�t�h�o�g�e�n�e� �e�r�h�o�n�h�t� �w�i�r�d�.� 

�Z�u�s�a�m�m�e�n�f�a�s�s�e�n�d� �l�a�s�s�t� �s�i�c�h� �s�a�g�e�n�,� �d�a�s�s� �e�r�h�e�b�l�i�c�h�e�r� �g�e�n�e�t�i�s�c�h�e�r� �A�u�s�t�a�u�s�c�h� �i�n� 

�C�a�m�p�y�l�o�b�a�c�t�e�r� �s�t�a�t�t�f�i�n�d�e�t�.� �D�i�e�s� �e�r�h�é�h�t� �m�d�g�l�i�c�h�e�r�w�e�i�s�e� �d�a�s� �a�d�a�p�t�i�v�e� �P�o�t�e�n�z�i�a�l� �d�i�e�s�e�s� 

�l�e�b�e�n�s�m�i�t�t�e�l�-�a�s�s�o�z�i�i�e�r�t�e�n� �K�e�i�m�s� �u�n�d� �k�é�n�n�t�e� �d�a�s� �P�a�t�h�o�g�e�n� �i�n� �d�e�r� �e�r�f�o�l�g�r�e�i�c�h�e�n� �K�o�l�o�n�i�s�i�e�r�u�n�g� 

�u�n�d� �i�m� �U�b�e�r�l�e�b�e�n� �u�n�t�e�r�s�t�i�i�t�z�e�n�.� �A�u�R�e�r�d�e�m� �k�a�n�n� �g�e�n�e�t�i�s�c�h�e� �P�l�a�s�t�i�z�i�t�a�t� �d�i�e� �k�o�r�r�e�k�t�e� �D�i�a�g�n�o�s�t�i�k� 
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�e�r�k�e�n�n�e�n� �z�u� �k�o�n�n�e�n�.� �E�s� �b�l�e�i�b�t� �w�i�c�h�t�i�g�,� �n�a�t�u�r�l�i�c�h�e� �T�r�a�n�s�f�o�r�m�a�t�i�o�n� �g�r�u�n�d�l�i�c�h�e�r� �z�u� �u�n�t�e�r�s�u�c�h�e�n�,� 

�u�m� �d�i�e� �A�d�a�p�t�a�t�i�o�n�s�f�a�h�i�g�k�e�i�t� �v�o�n� �t�h�e�r�m�o�p�h�i�l�e�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�p�.� �i�n� �d�e�r� �Z�u�k�u�n�f�t� �z�u� 

�r�e�d�u�z�i�e�r�e�n�.
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���� �,�Q�W�U�R�G�X�F�W�L�R�Q��

4.1 The zoonotic disease campylobacteriosis 

�&�D�P�S�\�O�R�E�D�F�W�H�U�L�R�V�L�V�� �L�V�� �D�� �]�R�R�Q�R�W�L�F�� �G�L�V�H�D�V�H���� �Z�K�L�F�K�� �L�V�� �F�D�X�V�H�G�� �E�\�� �W�K�H�U�P�R�S�K�L�O�L�F���&�D�P�S�\�O�R�E�D�F�W�H�U��

�V�S�S������ �,�Q�� �K�X�P�D�Q�V�� �W�K�L�V�� �O�H�D�G�V�� �W�R���D���J�D�V�W�U�R�H�Q�W�H�U�L�W�L�V�� �Z�L�W�K�� �V�\�P�S�W�R�P�V�� �O�L�N�H�� �Z�D�W�H�U�\�� �D�Q�G���R�U�� �E�O�R�R�G�\��

�G�L�D�U�U�K�H�D�����D�E�G�R�P�L�Q�D�O���S�D�L�Q�����I�H�Y�H�U���D�Q�G���Q�D�X�V�H�D�����,�Q���P�R�V�W���F�D�V�H�V���W�K�L�V���G�L�V�H�D�V�H���L�V���V�H�O�I���O�L�P�L�W�L�Q�J�����E�X�W���L�Q��

�V�R�P�H���F�D�V�H�V�����H�V�S�H�F�L�D�O�O�\���I�R�U���L�P�P�X�Q�H���F�R�P�S�U�R�P�L�V�H�G���S�H�R�S�O�H���W�K�H���L�O�O�Q�H�V�V���F�D�Q���K�D�Y�H���D���V�H�Y�H�U�H���F�R�X�U�V�H����

�)�X�U�W�K�H�U�P�R�U�H�����V�H�Y�H�U�H���O�R�Q�J���W�H�U�P���F�R�P�S�O�L�F�D�W�L�R�Q�V���F�D�Q���R�F�F�X�U�����L�Q�F�O�X�G�L�Q�J���G�H�J�H�Q�H�U�D�W�L�Y�H���D�X�W�R�L�P�P�X�Q�H��

�G�L�V�R�U�G�H�U�V���� �V�X�F�K�� �D�V�� �*�X�L�O�O�D�L�Q���%�D�U�U�p�� �V�\�Q�G�U�R�P�H���� �L�U�U�L�W�D�E�O�H�� �E�R�Z�H�O�� �G�L�V�H�D�V�H���� �R�U�� �U�H�D�F�W�L�Y�H�� �D�U�W�K�U�L�W�L�V��

���:�L�M�G�L�F�N�V���D�Q�G���.�O�H�L�Q���������������)�D�F�F�L�R�O�j���H�W���D�O�������������������$���6�Z�H�G�L�V�K���F�R�K�R�U�W���V�W�X�G�\���V�X�J�J�H�V�W�H�G���W�K�D�W���W�K�H���U�L�V�N��

�I�R�U���*�X�L�O�O�D�L�Q���%�D�U�U�p���V�\�Q�G�U�R�P�H���L�Q���W�K�H���W�Z�R���P�R�Q�W�K�V���D�I�W�H�U���F�D�P�S�\�O�R�E�D�F�W�H�U�L�R�V�L�V���L�V�����������I�R�O�G���K�L�J�K�H�U���W�K�D�Q��
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4.2 Prevalence and reservoir of thermophilic Campylobacter  spp. 
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�C�a�m�p�y�l�o�b�a�c�t�e�r�i�o�s�i�s� �i�s� �a� �z�o�o�n�o�t�i�c� �d�i�s�e�a�s�e�,� �w�h�i�c�h� �i�s� �c�a�u�s�e�d� �b�y� �t�h�e�r�m�o�p�h�i�l�i�c� �C�a�m�p�y�l�o�b�a�c�t�e�r� 

�s�p�p�.�.� �I�n� �h�u�m�a�n�s� �t�h�i�s� �l�e�a�d�s� �t�o� �a� �g�a�s�t�r�o�e�n�t�e�r�i�t�i�s� �w�i�t�h� �s�y�m�p�t�o�m�s� �l�i�k�e� �w�a�t�e�r�y� �a�n�d�/�o�r� �b�l�o�o�d�y� 

�d�i�a�r�r�h�e�a�,� �a�b�d�o�m�i�n�a�l� �p�a�i�n�,� �f�e�v�e�r� �a�n�d� �n�a�u�s�e�a�.� �I�n� �m�o�s�t� �c�a�s�e�s� �t�h�i�s� �d�i�s�e�a�s�e� �i�s� �s�e�l�f�-�l�i�m�i�t�i�n�g�,� �b�u�t� �i�n� 

�s�o�m�e� �C�a�s�e�s�,� �e�s�p�e�c�i�a�l�l�y� �f�o�r� �i�m�m�u�n�e�-�c�o�m�p�r�o�m�i�s�e�d� �p�e�o�p�l�e� �t�h�e� �i�l�l�n�e�s�s� �c�a�n� �h�a�v�e� �a� �s�e�v�e�r�e� �c�o�u�r�s�e�.� 

�F�u�r�t�h�e�r�m�o�r�e�,� �s�e�v�e�r�e� �l�o�n�g�-�t�e�r�m� �c�o�m�p�l�i�c�a�t�i�o�n�s� �c�a�n� �o�c�c�u�r�,� �i�n�c�l�u�d�i�n�g� �d�e�g�e�n�e�r�a�t�i�v�e� �a�u�t�o�i�m�m�u�n�e� 
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�f�o�r� �t�h�e� �G�u�i�l�l�a�i�n�-�B�a�r�r�é� �s�y�n�d�r�o�m�e� �(�Y�u�k�i� �e�t� �a�l�.� �1�9�9�3�)�.� �L�i�p�o�p�o�l�y�s�a�c�c�h�a�r�i�d�e� �s�t�r�u�c�t�u�r�e�s� �v�a�r�y� �a�m�o�n�g� 

�s�t�r�a�i�n�s�,� �t�h�e�r�e�f�o�r�e� �t�h�e� �s�p�e�c�i�f�i�c� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�u�r�f�a�c�e� �s�t�r�u�c�t�u�r�e� �d�e�t�e�r�m�i�n�e�s� �i�f� �t�h�e� �c�r�o�s�s�-�r�e�a�c�t�i�o�n� 

�o�f� �a�n�t�i�b�o�d�i�e�s� �o�c�c�u�r�.� �I�t� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�h�a�t� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�e�r�o�t�y�p�e� �P�e�n�n�e�r� �1�9� �w�a�s� �a�s�s�o�c�i�a�t�e�d� 

�w�i�t�h� �G�u�i�l�l�a�i�n�-�B�a�r�r�é� �s�y�n�d�r�o�m�e�.� �F�o�r� �r�e�a�c�t�i�v�e� �a�r�t�h�r�i�t�i�s� �a�f�t�e�r� �c�a�m�p�y�l�o�b�a�c�t�e�r�i�o�s�i�s� �i�n�c�i�d�e�n�c�e�s� �o�f� �4�.�3� 
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�s�p�e�c�u�l�a�t�e� �t�h�a�t� �h�a�n�d�l�i�n�g� �o�f� �c�h�i�c�k�e�n� �m�e�a�t� �d�u�r�i�n�g� �b�a�r�b�e�q�u�e� �c�o�u�l�d� �b�e� �a� �r�e�a�s�o�n� �f�o�r� �t�h�a�t�.� 

�A�d�d�i�t�i�o�n�a�l�l�y�,� �t�h�e�r�e� �i�s� �a� �p�e�a�k� �i�n� �w�i�n�t�e�r� �s�u�g�g�e�s�t�i�n�g� �i�n�f�e�c�t�i�o�n�s� �d�u�r�i�n�g� �C�h�r�i�s�t�m�a�s� �a�n�d� �N�e�w� �Y�e�a�r ��s� 

�E�v�e� �(�R�o�s�n�e�r� �e�t� �a�l�.� �2�0�2�1�)�.� �T�h�e� �m�a�j�o�r�i�t�y� �o�f� �c�o�n�f�i�r�m�e�d� �c�a�s�e�s� �i�n� �t�h�e� �E�u�r�o�p�e�a�n� �U�n�i�o�n� �w�a�s� �c�a�u�s�e�d� 

�b�y� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �f�o�l�l�o�w�e�d� �b�y� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�i�,� �b�u�t� �a�l�s�o� �C�a�m�p�y�l�o�b�a�c�t�e�r� �l�a�r�i�,� 

�C�a�m�p�y�l�o�b�a�c�t�e�r� �f�e�t�u�s� �a�n�d� �C�a�m�p�y�l�o�b�a�c�t�e�r� �u�p�s�a�l�i�e�n�s�i�s� �h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d� �(�E�F�S�A� �2�0�1�9�)�.� 

�4�.�2� �P�r�e�v�a�l�e�n�c�e� �a�n�d� �r�e�s�e�r�v�o�i�r� �o�f� �t�h�e�r�m�o�p�h�i�l�i�c� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�p�.� 

�C�a�m�p�y�l�o�b�a�c�t�e�r� �i�s� �w�i�l�d�l�y� �d�i�s�t�r�i�b�u�t�e�d� �a�n�d� �r�e�s�i�d�e�s� �i�n� �m�a�n�y� �a�n�i�m�a�l�s� �l�i�k�e� �p�o�u�l�t�r�y�,� �w�i�l�d� �b�i�r�d�s�,� �p�i�g�s�,� 

�c�a�t�t�l�e�,� �s�h�e�e�p� �a�s� �w�e�l�l� �a�s� �o�t�h�e�r� �a�n�i�m�a�l�s� �a�n�d� �h�a�s� �b�e�e�n� �i�s�o�l�a�t�e�d� �f�r�o�m� �d�i�f�f�e�r�e�n�t� �e�n�v�i�r�o�n�m�e�n�t�s� �l�i�k�e� 

�w�a�t�e�r� �o�r� �s�a�n�d� �(�W�a�l�d�e�n�s�t�r�d�é�m� �e�t� �a�l�.� �2�0�1�0�;� �M�u�g�h�i�n�i� �G�r�a�s� �e�t� �a�l�.� �2�0�1�2�)�.� 

�T�h�e� �m�a�i�n� �t�r�a�n�s�m�i�s�s�i�o�n� �r�o�u�t�e� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �i�s� �v�i�a� �c�o�n�t�a�m�i�n�a�t�e�d� �f�o�o�d�.� �M�o�s�t�l�y� �t�h�i�s� �i�s� �d�u�e� �t�o� 

�c�r�o�s�s�-�c�o�n�t�a�m�i�n�a�t�i�o�n� �f�r�o�m� �p�o�u�l�t�r�y� �a�n�d� �o�t�h�e�r� �r�a�w� �m�e�a�t� �t�o� �r�e�a�d�y�-�t�o�-�e�a�t� �p�r�o�d�u�c�t�s� �o�r� �c�o�n�s�u�m�p�t�i�o�n� 
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�R�I���X�Q�G�H�U�F�R�R�N�H�G���S�R�X�O�W�U�\���R�U���U�D�Z���P�L�O�N�����5�R�V�Q�H�U���H�W���D�O�����������������:�L�O�V�R�Q���H�W���D�O�������������������&�����M�H�M�X�Q�L���L�Q�I�H�F�W�L�Q�J��

�K�X�P�D�Q�V���P�R�V�W�O�\���R�U�L�J�L�Q�D�W�H�G���I�U�R�P���F�K�L�F�N�H�Q�V�����Z�K�H�U�H�D�V���&�����F�R�O�L���P�R�V�W�O�\���R�U�L�J�L�Q�D�W�H�G���I�U�R�P���F�K�L�F�N�H�Q�V���R�U��

�S�L�J�V�� ���5�R�V�Q�H�U�� �H�W�� �D�O���� �������������� �$�G�G�L�W�L�R�Q�D�O�O�\���� �F�D�P�S�\�O�R�E�D�F�W�H�U�L�R�V�L�V�� �F�D�Q�� �D�O�V�R�� �E�H�� �D�F�T�X�L�U�H�G�� �E�\��

�F�R�Q�W�D�P�L�Q�D�W�H�G�� �Z�D�W�H�U�� �R�U�� �W�K�U�R�X�J�K�� �G�L�U�H�F�W�� �F�R�Q�W�D�F�W�� �Z�L�W�K�� �D�Q�L�P�D�O�V���� �L�Q�F�O�X�G�L�Q�J�� �I�D�U�P�� �D�V�� �Z�H�O�O�� �D�V��

�F�R�P�S�D�Q�L�R�Q���D�Q�L�P�D�O�V�����,�J�Z�D�U�D�Q���D�Q�G���2�N�R�K������������������

4.3 Characteristics of the thermophilic Epsilonproteobacteria 
Campylobacter  spp. 

������������Taxonomy and classification 
�7�K�H�� �J�H�Q�X�V���&�D�P�S�\�O�R�E�D�F�W�H�U�� �E�H�O�R�Q�J�V�� �W�R�� �W�K�H�� �I�D�P�L�O�\�� �&�D�P�S�\�O�R�E�D�F�W�H�U�D�F�H�D�H���� �Z�K�L�F�K�� �D�O�V�R�� �L�Q�F�O�X�G�H�V��

�$�U�F�R�E�D�F�W�H�U���� �D�Q�G���6�X�O�I�X�U�R�V�S�L�U�L�O�O�X�P�� ���*�D�U�U�L�W�\�� �H�W�� �D�O���� ������������ �(�X�]�p�E�\�� ������������ �3�D�U�W�H�� �H�W�� �D�O���� ��������������

�&�D�P�S�\�O�R�E�D�F�W�H�U�D�F�H�D�H���E�H�O�R�Q�J���W�R���W�K�H���R�U�G�H�U���&�D�P�S�\�O�R�E�D�F�W�H�U�D�O�H�V�����Z�K�L�F�K���D�G�G�L�W�L�R�Q�D�O�O�\���F�R�P�S�U�L�V�H�V���R�I��

�W�K�H�� �I�D�P�L�O�L�H�V�� �+�H�O�L�F�R�E�D�F�W�H�U�D�F�H�D�H���� �L�Q�F�O�X�G�L�Q�J�� �W�K�H�� �K�X�P�D�Q�� �S�D�W�K�R�J�H�Q���+�H�O�L�F�R�E�D�F�W�H�U�� �S�\�O�R�U�L���� �D�Q�G��

�1�D�X�W�L�O�L�D�F�H�D�H���� �7�K�H�\�� �D�O�O�� �E�H�O�R�Q�J�� �W�R�� �W�K�H�� �F�O�D�V�V�� �R�I�� �(�S�V�L�O�R�Q�S�U�R�W�H�R�E�D�F�W�H�U�L�D�� �D�Q�G�� �W�K�H�� �S�K�\�O�X�P��

�3�U�R�W�H�R�E�D�F�W�H�U�L�D���L�Q���W�K�H���G�R�P�D�L�Q���%�D�F�W�H�U�L�D�����7�K�H�U�H���D�U�H���F�X�U�U�H�Q�W�O�\���������L�G�H�Q�W�L�I�L�H�G���V�S�H�F�L�H�V���L�Q���W�K�H���J�H�Q�X�V��

�&�D�P�S�\�O�R�E�D�F�W�H�U���L�Q�F�O�X�G�L�Q�J�������V�X�E�V�S�H�F�L�H�V�����&�R�V�W�D���D�Q�G���,�U�D�R�O�D�����������������6�L�Q�F�H���W�K�H���I�L�U�V�W���G�H�V�F�U�L�S�W�L�R�Q���R�I��

�&�D�P�S�\�O�R�E�D�F�W�H�U���L�Q�������������E�\���7�K�H�R�G�R�U���(�V�F�K�H�U�L�F�K���W�K�H�U�H���K�D�V���E�H�H�Q���V�R�P�H���U�H�F�O�D�V�V�L�I�L�F�D�W�L�R�Q�����'�H�E�U�X�\�Q�H��

�H�W���D�O�����������������9�D�Q�G�D�P�P�H���D�Q�G���2�Q�����������������)�R�U���H�[�D�P�S�O�H�����9�L�E�U�L�R���I�H�W�X�V���Z�D�V���U�H�Q�D�P�H�G���W�R���&�����I�H�W�X�V�����R�U��

�&�D�P�S�\�O�R�E�D�F�W�H�U���S�\�O�R�U�L���Z�D�V���F�K�D�Q�J�H�G���W�R���W�K�H���Q�H�Z���J�H�Q�X�V���+�H�O�L�F�R�E�D�F�W�H�U�����6�H�E�D�O�G���D�Q�G���9�H�U�R�Q��������������

�*�R�R�G�Z�L�Q���H�W���D�O������������������

������������Morphology and culture conditions 
�&�D�P�S�\�O�R�E�D�F�W�H�U���D�U�H���J�U�D�P���Q�H�J�D�W�L�Y�H���E�D�F�W�H�U�L�D���P�R�V�W�O�\���Z�L�W�K���D���O�H�Q�J�W�K���R�I�������������������—�P���D�Q�G���D���Z�L�G�W�K���R�I��

�������� ���� �������� �—�P�� ���'�H�E�U�X�\�Q�H�� �D�Q�G�� �*�H�Y�H�U�V�� ������������ �*�D�U�U�L�W�\�� �H�W�� �D�O���� ���������������7�K�H�� �Z�R�U�G���&�D�P�S�\�O�R�E�D�F�W�H�U��

�R�U�L�J�L�Q�D�W�H�V�� �I�U�R�P�� �W�K�H�� �*�U�H�H�N�� �Z�R�U�G�V�� �³�F�D�P�S�\�O�R�´�� �Z�K�L�F�K�� �P�H�D�Q�V�� �³�F�X�U�Y�H�G�´�� �D�Q�G�� �³�E�D�F�W�H�U�´�� �Z�K�L�F�K�� �L�V��

�W�U�D�Q�V�O�D�W�H�G���D�V���³�U�R�G�´�����7�K�H���Q�D�P�H���Z�D�V���F�K�R�V�H�Q���W�R���G�H�V�F�U�L�E�H���W�K�H���W�\�S�L�F�D�O���V�S�L�U�D�O�O�\���F�X�U�Y�H�G���U�R�G�V�����0�R�V�W���R�I��

�W�K�H���V�S�H�F�L�H�V���V�K�R�Z���F�R�U�N�V�F�U�H�Z���O�L�N�H���P�R�W�L�O�L�W�\���G�X�H���W�R���W�K�H���I�O�D�J�H�O�O�D���D�W���R�Q�H���R�U���E�R�W�K���S�R�O�H�V�����)�O�D�J�H�O�O�D���D�U�H��

�S�R�V�W���W�U�D�Q�V�O�D�W�L�R�Q�D�O�O�\���P�R�G�L�I�L�H�G�����5�H�F�H�Q�W�O�\���D���P�X�W�D�Q�W���L�Q���W�K�H���J�H�Q�H���F�M�����������Z�D�V���J�H�Q�H�U�D�W�H�G���V�K�R�Z�L�Q�J���D��

�³�F�H�O�O���W�U�D�L�Q�´�� �P�R�U�S�K�R�W�\�S�H�� �P�H�D�Q�L�Q�J�� �W�K�D�W�� �V�H�Y�H�U�D�O�� �E�D�F�W�H�U�L�D�� �V�W�X�F�N�� �W�R�J�H�W�K�H�U�� �E�\�� �W�K�H�L�U�� �I�O�D�J�H�O�O�D�� �D�Q�G��

�P�R�Y�H�G�� �O�L�N�H�� �D�� �³�W�U�D�L�Q�´�� ���5�H�X�W�H�U�� �H�W�� �D�O���� ���������������&�D�P�S�\�O�R�E�D�F�W�H�U�� �D�U�H�� �Q�R�Q���V�S�R�U�H�� �I�R�U�P�L�Q�J�� �E�X�W�� �X�Q�G�H�U��

�X�Q�I�D�Y�R�U�D�E�O�H�� �F�R�Q�G�L�W�L�R�Q�V�� �H���J���� �G�X�U�L�Q�J�� �V�W�D�U�Y�D�W�L�R�Q�� �W�K�H�� �V�S�L�U�D�O���V�K�D�S�H�G���&���� �M�H�M�X�Q�L�� �F�D�Q�� �F�K�D�Q�J�H�� �L�Q�W�R�� �D��

�F�R�F�F�R�L�G���I�R�U�P���Z�K�L�F�K���L�V���W�K�R�X�J�K�W���W�R���E�H���D���V�X�U�Y�L�Y�D�O���V�W�U�D�W�H�J�\�����)�U�L�U�G�L�F�K���H�W���D�O��������������������

�&�����M�H�M�X�Q�L�����&�����F�R�O�L�����&�����O�D�U�L���D�Q�G���&�����X�S�V�D�O�L�H�Q�V�L�V���D�U�H���F�R�Q�V�L�G�H�U�H�G���D�V���W�K�H�U�P�R�S�K�L�O�L�F���E�D�F�W�H�U�L�D���E�X�W���W�K�H���W�H�U�P��

�W�K�H�U�P�R�W�R�O�H�U�D�Q�W���L�V���P�R�U�H���S�U�H�F�L�V�H���V�L�Q�F�H���W�K�H�\���J�U�R�Z���D�W���W�H�P�S�H�U�D�W�X�U�H�V���R�I���X�S���W�R���D�U�R�X�Q�G�������ƒ�&�����&�R�U�U�\��

�H�W���D�O�������������������&�R�P�P�R�Q�O�\���W�K�H�\���D�U�H���F�X�O�W�X�U�H�G���D�W�������ƒ�&���R�U�������ƒ�&���D�Q�G���D�U�H���Q�R�W���D�E�O�H���W�R���J�U�R�Z���E�H�O�R�Z�������ƒ�&��

���&�R�U�U�\�� �H�W�� �D�O���� ������������ �.�L�P���H�W�� �D�O���� �������������� �6�L�Q�F�H���W�K�H�� �E�D�F�W�H�U�L�D�� �D�U�H���P�L�F�U�R�D�H�U�R�S�K�L�O�H���� �U�H�G�X�F�H�G�� �R�[�\�J�H�Q��

�O�H�Y�H�O�V�� �F�R�P�S�D�U�H�G�� �W�R�� �D�H�U�R�E�L�F�� �F�R�Q�G�L�W�L�R�Q�V�� �D�U�H�� �Q�H�F�H�V�V�D�U�\�� �I�R�U�� �S�U�R�S�H�U�� �J�U�R�Z�W�K���� �5�R�X�W�L�Q�H�O�\��

�I�n�t�r�o�d�u�c�t�i�o�n� 
� � 

�o�f� �u�n�d�e�r�c�o�o�k�e�d� �p�o�u�l�t�r�y� �o�r� �r�a�w� �m�i�l�k� �(�R�o�s�n�e�r� �e�t� �a�l�.� �2�0�1�7�;� �W�i�l�s�o�n� �e�t� �a�l�.� �2�0�0�8�)�.� �C�.� �j�e�j�u�n�i� �i�n�f�e�c�t�i�n�g� 

�h�u�m�a�n�s� �m�o�s�t�l�y� �o�r�i�g�i�n�a�t�e�d� �f�r�o�m� �c�h�i�c�k�e�n�s�,� �w�h�e�r�e�a�s� �C�.� �c�o�l�i� �m�o�s�t�l�y� �o�r�i�g�i�n�a�t�e�d� �f�r�o�m� �c�h�i�c�k�e�n�s� �o�r� 

�p�i�g�s� �(�R�o�s�n�e�r� �e�t� �a�l�.� �2�0�1�7�)�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �c�a�m�p�y�l�o�b�a�c�t�e�r�i�o�s�i�s� �c�a�n� �a�l�s�o� �b�e� �a�c�q�u�i�r�e�d� �b�y� 

�c�o�n�t�a�m�i�n�a�t�e�d� �w�a�t�e�r� �o�r� �t�h�r�o�u�g�h� �d�i�r�e�c�t� �c�o�n�t�a�c�t� �w�i�t�h� �a�n�i�m�a�l�s�,� �i�n�c�l�u�d�i�n�g� �f�a�r�m� �a�s� �w�e�l�l� �a�s� 

�c�o�m�p�a�n�i�o�n� �a�n�i�m�a�l�s� �(�I�g�w�a�r�a�n� �a�n�d� �O�k�o�h� �2�0�1�9�)�.� 

�4�.�3� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� �t�h�e�r�m�o�p�h�i�l�i�c� �E�p�s�i�l�o�n�p�r�o�t�e�o�b�a�c�t�e�r�i�a� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�p�.� 

�4�.�3�.�1� �T�a�x�o�n�o�m�y� �a�n�d� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� 
�T�h�e� �g�e�n�u�s� �C�a�m�p�y�l�o�b�a�c�t�e�r� �b�e�l�o�n�g�s� �t�o� �t�h�e� �f�a�m�i�l�y� �C�a�m�p�y�l�o�b�a�c�t�e�r�a�c�e�a�e�,� �w�h�i�c�h� �a�l�s�o� �i�n�c�l�u�d�e�s� 

�A�r�c�o�b�a�c�t�e�r�,� �a�n�d� �S�u�l�f�u�r�o�s�p�i�r�i�l�l�u�m� �(�G�a�r�r�i�t�y� �e�t� �a�l�.� �2�0�0�5�;� �E�u�z�é�b�y� �1�9�9�7�;� �P�a�r�t�e� �e�t� �a�l�.� �2�0�2�0�)�.� 

�C�a�m�p�y�l�o�b�a�c�t�e�r�a�c�e�a�e� �b�e�l�o�n�g� �t�o� �t�h�e� �o�r�d�e�r� �C�a�m�p�y�l�o�b�a�c�t�e�r�a�l�e�s�,� �w�h�i�c�h� �a�d�d�i�t�i�o�n�a�l�l�y� �c�o�m�p�r�i�s�e�s� �o�f� 

�t�h�e� �f�a�m�i�l�i�e�s� �H�e�l�i�c�o�b�a�c�t�e�r�a�c�e�a�e�,� �i�n�c�l�u�d�i�n�g� �t�h�e� �h�u�m�a�n� �p�a�t�h�o�g�e�n� �H�e�l�i�c�o�b�a�c�t�e�r� �p�y�l�o�r�i�,� �a�n�d� 

�N�a�u�t�i�l�i�a�c�e�a�e�.� �T�h�e�y� �a�l�l� �b�e�l�o�n�g� �t�o� �t�h�e� �c�l�a�s�s� �o�f� �E�p�s�i�l�o�n�p�r�o�t�e�o�b�a�c�t�e�r�i�a� �a�n�d� �t�h�e� �p�h�y�l�u�m� 

�P�r�o�t�e�o�b�a�c�t�e�r�i�a� �i�n� �t�h�e� �d�o�m�a�i�n� �B�a�c�t�e�r�i�a�.� �T�h�e�r�e� �a�r�e� �c�u�r�r�e�n�t�l�y� �3�2� �i�d�e�n�t�i�f�i�e�d� �s�p�e�c�i�e�s� �i�n� �t�h�e� �g�e�n�u�s� 

�C�a�m�p�y�l�o�b�a�c�t�e�r� �i�n�c�l�u�d�i�n�g� �9� �s�u�b�s�p�e�c�i�e�s� �(�C�o�s�t�a� �a�n�d� �I�r�a�o�l�a� �2�0�1�9�)�.� �S�i�n�c�e� �t�h�e� �f�i�r�s�t� �d�e�s�c�r�i�p�t�i�o�n� �o�f� 

�C�a�m�p�y�l�o�b�a�c�t�e�r� �i�n� �1�8�8�6� �b�y� �T�h�e�o�d�o�r� �E�s�c�h�e�r�i�c�h� �t�h�e�r�e� �h�a�s� �b�e�e�n� �s�o�m�e� �r�e�c�l�a�s�s�i�f�i�c�a�t�i�o�n� �(�D�e�b�r�u�y�n�e� 

�e�t� �a�l�.� �2�0�0�8�;� �V�a�n�d�a�m�m�e� �a�n�d� �O�n� �2�0�0�1�)�.� �F�o�r� �e�x�a�m�p�l�e�,� �V�i�b�r�i�o� �f�e�t�u�s� �w�a�s� �r�e�n�a�m�e�d� �t�o� �C�.� �f�e�t�u�s�,� �o�r� 

�C�a�m�p�y�l�o�b�a�c�t�e�r� �p�y�l�o�r�i� �w�a�s� �c�h�a�n�g�e�d� �t�o� �t�h�e� �n�e�w� �g�e�n�u�s� �H�e�l�i�c�o�b�a�c�t�e�r� �(�S�e�b�a�l�d� �a�n�d� �V�e�r�o�n� �1�9�6�3�;� 

�G�o�o�d�w�i�n� �e�t� �a�l�.� �1�9�8�9�)�.� 

�4�.�3�.�2� �M�o�r�p�h�o�l�o�g�y� �a�n�d� �c�u�l�t�u�r�e� �c�o�n�d�i�t�i�o�n�s� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �a�r�e� �g�r�a�m�-�n�e�g�a�t�i�v�e� �b�a�c�t�e�r�i�a� �m�o�s�t�l�y� �w�i�t�h� �a� �l�e�n�g�t�h� �o�f� �0�.�5� �-� �5� �u�m� �a�n�d� �a� �w�i�d�t�h� �o�f� 

�0�.�2� �-� �0�.�8� �u�m� �(�D�e�b�r�u�y�n�e� �a�n�d� �G�e�v�e�r�s� �2�0�0�8�;� �G�a�r�r�i�t�y� �e�t� �a�l�.� �2�0�0�5�)�.� �T�h�e� �w�o�r�d� �C�a�m�p�y�l�o�b�a�c�t�e�r� 

�o�r�i�g�i�n�a�t�e�s� �f�r�o�m� �t�h�e� �G�r�e�e�k� �w�o�r�d�s�  ��c�a�m�p�y�l�o �� �w�h�i�c�h� �m�e�a�n�s�  ��c�u�r�v�e�d �� �a�n�d�  ��b�a�c�t�e�r �� �w�h�i�c�h� �i�s� 

�t�r�a�n�s�l�a�t�e�d� �a�s�  ��r�o�d ��.� �T�h�e� �n�a�m�e� �w�a�s� �c�h�o�s�e�n� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� �t�y�p�i�c�a�l� �s�p�i�r�a�l�l�y� �c�u�r�v�e�d� �r�o�d�s�.� �M�o�s�t� �o�f� 

�t�h�e� �s�p�e�c�i�e�s� �s�h�o�w� �c�o�r�k�s�c�r�e�w�-�l�i�k�e� �m�o�t�i�l�i�t�y� �d�u�e� �t�o� �t�h�e� �f�l�a�g�e�l�l�a� �a�t� �o�n�e� �o�r� �b�o�t�h� �p�o�l�e�s�.� �F�l�a�g�e�l�l�a� �a�r�e� 

�p�o�s�t�-�t�r�a�n�s�l�a�t�i�o�n�a�l�l�y� �m�o�d�i�f�i�e�d�.� �R�e�c�e�n�t�l�y� �a� �m�u�t�a�n�t� �i�n� �t�h�e� �g�e�n�e� �c�j�1�3�8�8� �w�a�s� �g�e�n�e�r�a�t�e�d� �s�h�o�w�i�n�g� �a� 

 ��c�e�l�l�-�t�r�a�i�n �� �m�o�r�p�h�o�t�y�p�e� �m�e�a�n�i�n�g� �t�h�a�t� �s�e�v�e�r�a�l� �b�a�c�t�e�r�i�a� �s�t�u�c�k� �t�o�g�e�t�h�e�r� �b�y� �t�h�e�i�r� �f�l�a�g�e�l�l�a� �a�n�d� 

�m�o�v�e�d� �l�i�k�e� �a�  ��t�r�a�i�n �� �(�R�e�u�t�e�r� �e�t� �a�l�.� �2�0�1�5�)�.� �C�a�m�p�y�l�o�b�a�c�t�e�r� �a�r�e� �n�o�n�-�s�p�o�r�e� �f�o�r�m�i�n�g� �b�u�t� �u�n�d�e�r� 

�u�n�f�a�v�o�r�a�b�l�e� �c�o�n�d�i�t�i�o�n�s� �e�.�g�.� �d�u�r�i�n�g� �s�t�a�r�v�a�t�i�o�n� �t�h�e� �s�p�i�r�a�l�-�s�h�a�p�e�d� �C�.� �j�e�j�u�n�i� �c�a�n� �c�h�a�n�g�e� �i�n�t�o� �a� 

�c�o�c�c�o�i�d� �f�o�r�m� �w�h�i�c�h� �i�s� �t�h�o�u�g�h�t� �t�o� �b�e� �a� �s�u�r�v�i�v�a�l� �s�t�r�a�t�e�g�y� �(�F�r�i�r�d�i�c�h� �e�t� �a�l�.� �2�0�1�9�)�.� 

�C�.� �j�e�j�u�n�i�,� �C�.� �c�o�l�i�,� �C�.� �l�a�r�i�a�n�d� �C�.� �u�p�s�a�l�i�e�n�s�i�s� �a�r�e� �c�o�n�s�i�d�e�r�e�d� �a�s� �t�h�e�r�m�o�p�h�i�l�i�c� �b�a�c�t�e�r�i�a� �b�u�t� �t�h�e� �t�e�r�m� 

�t�h�e�r�m�o�t�o�l�e�r�a�n�t� �i�s� �m�o�r�e� �p�r�e�c�i�s�e� �s�i�n�c�e� �t�h�e�y� �g�r�o�w� �a�t� �t�e�m�p�e�r�a�t�u�r�e�s� �o�f� �u�p� �t�o� �a�r�o�u�n�d� �4�4�°�C� �(�C�o�r�r�y� 

�e�t� �a�l�.� �2�0�0�3�)�.� �C�o�m�m�o�n�l�y� �t�h�e�y� �a�r�e� �c�u�l�t�u�r�e�d� �a�t� �3�7�°�C� �o�r� �4�2�°�C� �a�n�d� �a�r�e� �n�o�t� �a�b�l�e� �t�o� �g�r�o�w� �b�e�l�o�w� �3�0�°�C� 

�(�C�o�r�r�y� �e�t� �a�l�.� �2�0�0�3�;� �K�i�m� �e�t� �a�l�.� �2�0�2�0�)�.� �S�i�n�c�e� �t�h�e� �b�a�c�t�e�r�i�a� �a�r�e� �m�i�c�r�o�a�e�r�o�p�h�i�l�e�,� �r�e�d�u�c�e�d� �o�x�y�g�e�n� 

�l�e�v�e�l�s� �c�o�m�p�a�r�e�d� �t�o� �a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �a�r�e� �n�e�c�e�s�s�a�r�y� �f�o�r� �p�r�o�p�e�r� �g�r�o�w�t�h�.� �R�o�u�t�i�n�e�l�y� 
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�u�s�e�d� �t�o� �d�i�f�f�e�r�e�n�t�i�a�t�e� �t�h�e� �m�o�s�t� �h�u�m�a�n� �c�a�s�e�s� �r�e�l�a�t�e�d� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�e�c�i�e�s� �C�.� �j�e�j�u�n�i�,� �C�.� �c�o�l�i� 

�a�n�d� �C�.� �/�a�r�i�.� �T�h�i�s� �i�s� �i�m�p�o�r�t�a�n�t� �f�o�r� �s�u�r�v�e�i�l�l�a�n�c�e� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �i�n� �t�h�e� �f�o�o�d� �c�h�a�i�n�.� �T�h�i�s� �f�a�s�t�e�r� 

�m�e�t�h�o�d� �i�s� �t�h�e� �q�P�C�R�-�b�a�s�e�d� �d�e�t�e�c�t�i�o�n� �o�f� �m�a�p�A�,� �c�e�u�E�,� �a�n�d� �g�y�r�A� �a�n�d� �o�f�t�e�n� �p�e�r�f�o�r�m�e�d� �b�y� �r�o�u�t�i�n�e� 

�l�a�b�o�r�a�t�o�r�i�e�s� �(�B�e�s�t� �e�t� �a�l�.� �2�0�0�3�;� �M�a�y�r� �e�t� �a�l�.� �2�0�1�0�)�.� �F�o�r� �t�h�i�s� �s�p�e�c�i�e�s� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �b�y� �q�P�C�R� 

�p�r�i�m�e�r�s� �w�e�r�e� �d�e�s�i�g�n�e�d� �b�a�s�e�d� �o�n� �k�n�o�w�n� �g�e�n�e� �v�a�r�i�a�n�t�s� �i�n� �a� �w�a�y� �t�h�a�t� �t�h�e�y� �t�h�e�o�r�e�t�i�c�a�l�l�y� �c�a�n� �o�n�l�y� 

�a�n�n�e�a�l� �i�n� �m�a�p�A� �o�f� �C�.� �j�e�j�u�n�i�,� �i�n� �c�e�u�E� �o�f� �C�.� �c�o�l�i� �a�n�d� �g�y�r�A� �o�f� �C�.� �l�a�r�i�.� �T�h�e�r�e�f�o�r�e�,� �a� �p�o�s�i�t�i�v�e� �G�P�C�R� 

�s�i�g�n�a�l� �i�n� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �g�e�n�e� �i�s� �t�h�o�u�g�h�t� �t�o� �i�n�d�i�c�a�t�e� �t�h�e� �s�p�e�c�i�e�s�.� 
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�C�a�m�p�y�l�o�b�a�c�t�e�r� �i�s� �a� �f�a�s�t�i�d�i�o�u�s� �o�r�g�a�n�i�s�m� �s�t�a�n�d�i�n�g� �i�n� �t�h�e� �n�e�e�d� �o�f� �r�e�d�u�c�e�d� �o�x�y�g�e�n� �l�e�v�e�l�s� �a�n�d� 

�c�a�n�n�o�t� �g�r�o�w� �b�e�l�o�w� �3�0�°�C� �(�K�i�m� �e�t� �a�l�.� �2�0�2�0�)�.� �I�t� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�h�a�t� �C�a�m�p�y�l�o�b�a�c�t�e�r� �l�o�s�e�s� �i�t�s� 

�c�u�l�t�i�v�a�b�i�l�i�t�y� �a�f�t�e�r� �i�n�c�u�b�a�t�i�o�n� �a�t� �4�°�C� �(�B�a�f�f�o�n�e� �e�t� �a�l�.� �2�0�0�6�)�.� �N�e�v�e�r�t�h�e�l�e�s�s�,� �C�a�m�p�y�l�o�b�a�c�t�e�r� �i�s� �v�e�r�y� 

�s�u�c�c�e�s�s�f�u�l� �i�n� �c�o�l�o�n�i�z�i�n�g� �f�a�r�m� �a�n�i�m�a�l�s� �a�n�d� �s�p�r�e�a�d�i�n�g� �i�n� �a� �f�l�o�c�k� �(�N�a�t�s�o�s� �e�t� �a�l�.� �2�0�2�0�;� �R�a�w�s�o�n� �e�t� 

�a�l�.� �2�0�2�0�)�.� �T�h�i�s� �h�i�n�t�s� �t�o� �p�o�w�e�r�f�u�l� �s�u�r�v�i�v�a�l� �s�t�r�a�t�e�g�i�e�s� �o�f� �t�h�e� �p�a�t�h�o�g�e�n�.� �I�n� �a�d�d�i�t�i�o�n� �t�o� �a� �c�o�c�c�o�i�d� 

�f�o�r�m� �t�o� �e�n�d�u�r�e� �u�n�f�a�v�o�r�a�b�l�e� �c�o�n�d�i�t�i�o�n�s�,� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�a�n� �u�n�d�e�r�g�o� �a� �s�o� �c�a�l�l�e�d� �v�i�a�b�l�e� �b�u�t� �n�o�n�-� 

�c�u�l�t�u�r�a�b�l�e� �(�V�B�N�C�)� �s�t�a�t�u�s�.� �I�t� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�h�a�t� �d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �o�f� �e�n�v�i�r�o�n�m�e�n�t�a�l� �s�t�r�e�s�s� �a�r�e� 

�a�b�l�e� �t�o� �i�n�d�u�c�e� �t�h�e� �V�B�N�C� �s�t�a�t�u�s�.� �T�h�e�s�e� �i�n�c�l�u�d�e� �s�t�a�r�v�a�t�i�o�n� �a�n�d� �c�o�l�d�-�s�t�r�e�s�s� �(�M�a�g�a�j�n�a� �a�n�d� 

�S�c�h�r�a�f�t� �2�0�1�5�;� �C�h�a�i�s�o�w�w�o�n�g� �e�t� �a�l�.� �2�0�1�2�)�,� �o�s�m�o�t�i�c� �s�t�r�e�s�s� �(�L�v� �e�t� �a�l�.� �2�0�1�9�)� �a�n�d� �p�r�o�b�a�b�l�y� �a�e�r�o�b�i�c� 

�s�t�r�e�s�s� �(�O�h� �e�t� �a�l�.� �2�0�1�5�)�.� �S�i�n�c�e� �t�h�e� �V�B�N�C� �s�t�a�t�u�s� �i�s� �t�h�o�u�g�h�t� �t�o� �b�e� �a� �p�e�r�s�i�s�t�e�n�c�e� �s�t�a�t�u�s� �t�o� �s�u�r�v�i�v�e� 

�h�a�r�s�h� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s� �i�t� �i�s� �h�i�g�h�l�y� �l�i�k�e�l�y� �t�h�a�t� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�a�n� �r�e�s�u�s�c�i�t�a�t�e� �f�r�o�m� 

�V�B�N�C� �s�t�a�t�u�s� �u�n�d�e�r� �f�a�v�o�r�a�b�l�e� �c�o�n�d�i�t�i�o�n�s�.� �S�o� �f�a�r�,� �t�h�e� �e�x�a�c�t� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �r�e�s�u�s�c�i�t�a�t�i�o�n� �a�r�e� �n�o�t� 

�k�n�o�w�n�.� �W�u�l�s�t�e�n� �a�n�d� �c�o�l�l�e�a�g�u�e�s� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �a�e�r�o�b�i�c� �s�t�r�e�s�s� �m�i�g�h�t� �p�l�a�y� �a� �r�o�l�e�.� �T�h�e�r�e�f�o�r�e�,� 

�t�h�e�y� �u�s�e�d� �r�a�w� �m�i�l�k� �w�h�i�c�h� �w�a�s� �t�e�s�t�e�d� �t�o� �b�e� �f�r�e�e� �f�r�o�m� �C�a�m�p�y�l�o�b�a�c�t�e�r�.� �T�h�e�n� �t�h�e�y� �s�p�i�k�e�d� �r�a�w� 

�m�i�l�k� �w�i�t�h� �C�a�m�p�y�l�o�b�a�c�t�e�r� �t�o� �a�n� �i�n�i�t�i�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �6� �l�o�g�i�o� �c�e�l�l�s�/�m�l� �m�i�l�k�.� �T�h�e� �s�u�s�p�e�n�s�i�o�n� �w�a�s� 

�i�n�c�u�b�a�t�e�d� �u�n�t�i�l� �C�a�m�p�y�l�o�b�a�c�t�e�r� �w�a�s� �n�o�n�-�c�u�l�t�i�v�a�b�l�e� �a�c�c�o�r�d�i�n�g� �t�o� �I�S�O� �1�0�2�7�2�-�2�:�2�0�1�7� �(�W�u�l�s�t�e�n� �e�t� 

�a�l�.� �2�0�2�0�;� �I�S�O�_�1�0�2�7�2�-�2�:�2�0�1�7� �2�0�1�9�)�.� �I�n� �a�n� �a�t�m�o�s�p�h�e�r�e� �w�i�t�h� �r�e�d�u�c�e�d� �o�x�y�g�e�n� �l�e�v�e�l�s� �a�n�d� �e�l�e�v�a�t�e�d� 

�h�y�d�r�o�g�e�n� �l�e�v�e�l�s� �i�t� �w�a�s� �p�o�s�s�i�b�l�e� �t�o� �r�e�-�c�u�l�t�i�v�a�t�e� �C�a�m�p�y�l�o�b�a�c�t�e�r� �o�n� �a�g�a�r� �p�l�a�t�e�s�.� �T�h�i�s� �c�o�u�l�d� �b�e� �a� 

�h�i�n�t� �t�h�a�t� �t�h�e� �a�b�s�e�n�c�e� �o�r� �a�t� �l�e�a�s�t� �a� �d�r�a�s�t�i�c� �r�e�d�u�c�t�i�o�n� �o�f� �a�e�r�o�b�i�c� �s�t�r�e�s�s� �p�l�a�y�s� �a� �r�o�l�e� �i�n� �r�e�s�u�s�c�i�t�a�t�i�o�n� 

�f�r�o�m� �V�B�N�C� �s�t�a�t�u�s�.� 

�A�n�o�t�h�e�r� �m�o�r�e� �l�o�n�g�-�t�e�r�m� �s�t�r�a�t�e�g�y� �t�o� �o�u�t�l�a�s�t� �a�n�d� �s�u�r�v�i�v�e� �u�n�f�a�v�o�r�a�b�l�e� �c�o�n�d�i�t�i�o�n�s� �m�i�g�h�t� �b�e� �t�h�e� 

�a�c�q�u�i�s�i�t�i�o�n� �o�f� �s�u�i�t�a�b�l�e� �g�e�n�e�s� �o�r� �g�e�n�e� �v�a�r�i�a�n�t�s� �t�o� �o�v�e�r�c�o�m�e� �a�n�d� �c�o�p�e� �w�i�t�h� �t�h�e� �s�t�r�e�s�s�.� 
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�w�e�l�l� �a�s� �s�i�n�g�l�e�-�s�t�r�a�n�d�e�d� �D�N�A� �(�s�s�D�N�A�)� �i�n� �a� �n�o�n�s�p�e�c�i�f�i�c� �m�a�n�n�e�r� �a�n�d� �i�s� �p�u�t�a�t�i�v�e�l�y� �e�x�p�o�r�t�e�d� �t�o� 

�t�h�e� �p�e�r�i�p�l�a�s�m� �a�s� �s�i�g�n�a�l� �s�e�q�u�e�n�c�e� �s�u�g�g�e�s�t�s� �(�J�e�o�n� �a�n�d� �Z�h�a�n�g� �2�0�0�7�)�.� �A�l�s�o� �i�m�m�u�n�o�b�l�o�t�t�i�n�g� 
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�a� �1�0� �t�o� �5�0�-�f�o�l�d� �r�e�d�u�c�e�d� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �a�c�t�i�v�i�t�y�.� �I�n� �c�o�n�t�r�a�s�t� �t�o� �B�.� �s�u�b�t�i�l�i�s�,� �C�.� �j�e�j�u�n�i� �o�n�l�y� �h�a�s� �o�n�e� 

�c�o�p�y� �o�f� �t�h�e� �c�o�m�E� �h�o�m�o�l�o�g� �C�j�0�0�1�1�c�.� �I�n� �C�.� �c�o�l�i� �a�n�d� �C�.� �l�a�r�i� �c�o�m�E� �i�s� �a�b�s�e�n�t�.� �T�h�i�s� �c�o�u�l�d� �a�l�s�o� �h�i�n�t� 

�t�h�a�t� �t�h�e� �r�o�l�e� �o�f� �C�o�m�E� �i�n� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� �C�.� �j�e�j�u�n�i� �i�s� �n�o�t� �e�s�s�e�n�t�i�a�l� �a�s� �i�n� �B�.� �s�u�b�t�i�l�i�s�.� �L�i�k�e� �a�l�l� 

�k�n�o�w�n� �c�o�m�p�e�t�e�n�t� �b�a�c�t�e�r�i�a� �C�a�m�p�y�l�o�b�a�c�t�e�r� �h�a�r�b�o�r�s� �a� �c�o�m�E�C� �h�o�m�o�l�o�g�,� �w�h�i�c�h� �i�s� �C�j�1�2�1�1� �a�n�d� 
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�f�o�r� �t�h�i�s� �r�e�s�i�s�t�a�n�c�e� �(�V�e�g�g�e� �e�t� �a�l�.� �2�0�1�2�;� �J�e�o�n� �a�n�d� �Z�h�a�n�g� �2�0�0�7�)�.� �T�h�e� �n�u�m�b�e�r� �o�f� �t�o�t�a�l� �c�o�l�o�n�y� 

�f�o�r�m�i�n�g� �u�n�i�t�s� �w�i�t�h�o�u�t� �s�e�l�e�c�t�i�o�n� �a�g�e�n�t� �a�s� �w�e�l�l� �a�s� �c�o�l�o�n�y� �f�o�r�m�i�n�g� �u�n�i�t�s� �w�i�t�h� �s�e�l�e�c�t�i�o�n� �a�g�e�n�t� �a�r�e� 

�d�e�t�e�r�m�i�n�e�d�.� �T�h�i�s� �a�l�l�o�w�s� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n� �o�f� �t�h�e� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �f�r�e�q�u�e�n�c�y�.� �D�i�s�a�d�v�a�n�t�a�g�e�s� �o�f� �t�h�i�s� 

�c�l�a�s�s�i�c�a�l� �a�s�s�a�y� �a�r�e� �t�h�a�t� �t�h�e�r�e� �i�s� �n�o� �r�e�s�o�l�u�t�i�o�n� �o�f� �i�n�d�i�v�i�d�u�a�l� �s�t�e�p�s� �o�f� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�.� �T�h�e� �f�i�n�a�l� 

�r�e�s�u�l�t� �o�f� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �i�n�c�l�u�d�i�n�g� �r�e�c�o�m�b�i�n�a�t�i�o�n� �a�n�d� �e�x�p�r�e�s�s�i�o�n� �o�f� �t�h�e� �s�e�l�e�c�t�i�o�n� �m�a�r�k�e�r� �i�s� 

�a�n�a�l�y�z�e�d�.� �E�s�p�e�c�i�a�l�l�y� �f�o�r� �f�a�s�t�i�d�i�o�u�s� �b�a�c�t�e�r�i�a� �l�i�k�e� �C�a�m�p�y�l�o�b�a�c�t�e�r� �w�h�e�r�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �c�o�l�o�n�y� 

�f�o�r�m�i�n�g� �u�n�i�t�s� �c�a�n� �b�e� �c�h�a�l�l�e�n�g�i�n�g� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� �s�t�a�t�u�s�,� �f�o�r� �e�x�a�m�p�l�e� �w�h�e�n� 

�b�a�c�t�e�r�i�a� �u�n�d�e�r�g�o� �t�h�e� �V�B�N�C� �s�t�a�t�u�s� �t�h�e� �r�e�s�u�l�t�s� �c�a�n� �b�e� �d�i�s�t�o�r�t�e�d�.� 

�T�h�e�r�e�f�o�r�e�,� �a�n�o�t�h�e�r� �a�p�p�r�o�a�c�h� �i�s� �a� �s�i�n�g�l�e� �c�e�l�l� �b�a�s�e�d� �D�N�A� �u�p�t�a�k�e� �a�s�s�a�y�.� �F�o�r� �t�h�i�s� �a�s�s�a�y� �b�a�c�t�e�r�i�a� 

�c�e�l�l�s� �a�r�e� �c�u�l�t�u�r�e�d� �a�n�d� �t�h�e�n� �i�n�c�u�b�a�t�e�d� �f�o�r� �a� �d�e�f�i�n�e�d� �t�i�m�e�-�p�e�r�i�o�d� �w�i�t�h� �f�l�u�o�r�e�s�c�e�n�t�l�y� �l�a�b�e�l�l�e�d� �D�N�A� 

�(�S�t�i�n�g�l� �e�t� �a�l�.� �2�0�1�0�)�.� �O�n�e� �a�d�v�a�n�t�a�g�e� �o�f� �t�h�i�s� �a�s�s�a�y� �i�s� �t�h�a�t� �f�a�c�t�o�r�s� �c�a�n� �b�e� �t�e�s�t�e�d� �f�o�r� �t�h�e�i�r� �e�f�f�e�c�t� �o�n� 

�c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t�.� �T�h�i�s� �i�n�c�l�u�d�e�s� �t�h�e� �e�x�p�r�e�s�s�i�o�n� �o�f� �g�e�n�e�s� �n�e�c�e�s�s�a�r�y� �f�o�r� �a�s�s�e�m�b�l�y� �o�f� 

�t�h�e� �u�p�t�a�k�e� �m�a�c�h�i�n�e�r�y� �a�n�d� �t�h�e� �a�s�s�e�m�b�l�y� �o�f� �t�h�e� �m�a�c�h�i�n�e�r�y� �i�t�s�e�l�f�.� �F�u�r�t�h�e�r�m�o�r�e�,� �w�h�e�n� �a�l�r�e�a�d�y� 

�c�o�m�p�e�t�e�n�t� �c�e�l�l�s� �a�r�e� �c�h�a�l�l�e�n�g�e�d� �w�i�t�h� �D�N�A� �t�h�e� �i�n�f�l�u�e�n�c�e� �o�n� �t�h�e� �D�N�A� �u�p�t�a�k�e� �p�r�o�c�e�s�s� �c�a�n� �b�e� 
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�P�R�Q�L�W�R�U�H�G�����7�K�H�U�H�I�R�U�H�����L�W���F�D�Q���E�H���G�L�V�W�L�Q�J�X�L�V�K�H�G���L�I���S�D�U�D�P�H�W�H�U�V���O�L�N�H���W�H�P�S�H�U�D�W�X�U�H���K�D�Y�H���D�Q���L�Q�I�O�X�H�Q�F�H��

�R�Q�� �F�R�P�S�H�W�H�Q�F�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �R�U�� �'�1�$�� �X�S�W�D�N�H���� �7�K�H�� �V�L�Q�J�O�H�� �F�H�O�O�� �D�V�V�D�\�� �D�O�O�R�Z�V���I�R�U�� �U�H�V�R�O�X�W�L�R�Q�� �R�I��

�V�L�Q�J�O�H���F�H�O�O�V���D�Q�G���P�D�N�H�V���L�W���S�R�V�V�L�E�O�H���W�R���T�X�D�Q�W�L�I�\���W�K�H���D�P�R�X�Q�W���R�I���L�P�S�R�U�W�H�G���'�1�$���D�V���K�D�V���E�H�H�Q���V�K�R�Z�Q��

�I�R�U���+�����S�\�O�R�U�L�����.�U�•�J�H�U���H�W���D�O�������������������%�D�V�H�G���R�Q���I�L�Q�G�L�Q�J�V���L�Q���W�K�L�V���R�U�J�D�Q�L�V�P���L�W���L�V���D�V�V�X�P�H�G���W�K�D�W���G�X�H���W�R��

�V�W�H�U�L�F�� �K�L�Q�G�U�D�Q�F�H�� �R�I�� �I�O�X�R�U�H�V�F�H�Q�W�� �G�\�H�V�� �O�L�N�H�� �I�O�X�R�U�H�V�F�H�L�Q�� �O�D�E�H�O�O�H�G�� �'�1�$�� �Z�L�O�O�� �E�H���W�U�D�S�S�H�G�� �L�Q�� �W�K�H��

�S�H�U�L�S�O�D�V�P�� �D�Q�G�� �L�V�� �Q�R�W�� �I�X�U�W�K�H�U�� �W�U�D�Q�V�S�R�U�W�H�G�� �L�Q�W�R�� �W�K�H�� �F�\�W�R�S�O�D�V�P�� ���6�W�L�Q�J�O�� �H�W���D�O���� �������������� �8�V�L�Q�J��

�L�Q�W�H�U�F�D�O�D�W�L�Q�J�� �G�\�H�V�� �O�L�N�H�� �<�2�<�2�������� �Z�K�L�F�K�� �O�D�E�H�O�V�� �R�Q�O�\�� �G�R�X�E�O�H���V�W�U�D�Q�G�H�G�� �'�1�$�� ���G�V�'�1�$������ �L�W�� �Z�D�V��

�S�R�V�V�L�E�O�H���W�R���L�Q�G�L�U�H�F�W�O�\���P�R�Q�L�W�R�U���X�S�W�D�N�H���L�Q�W�R���W�K�H���F�\�W�R�S�O�D�V�P���E�\���O�R�V�V���R�I���V�L�J�Q�D�O���V�L�Q�F�H���R�Q�O�\���V�V�'�1�$���Z�L�O�O��

�E�H���W�D�N�H�Q���X�S���L�Q�W�R���W�K�H���S�H�U�L�S�O�D�V�P������

4.5 Aim of the study 

�&�����M�H�M�X�Q�L���K�D�V���D���G�L�Y�H�U�V�H���S�R�S�X�O�D�W�L�R�Q���V�W�U�X�F�W�X�U�H���D�Q�G���Q�D�W�X�U�D�O���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q���V�H�H�P�V���W�R���S�O�D�\���D���K�X�J�H��

�U�R�O�H�� �L�Q�� �W�K�L�V�� �S�D�W�K�R�J�H�Q���� �1�H�Y�H�U�W�K�H�O�H�V�V���� �S�D�U�D�P�H�W�H�U�V�� �V�W�L�P�X�O�D�W�L�Q�J�� �R�U�� �L�Q�K�L�E�L�W�L�Q�J�� �F�R�P�S�H�W�H�Q�F�H��

�G�H�Y�H�O�R�S�P�H�Q�W���D�U�H���R�Q�O�\���S�R�R�U�O�\���X�Q�G�H�U�V�W�R�R�G�����7�K�H�U�H�I�R�U�H�����Z�H���G�H�Y�H�O�R�S�H�G���D���V�L�Q�J�O�H���F�H�O�O���E�D�V�H�G���D�V�V�D�\��

�W�R���P�R�Q�L�W�R�U���F�R�P�S�H�W�H�Q�F�H���G�H�Y�H�O�R�S�P�H�Q�W���D�Q�G���'�1�$���X�S�W�D�N�H���L�Q���&�����M�H�M�X�Q�L�����:�H���Z�D�Q�W�H�G���W�R���W�H�V�W���G�L�I�I�H�U�H�Q�W��

�S�D�U�D�P�H�W�H�U�V�� �O�L�N�H�� �W�H�P�S�H�U�D�W�X�U�H���� �S�+���� �D�Q�G�� �J�U�R�Z�W�K�� �S�K�D�V�H�� �R�Q�� �W�K�H�� �D�E�L�O�L�W�\�� �W�R�� �V�W�L�P�X�O�D�W�H�� �R�U�� �L�Q�K�L�E�L�W��

�F�R�P�S�H�W�H�Q�F�H�� �G�H�Y�H�O�R�S�P�H�Q�W�����6�L�Q�F�H�� �H�[�W�H�U�Q�D�O�� �I�D�F�W�R�U�V�� �F�D�Q�� �W�U�L�J�J�H�U�� �F�R�P�S�H�W�H�Q�F�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �Z�H��

�I�X�U�W�K�H�U���X�V�H�G���W�K�L�V���D�V�V�D�\���W�R���W�H�V�W���L�I���F�X�U�F�X�P�L�Q�����P�D�\�E�H���D���S�R�W�H�Q�W�L�D�O���W�K�H�U�D�S�H�X�W�L�F���D�Q�G���S�U�R�W�H�F�W�L�Y�H���D�J�H�Q�W��

�D�J�D�L�Q�V�W�� �F�D�P�S�\�O�R�E�D�F�W�H�U�L�R�V�L�V���� �S�O�D�\�V�� �D�� �U�R�O�H�� �L�Q�� �F�R�P�S�H�W�H�Q�F�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �R�U�� �'�1�$�� �X�S�W�D�N�H�� �R�I��

�&�����M�H�M�X�Q�L�����7�R���D�Q�D�O�\�]�H���Z�K�L�F�K���I�D�F�W�R�U�V���L�Q�I�O�X�H�Q�F�H���F�R�P�S�H�W�H�Q�F�H���G�H�Y�H�O�R�S�P�H�Q�W���Z�H���X�V�H�G���D���I�L�H�O�G���V�W�U�D�L�Q��

�U�H�F�H�Q�W�O�\���L�V�R�O�D�W�H�G���I�U�R�P���F�K�L�F�N�H�Q���P�H�D�W�����7�R���F�K�D�U�D�F�W�H�U�L�]�H���W�K�H���V�W�U�D�L�Q�����Z�H���S�H�U�I�R�U�P�H�G���Q�H�[�W���J�H�Q�H�U�D�W�L�R�Q��

�V�H�T�X�H�Q�F�L�Q�J���D�Q�G���X�V�H�G���G�L�I�I�H�U�H�Q�W���V�H�T�X�H�Q�F�L�Q�J���W�H�F�K�Q�R�O�R�J�L�H�V���L�Q�F�O�X�G�L�Q�J���V�K�R�U�W���U�H�D�G���D�V���Z�H�O�O���D�V���O�R�Q�J��

�U�H�D�G�� �W�H�F�K�Q�R�O�R�J�L�H�V�� �D�Q�G�� �G�L�I�I�H�U�H�Q�W�� �D�V�V�H�P�E�O�\�� �W�R�R�O�V���� �6�L�Q�F�H�� �J�H�Q�H�W�L�F�� �H�[�F�K�D�Q�J�H�� �V�H�H�P�V�� �W�R�� �E�H�� �Y�H�U�\��

�F�R�P�P�R�Q���D�P�R�Q�J���&�D�P�S�\�O�R�E�D�F�W�H�U�����Z�H���S�H�U�I�R�U�P�H�G���Q�H�[�W���J�H�Q�H�U�D�W�L�R�Q���V�H�T�X�H�Q�F�L�Q�J���R�Q���L�V�R�O�D�W�H�V���Z�L�W�K��

�D�P�E�L�J�X�R�X�V�� �V�S�H�F�L�H�V�� �G�L�I�I�H�U�H�Q�W�L�D�W�L�R�Q�� �U�H�V�X�O�W�V���W�R���I�L�Q�G���R�X�W�� �L�I�� �H�[�W�H�Q�V�L�Y�H���J�H�Q�H�W�L�F���H�[�F�K�D�Q�J�H���R�F�F�X�U�U�H�G��

�E�H�W�Z�H�H�Q���&�����F�R�O�L���D�Q�G���&�����M�H�M�X�Q�L���V�W�U�D�L�Q�V����������������������
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�I�n�t�r�o�d�u�c�t�i�o�n� 
� � 

�m�o�n�i�t�o�r�e�d�.� �T�h�e�r�e�f�o�r�e�,� �i�t� �c�a�n� �b�e� �d�i�s�t�i�n�g�u�i�s�h�e�d� �i�f� �p�a�r�a�m�e�t�e�r�s� �l�i�k�e� �t�e�m�p�e�r�a�t�u�r�e� �h�a�v�e� �a�n� �i�n�f�l�u�e�n�c�e� 

�o�n� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �o�r� �D�N�A� �u�p�t�a�k�e�.� �T�h�e� �s�i�n�g�l�e� �c�e�l�l� �a�s�s�a�y� �a�l�l�o�w�s� �f�o�r� �r�e�s�o�l�u�t�i�o�n� �o�f� 

�s�i�n�g�l�e� �c�e�l�l�s� �a�n�d� �m�a�k�e�s� �i�t� �p�o�s�s�i�b�l�e� �t�o� �q�u�a�n�t�i�f�y� �t�h�e� �a�m�o�u�n�t� �o�f� �i�m�p�o�r�t�e�d� �D�N�A� �a�s� �h�a�s� �b�e�e�n� �s�h�o�w�n� 

�f�o�r� �H�.� �p�y�l�o�r�i� �(�K�r�u�g�e�r� �e�t� �a�l�.� �2�0�1�6�)�.� �B�a�s�e�d� �o�n� �f�i�n�d�i�n�g�s� �i�n� �t�h�i�s� �o�r�g�a�n�i�s�m� �i�t� �i�s� �a�s�s�u�m�e�d� �t�h�a�t� �d�u�e� �t�o� 

�s�t�e�r�i�c� �h�i�n�d�r�a�n�c�e� �o�f� �f�l�u�o�r�e�s�c�e�n�t� �d�y�e�s� �l�i�k�e� �f�l�u�o�r�e�s�c�e�i�n� �l�a�b�e�l�l�e�d� �D�N�A� �w�i�l�l� �b�e� �t�r�a�p�p�e�d� �i�n� �t�h�e� 

�p�e�r�i�p�l�a�s�m� �a�n�d� �i�s� �n�o�t� �f�u�r�t�h�e�r� �t�r�a�n�s�p�o�r�t�e�d� �i�n�t�o� �t�h�e� �c�y�t�o�p�l�a�s�m� �(�S�t�i�n�g�l� �e�t� �a�l�.� �2�0�1�0�)�.� �U�s�i�n�g� 

�i�n�t�e�r�c�a�l�a�t�i�n�g� �d�y�e�s� �l�i�k�e� �Y�O�Y�O�-�1�,� �w�h�i�c�h� �l�a�b�e�l�s� �o�n�l�y� �d�o�u�b�l�e�-�s�t�r�a�n�d�e�d� �D�N�A� �(�d�s�D�N�A�)�,� �i�t� �w�a�s� 
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5.1 List of publications and own contribution 

Publication 1: Curcumin mitigates immune-i nduced epithelial barrier dysfunction by 

Campylobacter jejuni . 
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Publication 2: Comparison of different technologies for the decipherment of the  whole 

genome sequence of Campylobacter jejuni  BfR-CA-14430. 
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Publication 3: Whole genome sequencing reveals extended natural transformation in 

Campylobacter  impacting diagnostics and the pathogens adaptive potential. 
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Publication 4: Natural competence and horizontal g ene transfer in Campylobacter . 
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Publication 5: "Take it or leave i t" -Factors regulating competence development and 

DNA uptake in Campylobacter jejuni . 
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5.2 Publication 1: Curcumin mitigates immune-induced epithelial 
barrier dysfunction by Campylobacter jejuni . 
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�A�n� �i�n�c�r�e�a�s�e� �i�n� �f�l�u�o�r�e�s�c�e�i�n� �(�3�3�2� �D�a�)� �p�e�r�m�e�a�b�i�l�i�t�y� �i�n� �c�o�-�c�u�l�t�u�r�e�s� �a�s� �w�e�l�l� �a�s� �i�n� �t�h�e� �g�e�r�m�-�f�r�e�e� �I�L�-�1�0�7�/�~� �m�o�u�s�e� 
�m�o�d�e�l� �a�f�t�e�r� �C�.� �j�e�j�u�n�i� �i�n�f�e�c�t�i�o�n� �w�a�s� �s�h�o�w�n�.� �C�u�r�c�u�m�i�n� �t�r�e�a�t�m�e�n�t� �a�t�t�e�n�u�a�t�e�d� �t�h�e� �C�.� �j�e�j�u�n�i�-�i�n�d�u�c�e�d� �i�n�c�r�e�a�s�e� 
�i�n� �f�l�u�o�r�e�s�c�e�i�n� �p�e�r�m�e�a�b�i�l�i�t�y� �i�n� �b�o�t�h� �m�o�d�e�l�s�.� �M�o�r�e�o�v�e�r�,� �a�p�o�p�t�o�s�i�s� �i�n�d�u�c�t�i�o�n�,� �t�i�g�h�t� �j�u�n�c�t�i�o�n� �r�e�d�i�s�t�r�i�b�u�t�i�o�n�,� 
�a�n�d� �a�n� �i�n�c�r�e�a�s�e�d� �i�n�f�l�a�m�m�a�t�o�r�y� �r�e�s�p�o�n�s�e ��r�e�p�r�e�s�e�n�t�e�d� �b�y� �T�N�F�-�«�,� �I�L�-�1�,� �a�n�d� �I�L�-�6� �s�e�c�r�e�t�i�o�n ��w�a�s� 
�o�b�s�e�r�v�e�d� �i�n� �c�o�-�c�u�l�t�u�r�e�s� �a�f�t�e�r� �i�n�f�e�c�t�i�o�n� �a�n�d� �r�e�v�e�r�s�e�d� �b�y� �c�u�r�c�u�m�i�n�.� �I�n� �c�o�n�c�l�u�s�i�o�n�,� �c�u�r�c�u�m�i�n� �p�r�o�t�e�c�t�s� 
�a�g�a�i�n�s�t� �i�n�d�i�r�e�c�t� �C�.� �j�e�j�u�n�i�-�t�r�i�g�g�e�r�e�d� �i�m�m�u�n�e�-�i�n�d�u�c�e�d� �b�a�r�r�i�e�r� �d�e�f�e�c�t�s� �a�n�d� �m�i�g�h�t� �b�e� �a� �t�h�e�r�a�p�e�u�t�i�c� �a�n�d� 
�p�r�o�t�e�c�t�i�v�e� �a�g�e�n�t� �i�n� �p�a�t�i�e�n�t�s�.� 

�K�e�y�w�o�r�d�s�:� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�;� �c�u�r�c�u�m�i�n�;� �t�i�g�h�t� �j�u�n�c�t�i�o�n�;� �c�l�a�u�d�i�n�;� �a�p�o�p�t�o�s�i�s�;� �c�o�-�c�u�l�t�u�r�e�;� �m�o�u�s�e� �c�o�l�o�n�;� 

�c�y�t�o�k�i�n�e�s�;� �T�N�F�;� �N�F�«�x�B� 

� � 

�1�.� �I�n�t�r�o�d�u�c�t�i�o�n� 

�C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �i�s� �t�h�e� �m�o�s�t� �p�r�e�v�a�l�e�n�t� �p�a�t�h�o�g�e�n�i�c� �b�a�c�t�e�r�i�u�m� �o�f� �z�o�o�n�o�t�i�c� �g�a�s�t�r�o�e�n�t�e�r�i�t�i�s� �[�1�]�.� 
�T�y�p�i�c�a�l� �s�y�m�p�t�o�m�s� �p�r�o�v�o�k�e�d� �b�y� �C�.� �j�e�j�u�n�i� �a�r�e� �w�a�t�e�r�y� �t�o� �b�l�o�o�d�y� �d�i�a�r�r�h�e�a�,� �a�b�d�o�m�i�n�a�l� �p�a�i�n�,� �f�e�v�e�r�,� �a�n�d� 
�n�a�u�s�e�a� �[�2�]�.� �T�h�i�s� �h�u�m�a�n� �p�a�t�h�o�g�e�n� �i�s� �p�r�e�s�e�n�t� �i�n� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �m�i�c�r�o�b�i�o�t�a� �o�f� �f�a�r�m� �a�n�i�m�a�l�s�,� �e�s�p�e�c�i�a�l�l�y� �p�o�u�l�t�r�y�,� 
�w�h�i�c�h� �i�s� �t�h�e� �m�a�i�n� �s�o�u�r�c�e� �o�f� �i�n�f�e�c�t�i�o�n� �f�o�r� �h�u�m�a�n�s� �b�y� �i�n�g�e�s�t�i�o�n� �o�f� �c�o�n�t�a�m�i�n�a�t�e�d� �o�r� �u�n�d�e�r�c�o�o�k�e�d� �f�o�o�d� �[�1�]�.� 
�T�h�e� �b�a�c�t�e�r�i�a� �a�d�h�e�r�e� �t�o� �t�h�e� �m�u�c�u�s� �a�n�d� �t�h�e� �s�u�r�f�a�c�e� �o�f� �i�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s�,� �i�n�v�a�d�e� �t�h�e� �i�n�t�e�s�t�i�n�a�l� 

�I�n�t�.� �J�.� �M�o�l�.� �S�c�i�.� �2�0�1�9�,� �2�0�,� �4�8�3�0�;� �d�o�i�:�1�0�.�3�3�9�0�/�i�j�m�s�2�0�1�9�4�8�3�0� �w�w�w�.�m�d�p�i�.�c�o�m�/�j�o�u�r�n�a�l�/�i�j�m�s� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�I�n�t�.� �J�.� �M�o�l�.� �S�c�i�.� �2�0�1�9�,� �2�0�,� �4�8�3�0� �2� �o�f� �1�9� 

�e�p�i�t�h�e�l�i�u�m�,� �w�h�i�l�e� �t�h�e�y� �p�a�s�s� �t�h�e� �c�e�l�l�s� �v�i�a� �t�h�e� �t�r�a�n�s�c�e�l�l�u�l�a�r� �o�r� �p�a�r�a�c�e�l�l�u�l�a�r� �r�o�u�t�e� �[�3�,�4�]�.� �C�o�n�s�e�q�u�e�n�t�l�y�,� �d�i�r�e�c�t� 
�e�p�i�t�h�e�l�i�a�l� �b�a�r�r�i�e�r� �d�e�f�e�c�t�s� �s�u�c�h� �a�s� �d�y�s�r�e�g�u�l�a�t�i�o�n� �o�f� �t�i�g�h�t� �j�u�n�c�t�i�o�n� �(�T�J�)� �p�r�o�t�e�i�n�s�,� �i�n�d�u�c�t�i�o�n� �o�f� �e�p�i�t�h�e�l�i�a�l� 
�l�e�s�i�o�n�s� �o�r� �a�l�s�o� �i�n�d�i�r�e�c�t� �e�f�f�e�c�t�s� �b�y� �i�n�f�l�a�m�m�a�t�o�r�y� �r�e�s�p�o�n�s�e�s� �o�f� �e�p�i�t�h�e�l�i�a�l� �o�r� �i�m�m�u�n�e� �c�e�l�l�s� �o�c�c�u�r� �[�5�,�6�]�.� 

�E�p�i�t�h�e�l�i�a�l� �l�e�s�i�o�n�s� �c�a�n� �g�o� �a�l�o�n�g� �w�i�t�h� �s�i�n�g�l�e�-�c�e�l�l� �l�e�s�i�o�n�s� �b�y� �i�n�c�r�e�a�s�e�d� �a�p�o�p�t�o�s�i�s�,� �m�i�d�-�s�i�z�e�d� �l�e�a�k�s� 

�l�i�k�e� �f�o�c�a�l� �l�e�a�k�s�,� �a�s� �w�e�l�l� �a�s� �e�r�o�s�i�o�n�s� �o�r� �e�v�e�n� �u�l�c�e�r�a�t�i�o�n�s�.� �T�h�e�s�e� �p�a�t�h�o�l�o�g�i�c�a�l� �f�i�n�d�i�n�g�s� �c�o�u�l�d� �e�x�p�l�a�i�n� �t�h�e� 
�t�y�p�e� �o�f� �d�i�a�r�r�h�e�a� �f�o�r� �t�h�e� �C�a�m�p�y�l�o�b�a�c�t�e�r� �i�n�f�e�c�t�i�o�n� �a�s� �l�e�a�k� �f�l�u�x� �p�a�t�h�o�m�e�c�h�a�n�i�s�m�,� �w�h�i�c�h� �i�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� 
�a� �l�o�s�s� �o�f� �w�a�t�e�r� �a�n�d� �s�o�l�u�t�e�s� �f�r�o�m� �t�h�e� �o�r�g�a�n�i�s�m� �i�n�t�o� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �l�u�m�e�n� �t�h�r�o�u�g�h� �a� �l�e�a�k�y� �e�p�i�t�h�e�l�i�u�m� �[�6�,�7�]�.� 

�F�o�r� �a� �p�h�y�s�i�o�l�o�g�i�c�a�l� �i�n�t�e�s�t�i�n�a�l� �i�n�t�e�g�r�i�t�y�,� �a�n� �i�n�t�a�c�t� �e�p�i�t�h�e�l�i�u�m� �i�s� �e�s�s�e�n�t�i�a�l�.� �T�h�e� �m�a�i�n� �c�o�m�p�o�n�e�n�t�s� �o�f� 
�i�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�a�l� �b�a�r�r�i�e�r� �a�r�e� �t�h�e� �T�J�s�.� �T�h�e�y� �a�r�e� �t�h�e� �a�p�i�c�a�l� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �i�n�t�e�r�c�e�l�l�u�l�a�r� �s�e�a�l� �a�n�d� 
�d�i�v�i�d�e� �t�h�e� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l� �m�e�m�b�r�a�n�e� �i�n�t�o� �a�n� �a�p�i�c�a�l� �a�n�d� �b�a�s�o�l�a�t�e�r�a�l� �c�o�m�p�a�r�t�m�e�n�t� �(�f�e�n�c�e� �f�u�n�c�t�i�o�n�)� �[�8�]�.� 

�T�i�g�h�t� �j�u�n�c�t�i�o�n�s� �f�o�r�m� �a� �b�a�r�r�i�e�r� �f�o�r� �w�a�t�e�r�,� �i�o�n�s�,� �a�n�d� �s�o�l�u�t�e�s� �(�b�a�r�r�i�e�r� �f�u�n�c�t�i�o�n�)� �[�9�]� �a�n�d� �c�o�n�s�i�s�t� �o�f� �v�a�r�i�o�u�s� 

�m�o�l�e�c�u�l�a�r� �t�r�a�n�s�m�e�m�b�r�a�n�e� �p�r�o�t�e�i�n�s� �l�i�k�e� �c�l�a�u�d�i�n�s� �a�n�d� �o�c�c�l�u�d�i�n�,� �j�u�n�c�t�i�o�n� �a�d�h�e�s�i�o�n� �m�o�l�e�c�u�l�e�s� �(�J�A�M�)�,� 
�t�r�i�c�e�l�l�u�l�i�n�,� �a�n�d� �c�y�t�o�p�l�a�s�m�a�t�i�c� �s�c�a�f�f�o�l�d�i�n�g� �p�r�o�t�e�i�n�s� �a�s� �z�o�n�u�l�a� �o�c�c�l�u�d�e�n�s� �p�r�o�t�e�i�n�-�1� �(�Z�O�-�1�)� �[�8�,�9�]�.� 

�R�e�c�e�n�t�l�y�,� �t�h�e� �n�u�m�b�e�r� �o�f� �C�.� �j�e�j�u�n�i� �i�n�f�e�c�t�i�o�n�s� �s�u�r�p�a�s�s�e�s� �S�a�l�m�o�n�e�l�l�a� �i�n�f�e�c�t�i�o�n�s� �a�s� �t�h�e� �l�e�a�d�i�n�g� �c�a�u�s�e� 
�o�f� �z�o�o�n�o�t�i�c� �b�a�c�t�e�r�i�a�l� �g�a�s�t�r�o�e�n�t�e�r�i�t�i�s� �i�n� �t�h�e� �U�S� �a�n�d� �E�u�r�o�p�e�.� �M�o�r�e�o�v�e�r�,� �h�i�g�h� �l�e�v�e�l�s� �o�f� �f�l�u�o�r�o�q�u�i�n�o�l�o�n�e� 
�r�e�s�i�s�t�a�n�c�e� �h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d� �[�1�0�]� �a�n�d� �l�e�v�e�l�s� �o�f� �m�u�l�t�i� �d�r�u�g� �r�e�s�i�s�t�a�n�c�e�s� �(�M�D�R�)� �a�r�e� �i�n�c�r�e�a�s�i�n�g� �[�1�1�]�.� 

�I�n� �c�o�n�s�e�q�u�e�n�c�e�,� �n�e�w� �t�h�e�r�a�p�e�u�t�i�c� �t�a�r�g�e�t�s� �a�s� �w�e�l�l� �a�s� �i�n�n�o�v�a�t�i�v�e� �s�t�r�a�t�e�g�i�e�s� �t�o� �r�e�d�u�c�e� �t�h�e� �a�m�o�u�n�t� �o�f� 
�C�.� �j�e�j�u�n�i� �i�n� �f�a�r�m� �a�n�i�m�a�l�s� �a�n�d� �e�n�v�i�r�o�n�m�e�n�t� �a�r�e� �u�r�g�e�n�t�l�y� �r�e�q�u�i�r�e�d�.� �A� �p�o�t�e�n�t� �n�a�t�u�r�a�l� �s�u�b�s�t�a�n�c�e� �t�h�o�u�g�h�t� 
�t�o� �i�n�t�e�r�f�e�r�e� �w�i�t�h� �C�a�m�p�y�l�o�b�a�c�t�e�r� �i�n�f�e�c�t�i�o�n� �i�s� �c�u�r�c�u�m�i�n�.� 

�C�u�r�c�u�m�i�n� �i�s� �a� �p�o�l�y�p�h�e�n�o�l�i�c� �c�o�m�p�o�u�n�d� �f�o�u�n�d� �i�n� �t�h�e� �t�u�r�m�e�r�i�c� �r�o�o�t� �o�f� �t�h�e� �C�u�r�c�u�m�a� �l�o�n�g�a� �p�l�a�n�t� 

�(�c�o�m�m�o�n�l�y� �k�n�o�w�n� �a�s� �t�u�r�m�e�r�i�c�)�,� �a� �m�e�m�b�e�r� �o�f� �t�h�e� �g�i�n�g�e�r� �f�a�m�i�l�y� �[�1�2�-�1�4�]�.� �I�t� �i�s� �u�s�e�d� �a�s� �c�o�l�o�r�i�n�g� �a�g�e�n�t�,� 
�c�o�s�m�e�t�i�c�s�,� �a�n�d� �i�t� �i�s� �t�h�e� �p�r�i�n�c�i�p�a�l� �i�n�g�r�e�d�i�e�n�t�i�n� �o�r�i�e�n�t�a�l� �f�o�o�d� �s�p�i�c�e� �l�i�k�e� �c�u�r�r�y� �p�o�w�d�e�r� �[�1�2�,�1�3�]�.� �F�o�r� �c�e�n�t�u�r�i�e�s�,� 
�c�u�r�c�u�m�i�n� �h�a�s� �b�e�e�n� �u�s�e�d� �i�n� �A�s�i�a�n� �t�r�a�d�i�t�i�o�n�a�l� �m�e�d�i�c�i�n�e� �a�s� �a� �c�o�m�m�o�n� �n�o�n�t�o�x�i�c� �a�n�d� �a�c�t�i�v�e� �a�g�e�n�t� �a�g�a�i�n�s�t� 
�d�i�f�f�e�r�e�n�t� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �a�n�d� �d�i�g�e�s�t�i�v�e� �d�i�s�o�r�d�e�r�s� �[�1�2�,�1�4�,�1�5�]�.� �I�n� �a�d�d�i�t�i�o�n�,� �c�u�r�c�u�m�i�n� �i�s� �k�n�o�w�n� �t�o� �p�o�s�s�e�s�s� 

�a�n�t�i�-�i�n�f�l�a�m�m�a�t�o�r�y�,� �a�n�t�i�o�x�i�d�a�t�i�v�e�,� �a�n�t�i�b�a�c�t�e�r�i�a�l�,� �a�n�t�i�c�a�r�c�i�n�o�g�e�n�i�c� �[�1�6�]�,� �a�n�t�i�v�i�r�a�l� �[�1�5�,�1�7�]�,� �a�n�t�i�a�p�o�p�t�o�t�i�c�,� 

�a�n�d� �a�n�t�i�p�r�o�l�i�f�e�r�a�t�i�v�e� �p�r�o�p�e�r�t�i�e�s� �[�1�2�]�.� �T�h�e� �a�n�t�i�b�a�c�t�e�r�i�a�l� �e�f�f�e�c�t� �w�a�s� �s�h�o�w�n� �a�g�a�i�n�s�t� �S�a�l�m�o�n�e�l�l�a� �s�p�p�.� �[�1�8�]�,� 
�H�e�l�i�c�o�b�a�c�t�e�r� �p�y�l�o�r�i� �[�1�6�,�1�9�,�2�0�]�,� �m�e�t�h�i�c�i�l�l�i�n�-�r�e�s�i�s�t�a�n�t� �S�t�a�p�h�y�l�o�c�o�c�c�u�s� �a�u�r�e�u�s�,� �B�a�c�i�l�l�u�s� �s�u�b�t�i�l�i�s�,� �a�n�d� �E�s�c�h�e�r�i�c�h�i�a� 

�c�o�l�i� �[�2�1�]�.� �V�a�r�i�o�u�s� �s�t�u�d�i�e�s� �h�a�v�e� �s�h�o�w�n� �t�h�a�t� �c�u�r�c�u�m�i�n� �m�o�d�u�l�a�t�e�s� �i�n�f�l�a�m�m�a�t�o�r�y� �c�y�t�o�k�i�n�e� �p�a�t�h�w�a�y�s� �l�i�k�e� 
�I�L�-�1�6�,� �T�N�F�-�a�,� �I�L�-�6�,� �I�L�-�8�,� �I�L�-�1�0� �[�1�2�,�1�3�,�2�2�,�2�3�]�,� �a�n�d� �i�n�h�i�b�i�t� �s�i�g�n�a�l�i�n�g� �p�a�t�h�w�a�y�s� �l�i�k�e� �N�F�«�B� �[�1�2�,�1�7�,�1�9�]�.� 

�T�h�e� �a�i�m� �o�f� �t�h�e� �p�r�e�s�e�n�t�e�d� �s�t�u�d�y� �w�a�s� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �b�a�r�r�i�e�r�-�p�r�o�t�e�c�t�i�v�e� �a�n�d� �a�n�t�i�-�i�n�f�l�a�m�m�a�t�o�r�y� 
�p�r�o�p�e�r�t�i�e�s� �o�f� �c�u�r�c�u�m�i�n� �o�n� �i�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�a�l� �b�a�r�r�i�e�r� �f�u�n�c�t�i�o�n�,� �w�h�i�c�h� �i�s� �c�o�m�p�r�o�m�i�s�e�d� �b�y� �t�h�e� 
�C�.� �j�e�j�u�n�i�-�m�e�d�i�a�t�e�d� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e�.� �T�h�e�r�e�f�o�r�e�,� �a� �n�o�v�e�l� �i�n� �v�i�t�r�o� �c�o�-�c�u�l�t�u�r�e� �m�o�d�e�l� �c�o�n�s�i�s�t�i�n�g� �o�f� �i�n�t�e�s�t�i�n�a�l� 
�e�p�i�t�h�e�l�i�a�l� �H�T�-�2�9�/�B�6�-�G�R�/�M�R� �a�n�d� �i�m�m�u�n�e� �T�H�P�-�1� �c�e�l�l�s� �w�a�s� �e�s�t�a�b�l�i�s�h�e�d�.� �T�h�i�s� �c�o�-�c�u�l�t�u�r�e� �m�o�d�e�l� �e�n�a�b�l�e�s� 

�t�h�e� �s�c�r�e�e�n�i�n�g� �o�f� �p�o�t�e�n�t�i�a�l� �b�a�r�r�i�e�r�-�p�r�o�t�e�c�t�i�v�e� �a�n�d� �a�n�t�i�-�i�n�f�l�a�m�m�a�t�o�r�y� �c�o�m�p�o�u�n�d�s� �i�n� �C�.� �j�e�j�u�n�i� �i�n�f�e�c�t�i�o�n�,� 
�a�s� �a� �r�e�s�u�l�t� �o�f� �w�h�i�c�h� �c�u�r�c�u�m�i�n� �w�a�s� �i�d�e�n�t�i�f�i�e�d� �a�s� �b�e�i�n�g� �e�f�f�e�c�t�i�v�e�.� 

�2�.� �R�e�s�u�l�t�s� 

�2�.�1�.� �E�s�t�a�b�l�i�s�h�m�e�n�t� �o�f� �a� �C�o�-�C�u�l�t�u�r�e� �w�i�t�h� �C�o�l�o�n� �E�p�i�t�h�e�l�i�a�l� �C�e�l�l�s� �H�T�-�2�9�/�B�6�-�G�R�/�M�R� �a�n�d� �I�m�m�u�n�e� �T�H�P�-�1� �C�e�l�l�s� 

�T�o� �a�n�a�l�y�z�e� �t�h�e� �i�m�p�a�c�t� �o�f� �t�h�e� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �d�u�r�i�n�g� �a� �C�a�m�p�y�l�o�b�a�c�t�e�r� �i�n�f�e�c�t�i�o�n� �o�n� �e�p�i�t�h�e�l�i�a�l� 
�b�a�r�r�i�e�r� �f�u�n�c�t�i�o�n�,� �h�u�m�a�n� �c�o�l�o�n� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s� �a�n�d� �i�m�m�u�n�e� �c�e�l�l�s� �w�e�r�e� �c�o�-�c�u�l�t�u�r�e�d�.� �C�o�l�o�n�i�c� �e�p�i�t�h�e�l�i�a�l� 
�c�e�l�l�s� �(�H�T�-�2�9�/�B�6�-�G�R�/�M�R�)� �w�e�r�e� �s�e�e�d�e�d� �o�n� �c�e�l�l� �c�u�l�t�u�r�e� �f�i�l�t�e�r� �s�u�p�p�o�r�t�s� �(�0�.�4� �u�m� �p�o�r�e� �s�i�z�e�)� �a�n�d� �r�e�p�r�e�s�e�n�t�e�d� 
�t�h�e� �e�p�i�t�h�e�l�i�a�l� �c�o�m�p�a�r�t�m�e�n�t�.� �U�n�d�e�r� �t�h�e� �m�e�m�b�r�a�n�e� �o�f� �t�h�e� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l� �f�i�l�t�e�r�,� �T�H�P�-�1� �i�m�m�u�n�e� �c�e�l�l�s� 

�w�e�r�e� �s�e�e�d�e�d� �o�n� �t�h�e� �b�o�t�t�o�m� �o�f� �t�h�e� �c�e�l�l� �c�u�l�t�u�r�e� �w�e�l�l� �a�n�d� �r�e�p�r�e�s�e�n�t�e�d� �t�h�e� �s�u�b�e�p�i�t�h�e�l�i�a�l� �c�o�m�p�a�r�t�m�e�n�t�.� 
�B�a�s�a�l� �b�a�c�t�e�r�i�a�l� �i�n�f�e�c�t�i�o�n� �w�i�t�h� �C�.� �j�e�j�u�n�i� �d�e�c�r�e�a�s�e�d� �t�r�a�n�s�e�p�i�t�h�e�l�i�a�l� �e�l�e�c�t�r�i�c�a�l� �r�e�s�i�s�t�a�n�c�e� �(�T�E�R�)� �w�h�e�n� �c�o�l�o�n�i�c� 
�e�p�i�t�h�e�l�i�a�l� �a�n�d� �i�m�m�u�n�e� �c�e�l�l�s� �(�d�i�f�f�e�r�e�n�t�i�a�t�e�d� �T�H�P�-�1� �c�e�l�l�s�)� �w�e�r�e� �c�o�-�c�u�l�t�u�r�e�d� �(�F�i�g�u�r�e� �1�)�.� �F�r�o�m� �t�h�e� �a�p�i�c�a�l� 

�s�u�p�e�r�n�a�t�a�n�t�,� �n�o� �b�a�c�t�e�r�i�a� �c�o�u�l�d� �b�e� �c�u�l�t�u�r�e�d� �a�f�t�e�r� �t�h�e� �e�x�p�e�r�i�m�e�n�t�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �t�h�e� �b�a�c�t�e�r�i�a� �c�o�u�l�d� �n�o�t� 
�p�a�s�s� �t�h�e� �f�i�l�t�e�r� �m�e�m�b�r�a�n�e� �w�i�t�h� �0�.�4� �u�m� �p�o�r�e� �s�i�z�e�.� �A�s� �a� �r�e�s�u�l�t� �o�f� �t�h�i�s�,� �a�n�d� �i�n� �c�o�n�t�r�a�s�t� �t�o� �t�h�e� �r�e�s�u�l�t�s� �i�n� �t�h�e� 
�c�o�-�c�u�l�t�u�r�e� �m�o�d�e�l�,� �C�.� �j�e�j�u�n�i� �i�n�f�e�c�t�i�o�n� �a�t� �t�h�e� �b�a�s�a�l� �m�e�m�b�r�a�n�e� �h�a�d� �n�o� �e�f�f�e�c�t� �o�n� �T�E�R� �i�n� �H�T�-�2�9�/�B�6�-�G�R�/�M�R� 
�m�o�n�o�-�c�u�l�t�u�r�e� �(�F�i�g�u�r�e� �1�)�.� 
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�c�t�r�l� �C�.� �j�e�j�u�n�i� �c�t�r�l� �c�.� �j�e�j�u�n�i� 

�F�i�g�u�r�e� �1�.� �C�.� �j�e�j�u�n�i� �i�n�f�e�c�t�i�o�n� �i�n� �h�u�m�a�n� �i�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s� �(�H�T�-�2�9�/�B�6�-�G�R�/�M�R�)� �o�r� �i�n� �c�o�-�c�u�l�t�u�r�e� 
�t�o�g�e�t�h�e�r� �w�i�t�h� �h�u�m�a�n� �i�m�m�u�n�e� �c�e�l�l�s� �(�d�i�f�f�e�r�e�n�t�i�a�t�e�d� �T�H�P�-�1� �c�e�l�l�s�)�.� �T�r�a�n�s�e�p�i�t�h�e�l�i�a�l� �e�l�e�c�t�r�i�c�a�l� �r�e�s�i�s�t�a�n�c�e� 

�(�T�E�R�)� �i�n� �c�o�-�c�u�l�t�u�r�e� �a�f�t�e�r� �C�.� �j�e�j�u�n�i� �i�n�f�e�c�t�i�o�n� �f�r�o�m� �t�h�e� �b�a�s�a�l� �s�i�d�e� �d�e�c�r�e�a�s�e�d� �4�8� �h� �p�o�s�t� �i�n�f�e�c�t�i�o�n� �(�1� �=� �7�-�9�,� 
�*�*� �p� �<� �0�.�0�1�,� �u�n�p�a�i�r�e�d� �S�t�u�d�e�n�t�'�s� �t�-�t�e�s�t�)�.� 

�2�.�2�.� �C�u�r�c�u�m�i�n� �I�m�p�r�o�v�e�s� �D�i�s�t�u�r�b�e�d� �I�n�t�e�s�t�i�n�a�l� �B�a�r�r�i�e�r� �F�u�n�c�t�i�o�n� �i�n� �t�h�e� �C�o�-�C�u�l�t�u�r�e� �S�y�s�t�e�m� 

�U�s�i�n�g� �m�R�N�A� �s�e�q�u�e�n�c�i�n�g� �a�n�d� �s�u�b�s�e�q�u�e�n�t� �i�n�g�e�n�u�i�t�y� �p�a�t�h�w�a�y� �a�n�a�l�y�s�i�s� �(�I�P�A�)� �o�f� �h�u�m�a�n� �m�u�c�o�s�a� 
�b�i�o�p�s�i�e�s� �f�r�o�m� �C�.� �j�e�j�u�n�i�-�i�n�f�e�c�t�e�d� �p�a�t�i�e�n�t�s�,� �i�n�h�i�b�i�t�i�o�n� �o�f� �c�u�r�c�u�m�i�n�-�d�e�p�e�n�d�e�n�t� �p�a�t�h�w�a�y�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� 
�p�r�e�s�e�n�c�e� �o�f� �c�u�r�c�u�m�i�n� �m�i�g�h�t� �p�r�e�v�e�n�t� �t�h�e� �C�.� �j�e�j�u�m�i�-�i�n�d�u�c�e�d� �c�h�a�n�g�e�s� �i�n� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n�.� �B�a�s�e�d� �o�n� �t�h�i�s� 
�b�i�o�i�n�f�o�r�m�a�t�i�c� �p�r�e�d�i�c�t�i�o�n� �o�f� �c�u�r�c�u�m�i�n ��s� �e�f�f�e�c�t� �o�n� �h�o�s�t� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n�,� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �c�u�r�c�u�m�i�n� �s�h�o�u�l�d� 
�a�c�t�i�v�a�t�e� �d�o�w�n�s�t�r�e�a�m� �p�a�t�h�w�a�y�s� �a�n�d� �m�i�g�h�t� �r�e�d�u�c�e� �t�h�e� �e�f�f�e�c�t�s� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �i�n�f�e�c�t�i�o�n�s� �(�S�u�p�p�l�e�m�e�n�t�a�r�y� 
�T�a�b�l�e� �S�1�)�.� �I�n� �o�r�d�e�r� �t�o� �t�e�s�t� �t�h�e� �b�a�r�r�i�e�r� �p�r�o�t�e�c�t�i�v�e� �a�n�d� �a�n�t�i�-�i�n�f�l�a�m�m�a�t�o�r�y� �p�r�o�p�e�r�t�i�e�s� �o�f� �c�u�r�c�u�m�i�n� �i�n� 
�C�a�m�p�y�l�o�b�a�c�t�e�r�-�i�n�d�u�c�e�d� �b�a�r�r�i�e�r� �d�y�s�f�u�n�c�t�i�o�n�,� �a� �c�u�r�c�u�m�i�n� �s�o�l�u�t�i�o�n� �w�a�s� �a�d�d�e�d� �t�o� �t�h�e� �i�n�f�e�c�t�e�d� �c�o�-�c�u�l�t�u�r�e� 
�m�o�d�e�l�.� �A�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �2�,� �C�.� �j�e�j�u�n�i� �r�e�d�u�c�e�d� �T�E�R� �s�i�g�n�i�f�i�c�a�n�t�l�y� �4�8� �h� �a�f�t�e�r� �i�n�f�e�c�t�i�o�n�,� �w�h�e�r�e�a�s� �t�h�i�s� 
�c�h�a�n�g�e� �w�a�s� �i�n�h�i�b�i�t�e�d� �b�y� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �c�u�r�c�u�m�i�n�.� 
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�+�  ¬�.� �j�e�j�u�n�i� 

�F�i�g�u�r�e� �2�.� �C�u�r�c�u�m�i�n� �p�r�o�t�e�c�t�s� �a�g�a�i�n�s�t� �C�.� �j�e�j�u�n�i�-�i�n�d�u�c�e�d� �b�a�r�r�i�e�r� �d�i�s�r�u�p�t�i�o�n� �i�n� �c�o�-�c�u�l�t�u�r�e�.� �C�e�l�l�s� �w�e�r�e� 
�t�r�e�a�t�e�d� �w�i�t�h� �5�0� �u�M� �c�u�r�c�u�m�i�n� �a�n�d� �i�n�f�e�c�t�e�d� �w�i�t�h� �C�.� �j�e�j�u�n�i� �f�o�r� �4�8� �h� �(�n� �=� �1�3�,� �*�*�*� �p� �<� �0�.�0�0�1�,� �o�n�e�-�w�a�y� �A�N�O�V�A� 
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�P�e�r�m�e�a�b�i�l�i�t�y� �s�t�u�d�i�e�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �w�i�t�h� �t�h�e� �p�a�r�a�c�e�l�l�u�l�a�r� �f�l�u�x� �m�a�r�k�e�r� �f�l�u�o�r�e�s�c�e�i�n� �(�3�3�2� �D�a�)�.� 
�C�o�m�p�a�r�e�d� �t�o� �c�o�n�t�r�o�l�s�,� �C�.� �j�e�j�u�n�i� �i�n�f�e�c�t�i�o�n� �c�a�u�s�e�d� �a�n� �i�n�c�r�e�a�s�e� �i�n� �p�e�r�m�e�a�b�i�l�i�t�y� �t�o� �f�l�u�o�r�e�s�c�e�i�n�.� �A�p�p�l�i�c�a�t�i�o�n� 
�o�f� �c�u�r�c�u�m�i�n� �n�o�t� �o�n�l�y� �a�m�e�l�i�o�r�a�t�e�d� �t�h�e� �p�e�r�m�e�a�b�i�l�i�t�y� �i�n�c�r�e�a�s�e� �f�o�r� �f�l�u�o�r�e�s�c�e�i�n�,� �b�u�t� �e�v�e�n� �r�e�s�u�l�t�e�d� �i�n� 
�a�n� �i�m�p�r�o�v�e�d� �b�a�r�r�i�e�r� �f�u�n�c�t�i�o�n� �f�o�r� �p�a�r�a�c�e�l�l�u�l�a�r� �p�a�s�s�a�g�e� �o�f� �m�a�c�r�o�m�o�l�e�c�u�l�e�s� �w�h�e�n� �e�x�c�e�e�d�e�d� �t�h�e� �c�o�n�t�r�o�l� 
�l�e�v�e�l� �(�F�i�g�u�r�e� �3�)�.� 
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�F�i�g�u�r�e� �3�.� �C�u�r�c�u�m�i�n� �i�m�p�r�o�v�e�s� �t�h�e� �C�.� �j�e�j�u�n�i�-�i�n�d�u�c�e�d� �i�n�c�r�e�a�s�e� �i�n� �p�e�r�m�e�a�b�i�l�i�t�y� �t�o� �f�l�u�o�r�e�s�c�e�i�n� �(�3�3�2� �D�a�)� 
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�i�n�f�e�c�t�e�d� �w�i�t�h� �C�.� �j�e�j�u�n�i� �a�f�t�e�r� �i�n�c�u�b�a�t�i�o�n� �w�i�t�h� �5�0� �1�M� �c�u�r�c�u�m�i�n�.� �F�l�u�o�r�e�s�c�e�i�n� �p�e�r�m�e�a�b�i�l�i�t�i�e�s� �w�e�r�e� �m�e�a�s�u�r�e�d� 
�4�8� �h� �p�o�s�t� �i�n�f�e�c�t�i�o�n� �(� �=� �7�-�8�,� �*� �p� �<� �0�.�0�5�,� �*�*�*� �p� �<� �0�.�0�0�1�,� �o�n�e�-�w�a�y� �A�N�O�V�A� �w�i�t�h� �B�o�n�f�e�r�r�o�n�i� �c�o�r�r�e�c�t�i�o�n� �f�o�r� 
�m�u�l�t�i�p�l�e� �c�o�m�p�a�r�i�s�o�n�s�)�.� 

�2�.�3�.� �E�f�f�e�c�t� �o�f� �C�u�r�c�u�m�i�n� �I�n� �V�i�v�o� �o�n� �I�n�t�e�s�t�i�n�a�l� �B�a�r�r�i�e�r� �R�e�g�u�l�a�t�i�o�n� �i�n� �I�L�-�1�0�7�~� �M�i�c�e� 

�S�e�c�o�n�d�a�r�y� �a�b�i�o�t�i�c� �I�L�-�1�0�-�/�-� �m�i�c�e� �w�e�r�e� �i�n�f�e�c�t�e�d� �w�i�t�h� �C�.� �j�e�j�u�n�i� �a�n�d� �t�r�e�a�t�e�d� �w�i�t�h� �0�.�5� �m�g�/�m�L� �o�f� 
�c�u�r�c�u�m�i�n�,� �s�t�a�r�t�i�n�g� �4� �d�a�y�s� �p�r�i�o�r� �i�n�f�e�c�t�i�o�n� �u�n�t�i�l� �t�h�e� �e�n�d� �o�f� �t�h�e� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d� �(�i�.�e�.�,� �d�a�y� �6� �p�o�s�t� 
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�i�f� �c�u�r�c�u�m�i�n� �i�s� �u�s�e�d� �a�s� �t�r�e�a�t�m�e�n�t�,� �i�t� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� �k�n�o�w� �w�h�e�t�h�e�r� �t�h�e� �s�u�b�s�t�a�n�c�e� �e�x�e�r�t�s� �a�n�y� �s�t�r�e�s�s� �t�o� 
�t�h�e� �b�a�c�t�e�r�i�u�m�,� �l�e�a�d�i�n�g� �t�o� �e�n�h�a�n�c�e�d� �a�d�a�p�t�i�o�n� �b�y�,� �e�.�g�.�,� �s�t�i�m�u�l�a�t�i�o�n� �o�f� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �c�a�p�a�c�i�t�y�.� 
�T�h�e�r�e�f�o�r�e�,� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �D�N�A� �u�p�t�a�k�e� �o�f� �C�.� �j�e�j�u�n�i� �w�a�s� �i�n�v�e�s�t�i�g�a�t�e�d� �u�n�d�e�r� �t�h�e� �t�r�e�a�t�m�e�n�t� 
�o�f� �c�u�r�c�u�m�i�n� �u�s�i�n�g� �a� �s�i�n�g�l�e� �c�e�l�l� �a�s�s�a�y�.� �A�f�t�e�r� �c�u�r�c�u�m�i�n� �t�r�e�a�t�m�e�n�t�,� �n�o� �c�h�a�n�g�e� �i�n� �t�h�e� �r�a�t�i�o� �o�f� �c�o�m�p�e�t�e�n�t� 
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�i�n�d�i�c�a�t�e� �r�e�-�l�o�c�a�l�i�z�a�t�i�o�n� �i�n�t�o� �t�h�e� �i�n�t�r�a�c�e�l�l�u�l�a�r� �r�e�g�i�o�n�s�.� �A�f�t�e�r� �t�r�e�a�t�m�e�n�t� �w�i�t�h� �c�u�r�c�u�m�i�n�,� �t�h�e� �a�p�p�e�a�r�a�n�c�e� 
�o�f� �c�l�a�u�d�i�n�-�4� �a�n�d� �c�l�a�u�d�i�n�-�8� �i�m�p�r�o�v�e�d�.� �A�s� �a� �c�o�n�s�e�q�u�e�n�c�e�,� �t�h�e� �i�n�f�e�c�t�e�d� �a�n�d� �c�u�r�c�u�m�i�n� �t�r�e�a�t�e�d� �g�r�o�u�p� 
�s�h�o�w�e�d� �c�o�-�l�o�c�a�l�i�z�a�t�i�o�n� �(�m�e�r�g�i�n�g�)�,� �w�i�t�h� �h�i�g�h� �p�e�a�k� �i�n�t�e�n�s�i�t�i�e�s� �i�n� �t�h�e� �a�r�e�a�s� �o�f� �T�J� �c�o�n�t�a�c�t�,� �c�o�m�p�a�r�a�b�l�e� 
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�c�o�-�c�u�l�t�u�r�e� �m�o�d�e�l� �a�n�d� �a�n� �i�n� �v�i�v�o� �m�o�u�s�e� �m�o�d�e�l� �t�o� �s�t�u�d�y� �t�h�e� �p�r�o�t�e�c�t�i�v�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �t�h�e� �n�a�t�u�r�a�l� 
�p�o�l�y�p�h�e�n�o�l� �c�u�r�c�u�m�i�n�.� 

�C�u�r�c�u�m�i�n� �i�s� �a� �v�i�t�a�m�i�n� �D� �r�e�c�e�p�t�o�r� �(�V�D�R�)� �l�i�g�a�n�d� �[�2�4�]�,� �a�n�d� �w�e� �f�o�u�n�d� �t�h�e� �d�o�w�n�s�t�r�e�a�m� �s�i�g�n�a�l�i�n�g� 

�p�a�t�h�w�a�y� �o�f� �c�u�r�c�u�m�i�n� �t�o� �b�e� �i�n�h�i�b�i�t�e�d� �i�n� �t�h�e� �m�u�c�o�s�a� �o�f� �a�c�u�t�e�l�y� �i�n�f�e�c�t�e�d� �C�.� �j�e�j�u�n�i� �p�a�t�i�e�n�t�s� �b�y� �m�e�a�n�s� 
�o�f� �t�h�e� �b�i�o�i�n�f�o�r�m�a�t�i�c� �p�r�e�d�i�c�t�i�o�n� �i�n� �Q�i�a�g�e�n� �i�n�g�e�n�u�i�t�y� �p�a�t�h�w�a�y� �a�n�a�l�y�s�i�s� �(�I�P�A�)� �f�r�o�m� �R�N�A�-�s�e�q�u�e�n�c�i�n�g� 
�(�S�u�p�p�l�e�m�e�n�t�a�r�y� �T�a�b�l�e� �$�1�)�.� �T�h�i�s� �p�r�e�d�i�c�t�i�o�n� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �c�u�r�c�u�m�i�n� �c�o�u�l�d� �b�e� �a� �p�o�t�e�n�t�i�a�l� �t�h�e�r�a�p�e�u�t�i�c� �o�r� 
�p�r�e�v�e�n�t�i�v�e� �t�a�r�g�e�t� �a�g�a�i�n�s�t� �C�.� �j�e�j�u�n�i� �i�n�f�e�c�t�i�o�n�s�.� �B�a�s�e�d� �o�n� �t�h�i�s� �b�i�o�i�n�f�o�r�m�a�t�i�c�s� �p�r�e�d�i�c�t�i�o�n�,� �w�e� �t�e�s�t�e�d� �t�h�e� 
�e�f�f�e�c�t�s� �o�f� �c�u�r�c�u�m�i�n� �o�n� �C�.� �j�e�j�u�n�i� �i�n�f�e�c�t�i�o�n� �i�n� �v�i�t�r�o� �a�n�d� �i�n� �v�i�v�o�.� �T�h�e� �i�n�h�i�b�i�t�o�r�y� �e�f�f�e�c�t� �o�f� �a�n�o�t�h�e�r� �t�o�p� �h�i�t� 
�u�p�s�t�r�e�a�m� �r�e�g�u�l�a�t�o�r� �i�n� �I�P�A� �a�n�a�l�y�s�i�s� �o�n� �t�h�e� �m�u�c�o�s�a� �o�f� �C�.� �j�e�j�u�n�i�-�i�n�f�e�c�t�e�d� �p�a�t�i�e�n�t�s� �w�a�s� �c�a�l�c�i�t�r�i�o�l� �(�a�c�t�i�v�e� 
�f�o�r�m� �o�f� �v�i�t�a�m�i�n� �D�)�.� �C�a�l�c�i�t�r�i�o�l� �e�x�h�i�b�i�t�e�d� �a� �h�i�g�h� �s�i�g�n�i�f�i�c�a�n�c�e� �v�a�l�u�e� �c�o�m�p�a�r�a�b�l�e� �t�o� �c�u�r�c�u�m�i�n� �(�A�p�p�e�n�d�i�x� �A�,� 
�T�a�b�l�e� �S�1�)�.� �A�n�n�u�l�m�e�n�t� �o�f� �C�.� �j�e�j�u�n�i�-�i�n�d�u�c�e�d� �c�y�t�o�t�o�x�i�c�i�t�y� �a�f�t�e�r� �c�a�l�c�i�t�r�i�o�l� �t�r�e�a�t�m�e�n�t� �h�a�s� �b�e�e�n� �d�e�m�o�n�s�t�r�a�t�e�d� 
�i�n� �H�T�-�2�9�/�B�6� �c�e�l�l�s� �p�r�e�v�i�o�u�s�l�y�,� �s�u�p�p�o�r�t�i�n�g� �t�h�e� �v�i�e�w� �t�h�a�t� �t�h�e� �b�a�c�t�e�r�i�u�m� �a�f�f�e�c�t�s� �i�n�t�e�s�t�i�n�a�l� �b�a�r�r�i�e�r� �f�u�n�c�t�i�o�n� 

�v�i�a� �a� �V�D�R�-�d�e�p�e�n�d�e�n�t� �p�a�t�h�w�a�y� �[�6�]�.� 
�A�s� �p�r�e�d�i�c�t�e�d� �b�y� �t�h�e� �p�a�t�h�w�a�y� �a�n�a�l�y�s�i�s� �i�n� �a�c�u�t�e� �h�o�m�a�n� �c�a�m�p�y�l�o�b�a�c�t�e�r�i�o�s�i�s�,� �c�u�r�c�u�m�i�n� �w�a�s� �e�f�f�e�c�t�i�v�e� �i�n� 

�o�u�r� �e�x�p�e�r�i�m�e�n�t�s�.� �I�t� �c�o�u�l�d� �p�r�e�v�e�n�t� �t�h�e� �d�e�c�r�e�a�s�e� �i�n� �T�E�R� �a�s� �w�e�l�l� �a�s� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �f�l�u�o�r�e�s�c�e�i�n� �p�e�r�m�e�a�b�i�l�i�t�y� 

�i�n� �o�u�r� �c�o�-�c�u�l�t�u�r�e� �m�o�d�e�l�,� �i�n�d�i�c�a�t�i�n�g� �i�m�p�r�o�v�e�d� �b�a�r�r�i�e�r� �f�u�n�c�t�i�o�n� �b�y� �c�u�r�c�u�m�i�n� �i�n� �i�m�m�u�n�e�-�m�e�d�i�a�t�e�d� 
�e�p�i�t�h�e�l�i�a�l� �b�a�r�r�i�e�r� �d�y�s�f�u�n�c�t�i�o�n� �b�y� �C�.� �j�e�j�u�n�i�.� 

�B�e�c�a�u�s�e� �w�e� �e�x�p�e�c�t�e�d� �a�n� �e�s�s�e�n�t�i�a�l� �c�o�n�t�r�i�b�u�t�i�o�n� �o�f� �t�h�e� �i�m�m�u�n�e� �s�y�s�t�e�m�,� �w�e� �e�s�t�a�b�l�i�s�h�e�d� �a� �c�o�-�c�u�l�t�u�r�e� 
�m�o�d�e�l� �w�i�t�h� �b�a�s�a�l� �i�n�f�e�c�t�i�o�n�.� �I�n� �t�h�i�s� �m�o�d�e�l�,� �t�h�e� �C�.� �j�e�j�u�n�i�-�t�r�i�g�g�e�r�e�d� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �r�e�d�u�c�e�d� �t�h�e� �T�E�R� 
�a�f�t�e�r� �4�8� �h�.� �T�h�e� �a�p�i�c�a�l� �b�a�t�h�i�n�g� �m�e�d�i�u�m� �d�i�d� �n�o�t� �c�o�n�t�a�i�n� �b�a�c�t�e�r�i�a� �e�v�e�n� �a�f�t�e�r� �4�8� �h�,� �w�h�i�c�h� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e� 
�e�f�f�e�c�t� �o�n� �r�e�s�i�s�t�a�n�c�e� �w�a�s� �c�a�u�s�e�d� �i�n�d�i�r�e�c�t�l�y� �b�y� �t�h�e� �C�.� �j�e�j�u�n�i�-�i�n�d�u�c�e�d� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e�.� �T�h�e� �d�e�c�r�e�a�s�e� �i�n� 
�T�E�R� �m�a�y� �t�h�e�r�e�f�o�r�e� �r�e�f�l�e�c�t�e�d� �a�n� �i�n�c�r�e�a�s�e� �i�n� �p�a�r�a�c�e�l�l�u�l�a�r� �p�e�r�m�e�a�b�i�l�i�t�y� �s�e�c�o�n�d�a�r�y� �t�o� �e�p�i�t�h�e�l�i�a�l� �b�a�r�r�i�e�r� 
�d�e�f�e�c�t�s�,� �w�h�i�c�h� �w�o�u�l�d� �i�n�c�r�e�a�s�e� �p�e�r�m�e�a�b�i�l�i�t�y� �t�o� �s�m�a�l�l� �m�o�l�e�c�u�l�e�s� �a�n�d� �t�o�x�i�n�s�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�i�s� �c�h�a�n�g�e� �i�n� 

�b�a�r�r�i�e�r� �f�u�n�c�t�i�o�n� �m�a�y� �i�n�c�r�e�a�s�e� �t�h�e� �a�c�c�e�s�s� �o�f� �b�a�c�t�e�r�i�a� �t�o� �t�h�e� �u�n�d�e�r�l�y�i�n�g� �t�i�s�s�u�e� �a�n�d� �p�o�t�e�n�t�i�a�t�e� �t�h�e� �i�m�m�u�n�e� 
�r�e�s�p�o�n�s�e�,� �c�a�u�s�i�n�g� �a�d�d�i�t�i�o�n�a�l� �b�a�r�r�i�e�r� �d�i�s�r�u�p�t�i�o�n�,� �w�i�t�h� �l�o�s�s� �o�f� �c�e�l�l�u�l�a�r� �i�n�t�e�g�r�i�t�y� �[�6�,�2�5�]�.� �C�o�n�c�o�m�i�t�a�n�t�l�y�,� 

�a� �l�e�a�k�-�f�l�u�x� �t�y�p�e� �o�f� �d�i�a�r�r�h�e�a� �i�s� �c�a�u�s�e�d� �t�h�a�t� �r�e�p�r�e�s�e�n�t�s� �a� �m�a�i�n� �d�i�a�r�r�h�e�a�l� �m�e�c�h�a�n�i�s�m�.� 
�D�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �c�e�l�l� �t�y�p�e� �a�n�d� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �i�n�f�e�c�t�i�o�n� �c�o�n�d�i�t�i�o�n�s�,� �C�.� �j�e�j�u�n�i� �w�a�s� �m�o�r�e� �o�r� �l�e�s�s� 

�a�b�l�e� �t�o� �m�o�d�u�l�a�t�e� �T�E�R� �i�n� �p�r�e�v�i�o�u�s� �s�t�u�d�i�e�s�.� �N�o� �e�f�f�e�c�t�s� �o�n� �T�E�R� �h�a�v�e� �b�e�e�n� �f�o�u�n�d� �i�n� �M�K�N�-�2�8� �c�e�l�l�s� �[�2�6�]� �o�r� 

�C�a�c�o�-�2� �m�o�n�o�l�a�y�e�r�s� �[�4�]�.� �I�n� �c�o�n�t�r�a�s�t�,� �e�x�p�o�s�u�r�e� �t�o� �C�.� �j�e�j�u�n�i� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �t�o� �r�e�d�u�c�e� �T�E�R� �i�n� �T�8�4� �a�n�d� 
�M�D�C�K�-�I� �c�e�l�l�s� �[�2�7�]�.� �I�n� �o�u�r� �H�T�-�2�9�/�B�6�-�G�R�/�M�R� �c�e�l�l�s�,� �T�E�R� �w�a�s� �a�l�s�o� �n�o�t� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �c�o�n�t�r�o�l� �e�v�e�n� �a�f�t�e�r� 

�4�8� �h� �b�a�s�a�l� �i�n�f�e�c�t�i�o�n�,� �a�l�t�h�o�u�g�h� �a� �d�e�c�r�e�a�s�e� �i�n� �T�E�R� �a�f�t�e�r� �b�a�s�o�l�a�t�e�r�a�l� �i�n�f�e�c�t�i�o�n� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �t�o� �b�e� �m�o�r�e� 
�p�r�o�n�o�u�n�c�e�d� �t�h�a�n� �a�f�t�e�r� �a�p�i�c�a�l� �i�n�f�e�c�t�i�o�n� �i�n� �T�8�4� �c�e�l�l�s� �[�2�8�]�.� �T�h�a�t� �t�h�i�s� �w�a�s� �n�o�t� �s�e�e�n� �i�n� �o�u�r� �H�T�-�2�9�/�B�6�-�G�R�/�M�R� 

�c�e�l�l�s� �m�a�y� �r�e�f�l�e�c�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �c�e�l�l� �t�y�p�e� �a�n�d�/�o�r� �t�h�e� �0�.�4� �u�m� �f�i�l�t�e�r� �p�o�r�e� �s�i�z�e� �o�f� �o�u�r� �f�i�l�t�e�r�s�,� �l�i�m�i�t�i�n�g� �t�h�e� 
�b�a�c�t�e�r�i�a�l� �a�c�c�e�s�s� �t�o� �t�h�e� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s�.� 

�W�i�t�h�i�n� �6� �d�a�y�s� �f�o�l�l�o�w�i�n�g� �p�e�r�o�r�a�l� �C�.� �j�e�j�u�n�i� �i�n�f�e�c�t�i�o�n�,� �s�e�c�o�n�d�a�r�y� �a�b�i�o�t�i�c� �I�L�-�1�0�7�/�~� �m�i�c�e� �d�e�v�e�l�o�p� �a�c�u�t�e� 
�u�l�c�e�r�a�t�i�v�e� �e�n�t�e�r�o�c�o�l�i�t�i�s� �m�i�m�i�c�k�i�n�g� �k�e�y� �f�e�a�t�u�r�e�s� �o�f� �s�e�v�e�r�e� �c�a�m�p�y�l�o�b�a�c�t�e�r�i�o�s�i�s� �i�n� �h�u�m�a�n�s�,� �w�i�t�h� �a� �s�p�e�c�i�f�i�c� 
�c�y�t�o�k�i�n�e� �r�e�s�p�o�n�s�e� �[�2�9�]�.� �W�e� �w�e�r�e� �a�b�l�e� �t�o� �s�h�o�w� �f�o�r� �t�h�e� �f�i�r�s�t� �t�i�m�e�,� �u�s�i�n�g� �i�m�p�e�d�a�n�c�e� �s�p�e�c�t�r�o�s�c�o�p�y� �i�n� �U�s�s�i�n�g� 
�c�h�a�m�b�e�r�s�,� �c�o�m�p�r�o�m�i�s�e�d� �b�a�r�r�i�e�r� �i�n�t�e�g�r�i�t�y� �w�i�t�h� �a�n� �i�n�c�r�e�a�s�e�d� �e�p�i�t�h�e�l�i�a�l� �c�o�n�d�u�c�t�a�n�c�e� �a�n�d� �p�e�r�m�e�a�b�i�l�i�t�y� �t�o� 
�m�a�c�r�o�m�o�l�e�c�u�l�e�s� �i�n� �t�h�i�s� �m�o�u�s�e� �m�o�d�e�l�.� �T�h�e�s�e� �d�a�t�a� �r�e�f�l�e�c�t� �t�h�e� �r�e�s�u�l�t�s� �o�f� �o�u�r� �c�o�-�c�u�l�t�u�r�e� �m�o�d�e�l�,� �i�n� �w�h�i�c�h� 

�t�h�e� �b�a�r�r�i�e�r� �d�e�f�e�c�t�s� �c�o�u�l�d� �b�e� �s�i�m�i�l�a�r�l�y� �p�r�e�v�e�n�t�e�d� �b�y� �c�u�r�c�u�m�i�n�.� �B�i�i�c�k�e�r� �e�t� �a�l�.� �[�6�]� �i�n�c�u�b�a�t�e�d� �c�o�l�o�n�i�c� 
�m�u�c�o�s�a�l� �b�i�o�p�s�i�e�s� �f�r�o�m� �C�.� �j�e�j�u�n�i�-�i�n�f�e�c�t�e�d� �p�a�t�i�e�n�t�s� �i�n� �c�u�l�t�u�r�e� �m�e�d�i�u�m� �a�n�d� �q�u�a�n�t�i�f�i�e�d� �c�y�t�o�k�i�n�e� �r�e�l�e�a�s�e� 
�i�n�t�o� �t�h�e� �s�u�p�e�r�n�a�t�a�n�t�.� �S�e�c�r�e�t�i�o�n� �o�f� �T�N�F�-�a�,� �I�F�N�-�y�,� �I�L�-�1�,� �a�n�d� �I�L�-�1�3� �w�a�s� �e�n�h�a�n�c�e�d� �i�n� �c�o�m�p�a�r�i�s�o�n� �t�o� 

�c�o�n�t�r�o�l�s� �[�6�]�.� �I�t� �w�a�s� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �t�h�i�s� �m�u�c�o�s�a�l� �c�y�t�o�k�i�n�e� �s�t�o�r�m� �l�e�d� �t�o� �d�i�s�r�u�p�t�i�o�n� �o�f� �i�n�t�e�s�t�i�n�a�l� �T�J�s� �a�n�d� 

�t�h�e� �i�n�d�u�c�t�i�o�n� �o�f� �e�p�i�t�h�e�l�i�a�l� �a�p�o�p�t�o�s�i�s�.� �I�n� �o�u�r� �i�n�f�e�c�t�e�d� �c�o�-�c�u�l�t�u�r�e�s�,� �r�e�l�e�a�s�e� �o�f� �c�y�t�o�k�i�n�e�s� �w�a�s� �a�l�s�o� �m�a�i�n�l�y� 
�r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� �b�a�r�r�i�e�r� �d�e�f�e�c�t�s�,� �e�v�e�n� �t�h�o�u�g�h� �T�H�P�-�1� �c�e�l�l�s� �p�r�o�d�u�c�e� �a�n�d� �s�e�c�r�e�t�e� �a� �l�o�w�e�r� �a�m�o�u�n�t� �a�n�d� 

�s�p�e�c�t�r�u�m� �o�f� �c�y�t�o�k�i�n�e�s� �i�n� �c�o�m�p�a�r�i�s�o�n� �t�o� �f�r�e�s�h� �i�s�o�l�a�t�e�d� �p�e�r�i�p�h�e�r�a�l� �b�l�o�o�d� �m�o�n�o�n�u�c�l�e�a�r� �c�e�l�l�s� �(�P�B�M�C�)�.� 

�A�f�t�e�r� �C�.� �j�e�j�u�n�i� �i�n�f�e�c�t�i�o�n�,� �l�e�v�e�l�s� �o�f� �t�h�e� �p�r�o�-�i�n�f�l�a�m�m�a�t�o�r�y� �c�y�t�o�k�i�n�e� �T�N�F�-�a�,� �I�L�-�1�8�,� �a�n�d� �I�L�-�6� �i�n�c�r�e�a�s�e�d� 
�r�e�m�a�r�k�a�b�l�y�,� �a�n�d� �t�h�e�s�e� �c�h�a�n�g�e�s� �w�e�r�e� �l�a�r�g�e�l�y� �p�r�e�v�e�n�t�e�d� �b�y� �c�u�r�c�u�m�i�n�.� �C�u�r�c�u�m�i�n� �n�o�t� �o�n�l�y� �r�e�d�u�c�e�d� �l�o�c�a�l� 
�i�n�f�l�a�m�m�a�t�i�o�n� �i�n� �t�h�e� �i�n�t�e�s�t�i�n�e�,� �i�t� �a�l�s�o� �r�e�d�u�c�e�d� �s�y�s�t�e�m�i�c� �i�n�f�l�a�m�m�a�t�i�o�n� �t�r�i�g�g�e�r�e�d� �b�y� �L�P�S� �[�2�3�]�.� �I�n� �a�n�o�t�h�e�r� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�I�n�t�.� �J�.� �M�o�l�.� �S�c�i�.� �2�0�1�9�,� �2�0�,� �4�8�3�0� �1�0� �o�f� �1�9� 

�s�t�u�d�y�,� �c�u�r�c�u�m�i�n� �n�a�n�o�p�a�r�t�i�c�l�e�s� �s�u�p�p�r�e�s�s�e�d� �t�h�e� �e�x�p�r�e�s�s�i�o�n� �o�f� �m�R�N�A�s� �e�n�c�o�d�i�n�g� �p�r�o�-�i�n�f�l�a�m�m�a�t�o�r�y� 
�m�e�d�i�a�t�o�r�s�,� �i�n�c�l�u�d�i�n�g� �T�N�F�-�«�,� �I�L�-�1�,� �a�n�d� �I�L�-�6� �[�1�4�]�.� 

�C�.� �j�e�j�u�n�i� �w�a�s� �f�o�u�n�d� �t�o� �a�c�t�i�v�a�t�e� �t�h�e� �N�F�«�B� �s�i�g�n�a�l�i�n�g� �p�a�t�h�w�a�y� �[�2�8�]�,� �w�h�i�c�h� �w�a�s� �s�u�p�p�r�e�s�s�e�d� �b�y� 
�c�u�r�c�u�m�i�n� �[�1�2�,�1�7�,�1�9�]�.� �T�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �r�o�l�e� �o�f� �t�h�e� �N�F�«�x�B� �p�a�t�h�w�a�y� �i�n� �m�a�i�n�t�a�i�n�i�n�g� �b�a�r�r�i�e�r� �f�u�n�c�t�i�o�n�,� 

�i�n�h�i�b�i�t�i�o�n� �s�t�u�d�i�e�s� �w�i�t�h� �t�h�e� �N�F�«�B�-�i�n�h�i�b�i�t�o�r� �B�A�Y� �1�1�-�7�0�8�2� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �i�n� �C�.� �j�e�j�u�n�i�-�i�n�f�e�c�t�e�d� �c�o�-�c�u�l�t�u�r�e�s�.� 

�B�A�Y� �1�1�-�7�0�8�2� �t�r�e�a�t�m�e�n�t� �i�n�h�i�b�i�t�e�d� �b�o�t�h� �t�h�e� �C�.� �j�e�j�u�n�i�-�i�n�d�u�c�e�d� �d�e�c�r�e�a�s�e� �i�n� �T�E�R� �a�n�d� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� 
�f�l�u�o�r�e�s�c�e�i�n� �p�e�r�m�e�a�b�i�l�i�t�y�.� �T�h�i�s� �p�o�i�n�t�s� �t�o� �t�h�e� �i�n�v�o�l�v�e�m�e�n�t� �o�f� �N�F�«�B� �i�n� �t�h�e� �r�e�g�u�l�a�t�i�o�n� �o�f� �e�p�i�t�h�e�l�i�a�l� �b�a�r�r�i�e�r� 
�f�u�n�c�t�i�o�n�.� �S�i�m�i�l�a�r� �r�e�s�u�l�t�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �b�y� �o�u�r� �g�r�o�u�p� �p�r�e�v�i�o�u�s�l�y� �w�i�t�h� �t�h�e� �b�i�o�a�c�t�i�v�e� �g�i�n�g�e�r� �i�n�g�r�e�d�i�e�n�t� 
�6�-�s�h�o�g�a�o�l� �a�f�t�e�r� �T�N�F�-�«� �s�t�i�m�u�l�a�t�i�o�n� �i�n� �C�a�c�o�-�2� �a�n�d� �H�T�-�2�9�/�B�6� �c�e�l�l�s� �[�3�0�]�.� 

�I�n� �o�u�r� �c�o�-�c�u�l�t�u�r�e�,� �C�.� �j�e�j�u�n�i� �p�r�o�v�o�k�e�d� �p�a�r�a�d�o�x�i�c�a�l� �u�p�r�e�g�u�l�a�t�i�o�n� �o�f� �c�l�a�u�d�i�n�-�1� �(�C�l�a�u�d�i�n�-�1� �p�a�r�a�d�o�x�)�;� 
�t�h�a�t� �i�s�,� �u�p�r�e�g�u�l�a�t�i�o�n� �o�f� �t�h�e� �b�a�r�r�i�e�r�-�f�o�r�m�i�n�g� �T�J� �p�r�o�t�e�i�n� �c�l�a�u�d�i�n�-�1� �w�h�i�l�e� �e�p�i�t�h�e�l�i�a�l� �r�e�s�i�s�t�a�n�c�e� �w�a�s� �r�e�d�u�c�e�d�,� 
�w�h�i�c�h� �w�e� �e�x�p�l�a�i�n�e�d� �b�y� �t�h�e� �r�e�-�d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �c�l�a�u�d�i�n�-�1� �o�f�f� �t�h�e� �t�i�g�h�t� �j�u�n�c�t�i�o�n� �d�o�m�a�i�n� �[�6�]�.� �C�l�a�u�d�i�n�-�1� 
�i�n�d�u�c�t�i�o�n� �h�a�s� �a�l�s�o� �b�e�e�n� �o�b�s�e�r�v�e�d� �b�e�f�o�r�e� �i�n� �h�u�m�a�n� �c�o�l�o�n� �b�i�o�p�s�i�e�s� �a�f�t�e�r� �C�.� �j�e�j�u�n�i� �i�n�f�e�c�t�i�o�n� �[�6�]�,� �C�.� �f�e�t�u�s� 
�o�r� �C�.� �c�o�l�i� �i�n�f�e�c�t�i�o�n� �i�n� �H�T�-�2�9�/�B�6� �c�e�l�l�s� �[�3�1�]�,� �a�n�d� �p�r�o�-�i�n�f�l�a�m�m�a�t�o�r�y� �c�y�t�o�k�i�n�e� �s�t�i�m�u�l�a�t�i�o�n� �i�n� �H�T�-�2�9�/�B�6� 

�c�e�l�l�s� �[�3�2�,�3�3�]�.� �A� �c�o�r�r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �i�n�c�r�e�a�s�e�d� �c�l�a�u�d�i�n�-�1� �p�r�o�t�e�i�n� �e�x�p�r�e�s�s�i�o�n� �a�n�d� �a�p�o�p�t�o�s�i�s� �i�n�d�u�c�t�i�o�n� 
�a�l�s�o� �o�c�c�u�r�s� �i�n� �H�T�-�2�9�/�B�6� �c�e�l�l�s� �[�3�4�]�.� �I�n� �a�d�d�i�t�i�o�n�,� �c�u�r�c�u�m�i�n� �i�n�d�u�c�e�d� �c�l�a�u�d�i�n�-�4� �m�R�N�A� �e�x�p�r�e�s�s�i�o�n� �i�n� �C�a�c�o�-�2� 

�c�e�l�l�s� �[�8�]�.� �H�o�w�e�v�e�r�,� �i�n� �o�u�r� �c�o�-�c�u�l�t�u�r�e� �m�o�d�e�l�,� �c�u�r�c�u�m�i�n� �d�i�d� �n�o�t� �i�n�d�u�c�e� �c�l�a�u�d�i�n�-�4� �p�r�o�t�e�i�n� �e�x�p�r�e�s�s�i�o�n�.� 

�C�e�l�l� �t�y�p�e�-�d�e�p�e�n�d�e�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �T�J� �e�x�p�r�e�s�s�i�o�n� �w�e�r�e� �a�l�s�o� �f�o�u�n�d� �f�o�r� �q�u�e�r�c�e�t�i�n�,� �a�n�o�t�h�e�r� �p�l�a�n�t�-�d�e�r�i�v�e�d� 
�p�o�l�y�p�h�e�n�o�l� �w�i�t�h� �b�a�r�r�i�e�r�-�i�m�p�r�o�v�i�n�g� �p�r�o�p�e�r�t�i�e�s�,� �w�h�i�c�h� �i�n�c�r�e�a�s�e�d� �c�l�a�u�d�i�n�-�4� �p�r�o�t�e�i�n� �e�x�p�r�e�s�s�i�o�n� �i�n� �C�a�c�o�-�2�,� 

�b�u�t� �n�o�t� �i�n� �H�T�-�2�9�/�B�6� �c�e�l�l�s� �[�3�5�,�3�6�]�.� 

�I�n� �o�r�d�e�r� �t�o� �e�x�c�l�u�d�e� �a�n�t�i�b�a�c�t�e�r�i�a�l� �e�f�f�e�c�t�s� �o�f� �c�u�r�c�u�m�i�n� �i�n� �o�u�r� �s�t�u�d�y�,� �t�h�e� �M�I�C� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �w�i�t�h� 
�8�7� �u�M� �(�a�t� �p�H� �7�.�4�)�.� �T�h�i�s� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e� �p�r�o�t�e�c�t�i�v�e� �e�f�f�e�c�t�s� �o�f� �5�0� �u�M� �c�u�r�c�u�m�i�n� �w�e�r�e� �n�o�t� �b�a�s�e�d� �o�n� 
�i�t�s� �a�n�t�i�b�a�c�t�e�r�i�a�l� �p�r�o�p�e�r�t�i�e�s�.� �T�h�u�s�,� �w�e� �c�o�n�c�l�u�d�e� �t�h�a�t� �c�u�r�c�u�m�i�n� �h�a�d� �d�i�r�e�c�t� �b�a�r�r�i�e�r�-�p�r�o�t�e�c�t�i�v�e� �a�n�d� 
�a�n�t�i�-�i�n�f�l�a�m�m�a�t�o�r�y� �p�r�o�p�e�r�t�i�e�s� �i�n� �t�h�e� �h�o�s�t� �c�e�l�l�s�.� 

�T�o� �f�u�r�t�h�e�r� �e�x�c�l�u�d�e� �i�n�t�e�r�f�e�r�i�n�g� �p�r�o�p�e�r�t�i�e�s� �o�f� �c�u�r�c�u�m�i�n� �w�i�t�h� �b�a�c�t�e�r�i�a�l� �f�i�t�n�e�s�s� �a�n�d� �a�d�a�p�t�i�v�e� �r�e�s�p�o�n�s�e�,� 
�w�e� �i�n�v�e�s�t�i�g�a�t�e�d� �i�f� �c�u�r�c�u�m�i�n� �c�h�a�n�g�e�s� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �c�a�p�a�c�i�t�y�.� �T�h�e�r�e�f�o�r�e�,� �w�e� �u�s�e�d� �a� �s�i�n�g�l�e� 
�c�e�l�l� �D�N�A� �u�p�t�a�k�e� �a�s�s�a�y� �a�n�d� �c�h�a�l�l�e�n�g�e�d� �t�h�e� �b�a�c�t�e�r�i�a� �w�i�t�h� �5�0� �u�M� �c�u�r�c�u�m�i�n�.� �C�.� �j�e�j�u�n�i� �i�s� �n�a�t�u�r�a�l�l�y� 
�c�o�m�p�e�t�e�n�t� �f�o�r� �D�N�A� �u�p�t�a�k�e� �f�r�o�m� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�.� �G�e�n�e�r�a�l�l�y�,� �t�h�i�s� �l�e�a�d�s� �t�o� �g�e�n�e�t�i�c� �r�e�c�o�m�b�i�n�a�t�i�o�n�s� 
�b�e�t�w�e�e�n� �b�a�c�t�e�r�i�a�l� �s�t�r�a�i�n�s�,� �a�n�d� �a�s� �a� �c�o�n�s�e�q�u�e�n�c�e�,� �t�o� �m�o�r�e� �d�i�v�e�r�s�i�t�y� �[�3�7�]�.� �C�u�r�c�u�m�i�n� �d�i�d� �n�o�t� �i�n�f�l�u�e�n�c�e� �t�h�e� 
�c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �h�o�r�i�z�o�n�t�a�l� �D�N�A� �u�p�t�a�k�e� �o�f� �C�.� �j�e�j�u�n�i� �i�n� �o�u�r� �e�x�p�e�r�i�m�e�n�t�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�.� 

�O�n�e� �o�f� �t�h�e� �m�a�j�o�r� �c�h�a�l�l�e�n�g�e�s� �t�o� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e�r�a�p�e�u�t�i�c� �a�p�p�r�o�a�c�h�e�s� �i�s� �t�h�e� �r�e�m�a�r�k�a�b�l�e� �d�i�v�e�r�s�i�t�y� 
�b�e�t�w�e�e�n� �d�i�f�f�e�r�e�n�t� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�t�r�a�i�n�s� �i�n� �a�n�i�m�a�l�s�,� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�,� �a�n�d� �f�o�o�d� �[�2�]�.� �C�o�n�s�e�q�u�e�n�t�l�y�,� 

�t�h�e� �e�f�f�i�c�a�c�y� �o�f� �c�u�r�c�u�m�i�n� �s�h�o�u�l�d� �a�l�s�o� �b�e� �t�e�s�t�e�d� �u�s�i�n�g� �o�t�h�e�r� �C�.� �j�e�j�u�n�i� �f�i�e�l�d� �s�t�r�a�i�n�s� �a�n�d�,� �s�u�b�s�e�q�u�e�n�t�l�y�,� 
�i�n� �o�t�h�e�r� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�e�c�i�e�s� �s�u�c�h� �a�s� �C�.� �c�o�l�i� �o�r� �C�.� �c�o�n�c�i�s�u�s�.� �C�u�r�c�u�m�i�n� �i�s� �a� �n�a�t�u�r�a�l� �a�g�e�n�t�,� �a�n�d� 
�s�h�o�u�l�d� �b�e� �m�o�r�e� �a�p�p�r�o�p�r�i�a�t�e� �t�h�a�n� �s�y�n�t�h�e�t�i�c� �d�r�u�g�s� �[�1�2�]�.� �C�u�r�c�u�m�i�n� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�o� �b�e� �b�e�n�e�f�i�c�i�a�l� �i�n� 
�m�a�i�n�t�a�i�n�i�n�g� �r�e�m�i�s�s�i�o�n� �i�n� �u�l�c�e�r�a�t�i�v�e� �c�o�l�i�t�i�s� �p�a�t�i�e�n�t�s� �w�h�e�n� �u�s�e�d� �a�s� �a� �c�o�m�p�l�e�m�e�n�t�a�r�y� �t�h�e�r�a�p�e�u�t�i�c� �s�u�b�s�t�a�n�c�e� 
�t�o�g�e�t�h�e�r� �w�i�t�h� �t�h�e� �a�n�t�i�p�h�l�o�g�i�s�t�i�c� �c�o�m�p�o�u�n�d� �m�e�s�a�l�a�z�i�n�e� �i�n� �s�e�v�e�r�a�l� �r�a�n�d�o�m�i�z�e�d� �c�l�i�n�i�c�a�l� �s�t�u�d�i�e�s� �[�3�8�-�4�0�]�.� 
�S�i�n�c�e� �t�h�e� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �p�l�a�y�s� �a�n� �i�m�p�o�r�t�a�n�t� �r�o�l�e� �i�n� �p�a�t�h�o�g�e�n�e�s�i�s� �i�n� �I�B�D� �a�s� �w�e�l�l� �a�s� �i�n� �C�.� �j�e�j�u�n�i� 
�i�n�f�e�c�t�i�o�n�,� �c�u�r�c�u�m�i�n� �m�a�y� �b�e� �e�q�u�a�l�l�y� �e�f�f�e�c�t�i�v�e� �i�n� �i�m�m�u�n�e�-�i�n�d�u�c�e�d� �b�a�r�r�i�e�r� �d�y�s�f�u�n�c�t�i�o�n�s� �b�y� �C�.� �j�e�j�u�n�i� �a�s� 
�a�n� �a�d�d�-�o�n� �t�o� �o�t�h�e�r� �a�n�t�i�-�i�n�f�l�a�m�m�a�t�o�r�y� �d�r�u�g�s�.� �I�n�d�e�e�d�,� �m�u�l�t�i�m�o�d�a�l� �t�h�e�r�a�p�i�e�s� �m�a�y� �h�a�v�e� �a�n� �e�v�e�n� �g�r�e�a�t�e�r� 
�p�r�o�t�e�c�t�i�v�e� �e�f�f�e�c�t�,� �a�n�d� �s�y�n�e�r�g�i�s�m� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �b�e�t�w�e�e�n� �c�u�r�c�u�m�i�n� �a�n�d� �q�u�e�r�c�e�t�i�n� �[�4�1�]�,� �g�e�n�i�s�t�e�i�n� �[�4�2�]�,� 
�e�p�i�g�a�l�l�o�c�a�t�e�c�h�i�n�-�3�-�g�a�l�l�a�t�e� �[�1�5�,�4�3�]�,� �a�n�d� �a�n�t�i�o�x�i�d�a�n�t�s� �[�1�2�,�4�4�]�.� �T�h�u�s�,� �c�u�r�c�u�m�i�n� �a�l�o�n�e� �o�r� �i�n� �c�o�m�b�i�n�a�t�i�o�n� �w�i�t�h� 

�o�t�h�e�r� �a�g�e�n�t�s� �m�a�y� �b�e� �u�s�e�f�u�l� �i�n� �p�r�e�v�e�n�t�i�n�g�,� �t�r�e�a�t�i�n�g�,� �a�n�d� �c�o�m�b�a�t�i�n�g� �C�a�m�p�y�l�o�b�a�c�t�e�r� �i�n�f�e�c�t�i�o�n� �i�n� �h�u�m�a�n�s�,� 
�C�.� �j�e�j�u�n�i�-�a�s�s�o�c�i�a�t�e�d� �s�e�q�u�e�l�a�e� �a�s� �w�e�l�l� �a�s� �c�o�l�o�n�i�z�a�t�i�o�n� �o�f� �f�a�r�m� �a�n�i�m�a�l�s� �a�n�d� �e�s�p�e�c�i�a�l�l�y� �p�o�u�l�t�r�y�.� 

�T�a�k�e�n� �t�o�g�e�t�h�e�r�,� �o�u�r� �r�e�s�u�l�t�s� �s�u�g�g�e�s�t� �t�h�a�t� �a� �s�i�g�n�i�f�i�c�a�n�t� �p�a�r�t� �o�f� �t�h�e� �C�.� �j�e�j�u�n�i�-�i�n�d�u�c�e�d� �b�a�r�r�i�e�r� �d�e�f�e�c�t� �i�s� 
�m�e�d�i�a�t�e�d� �i�n�d�i�r�e�c�t�l�y� �b�y� �t�h�e� �i�m�m�u�n�e� �c�e�l�l�s�.� �C�u�r�c�u�m�i�n� �a�b�o�l�i�s�h�e�s� �f�u�n�c�t�i�o�n�a�l� �e�p�i�t�h�e�l�i�a�l� �d�i�s�o�r�d�e�r�s� �a�s� �w�e�l�l� �a�s� 
�p�r�o�-�i�n�f�l�a�m�m�a�t�o�r�y� �c�y�t�o�k�i�n�e� �s�e�c�r�e�t�i�o�n�.� �F�u�r�t�h�e�r� �b�a�r�r�i�e�r�-�p�r�o�t�e�c�t�i�v�e� �o�r� �a�n�t�i�-�i�n�f�l�a�m�m�a�t�o�r�y� �c�o�m�p�o�u�n�d�s�,� 

�a�s� �w�e�l�l� �a�s� �c�u�r�c�u�m�i�n� �c�o�m�b�i�n�a�t�i�o�n�s� �w�i�t�h� �o�t�h�e�r� �t�h�e�r�a�p�i�e�s�,� �s�h�o�u�l�d� �b�e� �t�e�s�t�e�d� �i�n� �t�h�e� �c�o�-�c�u�l�t�u�r�e� �m�o�d�e�l�.� 
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�I�n�t�.� �J�.� �M�o�l�.� �S�c�i�.� �2�0�1�9�,� �2�0�,� �4�8�3�0� �1�1� �o�f� �1�9� 

�4�.� �M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� 

�4�.�1�.� �E�p�i�t�h�e�l�i�a�l� �C�e�l�l� �C�u�l�t�u�r�e� �a�n�d� �D�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �o�f� �T�H�P�-�1� �C�e�l�l�s� 

�T�h�e� �h�u�m�a�n� �c�o�l�o�n� �c�a�r�c�i�n�o�m�a� �c�e�l�l� �l�i�n�e� �H�T�-�2�9�/�B�6�-�G�R�/�M�R� �[�4�5�]�,� �a� �s�u�b�c�l�o�n�e� �o�f� �t�h�e� �H�T�-�2�9�/�B�6� �l�i�n�e� �[�4�6�]� �w�a�s� 

�c�u�l�t�u�r�e�d� �i�n� �2�5� �c�m�?� �c�u�l�t�u�r�e� �f�l�a�s�k�s� �i�n� �R�P�M�I� �1�6�4�0� �c�u�l�t�u�r�e� �m�e�d�i�u�m� �(�S�i�g�m�a� �A�l�d�r�i�c�h�,� �S�t�.� �L�o�u�i�s�,� �M�O�,� �U�S�A�)�.� 
�H�T�-�2�9�/�B�6�-�G�R�/�M�R� �c�e�l�l�s� �e�x�p�r�e�s�s�i�n�g� �t�h�e� �h�u�m�a�n� �g�l�u�c�o�c�o�r�t�i�c�o�i�d� �r�e�c�e�p�t�o�r� �«� �a�n�d� �t�h�e� �h�u�m�a�n� �m�i�n�e�r�a�l�o�c�o�r�t�i�c�o�i�d� 
�r�e�c�e�p�t�o�r�,� �w�e�r�e� �e�s�t�a�b�l�i�s�h�e�d� �e�a�r�l�i�e�r� �b�y� �s�t�a�b�l�e� �t�r�a�n�s�f�e�c�t�i�o�n� �[�4�5�,�4�7�]�.� �T�h�e� �c�u�l�t�u�r�e� �m�e�d�i�u�m� �w�a�s� �s�u�p�p�l�e�m�e�n�t�e�d� �w�i�t�h� 

�1�0�%� �f�e�t�a�l� �c�a�l�f� �s�e�r�u�m� �(�F�C�S�;� �G�i�b�c�o�,� �C�a�r�l�s�b�a�d�,� �C�A�,� �U�S�A�)�,� �1�%� �p�e�n�i�c�i�l�l�i�n�/�s�t�r�e�p�t�o�m�y�c�i�n� �(�C�o�r�n�i�n�g�,� �W�i�e�s�b�a�d�e�n�,� 
�G�e�r�m�a�n�y�)�,� �G�4�1�8�-�B�C� �(�3�0�0� �u�g�/�m�L�;� �I�n�v�i�t�r�o�g�e�n�,� �C�a�r�l�s�b�a�d�,� �C�A�,� �U�S�A�)� �a�n�d� �h�y�g�r�o�m�y�c�i�n� �B� �(�2�0�0� �g�/�m�L�;� �B�i�o�c�h�r�o�m� 
�G�m�b�H�,� �B�e�r�l�i�n�,� �G�e�r�m�a�n�y�)�,� �a�n�d� �c�e�l�l�s� �w�e�r�e� �p�a�s�s�a�g�e�d� �e�v�e�r�y� �w�e�e�k�.� �C�e�l�l�s� �w�e�r�e� �s�e�e�d�e�d� �o�n� �M�i�l�l�i�c�e�l�l� �P�C�F� �f�i�l�t�e�r�s� 
�m�e�m�b�r�a�n�e�s� �(�M�e�r�c�k� �M�i�l�l�i�p�o�r�e�,� �B�i�l�l�e�r�i�c�a�,� �M�A�,� �U�S�A�;� �0�.�4� �t�m� �p�o�r�e� �s�i�z�e� �a�n�d� �a�n� �e�f�f�e�c�t�i�v�e� �g�r�o�w�t�h� �a�r�e�a� �o�f� �0�.�6� �c�m�?�)�.� 

�T�h�e� �c�e�l�l� �m�e�d�i�u�m� �i�n� �t�h�e� �c�u�l�t�u�r�e� �f�l�a�s�k�,� �a�s� �w�e�l�l� �a�s� �i�n� �t�h�e� �f�i�l�t�e�r�s�,� �w�e�r�e� �c�h�a�n�g�e�d� �e�v�e�r�y� �o�t�h�e�r� �d�a�y�.� �E�x�p�e�r�i�m�e�n�t�s� 

�w�e�r�e� �p�e�r�f�o�r�m�e�d� �b�e�t�w�e�e�n� �7� �a�n�d� �9� �d�a�y�s� �a�f�t�e�r� �s�e�e�d�i�n�g�,� �w�h�e�n� �p�o�l�a�r�i�z�e�d� �c�e�l�l�s� �f�o�r�m�e�d� �c�o�n�f�l�u�e�n�t� �m�o�n�o�l�a�y�e�r�s� 
�a�n�d� �t�h�e� �t�r�a�n�s�e�p�i�t�h�e�l�i�a�l� �e�l�e�c�t�r�i�c�a�l� �r�e�s�i�s�t�a�n�c�e� �w�a�s� �6�0�0�-�9�0�0� �Q�-�c�m�?�.� �T�h�e�s�e� �c�e�l�l�s� �w�e�r�e� �c�h�o�s�e�n� �b�e�c�a�u�s�e� �o�f� �t�h�e�i�r� 
�s�t�a�b�l�e� �g�r�o�w�t�h� �b�e�h�a�v�i�o�r� �a�n�d� �t�h�e� �h�i�g�h� �r�e�s�i�s�t�a�n�c�e�.� �T�h�e� �h�u�m�a�n� �m�o�n�o�c�y�t�e� �l�e�u�k�e�m�i�a� �c�e�l�l� �l�i�n�e� �T�H�P�-�1� �(�A�T�C�C� 
�T�I�B�-�2�0�2�)� �w�a�s� �p�r�o�v�i�d�e�d� �b�y� �V�e�r�e�n�a� �M�o�o�s�.� �T�H�P�-�1� �c�e�l�l�s� �w�e�r�e� �c�u�l�t�u�r�e�d� �i�n� �R�P�M�I� �1�6�4�0� �s�u�p�p�l�e�m�e�n�t�e�d� �w�i�t�h� �1�0�%� 

�h�e�a�t�-�i�n�a�c�t�i�v�a�t�e�d� �F�C�S� �a�n�d� �1�%� �p�e�n�i�c�i�l�l�i�n�/�s�t�r�e�p�t�o�m�y�c�i�n�.� �C�u�l�t�u�r�e�s� �w�e�r�e� �m�a�i�n�t�a�i�n�e�d� �b�y� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �f�r�e�s�h� 
�m�e�d�i�u�m� �a�n�d� �w�e�r�e� �s�u�b�c�u�l�t�u�r�e�d� �b�e�f�o�r�e� �r�e�a�c�h�i�n�g� �a� �d�e�n�s�i�t�y� �o�f� �8� �x� �1�0�°� �c�e�l�l�s�/�m�L� �o�n�c�e� �a� �w�e�e�k�.� �T�H�P�-�1� �c�e�l�l�s� 
�w�e�r�e� �r�e�-�s�u�s�p�e�n�d�e�d� �i�n� �a�n�t�i�b�i�o�t�i�c�-�f�r�e�e� �m�e�d�i�u�m� �s�u�p�p�l�e�m�e�n�t�e�d� �w�i�t�h� �p�h�o�r�b�o�l� �1�2�-�m�y�r�i�s�t�a�t�e� �1�3�-�a�c�e�t�a�t�e� �(�P�M�A�;� 
�S�i�g�m�a� �A�l�d�r�i�c�h�,� �S�t�.� �L�o�u�i�s�,� �M�O�,� �U�S�A�;� �s�o�l�v�e�d� �i�n� �D�M�S�O�)� �a�t� �a� �f�i�n�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �1�0�0� �n�M�,� �s�e�e�d�e�d� �w�i�t�h� 

�a� �d�e�n�s�i�t�y� �o�f� �1�.�8� �x� �1�0�°� �i�n� �1�2�-�w�e�l�l� �p�l�a�t�e�s�,� �a�n�d� �i�n�c�u�b�a�t�e�d� �f�o�r� �2�4�h� �f�o�r� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �t�o� �m�a�c�r�o�p�h�a�g�e�s� �[�4�8�]�.� �A�f�t�e�r� 
�i�n�c�u�b�a�t�i�o�n�,� �P�M�A�-�c�o�n�t�a�i�n�i�n�g� �m�e�d�i�u�m� �w�a�s� �r�e�m�o�v�e�d� �a�n�d� �t�h�e� �d�i�f�f�e�r�e�n�t�i�a�t�e�d� �a�n�d� �a�d�h�e�r�e�n�t� �m�a�c�r�o�p�h�a�g�e�s�-�l�i�k�e� 
�c�e�l�l�s� �w�e�r�e� �c�u�l�t�u�r�e�d� �t�o�g�e�t�h�e�r� �w�i�t�h� �e�p�i�t�h�e�l�i�a�l� �m�o�n�o�l�a�y�e�r�s� �g�r�o�w�n� �o�n� �f�i�l�t�e�r�s� �i�n� �c�o�-�c�u�l�t�u�r�e� �(�F�i�g�u�r�e� �1�0�)�.� �A�l�l� �c�e�l�l�s� 
�w�e�r�e� �c�u�l�t�u�r�e�d� �a�t� �3�7� �°�C� �i�n� �a� �h�u�m�i�d�i�f�i�e�d� �5�%� �C�O� �a�t�m�o�s�p�h�e�r�e�.� 
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�T�H�P�-�1� �m�o�n�o�c�y�t�e�s� �T�H�P�-�1� �m�a�c�r�o�p�h�a�g�e�s� 

�F�i�g�u�r�e� �1�0�.� �E�x�p�e�r�i�m�e�n�t�a�l� �s�e�t�t�i�n�g� �f�o�r� �c�o�-�c�u�l�t�u�r�e� �o�f� �c�o�l�o�n� �e�p�i�t�h�e�l�i�a�l� �H�T�-�2�9�/�B�6�-�G�R�/�M�R� �a�n�d� �T�H�P�-�1� �i�m�m�u�n�e� 
�c�e�l�l�s�.� �F�o�r� �t�h�e� �c�o�n�t�i�n�u�o�u�s� �c�u�l�t�u�r�e� �o�f� �e�p�i�t�h�e�l�i�a�l� �a�n�d� �i�m�m�u�n�e� �c�e�l�l�s�,� �c�e�l�l�s� �w�e�r�e� �c�u�l�t�u�r�e�d� �i�n� �c�u�l�t�u�r�e� �f�l�a�s�k�.� 
�E�p�i�t�h�e�l�i�a�l� �c�e�l�l�s� �w�e�r�e� �t�h�e�n� �s�e�e�d�e�d� �o�n� �f�i�l�t�e�r� �m�e�m�b�r�a�n�e�s� �a�n�d� �d�i�f�f�e�r�e�n�t�i�a�t�e�d� �o�v�e�r� �7�-�9� �d�a�y�s� �t�o� �a� �p�o�l�a�r�i�z�e�d� 
�m�o�n�o�l�a�y�e�r� �w�i�t�h� �t�i�g�h�t� �j�u�n�c�t�i�o�n�s�.� �2�4�h� �b�e�f�o�r�e� �c�o�-�c�u�l�t�u�r�e� �s�t�a�r�t�e�d�,� �i�m�m�u�n�e� �T�H�P�-�1� �c�e�l�l�s� �w�e�r�e� �s�t�i�m�u�l�a�t�e�d� 
�w�i�t�h� �p�h�o�r�b�o�l� �1�2�-�m�y�r�i�s�t�a�t�e� �1�3�-�a�c�e�t�a�t�e� �(�P�M�A�)� �t�o� �a�l�l�o�w� �a� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �t�o� �a�d�h�e�r�e�n�t� �m�a�c�r�o�p�h�a�g�e�-�l�i�k�e� 
�i�m�m�u�n�e� �c�e�l�l�s�.� �A�f�t�e�r� �t�h�e� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �o�f� �e�p�i�t�h�e�l�i�a�l� �a�n�d� �i�m�m�u�n�e� �c�e�l�l�s�,� �f�i�l�t�e�r�s� �w�e�r�e� �p�l�a�c�e�d� �i�n�t�o� �t�h�e� 
�1�2�-�w�e�l�l� �p�l�a�t�e� �w�i�t�h� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s� �i�n� �t�h�e� �a�p�i�c�a�l� �a�n�d� �i�m�m�u�n�e� �c�e�l�l�s� �i�n� �t�h�e� �b�a�s�a�l� �c�o�m�p�a�r�t�m�e�n�t�.� �I�n�f�e�c�t�i�o�n� 
�w�i�t�h� �C�.� �j�e�j�u�n�i� �w�a�s� �p�e�r�f�o�r�m�e�d� �i�n� �t�h�e� �b�a�s�a�l� �c�o�m�p�a�r�t�m�e�n�t�.� 

�4�.�2�.� �G�r�o�w�t�h� �C�o�n�d�i�t�i�o�n�s� �o�f� �C�.� �j�e�j�u�n�i�,� �T�r�e�a�t�m�e�n�t� �a�n�d� �I�n�f�e�c�t�i�o�n� �P�r�o�c�e�d�u�r�e� �I�n� �V�i�t�r�o� 

�C�a�m�p�y�l�o�b�a�t�e�r� �j�e�j�u�n�i� �w�i�l�d�t�y�p�e� �(�w�t�)� �8�1�-�1�7�6� �r�e�f�e�r�e�n�c�e� �s�t�r�a�i�n� �w�a�s� �p�r�e�-�c�u�l�t�u�r�e�d� �o�n� �b�l�o�o�d� �a�g�a�r� �p�l�a�t�e�s� 
�(�O�x�o�i�d�,� �T�h�e�r�m�o� �S�c�i�e�n�t�i�f�i�c�,� �W�a�l�t�h�a�m�,� �M�A�,� �U�S�A�)� �u�n�d�e�r� �m�i�c�r�o�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �(�5�-�1�0�%� �O�2�,� �1�0�%� �C�O�>�,� 

�8�5�%� �N�p�)� �a�t� �3�7� �°�C� �a�n�d� �r�e�-�c�u�l�t�u�r�e�d� �a� �s�e�c�o�n�d� �t�i�m�e� �b�e�f�o�r�e� �i�n�f�e�c�t�i�o�n� �e�x�p�e�r�i�m�e�n�t�s�.� �M�i�c�r�o�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�I�n�t�.� �J�.� �M�o�l�.� �S�c�i�.� �2�0�1�9�,� �2�0�,� �4�8�3�0� �1�2� �o�f� �1�9� 

�w�e�r�e� �g�e�n�e�r�a�t�e�d� �i�n� �a� �p�l�a�s�t�i�c� �j�a�r� �w�i�t�h� �C�a�m�p�y�G�e�n� �g�a�s�p�a�c�k�s� �f�r�o�m� �O�x�o�i�d� �(�O�x�o�i�d�,� �T�h�e�r�m�o� �S�c�i�e�n�t�i�f�i�c�,� 
�W�a�l�t�h�a�m�,� �M�A�,� �U�S�A�)�.� �B�a�c�t�e�r�i�a� �w�e�r�e� �t�h�e�n� �c�u�l�t�u�r�e�d� �i�n� �M�u�e�l�l�e�r�-�H�i�n�t�o�n� �b�r�o�t�h� �f�o�r� �a�t� �l�e�a�s�t� �2�.�5� �h� �a�t� �3�7� �°�C� 

�u�n�d�e�r� �m�i�c�r�o�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s�,� �c�e�n�t�r�i�f�u�g�e�d� �(�2� �m�i�n�,� �5�0�0�0� �g�,� �1�0� �°�C�)�,� �a�n�d� �r�e�-�s�u�s�p�e�n�d�e�d� �i�n� �t�h�e� �c�e�l�l� �c�u�l�t�u�r�e� 

�m�e�d�i�u�m�.� �T�h�e� �o�p�t�i�c�a�l� �d�e�n�s�i�t�y� �a�t� �O�D�¢�0�9� �w�a�s� �a�d�j�u�s�t�e�d� �t�o� �1� �a�n�d� �t�h�e� �c�e�l�l�s� �w�h�e�r�e� �i�n�f�e�c�t�e�d� �f�r�o�m� �b�a�s�a�l� �s�i�d�e� 
�w�i�t�h� �a� �m�u�l�t�i�p�l�i�c�i�t�y� �o�f� �i�n�f�e�c�t�i�o�n� �(�M�O�I�)� �o�f� �1�0�0�.� �A�t� �l�e�a�s�t� �1�.�5� �h� �b�e�f�o�r�e� �t�h�e� �i�n�f�e�c�t�i�o�n�,� �c�e�l�l�s� �w�e�r�e� �w�a�s�h�e�d� �t�h�r�e�e� 

�t�i�m�e�s� �w�i�t�h� �a�n�t�i�b�i�o�t�i�c�-�f�r�e�e� �c�u�l�t�u�r�e� �m�e�d�i�u�m� �s�u�p�p�l�e�m�e�n�t�e�d� �w�i�t�h� �1�0�%� �h�e�a�t�-�i�n�a�c�t�i�v�a�t�e�d� �F�C�S�.� �T�o� �a�n�a�l�y�z�e� 
�t�h�e� �b�a�r�r�i�e�r�-�p�r�o�t�e�c�t�i�v�e� �a�n�d� �a�n�t�i�-�i�n�f�l�a�m�m�a�t�o�r�y� �p�r�o�p�e�r�t�i�e�s� �o�f� �c�u�r�c�u�m�i�n� �(�S�i�g�m�a� �A�l�d�r�i�c�h�,� �S�t�.� �L�o�u�i�s�,� �M�O�,� 
�U�S�A�;� �f�i�n�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n� �5�0� �4�M�)�,� �d�i�f�f�e�r�e�n�t� �c�o�n�d�i�t�i�o�n�s� �w�e�r�e� �t�e�s�t�e�d�:� �c�o�n�t�r�o�l�,� �C�.� �j�e�j�u�n�i� �i�n�f�e�c�t�e�d�,� �c�u�r�c�u�m�i�n� 

�c�o�n�t�r�o�l� �(�5�0� �u�M�)�,� �a�n�d� �c�u�r�c�u�m�i�n� �i�n� �c�o�m�b�i�n�a�t�i�o�n� �w�i�t�h� �C�.� �j�e�j�u�n�i�.� �C�u�r�c�u�m�i�n� �c�o�n�t�r�o�l� �s�h�o�w�e�d� �n�o� �a�d�v�e�r�s�e� 
�e�f�f�e�c�t�s� �o�n� �t�h�e� �c�e�l�l� �v�i�a�b�i�l�i�t�y� �o�f� �H�T�-�2�9�/�B�6�-�G�R�/�M�R� �m�o�n�o�l�a�y�e�r�s� �a�t� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �t�e�s�t�e�d�.� �C�e�l�l�s� �w�e�r�e� 

�p�r�e�-�i�n�c�u�b�a�t�e�d� �w�i�t�h� �c�u�r�c�u�m�i�n� �o�n� �b�o�t�h� �s�i�d�e�s� �f�o�r� �2� �h�,� �a�n�d� �i�n�f�e�c�t�e�d� �w�i�t�h� �C�.� �j�e�j�u�n�i� �f�r�o�m� �t�h�e� �b�a�s�a�l� �s�i�d�e� 
�f�o�r� �a� �d�i�r�e�c�t� �i�m�m�u�n�e� �c�e�l�l� �i�n�f�e�c�t�i�o�n� �a�n�d� �c�y�t�o�k�i�n�e�-�i�n�d�u�c�e�d� �b�a�r�r�i�e�r� �e�f�f�e�c�t�.� �C�u�r�c�u�m�i�n� �w�a�s� �a�d�d�e�d� �t�o� �t�h�e� 
�a�p�i�c�a�l� �a�n�d� �b�a�s�a�l� �s�i�d�e�,� �s�i�n�c�e� �f�u�n�c�t�i�o�n�a�l� �m�e�a�s�u�r�e�m�e�n�t�s� �d�e�p�e�n�d� �o�n� �i�d�e�n�t�i�c�a�l� �s�o�l�u�t�i�o�n�s� �o�n� �b�o�t�h� �t�h�e� �s�i�d�e�s� 

�o�f� �t�h�e� �m�o�n�o�l�a�y�e�r� �t�o� �a�v�o�i�d�,� �e�.�g�.�,� �p�o�t�e�n�t�i�a�l� �o�s�m�o�t�i�c� �e�f�f�e�c�t�s�.� �M�o�r�e�o�v�e�r�,� �c�u�r�c�u�m�i�n� �r�e�a�d�i�l�y� �a�c�c�e�s�s�e�d� �t�h�e� 
�b�a�s�o�l�a�t�e�r�a�l� �c�o�m�p�a�r�t�m�e�n�t� �v�i�a� �C�.� �j�e�j�u�n�i�-�i�n�d�u�c�e�d� �l�e�a�k�s�.� �A�f�t�e�r� �i�n�f�e�c�t�i�o�n�,� �c�e�l�l�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �a�t� �3�7� �°�C� 
�u�n�d�e�r� �m�i�c�r�o�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �f�a�v�o�r�a�b�l�e� �t�o� �t�h�e� �b�a�c�t�e�r�i�a� �f�o�r� �4�8� �h�.� 

�4�.�3�.� �G�e�n�e�r�a�t�i�o�n� �o�f� �S�e�c�o�n�d�a�r�y� �A�b�i�o�t�i�c� �I�L�1�0�7�~� �M�i�c�e�,� �T�r�e�a�t�m�e�n�t� �I�n�f�e�c�t�i�o�n� 

�P�e�r�m�e�a�b�i�l�i�t�y� �t�o� �f�l�u�o�r�e�s�c�e�i�n� �(�3�3�2� �D�a�;� �S�i�g�m�a� �A�l�d�r�i�c�h�,� �S�t�.� �L�o�u�i�s�,� �M�O�,� �U�S�A�)� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� 
�p�e�r�f�o�r�m�e�d� �i�n� �U�s�s�i�n�g� �c�h�a�m�b�e�r�s� �w�i�t�h� �c�o�l�o�n� �o�f� �s�e�c�o�n�d�a�r�y� �a�b�i�o�t�i�c� �I�L�-�1�0�7�/�"� �m�i�c�e� �s�u�f�f�e�r�i�n�g� �f�r�o�m� �a�c�u�t�e� 
�e�n�t�e�r�o�c�o�l�i�t�i�s� �w�i�t�h�i�n� �6� �d�a�y�s� �f�o�l�l�o�w�i�n�g� �p�e�r�o�r�a�l� �C�.� �j�e�j�u�n�i� �i�n�f�e�c�t�i�o�n� �[�4�9�]�.� �I�L�-�1�0�-�/�"� �m�i�c�e� �(�i�n� �C�5�7�B�L�/�6�j� 
�b�a�c�k�g�r�o�u�n�d�)� �w�e�r�e� �h�e�l�d� �u�n�d�e�r� �s�p�e�c�i�f�i�c� �p�a�t�h�o�g�e�n� �f�r�e�e� �(�S�P�F�)� �c�o�n�d�i�t�i�o�n�s� �i�n� �t�h�e� �a�n�i�m�a�l� �f�a�c�i�l�i�t�i�e�s� �o�f� �t�h�e� 
�F�o�r�s�c�h�u�n�g�s�e�i�n�r�i�c�h�t�u�n�g� �f�i�i�r� �E�x�p�e�r�i�m�e�n�t�e�l�l�e� �M�e�d�i�z�i�n� �(�C�h�a�r�i�t�é ��-�U�n�i�v�e�r�s�i�t�é�t�s�m�e�d�i�z�i�n� �B�e�r�l�i�n�)�.� �T�o� �r�e�m�o�v�e� 

�t�h�e� �c�o�m�m�e�n�s�a�l� �g�u�t� �m�i�c�r�o�b�i�o�t�a�,� �m�i�c�e� �w�e�r�e� �t�r�a�n�s�f�e�r�r�e�d� �t�o� �s�t�e�r�i�l�e� �c�a�g�e�s� �a�n�d� �t�r�e�a�t�e�d� �f�o�r� �8� �w�e�e�k�s� �w�i�t�h� 

�a�n� �a�n�t�i�b�i�o�t�i�c� �c�o�c�k�t�a�i�l� �i�n� �t�h�e� �d�r�i�n�k�i�n�g� �w�a�t�e�r� �a�d� �l�i�b�i�t�u�m� �c�o�n�t�a�i�n�i�n�g� �a�m�p�i�c�i�l�l�i�n�/�s�u�l�b�a�c�t�a�m� �(�1�.�5� �g�/�L�)�,� 
�c�i�p�r�o�f�l�o�x�a�c�i�n� �(�2�0�0� �m�g�/�L�)�,� �i�m�i�p�e�n�e�m�/�c�i�l�a�s�t�a�t�i�n� �(�2�5�0� �m�g�/�L�)�,� �m�e�t�r�o�n�i�d�a�z�o�l�e� �(�1� �g�/�L�)�,� �a�n�d� �v�a�n�c�o�m�y�c�i�n� 

�(�5�0�0� �m�g�/�L�)� �a�s� �d�e�s�c�r�i�b�e�d� �p�r�e�v�i�o�u�s�l�y� �[�5�0�]�.� �F�o�u�r� �d�a�y�s� �b�e�f�o�r�e� �i�n�f�e�c�t�i�o�n�,� �t�h�e� �a�n�t�i�b�i�o�t�i�c� �c�o�c�k�t�a�i�l� �w�a�s� �r�e�p�l�a�c�e�d� 

�b�y� �c�u�r�c�u�m�i�n� �(�S�i�g�m�a� �A�l�d�r�i�c�h�,� �S�t�.� �L�o�u�i�s�,� �M�O�,� �U�S�A�;� �0�.�5� �m�g�/�m�L�;� �s�o�l�v�e�d� �i�n� �2�%� �C�a�r�b�o�x�y�m�e�t�h�y�]� �c�e�l�l�u�l�o�s�e� 
�(�S�i�g�m�a� �A�l�d�r�i�c�h�,� �S�t�.� �L�o�u�i�s�,� �M�O�,� �U�S�A�)� �i�n� �p�h�o�s�p�h�a�t�e�-�b�u�f�f�e�r�e�d� �s�a�l�i�n�e� �(�P�B�S�;� �p�H�7�.�4�;� �S�i�g�m�a� �A�l�d�r�i�c�h�,� 
�S�t�.� �L�o�u�i�s�,� �M�O�,� �U�S�A�)�)� �i�n� �a�u�t�o�c�l�a�v�e�d� �d�r�i�n�k�i�n�g� �w�a�t�e�r�.� �M�i�c�e� �w�e�r�e� �t�h�e�n� �i�n�f�e�c�t�e�d� �v�i�a� �o�r�a�l� �g�a�v�a�g�e� �w�i�t�h� 

�1�0�8� �c�o�l�o�n�y� �f�o�r�m�i�n�g� �u�n�i�t�s� �(�C�F�U�)� �o�f� �C�.� �j�e�j�u�n�i� �s�t�r�a�i�n� �8�1�-�1�7�6� �i�n� �a� �v�o�l�u�m�e� �o�f� �0�.�3� �m�L� �P�B�S�.� �S�i�x� �d�a�y�s� �a�f�t�e�r� 
�i�n�f�e�c�t�i�o�n� �m�i�c�e� �w�e�r�e� �s�a�c�r�i�f�i�c�e�d� �b�y� �i�s�o�f�l�u�r�a�n�e� �i�n�h�a�l�a�t�i�o�n� �a�n�d� �c�o�l�o�n� �s�a�m�p�l�e�s� �w�e�r�e� �r�e�m�o�v�e�d� �f�o�r� �t�r�a�c�e�r� �f�l�u�x� 
�m�e�a�s�u�r�e�m�e�n�t�s� �a�n�a�l�y�s�i�s�.� 

�4�.�4�.� �E�t�h�i�c�s� �S�t�a�t�e�m�e�n�t� 

�T�h�e� �a�n�i�m�a�l� �e�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� �c�a�r�r�i�e�d� �o�u�t� �i�n� �o�u�r� �a�n�i�m�a�l� �f�a�c�i�l�i�t�y� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �G�e�r�m�a�n� �a�n�i�m�a�l� 
�p�r�o�t�e�c�t�i�o�n� �l�a�w� �(�L�a�G�e�S�o� �B�e�r�l�i�n�;� �a�p�p�r�o�v�a�l� �n�u�m�b�e�r� �G�0�1�7�2�/�1�6�,� �1�3�t�h� �O�c�t�.� �2�0�1�6�)�.� 

�4�.�5�.� �E�l�e�c�t�r�o�p�h�y�s�i�o�l�o�g�i�c�a�l� �S�t�u�d�i�e�s� 

�T�r�a�n�s�e�p�i�t�h�e�l�i�a�l� �e�l�e�c�t�r�i�c�a�l� �r�e�s�i�s�t�a�n�c�e� �(�T�E�R�)� �w�a�s� �m�e�a�s�u�r�e�d� �i�n� �v�i�t�r�o� �w�i�t�h� �a� �c�h�o�p�s�t�i�c�k� �e�l�e�c�t�r�o�d�e� �p�a�i�r� 
�u�n�d�e�r� �s�t�e�r�i�l�e� �c�o�n�d�i�t�i�o�n�s� �a�t� �3�7� �°�C�.� �T�h�e� �T�E�R�-�v�a�l�u�e�s� �w�e�r�e� �c�o�r�r�e�c�t�e�d� �w�i�t�h� �t�h�e� �r�e�s�i�s�t�a�n�c�e� �o�f� �a�n� �e�m�p�t�y� 
�c�e�l�l� �f�i�l�t�e�r� �a�n�d� �t�h�e� �b�a�t�h� �s�o�l�u�t�i�o�n�.� �C�o�l�o�n� �s�a�m�p�l�e�s� �f�r�o�m� �m�i�c�e� �w�e�r�e� �m�o�u�n�t�e�d� �i�n� �m�o�d�i�f�i�e�d� �m�i�n�i�a�t�u�r�i�z�e�d� 
�U�s�s�i�n�g� �c�h�a�m�b�e�r�s� �(�I�n�s�t�i�t�u�t�e� �o�f� �C�l�i�n�i�c�a�l� �P�h�y�s�i�o�l�o�g�y�,� �C�h�a�r�i�t�é�,� �B�e�r�l�i�n�,� �w�i�t�h� �a�n� �e�f�f�e�c�t�i�v�e� �a�r�e�a� �o�f� �0�.�0�4�9� �c�m�?�)� 
�i�n� �m�o�d�i�f�i�e�d� �R�i�n�g�e�r ��s� �s�o�l�u�t�i�o�n�.� �R�i�n�g�e�r ��s� �s�o�l�u�t�i�o�n� �f�o�r� �t�h�e� �U�s�s�i�n�g� �e�x�p�e�r�i�m�e�n�t�s� �c�o�n�t�a�i�n�e�d� �(�i�n� �m�M�)�:� 
�N�a�C�l� �(�1�1�3�.�6�)�,� �N�a�H�C�O� �3� �(�2�1�)�,� �K�C�L� �(�6�.�4�)�,� �N�a�g�H�P�O�x�,� �(�2�.�4�)�,� �M�g�C�l� �(�1�.�2�)�,� �C�a�C�l�y� �(�1�.�2�)�,� �N�a�H�2�P�O�y�,� �(�0�.�6�)�,� 
�D�(�+�)�-�g�l�u�c�o�s�e� �(�1�0�)�,� �D�(�+�)�-�m�a�n�n�o�s�e� �(�1�0�)� �b�e�t�a�-�h�y�d�r�o�x�y�b�u�t�y�r�i�c� �a�c�i�d� �(�0�.�5�)�,� �L�-�g�l�u�t�a�m�i�n�e� �(�2�.�5�)�,� �a�n�d� �t�h�e� 

�a�n�t�i�b�i�o�t�i�c�s� �p�i�p�e�r�a�c�i�l�l�i�n� �(�5�0� �m�g�/�L�)� �a�n�d� �i�m�i�p�e�n�e�m� �(�4� �m�g�/�L�)�,� �a�n�d� �w�a�s� �e�q�u�i�l�i�b�r�a�t�e�d� �f�o�r� �1�5� �m�i�n� �w�i�t�h� 

�c�a�r�b�o�g�e�n� �g�a�s� �t�o� �a� �p�H� �o�f� �7�.�4�.� �O�n�e�-�p�a�t�h� �i�m�p�e�d�a�n�c�e� �s�p�e�c�t�r�o�s�c�o�p�y� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �a�s� 
�d�e�s�c�r�i�b�e�d� �p�r�e�v�i�o�u�s�l�y� �[�5�1�]� �t�o� �d�e�l�i�n�e�a�t�e� �b�e�t�w�e�e�n� �e�p�i�t�h�e�l�i�a�l� �a�n�d� �s�u�b�e�p�i�t�h�e�l�i�a�l� �c�o�n�d�u�c�t�a�n�c�e� �(�G�)�.� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�I�n�t�.� �J�.� �M�o�l�.� �S�c�i�.� �2�0�1�9�,� �2�0�,� �4�8�3�0� �1�3� �o�f� �1�9� 

�4�.�6�.� �E�p�i�t�h�e�l�i�a�l� �P�e�r�m�e�a�b�i�l�i�t�y� 

�F�o�r� �p�e�r�m�e�a�b�i�l�i�t�y� �m�e�a�s�u�r�e�m�e�n�t�s�,� �u�n�i�d�i�r�e�c�t�i�o�n�a�l� �f�l�u�x� �s�t�u�d�i�e�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �w�i�t�h� �t�h�e� �p�a�r�a�c�e�l�l�u�l�a�r� 

�m�a�r�k�e�r� �f�l�u�o�r�e�s�c�e�i�n� �(�3�3�2� �D�a�;� �1�0�0� �1�M�)� �f�r�o�m� �t�h�e� �m�u�c�o�s�a�l� �t�o� �t�h�e� �s�e�r�o�s�a�l� �c�o�m�p�a�r�t�m�e�n�t�,� �e�i�t�h�e�r� �d�i�r�e�c�t�l�y� �i�n� 
�1�2�-�w�e�l�l� �p�l�a�t�e�s� �o�r� �u�n�d�e�r� �s�h�o�r�t� �c�i�r�c�u�i�t� �c�u�r�r�e�n�t� �(�I�g�c�)� �c�o�n�d�i�t�i�o�n�s� �i�n� �U�s�s�i�n�g� �c�h�a�m�b�e�r�s�,� �a�s� �d�e�s�c�r�i�b�e�d� �e�a�r�l�i�e�r� �[�7�]�.� 

�I�s�c� �w�a�s� �r�e�c�o�r�d�e�d� �u�n�d�e�r� �v�o�l�t�a�g�e� �c�l�a�m�p� �c�o�n�d�i�t�i�o�n�s� �b�y� �a�n� �a�u�t�o�m�a�t�i�c� �c�l�a�m�p� �d�e�v�i�c�e� �(�C�V�C�6�,� �F�i�e�b�i�g� �H�a�r�d� �&� 
�S�o�f�t�w�a�r�e�,� �B�e�r�l�i�n�,� �G�e�r�m�a�n�y�)� �a�t� �3�7� �°�C� �o�v�e�r� �1�.�5� �h�.� �F�l�u�o�r�e�s�c�e�i�n� �w�a�s� �d�i�s�s�o�l�v�e�d� �e�i�t�h�e�r� �i�n� �R�i�n�g�e�r ��s� �s�o�l�u�t�i�o�n� 

�o�r� �i�n� �m�e�d�i�a�.� �S�a�m�p�l�e�s� �w�e�r�e� �t�a�k�e�n� �e�v�e�r�y� �1�5� �m�i�n� �f�o�r� �o�n�e� �h�o�u�r� �f�r�o�m� �t�h�e� �b�a�s�o�l�a�t�e�r�a�l� �s�i�d�e�,� �a�n�d� �f�l�u�o�r�e�s�c�e�n�c�e� 
�w�a�s� �m�e�a�s�u�r�e�d� �i�n� �a� �s�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r� �(�T�e�c�a�n� �G�m�b�H�,� �M�a�e�n�n�e�d�o�r�f�,� �S�w�i�t�z�e�r�l�a�n�d�)�.� �P�e�r�m�e�a�b�i�l�i�t�y� �w�a�s� 
�c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �f�l�u�x� �o�v�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n� �d�i�f�f�e�r�e�n�c�e�.� 

�4�.�7�.� �C�y�t�o�m�e�t�r�i�c� �B�e�a�d� �A�r�r�a�y� 

�S�u�p�e�r�n�a�t�a�n�t�s� �o�f� �c�o�-�c�u�l�t�u�r�e�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �4�8� �h� �a�f�t�e�r� �i�n�f�e�c�t�i�o�n� �a�n�d� �a�n�a�l�y�z�e�d� �u�s�i�n�g� �t�h�e� �C�y�t�o�m�e�t�r�i�c� 

�B�e�a�d� �A�s�s�a�y� �(�C�B�A�;� �B�D� �B�i�o�s�c�i�e�n�c�e�s�,� �F�r�a�n�k�l�i�n� �L�a�k�e�s�,� �N�J�,� �U�S�A�)� �a�c�c�o�r�d�i�n�g� �t�o� �m�a�n�u�f�a�c�t�u�r�e�r ��s� �i�n�s�t�r�u�c�t�i�o�n�s� 

�(�h�u�m�a�n� �T�h�1�,� �T�h�2�,� �T�h�1�7� �K�i�t�,� �F�l�e�x� �S�e�t� �I�L�-�1�)� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �s�e�c�r�e�t�i�o�n� �o�f� �c�y�t�o�k�i�n�e�s� �T�N�F�-�a�,� �I�L�-�1�,� �I�L�-�6�.� 

�F�l�o�w� �c�y�t�o�m�e�t�r�i�c� �m�e�a�s�u�r�e�m�e�n�t� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �w�i�t�h� �F�A�C�S� �C�a�n�t�o�l�l� �(�B�D� �B�i�o�s�c�i�e�n�c�e�s�;� �F�r�a�n�k�l�i�n� �L�a�k�e�s�,� 
�N�J�,� �U�S�A�)� �a�n�d� �a�n�a�l�y�z�e�d� �w�i�t�h� �F�A�C�P� �A�r�r�a�y!"� �s�o�f�t�w�a�r�e� �v�3�.�0� �(�B�D� �B�i�o�s�c�i�e�n�c�e�s�,� �F�r�a�n�k�l�i�n� �L�a�k�e�s�,� �N�J�,� �U�S�A�)�.� 

�4�.�8�.� �W�e�s�t�e�r�n� �B�l�o�t� �A�n�a�l�y�s�i�s� 

�F�o�r� �p�r�o�t�e�i�n� �q�u�a�n�t�i�f�i�c�a�t�i�o�n�,� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s� �w�e�r�e� �w�a�s�h�e�d� �t�w�i�c�e� �w�i�t�h� �i�c�e�-�c�o�l�d� �P�B�S�.� �W�h�o�l�e� �c�e�l�l� �l�y�s�a�t�e�s� 

�w�e�r�e� �e�x�t�r�a�c�t�e�d� �w�i�t�h� �i�c�e�-�c�o�l�d� �l�y�s�i�s� �b�u�f�f�e�r�.� �W�h�o�l�e� �c�e�l�l� �l�y�s�i�s� �b�u�f�f�e�r� �w�a�s� �p�r�e�p�a�r�e�d� �w�i�t�h� �1�5�0� �m�M� �N�a�C�l�,� 
�1�0� �m�M� �T�r�i�s� �b�u�f�f�e�r� �p�H� �o�f� �7�.�5�,� �0�.�5�%� �T�r�i�t�o�n� �X�-�1�0�0�,� �a�n�d� �1�%� �S�D�S�.� �A� �v�o�l�u�m�e� �o�f� �1�0� �m�L� �l�y�s�i�s� �b�u�f�f�e�r� �w�a�s� 

�s�u�p�p�l�e�m�e�n�t�e�d� �w�i�t�h� �o�n�e� �C�o�m�p�l�e�t�e� �P�r�o�t�e�a�s�e� �I�n�h�i�b�i�t�o�r� �C�o�c�k�t�a�i�l� �t�a�b�l�e�t� �(�R�o�c�h�e� �A�G�,� �B�a�s�e�l�,� �S�w�i�t�z�e�r�l�a�n�d�)�.� 

�A�f�t�e�r� �l�y�s�i�s�,� �c�e�l�l�s� �w�e�r�e� �s�c�r�a�p�e�d� �f�r�o�m� �t�h�e� �f�i�l�t�e�r�s�,� �i�n�c�u�b�a�t�e�d� �f�o�r� �6�0� �m�i�n� �o�n� �i�c�e�,� �a�n�d� �v�o�r�t�e�x�e�d� �e�v�e�r�y� �1�0� �m�i�n�.� 
�A�f�t�e�r� �c�e�n�t�r�i�f�u�g�a�t�i�o�n� �(�3�0� �m�i�n�,� �1�5�,�0�0�0�x� �g� �a�t� �4� �°�C�)�,� �t�h�e� �s�u�p�e�r�n�a�t�a�n�t� �w�a�s� �c�o�l�l�e�c�t�e�d�.� �S�o�n�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� 

�l�y�s�a�t�e� �f�o�l�l�o�w�e�d� �b�y� �f�u�r�t�h�e�r� �c�e�n�t�r�i�f�u�g�a�t�i�o�n�.� �T�o�t�a�l� �p�r�o�t�e�i�n� �q�u�a�n�t�i�f�i�c�a�t�i�o�n� �w�a�s� �p�e�r�f�o�r�m�e�d� �b�y� �P�i�e�r�c�e� �B�C�A� 
�a�s�s�a�y� �(�T�h�e�r�m�o� �S�c�i�e�n�t�i�f�i�c�,� �W�a�l�t�h�a�m�,� �M�A�,� �U�S�A�)� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �p�r�o�d�u�c�t� �i�n�s�t�r�u�c�t�i�o�n�s� �u�s�i�n�g� �a� �T�e�c�a�n� 
�p�l�a�t�e� �r�e�a�d�e�r� �(�T�e�c�a�n� �G�m�b�H�,� �M�a�e�n�n�e�d�o�r�f�,� �S�w�i�t�z�e�r�l�a�n�d�)� �a�t� �a�n� �a�b�s�o�r�b�a�n�c�e� �o�f� �5�6�2� �n�m�.� �P�r�o�t�e�i�n� �s�a�m�p�l�e�s� 

�(�1�0�-�2�0� �p�g�)� �w�e�r�e� �m�i�x�e�d� �w�i�t�h� �5�x�L�a�e�m�m�l�i� �b�u�f�f�e�r� �a�n�d� �l�o�a�d�e�d� �o�n� �a� �S�D�S� �p�o�l�y�a�c�r�y�l�a�m�i�d�e� �g�e�l� �(�f�o�r� �c�l�a�u�d�i�n�s� 
�1�2�.�5�%�,� �f�o�r� �o�c�c�l�u�d�i�n� �1�0�%� �p�o�l�y�a�c�r�y�l�a�m�i�d�e�)�.� �A�f�t�e�r� �e�l�e�c�t�r�o�p�h�o�r�e�t�i�c� �s�e�p�a�r�a�t�i�o�n� �o�f� �t�h�e� �p�r�o�t�e�i�n�s� �a�n�d� �t�r�a�n�s�f�e�r� 
�t�o� �a� �n�i�t�r�o�c�e�l�l�u�l�o�s�e� �m�e�m�b�r�a�n�e�,� �m�e�m�b�r�a�n�e�s� �w�e�r�e� �b�l�o�c�k�e�d� �f�o�r� �2� �h� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �w�i�t�h� �1�%� �P�V�P�-�4�0� 

�(�P�o�l�y�v�i�n�y�l�p�y�r�r�o�l�i�d�o�n�e�;� �S�i�g�m�a� �A�l�d�r�i�c�h�,� �S�t�.� �L�o�u�i�s�,� �M�O�,� �U�S�A�)� �i�n� �T�B�S�T�/�0�.�0�5�%�T�w�e�e�n�-�2�0� �b�u�f�f�e�r�.� �P�r�i�m�a�r�y� 

�a�n�t�i�b�o�d�i�e�s� �a�n�t�i�-�o�c�c�l�u�d�i�n� �(�1�:�1�0�0�;� �S�i�g�m�a� �A�l�d�r�i�c�h�,� �S�t�.� �L�o�u�i�s�,� �M�O�,� �U�S�A�)�,� �a�n�t�i�-�c�l�a�u�d�i�n�-�1�,� �-�2�,� �-�4�,� �-�5�,� �-�7�,� �-�8� 

�(�1�:�1�0�0�;� �I�n�v�i�t�r�o�g�e�n�,� �C�a�r�l�s�b�a�d�,� �C�A�,� �U�S�A�)�,� �a�n�d� �a�n�t�i�-�B� �-�a�c�t�i�n� �(�1�:�5�0�0�0�;� �S�i�g�m�a� �A�l�d�r�i�c�h�,� �S�t�.� �L�o�u�i�s�,� �M�O�,� �U�S�A�)� �a�s� 
�i�n�t�e�r�n�a�l� �l�o�a�d�i�n�g� �c�o�n�t�r�o�l� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �o�v�e�r�n�i�g�h�t� �a�t� �4� �°�C�.� �P�e�r�o�x�i�d�a�s�e� �c�o�n�j�u�g�a�t�e�d� �s�e�c�o�n�d�a�r�y� �a�n�t�i�b�o�d�i�e�s� 

�g�o�a�t� �a�n�t�i�-�r�a�b�b�i�t� �I�g�G� �o�r� �g�o�a�t� �a�n�t�i�-�m�o�u�s�e� �I�g�G� �(�J�a�c�k�s�o�n� �I�m�m�u�n�o�R�e�s�e�a�r�c�h�,� �E�l�y�,� �U�K�)� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �f�o�r� 
�2� �h�a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�.� �F�o�r� �p�r�o�t�e�i�n� �d�e�t�e�c�t�i�o�n�,� �S�u�p�e�r�S�i�g�n�a�l� �W�e�s�t� �P�i�c�o� �P�L�U�S� �S�t�a�b�l�e� �P�e�r�o�x�i�d�e� �S�o�l�u�t�i�o�n� 
�(�T�h�e�r�m�o� �S�c�i�e�n�t�i�f�i�c�,� �W�a�l�t�h�a�m�,� �M�A�,� �U�S�A�)� �w�a�s� �u�s�e�d� �a�n�d� �s�i�g�n�a�l�s� �w�e�r�e� �d�e�t�e�c�t�e�d� �w�i�t�h� �F�u�s�i�o�n� �F�X�7� �i�m�a�g�i�n�g� 

�s�y�s�t�e�m� �(�V�i�l�b�e�r� �L�o�u�r�m�a�t� �D�e�u�t�s�c�h�l�a�n�d� �G�m�b�H�,� �E�b�e�r�h�a�r�d�z�e�l�l�,� �G�e�r�m�a�n�y�)�.� �D�e�n�s�i�t�o�m�e�t�r�i�c� �q�u�a�n�t�i�f�i�c�a�t�i�o�n� 

�w�a�s� �p�e�r�f�o�r�m�e�d� �u�s�i�n�g� �I�m�a�g�e�]� �s�o�f�t�w�a�r�e� �1�.�4�8�v�/�J�a�v�a� �1�.�6�.�0�_�2�0� �(�R�a�s�b�a�n�d�,� �W�.� �S�.�,� �I�m�a�g�e�J�,� �N�I�H�,� �B�e�t�h�e�s�d�a�,� �M�D�,� 
�U�S�A�)�,� �a�n�d� �t�h�e� �v�a�l�u�e�s� �w�e�r�e� �n�o�r�m�a�l�i�z�e�d� �t�o� �f�-�a�c�t�i�n�.� 

�4�.�9�.� �I�m�m�u�n�o�f�l�u�o�r�e�s�c�e�n�c�e� �S�t�a�i�n�i�n�g� 

�C�e�l�l�s� �g�r�o�w�n� �o�n� �f�i�l�t�e�r�s� �w�e�r�e� �r�i�n�s�e�d� �t�w�i�c�e� �w�i�t�h� �P�B�S� �a�n�d� �f�i�x�e�d� �f�o�r� �3�0� �m�i�n� �i�n� �2�%� �p�a�r�a�f�o�r�m�a�l�d�e�h�y�d�e� 
�(�P�F�A�;� �E�l�e�c�t�r�o�n� �M�i�c�r�o�s�c�o�p�y� �S�c�i�e�n�c�e�s�,� �H�a�t�f�i�e�l�d�,� �P�A�,� �U�S�A�)� �f�o�r� �i�m�m�u�n�o�s�t�a�i�n�i�n�g� �a�n�d� �m�i�c�r�o�s�c�o�p�i�c� �a�n�a�l�y�s�i�s�.� 

�A�f�t�e�r�w�a�r�d�s�,� �t�h�e� �c�e�l�l�s� �w�e�r�e� �w�a�s�h�e�d� �t�w�i�c�e� �w�i�t�h� �P�B�S�,� �p�e�r�m�e�a�b�i�l�i�z�e�d� �w�i�t�h� �0�.�5�%� �T�r�i�t�o�n� �X�-�1�0�0� �(�S�i�g�m�a� �A�l�d�r�i�c�h�,� 

�S�t�.� �L�o�u�i�s�,� �M�O�,� �U�S�A�)� �f�o�r� �7� �m�i�n�,� �a�n�d� �b�l�o�c�k�e�d� �f�o�r� �1�0� �m�i�n� �w�i�t�h� �1�%� �g�o�a�t� �s�e�r�u�m� �(�G�i�b�c�o�,� �C�a�r�l�s�b�a�d�,� �C�A�,� �U�S�A�)�.� 

�T�h�e� �c�e�l�l�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �w�i�t�h� �t�h�e� �p�r�i�m�a�r�y� �a�n�t�i�b�o�d�i�e�s� �a�n�t�i�-�c�l�a�u�d�i�n�-�4� �a�n�d� �-�8� �(�1�:�1�0�0�;� �I�n�v�i�t�r�o�g�e�n�,� �C�a�r�l�s�b�a�d�,� 

�C�A�,� �U�S�A�)�,� �a�n�t�i�-�Z�O�-�1� �(�1�:�1�0�0�;� �B�D� �B�i�o�s�c�i�e�n�c�e�s�,� �F�r�a�n�k�l�i�n� �L�a�k�e�s�,� �N�J�,� �U�S�A�)� �o�r� �c�l�e�a�v�e�d� �c�a�s�p�a�s�e�-�3� �(�1�:�1�0�0�;� 

�C�e�l�l� �S�i�g�n�a�l�i�n�g� �T�e�c�h�n�o�l�o�g�y�,� �C�a�m�b�r�i�d�g�e�,� �U�K�)� �f�o�r� �1� �h� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�,� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �s�e�c�o�n�d�a�r�y� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�I�n�t�.� �J�.� �M�o�l�.� �S�c�i�.� �2�0�1�9�,� �2�0�,� �4�8�3�0� �1�4� �o�f� �1�9� 

�a�n�t�i�-�r�a�b�b�i�t� �o�r� �a�n�t�i�-�m�o�u�s�e� �a�n�t�i�b�o�d�y� �f�o�r� �1� �h� �(�1�:�5�0�0�;� �I�n�v�i�t�r�o�g�e�n�,� �C�a�r�l�s�b�a�d�,� �C�A�,� �U�S�A�)�.� �S�e�c�o�n�d�a�r�y� �a�n�t�i�b�o�d�i�e�s� 
�w�e�r�e� �c�o�n�j�u�g�a�t�e�d� �t�o� �A�l�e�x�a�-�F�l�u�o�r� �4�8�8� �o�r� �5�9�4�.� �T�h�e� �n�u�c�l�e�i� �w�e�r�e� �s�t�a�i�n�e�d� �w�i�t�h� �4 ��-�6�-�d�i�a�m�i�d�i�n�o�-�2�-�p�h�e�n�y�l�i�n�d�o�l�e� 

�d�i�h�y�d�r�o�c�h�l�o�r�i�d�e� �(�D�A�P�I�,� �1�:�1�0�0�0�,� �R�o�c�h�e� �A�G�,� �B�a�s�e�l�,� �S�w�i�t�z�e�r�l�a�n�d�)�.� �S�u�b�s�e�q�u�e�n�t�l�y�,� �t�h�e� �c�e�l�l�s� �o�n� �t�h�e� �f�i�l�t�e�r�s� 

�w�e�r�e� �w�a�s�h�e�d� �w�i�t�h� �w�a�t�e�r� �a�n�d� �e�t�h�a�n�o�l�,� �t�h�e�n� �e�m�b�e�d�d�e�d� �i�n� �P�r�o�T�a�q� �M�o�u�n�t� �F�l�u�o�r� �(�B�i�o�c�y�c�,� �L�u�c�k�e�n�w�a�l�d�e�,� 

�G�e�r�m�a�n�y�)�.� �T�h�e� �s�u�b�c�e�l�l�u�l�a�r� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �t�h�e� �t�i�g�h�t� �j�u�n�c�t�i�o�n�s� �w�a�s� �a�n�a�l�y�z�e�d� �b�y� �c�o�n�f�o�c�a�l� �l�a�s�e�r�-�s�c�a�n�n�i�n�g� 
�m�i�c�r�o�s�c�o�p�y� �(�C�L�S�M�,� �Z�e�i�s�s� �L�S�M�7�8�0�,� �J�e�n�a�,� �G�e�r�m�a�n�y�)�.� �S�t�a�i�n�e�d� �a�p�o�p�t�o�s�e�s� �w�i�t�h� �c�l�e�a�v�e�d� �c�a�s�p�a�s�e�-�3� �w�e�r�e� 
�c�o�u�n�t�e�d� �m�i�c�r�o�s�c�o�p�i�c�a�l�l�y�.� 

�4�.�1�0�.� �D�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �M�i�n�i�m�a�l� �I�n�h�i�b�i�t�o�r�y� �C�o�n�c�e�n�t�r�a�t�i�o�n� �V�a�l�u�e�s� 

�D�e�t�e�r�m�i�n�a�t�i�o�n�s� �o�f� �m�i�n�i�m�a�l� �i�n�h�i�b�i�t�o�r�y� �c�o�n�c�e�n�t�r�a�t�i�o�n� �v�a�l�u�e�s� �(�M�I�C�s�)� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�t�r�a�i�n� �8�1�-�1�7�6� 

�w�e�r�e� �p�e�r�f�o�r�m�e�d� �i�n� �a� �b�r�o�t�h� �m�i�c�r�o�d�i�l�u�t�i�o�n� �a�s�s�a�y�.� �T�h�e� �w�e�l�l�s� �o�f� �m�i�c�r�o�t�i�t�e�r� �p�l�a�t�e�s� �c�o�n�t�a�i�n�e�d� �2�-�f�o�l�d� 
�s�e�r�i�a�l� �d�i�l�u�t�i�o�n�s� �o�f� �c�u�r�c�u�m�i�n� �w�i�t�h� �a� �t�e�s�t� �r�a�n�g�e� �o�f� �1�-�1�0�2�4� �u�g�/�m�L�.� �F�o�r� �M�I�C� �d�e�t�e�r�m�i�n�a�t�i�o�n�s�,� �i�n�o�c�u�l�u�m� 
�l�e�v�e�l�,� �g�r�o�w�t�h� �m�e�d�i�u�m�,� �i�n�c�u�b�a�t�i�o�n� �t�i�m�e�,� �a�n�d� �c�o�n�d�i�t�i�o�n�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �i�n� �a�c�c�o�r�d�a�n�c�e� �w�i�t�h� �t�h�e� 

�r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �g�i�v�e�n� �i�n� �t�h�e� �C�l�i�n�i�c�a�l� �a�n�d� �L�a�b�o�r�a�t�o�r�y� �S�t�a�n�d�a�r�d�s� �I�n�s�t�i�t�u�t�e� �(�C�L�S�I�)� �d�o�c�u�m�e�n�t� �V�E�T�0�1�-�A�4�.� 

�I�n� �b�r�i�e�f�,� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�o�n�i�e�s� �w�e�r�e� �t�a�k�e�n� �f�r�o�m� �a� �b�l�o�o�d� �a�g�a�r� �p�l�a�t�e� �a�n�d� �t�r�a�n�s�f�e�r�r�e�d� �i�n�t�o� �a� �t�u�b�e� �c�o�n�t�a�i�n�i�n�g� 
�5� �m�L� �o�f� �0�.�8�5�%� �s�a�l�i�n�e�.� �T�h�e� �s�u�s�p�e�n�s�i�o�n� �w�a�s� �a�d�j�u�s�t�e�d� �t�o� �t�h�e� �t�u�r�b�i�d�i�t�y� �e�q�u�i�v�a�l�e�n�t� �o�f� �0�.�5� �M�c�F�a�r�l�a�n�d� 
�s�t�a�n�d�a�r�d�,� �a�n�d� �d�i�l�u�t�e�d� �1�:�1�0�0� �w�i�t�h� �g�r�o�w�t�h� �m�e�d�i�u�m�.� �S�u�b�s�e�q�u�e�n�t�l�y�,� �5�0� �u�L� �o�f� �t�h�e� �d�i�l�u�t�e�d� �i�n�o�c�u�l�u�m� �w�a�s� 
�a�d�d�e�d� �t�o� �e�a�c�h� �t�e�s�t� �w�e�l�l� �(�5�0� �p�L�)� �i�n� �t�h�e� �d�i�l�u�t�i�o�n� �s�e�r�i�e�s� �(�c�o�n�t�a�i�n�i�n�g� �s�u�b�s�t�a�n�c�e�s� �a�t� �d�o�u�b�l�e� �t�h�e� �d�e�s�i�r�e�d� 
�f�i�n�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n�)� �a�n�d� �m�i�x�e�d�.� �T�h�e� �m�i�c�r�o�t�i�t�e�r� �p�l�a�t�e�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �f�o�r� �2�4� �t�o� �4�8� �h� �a�t� �4�2� �°�C� �u�n�d�e�r� 
�m�i�c�r�o�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �t�o� �o�b�t�a�i�n� �s�u�f�f�i�c�i�e�n�t� �g�r�o�w�t�h�.� �T�h�e�y� �w�e�r�e� �a�n�a�l�y�z�e�d� �v�i�s�u�a�l�l�y�,� �a�n�d� �t�h�e� �l�o�w�e�s�t� 
�c�o�n�c�e�n�t�r�a�t�i�o�n� �p�r�e�v�e�n�t�i�n�g� �v�i�s�i�b�l�e� �g�r�o�w�t�h� �o�f� �b�a�c�t�e�r�i�a� �w�a�s� �d�e�f�i�n�e�d� �a�s� �t�h�e� �M�I�C�.� �A�l�l� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� �t�e�s�t�s� �w�e�r�e� 
�p�e�r�f�o�r�m�e�d� �i�n� �g�r�o�w�t�h� �m�e�d�i�u�m� �a�d�j�u�s�t�e�d� �t�o� �p�H� �o�f� �7�.�4�.� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �r�e�f�e�r�e�n�c�e� �s�t�r�a�i�n� �D�S�M� �4�6�8�8� 
�w�a�s� �u�s�e�d� �f�o�r� �q�u�a�l�i�t�y� �c�o�n�t�r�o�l� �p�u�r�p�o�s�e�s�.� �T�h�e� �M�I�C� �v�a�l�u�e�s� �o�f� �t�h�e� �q�u�a�l�i�t�y� �c�o�n�t�r�o�l� �s�t�r�a�i�n� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �i�n� 
�a�d�v�a�n�c�e� �i�n� �t�h�r�e�e� �i�n�d�e�p�e�n�d�e�n�t� �e�x�p�e�r�i�m�e�n�t�s� �u�s�i�n�g� �t�h�e� �b�r�o�t�h� �m�i�c�r�o�d�i�l�u�t�i�o�n� �a�n�d� �m�a�c�r�o�d�i�l�u�t�i�o�n� �m�e�t�h�o�d�.� 

�4�.�1�1�.� �D�N�A�-�U�p�t�a�k�e� �A�s�s�a�y� 

�C�.� �j�e�j�u�n�i� �s�t�r�a�i�n� �8�1�-�1�7�6� �w�a�s� �s�t�r�e�a�k�e�d� �o�u�t� �f�r�o�m� �a�  ��8�0� �°�C� �s�t�o�c�k� �a�n�d� �s�u�b�c�u�l�t�u�r�e�d� �o�n� �C�o�l�u�m�b�i�a� 
�b�l�o�o�d� �a�g�a�r� �c�o�n�t�a�i�n�i�n�g� �5�%� �s�h�e�e�p� �b�l�o�o�d� �(�O�x�o�i�d�,� �T�h�e�r�m�o� �S�c�i�e�n�t�i�f�i�c�,� �W�a�l�t�h�a�m�,� �M�A�,� �U�S�A�)�.� �P�l�a�t�e�s� �w�e�r�e� 

�i�n�c�u�b�a�t�e�d� �o�v�e�r�n�i�g�h�t� �u�n�d�e�r� �a�n� �a�t�m�o�s�p�h�e�r�e� �c�o�n�t�a�i�n�i�n�g� �3�.�5�%� �H�y�,� �6�%� �O�z�,� �7�%� �C�O�o�,� �r�e�s�t� �N�z� �a�t� �3�7� �°�C�.� 

�C�e�l�l�s� �w�e�r�e� �i�n�o�c�u�l�a�t�e�d� �a�t� �O�D�;�,�;� �~�0�.�3� �i�n� �s�t�e�r�i�l�e�-�f�i�l�t�e�r�e�d� �b�r�a�i�n� �h�e�a�r�t� �i�n�f�u�s�i�o�n� �b�r�o�t�h� �(�B�H�I�;� �O�x�o�i�d�,� �T�h�e�r�m�o� 

�S�c�i�e�n�t�i�f�i�c�,� �W�a�l�t�h�a�m�,� �M�A�,� �U�S�A�)�,� �a�n�d� �i�n�c�u�b�a�t�e�d� �u�n�d�e�r� �t�h�e� �s�a�m�e� �a�t�m�o�s�p�h�e�r�e� �a�t� �3�7� �°�C� �f�o�r� �6�-�9� �h�a�t� �1�4�0� �r�p�m�.� 
�L�i�q�u�i�d� �c�u�l�t�u�r�e�s� �w�e�r�e� �s�u�b�c�u�l�t�u�r�e�d� �u�n�d�e�r� �t�h�e� �s�a�m�e� �c�o�n�d�i�t�i�o�n�s� �i�n� �5� �m�L� �B�H�I� �w�i�t�h� �o�r� �w�i�t�h�o�u�t� �5�0� �u�M� 
�c�u�r�c�u�m�i�n�.� �A� �s�u�i�t�a�b�l�e� �O�D�j�y�j� �w�a�s� �c�h�o�s�e�n� �t�o� �r�e�a�c�h� �o�p�t�i�c�a�l� �d�e�n�s�i�t�i�e�s� �o�f� �0�.�1�-�0�.�6� �a�f�t�e�r� �1�7� �h� �(�+� �3�h�)�.� �5�0�0� �w�L� 

�(�+� �3�0�0� �u�L�)� �o�f� �t�h�e� �c�e�l�l� �s�u�s�p�e�n�s�i�o�n� �w�a�s� �h�a�r�v�e�s�t�e�d� �b�y� �c�e�n�t�r�i�f�u�g�a�t�i�o�n� �(�~�1�6�0�0�0�x� �g� �f�o�r� �5� �m�i�n�)�.� �T�h�e� �p�e�l�l�e�t� �w�a�s� 
�r�e�s�u�s�p�e�n�d�e�d� �i�n� �1�0�0� �w�L� �B�H�I� �w�i�t�h� �o�r� �w�i�t�h�o�u�t� �5�0� �u�M� �c�u�r�c�u�m�i�n�.� �D�N�A� �l�a�b�e�l�i�n�g� �a�n�d� �u�p�t�a�k�e� �a�n�a�l�y�s�i�s� �w�e�r�e� 

�p�e�r�f�o�r�m�e�d� �a�s� �p�r�e�v�i�o�u�s�l�y� �d�e�s�c�r�i�b�e�d� �f�o�r� �H�.� �p�y�l�o�r�i� �[�5�2�]�.� �I�n� �s�h�o�r�t�,� �C�.� �j�e�j�u�n�i� �B�f�R�-�C�A�-�1�4�4�3�0� �g�e�n�o�m�i�c� �D�N�A� 
�w�a�s� �e�x�t�r�a�c�t�e�d� �u�s�i�n�g� �t�h�e� �P�u�r�e�L�i�n�k� �K�i�t� �(�L�i�f�e� �T�e�c�h�n�o�l�o�g�i�e�s�,� �T�h�e�r�m�o� �S�c�i�e�n�t�i�f�i�c�,� �W�a�l�t�h�a�m�,� �M�A�,� �U�S�A�)�,� �a�n�d� 

�l�a�b�e�l�e�d� �w�i�t�h� �f�l�u�o�r�e�s�c�e�i�n� �i�n� �a� �1�:�1� �(�v�o�l�u�m�e�:�w�e�i�g�h�t�)� �r�a�t�i�o� �o�f� �L�a�b�e�l� �I�T� �r�e�a�g�e�n�t� �t�o� �n�u�c�l�e�i�c� �a�c�i�d� �a�c�c�o�r�d�i�n�g� �t�o� 
�t�h�e� �m�a�n�u�f�a�c�t�u�r�e�r ��s� �p�r�o�t�o�c�o�l� �(�M�i�r�u�s� �L�a�b�e�l� �I�T� �F�l�u�o�r�e�s�c�e�i�n�,� �M�i�r�u�s� �B�i�o� �L�L�C�,� �M�a�d�i�s�o�n�,� �W�I�,� �U�S�A�)�.� �O�n�e� �p�L� 

�o�f� �l�a�b�e�l�e�d� �D�N�A� �(�1�0�0� �n�g�/�u�L�)� �w�a�s� �a�d�d�e�d� �t�o� �t�h�e� �c�e�l�l� �s�u�s�p�e�n�s�i�o�n� �a�n�d� �i�n�c�u�b�a�t�e�d� �a�t� �5�%� �O�7�,� �1�0�%� �C�O�d�,� �r�e�s�t� 

�N�p� �f�o�r� �3�0� �m�i�n� �a�t� �3�7� �°�C�.� �S�u�b�s�e�q�u�e�n�t�l�y�,� �c�e�l�l�s� �w�e�r�e� �c�e�n�t�r�i�f�u�g�e�d� �(�~�1�6�0�0�0�x� �g� �f�o�r� �5� �m�i�n�)� �a�n�d� �r�e�s�u�s�p�e�n�d�e�d� �i�n� 
�1�5� �u�L� �B�H�I� �s�u�p�p�l�e�m�e�n�t�e�d� �w�i�t�h� �a�t� �l�e�a�s�t� �3� �U� �D�N�a�s�e�l� �(�R�o�c�h�e� �A�G�,� �B�a�s�e�l�,� �S�w�i�t�z�e�r�l�a�n�d�)�.� �D�N�a�s�e�l� �d�i�g�e�s�t�i�o�n� 
�w�a�s� �p�e�r�f�o�r�m�e�d� �a�t� �3�7� �°�C� �f�o�r� �5�-�1�0� �m�i�n�.� �T�h�e� �f�l�u�o�r�e�s�c�e�n�c�e� �m�i�c�r�o�s�c�o�p�e� �A�x�i�o� �O�b�s�e�r�v�e�r� �Z�I� �(�Z�e�i�s�s�,� �J�e�n�a�,� 
�G�e�r�m�a�n�y�)� �w�i�t�h� �a� �p�l�a�n� �a�p�o�c�h�r�o�m�a�t�i�c� �6�3�x�/�1�.�4� �o�b�j�e�c�t�i�v�e� �a�n�d� �d�i�f�f�e�r�e�n�t�i�a�l� �i�n�t�e�r�f�e�r�e�n�c�e� �c�o�n�t�r�a�s�t� �(�D�I�C�)� �w�a�s� 
�u�s�e�d� �f�o�r� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�e�l�l�s� �i�m�m�o�b�i�l�i�z�e�d� �o�n� �1�.�5�%� �a�g�a�r�o�s�e� �p�a�d�s�.� �A� �m�e�t�a�l� �h�a�l�i�d�e� �l�i�g�h�t� 
�s�o�u�r�c�e� �(�H�X�P�1�2�0�C�)� �a�n�d� �a� �f�i�l�t�e�r� �s�e�t� �w�i�t�h� �e�x�c�i�t�a�t�i�o�n� �a�t� �4�7�0� �+� �2�0� �n�m� �a�n�d� �e�m�i�s�s�i�o�n� �a�t� �5�2�5� �+� �2�5� �n�m� �w�e�r�e� �u�s�e�d� 

�t�o� �v�i�s�u�a�l�i�z�e� �f�l�u�o�r�e�s�c�e�i�n�.� �E�x�p�o�s�i�n�g� �t�i�m�e�s� �v�a�r�i�e�d� �b�e�t�w�e�e�n� �2�5�0� �m�s� �a�n�d� �7�5�0� �m�s�.� �I�m�a�g�e�s� �w�e�r�e� �t�a�k�e�n� �b�y� �t�h�e� 
�1�2�-�b�i�t� �m�o�n�o�c�h�r�o�m�a�t�i�c� �A�x�i�o�C�a�m� �M�R�m� �c�a�m�e�r�a�.� �C�e�l�l�s� �w�i�t�h� �a�t� �l�e�a�s�t� �o�n�e� �f�l�u�o�r�e�s�c�e�n�t� �f�o�c�u�s� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� 
�a�c�t�i�v�e� �f�o�r� �D�N�A� �u�p�t�a�k�e�,� �i�.�e�.�,� �c�o�m�p�e�t�e�n�t� �f�o�r� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�.� �F�o�r� �e�a�c�h� �c�o�n�d�i�t�i�o�n�,� �t�h�e� �f�r�a�c�t�i�o�n� �o�f� 

�c�o�m�p�e�t�e�n�t� �c�e�l�l�s� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �a�n�d� �d�a�t�a� �a�r�e� �p�r�e�s�e�n�t�e�d� �f�r�o�m� �t�h�r�e�e� �i�n�d�e�p�e�n�d�e�n�t� �e�x�p�e�r�i�m�e�n�t�s�.� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�I�n�t�.� �J�.� �M�o�l�.� �S�c�i�.� �2�0�1�9�,� �2�0�,� �4�8�3�0� �1�5� �o�f� �1�9� 

�4�.�1�2�.� �C�y�t�o�t�o�x�i�c�i�t�y� 

�T�h�e� �C�C�K�-�8� �a�s�s�a�y� �(�C�e�l�l� �C�o�u�n�t�i�n�g� �K�i�t�-�8�,� �T�h�e�r�m�o� �S�c�i�e�n�t�i�f�i�c�,� �W�a�l�t�h�a�m�,� �M�A�,� �U�S�A�)� �w�a�s� �p�e�r�f�o�r�m�e�d� �i�n� 
�9�6�-�w�e�l�l� �p�l�a�t�e�s� �w�i�t�h� �c�o�l�o�n� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s� �H�T�-�2�9�/�B�6�-�G�R�/�M�R� �1� �d�a�y� �a�f�t�e�r� �s�e�e�d�i�n�g� �i�n� �a�c�c�o�r�d�a�n�c�e� �w�i�t�h� �t�h�e� 
�m�a�n�u�f�a�c�t�u�r�e�s �� �i�n�s�t�r�u�c�t�i�o�n�s�.� �T�h�e� �c�e�l�l�s� �w�e�r�e� �t�r�e�a�t�e�d� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �c�u�r�c�u�m�i�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �2� �h� �b�e�f�o�r�e� 
�i�n�f�e�c�t�i�o�n�.� �T�h�e� �a�b�s�o�r�p�t�i�o�n� �a�t� �4�5�0� �n�m� �w�a�s� �m�e�a�s�u�r�e�d� �b�y� �a� �s�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r� �(�T�e�c�a�n� �G�m�b�H�,� �M�a�e�n�n�e�d�o�r�f�,� 
�S�w�i�t�z�e�r�l�a�n�d�)�,� �a�n�d� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �v�i�a�b�l�e� �c�e�l�l�s� �c�a�l�c�u�l�a�t�e�d�.� �I�n� �H�T�-�2�9�/�B�6�-�G�R�/�M�R� �c�e�l�l�s�,� �C�.� �j�e�j�u�n�i� �i�n�d�u�c�e�d� 

�n�o� �s�i�g�n�i�f�i�c�a�n�t� �l�o�s�s� �i�n� �v�i�a�b�i�l�i�t�y� �i�n� �a� �p�r�e�-�t�e�s�t� �(�c�o�n�t�r�o�l� �1�0�0� �+� �1�8�%� �a�n�d� �D�M�S�O� �c�o�n�t�r�o�l� �8�1� �+� �7�%� �v�e�r�s�u�s� 
�C�.� �j�e�j�u�n�i�-�i�n�f�e�c�t�e�d� �8�1� �+� �4�%�,� �n� �=� �3�-�4�,� �n�.�s�.�,� �o�n�e�-�w�a�y� �A�N�O�V�A� �w�i�t�h� �B�o�n�f�e�r�r�o�n�i ��s� �m�u�l�t�i�p�l�e� �c�o�m�p�a�r�i�s�o�n�)�.� 
�N�o� �e�f�f�e�c�t� �o�n� �c�e�l�l� �v�i�a�b�i�l�i�t�y� �w�a�s� �a�l�s�o� �s�e�e�n� �a�t� �c�u�r�c�u�m�i�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �3�0� �u�M�,� �4�0� �u�M�,� �a�n�d� �5�0� �u�M� �(�8�5� �+� �8�%�,� 
�6�4� �+� �4�%�,� �a�n�d� �6�6� �+� �6�%�,� �n� �=� �3�-�4�,� �n�.�s�.�,� �o�n�e�-�w�a�y� �A�N�O�V�A� �w�i�t�h� �B�o�n�f�e�r�r�o�n�i ��s� �m�u�l�t�i�p�l�e� �c�o�m�p�a�r�i�s�o�n�)�.� 

�4�.�1�3�.� �I�n�g�e�n�u�i�t�y� �P�a�t�h�w�a�y�s� �A�n�a�l�y�s�i�s� 

�I�n�g�e�n�u�i�t�y� �P�a�t�h�w�a�y�s� �A�n�a�l�y�s�i�s� �(�I�P�A�,� �Q�i�a�g�e�n� �S�i�l�i�c�o�n� �V�a�l�l�e�y�,� �R�e�s�w�o�o�d�,� �C�A�,� �U�S�A�)� �w�a�s� �u�s�e�d� �t�o� 
�e�v�a�l�u�a�t�e� �c�u�r�c�u�m�i�n�-�d�e�p�e�n�d�e�n�t� �e�x�p�r�e�s�s�i�o�n� �d�a�t�a� �f�r�o�m� �a� �d�a�t�a�s�e�t� �f�r�o�m� �h�u�m�a�n� �c�o�l�o�n� �b�i�o�p�s�i�e�s�,� �g�e�n�e�r�a�t�e�d�,� 
�a�n�d� �a�n�a�l�y�z�e�d� �p�r�e�v�i�o�u�s�l�y� �[�6�]�.� 

�4�.�1�4�.� �S�t�a�t�i�s�t�i�c�a�l� �A�n�a�l�y�s�i�s� 

�A�l�l� �d�a�t�a� �a�r�e� �e�x�p�r�e�s�s�e�d� �a�s� �m�e�a�n� �v�a�l�u�e�s� �+� �s�t�a�n�d�a�r�d� �e�r�r�o�r� �o�f� �t�h�e� �m�e�a�n� �(�S�E�M�)�.� �S�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�e�s� 
�w�e�r�e� �p�e�r�f�o�r�m�e�d� �w�i�t�h� �G�r�a�p�h�P�a�d� �P�r�i�s�m� �(�v�e�r�s�i�o�n� �7�.�0�,� �G�r�a�p�h�P�a�d� �S�o�f�t�w�a�r�e�,� �I�n�c�.�,� �S�a�n� �D�i�e�g�o�,� �C�A�,� �U�S�A�)� 
�u�s�i�n�g� �o�n�e�-�w�a�y� �A�N�O�V�A� �w�i�t�h� �B�o�n�f�e�r�r�o�n�i� �a�d�j�u�s�t�m�e�n�t� �f�o�r� �m�u�l�t�i�p�l�e� �c�o�m�p�a�r�i�s�o�n� �o�r� �u�n�p�a�i�r�e�d� �S�t�u�d�e�n�t ��s� 
�t�-�t�e�s�t�.� �F�o�r� �d�a�t�a� �t�h�a�t� �w�e�r�e� �n�o�t� �n�o�r�m�a�l�l�y� �d�i�s�t�r�i�b�u�t�e�d�,� �t�h�e� �n�o�n�p�a�r�a�m�e�t�r�i�c� �M�a�n�n�-�W�h�i�t�n�e�y� �U�-�t�e�s�t� �w�a�s� �u�s�e�d�.� 
�p� �<� �0�.�0�5� �w�a�s� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �s�t�a�t�i�s�t�i�c�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t�.� 

�S�u�p�p�l�e�m�e�n�t�a�r�y� �M�a�t�e�r�i�a�l�s�:� �S�u�p�p�l�e�m�e�n�t�a�r�y� �m�a�t�e�r�i�a�l�s� �a�r�e� �a�v�a�i�l�a�b�l�e� �o�n�l�i�n�e� �a�t� �h�t�t�p�:�/�/�w�w�w�.�m�d�p�i�.�c�o�m� �1�4�2�2�-�0�0�6�7�/�2�0�/� 
�1�9�/�4�8�3�0�/�s�1�.� 

�A�u�t�h�o�r� �C�o�n�t�r�i�b�u�t�i�o�n�s�:� �C�o�n�c�e�p�t�u�a�l�i�z�a�t�i�o�n�,� �E�D�.�L�.�d�.�S�.�,� �J�.�-�D�.�S�.�,� �a�n�d� �R�.�B�.�;� �D�a�t�a� �c�u�r�a�t�i�o�n�,� �F�D�.�L�.�d�.�S�.�,� �E�.�B�.�,� �P�.�K�.�N�.�,� �A�.�F�,� 
�S�.�M�.�,� �V�.�M�.�,� �J�.�C�.�G�.�,� �D�.�S�.�,� �M�.�M�.�H�.�,� �a�n�d� �S�.�B�.�;� �F�o�r�m�a�l� �a�n�a�l�y�s�i�s�,� �E�D�.�L�.�d�.�S�.�,� �E�.�B�.�,� �P�.�K�.�N�.�,� �A�.�F�.�,� �S�.�M�.�,� �V�.�M�.�,� �J�.�C�.�G�.�,� �K�.�S�.�,� 
�S�.�K�.�,� �D�.�S�.�,� �C�.�K�.�,� �M�.�M�.�H�.�,� �a�n�d� �S�.�B�.�;� �F�u�n�d�i�n�g� �a�c�q�u�i�s�i�t�i�o�n�,� �J�-�D�.�S�.� �a�n�d� �R�.�B�.�;� �I�n�v�e�s�t�i�g�a�t�i�o�n�,� �F�.�D�.�L�.�d�.�S�.�,� �J�.�-�D�.�S�.�,� �R�.�B�.�;� 
�M�e�t�h�o�d�o�l�o�g�y�,� �J�.�-�D�.�S�.� �a�n�d� �R�.�B�.�;� �P�r�o�j�e�c�t� �a�d�m�i�n�i�s�t�r�a�t�i�o�n�,� �J�.�-�D�.�S�.� �a�n�d� �R�.�B�.�;� �R�e�s�o�u�r�c�e�s�,� �V�.�M�.�;� �S�u�p�e�r�v�i�s�i�o�n�,� �J�.�-�D�.�S�.� �a�n�d� 
�R�.�B�.�;� �W�r�i�t�i�n�g ��o�r�i�g�i�n�a�l� �d�r�a�f�t�,� �.�D�.�L�.�d�.�S�.�;� �W�r�i�t�i�n�g ��r�e�v�i�e�w� �a�n�d� �e�d�i�t�i�n�g�,� �E�.�B�.�,� �P�.�K�.�N�.�,� �A�.�E�,� �S�.�M�.�,� �V�.�M�.�,� �J�.�C�.�G�.�,� �K�.�S�.�,� 
�S�.�K�.�,� �D�.�S�.�,� �C�.�K�.�,� �M�.�M�.�H�.�,� �S�.�B�.�,� �J�.�-�D�.�S�.�,� �a�n�d� �R�.�B�.� 

�F�u�n�d�i�n�g�:� �T�h�e� �G�e�r�m�a�n� �F�e�d�e�r�a�l� �M�i�n�i�s�t�r�i�e�s� �o�f� �E�d�u�c�a�t�i�o�n� �a�n�d� �R�e�s�e�a�r�c�h� �(�B�M�B�F�)� �f�u�n�d�e�d� �t�h�e� �s�t�u�d�y� �i�n� �c�o�n�n�e�c�t�i�o�n� 
�w�i�t�h� �t�h�e� �z�o�o�n�o�s�e�s� �r�e�s�e�a�r�c�h� �c�o�n�s�o�r�t�i�u�m� �P�A�C�-�C�A�M�P�Y� �t�o� �R�.�B�.� �a�n�d� �J�.�D�.�S�.� �(�I�P�8�/�0�1�K�I�1�7�2�5�D�)�,� �S�.�B�.� �a�n�d� �M�.�M�.�H�.� 
�(�I�P�7�/�0�1�K�1�1�7�2�5�D�)�,� �K�.�S�.� �(�I�P�3�/�0�1�K�1�1�7�2�5�B�)�,� �a�n�d� �S�.�K�.� �(�I�P�3�/�0�1�K�I�1�7�2�5�C�)�.� �T�h�e� �f�u�n�d�e�r�s� �h�a�d� �n�o� �i�n�f�l�u�e�n�c�e� �i�n� �t�h�e� �s�t�u�d�y� 
�d�e�s�i�g�n�,� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n�,� �a�n�a�l�y�s�i�s�,� �d�e�c�i�s�i�o�n� �t�o� �p�u�b�l�i�s�h�,� �o�r� �p�r�e�p�a�r�a�t�i�o�n� �o�f� �t�h�e� �m�a�n�u�s�c�r�i�p�t�.� �W�e� �a�c�k�n�o�w�l�e�d�g�e� 
�s�u�p�p�o�r�t� �f�r�o�m� �t�h�e� �G�e�r�m�a�n� �R�e�s�e�a�r�c�h� �F�o�u�n�d�a�t�i�o�n� �(�D�F�G�)� �a�n�d� �t�h�e� �O�p�e�n� �A�c�c�e�s�s� �P�u�b�l�i�c�a�t�i�o�n� �F�u�n�d� �o�f� �t�h�e� 
�C�h�a�r�i�t�é�-�U�n�i�v�e�r�s�i�t�a�é�t�s�m�e�d�i�z�i�n� �B�e�r�l�i�n�.� 

�A�c�k�n�o�w�l�e�d�g�m�e�n�t�s�:� �I�n�-�F�a�h� �M�a�r�i�a� �L�e�e� �i�s� �g�r�a�t�e�f�u�l�l�y� �a�c�k�n�o�w�l�e�d�g�e�d� �f�o�r� �h�e�r� �e�x�c�e�l�l�e�n�t� �t�e�c�h�n�i�c�a�l� �s�u�p�p�o�r�t�.� �W�e� �t�h�a�n�k� 
�G�e�o�f�f�r�e�y� �I�.� �S�a�n�d�l�e�,� �(�U�n�i�v�e�r�s�i�t�y� �o�f� �L�e�e�d�s�,� �L�e�e�d�s�,� �U�K�)� �f�o�r� �h�i�s� �c�r�i�t�i�c�a�l� �d�i�s�c�u�s�s�i�o�n� �a�n�d� �s�u�p�p�o�r�t� �o�f� �t�h�e� �s�t�u�d�y�.� 

�C�o�n�f�l�i�c�t�s� �o�f� �I�n�t�e�r�e�s�t�:� �T�h�e� �a�u�t�h�o�r�s� �d�e�c�l�a�r�e� �n�o� �c�o�n�f�l�i�c�t� �o�f� �i�n�t�e�r�e�s�t�.� 

�A�b�b�r�e�v�i�a�t�i�o�n�s� 

�B�H�I� �B�r�a�i�n� �h�e�a�r�t� �i�n�f�u�s�i�o�n� �b�r�o�t�h� 
�C�B�A� �C�y�t�o�m�e�t�r�i�c� �b�e�a�d� �a�r�r�a�y� 
�C�F�U� �C�o�l�o�n�y� �f�o�r�m�i�n�g� �u�n�i�t�s� 
�C�L�S�M� �C�o�n�f�o�c�a�l� �l�a�s�e�r�-�s�c�a�n�n�i�n�g� �m�i�c�r�o�s�c�o�p�y� 
�D�A�P�I� �4�~�-�6�-�d�i�a�m�i�d�i�n�o�-�2�-�p�h�e�n�y�l�i�n�d�o�l�e� �d�i�h�y�d�r�o�c�h�l�o�r�i�d�e� 
�I�F�N� �I�n�t�e�r�f�e�r�o�n� 
�I�L� �I�n�t�e�r�l�e�u�k�i�n� 
�L�P�S� �L�i�p�o�p�o�l�y�s�a�c�c�h�a�r�i�d�e� 

�M�I�C� �M�i�n�i�m�a�l� �i�n�h�i�b�i�t�o�r�y� �c�o�n�c�e�n�t�r�a�t�i�o�n� 
�P�B�S� �P�h�o�s�p�h�a�t�e� �b�u�f�f�e�r�e�d� �s�a�l�i�n�e� 
�P�M�A� �P�h�o�r�b�o�l� �1�2�-�m�y�r�i�s�t�a�t�e� �1�3�-�a�c�e�t�a�t�e� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�I�n�t�.� �J�.� �M�o�l�.� �S�c�i�.� �2�0�1�9�,� �2�0�,� �4�8�3�0� �1�6� �o�f� �1�9� 

�T�E�R� �T�r�a�n�s�e�p�i�t�h�e�l�i�a�l� �e�l�e�c�t�r�i�c�a�l� �r�e�s�i�s�t�a�n�c�e� 
�T�J� �T�i�g�h�t� �j�u�n�c�t�i�o�n� 

�T�N�F� �T�u�m�o�r� �n�e�c�r�o�s�i�s� �f�a�c�t�o�r� 
�Z�O� �Z�o�n�u�l�a� �o�c�c�l�u�d�e�n�s� 

�A�p�p�e�n�d�i�x� �A� 

�A�c�u�t�e� �C�a�m�p�y�l�o�b�a�c�t�e�r�i�o�s�i�s� �C�o�n�t�a�i�n�s� �A�c�t�i�v�a�t�e�d� �S�i�g�n�a�l�i�n�g� �P�a�t�h�w�a�y�s� �f�o�r� �w�h�i�c�h� �C�u�r�c�u�m�i�n� �H�a�s� 
�C�o�u�n�t�e�r�-�R�e�g�u�l�a�t�o�r�y� �P�r�o�p�e�r�t�i�e�s� �i�n� �I�P�A� �A�n�a�l�y�s�i�s� 

�F�r�o�m� �a�c�u�t�e� �i�n�f�e�c�t�e�d� �C�.� �j�e�j�u�n�i� �p�a�t�i�e�n�t�s� �a� �R�N�A�-�S�e�q�u�e�n�c�i�n�g� �(�R�N�A�-�S�e�q�)� �a�n�a�l�y�s�i�s� �w�i�t�h� �c�o�n�c�o�m�i�t�a�n�t� �i�n�g�e�n�u�i�t�y� 
�p�a�t�h�w�a�y� �a�n�a�l�y�s�i�s� �(�I�P�A�,� �Q�i�a�g�e�n� �S�i�l�i�c�o�n� �V�a�l�l�e�y�)� �w�a�s� �p�e�r�f�o�r�m�e�d�.� �O�n�c�e� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �m�o�d�i�f�i�c�a�t�i�o�n�s� �w�e�r�e� �r�e�v�e�a�l�e�d�,� 
�a� �b�i�o�i�n�f�o�r�m�a�t�i�c� �p�r�e�d�i�c�t�i�o�n� �a�b�o�u�t� �p�o�s�s�i�b�l�e� �i�n�h�i�b�i�t�o�r�s� �o�f� �t�h�e� �c�h�a�n�g�e�d� �g�e�n�e� �r�e�g�u�l�a�t�i�o�n� �c�o�u�l�d� �b�e� �c�a�r�r�i�e�d� �o�u�t� �[�6�]�.� 
�T�h�e� �h�y�p�o�t�h�e�s�i�s� �i�s�,� �t�h�a�t� �u�p�s�t�r�e�a�m� �r�e�g�u�l�a�t�o�r�s�,� �w�h�i�c�h� �h�a�v�e� �a�n� �i�n�h�i�b�i�t�e�d� �a�c�t�i�v�a�t�i�o�n� �p�a�t�t�e�r�n�,� �m�a�y� �r�e�-�a�c�t�i�v�a�t�e� �i�n� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �i�n�f�e�c�t�i�o�n�,� �w�h�e�n� �t�h�e� �s�u�b�s�t�a�n�c�e� �i�s� �a�p�p�l�i�e�d� �d�u�r�i�n�g� �i�n�f�e�c�t�i�o�n�.� �C�o�n�s�e�q�u�e�n�t�l�y�,� �i�n�h�i�b�i�t�e�d� �u�p�s�t�r�e�a�m� 
�r�e�g�u�l�a�t�o�r�s� �c�o�u�l�d� �b�e� �p�r�o�t�e�c�t�i�v�e� �o�r� �t�h�e�r�a�p�e�u�t�i�c� �a�p�p�r�o�a�c�h�e�s� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �i�n�f�e�c�t�i�o�n� �b�y� �a�c�t�i�v�a�t�i�o�n� �o�f� �t�h�e� 
�c�o�r�r�e�s�p�o�n�d�i�n�g� �d�o�w�n�s�t�r�e�a�m� �p�a�t�h�w�a�y�s�.� �D�i�f�f�e�r�e�n�t� �p�o�t�e�n�t�i�a�l� �c�a�n�d�i�d�a�t�e�s� �w�e�r�e� �s�c�r�e�e�n�e�d� �f�o�r� �b�a�r�r�i�e�r�-�p�r�o�t�e�c�t�i�v�e� 
�a�n�d� �a�n�t�i�-�i�n�f�l�a�m�m�a�t�o�r�y� �p�r�o�p�e�r�t�i�e�s� �i�n� �C�.� �j�e�j�u�n�i� �i�n�f�e�c�t�i�o�n�.� �O�n�e� �p�r�o�m�i�s�i�n�g� �p�r�e�d�i�c�t�e�d� �r�e�g�u�l�a�t�o�r� �c�a�n�d�i�d�a�t�e� �t�h�a�t� �m�i�g�h�t� 
�c�o�u�n�t�e�r�-�r�e�g�u�l�a�t�e� �t�h�e� �C�.� �j�e�j�u�n�i�-�i�n�d�u�c�e�d� �d�o�w�n�s�t�r�e�a�m� �p�a�t�h�w�a�y�s� �w�a�s� �c�u�r�c�u�m�i�n�.� �C�u�r�c�u�m�i�n� �s�h�o�w�e�d� �a� �s�i�g�n�i�f�i�c�a�n�t� 
�e�f�f�e�c�t� �o�n� �d�o�w�n�s�t�r�e�a�m� �t�a�r�g�e�t� �g�e�n�e�s�,� �w�i�t�h� �a� �p�-�v�a�l�u�e� �o�f� �2�.�0�6�E�~� �a�n�d� �a�n� �a�c�t�i�v�a�t�i�o�n� �7�-�s�c�o�r�e� �o�f�  ��3�.�4�8�9�,� �a�n�d� �m�i�g�h�t� 
�t�h�e�r�e�f�o�r�e� �b�e� �a�n�o�t�h�e�r� �p�r�o�m�i�s�i�n�g� �b�a�r�r�i�e�r�-�p�r�o�t�e�c�t�i�n�g� �o�r� �p�o�t�e�n�t�i�a�l� �t�h�e�r�a�p�e�u�t�i�c� �s�u�b�s�t�a�n�c�e� �i�n� �c�a�m�p�y�l�o�b�a�c�t�e�r�i�o�s�i�s� �(�T�a�b�l�e� 
�$�1�)�.� �T�h�e� �C�.� �j�e�j�u�n�i�-�i�n�d�u�c�e�d� �t�a�r�g�e�t� �g�e�n�e�s� �i�n� �t�h�e� �d�a�t�a�s�e�t� �t�h�a�t� �c�o�u�l�d� �b�e� �c�o�u�n�t�e�r�-�r�e�g�u�l�a�t�e�d� �b�y� �c�u�r�c�u�m�i�n� �b�e�l�o�n�g� �m�a�i�n�l�y� 
�t�o� �p�r�o�-�i�n�f�l�a�m�m�a�t�o�r�y� �p�a�t�h�w�a�y�s�,� �s�u�c�h� �a�s� �T�N�F�-�«� �o�r� �I�L�-�1�.� �A�n�o�t�h�e�r� �p�r�o�m�i�s�i�n�g� �a�n�d� �s�t�u�d�i�e�d� �c�a�n�d�i�d�a�t�e� �a�g�a�i�n�s�t� �C�.� 
�j�e�j�u�n�i� �i�n�f�e�c�t�i�o�n�s� �i�s� �c�a�l�c�i�t�r�i�o�l� �(�a�c�t�i�v�e� �v�i�t�a�m�i�n� �D�)�.� �V�i�t�a�m�i�n� �D� �s�h�o�w�s� �i�n� �t�h�e� �R�N�A�-�S�e�q� �a�n�a�l�y�s�i�s� �w�i�t�h� �c�o�n�c�o�m�i�t�a�n�t� �I�P�A� 
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�M�a�r�a�t�h�e�,� �S�.�A�.�;� �B�a�l�a�k�r�i�s�h�n�a�n�,� �A�.�;� �N�e�g�i�,� �V�.�D�.�;� �S�a�k�o�r�e�y�,� �D�.�;� �C�h�a�n�d�r�a�,� �N�.�;� �C�h�a�k�r�a�v�o�r�t�t�y�,� �D�.� �C�u�r�c�u�m�i�n� �r�e�d�u�c�e�s� 

�t�h�e� �m�o�t�i�l�i�t�y� �o�f� �S�a�l�m�o�n�e�l�l�a� �e�n�t�e�r�i�c�a� �s�e�r�o�v�a�r� �t�y�p�h�y�m�u�r�i�u�m� �b�y� �b�i�n�d�i�n�g� �t�o� �t�h�e� �f�l�a�g�e�l�l�a�,� �t�h�e�r�e�b�y� �l�e�a�d�i�n�g� �t�o� �f�l�a�g�e�l�l�a�r� 
�f�r�a�g�i�l�i�t�y� �a�n�d� �s�h�e�d�d�i�n�g�.� �J�.� �B�a�c�t�e�r�i�o�l�.� �2�0�1�6�,� �1�9�8�,� �1�7�9�8�-�1�8�1�1�.� �[�C�r�o�s�s�R�e�f�]� 

�M�o�g�h�a�d�a�m�t�o�u�s�i�,� �$�.�Z�.�;� �K�a�d�i�r�,� �H�.�A�.�;� �H�a�s�s�a�n�d�a�r�v�i�s�h�,� �P�.�;� �T�a�j�i�k�,� �H�.�;� �A�b�u�b�a�k�a�r�,� �S�.�;� �Z�a�n�d�i�,� �K�.� �A� �r�e�v�i�e�w� �o�n� 

�a�n�t�i�b�a�c�t�e�r�i�a�l�,� �a�n�t�i�v�i�r�a�l�,� �a�n�d� �a�n�t�i�f�u�n�g�a�l� �a�c�t�i�v�i�t�y� �o�f� �c�u�r�c�u�m�i�n�.� �B�i�o�m�e�d�.� �R�e�s�.� �I�n�t�.� �2�0�1�4�,� �2�0�1�4�,� �1�8�6�8�6�4�.� �[�C�r�o�s�s�R�e�f�]� 

�S�a�n�t�o�s�,� �A�.�M�.�;� �L�o�p�e�s�,� �T�.�;� �O�l�e�a�s�t�r�o�,� �M�.�;� �G�a�t�o�,� �I�.�V�.�;� �F�l�o�c�h�,� �P�.�;� �B�e�n�e�j�a�t�,� �L�.�;� �C�h�a�v�e�s�,� �P�.�;� �P�e�r�e�i�r�a�,� �T�.�;� �S�e�i�x�a�s�,� �E�.�;� 

�M�a�c�h�a�d�o�,� �J�.�;� �e�t� �a�l�.� �C�u�r�c�u�m�i�n� �i�n�h�i�b�i�t�s� �g�a�s�t�r�i�c� �i�n�f�l�a�m�m�a�t�i�o�n� �i�n�d�u�c�e�d� �b�y� �H�e�l�i�c�o�b�a�c�t�e�r� �p�y�l�o�r�i� �i�n�f�e�c�t�i�o�n� �i�n� �a� �m�o�u�s�e� 
�m�o�d�e�l�.� �N�u�t�r�i�e�n�t�s� �2�0�1�5�,� �7�,� �3�0�6�-�3�2�0�.� �[�C�r�o�s�s�R�e�f�]� 

�G�u�n�e�s�,� �H�.�;� �G�u�l�e�n�,� �D�.�;� �M�u�t�l�u�,� �R�.�;� �G�u�m�u�s�,� �A�.�;� �T�a�s�,� �T�.�;� �T�o�p�k�a�y�a�,� �A�.�E�.� �A�n�t�i�b�a�c�t�e�r�i�a�l� �e�f�f�e�c�t�s� �o�f� �c�u�r�c�u�m�i�n�:� �A�n� 

�i�n� �v�i�t�r�o� �m�i�n�i�m�u�m� �i�n�h�i�b�i�t�o�r�y� �c�o�n�c�e�n�t�r�a�t�i�o�n� �s�t�u�d�y�.� �T�o�x�i�c�o�l�.� �I�n�d�.� �H�e�a�l�t�h� �2�0�1�6�,� �3�2�,� �2�4�6�-�2�5�0�.� �[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 

�S�h�a�r�m�a�,� �R�.�A�.�;� �G�e�s�c�h�n�e�r�,� �A� �J�.�;� �S�t�e�w�a�r�d�,� �W�.�P�.� �C�u�r�c�u�m�i�n�:� �T�h�e� �s�t�o�r�y� �s�o� �f�a�r�.� �E�u�r� �J�.� �C�a�n�c�e�r� �2�0�0�5�,� �4�1�,� �1�9�5�5�-�1�9�6�8�.� 

�[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 

�W�a�n�g�,� �J�.�;� �G�h�o�s�h�,� �S�.�S�.�;� �G�h�o�s�h�,� �S�.� �C�u�r�c�u�m�i�n� �i�m�p�r�o�v�e�s� �i�n�t�e�s�t�i�n�a�l� �b�a�r�r�i�e�r� �f�u�n�c�t�i�o�n�:� �M�o�d�u�l�a�t�i�o�n� �o�f� �i�n�t�r�a�c�e�l�l�u�l�a�r� 

�s�i�g�n�a�l�i�n�g�,� �a�n�d� �o�r�g�a�n�i�z�a�t�i�o�n� �o�f� �t�i�g�h�t� �j�u�n�c�t�i�o�n�s�.� �A�m�.� �J�.� �P�h�y�s�i�o�l�.�-�C�e�l�l�.� �P�h�y�s�i�o�l�.� �2�0�1�7�,� �3�1�2�,� �C�4�3�8�-�C�4�4�5�.� �[�C�r�o�s�s�R�e�f�]� 
�[�P�u�b�M�e�d�]� 

�B�a�r�t�i�k�,� �L�.�;� �W�h�i�t�f�i�e�l�d�,� �G�.�K�.�;� �K�a�c�z�m�a�r�s�k�a�,� �M�.�;� �L�o�w�m�i�l�l�e�r�,� �C�.�L�.�;� �M�o�f�f�e�t�,� �E�.�W�.�;� �F�u�r�m�i�c�k�,� �J�.�K�.�;� �H�e�r�n�a�n�d�e�z�,� �Z�.�;� 

�H�a�u�s�s�l�e�r�,� �C�.�A�.�;� �H�a�u�s�s�l�e�r�,� �M�.�R�.�;� �J�u�r�u�t�k�a�,� �P�.�W�.� �C�u�r�c�u�m�i�n�:� �A� �n�o�v�e�l� �n�u�t�r�i�t�i�o�n�a�l�l�y� �d�e�r�i�v�e�d� �l�i�g�a�n�d� �o�f� �t�h�e� �v�i�t�a�m�i�n� 

�D� �r�e�c�e�p�t�o�r� �w�i�t�h� �i�m�p�l�i�c�a�t�i�o�n�s� �f�o�r� �c�o�l�o�n� �c�a�n�c�e�r� �c�h�e�m�o�p�r�e�v�e�n�t�i�o�n�.� �J�.� �N�u�t�r�.� �B�i�o�c�h�e�m�.� �2�0�1�0�,� �2�1�,� �1�1�5�3�-�1�1�6�1�.� 
�[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 

�B�a�c�k�e�r�t�,� �S�.�;� �B�o�e�h�m�,� �M�.�;� �W�e�s�s�l�e�r�,� �S�.�;� �T�e�g�t�m�e�y�e�r�,� �N�.� �T�r�a�n�s�m�i�g�r�a�t�i�o�n� �r�o�u�t�e� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �a�c�r�o�s�s� 

�p�o�l�a�r�i�z�e�d� �i�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s�:� �P�a�r�a�c�e�l�l�u�l�a�r�,� �t�r�a�n�s�c�e�l�l�u�l�a�r� �o�r� �b�o�t�h�?� �C�e�l�l� �C�o�m�m�u�n�.� �S�i�g�n�a�l�.� �2�0�1�3�,� �1�1�,� �7�2�.� 
�[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 

�B�o�e�h�m�,� �M�.�;� �H�o�y�,� �B�.�;� �R�o�h�d�e�,� �M�.�;� �T�e�g�t�m�e�y�e�r�,� �N�.�;� �B�a�e�k�,� �K�.�T�.�;� �O�y�a�r�z�a�b�a�l�,� �O�.�A�.�;� �B�r�o�n�d�s�t�e�d�,� �L�.�;� �W�e�s�s�l�e�r�,� �S�.�;� 

�B�a�c�k�e�r�t�,� �S�.� �R�a�p�i�d� �p�a�r�a�c�e�l�l�u�l�a�r� �t�r�a�n�s�m�i�g�r�a�t�i�o�n� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �a�c�r�o�s�s� �p�o�l�a�r�i�z�e�d� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s� �w�i�t�h�o�u�t� 
�a�f�f�e�c�t�i�n�g� �T�E�R�:� �R�o�l�e� �o�f� �p�r�o�t�e�o�l�y�t�i�c�-�a�c�t�i�v�e� �H�t�r�A� �c�l�e�a�v�i�n�g� �E�-�c�a�d�h�e�r�i�n� �b�u�t� �n�o�t� �f�i�b�r�o�n�e�c�t�i�n�.� �G�u�t� �P�a�t�h�o�g�.� �2�0�1�2�,� �4�,� �3�.� 
�[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 

�W�i�n�e�,� �E�.�;� �C�h�a�n�,� �V�.�L�.�;� �S�h�e�r�m�a�n�,� �P�.�M�.� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �M�e�d�i�a�t�e�d� �D�i�s�r�u�p�t�i�o�n� �o�f� �P�o�l�a�r�i�z�e�d� �E�p�i�t�h�e�l�i�a�l� 
�M�o�n�o�l�a�y�e�r�s� �i�s� �C�e�l�l�-�T�y�p�e� �S�p�e�c�i�f�i�c�,� �T�i�m�e� �D�e�p�e�n�d�e�n�t�,� �a�n�d� �C�o�r�r�e�l�a�t�e�s� �w�i�t�h� �B�a�c�t�e�r�i�a�l� �I�n�v�a�s�i�o�n�.� �P�e�d�i�a�t�r�i�c� �R�e�s�.� 
�2�0�0�8�,� �6�4�,� �5�9�9�-�6�0�4�.� �[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 
�C�h�e�n�,� �M�.�L�.�;� �G�e�,� �Z�.�;� �F�o�x�,� �J�.�G�.�;� �S�c�h�a�u�e�r�,� �D�.�B�.� �D�i�s�r�u�p�t�i�o�n� �o�f� �t�i�g�h�t� �j�u�n�c�t�i�o�n�s� �a�n�d� �i�n�d�u�c�t�i�o�n� �o�f� �p�r�o�i�n�f�l�a�m�m�a�t�o�r�y� 

�c�y�t�o�k�i�n�e� �r�e�s�p�o�n�s�e�s� �i�n� �c�o�l�o�n�i�c� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s� �b�y� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� �2�0�0�6�,� �7�4�,� �6�5�8�1�-�6�5�8�9�.� 
�[�C�r�o�s�s�R�e�f�]� 

�H�e�i�m�e�s�a�a�t�,� �M�.�M�.�;� �G�r�u�n�d�m�a�n�n�,� �U�.�;� �A�l�u�t�i�s�,� �M�.�E�.�;� �F�i�s�c�h�e�r�,� �A�.�;� �B�e�r�e�s�w�i�l�l�,� �S�.� �S�m�a�l�l� �I�n�t�e�s�t�i�n�a�l� �P�r�o�-�I�n�f�l�a�m�m�a�t�o�r�y� 

�I�m�m�u�n�e� �R�e�s�p�o�n�s�e�s� �F�o�l�l�o�w�i�n�g� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �I�n�f�e�c�t�i�o�n� �o�f� �S�e�c�o�n�d�a�r�y� �A�b�i�o�t�i�c� �I�L�-�1�0�-�/ �� �M�i�c�e� �L�a�c�k�i�n�g� 
�N�u�c�l�e�o�t�i�d�e�-�O�l�i�g�o�m�e�r�i�z�a�t�i�o�n�-�D�o�m�a�i�n�-�2�.� �E�u�r�.� �J�.� �M�i�c�r�o�b�i�o�l�.� �I�m�m�u�n�o�l�.� �2�0�1�7�,� �7�,� �1�3�8�-�1�4�5�.� �[�C�r�o�s�s�R�e�f�]� 

�L�u�e�t�t�i�g�,� �J�.�;� �R�o�s�e�n�t�h�a�l�,� �R�.�;� �L�e�e�,� �I�.�-�F�M�.�;� �K�r�u�g�,� �S�.�M�.�;� �S�c�h�u�l�z�k�e�,� �J�.�D�.� �T�h�e� �g�i�n�g�e�r� �c�o�m�p�o�n�e�n�t� �6�-�s�h�o�g�a�o�l� �p�r�e�v�e�n�t�s� 

�T�N�F�-�a�-�i�n�d�u�c�e�d� �b�a�r�r�i�e�r� �l�o�s�s� �v�i�a� �i�n�h�i�b�i�t�i�o�n� �o�f� �P�I�3�K�/�A�k�t� �a�n�d� �N�F�-�k�B� �s�i�g�n�a�l�i�n�g�.� �M�o�l�.� �N�u�t�r�.� �F�o�o�d� �R�e�s�.� �2�0�1�6�,� �6�0�,� 

�2�5�7�6�-�2�5�8�6�.� �[�C�r�o�s�s�R�e�f�]� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�I�n�t�.� �J�.� �M�o�l�.� �S�c�i�.� �2�0�1�9�,� �2�0�,� �4�8�3�0� �1�8� �o�f� �1�9� 

�3�1�.� 

�3�2�.� 

�3�3�.� 

�3�4�.� 

�3�5�.� 

�3�6�.� 

�3�7�.� 

�3�8�.� 

�3�9�.� 

�4�1�.� 

�4�2�.� 

�4�3�.� 

�4�5�.� 

�4�7�.� 

�B�i�i�c�k�e�r�,� �R�.�;� �K�r�u�g�,� �S�.�M�.�;� �F�r�o�m�m�,� �A�.�;� �N�i�e�l�s�e�n�,� �H�.�L�.�;� �F�r�o�m�m�,� �M�.�;� �N�i�e�l�s�e�n�,� �H�.�;� �S�c�h�u�l�z�k�e�,� �J�.�-�D�.� �C�a�m�p�y�l�o�b�a�c�t�e�r� �f�e�t�u�s� 

�i�m�p�a�i�r�s� �b�a�r�r�i�e�r� �f�u�n�c�t�i�o�n� �i�n� �H�T�-�2�9�/�B�6� �c�e�l�l�s� �t�h�r�o�u�g�h� �f�o�c�a�l� �t�i�g�h�t� �j�u�n�c�t�i�o�n� �a�l�t�e�r�a�t�i�o�n�s� �a�n�d� �l�e�a�k�s�.� �A�n�n�.� �N�.� �Y�.� �A�c�a�d�.� 
�S�c�i�.� �2�0�1�7�,� �1�4�0�5�,� �1�8�9�-�2�0�1�.� �[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 
�A�m�a�s�h�e�h�,� �M�.�;� �F�r�o�m�m�,� �A�.�;� �K�r�u�g�,� �$�.�M�.�;� �A�m�a�s�h�e�h�,� �S�.�;� �A�n�d�r�e�s�,� �S�.�;� �Z�e�i�t�z�,� �M�.�;� �F�r�o�m�m�,� �M�.�;� �S�c�h�u�l�z�k�e�,� �J�.�-�D�.� 

�T�N�F�a�l�p�h�a�-�i�n�d�u�c�e�d� �a�n�d� �b�e�r�b�e�r�i�n�e�-�a�n�t�a�g�o�n�i�z�e�d� �t�i�g�h�t� �j�u�n�c�t�i�o�n� �b�a�r�r�i�e�r� �i�m�p�a�i�r�m�e�n�t� �v�i�a� �t�y�r�o�s�i�n�e� �k�i�n�a�s�e�,� �A�k�t� 
�a�n�d� �N�F�k�a�p�p�a�B� �s�i�g�n�a�l�i�n�g�.� �J�.� �C�e�l�l� �S�c�i�.� �2�0�1�0�,� �1�2�3�,� �4�1�4�5�-�4�1�5�5�.� �[�C�r�o�s�s�R�e�f�]� 
�R�o�s�e�n�t�h�a�l�,� �R�.�;� �L�u�e�t�t�i�g�,� �J�.�;� �H�e�r�i�n�g�,� �N�.�A�.�;� �K�r�u�g�,� �S�.�M�.�;� �A�l�b�r�e�c�h�t�,� �U�.�;� �F�r�o�m�m�,� �M�.�;� �S�c�h�u�l�z�k�e�,� �J�.�D�.� �M�y�r�r�h� �e�x�e�r�t�s� 

�b�a�r�r�i�e�r�-�s�t�a�b�i�l�i�s�i�n�g� �a�n�d�  ��p�r�o�t�e�c�t�i�v�e� �e�f�f�e�c�t�s� �i�n� �H�T�-�2�9�/�B�6� �a�n�d� �C�a�c�o�-�2� �i�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s�.� �I�n�t�.� �J�.� �C�o�l�o�r�e�c�t�a�l� 
�D�i�s�.� �2�0�1�7�,� �3�2�,� �6�2�3�-�6�3�4�.� �[�C�r�o�s�s�R�e�f�]� 

�B�o�j�a�r�s�k�i�,� �C�.�;� �W�e�i�s�k�e�,� �J�.�;� �S�c�h�é�n�e�b�e�r�g�,� �T�.�;� �S�c�h�r�é�d�e�r�,� �W�.�;� �M�a�n�k�e�r�t�z�,� �J�.�;� �S�c�h�u�l�z�k�e�,� �J�.�-�D�.�;� �F�l�o�r�i�a�n�,� �P�.�;� �F�r�o�m�m�,� �M�.�;� 

�T�a�u�b�e�r�,� �R�.�;� �H�u�b�e�r�,� �O�.� �T�h�e� �s�p�e�c�i�f�i�c� �f�a�t�e�s� �o�f� �t�i�g�h�t� �j�u�n�c�t�i�o�n� �p�r�o�t�e�i�n�s� �i�n� �a�p�o�p�t�o�t�i�c� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s�.� �J�.� �C�e�l�l� �S�c�i�.� �2�0�0�4�,� 
�1�1�7�,� �2�0�9�7�-�2�1�0�7�.� �[�C�r�o�s�s�R�e�f�]� 

�A�m�a�s�h�e�h�,� �M�.�;� �S�c�h�l�i�c�h�t�e�r�,� �S�.�;� �A�m�a�s�h�e�h�,� �S�.�;� �M�a�n�k�e�r�t�z�,� �J�.�;� �Z�e�i�t�z�,� �M�.�;� �F�r�o�m�m�,� �M�.�;� �S�c�h�u�l�z�k�e�,� �J�.�D�.� �Q�u�e�r�c�e�t�i�n� 

�e�n�h�a�n�c�e�s� �e�p�i�t�h�e�l�i�a�l� �b�a�r�r�i�e�r� �f�u�n�c�t�i�o�n� �a�n�d� �i�n�c�r�e�a�s�e�s� �c�l�a�u�d�i�n�-�4� �e�x�p�r�e�s�s�i�o�n� �i�n� �C�a�c�o�-�2� �c�e�l�l�s�.� �J�.� �N�u�t�r�.� �2�0�0�8�,� �1�3�8�,� 

�1�0�6�7�-�1�0�7�3�.� �[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 

�A�m�a�s�h�e�h�,� �M�.�;� �L�u�e�t�t�i�g�,� �J�.�;� �A�m�a�s�h�e�h�,� �S�.�;� �Z�e�i�t�z�,� �M�.�;� �F�r�o�m�m�,� �M�.�;� �S�c�h�u�l�z�k�e�,� �J�.�-�D�.� �E�f�f�e�c�t�s� �o�f� �q�u�e�r�c�e�t�i�n� �s�t�u�d�i�e�d� 

�i�n� �c�o�l�o�n�i�c� �H�T�-�2�9�/�B�6� �c�e�l�l�s� �a�n�d� �r�a�t� �i�n�t�e�s�t�i�n�e� �i�n� �v�i�t�r�o�.� �A�n�n�.� �N�.� �Y�.� �A�c�a�d�.� �S�c�i�.� �2�0�1�2�,� �1�2�5�8�,� �1�0�0�-�1�0�7�.� �[�C�r�o�s�s�R�e�f�]� 

�[�P�u�b�M�e�d�]� 

�Y�o�u�n�g�,� �K�.�T�.�;� �D�a�v�i�s�,� �L�.�M�.�;� �D�i�r�i�t�a�,� �V�.�J�.� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�:� �M�o�l�e�c�u�l�a�r� �b�i�o�l�o�g�y� �a�n�d� �p�a�t�h�o�g�e�n�e�s�i�s�.� �N�a�t�.� �R�e�v�.� 
�M�i�c�r�o�b�i�o�l�.� �2�0�0�7�,� �5�,� �6�6�5�-�6�7�9�.� �[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 

�H�a�n�a�i�,� �H�.�;� �l�i�d�a�,� �T�.�;� �T�a�k�e�u�c�h�i�,� �K�.�;� �W�a�t�a�n�a�b�e�,� �F�E�;� �M�a�r�u�y�a�m�a�,� �Y�.�;� �A�n�d�o�h�,� �A�.�;� �T�s�u�j�i�k�a�w�a�,� �T�.�;� �F�u�j�i�y�a�m�a�,� �Y�.�;� 

�M�i�t�s�u�y�a�m�a�,� �K�.�;� �S�a�t�a�,� �M�.�;� �e�t� �a�l�.� �C�u�r�c�u�m�i�n� �m�a�i�n�t�e�n�a�n�c�e� �t�h�e�r�a�p�y� �f�o�r� �u�l�c�e�r�a�t�i�v�e� �c�o�l�i�t�i�s�:� �R�a�n�d�o�m�i�z�e�d�,� �m�u�l�t�i�c�e�n�t�e�r�,� 

�d�o�u�b�l�e�-�b�l�i�n�d�,� �p�l�a�c�e�b�o�-�c�o�n�t�r�o�l�l�e�d� �t�r�i�a�l�.� �C�l�i�n�.� �G�a�s�t�r�o�e�n�t�e�r�o�l�.� �H�e�p�a�t�o�l�.� �2�0�0�6�,� �4�,� �1�5�0�2�-�1�5�0�6�.� �[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 

�S�i�n�g�l�a�,� �V�.�;� �P�r�a�t�a�p� �M�o�u�l�i�,� �V�.�;� �G�a�r�g�,� �S�.�K�.�;� �R�a�i�,� �T�.�;� �C�h�o�u�d�h�u�r�y�,� �B�.�N�.�;� �V�e�r�m�a�,� �P�.�;� �D�e�b�,� �R�.�;� �T�i�w�a�r�i�,� �V�.�;� �R�o�h�a�t�g�i�,� �S�.�;� 

�D�h�i�n�g�r�a�,� �R�.�;� �e�t� �a�l�.� �I�n�d�u�c�t�i�o�n� �w�i�t�h� �N�C�B�-�0�2� �(�c�u�r�c�u�m�i�n�)� �e�n�e�m�a� �f�o�r� �m�i�l�d�-�t�o�-�m�o�d�e�r�a�t�e� �d�i�s�t�a�l� �u�l�c�e�r�a�t�i�v�e� �c�o�l�i�t�i�s ��A� 

�r�a�n�d�o�m�i�z�e�d�,� �p�l�a�c�e�b�o�-�c�o�n�t�r�o�l�l�e�d�,� �p�i�l�o�t� �s�t�u�d�y�.� �J�.� �C�r�o�h�n ��s� �C�o�l�i�t�i�s� �2�0�1�4�,� �8�,� �2�0�8�-�2�1�4�.� �[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 

�L�a�n�g�,� �A�.�;� �S�a�l�o�m�o�n�,� �N�.�;� �W�u�,� �J�.�C�.�;� �K�o�p�y�l�o�v�,� �U�.�;� �L�a�h�a�t�,� �A�.�;� �H�a�r�-�N�o�y�,� �O�.�;� �C�h�i�n�g�,� �J�.�Y�.�;� �C�h�e�o�n�g�,� �P�.�K�.�;� �A�v�i�d�a�n�,� �B�.�;� 

�G�a�m�u�s�,� �D�.�;� �e�t� �a�l�.� �C�u�r�c�u�m�i�n� �i�n� �C�o�m�b�i�n�a�t�i�o�n� �W�i�t�h� �M�e�s�a�l�a�m�i�n�e� �I�n�d�u�c�e�s� �R�e�m�i�s�s�i�o�n� �i�n� �P�a�t�i�e�n�t�s� �W�i�t�h� 

�M�i�l�d�-�t�o�-�M�o�d�e�r�a�t�e� �U�l�c�e�r�a�t�i�v�e� �C�o�l�i�t�i�s� �i�n�a� �R�a�n�d�o�m�i�z�e�d� �C�o�n�t�r�o�l�l�e�d� �T�r�i�a�l�.� �C�l�i�n�.� �G�a�s�t�r�o�e�n�t�e�r�o�l�.� �H�e�p�a�t�o�l�.� �2�0�1�5�,� �1�3�,� 

�1�4�4�4�-�1�4�4�9�.� �[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 

�C�r�u�z�-�C�o�r�r�e�a�,� �M�.�;� �S�h�o�s�k�e�s�,� �D�.�A�.�;� �S�a�n�c�h�e�z�,� �P�.�;� �Z�h�a�o�,� �R�.�;� �H�y�l�i�n�d�,� �L�.�M�.�;� �W�e�x�n�e�r�,� �S�.�D�.�;� �G�i�a�r�d�i�e�l�l�o�,� �F�.�M�.� 

�C�o�m�b�i�n�a�t�i�o�n� �t�r�e�a�t�m�e�n�t� �w�i�t�h� �c�u�r�c�u�m�i�n� �a�n�d� �q�u�e�r�c�e�t�i�n� �o�f� �a�d�e�n�o�m�a�s� �i�n� �f�a�m�i�l�i�a�l� �a�d�e�n�o�m�a�t�o�u�s� �p�o�l�y�p�o�s�i�s�.� 
�C�l�i�n�.� �G�a�s�t�r�o�e�n�t�e�r�o�l�.� �H�e�p�a�t�o�l�.� �2�0�0�6�,� �4�,� �1�0�3�5�-�1�0�3�8�.� �[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 

�V�e�r�m�a�,� �S�.�P�.�;� �S�a�l�a�m�o�n�e�,� �E�.�;� �G�o�l�d�i�n�,� �B�.� �C�u�r�c�u�m�i�n� �a�n�d� �g�e�n�i�s�t�e�i�n�,� �p�l�a�n�t� �n�a�t�u�r�a�l� �p�r�o�d�u�c�t�s�,� �s�h�o�w� �s�y�n�e�r�g�i�s�t�i�c� 
�i�n�h�i�b�i�t�o�r�y� �e�f�f�e�c�t�s� �o�n� �t�h�e� �g�r�o�w�t�h� �o�f� �h�u�m�a�n� �b�r�e�a�s�t� �c�a�n�c�e�r� �M�C�F�-�7� �c�e�l�l�s� �i�n�d�u�c�e�d� �b�y� �e�s�t�r�o�g�e�n�i�c� �p�e�s�t�i�c�i�d�e�s�.� 
�B�i�o�c�h�e�m�.� �B�i�o�p�h�y�s�.� �R�e�s�.� �C�o�m�m�u�n�.� �1�9�9�7�,� �2�3�3�,� �6�9�2�-�6�9�6�.� �[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 

�B�a�l�a�s�u�b�r�a�m�a�n�i�a�n�,� �S�.�;� �E�c�k�e�r�t�,� �R�.�L�.� �G�r�e�e�n� �t�e�a� �p�o�l�y�p�h�e�n�o�l� �a�n�d� �c�u�r�c�u�m�i�n� �i�n�v�e�r�s�e�l�y� �r�e�g�u�l�a�t�e� �h�u�m�a�n� �i�n�v�o�l�u�c�r�i�n� 
�p�r�o�m�o�t�e�r� �a�c�t�i�v�i�t�y� �v�i�a� �o�p�p�o�s�i�n�g� �e�f�f�e�c�t�s� �o�n� �C�C�A�A�T�/�e�n�h�a�n�c�e�r�-�b�i�n�d�i�n�g� �p�r�o�t�e�i�n� �f�u�n�c�t�i�o�n�.� �J�.� �B�i�o�l�.� �C�h�e�m�.� �2�0�0�4�,� 
�2�7�9�,� �2�4�0�0�7�-�2�4�0�1�4�.� �[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 
�W�a�n�g�,� �Y�.�J�.�;� �P�a�n�,� �M�.�H�.�;� �C�h�e�n�g�,� �A�.�-�L�.�;� �L�i�n�,� �L�.�-�I�.�;� �H�o�,� �Y�.�-�S�.�;� �H�s�i�e�h�,� �C�.�-�Y�.�;� �L�i�n�,� �J�.�-�K�.� �S�t�a�b�i�l�i�t�y� �o�f� �c�u�r�c�u�m�i�n� �i�n� �b�u�f�f�e�r� 

�s�o�l�u�t�i�o�n�s� �a�n�d� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �i�t�s� �d�e�g�r�a�d�a�t�i�o�n� �p�r�o�d�u�c�t�s�.� �J�.� �P�h�a�r�m�.� �B�i�o�m�e�d�.� �A�n�a�l�.� �1�9�9�7�,� �1�5�,� �1�8�6�7�-�1�8�7�6�.� 

�[�C�r�o�s�s�R�e�f�]� 

�B�e�r�g�a�n�n�,� �T�.�;� �P�l�é�g�e�r�,� �S�.�;� �F�r�o�m�m�,� �A�.�;� �Z�e�i�s�s�i�g�,� �S�.�;� �B�o�r�d�e�n�,� �S�.�A�.�;� �F�r�o�m�m�,� �M�.�;� �S�c�h�u�l�z�k�e�,� �J�.�D�.� �A� �c�o�l�o�n�i�c� 

�m�i�n�e�r�a�l�o�c�o�r�t�i�c�o�i�d� �r�e�c�e�p�t�o�r� �c�e�l�l� �m�o�d�e�l� �e�x�p�r�e�s�s�i�n�g� �e�p�i�t�h�e�l�i�a�l� �N�a�+� �c�h�a�n�n�e�l�s�.� �B�i�o�c�h�e�m�.� �B�i�o�p�h�y�s�.� �R�e�s�.� �C�o�m�m�.� 
�2�0�0�9�,� �3�8�1�,� �2�8�0�-�2�8�5�.� �[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 
�K�r�e�u�s�e�l�,� �K�.�M�.�;� �F�r�o�m�m�,� �M�.�;� �S�c�h�u�l�z�k�e�,� �J�.�D�.�;� �H�e�g�e�l�,� �U�.� �C�l�-� �s�e�c�r�e�t�i�o�n� �i�n� �e�p�i�t�h�e�l�i�a�l� �m�o�n�o�l�a�y�e�r�s� �o�f� �m�u�c�u�s�-�f�o�r�m�i�n�g� 

�h�u�m�a�n� �c�o�l�o�n� �c�e�l�l�s� �(�H�T�-�2�9�/�B�6�)�.� �A�m�.� �J�.� �P�h�y�s�i�o�l�.� �1�9�9�1�,� �2�6�1�,� �C�5�7�4�- ��C�5�8�2�.� �[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 
�Z�e�i�s�s�i�g�,� �S�.�;� �B�i�i�r�g�e�l�,� �N�.�;� �G�i�i�n�z�e�l�,� �D�.�;� �R�i�c�h�t�e�r�,� �J�.�;� �M�a�n�k�e�r�t�z�,� �J�.�;� �W�a�h�n�s�c�h�a�f�f�e�,� �U�.�;� �K�r�o�e�s�e�n�,� �A�.�J�.�;� �Z�e�i�t�z�,� �M�.�;� �F�r�o�m�m�,� 

�M�.�,�;� �S�c�h�u�l�z�k�e�,� �J�.�D�.� �C�h�a�n�g�e�s� �i�n� �e�x�p�r�e�s�s�i�o�n� �a�n�d� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �c�l�a�u�d�i�n� �2�,�5� �a�n�d� �8� �l�e�a�d� �t�o� �d�i�s�c�o�n�t�i�n�u�o�u�s� �t�i�g�h�t� 

�j�u�n�c�t�i�o�n�s� �a�n�d� �b�a�r�r�i�e�r� �d�y�s�f�u�n�c�t�i�o�n� �i�n� �a�c�t�i�v�e� �C�r�o�h�n ��s� �d�i�s�e�a�s�e�.� �G�u�t� �2�0�0�7�,� �5�6�,� �6�1�-�7�2�.� �[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 

�K�a�m�p�f�e�r�,� �A�.�A�.�M�.�;� �U�r�b�a�n�,� �P�.�;� �G�i�o�r�i�a�,� �S�.�;� �K�a�n�a�s�e�,� �N�.�;� �S�t�o�n�e�,� �V�.�;� �K�i�n�s�n�e�r�-�O�v�a�s�k�a�i�n�e�n�,� �A�.� �D�e�v�e�l�o�p�m�e�n�t� �o�f� �a�n� 

�i�n� �v�i�t�r�o� �c�o�-�c�u�l�t�u�r�e� �m�o�d�e�l� �t�o� �m�i�m�i�c� �t�h�e� �h�u�m�a�n� �i�n�t�e�s�t�i�n�e� �i�n� �h�e�a�l�t�h�y� �a�n�d� �d�i�s�e�a�s�e�d� �s�t�a�t�e�.� �T�o�x�i�c�o�l�.� �I�n� �V�i�t�r�o� �2�0�1�7�,� 

�4�5�,� �3�1�-�4�3�.� �[�C�r�o�s�s�R�e�f�]� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 

�I�n�t�.� �J�.� �M�o�l�.� �S�c�i�.� �2�0�1�9�,� �2�0�,� �4�8�3�0� �1�9� �o�f� �1�9� 

�4�9�.� 

�5�0�.� 

�5�1�:� 

�5�2�.� 

�H�a�a�g�,� �L�.�M�.�;� �F�i�s�c�h�e�r�,� �A�.�;� �O�t�t�o�,� �B�.�;� �P�l�i�c�k�e�r�t�,� �R�.�;� �K�i�i�h�l�,� �A�.�A�.�;� �G�o�b�e�l�,� �U�.�B�.�;� �B�e�r�e�s�w�i�l�l�,� �S�.�;� �H�e�i�m�e�s�a�a�t�,� �M�.�M�.� �I�n�t�e�s�t�i�n�a�l� 

�m�i�c�r�o�b�i�o�t�a� �s�h�i�f�t�s� �t�o�w�a�r�d�s� �e�l�e�v�a�t�e�d� �c�o�m�m�e�n�s�a�l� �E�s�c�h�e�r�i�c�h�i�a� �c�o�l�i� �l�o�a�d�s� �a�b�r�o�g�a�t�e� �c�o�l�o�n�i�z�a�t�i�o�n� �r�e�s�i�s�t�a�n�c�e� �a�g�a�i�n�s�t� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �i�n� �m�i�c�e�.� �P�L�o�S� �O�N�E� �2�0�1�2�,� �7�,� �e�3�5�9�8�8�.� �[�C�r�o�s�s�R�e�f�]� 
�B�e�r�e�s�w�i�l�l�,� �S�.�;� �P�l�i�c�k�e�r�t�,� �R�.�;� �F�i�s�c�h�e�r�,� �A�.�;� �K�i�i�h�l�,� �A�.�A�.�;� �L�o�d�d�e�n�k�e�m�p�e�r�,� �C�.�;� �B�a�t�r�a�,� �A�.�;� �S�i�e�g�m�u�n�d�,� �B�.�;� �G�o�b�e�l�,� �U�.�B�.�;� 

�H�e�i�m�e�s�a�a�t�,� �M�.�M�.� �W�h�a�t� �y�o�u� �e�a�t� �i�s� �w�h�a�t� �y�o�u� �g�e�t�:� �N�o�v�e�l� �C�a�m�p�y�l�o�b�a�c�t�e�r� �m�o�d�e�l�s� �i�n� �t�h�e� �q�u�a�d�r�a�n�g�l�e� �r�e�l�a�t�i�o�n�s�h�i�p� 
�b�e�t�w�e�e�n� �n�u�t�r�i�t�i�o�n�,� �o�b�e�s�i�t�y�,� �m�i�c�r�o�b�i�o�t�a� �a�n�d� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� �t�o� �i�n�f�e�c�t�i�o�n�.� �E�u�r�.� �J�.� �M�i�c�r�o�b�i�o�l�.� �I�m�m�u�n�o�l�.� �2�0�1�1�,� �1�,� 
�2�3�7�-�2�4�8�.� �[�C�r�o�s�s�R�e�f�]� 

�G�i�t�t�e�r�,� �A�.�H�.�;� �S�c�h�u�l�z�k�e�,� �J�.�-�D�.�;� �S�o�r�g�e�n�f�r�e�i�,� �D�.�;� �F�r�o�m�m�,� �M�.� �U�s�s�i�n�g� �c�h�a�m�b�e�r� �f�o�r� �h�i�g�h�-�f�r�e�q�u�e�n�c�y� �t�r�a�n�s�m�u�r�a�l� 

�i�m�p�e�d�a�n�c�e� �a�n�a�l�y�s�i�s� �o�f� �e�p�i�t�h�e�l�i�a�l� �t�i�s�s�u�e�s�.� �J�.� �B�i�o�c�h�e�m�.� �B�i�o�p�h�y�s�.� �M�e�t�h�o�d�s� �1�9�9�7�,� �3�5�,� �8�1�-�8�8�.� �[�C�r�o�s�s�R�e�f�]� 
�K�r�i�i�g�e�r�,� �N� �J�.�;� �K�n�i�i�v�e�r�,� �M�.�T�.�;� �Z�a�w�i�l�a�k�-�P�a�w�l�i�k�,� �A�.�;� �A�p�p�e�l�,� �B�.�;� �S�t�i�n�g�l�,� �K�.� �G�e�n�e�t�i�c� �D�i�v�e�r�s�i�t�y� �a�s� �C�o�n�s�e�q�u�e�n�c�e� �o�f� 

�a� �M�i�c�r�o�a�e�r�o�b�i�c� �a�n�d� �N�e�u�t�r�o�p�h�i�l�i�c� �L�i�f�e�s�t�y�l�e�.� �P�L�o�S� �P�a�t�h�o�g�.� �2�0�1�6�,� �1�2�,� �1�0�0�5�6�2�6�.� �[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 

�@�)� �©� �2�0�1�9� �b�y� �t�h�e� �a�u�t�h�o�r�s�.� �L�i�c�e�n�s�e�e� �M�D�P�I�,� �B�a�s�e�l�,� �S�w�i�t�z�e�r�l�a�n�d�.� �T�h�i�s� �a�r�t�i�c�l�e� �i�s� �a�n� �o�p�e�n� �a�c�c�e�s�s� 

�a�r�t�i�c�l�e� �d�i�s�t�r�i�b�u�t�e�d� �u�n�d�e�r� �t�h�e� �t�e�r�m�s� �a�n�d� �c�o�n�d�i�t�i�o�n�s� �o�f� �t�h�e� �C�r�e�a�t�i�v�e� �C�o�m�m�o�n�s� �A�t�t�r�i�b�u�t�i�o�n� 
�B�Y� 

�(�C�C� �B�Y�)� �l�i�c�e�n�s�e� �(�h�t�t�p�:�/�/�c�r�e�a�t�i�v�e�c�o�m�m�o�n�s�.�o�r�g�/�l�i�c�e�n�s�e�s�/�b�y�/�4�.�0�/�)�.� 
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5.3 Publication 2: Comparison of different technologies for the 
decipherment of the whole genome sequence of 
Campylobacter jejuni  BfR-CA-14430. 

 

�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�5�.�3� �P�u�b�l�i�c�a�t�i�o�n� �2�:� �C�o�m�p�a�r�i�s�o�n� �o�f� �d�i�f�f�e�r�e�n�t� �t�e�c�h�n�o�l�o�g�i�e�s� �f�o�r� �t�h�e� 
�d�e�c�i�p�h�e�r�m�e�n�t� �o�f� �t�h�e� �w�h�o�l�e� �g�e�n�o�m�e� �s�e�q�u�e�n�c�e� �o�f� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �B�f�R�-�C�A�-�1�4�4�3�0�.� 

�E�p�p�i�n�g� �e�t�a�l�.� �G�u�t� �P�a�t�h�o�g� �(�2�0�1�9�)� �1�1�:�5�9� 
�h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�8�6�/�s�1�3�0�9�9�-�0�1�9�-�0�3�4�0�-�7� �G�u�t� �P�a�t�h�o�g�e�n�s� 

�®� 
�C�h�e�c�k� �f�o�r� 
�u�p�d�a�t�e�s� �C�o�m�p�a�r�i�s�o�n� �o�f� �d�i�f�f�e�r�e�n�t� �t�e�c�h�n�o�l�o�g�i�e�s� 

�f�o�r� �t�h�e� �d�e�c�i�p�h�e�r�m�e�n�t� �o�f� �t�h�e� �w�h�o�l�e� �g�e�n�o�m�e� 
�s�e�q�u�e�n�c�e� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �B�f�R�-�C�A�-�1�4�4�3�0� 
�L�e�n�n�a�r�d� �E�p�p�i�n�g�|�,� �J�u�l�i�a� �C�.� �G�o�l�z ��,� �M�a�r�i�e�-�T�h�e�r�e�s� �K�n�i�i�v�e�r ��,� �C�h�a�r�l�o�t�t�e� �H�u�b�e�r�,� �A�n�d�r�e�a� �T�h�i�r�m�e�r ��,� �L�o�t�h�a�r� �H�.� �W�i�e�l�e�r ��,� 
�K�e�r�s�t�i�n� �S�t�i�n�g�l�?� �a�n�d� �T�o�r�s�t�e�n� �S�e�m�m�l�e�r�' �� �G� 

�A�b�s�t�r�a�c�t� 

�B�a�c�k�g�r�o�u�n�d�:� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �i�s� �a� �z�o�o�n�o�t�i�c� �p�a�t�h�o�g�e�n� �t�h�a�t� �i�n�f�e�c�t�s� �t�h�e� �h�u�m�a�n� �g�u�t� �t�h�r�o�u�g�h� �t�h�e� �f�o�o�d� �c�h�a�i�n� �m�a�i�n�l�y� 
�b�y� �c�o�n�s�u�m�p�t�i�o�n� �o�f� �u�n�d�e�r�c�o�o�k�e�d� �c�h�i�c�k�e�n� �m�e�a�t�,� �r�a�w� �c�h�i�c�k�e�n� �c�r�o�s�s�-�c�o�n�t�a�m�i�n�a�t�e�d� �r�e�a�d�y�-�t�o�-�e�a�t� �f�o�o�d� �o�r� �b�y� �r�a�w� �m�i�l�k�.� 
�I�n� �t�h�e� �l�a�s�t� �d�e�c�a�d�e�s�,� �C�.� �j�e�j�u�n�i� �h�a�s� �i�n�c�r�e�a�s�i�n�g�l�y� �b�e�c�o�m�e� �t�h�e� �m�o�s�t� �c�o�m�m�o�n� �b�a�c�t�e�r�i�a�l� �c�a�u�s�e� �f�o�r� �f�o�o�d�-�b�o�r�n� �i�n�f�e�c�t�i�o�n�s� �i�n� 
�h�i�g�h� �i�n�c�o�m�e� �c�o�u�n�t�r�i�e�s�,� �c�o�s�t�i�n�g� �p�u�b�l�i�c� �h�e�a�l�t�h� �s�y�s�t�e�m�s� �b�i�l�l�i�o�n�s� �o�f� �e�u�r�o�s� �e�a�c�h� �y�e�a�r�.� �C�u�r�r�e�n�t�l�y�,� �d�i�f�f�e�r�e�n�t� �w�h�o�l�e� �g�e�n�o�m�e� 
�s�e�q�u�e�n�c�i�n�g� �t�e�c�h�n�i�q�u�e�s� �s�u�c�h� �a�s� �s�h�o�r�t�-�r�e�a�d� �b�r�i�d�g�e� �a�m�p�l�i�f�i�c�a�t�i�o�n� �a�n�d� �l�o�n�g�-�r�e�a�d� �s�i�n�g�l�e� �m�o�l�e�c�u�l�e� �r�e�a�l�-�t�i�m�e� �s�e�q�u�e�n�c�i�n�g� 
�t�e�c�h�n�i�q�u�e�s� �a�r�e� �a�p�p�l�i�e�d� �f�o�r� �i�n�-�d�e�p�t�h� �a�n�a�l�y�s�i�s� �o�f� �b�a�c�t�e�r�i�a�l� �s�p�e�c�i�e�s�,� �i�n� �p�a�r�t�i�c�u�l�a�r�,� �I�l�l�u�m�i�n�a� �M�i�S�e�q�,� �P�a�c�B�i�o� �a�n�d� �M�i�n�l�O�N�.� 

�R�e�s�u�l�t�s�:� �I�n� �t�h�i�s� �s�t�u�d�y�,� �w�e� �a�n�a�l�y�z�e�d� �a� �r�e�c�e�n�t�l�y� �i�s�o�l�a�t�e�d� �C� �j�e�j�u�n�i� �s�t�r�a�i�n� �f�r�o�m� �c�h�i�c�k�e�n� �m�e�a�t� �b�y� �s�h�o�r�t�-� �a�n�d� �l�o�n�g�-�r�e�a�d� �d�a�t�a� �f�r�o�m� 
�I�l�l�u�m�i�n�a�,� �P�a�c�B�i�o� �a�n�d� �M�i�n�l�I�O�N� �s�e�q�u�e�n�c�i�n�g� �t�e�c�h�n�o�l�o�g�i�e�s�.� �F�o�r� �c�o�m�p�a�r�a�b�i�l�i�t�y�,� �t�h�i�s� �s�t�r�a�i�n� �i�s� �u�s�e�d� �i�n� �t�h�e� �G�e�r�m�a�n� �P�A�C�-�C�A�M�P�Y� 
�r�e�s�e�a�r�c�h� �c�o�n�s�o�r�t�i�u�m� �i�n� �s�e�v�e�r�a�l� �s�t�u�d�i�e�s�,� �i�n�c�l�u�d�i�n�g� �p�h�e�n�o�t�y�p�i�c� �a�n�a�l�y�s�i�s� �o�f� �b�i�o�f�i�l�m� �f�o�r�m�a�t�i�o�n�,� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �a�n�d� �i�n� �v�i�v�o� 
�c�o�l�o�n�i�z�a�t�i�o�n� �m�o�d�e�l�s�.� �T�h�e� �c�o�m�p�l�e�t�e� �a�s�s�e�m�b�l�e�d� �g�e�n�o�m�e� �s�e�q�u�e�n�c�e� �m�o�s�t� �l�i�k�e�l�y� �c�o�n�s�i�s�t�s� �o�f� �a� �c�h�r�o�m�o�s�o�m�e� �o�f� �1�,�6�4�5�,�9�8�0� �b�p� �c�o�v�-� 
�e�r�i�n�g� �1�6�6�5� �c�o�d�i�n�g� �s�e�q�u�e�n�c�e�s� �a�s� �w�e�l�l� �a�s� �a� �p�l�a�s�m�i�d� �s�e�q�u�e�n�c�e� �w�i�t�h� �4�1�,�7�7�2� �b�p� �t�h�a�t� �e�n�c�o�d�e�s� �f�o�r� �4�6� �g�e�n�e�s�.� �M�u�l�t�i�l�o�c�u�s� �s�e�q�u�e�n�c�e� 
�t�y�p�i�n�g� �r�e�v�e�a�l�e�d� �t�h�a�t� �t�h�e� �s�t�r�a�i�n� �b�e�l�o�n�g�s� �t�o� �t�h�e� �c�l�o�n�a�l� �c�o�m�p�l�e�x� �C�C�-�2�1� �(�S�T�-�4�4�)� �w�h�i�c�h� �i�s� �k�n�o�w�n� �t�o� �b�e� �i�n�v�o�l�v�e�d� �i�n� �C�.� �j�e�j�u�n�i� �h�u�m�a�n� 
�i�n�f�e�c�t�i�o�n�s�,� �i�n�c�l�u�d�i�n�g� �o�u�t�b�r�e�a�k�s�.� �F�u�r�t�h�e�r�m�o�r�e�,� �w�e� �d�i�s�c�o�v�e�r�e�d� �r�e�s�i�s�t�a�n�c�e� �d�e�t�e�r�m�i�n�a�n�t�s� �a�n�d� �a� �p�o�i�n�t� �m�u�t�a�t�i�o�n� �i�n� �t�h�e� �D�N�A� �g�y�r�a�s�e� 
�(�g�y�r�A�)� �t�h�a�t� �r�e�n�d�e�r� �t�h�e� �b�a�c�t�e�r�i�u�m� �r�e�s�i�s�t�a�n�t� �a�g�a�i�n�s�t� �a�m�p�i�c�i�l�l�i�n�,� �t�e�t�r�a�c�y�c�l�i�n�e� �a�n�d� �(�f�l�u�o�r�o�-�)�q�u�i�n�o�l�o�n�e�s�.� 

�C�o�n�c�l�u�s�i�o�n�:� �T�h�e� �c�o�m�p�a�r�i�s�o�n� �o�f� �I�l�l�u�m�i�n�a� �M�i�S�e�q�,� �P�a�c�B�i�o� �a�n�d� �M�i�n�l�I�O�N� �s�e�q�u�e�n�c�i�n�g� �a�n�d� �a�n�a�l�y�s�e�s� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �a�s�s�e�m�b�l�y� 
�t�o�o�l�s� �e�n�a�b�l�e�d� �u�s� �t�o� �r�e�c�o�n�s�t�r�u�c�t� �a� �c�o�m�p�l�e�t�e� �c�h�r�o�m�o�s�o�m�e� �a�s� �w�e�l�l� �a�s� �a� �c�i�r�c�u�l�a�r� �p�l�a�s�m�i�d� �s�e�q�u�e�n�c�e� �o�f� �t�h�e� �C�.� �j�e�j�u�n�i� �s�t�r�a�i�n� 
�B�f�R�-�C�A�-�1�4�4�3�0�.� �I�l�l�u�m�i�n�a� �s�h�o�r�t�-�r�e�a�d� �s�e�q�u�e�n�c�i�n�g� �i�n� �c�o�m�b�i�n�a�t�i�o�n� �w�i�t�h� �e�i�t�h�e�r� �P�a�c�B�i�o� �o�r� �M�i�n�l�O�N� �c�a�n� �s�u�b�s�t�a�n�t�i�a�l�l�y� �i�m�p�r�o�v�e� 
�t�h�e� �q�u�a�l�i�t�y� �o�f� �t�h�e� �c�o�m�p�l�e�t�e� �c�h�r�o�m�o�s�o�m�e� �a�n�d� �e�p�i�c�h�r�o�m�o�s�o�m�a�l� �e�l�e�m�e�n�t�s� �o�n� �t�h�e� �l�e�v�e�l� �o�f� �m�i�s�m�a�t�c�h�e�s� �a�n�d� �i�n�s�e�r�t�i�o�n�s�/� 
�d�e�l�e�t�i�o�n�s�,� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �a�s�s�e�m�b�l�y� �p�r�o�g�r�a�m� �u�s�e�d�.� 

�K�e�y�w�o�r�d�s�:� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�,� �L�o�n�g� �r�e�a�d� �s�e�q�u�e�n�c�i�n�g�,� �H�y�b�r�i�d� �a�s�s�e�m�b�l�i�e�s�,� �A�s�s�e�m�b�l�e�r� �c�o�m�p�a�r�i�s�o�n�,� �A�n�t�i�b�i�o�t�i�c� 
�r�e�s�i�s�t�a�n�c�e� 

�B�a�c�k�g�r�o�u�n�d� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �i�s� �a� �G�r�a�m�-�n�e�g�a�t�i�v�e� �b�a�c�t�e�r�i�u�m� �t�h�a�t� 
�c�o�l�o�n�i�z�e�s� �a� �w�i�d�e� �r�a�n�g�e� �o�f� �h�o�s�t�s� �a�s� �p�a�r�t� �o�f� �t�h�e� �n�a�t�u�r�a�l� �g�u�t� 
�m�i�c�r�o�b�i�o�t�a� �[�1�]�.� �I�t� �i�s� �f�r�e�q�u�e�n�t�l�y� �f�o�u�n�d� �i�n� �f�a�r�m� �a�n�i�m�a�l�s� 

�*�C�o�r�r�e�s�p�o�n�d�e�n�c�e�:� �S�e�m�m�l�e�r�T�@�r�k�i�.�d�e� 
�'� �N�G�1�-�M�i�c�r�o�b�i�a�l� �G�e�n�o�m�i�c�s�,� �R�o�b�e�r�t� �K�o�c�h� �I�n�s�t�i�t�u�t�e�,� �N�o�r�d�u�f�e�r� �2�0�,� 
�1�3�3�5�3� �B�e�r�l�i�n�,� �G�e�r�m�a�n�y� 
�F�u�l�l� �l�i�s�t� �o�f� �a�u�t�h�o�r� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �a�v�a�i�l�a�b�l�e� �a�t� �t�h�e� �e�n�d� �o�f� �t�h�e� �a�r�t�i�c�l�e� 

�B�M�C� 

�s�u�c�h� �a�s� �c�h�i�c�k�e�n� �a�n�d� �c�a�t�t�l�e� �o�r� �i�n� �w�i�l�d� �b�i�r�d�s�.� �W�h�i�l�e� �c�o�n�-� 
�s�u�m�i�n�g� �u�n�d�e�r�c�o�o�k�e�d� �p�o�u�l�t�r�y� �m�e�a�t�,� �u�n�p�a�s�t�e�u�r�i�z�e�d� �m�i�l�k� 
�o�r� �c�r�o�s�s�-�c�o�n�t�a�m�i�n�a�t�e�d� �r�e�a�d�y�-�t�o�-�e�a�t� �f�o�o�d� �i�t� �c�a�n� �c�o�l�o�n�i�z�e� 
�t�h�e� �h�u�m�a�n� �g�u�t� �a�n�d� �c�a�u�s�e� �a�n� �i�n�f�e�c�t�i�o�u�s� �g�a�s�t�r�o�e�n�t�e�r�i�t�i�s� 
�t�o�g�e�t�h�e�r� �w�i�t�h� �d�i�a�r�r�h�e�a�,� �f�e�v�e�r� �a�n�d� �c�r�a�m�p�s� �[�2�]�.� 

�O�v�e�r� �t�h�e� �p�a�s�t� �t�w�o� �d�e�c�a�d�e�s� �t�h�e� �i�n�c�i�d�e�n�c�e� �o�f� �C�a�m�p�y�l�o�-� 
�b�a�c�t�e�r� �i�n�f�e�c�t�i�o�n�s� �h�a�s� �c�o�n�t�i�n�u�e�d� �t�o� �i�n�c�r�e�a�s�e� �w�o�r�l�d�w�i�d�e� 
�a�n�d� �h�a�s� �b�e�c�o�m�e� �a� �d�a�n�g�e�r�o�u�s� �t�h�r�e�a�t� �t�o� �p�u�b�l�i�c� �h�e�a�l�t�h�.� �T�o� 

�©�T�h�e� �A�u�t�h�o�r�(�s�)� �2�0�1�9�.� �T�h�i�s� �a�r�t�i�c�l�e� �i�s� �l�i�c�e�n�s�e�d� �u�n�d�e�r� �a� �C�r�e�a�t�i�v�e� �C�o�m�m�o�n�s� �A�t�t�r�i�b�u�t�i�o�n� �4�.�0� �I�n�t�e�r�n�a�t�i�o�n�a�l� �L�i�c�e�n�s�e�,� �w�h�i�c�h� �p�e�r�m�i�t�s� �u�s�e�,� �s�h�a�r�i�n�g�,� 

�a�d�a�p�t�a�t�i�o�n�,� �d�i�s�t�r�i�b�u�t�i�o�n� �a�n�d� �r�e�p�r�o�d�u�c�t�i�o�n� �i�n� �a�n�y� �m�e�d�i�u�m� �o�r� �f�o�r�m�a�t�,� �a�s� �l�o�n�g� �a�s� �y�o�u� �g�i�v�e� �a�p�p�r�o�p�r�i�a�t�e� �c�r�e�d�i�t� �t�o� �t�h�e� �o�r�i�g�i�n�a�l� �a�u�t�h�o�r�(�s�)� �a�n�d� 
�t�h�e� �s�o�u�r�c�e�,� �p�r�o�v�i�d�e� �a� �l�i�n�k� �t�o� �t�h�e� �C�r�e�a�t�i�v�e� �C�o�m�m�o�n�s� �l�i�c�e�n�c�e�,� �a�n�d� �i�n�d�i�c�a�t�e� �i�f� �c�h�a�n�g�e�s� �w�e�r�e� �m�a�d�e�.� �T�h�e� �i�m�a�g�e�s� �o�r� �o�t�h�e�r� �t�h�i�r�d� �p�a�r�t�y� �m�a�t�e�r�i�a�l� 
�i�n� �t�h�i�s� �a�r�t�i�d�e� �a�r�e� �i�n�c�l�u�d�e�d� �i�n�t�h�e� �a�r�t�i�c�l�e�'�s� �C�r�e�a�t�i�v�e� �C�o�m�m�o�n�s� �l�i�c�e�n�c�e�,� �u�n�l�e�s�s� �i�n�d�i�c�a�t�e�d� �o�t�h�e�r�w�i�s�e� �i�n� �a� �c�e�d�i�t� �l�i�n�e� �t�o� �t�h�e� �m�a�t�e�r�i�a�l�.� �I�f� �m�a�t�e�r�i�a�l� 
�i�s� �n�o�t� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �a�r�t�i�c�l�e�'�s� �C�r�e�a�t�i�v�e� �C�o�m�m�o�n�s� �l�i�c�e�n�c�e� �a�n�d� �y�o�u�r� �i�n�t�e�n�d�e�d� �u�s�e� �i�s� �n�o�t� �p�e�r�m�i�t�t�e�d� �b�y� �s�t�a�t�u�t�o�r�y� �r�e�g�u�l�a�t�i�o�n� �o�r� �e�x�c�e�e�d�s� �t�h�e� 
�p�e�r�m�i�t�t�e�d� �u�s�e�,� �y�o�u� �w�i�l�l� �n�e�e�d� �t�o� �o�b�t�a�i�n� �p�e�r�m�i�s�s�i�o�n� �d�i�r�e�c�t�l�y� �f�r�o�m� �t�h�e� �c�o�p�y�r�i�g�h�t� �h�o�l�d�e�r�.� �T�o� �v�i�e�w� �a� �c�o�p�y� �o�f� �t�h�i�s� �l�i�c�e�n�c�e�,� �v�i�s�i�t� �h�t�t�p�/�/�c�e�a�t�i�v�e�c�o� 
�m�m�o�n�s�o�r�g�/�l�i�c�e�n�s�e�s�/�b�y�/�4�.�0�/�.� �T�h�e� �C�r�e�a�t�i�v�e� �C�o�m�m�o�n�s� �P�u�b�l�i�c� �D�o�m�a�i�n� �D�e�d�i�c�a�t�i�o�n� �w�a�i�v�e�r� �(�h�t�t�p�/�/�c�r�e�a�t�i�v�e�c�o�m�m�o�n�s�o�r�g�/�p�u�b�l�i�c�d�o�m�a�i�n �� 
�z�e�1�0�/�1�.�0�/�)� �a�p�p�l�i�e�s� �t�o� �t�h�e� �d�a�t�a� �m�a�d�e� �a�v�a�i�l�a�b�l�e� �i�n� �t�h�i�s� �a�r�t�i�c�l�e�,� �u�n�l�e�s�s� �o�t�h�e�r�w�i�s�e� �s�t�a�t�e�d� �i�n� �a� �c�r�e�d�i�t� �l�i�n�e� �t�o� �t�h�e� �d�a�t�a�.� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�E�p�p�i�n�g� �e�t� �a�l�.� �G�u�t� �P�a�t�h�o�g� �(�2�0�1�9�)� �1�1�:�5�9� 

�d�a�t�e�,� �c�a�m�p�y�l�o�b�a�c�t�e�r�i�o�s�i�s� �i�s� �t�h�e� �m�o�s�t� �c�o�m�m�o�n� �b�a�c�t�e�-� 
�r�i�a�l� �c�a�u�s�e� �o�f� �f�o�o�d�-�b�o�r�n� �i�n�f�e�c�t�i�o�n�s� �i�n� �h�i�g�h� �i�n�c�o�m�e� �c�o�u�n�-� 
�t�r�i�e�s�,� �w�i�t�h� �c�o�s�t�s� �a�m�o�u�n�t�i�n�g� �t�o� �2�.�4� �b�i�l�l�i�o�n� �e�u�r�o�s� �e�a�c�h� �y�e�a�r� 
�f�o�r� �t�h�e� �p�u�b�l�i�c� �h�e�a�l�t�h� �s�y�s�t�e�m� �a�n�d� �l�o�s�t� �p�r�o�d�u�c�t�i�v�i�t�y� �i�n� �t�h�e� 
�E�u�r�o�p�e�a�n� �U�n�i�o�n� �[�3�]�.� 

�T�h�e� �B�f�R�-�C�A�-�1�4�4�3�0� �s�t�r�a�i�n� �w�a�s� �f�i�r�s�t� �i�s�o�l�a�t�e�d� �d�u�r�i�n�g� �t�h�e� 
�z�o�o�n�o�s�i�s� �m�o�n�i�t�o�r�i�n�g� �p�r�o�g�r�a�m�,� �i�n� �w�h�i�c�h� �d�i�s�t�i�n�c�t� �m�a�t�r�i�x �� 
�p�a�t�h�o�g�e�n� �c�o�m�b�i�n�a�t�i�o�n�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �b�y� �f�e�d�e�r�a�l� �s�t�a�t�e� 
�l�a�b�o�r�a�t�o�r�i�e�s�.� �T�h�e� �s�t�r�a�i�n� �w�a�s� �i�s�o�l�a�t�e�d� �f�r�o�m� �a� �G�e�r�m�a�n� 
�c�h�i�c�k�e�n� �m�e�a�t� �s�a�m�p�l�e� �i�n� �A�u�g�u�s�t� �2�0�1�6� �u�s�i�n�g� �I�S�O� �1�0�2�7�2�-� 
�1�:�2�0�0�6� �[�4�]�.� �S�i�n�c�e� �t�h�i�s� �s�t�r�a�i�n� �w�a�s� �c�h�o�s�e�n� �t�o� �s�e�r�v�e� �a�s� �a� �f�r�e�s�h� 
�f�i�e�l�d� �s�t�r�a�i�n� �f�o�r� �t�h�e� �G�e�r�m�a�n� �r�e�s�e�a�r�c�h� �c�o�n�s�o�r�t�i�u�m� �P�A�C�-� 
�C�A�M�P�Y�,� �w�e� �a�n�a�l�y�z�e�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �B�f�R�-�C�A�-�1�4�4�3�0�,� 
�l�i�k�e� �a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�c�e� �a�n�d� �v�i�r�u�l�e�n�c�e� �f�a�c�t�o�r�s�.� �I�n� �a�d�d�i�-� 
�t�i�o�n�,� �w�e� �g�a�i�n�e�d� �a� �d�e�e�p�e�r� �i�n�s�i�g�h�t� �i�n�t�o� �w�h�o�l�e� �g�e�n�o�m�e� 
�s�e�q�u�e�n�c�i�n�g� �a�n�d� �t�h�e� �i�m�p�a�c�t� �o�f� �v�a�r�i�o�u�s� �a�s�s�e�m�b�l�y� �p�r�o�-� 
�g�r�a�m�s�,� �i�n�c�l�u�d�i�n�g� �d�i�f�f�e�r�e�n�t� �h�y�b�r�i�d� �a�s�s�e�m�b�l�e�r�s� �o�n� �v�a�r�i�o�u�s� 
�c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �l�o�n�g� �a�n�d� �s�h�o�r�t� �r�e�a�d� �s�e�q�u�e�n�c�i�n�g� �t�e�c�h�n�o�l�-� 
�o�g�i�e�s�.� �T�h�i�s� �r�e�v�e�a�l�e�d� �a� �c�o�m�p�l�e�t�e� �c�h�r�o�m�o�s�o�m�a�l� �s�e�q�u�e�n�c�e� 
�a�s� �w�e�l�l� �a�s� �o�n�e� �c�l�o�s�e�d� �p�l�a�s�m�i�d� �s�e�q�u�e�n�c�e�.� 

�M�e�t�h�o�d�s� 
�B�a�c�t�e�r�i�a�l� �i�s�o�l�a�t�i�o�n� �a�n�d� �i�n�i�t�i�a�l� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� 
�B�f�R�-�C�A�-�1�4�4�3�0� �w�a�s� �i�s�o�l�a�t�e�d� �i�n� �t�h�e� �f�r�a�m�e�w�o�r�k� �o�f� �t�h�e� 
�z�o�o�n�o�s�i�s� �m�o�n�i�t�o�r�i�n�g� �p�r�o�g�r�a�m� �2�0�1�6� �f�r�o�m� �c�h�i�c�k�e�n� �m�e�a�t� 
�a�c�c�o�r�d�i�n�g� �t�o� �I�S�O� �1�0�2�7�2�-�1�:�2�0�0�6�.� �S�p�e�c�i�e�s� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� 
�w�a�s� �p�e�r�f�o�r�m�e�d� �b�y� �R�e�a�l�-�t�i�m�e� �P�C�R� �a�c�c�o�r�d�i�n�g� �t�o� �M�a�y�r� 
�e�t� �a�l�.� �[�5�]�.� �T�h�e� �m�u�l�t�i� �l�o�c�u�s� �s�e�q�u�e�n�c�e� �t�y�p�e� �w�a�s� �d�e�t�e�r�m�i�n�e�d� 
�b�y� �S�a�n�g�e�r� �s�e�q�u�e�n�c�i�n�g� �(�P�u�b�M�L�S�T�)� �a�n�d� �c�o�n�f�i�r�m�e�d� �b�y� 
�w�h�o�l�e�-�g�e�n�o�m�e� �s�e�q�u�e�n�c�i�n�g� �(�W�G�S�)�.� �T�h�e� �f�l�a�g�e�l�l�i�n� �s�u�b�u�n�i�t� 
�A� �(�f�l�a�A�)� �t�y�p�e� �w�a�s� �S�a�n�g�e�r� �s�e�q�u�e�n�c�e�d� �[�6�]�,� �t�y�p�i�n�g� �w�a�s� �d�o�n�e� 
�a�c�c�o�r�d�i�n�g� �t�o� �P�u�b�M�L�S�T� �(�p�u�b�m�l�s�t�.�o�r�g�)� �a�n�d� �c�o�m�p�a�r�e�d� 
�w�i�t�h� �t�h�e� �o�u�t�c�o�m�e� �o�f� �t�h�e� �W�G�S� �a�n�a�l�y�s�i�s�.� �B�f�R�-�C�A�-�1�4�4�3�0� 
�w�a�s� �c�u�l�t�u�r�e�d� �e�i�t�h�e�r� �o�n� �C�o�l�u�m�b�i�a� �b�l�o�o�d� �a�g�a�r� �(�O�x�o�i�d�)� �o�r� 
�i�n� �b�r�a�i�n� �h�e�a�r�t� �i�n�f�u�s�i�o�n� �(�O�x�o�i�d�)� �a�t� �4�2� �°�C� �u�n�d�e�r� �m�i�c�r�o�a�e�r�o�-� 

�b�i�c� �c�o�n�d�i�t�i�o�n�s� �(�5�%� �O�,� �1�0�%� �C�O�,�)� �a�n�d� �c�e�l�l�s� �w�e�r�e� �h�a�r�v�e�s�t�e�d� 

�b�y� �c�e�n�t�r�i�f�u�g�a�t�i�o�n�.� 

�A�n�t�i�m�i�c�r�o�b�i�a�l� �r�e�s�i�s�t�a�n�c�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� �b�y� �m�i�c�r�o�d�i�l�u�t�i�o�n� 

�B�f�R�-�C�A�-�1�4�4�3�0� �w�a�s� �p�r�e�-�c�u�l�t�u�r�e�d� �o�n� �C�o�l�u�m�b�i�a� �b�l�o�o�d� 
�a�g�a�r� �f�o�r� �2�4� �h� �a�t� �4�2� �°�C� �u�n�d�e�r� �m�i�c�r�o�a�e�r�o�b�i�c� �a�t�m�o�s�p�h�e�r�e�.� 
�B�r�o�t�h� �m�i�c�r�o�d�i�l�u�t�i�o�n� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� �t�e�s�t�i�n�g� �w�a�s� �p�e�r�f�o�r�m�e�d� 
�a�c�c�o�r�d�i�n�g� �t�o� �V�E�T�0�6� �a�n�d� �M�4�5�-�A� �[�7�]�.� �2�-�8� �x� �1�0�°� �C�f�U�/�m�l� 
�w�e�r�e� �i�n�o�c�u�l�a�t�e�d� �i�n�t�o� �c�a�t�i�o�n�-�s�u�p�p�l�e�m�e�n�t�e�d� �M�u�e�l�l�e�r� �H�i�n�-� 
�t�o�n� �b�r�o�t�h� �(�T�R�E�K� �D�i�a�g�n�o�s�t�i�c� �S�y�s�t�e�m�s�,� �U�K�)� �s�u�p�p�l�e�m�e�n�t�e�d� 
�w�i�t�h� �5�%� �f�e�t�a�l� �c�a�l�f� �s�e�r�u�m� �(�P�A�N�-�B�i�o�t�e�c�h�,� �G�e�r�m�a�n�y�)�,� �i�n�t�o� 

�t�h�e� �E�u�r�o�p�e�a�n� �s�t�a�n�d�a�r�d�i�z�e�d� �m�i�c�r�o�t�i�t�e�r� �E�U�C�A�M�P�2� �o�r� 
�E�U�V�S�E�C� �p�l�a�t�e� �f�o�r�m�a�t�s� �(�T�R�E�K� �D�i�a�g�n�o�s�t�i�c� �S�y�s�t�e�m�s�)�.� 

�S�a�m�p�l�e�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �f�o�r� �4�8� �h� �a�t� �3�7� �°�C� �u�n�d�e�r� �m�i�c�r�o�-� 
�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s�.� �M�i�n�i�m�a�l� �i�n�h�i�b�i�t�o�r�y� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� 
�(�M�I�C�;� �[�m�g�/�l�]�)� �w�e�r�e� �s�e�m�i�-�a�u�t�o�m�a�t�i�c�a�l�l�y� �a�n�a�l�y�z�e�d� �u�s�i�n�g� 
�t�h�e� �S�e�n�s�i�t�i�t�r�e� �V�i�z�i�o�n� �s�y�s�t�e�m� �a�n�d� �t�h�e� �S�W�I�N�-�S�o�f�t�w�a�r�e� 

�P�a�g�e� �2� �o�f� �8� 

�(�T�R�E�K� �D�i�a�g�n�o�s�t�i�c� �S�y�s�t�e�m�s�)�.� �E�p�i�d�e�m�i�o�l�o�g�i�c�a�l� �c�u�t�-�o�f�f� �v�a�l�-� 
�u�e�s� �f�o�r� �r�e�s�i�s�t�a�n�c�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� �w�e�r�e� �b�a�s�e�d� �o�n� �t�h�e� �E�u�r�o�-� 
�p�e�a�n� �C�o�m�m�i�t�t�e�e� �o�n� �A�n�t�i�m�i�c�r�o�b�i�a�l� �S�u�s�c�e�p�t�i�b�i�l�i�t�y� �T�e�s�t�i�n�g� 
�(�E�U�C�A�S�T�.�o�r�g�)�,� �i�f� �a�l�r�e�a�d�y� �d�e�f�i�n�e�d� �f�o�r� �C�.� �j�e�j�u�n�i� �o�r�,� �a�l�t�e�r�n�a�-� 
�t�i�v�e�l�y�,� �f�o�r� �S�a�l�m�o�n�e�l�l�a� �(�E�U�V�S�E�C� �p�l�a�t�e� �f�o�r�m�a�t�)�.� 

�G�e�n�o�m�i�c� �D�N�A� �e�x�t�r�a�c�t�i�o�n� �a�n�d� �s�e�q�u�e�n�c�i�n�g� 
�D�N�A� �e�x�t�r�a�c�t�i�o�n� �f�o�r� �S�a�n�g�e�r� �M�L�S�T� �a�n�a�l�y�s�e�s� �w�a�s� �p�e�r�-� 
�f�o�r�m�e�d� �w�i�t�h� �G�e�n�e�J�E�T� �G�e�n�o�m�i�c� �D�N�A� �P�u�r�i�f�i�c�a�t�i�o�n� �K�i�t� 

�(�T�h�e�r�m�o� �F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c�)�.� �D�N�A� �f�o�r� �W�G�S� �w�a�s� �p�r�e�-� 

�p�a�r�e�d� �u�s�i�n�g� �t�h�e� �M�a�g�A�t�t�r�a�c�t� �H�M�W� �G�e�n�o�m�i�c� �E�x�t�r�a�c�t�i�o�n� 
�K�i�t� �(�Q�i�a�g�e�n�)� �(�f�o�r� �P�a�c�B�i�o� �a�n�d� �I�l�l�u�m�i�n�a� �s�e�q�u�e�n�c�i�n�g�)� �a�n�d� 

�Q�I�A�a�m�p� �D�N�A� �M�i�n�i� �K�i�t� �(�Q�i�a�g�e�n�)� �f�o�r� �M�i�n�I�O�N� �s�e�q�u�e�n�c�-� 
�i�n�g� �a�n�d� �f�u�r�t�h�e�r� �c�o�n�c�e�n�t�r�a�t�e�d� �b�y� �p�r�e�c�i�p�i�t�a�t�i�o�n� �w�i�t�h� �0�.�3� �M� 
�s�o�d�i�u�m� �a�c�e�t�a�t�e� �p�H� �5� �a�n�d� �0�.�7� �v�o�l�u�m�e� �i�s�o�p�r�o�p�a�n�o�l� �a�t� �r�o�o�m� 
�t�e�m�p�e�r�a�t�u�r�e� �f�o�r� �3�0� �m�i�n�.� �A�f�t�e�r� �c�e�n�t�r�i�f�u�g�a�t�i�o�n� �a�n�d� �w�a�s�h�-� 
�i�n�g� �o�f� �t�h�e� �p�r�e�c�i�p�i�t�a�t�e� �w�i�t�h� �7�0�%� �i�c�e�-�c�o�l�d� �e�t�h�a�n�o�l�,� �t�h�e� 
�D�N�A� �w�a�s� �d�i�s�s�o�l�v�e�d� �i�n� �T�r�i�s� �b�u�f�f�e�r� �p�H� �7�.�5�.� �T�h�e� �q�u�a�l�i�t�y� �o�f� 
�t�h�e� �D�N�A� �w�a�s� �e�v�a�l�u�a�t�e�d� �b�y� �s�p�e�c�t�r�a�l� �a�n�a�l�y�s�i�s� �(�N�a�n�o�D�r�o�p� 
�S�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r�,� �T�h�e�r�m�o� �F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c�,� �U�S�A�)� �a�n�d� 
�t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �w�a�s� �f�l�u�o�r�i�m�e�t�r�i�c�a�l�l�y� �q�u�a�n�t�i�f�i�e�d� �t�o� �b�e� 
�1�1�0� �n�g�/�u�l� �b�y� �Q�u�b�i�t� �3�.�0� �F�l�u�o�r�o�m�e�t�e�r� �(�d�s�D�N�A� �B�R� �A�s�s�a�y� 
�K�i�t�;� �I�n�v�i�t�r�o�g�e�n�,� �U�S�A�)�.� �D�N�A� �w�a�s� �a�d�d�i�t�i�o�n�a�l�l�y� �c�o�n�t�r�o�l�l�e�d� 
�f�o�r� �l�a�c�k� �o�f� �s�h�e�e�r�i�n�g� �p�r�o�d�u�c�t�s� �<� �2�0� �k�b� �o�n� �a� �0�.�8�%� �a�g�a�r�o�s�e� 
�g�e�l�.� �S�e�q�u�e�n�c�i�n�g� �w�a�s� �p�e�r�f�o�r�m�e�d� �o�n� �a� �M�i�S�e�q� �s�e�q�u�e�n�c�e�r� 
�(�M�i�S�e�q� �R�e�a�g�e�n�t� �K�i�t� �v�.�3�;� �I�l�l�u�m�i�n�a� �I�n�c�.�,� �S�a�n� �D�i�e�g�o�,� �C�A�,� 
�U�S�A�)�,� �u�s�i�n�g� �t�h�e� �L�i�b�r�a�r�y� �P�r�e�p�a�r�a�t�i�o�n� �k�i�t� �N�e�x�t�e�r�a� �X�T� 
�(�I�l�l�u�m�i�n�a� �I�n�c�.�,� �S�a�n� �D�i�e�g�o�,� �C�A�,� �U�S�A�)� �r�e�s�u�l�t�i�n�g� �i�n� �3�0�0�-�b�p� 
�p�a�i�r�e�d�-�e�n�d� �r�e�a�d�s� �a�n�d� �a�n� �a�v�e�r�a�g�e� �c�o�v�e�r�a�g�e� �o�f� �a�r�o�u�n�d� �1�0�0�-� 
�f�o�l�d�.� �F�u�r�t�h�e�r�m�o�r�e�,� �s�i�z�e� �s�e�l�e�c�t�i�o�n� �w�a�s� �p�e�r�f�o�r�m�e�d� �u�s�i�n�g� 
�1�0� �K� �B�l�u�e� �P�i�p�p�i�n� �a�n�d� �D�N�A� �w�a�s� �s�e�q�u�e�n�c�e�d� �w�i�t�h� �S�i�n�g�l�e� 
�M�o�l�e�c�u�l�e� �R�e�a�l�-�T�i�m�e� �(�S�M�R�T�)� �S�e�q�u�e�n�c�i�n�g� �T�e�c�h�n�o�l�o�g�y� 
�o�n�a� �P�a�c�B�i�o� �R�S� �I�I� �b�y� �G�A�T�C� �B�i�o�t�e�c�h� �A�G� �(�K�o�n�s�t�a�n�z�,� �G�e�r�-� 
�m�a�n�y�)� �a�s� �w�e�l�l� �a�s� �w�i�t�h� �l�o�n�g� �r�e�a�d� �s�e�q�u�e�n�c�i�n�g� �o�n� �O�x�f�o�r�d� 
�N�a�n�o�p�o�r�e� �M�i�n�I�O�N� �(�O�x�f�o�r�d�,� �U�K�)� �(�L�i�b�r�a�r�y�-�K�i�t�:� �R�a�p�i�d� 

�B�a�r�c�o�d�i�n�g� �K�i�t� �(�S�Q�K�-�R�B�K�0�0�4�)�,� �F�l�o�w�c�e�l�l�:� �1�D� �R�9�.�4�,� �w�i�t�h�-� 
�o�u�t� �s�i�z�e� �s�e�l�e�c�t�i�o�n�,� �b�a�s�e� �c�a�l�l�i�n�g� �w�i�t�h� �a�l�b�a�c�o�r�e� �v�2�.�1�.�0�)� �i�n� 
�o�r�d�e�r� �t�o� �c�o�m�p�a�r�e� �t�h�e�s�e� �t�h�r�e�e� �t�e�c�h�n�i�q�u�e�s� �f�o�r� �e�s�t�a�b�l�i�s�h�-� 
�i�n�g� �a� �c�o�m�p�l�e�t�e� �g�e�n�o�m�e� �w�i�t�h� �e�p�i�c�h�r�o�m�o�s�o�m�a�l� �e�l�e�m�e�n�t�s�.� 
�T�o�t�a�l� �a�m�o�u�n�t�s� �o�f� �e�x�t�r�a�c�t�e�d� �D�N�A� �o�f� �1� �n�g�,� �5� �p�g� �a�n�d� �4�0�0� �n�g� 
�w�a�s� �u�s�e�d� �a�s� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l� �f�o�r� �s�e�q�u�e�n�c�i�n�g� �b�y� �M�i�S�e�q�,� 
�P�a�c�B�i�o� �o�r� �M�i�n�I�O�N�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �A� �g�e�n�e�r�a�l� �o�v�e�r�v�i�e�w� �o�f� 
�t�h�e� �r�a�w� �d�a�t�a� �f�r�o�m� �t�h�e� �d�i�f�f�e�r�e�n�t� �s�e�q�u�e�n�c�i�n�g� �m�a�c�h�i�n�e�s� �c�a�n� 
�b�e� �f�o�u�n�d� �i�n� �T�a�b�l�e� �1�.� 

�G�e�n�o�m�e� �a�s�s�e�m�b�l�y� �a�n�d� �a�n�n�o�t�a�t�i�o�n� 

�S�e�q�u�e�n�c�i�n�g� �r�e�a�d�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �M�i�S�e�q� �s�e�q�u�e�n�c�e�r� 
�w�e�r�e� �(�i�)� �a�s�s�e�m�b�l�e�d� �b�y� �t�h�e� �S�P�A�d�e�s� �v�3�.�1�2� �[�8�]� �a�n�d� �p�l�a�s�m�i�d�-� 

�S�P�A�d�e�s� �[�9�]� �a�s�s�e�m�b�l�e�r� �o�r� �(�i�i�)� �u�s�e�d� �t�o� �c�o�r�r�e�c�t� �l�o�n�g� �r�e�a�d� 
�d�a�t�a�.� �F�u�r�t�h�e�r�m�o�r�e� �w�e� �u�s�e�d� �t�h�e� �C�L�C� �G�e�n�o�m�i�c�s� �W�o�r�k�-� 
�b�e�n�c�h� �v�1�2�.�0�.�1� �a�s� �w�e�l�l� �a�s� �a�n� �a�s�s�e�m�b�l�y� �f�r�o�m� �t�h�e� �P�a�c�B�i�o� 
�i�n�-�h�o�u�s�e� �p�i�p�e�l�i�n�e� �H�G�A�P� �v�3�.�0� �[�1�0�]� �a�n�d� �F�l�y�e� �v�2�.�5� �[�1�1�]� �f�o�r� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

� � 

� � 

�E�p�p�i�n�g� �e�t� �a�l�.� �G�u�t� �P�a�t�h�o�g� �(�2�0�1�9�)� �1�1�:�5�9� �P�a�g�e� �3�0�f� �8� 

�T�a�b�l�e� �1� �S�u�m�m�a�r�y� �o�f� �t�h�e� �r�a�w� �o�u�t�p�u�t� �f�r�o�m� �I�l�l�u�m�i�n�a�,� �M�i�n�l�O�N�,� �a�n�d� �P�a�c�B�i�o� �s�e�q�u�e�n�c�i�n�g� �t�e�c�h�n�o�l�o�g�i�e�s� 

�T�e�c�h�n�o�l�o�g�y� �N�u�m�b�e�r� �o�f� �r�e�a�d�s� �T�o�t�a�l� �n�u�m�b�e�r� �o�f� �b�a�s�e�s� �M�e�d�i�a�n� �r�e�a�d� �l�e�n�g�t�h� �C�a�l�c�u�l�a�t�e�d� 
�m�e�a�n� �g�e�n�o�m�e� 
�c�o�v�e�r�a�g�e� 

�I�l�l�u�m�i�n�a� �M�i�S�e�q� �6�5�8�,�3�1�4� �1�6�5�,�8�4�0�,�0�5�5� �2�8�5� �9�8�x� 

�P�a�c�B�i�o� �R�S� �I�l� �8�8�,�4�8�2� �8�0�2�,�1�1�8�,�1�6�8� �9�0�6�5� �4�7�5�x� 

�M�i�n�l�O�N� �6�1�,�9�6�0� �7�3�7�,�3�1�8�,�8�3�0� �8�0�7�3� �4�3�6�x� 
� � 

�t�h�e� �P�a�c�B�i�o� �l�o�n�g� �r�e�a�d� �a�s�s�e�m�b�l�i�e�s�.� �T�h�e� �a�s�s�e�m�b�l�y� �b�a�s�e�d� �o�n� 
�M�i�n�I�O�N� �r�a�w� �r�e�a�d�s� �w�a�s� �o�n�l�y� �p�e�r�f�o�r�m�e�d� �b�y� �F�l�y�e� �v�2�.�5�.� �A�l�l� 
�a�s�s�e�m�b�l�e�r�s� �w�e�r�e� �r�u�n� �w�i�t�h� �d�e�f�a�u�l�t� �s�e�t�t�i�n�g�s�.� �T�o� �g�e�n�e�r�a�t�e� �a�n� 
�o�p�t�i�m�a�l� �a�s�s�e�m�b�l�y� �a�n�d� �d�e�r�i�v�e� �a� �c�l�o�s�e�d� �g�e�n�o�m�e� �s�e�q�u�e�n�c�e� 
�w�e� �t�e�s�t�e�d� �v�a�r�i�o�u�s� �d�e� �n�o�v�o� �h�y�b�r�i�d� �a�s�s�e�m�b�l�y� �t�o�o�l�s� �o�n� �d�i�f�-� 
�f�e�r�e�n�t� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �s�h�o�r�t� �a�n�d� �l�o�n�g� �r�e�a�d�s� �(�U�n�i�c�y�c�l�e�r� 
�v�0�.�4�.�7� �[�1�2�]� �a�n�d� �w�t�d�b�g�2� �v�2�.�1� �[�1�3�]�)�.� �U�n�i�c�y�c�l�e�r� �f�i�r�s�t� �c�r�e�a�t�e�s� 
�a� �d�r�a�f�t� �g�e�n�o�m�e� �a�s�s�e�m�b�l�y� �w�i�t�h� �S�P�A�d�e�s� �v�3�.�1�2� �a�n�d� �c�o�n�n�e�c�t�s� 
�t�h�e� �c�o�n�t�i�g�s� �o�n�l�y� �a�f�t�e�r�w�a�r�d�s� �b�y� �u�s�i�n�g� �t�h�e� �l�o�n�g� �r�e�a�d�s� �f�r�o�m� 
�P�a�c�B�i�o� �o�r� �M�i�n�I�O�N�.� �W�t�d�b�g�2�,� �o�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �f�i�r�s�t� 
�a�s�s�e�m�b�l�e�s� �t�h�e� �l�o�n�g� �r�e�a�d�s� �a�n�d� �c�o�r�r�e�c�t�s� �t�h�e� �a�s�s�e�m�b�l�y� �a�f�t�e�r�-� 
�w�a�r�d�s� �b�y� �m�a�p�p�i�n�g� �t�h�e� �s�h�o�r�t� �r�e�a�d�s� �a�g�a�i�n�s�t� �t�h�e� �g�e�n�o�m�e�.� 
�L�o�n�g� �r�e�a�d�s� �w�e�r�e� �m�a�p�p�e�d� �t�o� �t�h�e� �g�e�n�o�m�e�s� �b�y� �m�i�n�i�m�a�p�2� 
�v�2�.�1�4� �[�1�4�]�.� �T�h�e� �d�i�f�f�e�r�e�n�t� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �s�h�o�r�t� �a�n�d� �l�o�n�g� 
�r�e�a�d�s� �u�s�e�d� �f�o�r� �e�a�c�h� �t�o�o�l� �a�r�e� �s�h�o�w�n� �i�n� �T�a�b�l�e� �2�.� �I�n� �o�r�d�e�r� 
�t�o� �a�n�n�o�t�a�t�e� �t�h�e� �g�e�n�o�m�e�s�,� �a� �c�u�s�t�o�m�-�m�a�d�e� �d�a�t�a�b�a�s�e� �o�f� 
�1�3�7� �c�o�m�p�l�e�t�e� �g�e�n�o�m�e�s� �o�f� �C�.� �j�e�j�u�n�i� �d�o�w�n�l�o�a�d�e�d� �f�r�o�m� 
�N�C�B�I� �(�A�d�d�i�t�i�o�n�a�l� �f�i�l�e� �1�:� �T�a�b�l�e� �$�1�)� �w�a�s� �b�u�i�l�t� �a�n�d� �u�s�e�d� �a�s� 

�a� �G�e�n�u�s�-�s�p�e�c�i�f�i�c� �B�L�A�S�T� �d�a�t�a�b�a�s�e� �f�o�r� �P�r�o�k�k�a� �v�1�.�1�3� �[�1�5�]�.� 

�A�s�s�e�m�b�l�y� �c�o�m�p�a�r�i�s�o�n� �a�n�d� �i�n� �s�i�l�i�c�o� �a�n�a�l�y�s�i�s� 
�T�h�e� �a�s�s�e�m�b�l�e�d� �g�e�n�o�m�e�s� �w�e�r�e� �c�o�m�p�a�r�e�d� �b�y� �t�h�e� �p�r�o�g�r�e�s�-� 
�s�i�v�e� �M�a�u�v�e� �a�l�g�o�r�i�t�h�m� �[�1�6�]� �t�o� �d�e�t�e�c�t� �m�a�j�o�r� �s�t�r�u�c�t�u�r�a�l� 
�d�i�f�f�e�r�e�n�c�e�s�.� �S�i�n�g�l�e� �n�u�c�l�e�o�t�i�d�e� �p�o�l�y�m�o�r�p�h�i�s�m�s� �(�S�N�P�s�)� 
�w�e�r�e� �d�e�t�e�c�t�e�d� �b�y� �m�a�p�p�i�n�g� �t�h�e� �I�l�l�u�m�i�n�a� �p�a�i�r�e�d�-�e�n�d� �r�e�a�d�s� 
�a�g�a�i�n�s�t� �t�h�e� �a�s�s�e�m�b�l�i�e�s� �b�y� �b�o�w�t�i�e�2� �v�4�.�8�.�2� �[�1�7�]� �w�i�t�h� �t�h�e� 
�e�n�d�-�t�o�-�e�n�d� �s�e�n�s�i�t�i�v�e� �m�o�d�e�.� �S�N�P�s�,� �i�n�s�e�r�t�i�o�n�s� �a�n�d� �d�e�l�e�-� 
�t�i�o�n�s� �w�e�r�e� �c�o�u�n�t�e�d� �w�i�t�h�i�n� �a�n� �a�l�l�e�l�e� �f�r�e�q�u�e�n�c�y� �o�f� �a�t� �l�e�a�s�t� 
�7�5�%� �a�t� �p�o�s�i�t�i�o�n�s� �w�i�t�h� �a� �m�i�n�i�m�u�m� �o�f� �1�0� �r�e�a�d�s� �b�y� �f�r�e�e�-� 
�b�a�y�e�s� �v�.�1�.�2�.�0� �[�1�8�]� �a�c�c�o�r�d�i�n�g� �t�o� �I�l�l�u�m�i�n�a� �s�h�o�r�t� �r�e�a�d�s�.� �T�h�e� 
�m�u�l�t�i� �l�o�c�u�s� �s�e�q�u�e�n�c�e� �t�y�p�i�n�g� �(�M�L�S�T�)� �w�a�s� �p�e�r�f�o�r�m�e�d� �b�y� 
�a� �B�L�A�S�T� �b�a�s�e�d� �p�i�p�e�l�i�n�e� �(�h�t�t�p�s�:�/�/�g�i�t�h�u�b�.�c�o�m�/�t�s�e�e�m�a�n�n�/� 
�m�l�s�t�)� �t�o� �i�d�e�n�t�i�f�y� �t�h�e� �a�l�l�e�l�e� �v�a�r�i�a�n�t�s� �o�f� �t�h�e� �s�e�v�e�n� �h�o�u�s�e�-� 
�k�e�e�p�i�n�g� �g�e�n�e�s� �(�a�s�p�A�,� �g�l�n�A�,� �g�I�t�A�,� �g�l�y�A�,� �p�g�m�,� �t�k�t� �a�n�d� �u�n�c�A�)�.� 
�P�o�i�n�t� �m�u�t�a�t�i�o�n�s� �c�o�n�f�e�r�r�i�n�g� �a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�c�e� �o�r� �i�n�d�i�-� 
�v�i�d�u�a�l� �a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�c�e� �g�e�n�e�s� �w�e�r�e� �r�e�v�e�a�l�e�d� �b�y� �R�e�s�-� 
�F�i�n�d�e�r� �3�.�0� �[�1�9�]� �(�C�G�E�,� �D�T�U�,� �L�y�n�g�b�y�,� �D�K�;� �h�t�t�p�s�:�/�/�c�g�e�.�c�b�s�.� 
�d�t�u�.�d�k�/�s�e�r�v�i�c�e�s�/�R�e�s�F�i�n�d�e�r�/�)�.� 

�T�a�b�l�e� �2� �S�u�m�m�a�r�y� �o�f� �t�h�e� �a�s�s�e�m�b�l�e�r� �p�e�r�f�o�r�m�a�n�c�e� �b�a�s�e�d� �o�n� �d�i�f�f�e�r�e�n�t� �s�e�q�u�e�n�c�i�n�g� �t�e�c�h�n�o�l�o�g�i�e�s� 
� � 

� � 

�I�n�d�e�x� �D�a�t�a� �A�s�s�e�m�b�l�e�r� �#�C�o�n�t�i�g�s� �#�b�p� �t�o�t�a�l� �#�C�h�r�o�m�o�s�o�m�a�l� �#�p�l�a�s�m�i�d�;� �I�n�s�e�r�t�i�o�n�s�,� �C�o�v�e�r�e�d� �S�e�q�u�e�n�c�e� 
�l�e�n�g�t�h� �c�o�n�t�i�g�s�;� �#�b�p� �#�b�p� �d�e�l�e�t�i�o�n�s� �b�y�i�l�l�u�m�i�n�a� �i�d�e�n�t�i�t�y� 

�a�n�d� �S�N�P�s� �r�e�a�d�s� �o�f� �f�l�a�A� 

�A� �I�l�l�u�m�i�n�a� �S�P�A�d�e�s� �3�0� �1�,�6�6�6�,�0�4�5�1� �3�0�;� �7�7�,�6�7�4� �(�N�S�O�)�?� �C�a�n�n�o�t� �b�e� �o�>� �9�9�.�9�°� �1�0�0� 
�d�i�r�e�c�t�l�y� 
�d�e�t�e�c�t�e�d� 

�B� �P�a�c�B�i�o� �H�G�A�P� �2� �1�,�7�3�3�,�5�8�5� �1�;� �1�6�6�8�8�2�7� �1�;� �6�4�,�7�5�8� �1�5�5� �9�9�.�4�6� �1�0�0� 

�i�c� �P�a�c�B�i�o� �F�l�y�e� �2� �1�,�6�8�7�,�3�7�7� �1�;� �1�,�6�4�5�,�6�1�1� �1�;� �4�1�,�7�6�6� �2�5�5� �9�9�.�9�9� �1�0�0� 

�D� �P�a�c�B�i�o� �a�c� �2� �1�,�6�8�8�,�1�6�1� �1�;� �1�,�6�4�6�,�3�6�7� �1�;� �4�1�,�7�9�4� �2�5�3� �9�9�.�9�7� �1�0�0� 

�E� �P�a�c�B�i�o�+�l�l�l�u�-� � �U�n�i�c�y�c�l�e�r� �3� �1�,�6�8�4�,�7�4�8� �2�;� �1�,�6�3�1�,�7�6�4�/� �1�1�,�2�1�2� �1�;�4�1�,�7�7�2� �0� �9�9�.�9� �1�0�0� 
�m�i�n�a� 

�F� �P�a�c�B�i�o�+�l�l�l�u�-� � �w�t�d�b�g�2� �3� �1�,�6�9�3�,�0�7�8� �2�;� �1�,�6�4�4�,�8�9�5�/� �6�,�4�4�2� �1�;�4�1�,�7�4�1� �4�7� �9�9�.�6�5� �1�0�0� 
�m�i�n�a� 

�G� �M�i�n�I�O�N� �F�l�y�e� �2� �1�,�7�2�0�,�6�7�5� �1�;� �1�,�6�7�8�,�0�0�3� �1�;� �4�2�,�6�7�3� �2�4�,�4�3�9� �9�9�,�3�6� �9�9�6� 

�H� �M�i�n�I�O�N� �+� �l�l�l�u�-� �U�n�i�c�y�c�l�e�r� �2� �1�,�6�8�7�,�7�5�2� �1�;� �1�,�6�4�5�,�9�8�0� �1�;� �4�1�,�7�2�2� �2�0� �9�9�,�9�4� �1�0�0� 
�m�i�n�a� 

�|� �M�i�n�I�O�N�+�l�l�l�u�-� �w�t�d�b�g�2� �5� �1�,�6�7�2�,�1�2�1� �4� �1�,�6�4�8�,�1�6�0�/� �1�/�4�1�,�9�5�7� �1�6�9� �9�8�.�1�5� �1�0�0� 
�m�i�n�a� �1�5�,�6�2�0�/�1�2�,�2�1�1�/�6�,�1�3�0� 
� � 
�*� �Q�u�a�l�i�t�y� �o�f� �d�r�a�f�t� �g�e�n�o�m�e�s� �c�a�n� �b�e� �m�e�a�s�u�r�e�d� �b�y� �t�h�e� �N�5�0� �v�a�l�u�e� 
�©� �I�l�l�u�m�i�n�a� �p�a�i�r�e�d�-�e�n�d� �d�a�t�a� �i�s� �t�a�k�e�n� �a�s� �g�r�o�u�n�d� �t�r�u�t�h� �f�o�r� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �S�N�P�s�,� �i�n�s�e�r�t�i�o�n�s� �a�n�d� �d�e�l�e�t�i�o�n�s� 

�©� �A�s� �r�e�s�u�l�t� �o�f� �t�h�e� �s�c�a�f�f�o�l�d�i�n�g� �p�r�o�c�e�s�s�,� �p�e�r�f�o�r�m�e�d� �b�y� �t�h�e� �S�P�A�d�e�s� �a�s�s�e�m�b�l�e�r�,� �c�o�n�t�i�g�s� �w�i�t�h� �k�n�o�w�n� �d�i�s�t�a�n�c�e�,� �b�u�t� �u�n�k�n�o�w�n� �s�e�q�u�e�n�c�e� �c�o�n�t�e�n�t�,� �a�r�e� �c�o�n�n�e�c�t�e�d� �b�y�  ��N�'�s�.� �T�h�u�s�,� 
�t�h�e� �S�P�A�d�e�s� �a�s�s�e�m�b�l�y� �i�s� �n�o�t� �c�o�v�e�r�e�d� �b�y� �I�l�l�u�m�i�n�a� �d�a�t�a� �b�y� �1�0�0�%� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�E�p�p�i�n�g� �e�t� �a�l�.� �G�u�t� �P�a�t�h�o�g� �(�2�0�1�9�)� �1�1�:�5�9� 

�Q�u�a�l�i�t�y� �a�s�s�u�r�a�n�c�e� 

�I�n� �o�r�d�e�r� �t�o� �p�e�r�f�o�r�m� �a�n� �i�n�-�s�i�l�i�c�o� �c�o�n�t�r�o�l� �f�o�r� �c�o�n�t�a�m�i�n�a�t�i�o�n� 
�w�i�t�h�i�n� �t�h�e� �s�e�q�u�e�n�c�e�d� �D�N�A�,� �I�l�l�u�m�i�n�a� �s�h�o�r�t� �r�e�a�d�s� �w�e�r�e� 
�a�d�a�p�t�e�r� �t�r�i�m�m�e�d� �w�i�t�h� �F�l�e�x�b�a�r� �[�2�0�]� �a�n�d� �a�l�l� �r�e�a�d�s� �w�e�r�e� �t�a�x�-� 
�o�n�o�m�i�c�a�l�l�y� �c�l�a�s�s�i�f�i�e�d� �a�s� �C�.� �j�e�j�u�n�i� �b�y� �K�r�a�k�e�n� �v�2�.�0�.�6� �[�2�1�]�.� 
�T�a�x�o�n�o�m�i�c� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �l�o�n�g� �r�e�a�d�s� �c�o�u�l�d� �i�d�e�n�t�i�f�y� 
�3�.�7�1�%� �o�f� �H�u�m�a�n� �r�e�l�a�t�e�d� �D�N�A� �w�i�t�h�i�n� �t�h�e� �P�a�c�B�i�o� �r�e�a�d�,� 
�w�h�i�c�h� �h�a�s� �b�e�e�n� �r�e�m�o�v�e�d�.� �A�s�s�e�m�b�l�y� �c�o�m�p�l�e�t�e�n�e�s�s� �a�n�d� 
�c�o�n�t�a�m�i�n�a�t�i�o�n� �w�a�s� �c�o�n�t�r�o�l�l�e�d� �w�i�t�h� �c�h�e�c�k�M� �v�.� �1�.�0�.�1�8� �[�2�2�]�.� 

�R�e�s�u�l�t�s� 
�A�n�t�i�m�i�c�r�o�b�i�a�l� �r�e�s�i�s�t�a�n�c�e� �p�r�o�f�i�l�e� �o�f� �B�f�R�-�C�A�-�1�4�4�3�0� 
�T�h�e� �m�i�n�i�m�a�l� �i�n�h�i�b�i�t�o�r�y� �c�o�n�c�e�n�t�r�a�t�i�o�n� �(�M�I�C�)� �o�f� �d�i�f�f�e�r�e�n�t� 
�a�n�t�i�b�i�o�t�i�c�s� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �u�s�i�n�g� �t�h�e� �b�r�o�t�h� �m�i�c�r�o�d�i�l�u�-� 
�t�i�o�n� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� �a�p�p�r�o�a�c�h� �(�C�L�S�I�)�.� �U�s�i�n�g� �t�h�e� �s�t�a�n�d�a�r�d� 
�E�U�C�A�M�P�2� �p�l�a�t�e� �f�o�r�m�a�t�,� �w�h�i�c�h� �i�s� �u�s�e�d� �f�o�r� �s�c�r�e�e�n�i�n�g� �o�f� �C�.� 
�j�e�j�u�n�i� �r�e�s�i�s�t�a�n�c�e� �d�u�r�i�n�g� �z�o�o�n�o�s�i�s� �m�o�n�i�t�o�r�i�n�g�,� �t�h�e� �s�t�r�a�i�n� 
�s�h�o�w�e�d� �r�e�s�i�s�t�a�n�c�e� �a�g�a�i�n�s�t� �c�i�p�r�o�f�l�o�x�a�c�i�n�,� �n�a�l�i�d�i�x�i�c� �a�c�i�d� 
�a�n�d� �t�e�t�r�a�c�y�c�l�i�n�e� �b�u�t� �w�a�s� �s�e�n�s�i�t�i�v�e� �t�o�w�a�r�d�s� �e�r�y�t�h�r�o�m�y�c�i�n�,� 
�g�e�n�t�a�m�i�c�i�n� �a�n�d� �s�t�r�e�p�t�o�m�y�c�i�n�.� �W�e� �e�x�t�e�n�d�e�d� �t�h�e� �a�n�t�i�m�i�-� 
�c�r�o�b�i�a�l� �s�u�b�s�t�a�n�c�e�s� �a�n�d� �a�p�p�l�i�e�d� �t�h�e� �E�U�V�S�E�C� �p�l�a�t�e� �f�o�r�m�a�t�,� 
�u�s�u�a�l�l�y� �t�e�s�t�e�d� �w�i�t�h� �S�a�l�m�o�n�e�l�l�a� �a�n�d� �E�s�c�h�e�r�i�c�h�i�a� �c�o�l�i� �i�s�o�-� 
�l�a�t�e�s�.� �A�s� �C�.� �j�e�j�u�n�i� �i�s� �i�n�t�r�i�n�s�i�c�a�l�l�y� �r�e�s�i�s�t�a�n�t� �a�g�a�i�n�s�t� �m�o�s�t� �o�f� 

�P�a�g�e� �4� �o�f� �8� 

�t�h�e� �c�e�p�h�a�l�o�s�p�o�r�i�n�e� �a�n�t�i�b�i�o�t�i�c�s�,� �i�t� �w�a�s� �e�x�p�e�c�t�e�d� �t�h�a�t� �s�t�r�a�i�n� 
�B�f�R�-�C�A�-�1�4�4�3�0� �w�a�s� �a�l�s�o� �r�e�s�i�s�t�a�n�t� �a�g�a�i�n�s�t� �c�e�f�o�t�a�x�i�m�e�,� 
�c�e�f�o�x�i�t�i�m�e�,� �c�e�f�e�p�i�m�e�,� �c�e�f�t�a�z�i�d�i�m�e�.� �T�h�e� �c�e�p�h�a�l�o�s�p�o�r�i�n�e� 
�c�e�f�o�p�e�r�a�z�o�n�e� �i�s� �u�s�e�d� �a�s� �a� �s�e�l�e�c�t�i�v�e� �s�u�p�p�l�e�m�e�n�t� �i�n� �I�S�O� 
�1�0�2�7�2�:�2�0�1�7� �i�n� �m�C�C�D�A� �(�m�o�d�i�f�i�e�d� �c�h�a�r�c�o�a�l�-�c�e�f�o�p�e�r�a�z�o�n�e� 
�a�g�a�r�)� �a�n�d� �B�o�l�t�o�n� �b�r�o�t�h�.� �B�e�s�i�d�e�s�,� �t�h�e� �s�t�r�a�i�n� �r�e�v�e�a�l�e�d� �n�a�t�u�-� 

�r�a�l� �r�e�s�i�s�t�a�n�c�e� �a�g�a�i�n�s�t� �t�r�i�m�e�t�h�r�o�p�r�i�m� �d�u�e� �t�o� �t�h�e� �a�b�s�e�n�c�e� 
�o�f� �t�h�e� �t�a�r�g�e�t� �d�i�h�y�d�r�o�f�o�l�a�t�e� �r�e�d�u�c�t�a�s�e� �(�F�o�l�A�)�.� �H�o�w�e�v�e�r�,� 
�M�I�C� �v�a�l�u�e�s� �f�o�r� �s�u�l�f�a�m�e�t�h�o�x�a�z�o�l�e� �w�e�r�e� �1�6� �m�g�/�l�,� �r�e�n�d�e�r�i�n�g� 
�t�h�e� �s�t�r�a�i�n� �s�e�n�s�i�t�i�v�e�,� �o�n� �t�h�e� �b�a�s�i�s� �o�f� �a� �c�u�t�-�o�f�f� �v�a�l�u�e� �u�s�e�d� �f�o�r� 
�S�a�l�m�o�n�e�l�l�a� �o�f� �6�4� �m�g�/�l�.� �F�u�r�t�h�e�r�m�o�r�e�,� �r�e�s�i�s�t�a�n�c�e� �a�g�a�i�n�s�t� 
�a�m�p�i�c�i�l�l�i�n� �w�a�s� �a�l�s�o� �s�e�e�n� �w�i�t�h� �M�I�C� �v�a�l�u�e�s� �>� �6�4� �m�g�/�l�,� �w�h�i�l�e� 
�M�I�C� �v�a�l�u�e�s� �f�o�r� �m�e�r�o�p�e�n�e�m�e�,� �e�r�t�a�p�e�n�e�m�e� �a�n�d� �c�o�l�i�s�t�i�n� 
�w�e�r�e� �0�.�2�5� �a�n�d� �0�.�5� �a�n�d� �2� �m�g�/�I�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �B�E�R�-�C�A�-�1�4�4�3�0� 
�w�a�s� �f�u�l�l�y� �s�u�s�c�e�p�t�i�b�l�e� �t�o� �c�h�l�o�r�a�m�p�h�e�n�i�c�o�l�,� �t�i�g�e�c�y�c�l�i�n�e�,� 
�a�z�i�t�h�r�o�m�y�c�i�n� �a�n�d� �i�m�i�p�e�n�e�m�e�,� �w�i�t�h� �M�I�C� �v�a�l�u�e�s� �b�e�l�o�w� �t�h�e� 
�l�o�w�e�s�t� �t�e�s�t� �c�o�n�c�e�n�t�r�a�t�i�o�n�.� 

�G�e�n�o�m�i�c� �f�e�a�t�u�r�e�s� �o�f� �t�h�e� �s�t�r�a�i�n� �B�f�R�-�C�A�-�1�4�4�3�0� 
�U�s�i�n�g� �m�u�l�t�i�l�o�c�u�s� �s�e�q�u�e�n�c�e� �t�y�p�i�n�g�,� �t�h�e� �s�t�r�a�i�n� �B�f�R�-� 
�C�A�-�1�4�4�3�0� �w�a�s� �i�d�e�n�t�i�f�i�e�d� �a�s� �s�e�q�u�e�n�c�e� �t�y�p�e� �S�T�-�4�4� �w�h�i�c�h� 
�b�e�l�o�n�g�s� �t�o� �t�h�e� �c�l�o�n�a�l� �c�o�m�p�l�e�x� �C�C�-�2�1� �t�h�a�t� �i�s� �f�r�e�q�u�e�n�t�l�y� 
�f�o�u�n�d� �i�n� �h�u�m�a�n� �i�n�f�e�c�t�i�o�n�s� �a�n�d� �w�e�l�l� �k�n�o�w�n� �t�o� �c�a�u�s�e� �C�.� 
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�B�f�R�-�C�A�-�1�4�4�3�0� 
�1�,�6�4�5�,�9�8�0� �b�p� 
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� � 

�F�i�g�.� �1� �G�e�n�o�m�e� �m�a�p�,� �g�e�n�e�r�a�t�e�d� �b�y� �C�G�V�i�e�w� �[�3�3�]�,� �o�f� �c�h�r�o�m�o�s�o�m�a�l� �D�N�A� �a�)� �a�n�d� �p�l�a�s�m�i�d� �D�N�A� �b�)� �f�r�o�m� �C� �j�e�j�u�n�i�.� �B�R�R�-�C�A�-�1�4�4�3�0�.� �C�i�r�c�l�e�s� �f�o�r�m� �o�u�t�s�i�d�e� �t�o� 
�i�n�s�i�d�e� �s�h�o�w�i�n�g�:� �(�1�,�2�)� �c�o�d�i�n�g� �r�e�g�i�o�n�s� �(�l�i�g�h�t� �b�l�u�e�)� �p�r�e�d�i�c�t�e�d� �o�n� �f�o�r�w�a�r�d� �(�o�u�t�e�r� �c�i�r�c�l�e�)� �a�n�d� �r�e�v�e�r�s�e� �s�t�r�a�n�d�s� �(�i�n�n�e�r� �c�i�r�c�l�e�)�;� �(�3�)� �t�R�N�A�s� �(�d�a�r�k� �r�e�d�)�;� �(�4�)� �r�R�N�A�s� 

�(�l�i�g�h�t� �g�r�e�e�n�)�;� �(�5�)� �r�e�g�i�o�n�s� �a�b�o�v�e� �(�g�r�e�e�n�)� �a�n�d� �b�e�l�o�w� �(�p�u�r�p�l�e�)� �t�h�e� �a�v�e�r�a�g�e� �G�C� �s�k�e�w�;� �(�6�)� �G�C� �c�o�n�t�e�n�t� �(�b�l�a�c�k�)� �a�n�d� �(�7�)� �D�N�A� �c�o�o�r�d�i�n�a�t�e�s� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�E�p�p�i�n�g� �e�t� �a�l�.� �G�u�t� �P�a�t�h�o�g� �(�2�0�1�9�)� �1�1�:�5�9� 

�j�e�j�u�n�i� �o�u�t�b�r�e�a�k�s� �[�2�3�]�.� �T�h�e� �c�o�m�p�l�e�t�e� �g�e�n�o�m�e� �s�e�q�u�e�n�c�e�,� 
�a�s�s�e�m�b�l�e�d� �f�r�o�m� �M�i�n�I�O�N� �a�n�d� �I�l�l�u�m�i�n�a� �r�e�a�d�s� �b�y� �U�n�i�c�y�-� 
�c�l�e�r�,� �c�o�n�s�i�s�t�s� �o�f� �o�n�e� �c�h�r�o�m�o�s�o�m�e� �o�f� �1�,�6�4�5�,�9�8�0� �b�p� �c�o�v�e�r�-� 
�i�n�g� �1�,�6�6�5� �c�o�d�i�n�g� �s�e�q�u�e�n�c�e�s� �(�C�D�S�s�)�,� �i�n�c�l�u�d�i�n�g� �b�l�a�o�x� �4�.�6�)� 
�(�C�j�0�2�9�9� �i�n� �N�C�T�C� �1�1�1�6�8�)� �t�h�a�t� �e�n�c�o�d�e�s� �f�o�r� �a� �b�e�t�a�-�l�a�c�t�a�m� 

�r�e�s�i�s�t�a�n�c�e� �g�e�n�e� �[�2�4�]� �a�n�d� �a� �p�o�i�n�t� �m�u�t�a�t�i�o�n� �i�n� �t�h�e� �g�y�r�a�s�e� 
�s�u�b�u�n�i�t� �A� �(�g�y�r�A�)� �(�T�8�6�I�)� �[�2�5�]�,� �c�o�n�f�e�r�r�i�n�g� �r�e�s�i�s�t�a�n�c�e� 

�a�g�a�i�n�s�t� �(�f�l�u�o�r�o�-�)�q�u�i�n�o�l�o�n�e�s�.� �A�l�l� �A�M�R� �g�e�n�e�s� �o�r� �A�M�R� 

�a�s�s�o�c�i�a�t�e�d� �S�N�P�s� �c�o�u�l�d� �b�e� �d�e�t�e�c�t�e�d� �w�i�t�h�i�n� �t�h�e� �h�y�b�r�i�d� 
�a�s�s�e�m�b�l�y� �a�s� �w�e�l�l� �a�s� �i�n� �t�h�e� �I�l�l�u�m�i�n�a� �p�a�i�r�e�d�-�e�n�d� �r�e�a�d�s�.� 
�A�d�d�i�t�i�o�n�a�l�l�y�,� �t�h�e� �g�e�n�o�m�e� �h�a�s� �4�4� �t�r�a�n�s�f�e�r� �R�N�A� �(�t�R�N�A�)� 

�g�e�n�e�s�,� �9� �r�i�b�o�s�o�m�a�l� �R�N�A� �(�r�R�N�A�)� �g�e�n�e�s� �f�o�r�m�i�n�g� �t�h�r�e�e� 
�i�d�e�n�t�i�c�a�l� �o�p�e�r�o�n�s� �c�o�n�s�i�s�t�i�n�g� �o�f� �1�6�S�,� �2�3�S� �a�n�d� �5�S� �s�u�b�u�n�i�t�s� 
�a�n�d� �a�n� �o�v�e�r�a�l�l� �G�C� �c�o�n�t�e�n�t� �o�f� �3�0�.�4�%�.� �T�h�e� �c�h�r�o�m�o�s�o�m�e� 
�h�a�r�b�o�r�s� �t�h�e� �v�i�r�u�l�e�n�c�e� �f�a�c�t�o�r�s� �c�d�t�A�,� �c�d�t�B�,� �c�d�t�C�,� �c�o�d�i�n�g� 
�f�o�r� �t�h�e� �c�y�t�o�l�e�t�h�a�l� �d�i�s�t�e�n�d�i�n�g� �t�o�x�i�n�,� �t�h�e� �g�e�n�e� �e�n�c�o�d�i�n�g� 
�t�h�e� �f�i�b�r�o�n�e�c�t�i�n�-�b�i�n�d�i�n�g� �p�r�o�t�e�i�n� �C�a�d�F� �a�n�d� �t�h�e� �C�a�m�p�y�l�o�-� 
�b�a�c�t�e�r� �i�n�v�a�s�i�o�n� �a�n�t�i�g�e�n�s� �C�i�a�B� �a�n�d� �C�i�a�C�.� �G�e�n�e�s� �e�n�c�o�d�i�n�g� 
�t�h�e� �m�o�n�o�f�u�n�c�t�i�o�n�a�l� �«� �2�,�3�-�s�i�a�l�y�l�t�r�a�n�s�f�e�r�a�s�e� �C�s�t�I�I�I� �a�n�d� �t�h�e� 
�N�-�a�c�e�t�y�l�n�e�u�r�a�m�i�n�i�c� �a�c�i�d� �b�i�o�s�y�n�t�h�e�s�i�s� �p�r�o�t�e�i�n�s� �N�e�u�A�1�,� 
�N�e�u�B�l� �a�n�d� �N�e�u�C�l� �a�r�e� �p�r�e�s�e�n�t� �f�o�r� �l�i�p�o�o�l�i�g�o�s�a�c�h�a�r�i�d�e� 
�(�L�O�S�)� �s�i�a�l�y�l�a�t�i�o�n�,� �w�h�i�c�h� �w�a�s� �s�h�o�w�n� �t�o� �b�e� �l�i�n�k�e�d� �t�o� �G�u�i�l�-� 

�l�a�i�n ��B�a�r�r�é� �s�y�n�d�r�o�m�e� �o�n�s�e�t� �[�2�6�,� �2�7�]�.� �T�h�e� �c�o�n�s�e�r�v�e�d� 
�c�a�p�s�u�l�e� �b�i�o�s�y�n�t�h�e�s�i�s� �k�p�s�C� �a�n�d� �k�p�s�F� �g�e�n�e�s� �f�l�a�n�k� �t�h�e� �v�a�r�i�-� 
�a�b�l�e� �c�a�p�s�u�l�e� �l�o�c�u�s� �o�f� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2�6� �k�b�,� �b�e�l�o�n�g�i�n�g� �t�o� 

�P�a�g�e� �5�o�f�8� 

�t�h�e� �P�e�n�n�e�r� �t�y�p�e� �H�S�1� �c�o�m�p�l�e�x� �[�2�8�]�.� �B�e�s�i�d�e�s�,� �t�h�e� �p�s�e�A�-�I� 
�g�e�n�e�s� �i�n�v�o�l�v�e�d� �i�n� �f�l�a�g�e�l�l�a�r� �p�r�o�t�e�i�n� �g�l�y�c�o�s�y�l�a�t�i�o�n� �[�2�9�]� �w�e�r�e� 
�d�e�t�e�c�t�e�d� �o�n� �t�h�e� �c�h�r�o�m�o�s�o�m�e�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e� �s�t�r�a�i�n� 
�c�a�r�r�i�e�s� �a� �s�i�n�g�l�e� �c�i�r�c�u�l�a�r� �p�l�a�s�m�i�d� �o�f� �4�1�,�7�7�2� �b�p� �i�n�c�l�u�d�i�n�g� 
�4�6� �C�D�S�s�.� �A�m�o�n�g� �t�h�e�s�e� �g�e�n�e�s� �t�h�e� �p�l�a�s�m�i�d� �c�a�r�r�i�e�s� �a� �t�e�t�O� 
�g�e�n�e� �f�o�r� �t�e�t�r�a�c�y�c�l�i�n�e� �r�e�s�i�s�t�a�n�c�e� �a�s� �w�e�l�l� �a�s� �v�i�r�B�2�-�1�1� �a�n�d� 
�v�i�r�D�4� �g�e�n�e�s� �e�n�c�o�d�i�n�g� �f�o�r� �a� �p�u�t�a�t�i�v�e� �t�y�p�e� �I�V� �s�e�c�r�e�t�i�o�n� 
�s�y�s�t�e�m� �(�T�4�S�S�)�,� �f�o�r� �c�o�n�j�u�g�a�t�i�v�e� �D�N�A� �t�r�a�n�s�f�e�r� �b�e�t�w�e�e�n� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �s�t�r�a�i�n�s� �[�3�0�]�.� �T�h�e� �p�l�a�s�m�i�d� �s�h�o�w�e�d� �9�3�%� 
�i�d�e�n�t�i�t�y� �a�n�d� �9�8�%� �c�o�v�e�r�a�g�e� �w�i�t�h� �p�l�a�s�m�i�d� �p�T�e�t� �f�r�o�m� �C�.� 
�j�e�j�u�n�i� �s�t�r�a�i�n� �8�1�-�1�7�6� �(�4�5�,�0�2�5� �b�p�)� �(�C�P�0�0�0�5�4�9�)� �a�n�d� �9�8�%� 
�i�d�e�n�t�i�t�y� �a�n�d� �9�7�%� �c�o�v�e�r�a�g�e� �w�i�t�h� �p�l�a�s�m�i�d� �p�M�T� �V�D�S�C�j�1�6�-�1� 
�(�4�2�,�6�8�6� �b�p�)� �f�r�o�m� �C�.� �j�e�j�u�n�i� �s�t�r�a�i�n� �M�T�V�D�S�C�j�1�6� �(�N�Z�_� 
�C�P�0�1�7�0�3�3�.�1�)� �t�h�a�t� �c�a�r�r�y� �t�y�p�e� �I�V� �s�e�c�r�e�t�i�o�n� �s�y�s�t�e�m�s� �a�n�d� 
�t�e�t�O� �g�e�n�e�s� �a�s� �w�e�l�l� �[�3�1�]�.� �B�y� �m�a�p�p�i�n�g� �o�f� �I�l�l�u�m�i�n�a� �p�a�i�r�e�d�-� 
�e�n�d� �r�e�a�d�s�,� �p�l�a�s�m�i�d� �p�M�T�V�D�S�C�j�1�6�-�1� �w�a�s� �c�o�v�e�r�e�d� �b�y� �9�7�%� 
�w�i�t�h� �9�9�%� �i�d�e�n�t�i�t�y� �a�n�d� �6�1�1� �S�N�P�s�.� �T�w�o� �r�e�g�i�o�n�s� �o�f� �6�0�0� �b�p� 
�a�n�d� �1�1�1�3� �b�p� �w�e�r�e� �n�o�t� �c�o�v�e�r�e�d� �b�y� �t�h�e� �I�l�l�u�m�i�n�a� �r�e�a�d�s�.� 
�H�o�w�e�v�e�r�,� �r�e�a�d� �m�a�p�p�i�n�g� �w�a�s� �n�o�t� �a�b�l�e� �t�o� �d�e�t�e�c�t� �a� �r�e�g�i�o�n� 
�9�2�7� �b�p� �c�o�n�t�a�i�n�i�n�g� �a� �C�D�S� �t�h�a�t� �c�a�n� �a�l�s�o� �b�e� �f�o�u�n�d� �i�n� �p�T�e�t�-� 
�M�1�2�9� �(�N�Z�_�C�P�0�0�7�7�5�0�.�1�)� �[�3�2�]� �o�f� �C�.� �j�e�j�u�n�i� �s�t�r�a�i�n� �M�1�2�9� 
�(�N�Z�_�C�P�0�0�7�7�4�9�.�1�)� �a�n�d� �p�R�M�5�6�1�1� �(�N�Z�_�C�P�0�0�7�1�8�0�.�1�)� �f�r�o�m� 
�C�.� �c�o�l�i� �s�t�r�a�i�n� �R�M�5�6�1�1� �(�N�Z�_�C�P�0�0�7�1�7�9�.�1�)�.� 
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�e�t�o� �z�o�s�k�e�a� �s�o�a�t�e�a� �c�o�)� �s�n�c�b�e�c� �e�n�n�i�e�o� �m�o�i�r�e� �a�n�0�'�e�o�  ��i�t�o�  ��_�v�o�e�d�o�m�o � ��s�v�n�e�c�b�o�n�  ��=�s�a�e�d�a�o�o�  ��v�a�c�l�o�n�o�  ��v�a�c�e�o�o�n ��s�t�d�e�o�a ��v�a�a�v�o�a�d� 
�A�t� �T� �I� �e�e�r� �x� �3� 

�e�t�o� �p�o�x�k�e�a� �3�e�n�t�a�a� �-�0�0�t�a�a� �s�n�n�t�e�c�e� �e�n�a�i�c� �q�e�o�i�k�e� �a�n�c�5�6�0�  ��n�i�z�e� �v�e�d�a� �v�i�e�d�o� �9�8�d�c�0�0� �_�_�_�Y�s�e�W�o�n�o� �_�_�v�a�e�d�a�n�n�_�_�s�t�e�k�e�a� �_�_�_�r�a�a�x�e�n�a� 
�B�I� �I� �I� �I� �3� 

�e�t�n�a� �z�o�x�k�c�a� �s�a�t�a� �s�e�a�t� �s�u�i�t�e�e� �e�a�a�k�c�e� �F�e�b� �a�a�c�k�o�a� �5� �a� 
�c�y� �r� �T� �x� 

�-� �1�s�e�t�0�3� �2�0�3�6�0� �s�o�o�t�o�a� �¢�o�o�t�a�n� �s�a�r�t�c�e� �e�n�c�e� �7�0�9�0�0� �e�a�0�%�0�0�  ��s�a�n�t�o� �y�e�e� �t�e�e�d�o�o�o� �i�3�s�d�c�0�o�  ��s�o�m�a� �r�r�)� �i�s�c�e�c�e�a� �r�e�a�c�c�o�n� 
�D�E� �T� �t� �r� �v� �r� �e�r�y� 

�T�e�t�o�n� �a�o�s�k�e�a� �s�e�a�t�o�o� �a�0�s�t�e�0� �s�o�a�t�e�e� �e�m�n�i�e�o� �s�o�o�i�k�e� �a�0�e�e�0� �s�o�b�r�e�  ��_�v�e�e�d�o�m�s�  � ��s�v�i�e�c�b�o�n ��s�v�a�s�d�e�o�n�  ��v�a�a�l�o�o ��s�v�a�c�d�o�n�g ��s�s�t�e�k�e�e�a�. ��v�a�a�x�o�u�e� 
�E�C� �t� �r� 

�r�a�e�b�o�a� �z�o�s�k�e�a� �>�e�0�t�e�e� �a�o�e� �a�i�o�e� �e�o�o�i�e�e� �r�o�o�k�i�e� �a�w�e�e�0� �s�w�i�n�e� �_�_�v�e�e�d�o�m� �_�_�v�r�e�d�b�o�o� �_�_�r�a�w�e�o�n� �_�_�t�a�e�l�a�y�e ��_�v�w�e�d�o�a�s�  ��_ ��_�x�k�d�o�o�a� �_�_�r�o�m�o�u�e� 
�F�C� �L� �r� �x� 

�@� �v�a�d�o�g� �e�o�i�t�v�u� �s�o�s�i�u�n� �s�u�s�n�y� �u�n� �e�u�o�i�n�w� �o�o� �u�u� �s�w�u�i�e�n� �n�a�d�o� �u�o�u�s� �r�a�d�u� �i�a�a�i�v�a�y� �i�u�d�o�o�a� �i�e�t�s� �o�o�x�o�u�,� 
�C� �L� �X�L� �I�r� �p�r�e�t� 

�0�0�9� �r�o�s�k�e�a� �s�a�n�i�a� �0�0�0� �s�o�c�t�e�e� �e�n�i�r�o� �m�o�i�r�e� �s�o�c�h�o�o�  ��s�n�o�i�e�o� �_�_�v�e�e�d�o�n� �v�i�e�d�o�  ��_ ��_ ��-�a�s�d�e�o�n� �_ ��v�s�o�o�n�0� �a�c�e�o�n�  � ��_ ��s�t�c�e�o�n�  ��_ ��_ ��t�s�a�c�a� 
�H�C� �r� �x� �x� �x� 

�e�i�n� �2�o�r�b�e�a� �s�a�n�i�a� �s�0�a�i�0� �s�o�c�i�e�e� �e�n�n�i�n�o� �m�o�i�v�e� �a�n�o�'�o�o� �s�n�o�i�t�o�  � � ��_�r�o�e�d�a�w�  � ��_ ��r�n�e�d�o�n � ��a�s�c�i�v�o�n � ��t�a�i�o�n�0 � ��n�4�e�r�o�o�n � � ��s�c�e�o�o�n� �s�a�e� 
�I�C� �I� �I� �E�y� �r�a�y� �1� �I� �i� �E�L�I�T� �T�T�T�)� 

�F�i�g�.� �2� �P�r�o�g�r�e�s�s�i�v�e� �M�a�u�v�e� �A�l�i�g�n�m�e�n�t� �o�f� �c�h�r�o�m�o�s�o�m�a�l� �g�e�n�o�m�e�s� �g�e�n�e�r�a�t�e�d� �b�y� �d�i�f�f�e�r�e�n�t� �a�s�s�e�m�b�l�e�r�s�.� �T�h�e� �M�i�s�a�s�s�e�m�b�l�y� �m�a�d�e� �b�y� �S�P�A�d�e�s� �i�s� �m�a�r�k�e�d� �b�y� 
�t�h�e� �r�e�d� �s�q�u�a�r�e�.� �A�s�s�e�m�b�l�i�e�s� �a�r�e� �i�n�d�e�x� �b�y� �a�l�p�h�a�b�e�t�i�c� �l�e�t�t�e�r�s� �a�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �2�.� �C�o�l�o�r� �c�o�d�e�d� �b�l�o�c�k�s� �i�n�d�i�c�a�t�i�n�g� �h�o�m�o�l�o�g�y� �b�e�t�w�e�e�n� �t�h�e� �g�e�n�o�m�e�s� � � � � 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�E�p�p�i�n�g� �e�t� �a�l�.� �G�u�t� �P�a�t�h�o�g� �(�2�0�1�9�)� �1�1�:�5�9� 

�T�h�e� �g�e�n�o�m�i�c� �s�t�r�u�c�t�u�r�e� �a�n�d� �a�n�n�o�t�a�t�i�o�n� �o�f� �t�h�e� �c�h�r�o�-� 
�m�o�s�o�m�e� �a�n�d� �p�l�a�s�m�i�d� �a�r�e� �v�i�s�u�a�l�i�z�e�d� �i�n� �F�i�g�.� �1� �a�n�d� �c�a�n� �b�e� 
�a�c�c�e�s�s�e�d� �a�t� �t�h�e� �N�a�t�i�o�n�a�l� �C�e�n�t�e�r� �f�o�r� �B�i�o�t�e�c�h�n�o�l�o�g�y� �I�n�f�o�r�-� 
�m�a�t�i�o�n� �(�N�C�B�I�)� �d�a�t�a�b�a�s�e� �w�i�t�h� �t�h�e� �a�c�c�e�s�s�i�o�n� �n�u�m�b�e�r�s� 

�C�P�0�4�3�7�6�3� �a�n�d� �C�P�0�4�3�7�6�4�.� 

�A�s�s�e�m�b�l�y� �c�o�m�p�a�r�i�s�o�n� 
�W�h�o�l�e� �g�e�n�o�m�e� �c�o�m�p�a�r�i�s�o�n� �o�f� �a�l�l� �a�s�s�e�m�b�l�i�e�s� �s�h�o�w�e�d� 
�t�h�a�t� �e�a�c�h� �a�s�s�e�m�b�l�e�r� �c�r�e�a�t�e�d� �o�n�e� �c�h�r�o�m�o�s�o�m�e� �o�f� �a�r�o�u�n�d� 
�1�.�6� �M�b� �a�s� �w�e�l�l� �a�s� �o�n�e� �p�l�a�s�m�i�d� �o�f� �a�r�o�u�n�d� �4�2� �k�b� �w�h�i�l�e� 
�u�s�i�n�g� �P�a�c�B�i�o� �o�r� �M�i�n�I�O�N� �l�o�n�g� �r�e�a�d�s� �i�n� �c�o�m�b�i�n�a�t�i�o�n�s� 
�w�i�t�h� �I�l�l�u�m�i�n�a� �s�h�o�r�t� �r�e�a�d�s� �(�T�a�b�l�e� �2�)�.� �G�e�l� �e�l�e�c�t�r�o�p�h�o�r�e�-� 

�s�i�s� �o�f� �e�x�t�r�a�c�t�e�d� �D�N�A� �f�r�o�m� �B�f�R�-�C�A�-�1�4�4�3�0� �s�u�g�g�e�s�t�e�d� �t�h�e� 
�o�c�c�u�r�r�e�n�c�e� �o�f� �c�h�r�o�m�o�s�o�m�a�l� �a�n�d� �p�l�a�s�m�i�d� �D�N�A�.� �A�l�l� �l�o�n�g� 

�P�a�g�e� �6� �o�f� �8� 

�r�e�a�d� �a�s�s�e�m�b�l�e�r� �r�e�c�o�n�s�t�r�u�c�t�e�d� �t�h�e� �c�h�r�o�m�o�s�o�m�a�l� �g�e�n�o�m�e� 
�i�n� �o�n�e� �s�i�n�g�l�e� �c�o�n�t�i�g� �w�i�t�h�o�u�t� �l�a�r�g�e� �s�t�r�u�c�t�u�r�a�l� �v�a�r�i�a�t�i�o�n�s� 
�(�F�i�g�.� �2�)�.� �R�e�a�d�s� �f�r�o�m� �M�i�n�I�O�N� �a�n�d� �I�l�l�u�m�i�n�a� �t�h�a�t� �w�e�r�e� 
�a�s�s�e�m�b�l�e�d� �b�y� �U�n�i�c�y�c�l�e�r� �r�e�s�u�l�t�e�d� �i�n� �a� �c�i�r�c�u�l�a�r� �g�e�n�o�m�e�.� 
�H�o�w�e�v�e�r�,� �s�o�m�e� �t�o�o�l�s� �g�e�n�e�r�a�t�e�d� �s�m�a�l�l� �e�x�t�r�a� �c�o�n�t�i�g�s� 
�(�T�a�b�l�e� �2�)�:� �T�h�e� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �I�l�l�u�m�i�n�a� �a�n�d� �P�a�c�B�i�o� 

�d�a�t�a� �a�s� �w�e�l�l� �a�s� �M�i�n�I�O�N� �w�i�t�h� �I�l�l�u�m�i�n�a� �d�a�t�a� �a�s� �i�n�p�u�t� �t�o� 
�t�h�e� �w�t�d�g�b�2� �a�s�s�e�m�b�l�e�r� �g�e�n�e�r�a�t�e�d� �c�o�n�t�i�g�s� �t�h�a�t� �w�e�r�e� �l�a�t�e�r� 
�i�d�e�n�t�i�f�i�e�d� �b�y� �B�L�A�S�T� �t�o� �b�e� �p�a�r�t� �o�f� �t�h�e� �c�h�r�o�m�o�s�o�m�a�l� 
�s�e�q�u�e�n�c�e� �o�f� �t�h�e� �s�t�r�a�i�n�.� �W�i�t�h� �t�h�e� �a�d�v�a�n�t�a�g�e� �o�f� �u�s�i�n�g� �l�o�n�g� 
�r�e�a�d�s�,� �o�n�e� �m�i�s�a�s�s�e�m�b�l�y� �i�n�s�i�d�e� �a� �r�e�p�e�a�t� �r�e�g�i�o�n� �i�n� �t�h�e� 
�S�P�A�d�e�s� �a�s�s�e�m�b�l�y� �b�a�s�e�d� �o�n� �t�h�e� �I�l�l�u�m�i�n�a� �s�h�o�r�t� �r�e�a�d�s� �w�a�s� 
�d�i�s�c�o�v�e�r�e�d� �(�F�i�g�.� �2�)�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �w�e� �w�e�r�e� �a�b�l�e� �t�o� �i�d�e�n�-� 

�t�i�f�y� �t�h�e� �S�a�n�g�e�r� �s�e�q�u�e�n�c�e�d� �f�l�a�A� �g�e�n�e� �w�i�t�h� �a� �s�e�q�u�e�n�c�e� 
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�5�k� �1�0�k� �1�5�k� �2�0�k� �2�5�«� �3�0�k� 

�7�4� 

�3�5�k� �4�0�k� �4�5�k� �5�0�k� �5�5�k� �6�0�k� �5�5�k� 

�s�e�q�u�e�n�c�e� �p�o�s�i�t�i�o�n� 

�F�i�g�.� �3� �T�h�e� �d�o�t�p�l�o�t� �s�h�o�w�s� �a� �g�l�o�b�a�l� �a�l�i�g�n�m�e�n�t� �o�f� �t�h�e� �p�l�a�s�m�i�d� �s�e�q�u�e�n�c�e�,� �g�e�n�e�r�a�t�e�d� �f�r�o�m� �P�a�c�B�i�o� �r�e�a�d�s� �b�y� �H�G�A�P� �(�T�a�b�l�e� �2�B�)�,� �a�g�a�i�n�s�t� �i�t�s�e�l�f�.� �T�h�i�s� �r�e�v�e�a�l�e�d� 

�o�n�e� �d�a�r�k� �b�l�u�e� �d�i�a�g�o�n�a�l� �l�i�n�e� �i�n� �t�h�e� �m�i�d�d�l�e� �f�r�o�m� �s�t�a�r�t� �t�o� �e�n�d� �o�f� �t�h�e� �s�e�q�u�e�n�c�e� �a�s� �w�e�l�l� �a�s� �t�w�o� �a�d�d�i�t�i�o�n�a�l� �d�a�r�k� �b�l�u�e� �l�i�n�e�s� �s�h�o�w�i�n�g� �u�p� �i�n� �t�h�e� �t�o�p� �l�e�f�t� �a�n�d� 
�b�o�t�t�o�m� �r�i�g�h�t� �p�a�r�t� �o�f� �t�h�e� �p�l�o�t�.� �T�h�o�s�e� �l�i�n�e�s� �s�h�o�w� �a� �r�e�p�e�a�t� �f�r�o�m� �4�2� �t�o� �6�5� �k�b� �a�n�d� �1� �t�o� �2�3� �k�b�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �s�e�q�u�e�n�c�e� �i�s� �i�d�e�n�t�i�c�a�l� �i�n� �t�h�e� �f�i�r�s�t� 
�2�3� �k�b� �a�s� �w�e�l�l� �a�s� �t�h�e� �l�a�s�t� �2�3� �k�b� �a�n�d� �i�n�d�i�c�a�t�e�s� �i�t� �a�s� �a� �l�a�r�g�e� �r�e�p�e�a�t� �r�e�g�i�o�n� �t�h�a�t� �i�s� �l�i�k�e�l�y� �t�o� �b�e� �c�a�u�s�e� �t�h�r�o�u�g�h� �a�n� �a�s�s�e�m�b�l�y� �e�r�r�o�r� � � � � 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�E�p�p�i�n�g� �e�t� �a�l�.� �G�u�t� �P�a�t�h�o�g� �(�2�0�1�9�)� �1�1�:�5�9� 

�i�d�e�n�t�i�t�y� �o�f� �1�0�0�%� �i�n� �m�o�s�t� �o�f� �t�h�e� �c�a�s�e�s� �(�T�a�b�l�e� �2�)�.� �T�h�e� �M�i�n�-� 
�I�O�N� �a�s�s�e�m�b�l�y� �g�e�n�e�r�a�t�e�d� �w�i�t�h� �F�l�y�e� �d�i�d� �n�o�t� �r�e�a�c�h� �1�0�0�%� 
�s�e�q�u�e�n�c�e� �i�d�e�n�t�i�t�y�,� �d�u�e� �t�o� �t�h�e� �h�i�g�h� �n�u�m�b�e�r� �o�f� �S�N�P�s� 
�w�i�t�h�i�n� �t�h�i�s� �a�s�s�e�m�b�l�y�.� 

�F�u�r�t�h�e�r�m�o�r�e�,� �a�l�l� �t�o�o�l�s� �a�s�s�e�m�b�l�e�d� �a� �p�l�a�s�m�i�d� �w�i�t�h� �a� 
�s�i�z�e� �o�f� �a�r�o�u�n�d� �4�2� �k�b�,� �e�x�c�e�p�t� �f�r�o�m� �t�h�e� �P�a�c�B�i�o� �i�n�-�h�o�u�s�e� 
�p�i�p�e�l�i�n�e� �t�h�a�t� �c�r�e�a�t�e�d� �a� �6�4� �k�b� �p�l�a�s�m�i�d�.� �B�y� �p�e�r�f�o�r�m�i�n�g� �a� 
�g�l�o�b�a�l� �a�l�i�g�n�m�e�n�t� �a�g�a�i�n�s�t� �i�t�s�e�l�f� �a�n�d� �g�e�n�e�r�a�t�i�n�g� �a� �d�o�t�p�l�o�t� 
�w�e� �c�o�u�l�d� �s�h�o�w� �a� �l�a�r�g�e� �r�e�p�e�a�t� �r�e�g�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �f�i�r�s�t� 
�a�n�d� �t�h�e� �l�a�s�t� �2�0� �k�b� �i�n� �t�h�e� �c�i�r�c�u�l�a�r� �s�e�q�u�e�n�c�e� �t�h�a�t� �o�b�v�i�-� 
�o�u�s�l�y� �o�r�i�g�i�n�a�t�e�s� �f�r�o�m� �a�n� �a�s�s�e�m�b�l�y� �e�r�r�o�r� �(�F�i�g�.� �3�)�.� �P�l�a�s�-� 
�m�i�d� �a�s�s�e�m�b�l�i�e�s� �p�r�o�d�u�c�e�d� �b�y� �U�n�i�c�y�c�l�e�r� �w�e�r�e� �f�o�u�n�d� �t�o� 
�b�e� �c�i�r�c�u�l�a�r�i�z�e�d�,� �w�h�i�l�e� �u�s�i�n�g� �P�a�c�B�i�o� �a�s� �w�e�l�l� �a�s� �M�i�n�I�O�N� 
�d�a�t�a�.� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �p�l�a�s�m�i�d� �s�e�q�u�e�n�c�e�s� �b�y� �p�l�a�s�m�i�d�S�-� 
�P�A�d�e�s�,� �r�e�v�e�a�l�e�d� �9� �f�r�o�m� �3� �c�o�m�p�o�n�e�n�t�s�.� �B�e�s�i�d�e�s� �t�h�e� �c�a�.� 
�4�2� �k�b� �p�l�a�s�m�i�d� �d�e�s�c�r�i�b�e�d� �e�a�r�l�i�e�r�,� �t�h�e� �8� �o�t�h�e�r� �s�e�q�u�e�n�c�e�s� 
�c�o�u�l�d� �b�e� �i�d�e�n�t�i�f�i�e�d� �a�s� �p�a�r�t� �o�f� �t�h�e� �c�h�r�o�m�o�s�o�m�a�l� �D�N�A� 
�b�y� �B�L�A�S�T� �f�r�o�m� �s�t�r�a�i�n� �B�f�R�-�C�A�-�1�1�4�3�0� �a�s� �w�e�l�l� �a�s� �i�n� �s�e�v�-� 
�e�r�a�l� �c�l�o�s�e�d� �g�e�n�o�m�e�s� �f�r�o�m� �A�d�d�i�t�i�o�n�a�l� �f�i�l�e� �1�:� �T�a�b�l�e� �$�1�.� 
�T�h�o�s�e� �a�s�s�e�m�b�l�e�d� �D�N�A� �f�r�a�g�m�e�n�t�s� �m�a�i�n�l�y� �h�a�v�e� �t�h�e�i�r� �o�r�i�-� 
�g�i�n� �i�n� �l�o�w� �c�o�v�e�r�a�g�e� �o�r� �r�e�p�e�a�t� �r�e�g�i�o�n�s�,� �w�h�i�c�h� �c�a�n�n�o�t� �b�e� 
�r�e�s�o�l�v�e�d� �b�y� �s�h�o�r�t� �r�e�a�d�s� �a�n�d� �i�s� �k�n�o�w�n� �t�o� �l�e�a�d� �t�o� �m�i�s�a�s�-� 
�s�e�m�b�l�i�e�s� �i�n� �p�l�a�s�m�i�d�S�P�A�d�e�s� �[�9�]�.� 

�S�t�a�n�d�a�l�o�n�e� �a�s�s�e�m�b�l�i�e�s� �o�f� �l�o�n�g� �r�e�a�d� �d�a�t�a� �f�r�o�m� �M�i�n�I�O�N� 
�g�e�n�e�r�a�t�e�d� �t�h�e� �o�v�e�r�a�l�l� �c�o�r�r�e�c�t� �s�t�r�u�c�t�u�r�e� �o�f� �t�h�e� �g�e�n�o�m�e� �a�n�d� 
�t�h�e� �p�l�a�s�m�i�d�,� �b�u�t� �a� �l�o�t� �o�f� �s�m�a�l�l� �i�n�s�e�r�t�i�o�n�s�,� �d�e�l�e�t�i�o�n�s� �a�n�d� 
�S�N�P�s� �w�e�r�e� �a�d�d�i�t�i�o�n�a�l�l�y� �c�r�e�a�t�e�d� �(�T�a�b�l�e� �2�)�.� �T�h�e� �a�s�s�e�m�b�l�y� 
�o�f� �M�i�n�I�O�N� �r�a�w� �r�e�a�d�s� �c�o�n�t�a�i�n�s� �m�o�r�e� �t�h�a�n� �2�5�,�0�0�0� �S�N�P�s�,� 
�w�h�i�c�h� �i�s� �a�r�o�u�n�d� �1�0�0� �t�i�m�e�s� �m�o�r�e� �c�o�m�p�a�r�e�d� �t�o� �a�s�s�e�m�-� 
�b�l�i�e�s� �o�f� �P�a�c�B�i�o� �r�e�a�d�s� �w�i�t�h� �H�G�A�P� �a�n�d� �F�l�y�e�.� �H�o�w�e�v�e�r�,� �b�y� 
�c�o�m�b�i�n�i�n�g� �M�i�n�I�O�N� �w�i�t�h� �I�l�l�u�m�i�n�a� �d�a�t�a� �t�h�e� �S�N�P� �c�o�u�n�t� 
�d�e�c�r�e�a�s�e�d� �t�o� �o�n�l�y� �2�0� �S�N�P�s�.� �T�h�e� �a�s�s�e�m�b�l�y� �f�r�o�m� �H�G�A�P� 
�o�r� �F�l�y�e� �b�a�s�e�d� �o�n� �P�a�c�B�i�o� �r�a�w� �r�e�a�d�s� �c�o�n�t�a�i�n�s� �1�5�5� �S�N�P�s� 
�a�n�d� �2�5�5� �S�N�P�s� �r�e�s�p�e�c�t�i�v�e�l�y� �w�h�e�r�e�a�s� �t�h�e� �c�o�m�b�i�n�a�t�i�o�n� �o�f� 
�P�a�c�B�i�o� �a�n�d� �I�l�l�u�m�i�n�a� �c�o�n�t�a�i�n�s� �0� �S�N�P�s�.� 

�T�h�e� �f�i�n�a�l� �c�h�r�o�m�o�s�o�m�a�l� �a�s�s�e�m�b�l�y� �o�f� �M�i�n�I�O�N� �a�n�d� �I�l�l�u�-� 
�m�i�n�a� �r�e�a�d�s� �i�s� �c�o�v�e�r�e�d� �b�y� �9�5�x�,� �4�2�4� �a�n�d� �3�7�5�x�,� �w�h�e�r�e�a�s� 
�t�h�e� �p�l�a�s�m�i�d� �s�e�q�u�e�n�c�e� �i�s� �c�o�v�e�r�e�d� �b�y� �2�0�4�x�,� �2�9�1�x� �a�n�d� 
�3�0�2�1� �f�r�o�m� �I�l�l�u�m�i�n�a�,� �P�a�c�B�i�o� �a�n�d� �M�i�n�I�O�N� �r�e�a�d�s�.� 
�G�e�n�o�m�e� �c�o�m�p�l�e�t�e�n�e�s�s� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �t�o� �b�e� �a�t� �9�9�.�3�6�%� 
�a�n�d� �c�o�n�t�a�m�i�n�a�t�i�o�n� �w�a�s� �p�r�e�d�i�c�t�e�d� �t�o� �b�e� �0�.�1�5�%�.� 

�C�o�n�c�l�u�s�i�o�n� 
�H�e�r�e�,� �w�e� �d�e�s�c�r�i�b�e� �t�h�e� �C�.� �j�e�j�u�n�i� �s�t�r�a�i�n� �B�f�R�-�C�A�-�1�4�4�3�0� 
�t�h�a�t� �c�a�r�r�i�e�s� �a� �b�e�t�a� �l�a�c�t�a�m�a�s�e� �a�n�d� �t�e�t�r�a�c�y�c�l�i�n�e� �r�e�s�i�s�t�-� 
�a�n�c�e� �g�e�n�e� �a�s� �w�e�l�l� �a�s� �p�o�t�e�n�t�i�a�l� �v�i�r�u�l�e�n�c�e� �f�a�c�t�o�r�s� �t�h�a�t� 
�m�i�g�h�t� �p�l�a�y� �a� �r�o�l�e� �i�n� �h�u�m�a�n� �g�u�t� �i�n�f�e�c�t�i�o�n�.� �F�u�r�t�h�e�r�m�o�r�e� 
�w�e� �c�o�m�p�a�r�e�d� �m�u�l�t�i�p�l�e� �h�y�b�r�i�d� �a�s�s�e�m�b�l�y� �m�e�t�h�o�d�s� �b�a�s�e�d� 
�o�n� �d�i�f�f�e�r�e�n�t� �s�e�q�u�e�n�c�i�n�g� �t�e�c�h�n�o�l�o�g�i�e�s�.� �T�h�i�s� �r�e�v�e�a�l�e�d� 
�t�h�a�t� �t�h�e� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �l�o�n�g� �r�e�a�d�s� �w�i�t�h� �s�h�o�r�t� �r�e�a�d�s� 
�d�e�c�r�e�a�s�e�s� �t�h�e� �S�N�P� �r�a�t�e� �i�n� �d�e� �n�o�v�o� �a�s�s�e�m�b�l�i�e�s� �t�o� �a� �l�a�r�g�e� 
�e�x�t�e�n�t�.� �I�n� �g�e�n�e�r�a�l�,� �u�s�i�n�g� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �l�o�n�g� �a�n�d� 

�P�a�g�e� �7� �o�f� �8� 

�s�h�o�r�t� �r�e�a�d�s� �a�s� �i�n�p�u�t� �t�o� �t�h�e� �U�n�i�c�y�c�l�e�r� �a�s�s�e�m�b�l�e�r� �r�e�s�u�l�t�e�d� 
�i�n� �a�c�c�u�r�a�t�e� �a�n�d� �c�l�o�s�e�d� �c�h�r�o�m�o�s�o�m�a�l� �a�n�d� �p�l�a�s�m�i�d�a�l� 
�s�e�q�u�e�n�c�e�s� �f�o�r� �o�u�r� �d�a�t�a�.� �H�o�w�e�v�e�r�,� �a�s�s�e�m�b�l�i�e�s� �b�a�s�e�d� �o�n�l�y� 
�o�n� �P�a�c�B�i�o� �r�e�a�d�s�,� �s�e�e�m� �t�o� �b�e� �h�i�g�h�l�y� �a�c�c�u�r�a�t�e� �a�n�d� �c�a�n� 
�a�l�s�o� �b�e� �u�s�e�d� �w�i�t�h�o�u�t� �b�e�i�n�g� �p�o�l�i�s�h�e�d� �b�y� �I�l�l�u�m�i�n�a� �d�a�t�a�.� 

�S�u�p�p�l�e�m�e�n�t�a�r�y� �i�n�f�o�r�m�a�t�i�o�n� 
�S�u�p�p�l�e�m�e�n�t�a�r�y� �i�n�f�o�r�m�a�t�i�o�n� �a�c�c�o�m�p�a�n�i�e�s� �t�h�i�s� �p�a�p�e�r� �a�t� �h�t�t�p�s�:�/�/�d�o�i�.� 
�o�r�g�/�1�0�.�1� �1�8�6�/�s�1� �3�0�9�9�-�0�1�9�-�0�3�4�0�-�7�.� 

� � 
�A�d�d�i�t�i�o�n�a�l� �f�i�l�e� �1�:� �T�a�b�l�e� �$�1�.� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �G�e�n�o�m�e�s� �u�s�e�d� �t�o� �b�u�i�l�d� 
�t�h�e� �P�r�o�k�k�a� �D�a�t�a�b�a�s�e� 
� � 

�A�c�k�n�o�w�l�e�d�g�e�m�e�n�t�s� 
�N�o�t� �a�p�p�l�i�c�a�b�l�e�.� 

�A�u�t�h�o�r�s �� �c�o�n�t�r�i�b�u�t�i�o�n�s� 
�L�E�,� �K�S�,� �L�H�W� �a�n�d� �T�S� �d�e�s�i�g�n�e�d� �t�h�e� �s�t�u�d�y�.� �J�C�G�,� �M�T�K�C�H� �a�n�d� �A�T� �p�e�r�f�o�r�m�e�d� �t�h�e� 
�l�a�b�o�r�a�t�o�r�y� �w�o�r�k�.� �L�E� �a�n�d� �T�S� �d�i�d� �t�h�e� �b�i�o�i�n�f�o�r�m�a�t�i�c�s� �a�n�a�l�y�s�i�s�.� �A�l�l� �a�u�t�h�o�r�s� �r�e�a�d� �a�n�d� 
�a�p�p�r�o�v�e�d� �t�h�e� �f�i�n�a�l� �m�a�n�u�s�c�r�i�p�t�.� 

�F�u�n�d�i�n�g� 
�F�u�n�d�i�n�g� �w�a�s� �r�e�c�e�i�v�e�d� �b�y� �t�h�e� �G�e�r�m�a�n� �F�e�d�e�r�a�l� �M�i�n�i�s�t�r�y� �o�f� �E�d�u�c�a�t�i�o�n� �a�n�d� 
�R�e�s�e�a�r�c�h� �(�B�M�B�F�)� �a�n�d� �b�y� �t�h�e� �G�e�r�m�a�n� �F�e�d�e�r�a�l� �M�i�n�i�s�t�r�y� �o�f� �H�e�a�l�t�h� �(�B�M�G�)� �f�o�r� �t�h�e� 
�P�A�C�-�C�A�M�P�Y� �a�n�d� �M�i�n�l�O�N�-�Z�o�o� �r�e�s�e�a�r�c�h� �p�r�o�j�e�c�t� �a�n�d� �b�y� �B�f�R�.� �L�E�.� �a�n�d� �T�S�.� �w�e�r�e� 
�f�i�n�a�n�c�e�d� �i�n� �P�A�C�-�C�A�M�P�Y� �I�P�1�0�/�0�1�K�I�1�7�2�5�F� �a�n�d� �M�i�n�l�O�N�-�Z�o�o� �Z�M�V�I�1�-�2�5� �1�9�N�I�K�7�0�4� 
�a�n�d� �J�.�G�.� �a�n�d� �K�S�.� �i�n� �P�A�C�-�C�A�M�P�Y� �I�P�3�/�0�1�K�I�1�7�2�5�B� �a�n�d� �B�f�R�-�S�F�B�-�1�3�3�2�-�6�4�6�.� �T�h�e� 
�f�u�n�d�e�r�s� �h�a�d� �n�o� �i�n�f�l�u�e�n�c�e� �i�n� �t�h�e� �s�t�u�d�y� �d�e�s�i�g�n�,� �d�a�t�a� �a�n�a�l�y�s�i�s� �o�r� �p�u�b�l�i�c�a�t�i�o�n�.� 

�A�v�a�i�l�a�b�i�l�i�t�y� �o�f� �d�a�t�a� �a�n�d� �m�a�t�e�r�i�a�l�s� 
�T�h�e� �c�o�m�p�l�e�t�e�d� �g�e�n�o�m�e� �s�e�q�u�e�n�c�e� �o�f� �B�/�R�-�C�A�-�!�4�4�3�0� �h�a�s� �b�e�e�n� �d�e�p�o�s�i�t�e�d� �i�n�t�o� 
�G�e�n�B�a�n�k� �d�a�t�a�b�a�s�e� �w�i�t�h� �a�c�c�e�s�s�i�o�n� �n�u�m�b�e�r� �C�P�0�4�3�7�6�3� �(�c�h�r�o�m�o�s�o�m�e�)� �a�n�d� 
�C�P�0�4�3�7�6�4� �(�p�l�a�s�m�i�d�)�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �R�a�w� �r�e�a�d� �d�a�t�a� �f�r�o�m� �I�l�l�u�m�i�n�a� �M�i�s�e�q�,� �P�a�c�B�i�o� 
�R�S� �I�l� �a�n�d� �O�x�f�o�r�d� �N�a�n�o�p�o�r�e� �M�i�n�l�O�N� �i�s� �a�v�a�i�l�a�b�l�e� �a�t� �N�C�B�I� �w�i�t�h� �S�R�A� �a�c�c�e�s�s�i�o�n� 
�n�u�m�b�e�r� �P�R�I�N�A�5�6�2�6�5�3�.� 

�E�t�h�i�c�s� �a�p�p�r�o�v�a�l� �a�n�d� �c�o�n�s�e�n�t� �t�o� �p�a�r�t�i�c�i�p�a�t�e� 
�N�o�t� �a�p�p�l�i�c�a�b�l�e�.� 

�C�o�m�p�e�t�i�n�g� �i�n�t�e�r�e�s�t�s� 
�T�h�e� �a�u�t�h�o�r�s� �d�e�c�l�a�r�e� �t�h�a�t� �t�h�e�y� �h�a�v�e� �n�o� �c�o�m�p�e�t�i�n�g� �i�n�t�e�r�e�s�t�s�.� 

�A�u�t�h�o�r� �d�e�t�a�i�l�s� 
�'� �N�G�1�-�M�i�c�r�o�b�i�a�l� �G�e�n�o�m�i�c�s�,� �R�o�b�e�r�t� �K�o�c�h� �I�n�s�t�i�t�u�t�e�,� �N�o�r�d�u�f�e�r� �2�0�,� �1�3�3�5�3� �B�e�r�l�i�n�,� 
�G�e�r�m�a�n�y�.� �*� �N�a�t�i�o�n�a�l� �R�e�f�e�r�e�n�c�e� �L�a�b�o�r�a�t�o�r�y� �f�o�r� �C�a�m�p�y�l�o�b�a�c�t�e�r�,� �D�e�p�a�r�t�m�e�n�t� 
�o�f� �B�i�o�l�o�g�i�c�a�l� �S�a�f�e�t�y�,� �F�e�d�e�r�a�l� �I�n�s�t�i�t�u�t�e� �f�o�r� �R�i�s�k� �A�s�s�e�s�s�m�e�n�t�,� �B�e�r�l�i�n�,� �G�e�r�m�a�n�y�.� 
�?� �A�d�v�a�n�c�e�d� �L�i�g�h�t� �a�n�d� �E�l�e�c�t�r�o�n� �M�i�c�r�o�s�c�o�p�y�,� �R�o�b�e�r�t� �K�o�c�h� �I�n�s�t�i�t�u�t�e�,� �B�e�r�l�i�n�,� 
�G�e�r�m�a�n�y�.� �*� �M�e�t�h�o�d�o�l�o�g�y� �a�n�d� �R�e�s�e�a�r�c�h� �I�n�f�r�a�s�t�r�u�c�t�u�r�e�,� �R�o�b�e�r�t� �K�o�c�h� �I�n�s�t�i�t�u�t�e�,� 
�B�e�r�l�i�n�,� �G�e�r�m�a�n�y�.� 

�R�e�c�e�i�v�e�d�:� �1�8� �S�e�p�t�e�m�b�e�r� �2�0�1�9� �A�c�c�e�p�t�e�d�:� �5� �D�e�c�e�m�b�e�r� �2�0�1�9� 
�P�u�b�l�i�s�h�e�d� �o�n�l�i�n�e�:� �1�6� �D�e�c�e�m�b�e�r� �2�0�1�9� 

�R�e�f�e�r�e�n�c�e�s� 
�1�.� �Y�o�u�n�g� �K�T�,� �D�a�v�i�s� �L�M�,� �D�i�R�i�t�a� �V�J�.� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�:� �m�o�l�e�c�u�l�a�r� �b�i�o�l�o�g�y� 

�a�n�d� �p�a�t�h�o�g�e�n�e�s�i�s�.� �N�a�t� �R�e�v� �M�i�c�r�o�b�i�o�l�.� �2�0�0�7�;�5�:�6�6�5�-�7�9�.� 
�2�.� �H�u�m�p�h�r�e�y� �T�,� �O�'�B�r�i�e�n� �S�,� �M�a�d�s�e�n� �M�.� �C�a�m�p�y�l�o�b�a�c�t�e�r�s� �a�s� �z�o�o�n�o�t�i�c� 

�p�a�t�h�o�g�e�n�s�:� �a� �f�o�o�d� �p�r�o�d�u�c�t�i�o�n� �p�e�r�s�p�e�c�t�i�v�e�.� �I�n�t� �J� �F�o�o�d� �M�i�c�r�o�b�i�o�l�.� 
�2�0�0�7�;�1� �1�7�(�3�)�:�2�3�7�-�5�7�.� 

�3�.� �F�o�o�d� �S�a�f�e�t�y� �A�u�t�h�o�r�i�t�y� �E�,� �B�o�e�l�a�e�r�t� �F�,� �V�a�n� �d�e�r� �S�t�e�d�e� �Y�,� �N�a�g�y� �K�,� �R�i�z�z�i� �V�,� 
�G�a�r�c�i�a� �F�i�e�r�r�o� �R�,� �e�t�a�l�.� �T�h�e� �E�u�r�o�p�e�a�n� �U�n�i�o�n� �s�u�m�m�a�r�y� �r�e�p�o�r�t� �o�n� �t�r�e�n�d�s� �a�n�d� 
�s�o�u�r�c�e�s� �o�f� �z�o�o�n�o�s�e�s�,� �z�o�o�n�o�t�i�c� �a�g�e�n�t�s� �a�n�d� �f�o�o�d�-�b�o�r�n�e� �o�u�t�b�r�e�a�k�s� �i�n� �2�0�1�6� 
�A�c�k�n�o�w�l�e�d�g�e�m�e�n�t�s�:� �E�F�S�A� �a�n�d� �t�h�e� �E�C�D�C� �w�i�s�h� �t�o� �t�h�a�n�k� �t�h�e� �m�e�m�b�e�r�s� �o�f� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�E�p�p�i�n�g� �e�t� �a�l�.� �G�u�t� �P�a�t�h�o�g� 

�2�0�.� 

�(�2�0�1�9�)� �1�1�:�5�9� 

�t�h�e� �S�c�i�e�n�t�i�f�i�c� �N�e�t�w�o�r�k� �f�o�r� �Z�o�o�n�o�s�e�s� �M�o�n�i�t�o�r�i�n�g� �D�a�t�a� �a�n�d� �t�h�e� �F�o�o�d� �a�n�d� 
�W�a�t�.� �E�F�S�A� �J�.� �2�0�1�7�;�1�5�(�1�2�)�:�5�0�7�7�.� 
�J�a�c�o�b�s�-�R�e�i�t�s�m�a� �W�F�,� �J�o�n�g�e�n�b�u�r�g�e�r� �|�,� �d�e� �B�o�e�r� �E�,� �B�i�e�s�t�a�-�P�e�t�e�r�s� �E�G�.� �V�a�l�i�d�a�-� 
�t�i�o�n� �b�y� �i�n�t�e�r�l�a�b�o�r�a�t�o�r�y� �t�r�i�a�l�s� �o�f� �E�N� �I�S�O� �1�0�2�7�2 ��m�i�c�r�o�b�i�o�l�o�g�y� �o�f� �t�h�e� �f�o�o�d� 
�c�h�a�i�n ��h�o�r�i�z�o�n�t�a�l� �m�e�t�h�o�d� �f�o�r� �d�e�t�e�c�t�i�o�n� �a�n�d� �e�n�u�m�e�r�a�t�i�o�n� �o�f� �C�a�m�p�y�-� 
�l�o�b�a�c�t�e�r� �s�p�p�. ��p�a�r�t� �2�:� �C�o�l�o�n�y�-�c�o�u�n�t� �t�e�c�h�n�i�q�u�e�.� �I�n�t� �J� �F�o�o�d� �M�i�c�r�o�b�i�o�l�.� 
�2�0�1�9�;�2�8�8�:�3�2�-�8�.� 
�M�a�y�r� �A�M�,� �L�i�c�k� �S�,� �B�a�u�e�r� �J�,� �T�h�a�r�i�g�e�n� �D�,� �B�u�s�c�h� �U�,� �H�u�b�e�r� �|�.� �R�a�p�i�d� �d�e�t�e�c�t�i�o�n� 
�a�n�d� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�,� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�i�,� �a�n�d� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �l�a�r�i� �i�n� �f�o�o�d�,� �u�s�i�n�g� �m�u�l�t�i�p�l�e�x� �r�e�a�l�-�t�i�m�e� �P�C�R�.� �J� �F�o�o�d� �P�r�o�t�e�c�t�.� 
�2�0�1�0�;�7�3�(�2�)�:�2�4�1�-�5�0�.� 

�W�a�s�s�e�n�a�a�r� �T�M�,� �N�e�w�e�l�l� �D�G�.� �G�e�n�o�t�y�p�i�n�g� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�p�.� �A�p�p�l� 
�E�n�v�i�r�o�n� �M�i�c�r�o�b�i�o�l�.� �2�0�0�0�;�6�6�:�1�-�9�.� 
�C�l�i�n�i�c�a�l� �a�n�d� �L�a�b�o�r�a�t�o�r�y� �S�t�a�n�d�a�r�d�s� �I�n�s�t�i�t�u�t�e�.� �V�E�T�O�S�:� �m�e�t�h�o�d�s� �f�o�r� �a�n�t�i�m�i�-� 
�c�r�o�b�i�a�l� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� �t�e�s�t�i�n�g� �o�f� �i�n�f�r�e�q�u�e�n�t�l�y� �i�s�o�l�a�t�e�d� �o�r� �f�a�s�t�i�d�i�o�u�s� �b�a�c�t�e�r�i�a� 
�i�s�o�l�a�t�e�d� �f�r�o�m� �a�n�i�m�a�l�s�.� �1�s�t� �e�d�.� �W�a�y�n�e�,� �P�A�:� �C�l�i�n�i�c�a�l� �a�n�d� �L�a�b�o�r�a�t�o�r�y� �S�t�a�n�d�-� 
�a�r�d�s� �I�n�s�t�i�t�u�t�e�;� �2�0�1� �7�.� 
�B�a�n�k�e�v�i�c�h� �A�,� �N�u�r�k� �S�,� �A�n�t�i�p�o�v� �D�,� �G�u�r�e�v�i�c�h� �A�A�,� �D�v�o�r�k�i�n� �M�,� �K�u�l�i�k�o�v� �A�S�,� �e�t� �a�l�.� 
�{�S�P�A�d�e�s�}�:� �a� �n�e�w� �g�e�n�o�m�e� �a�s�s�e�m�b�l�y� �a�l�g�o�r�i�t�h�m� �a�n�d� �i�t�s� �a�p�p�l�i�c�a�t�i�o�n�s� �t�o� 
�s�i�n�g�l�e�-�c�e�l�l� �s�e�q�u�e�n�c�i�n�g�.� �J� �C�o�m�p�u�t� �B�i�o�l�.� �2�0�1�2�;�1� �9�(�5�)�:�4�5�5�-�7�7�.� 
�A�n�t�i�p�o�v� �D�,� �H�a�r�t�w�i�c�k� �N�,� �S�h�e�n� �M�,� �R�a�i�k�o� �M�,� �L�a�p�i�d�u�s� �A�,� �P�e�v�z�n�e�r� �P�A�.� �P�l�a�s�m�i�d�-� 
�S�P�A�d�e�s�:� �a�s�s�e�m�b�l�i�n�g� �p�l�a�s�m�i�d�s� �f�r�o�m� �w�h�o�l�e� �g�e�n�o�m�e� �s�e�q�u�e�n�c�i�n�g� �d�a�t�a�.� 
�B�i�o�i�n�f�o�r�m�a�t�i�c�s�.� �2�0�1�6�;�3�2�(�2�2�)�:�3�3�8�0�-�7�.� 

�.� �C�h�i�n� �C�S�,� �A�l�e�x�a�n�d�e�r� �D�H�,� �M�a�r�k�s� �P�,� �K�l�a�m�m�e�r� �A�A�,� �D�r�a�k�e� �J�,� �H�e�i�n�e�r� �C�,� �e�t� �a�l�.� 
�N�o�n�h�y�b�r�i�d�,� �f�i�n�i�s�h�e�d� �m�i�c�r�o�b�i�a�l� �g�e�n�o�m�e� �a�s�s�e�m�b�l�i�e�s� �f�r�o�m� �l�o�n�g�-�r�e�a�d� �S�M�R�T� 
�s�e�q�u�e�n�c�i�n�g� �d�a�t�a�.� �N�a�t� �M�e�t�h�o�d�s�.� �2�0�1� �3�;�1�0�(�6�)�:�5�6�3�-�9�.� 

�.� �K�o�l�m�o�g�o�r�o�v� �M�,� �Y�u�a�n� �J�,� �L�i�n� �¥�,� �P�e�v�z�n�e�r� �P�A�.� �A�s�s�e�m�b�l�y� �o�f� �l�o�n�g�,� �e�r�r�o�r�-�p�r�o�n�e� 
�r�e�a�d�s� �u�s�i�n�g� �r�e�p�e�a�t� �g�r�a�p�h�s�.� �N�a�t� �B�i�o�t�e�c�h�n�o�l�.� �2�0�1�9�;�3�7�(�5�)�:�5�4�0�-�6�.� 

�.� �W�i�c�k� �R�R�,� �J�u�d�d� �L�M�,� �G�o�r�r�i�e� �C�L�,� �H�o�l�t� �K�E�.� �U�n�i�c�y�c�l�e�r�:� �R�e�s�o�l�v�i�n�g� �b�a�c�t�e�r�i�a�l� 
�g�e�n�o�m�e� �a�s�s�e�m�b�l�i�e�s� �f�r�o�m� �s�h�o�r�t� �a�n�d� �l�o�n�g� �s�e�q�u�e�n�c�i�n�g� �r�e�a�d�s�.� �P�L�o�S� �C�o�m�-� 
�p�u�t� �B�i�o�l�.� �2�0�1�7�;�1�3�(�6�)�:�e�1�0�0�5�5�9�5�.� 

�.� �R�u�a�n� �J�,� �L�i�H�.� �F�a�s�t� �a�n�d� �a�c�c�u�r�a�t�e� �l�o�n�g�-�r�e�a�d� �a�s�s�e�m�b�l�y� �w�i�t�h� �w�t�d�b�g�2�.� �b�i�o�R�x�i�v�.� 
�2�0�1�9�.� �h�t�t�p�s�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�0�1�/�5�3�0�9�7�2�.� 

�.� �L�i�H�.� �M�i�n�i�m�a�p�2�:� �p�a�i�r�w�i�s�e� �a�l�i�g�n�m�e�n�t� �f�o�r� �n�u�c�l�e�o�t�i�d�e� �s�e�q�u�e�n�c�e�s�.� �B�i�o�i�n�f�o�r�-� 
�m�a�t�i�c�s�.� �2�0�1�8�;�3�4�(�1�8�)�:�3�0�9�4�-�1�0�0�.� 

�.� �S�e�e�m�a�n�n� �T�.� �P�r�o�k�k�a�:� �r�a�p�i�d� �p�r�o�k�a�r�y�o�t�i�c� �g�e�n�o�m�e� �a�n�n�o�t�a�t�i�o�n�.� �B�i�o�i�n�f�o�r�m�a�t�i�c�s�.� 
�2�0�1�4�;�3�0�(�1�4�)�:�2�0�6�8�-�9�.� 

�.� �D�a�r�l�i�n�g� �A�E�,� �M�a�u� �B�,� �P�e�r�n�a� �N�T�.� �p�r�o�g�r�e�s�s�i�v�e�M�a�u�v�e�:� �m�u�l�t�i�p�l�e� �g�e�n�o�m�e� 
�a�l�i�g�n�m�e�n�t� �w�i�t�h� �g�e�n�e� �g�a�i�n�,� �l�o�s�s� �a�n�d� �r�e�a�r�r�a�n�g�e�m�e�n�t�.� �P�L�o�S� �O�N�E� �O�N�E�.� 
�2�0�1�0�;�5�(�6�)�:�e� �1�1�1�4�7�.� 

�.� �L�a�n�g�m�e�a�d� �B�,� �S�a�l�z�b�e�r�g� �S�L�.� �F�a�s�t� �g�a�p�p�e�d�-�r�e�a�d� �a�l�i�g�n�m�e�n�t� �w�i�t�h� �B�o�w�t�i�e� �2�.� �N�a�t� 
�M�e�t�h�o�d�s�.� �2�0�1� �2�;�9�(�4�)�:�3�5�7�-�9�.� 

�.� �G�a�r�r�i�s�o�n� �E�,� �M�a�r�t�h� �G�.� �H�a�p�l�o�t�y�p�e�-�b�a�s�e�d� �v�a�r�i�a�n�t� �d�e�t�e�c�t�i�o�n� �f�r�o�m� �s�h�o�r�t�-�r�e�a�d� 
�s�e�q�u�e�n�c�i�n�g�.� �a�r�X�i�v� �p�r�e�p�r�i�n�t�.� �2�0�1�2�.� �a�r�X�i�v�:�1�2�0�7�.�3�9�0�7�.� 

�.� �Z�a�n�k�a�r�i� �E�,� �H�a�s�m�a�n� �H�,� �C�o�s�e�n�t�i�n�o� �S�,� �V�e�s�t�e�r�g�a�a�r�d� �M�,� �R�a�s�m�u�s�s�e�n� �S�,� �L�u�n�d� �O�,� 
�e�t� �a�l�.� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �a�c�q�u�i�r�e�d� �a�n�t�i�m�i�c�r�o�b�i�a�l� �r�e�s�i�s�t�a�n�c�e� �g�e�n�e�s�.� �J� �A�n�t�i�m�i�-� 
�c�r�o�b� �C�h�e�m�o�t�h�e�r�.� �2�0�1� �2�6�7�(�1�1�)�:�2�6�4�0�-�4�.� 
�R�o�e�h�r� �J�T�,� �D�i�e�t�e�r�i�c�h� �C�,� �R�e�i�n�e�r�t� �K�.� �F�l�e�x�b�a�r� �3�.�0 ��{�S�I�M�D�}� �a�n�d� �m�u�l�t�i�c�o�r�e� �p�a�r�a�l�-� 
�l�e�l�i�z�a�t�i�o�n�.� �B�i�o�i�n�f�o�r�m�a�t�i�c�s�.� �2�0�1� �7�;�3�3�(�1�8�)�:�2�9�4�1�-�2�.� 
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�P�a�g�e� �8� �o�f� �8� 

�W�o�o�d� �D�E�,� �S�a�l�z�b�e�r�g� �S�L�.� �K�r�a�k�e�n�:� �U�l�t�r�a�f�a�s�t� �m�e�t�a�g�e�n�o�m�i�c� �s�e�q�u�e�n�c�e� �c�l�a�s�-� 
�s�i�f�i�c�a�t�i�o�n� �u�s�i�n�g� �e�x�a�c�t� �a�l�i�g�n�m�e�n�t�s�.� �G�e�n�o�m�e� �B�i�o�l�.� �2�0�1�4�;�1�5�(�3�)�:�R�4�6�.� 
�P�a�r�k�s� �D�H�,� �I�m�e�l�f�o�r�t� �M�,� �S�k�e�n�n�e�r�t�o�n� �C�T�,� �H�u�g�e�n�h�o�l�t�z� �P�,� �T�y�s�o�n� �G�W�.� �C�h�e�c�k�M�:� 
�a�s�s�e�s�s�i�n�g� �t�h�e� �q�u�a�l�i�t�y� �o�f� �m�i�c�r�o�b�i�a�l� �g�e�n�o�m�e�s� �r�e�c�o�v�e�r�e�d� �f�r�o�m� �i�s�o�l�a�t�e�s�,� 

�s�i�n�g�l�e� �c�e�l�l�s�,� �a�n�d� �m�e�t�a�g�e�n�o�m�e�s�.� �G�e�n�o�m�e� �R�e�s�.� �2�0�1�5�;�2�5�:�1�0�4�3�-�5�5�.� 
�S�a�i�l�s� �A�D�,� �S�w�a�m�i�n�a�t�h�a�n� �B�,� �F�i�e�l�d�s� �P�I�.� �U�t�i�l�i�t�y� �o�f� �m�u�l�t�i�l�o�c�u�s� �s�e�q�u�e�n�c�e� �t�y�p�i�n�g� 
�a�s� �a�n� �e�p�i�d�e�m�i�o�l�o�g�i�c�a�l� �t�o�o�l� �f�o�r� �i�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �o�u�t�b�r�e�a�k�s� �o�f� �g�a�s�t�r�o�e�n�t�e�r�i�-� 
�t�i�s� �c�a�u�s�e�d� �b�y� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �J� �C�l�i�n� �M�i�c�r�o�b�i�o�l�,� �2�0�0�3�;�4�1� �(�1�0�)�:�4�7�3�3�-�9�.� 
�G�r�i�g�g�s� �D�J�,� �P�e�a�k�e� �L�,� �J�o�h�n�s�o�n� �M�M�,� �G�h�o�r�i� �S�,� �M�o�t�t� �A�,� �P�i�d�d�e�c�k� �U�V�.� 
�B�-�l�a�c�t�a�m�a�s�e�-�m�e�d�i�a�t�e�d� �B�-�l�a�c�t�a�m� �r�e�s�i�s�t�a�n�c�e� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�e�c�i�e�s�:� 
�p�r�e�v�a�l�e�n�c�e� �o�f� �C�j�0�2�9�9� �(�b�l�a�O�X�A�-�6�1�)� �a�n�d� �e�v�i�d�e�n�c�e� �f�o�r� �a� �n�o�v�e�l� �B�-�l�a�c�t�a�m�a�s�e� 
�i�n� �C� �j�e�j�u�n�i�.� �A�n�t�i�m�i�c�r�o�b� �A�g�e�n�t�s� �C�h�e�m�o�t�h�e�r�.� �2�0�0�9�;�5�3�(�8�)�:�3�3�5�7�-�6�4�.� 
�L�u�o� �N�,� �S�a�h�i�n� �©�,� �L�i�n� �J�,� �M�i�c�h�e�l� �L�O�,� �Z�h�a�n�g� �Q�.� �I�n� �v�i�v�o� �s�e�l�e�c�t�i�o�n� �o�f� �C�a�m�p�y�l�o�-� 
�b�a�c�t�e�r� �i�s�o�l�a�t�e�s� �w�i�t�h� �h�i�g�h� �l�e�v�e�l�s� �o�f� �f�l�u�o�r�o�q�u�i�n�o�l�o�n�e� �r�e�s�i�s�t�a�n�c�e� �a�s�s�o�c�i�a�t�e�d� 
�w�i�t�h� �g�y�r�A� �m�u�t�a�t�i�o�n�s� �a�n�d� �t�h�e� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �C�m�e�A�B�C� �e�f�f�l�u�x� �p�u�m�p�.� 
�A�n�t�i�m�i�c�r�o�b� �A�g�e�n�t�s� �C�h�e�m�o�t�h�e�r�.� �2�0�0�3�;�4�7�(�1�)�:�3�9�0�-�4�.� 
�G�u�e�r�r�y� �P�,� �E�w�i�n�g� �C�P� �H�i�c�k�e�y� �T�E�,� �P�r�e�n�d�e�r�g�a�s�t� �M�M�,� �M�o�r�a�n� �A�P� �S�i�a�l�y�l�a�t�i�o�n� �o�f� 
�l�i�p�o�o�l�i�g�o�s�a�c�c�h�a�r�i�d�e� �c�o�r�e�s� �a�f�f�e�c�t�s� �i�m�m�u�n�o�g�e�n�i�c�i�t�y� �a�n�d� �s�e�r�u�m� �r�e�s�i�s�t�a�n�c�e� 
�o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �I�n�f�e�c�t� �I�m�m�u�n�.� �2�0�0�0�;�6�8�(�1� �2�)�:�6�6�5�6�-�6�2�.� 
�G�o�d�s�c�h�a�l�k� �P�C�R�,� �H�e�i�k�e�m�a� �A�P�,� �G�i�l�b�e�r�t� �M�,� �K�o�m�a�g�a�m�i�n�e� �T�,� �W�i�m� �A�n�g� �C�,� 
�G�l�e�r�u�m� �J�,� �e�t� �a�l�.� �T�h�e� �c�r�u�c�i�a�l� �r�o�l�e� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �g�e�n�e�s� �i�n� �a�n�t�i�-�g�a�n�-� 

�g�l�i�o�s�i�d�e� �a�n�t�i�b�o�d�y� �i�n�d�u�c�t�i�o�n� �i�n� �G�u�i�l�l�a�i�n�-�B�a�r�r�é� �s�y�n�d�r�o�m�e�.� �J� �C�l�i�n� �I�n�v�e�s�t�i�g�.� 
�2�0�0�4�;�1� �1�4�(�1� �1�)�:�1�6�5�9�-�6�5�.� 
�P�o�l�y� �F�,� �S�e�r�i�c�h�a�t�a�l�e�r�g�s� �O�,� �S�c�h�u�l�m�a�n� �M�,� �J�u� �J�,� �C�a�t�e�s� �C�N�,� �K�a�n�i�p�e�s� �M�,� �e�t� �a�l�.� �D�i�s�-� 
�c�r�i�m�i�n�a�t�i�o�n� �o�f� �m�a�j�o�r� �c�a�p�s�u�l�a�r� �t�y�p�e�s� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �b�y� �m�u�l�t�i�p�l�e�x� 
�P�C�R�.� �J� �C�l�i�n� �M�i�c�r�o�b�i�o�l�.� �2�0�1�1�;�4�9�(�5�)�:�1� �7�5�0�-�7�.� 
�G�u�e�r�r�y� �P�,� �E�w�i�n�g� �C�P� �S�c�h�i�r�m� �M�,� �L�o�r�e�n�z�o� �M�,� �K�e�l�l�y� �J�,� �P�a�t�t�a�r�i�n�i� �D�,� �e�t� �a�l�.� 
�C�h�a�n�g�e�s� �i�n� �f�l�a�g�e�l�l�i�n� �g�l�y�c�o�s�y�l�a�t�i�o�n� �a�f�f�e�c�t� �C�a�m�p�y�l�o�b�a�c�t�e�r� �a�u�t�o�a�g�g�l�u�t�i�n�a�t�i�o�n� 
�a�n�d� �v�i�r�u�l�e�n�c�e�.� �M�o�l� �M�i�c�r�o�b�i�o�l�.� �2�0�0�6�;�6�0�(�2�)�:�2�9�9�-�3�1�1�.� 
�C�a�o� �T�B�,� �S�a�i�e�r� �J�.� �C�o�n�j�u�g�a�l� �t�y�p�e� �I�V� �m�a�c�r�o�m�o�l�e�c�u�l�a�r� �t�r�a�n�s�f�e�r� �s�y�s�t�e�m�s� 
�o�f� �G�r�a�m�-�n�e�g�a�t�i�v�e� �b�a�c�t�e�r�i�a�:� �O�r�g�a�n�i�s�m�a�l� �d�i�s�t�r�i�b�u�t�i�o�n�,� �s�t�r�u�c�t�u�r�a�l� �c�o�n�-� 
�s�t�r�a�i�n�t�s� �a�n�d� �e�v�o�l�u�t�i�o�n�a�r�y� �c�o�n�c�l�u�s�i�o�n�s�.� �M�i�c�r�o�b�i�o�l� �M�i�c�r�o�b�i�o�l� �S�o�c�.� 
�2�0�0�1� �;�1�4�7�:�3�2�0�1�-�1�4�.� 
�T�a�v�e�i�r�n�e� �M�E�,� �D�u�n�h�a�m� �D�T�,� �P�e�r�a�u�l�t� �A�,� �B�e�a�u�c�h�a�m�p� �J�M�,� �H�u�y�n�h� �S�,� �P�a�r�k�e�r� �C�T�,� 
�e�t� �a�l�.� �C�o�m�p�l�e�t�e� �a�n�n�o�t�a�t�e�d� �g�e�n�o�m�e� �s�e�q�u�e�n�c�e�s� �o�f� �t�h�r�e�e� �C�a�m�p�y�l�o�b�a�c�t�e�r� 
�j�e�j�u�n�i� �s�t�r�a�i�n�s� �i�s�o�l�a�t�e�d� �f�r�o�m� �n�a�t�u�r�a�l�l�y� �c�o�l�o�n�i�z�e�d� �F�a�r�m�-�R�a�i�s�e�d� �c�h�i�c�k�e�n�s�.� 
�G�e�n�o�m�e� �A�n�n�o�u�n�c�.� �2�0�1�7�;�5�(�4�)�:�e�0�1�4�0�7�-�1�6�.� 
�D�a�y� �W�A�,� �P�e�p�p�e�r� �I�L�,� �J�o�e�n�s� �L�A�.� �U�s�e� �o�f� �a�n� �a�r�b�i�t�r�a�r�i�l�y� �p�r�i�m�e�d� �P�C�R� �p�r�o�d�u�c�t� �i�n� 
�t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �a� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�-�s�p�e�c�i�f�i�c� �P�C�R�.� �A�p�p�l� �E�n�v�i�r�o�n� 
�M�i�c�r�o�b�i�o�l�.� �1�9�9�7�;�6�3�:�1�0�1� �9�-�2�3�.� 
�G�r�a�n�t� �J�R�,� �S�t�o�t�h�a�r�d� �P�.� �T�h�e� �C�G�V�i�e�w� �S�e�r�v�e�r�:� �a� �c�o�m�p�a�r�a�t�i�v�e� �g�e�n�o�m�i�c�s� 
�t�o�o�l� �f�o�r� �c�i�r�c�u�l�a�r� �g�e�n�o�m�e�s�.� �N�u�c�l�e�i�c� �A�c�i�d�s� �R�e�s�.� �2�0�0�8�;�3�6�(�W�e�b� �S�e�r�v�e�r� 
�i�s�s�u�e�)�:�W�1�8� �1�-�W� �1�8�4�1�8�4�.� 

�P�u�b�l�i�s�h�e�r�'�s� �N�o�t�e� 
�S�p�r�i�n�g�e�r� �N�a�t�u�r�e� �r�e�m�a�i�n�s� �n�e�u�t�r�a�l� �w�i�t�h� �r�e�g�a�r�d� �t�o� �j�u�r�i�s�d�i�c�t�i�o�n�a�l� �c�l�a�i�m�s� �i�n� �p�u�b�-� 
�l�i�s�h�e�d� �m�a�p�s� �a�n�d� �i�n�s�t�i�t�u�t�i�o�n�a�l� �a�f�f�i�l�i�a�t�i�o�n�s�.� 
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�R�e�a�d�y� �t�o� �s�u�b�m�i�t� �y�o�u�r� �r�e�s�e�a�r�c�h�?� �C�h�o�o�s�e� �B�M�C� �a�n�d� �b�e�n�e�f�i�t� �f�r�o�m�:� 
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5.4 Publication 3: Whole genome sequencing reveals extended 
natural transformation in Campylobacter  impacting diagnostics 
and the pathogens adaptive potential. 
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�s�u�r�v�i�v�o�r�s� �i�n� �a� �h�a�r�s�h� �e�n�v�i�r�o�n�m�e�n�t�.� 

�1�G�e�r�m�a�n� �F�e�d�e�r�a�l� �I�n�s�t�i�t�u�t�e� �f�o�r� �R�i�s�k� �A�s�s�e�s�s�m�e�n�t�,� �D�e�p�a�r�t�m�e�n�t� �o�f� �B�i�o�l�o�g�i�c�a�l� �S�a�f�e�t�y�,� �N�a�t�i�o�n�a�l� �R�e�f�e�r�e�n�c�e� �L�a�b�o�r�a�t�o�r�y� �f�o�r� 
�C�a�m�p�y�l�o�b�a�c�t�e�r�,� �B�e�r�l�i�n�,� �G�e�r�m�a�n�y�.� �?�G�e�r�m�a�n� �F�e�d�e�r�a�l� �I�n�s�t�i�t�u�t�e� �f�o�r� �R�i�s�k� �A�s�s�e�s�s�m�e�n�t�,� �D�e�p�a�r�t�m�e�n�t� �o�f� �B�i�o�l�o�g�i�c�a�l� �S�a�f�e�t�y�,� 
�S�t�u�d�y� �C�e�n�t�r�e� �f�o�r� �G�e�n�o�m�e� �S�e�q�u�e�n�c�i�n�g� �a�n�d� �A�n�a�l�y�s�i�s�,� �B�e�r�l�i�n�,� �G�e�r�m�a�n�y�.� �*�R�o�b�e�r�t� �K�o�c�h� �I�n�s�t�i�t�u�t�e�,� �M�i�c�r�o�b�i�a�l� �G�e�n�o�m�i�c�s�,� 
�B�e�r�l�i�n�,� �G�e�r�m�a�n�y�.�  ��T�h�e�s�e� �a�u�t�h�o�r�s� �c�o�n�t�r�i�b�u�t�e�d� �e�q�u�a�l�l�y�:� �J�u�l�i�a� �C�.� �G�o�l�z� �a�n�d� �L�e�n�n�a�r�d� �E�p�p�i�n�g�.� �*�e�m�a�i�l�:� �K�e�r�s�t�i�n�.�s�t�i�n�g�l�@�b�f�r�.� 
�b�u�n�d�.�d�e� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�w�w�w�.�n�a�t�u�r�e�.�c�o�m�/�s�c�i�e�n�t�i�f�i�c�r�e�p�o�r�t�s�/� 

�e�g�g�s� �3�9� �1�2�.�8� �u� �4�5�.�5� 
�d�u�c�k� �m�e�a�t� �6�3� �1�6� �2�0� �5� 

�c�h�i�c�k�e�n� �m�e�a�t� �1�2�4�5� �0�.�6� �2�8�1� �2�5� 

�t�u�r�k�e�y� �m�e�a�t� �3�5�1� �1�4� �9�5� �5�.�3� 

�t�u�r�k�e�y� �c�e�c�u�m�/�s�k�i�n� �|� �7�7�7� �1�3� �1�7� �4�1�4� �3�.�1� 

� � 

�T�a�b�l�e� �1�.� �D�i�s�t�r�i�b�u�t�i�o�n� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �i�s�o�l�a�t�i�o�n� �s�o�u�r�c�e�s� �o�f� �i�s�o�l�a�t�e�s� �w�i�t�h� �a�m�b�i�g�u�o�u�s� �P�C�R� �r�e�s�u�l�t�s�.� �C�j�,� �C�.� �j�e�j�u�n�i�;� 
�C�e�,� �C�.� �c�o�l�i�;� �*�i�s�o�l�a�t�e�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �i�n� �t�h�e� �y�e�a�r�s� �2�0�1�6�-�2�0�1�8�;� �i�s�o�l�a�t�i�o�n� �s�o�u�r�c�e� �a�r�e� �d�i�s�p�l�a�y�e�d�,� �f�r�o�m� �w�h�i�c�h� �i�s�o�l�a�t�e�s� 
�w�i�t�h� �a�m�b�i�g�u�o�u�s� �P�C�R� �r�e�s�u�l�t�s� �w�e�r�e� �o�b�t�a�i�n�e�d�.� �F�u�r�t�h�e�r� �1�8�6�0� �i�s�o�l�a�t�e�s� �f�r�o�m� �o�t�h�e�r� �s�o�u�r�c�e�s� �d�i�d� �n�o�t� �r�e�s�u�l�t� �i�n� �a�n� 
�a�m�b�i�g�u�o�u�s� �P�C�R� �r�e�s�u�l�t� �a�n�d� �w�e�r�e� �o�m�i�t�t�e�d� �f�r�o�m� �t�h�e� �t�a�b�l�e�.� 
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�C�j�/�C�c� �m�i�x� �C�.� �c�o�l�i�.� �f�a�l�s�e� �j�e�j�u�n�i� �n�o�n�e� 

�q�P�C�R� �r�e�s�u�l�t� 

�F�i�g�u�r�e� �1�.� �P�e�r�c�e�n�t�a�g�e� �o�f� �C�.� �j�e�j�u�n�i� �g�e�n�o�m�e� �c�o�n�t�e�n�t� �i�n� �C�.� �c�o�l�i� �i�s�o�l�a�t�e�s� �d�e�t�e�c�t�e�d� �b�y� �k�-�m�e�r� �a�n�a�l�y�s�i�s�,� �c�a�t�e�g�o�r�i�z�e�d� �b�y� 
�q�P�C�R� �r�e�s�u�l�t� �u�s�i�n�g� �m�a�p�A�/�c�e�u�E� �a�s� �t�a�r�g�e�t�s�.� �C�j�/�C�c� �m�i�x�,� �b�o�t�h� �t�a�r�g�e�t�s� �f�o�r� �C�.� �j�e�j�u�n�i� �a�n�d� �C�.� �c�o�l�i� �w�e�r�e� �a�m�p�l�i�f�i�e�d�;� �C�.� �c�o�l�i�,� 
�C�.� �c�o�l�i� �w�a�s� �c�o�r�r�e�c�t�l�y� �d�e�t�e�c�t�e�d�;� �f�a�l�s�e� �j�e�j�u�n�i�,� �C�.� �c�o�l�i� �w�a�s� �f�a�l�s�e�l�y� �d�e�t�e�c�t�e�d� �a�s� �C�.� �j�e�j�u�n�i�.�;� �n�o�n�e�,� �n�o�n�e� �o�f� �t�h�e� �t�a�r�g�e�t�s� �w�a�s� 
�a�m�p�l�i�f�i�e�d�.� 

�R�e�s�u�l�t�s� 
�I�s�o�l�a�t�e�s� �h�a�d� �b�e�e�n� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �f�o�o�d� �a�n�d� �a�n�i�m�a�l� �m�a�t�r�i�c�e�s� �d�u�r�i�n�g� �r�o�u�t�i�n�e� �s�a�m�p�l�i�n�g� �o�r� �z�o�o�n�o�s�i�s� �m�o�n�i�t�o�r�i�n�g� �b�y� 
�t�h�e� �F�e�d�e�r�a�l� �S�t�a�t�e� �L�a�b�o�r�a�t�o�r�i�e�s� �b�e�t�w�e�e�n� �J�a�n�u�a�r�y� �2�0�1�6� �a�n�d� �D�e�c�e�m�b�e�r� �2�0�1�8� �a�c�c�o�r�d�i�n�g� �t�o� �I�S�O� �1�0�2�7�2�"�.� �T�h�e� �i�s�o�l�a�t�e�s� 
�w�e�r�e� �a�n�a�l�y�s�e�d� �b�y� �r�e�a�l�-�t�i�m�e� �P�C�R� �i�n� �t�h�e� �G�e�r�m�a�n� �N�a�t�i�o�n�a�l� �R�e�f�e�r�e�n�c�e� �L�a�b�o�r�a�t�o�r�y� �f�o�r� �C�a�m�p�y�l�o�b�a�c�t�e�r�"�.� �T�h�e� �t�a�r�g�e�t� 
�f�o�r� �C�.� �j�e�j�u�n�i� �i�s� �a� �f�r�a�g�m�e�n�t� �o�f� �m�a�p�A�,� �c�o�d�i�n�g� �f�o�r� �a�n� �o�u�t�e�r� �m�e�m�b�r�a�n�e� �p�r�o�t�e�i�n�.� �T�h�e� �C�.� �c�o�l�i� �s�p�e�c�i�f�i�c� �t�a�r�g�e�t� �c�e�u�E� �e�n�c�o�d�e�s� 
�t�h�e� �e�n�t�e�r�o�c�h�e�l�i�n� �u�p�t�a�k�e� �s�u�b�s�t�r�a�t�e�-�b�i�n�d�i�n�g� �p�r�o�t�e�i�n�,� �i�n�v�o�l�v�e�d� �i�n� �i�r�o�n� �a�c�q�u�i�s�i�t�i�o�n�*�.� �O�u�t� �o�f� �4�.�3�3�5� �C�.� �j�e�j�u�n�i� �a�n�d� �C�.� �c�o�l�i� 
�i�s�o�l�a�t�e�s�,� �3�1� �d�e�l�i�v�e�r�e�d� �a�m�b�i�g�u�o�u�s� �P�C�R� �r�e�s�u�l�t�s� �(�0�.�7�2�%�)�.� �A�m�b�i�g�u�o�u�s� �P�C�R� �r�e�s�u�l�t�s� �w�e�r�e� �d�e�f�i�n�e�d� �b�y� �e�i�t�h�e�r� �a�m�p�l�i�f�i�c�a�-� 
�t�i�o�n� �o�f� �b�o�t�h� �s�p�e�c�i�f�i�c� �t�a�r�g�e�t�s� �f�o�r� �C�.� �j�e�j�u�n�i� �a�n�d� �C�.� �c�o�l�i� �w�i�t�h� �s�i�m�i�l�a�r� �C�t� �v�a�l�u�e�s� �(�C�j�/�C�c� �m�i�x�,� �2�8�/�3�1�)� �o�r� �b�y� �n�o� �a�m�p�l�i�f�i�c�a�-� 
�t�i�o�n� �a�t� �a�l�l� �(�n�o�n�e�,� �3�/�3�1�)�.� �A� �s�u�b�s�e�q�u�e�n�t� �g�e�l�-�b�a�s�e�d� �m�u�l�t�i�p�l�e�x� �P�C�R ��,� �t�a�r�g�e�t�i�n�g� �t�h�e� �h�i�p�O� �g�e�n�e� �o�f� �C�.� �j�e�j�u�n�i� �a�n�d� �t�h�e� �g�l�y�A� 
�g�e�n�e� �o�f� �C�.� �c�o�l�i�,� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �a�l�l� �o�f� �t�h�e�s�e� �i�s�o�l�a�t�e�s� �b�e�l�o�n�g�e�d� �t�o� �t�h�e� �s�p�e�c�i�e�s� �C�.� �c�o�l�i�.� 

�T�h�e� �3�1� �s�t�r�a�i�n�s� �w�i�t�h� �a�m�b�i�g�u�o�u�s� �r�e�a�l�-�t�i�m�e� �P�C�R� �s�i�g�n�a�l� �h�a�d� �b�e�e�n� �i�s�o�l�a�t�e�d� �f�r�o�m� �p�o�u�l�t�r�y� �m�e�a�t�,� �t�u�r�k�e�y� �c�e�c�u�m� 
�o�r� �s�k�i�n� �a�n�d� �e�g�g�s�.� �T�h�e� �F�e�d�e�r�a�l� �S�t�a�t�e� �L�a�b�o�r�a�t�o�r�i�e�s� �e�i�t�h�e�r� �d�i�d� �n�o�t� �r�e�p�o�r�t� �a�n�y� �s�p�e�c�i�e�s� �(�9�/�3�1�)�,� �c�o�r�r�e�c�t�l�y� �i�d�e�n�t�i�f�i�e�d� 
�C�.� �c�o�l�i� �(�2�0�/�3�1�)� �o�r� �i�n� �o�n�e� �c�a�s�e� �f�a�l�s�e�l�y� �r�e�p�o�r�t�e�d� �C�.� �j�e�j�u�n�i� �(�1�/�3�1�)�.� �S�u�r�p�r�i�s�i�n�g�l�y�,� �w�h�e�n� �w�e� �c�o�m�p�a�r�e�d� �t�h�e� �n�u�m�b�e�r� �o�f� 
�s�t�r�a�i�n�s� �w�i�t�h� �a�m�b�i�g�u�o�u�s� �r�e�a�l�-�t�i�m�e� �P�C�R� �r�e�s�u�l�t� �w�i�t�h� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �i�s�o�l�a�t�e�s� �a�n�a�l�y�s�e�d� �d�u�r�i�n�g� �t�h�e� �s�a�m�e� �t�i�m�e� �o�f� 
�c�o�l�l�e�c�t�i�o�n�,� �p�r�o�p�o�r�t�i�o�n�a�l�l�y� �t�h�e� �h�i�g�h�e�s�t� �p�e�r�c�e�n�t�a�g�e� �o�f� �s�t�r�a�i�n�s� �w�i�t�h� �a�m�b�i�g�u�o�u�s� �q�P�C�R� �r�e�s�u�l�t�s� �w�a�s� �d�e�r�i�v�e�d� �f�r�o�m� �e�g�g�s� 
�(�T�a�b�l�e� �1�)�,� �a�l�t�h�o�u�g�h� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �a�n�a�l�y�s�e�d� �e�g�g�s� �w�a�s� �l�o�w�.� 

�W�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �t�h�e�s�e� �i�s�o�l�a�t�e�s� �b�y� �w�h�o�l�e� �g�e�n�o�m�e� �s�e�q�u�e�n�c�e� �a�n�a�l�y�s�i�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �f�u�r�t�h�e�r� �C�.� �c�o�l�i� �i�s�o�l�a�t�e�s� �f�r�o�m� 
�p�r�e�v�i�o�u�s� �y�e�a�r�s� �(�n� �=� �2�6�,� �2�0�0�9�-�2�0�1�5�)� �w�e�r�e� �i�n�c�l�u�d�e�d�.� �A�s� �t�h�e� �p�r�e�v�a�l�e�n�c�e� �o�f� �s�t�r�a�i�n�s� �w�i�t�h� �a�m�b�i�g�u�o�u�s� �q�P�C�R� �w�a�s� �h�i�g�h�e�s�t� 
�f�r�o�m� �e�g�g�s�,� �w�e� �i�n�c�l�u�d�e�d� �t�h�o�s�e� �f�r�o�m� �e�g�g�s� �a�n�d� �a�d�d�i�t�i�o�n�a�l� �i�s�o�l�a�t�e�s� �f�r�o�m� �l�a�y�i�n�g� �h�e�n�s�,� �c�h�i�c�k�e�n� �m�e�a�t� �a�n�d� �p�i�g� �f�e�c�e�s�.� 

�W�e� �p�e�r�f�o�r�m�e�d� �a� �k�-�m�e�r� �b�a�s�e�d� �a�n�a�l�y�s�i�s� �u�s�i�n�g� �t�h�e� �K�m�e�r�F�i�n�d�e�r� �3�.�1� �(�C�G�E�,� �D�T�U�,� �D�e�n�m�a�r�k�)� �'�*�-�"�»�.� �F�o�r� �a� �t�y�p�i�c�a�l� �C�.� 
�c�o�l�i� �i�t� �i�s� �e�x�p�e�c�t�e�d� �t�h�a�t� �t�h�e� �k�-�m�e�r�s� �m�a�t�c�h� �t�o� �d�i�f�f�e�r�e�n�t� �C�.� �c�o�l�i� �r�e�f�e�r�e�n�c�e� �g�e�n�o�m�e�s�.� �H�o�w�e�v�e�r�,� �a�s� �e�x�p�e�c�t�e�d� �f�r�o�m� �t�h�e� 
�r�e�a�l�-�t�i�m�e� �P�C�R� �r�e�s�u�l�t�s�,� �t�h�e� �k�-�m�e�r�s� �o�f� �t�h�e� �i�n�p�u�t� �C�.� �c�o�l�i� �s�e�q�u�e�n�c�e�s� �w�i�t�h� �a�m�b�i�g�u�o�u�s� �P�C�R� �r�e�s�u�l�t�s� �a�l�s�o� �e�x�h�i�b�i�t�e�d� �C�.� 
�j�e�j�u�n�i� �g�e�n�o�m�i�c� �c�o�n�t�e�n�t�.� �D�i�f�f�e�r�e�n�t� �p�e�r�c�e�n�t�a�g�e�s� �o�f� �k�-�m�e�r�s� �m�a�t�c�h�i�n�g� �t�o� �C�.� �j�e�j�u�n�i� �r�e�f�e�r�e�n�c�e� �g�e�n�o�m�e�s� �w�e�r�e� �o�b�s�e�r�v�e�d�,� 
�r�a�n�g�i�n�g� �f�r�o�m� �0� �(�u�n�d�e�t�e�c�t�a�b�l�e�)� �t�o� �1�5�.�5�%� �(�F�i�g�.� �1�)�.� �A�l�s�o� �c�o�r�r�e�c�t�l�y� �P�C�R�-�i�d�e�n�t�i�f�i�e�d� �C�.� �c�o�l�i� �e�x�h�i�b�i�t�e�d� �v�a�r�i�o�u�s� �a�m�o�u�n�t�s� 
�o�f� �C�.� �j�e�j�u�n�i� �c�o�n�t�e�n�t� �(�F�i�g�.� �1�,� �r�e�d� �s�q�u�a�r�e�s�)�.� �F�r�o�m� �t�h�e� �l�a�t�t�e�r�,� �t�h�o�s�e� �w�i�t�h� �t�h�e� �h�i�g�h�e�s�t� �C�.� �j�e�j�u�n�i� �c�o�n�t�e�n�t� �(�>�1�0�%�)� �w�e�r�e� 
�e�x�c�l�u�s�i�v�e�l�y� �f�r�o�m� �e�g�g�s�,� �t�w�o� �o�t�h�e�r�s� �w�i�t�h� �C�.� �j�e�j�u�n�i� �c�o�n�t�e�n�t� �b�e�t�w�e�e�n� �4�.�4 ��5�.�3�%� �w�e�r�e� �f�r�o�m� �c�h�i�c�k�e�n� �m�e�a�t� �a�n�d� �t�u�r�k�e�y� 
�c�e�c�u�m�.� �T�h�e�s�e� �i�s�o�l�a�t�e�s� �a�p�p�a�r�e�n�t�l�y� �h�a�r�b�o�u�r�e�d� �a�n� �e�x�t�e�n�d�e�d� �a�m�o�u�n�t� �o�f� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e�s� �b�u�t� �m�a�i�n�t�a�i�n�e�d� �C�.� �c�o�l�i� 
�s�e�q�u�e�n�c�e�s� �a�t� �m�a�p�A� �a�n�d� �c�e�u�E�.� �I�n� �t�o�t�a�l�,� �2�9�C�.� �c�o�l�i� �i�s�o�l�a�t�e�s� �w�i�t�h� �a� �k�-� �m�e�r� �p�e�r�c�e�n�t�a�g�e� �o�f� �m�o�r�e� �t�h�a�n� �1�0�%� �C�.� �j�e�j�u�n�i� �c�o�n�-� 
�t�e�n�t� �(�F�i�g�.� �1�,� �c�a�t�e�g�o�r�i�z�e�d� �C�.� �c�o�l�i� �w�i�t�h� �h�i�g�h� �C�.� �j�e�j�u�n�i� �c�o�n�t�e�n�t�,� �n�a�m�e�d�  ��h�y�b�r�i�d�s ��)� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d�.�  ��H�a�l�f� �h�y�b�r�i�d �� �s�t�r�a�i�n�s� 
�w�e�r�e� �d�e�f�i�n�e�d� �a�s� �h�a�r�b�o�u�r�i�n�g� �<�1�0�%� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e�s� �b�u�t� �d�i�s�p�l�a�y�i�n�g� �a�n� �a�m�b�i�g�u�o�u�s� �q�P�C�R� �r�e�s�u�l�t�.� �A�c�c�o�r�d�i�n�g� �t�o� 
�M�A�L�D�I�-�T�O�F� �a�n�a�l�y�s�i�s�,� �a�l�l� �h�y�b�r�i�d� �a�n�d� �h�a�l�f� �h�y�b�r�i�d� �s�t�r�a�i�n�s� �b�e�l�o�n�g�e�d� �t�o� �C�.� �c�o�l�i� �w�i�t�h� �a� �s�c�o�r�e� �o�f� �>� �2�.�0�0�0�,� �w�h�i�c�h� �w�a�s� 
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�F�i�g�u�r�e� �2�.� �R�e�l�a�t�e�d�n�e�s�s� �o�f� �C�.� �j�e�j�u�n�i� �(�t�u�r�q�u�o�i�s�e�)�,� �C�.� �c�o�l�i� �(�p�i�n�k�)�,� �h�y�b�r�i�d� �s�t�r�a�i�n�s� �(�p�u�r�p�l�e�)� �a�n�d� �h�a�l�f� �h�y�b�r�i�d� �s�t�r�a�i�n�s� 
�(�m�u�s�t�a�r�d�)� �a�c�c�o�r�d�i�n�g� �t�o� �A�N�I� �(�A�)� �a�n�d� �c�o�r�e� �g�e�n�o�m�e� �a�n�a�l�y�s�i�s� �u�s�i�n�g� �R�o�a�r�y� �(�B�)�.� �(�A�)� �h�e�a�t�m�a�p� �v�i�s�u�a�l�i�z�a�t�i�o�n� �o�f� �A�N�I� 
�v�a�l�u�e�s� �a�c�r�o�s�s� �a�l�l� �i�s�o�l�a�t�e�s�.� �H�y�b�r�i�d� �s�t�r�a�i�n�s� �f�o�r�m� �a� �s�e�p�a�r�a�t�e� �c�l�u�s�t�e�r� �b�u�t� �s�t�i�l�l� �s�h�a�r�e� �~�9�7�%� �A�N�I� �w�i�t�h� �C�.� �c�o�l�i�.� �H�a�l�f� �h�y�b�r�i�d� 
�i�s�o�l�a�t�e�s� �a�r�e� �s�p�r�e�a�d� �a�c�r�o�s�s� �t�h�e� �C�.� �c�o�l�i� �p�o�p�u�l�a�t�i�o�n�.� �(�B�)� �p�h�y�l�o�g�e�n�y� �o�f� �t�h�e� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�r�e� �g�e�n�o�m�e�s� �b�a�s�e�d� �o�n� 
�R�o�a�r�y� �a�n�a�l�y�s�i�s�.� �T�h�e� �b�r�a�n�c�h� �l�e�n�g�t�h� �b�e�t�w�e�e�n� �C�.� �c�o�l�i�,� �i�n�c�l�u�d�i�n�g� �h�y�b�r�i�d� �a�n�d� �h�a�l�f� �h�y�b�r�i�d� �s�t�r�a�i�n�s� �a�n�d� �C�.� �j�e�j�u�n�i� �h�a�s� 
�b�e�e�n� �s�h�o�r�t�e�n�e�d� �f�o�r� �b�e�t�t�e�r� �v�i�s�u�a�l�i�z�a�t�i�o�n�.� 

�p�r�e�v�i�o�u�s�l�y� �v�a�l�i�d�a�t�e�d� �a�s� �i�n�d�i�c�a�t�i�v�e� �f�o�r� �c�o�r�r�e�c�t� �s�p�e�c�i�e�s� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�p�.�'�-�'�.� �I�n� �o�r�d�e�r� �t�o� �c�l�a�r�i�f�y� 
�g�e�n�e�t�i�c� �r�e�l�a�t�i�o�n�s�h�i�p� �o�f�  ��h�y�b�r�i�d �� �a�n�d�  ��h�a�l�f� �h�y�b�r�i�d �� �s�t�r�a�i�n�s� �w�i�t�h�i�n� �t�h�e� �C�a�m�p�y�l�o�b�a�c�t�e�r� �p�o�p�u�l�a�t�i�o�n� �w�e� �p�e�r�f�o�r�m�e�d� �a�n� 
�a�v�e�r�a�g�e� �n�u�c�l�e�o�t�i�d�e� �i�d�e�n�t�i�t�y� �(�A�N�I�)� �a�n�a�l�y�s�i�s� �u�s�i�n�g� �t�h�e� �t�o�o�l� �F�a�s�t�A�N�I�'�®�.� �P�o�p�u�l�a�t�i�o�n� �a�n�d� �A�N�I� �s�t�u�d�i�e�s� �o�f� �r�e�c�e�n�t� �y�e�a�r�s� 
�s�h�o�w�e�d� �t�h�a�t� �o�r�g�a�n�i�s�m�s� �s�h�a�r�i�n�g� �a�t� �l�e�a�s�t� �9�5�%� �A�N�I� �a�m�o�n�g� �t�h�e�m�s�e�l�v�e�s� �a�r�e� �d�e�f�i�n�e�d� �t�o� �b�e� �o�f� �t�h�e� �s�a�m�e� �s�p�e�c�i�e�s � ��"�.� 
�R�e�s�u�l�t�s� �o�f� �t�h�e� �A�N�I� �a�n�a�l�y�s�i�s� �w�e�r�e� �v�i�s�u�a�l�i�z�e�d� �i�n� �F�i�g�.� �2�A� �a�n�d� �r�e�v�e�a�l� �t�h�a�t�  ��h�y�b�r�i�d� �s�t�r�a�i�n�s� �f�o�r�m� �a� �s�e�p�a�r�a�t�e� �c�l�u�s�t�e�r� �b�u�t� 
�s�t�i�l�l� �s�h�a�r�e� �a�n� �A�N�I� �o�f� �9�6�.�9�5�%� �w�i�t�h� �C�.� �c�o�l�i� �i�s�o�l�a�t�e�s�,� �p�r�o�v�i�n�g� �t�h�e�m� �t�o� �b�e� �p�a�r�t� �o�f� �t�h�e� �C�.� �c�o�l�i� �p�o�p�u�l�a�t�i�o�n�.� �I�n� �c�o�m�p�a�r�i�s�o�n�,� 
�t�h�e� �A�N�I� �i�n� �t�h�e� �C�.� �j�e�j�u�n�i� �p�o�p�u�l�a�t�i�o�n� �r�a�n�g�e�s� �f�r�o�m� �9�7�%� �t�o� �1�0�0�%� �a�n�d� �s�h�a�r�e�s� �8�7�.�9�2�%� �A�N�I� �w�i�t�h� �t�h�e�  ��h�y�b�r�i�d �� �i�s�o�l�a�t�e�s�.� 
 ��H�a�l�f� �h�y�b�r�i�d �� �s�t�r�a�i�n�s� �a�r�e� �c�l�o�s�e�l�y� �r�e�l�a�t�e�d� �w�i�t�h� �C�.� �c�o�l�i� �(�9�8�.�9�6�%� �A�N�I�)� �a�n�d� �c�a�n�n�o�t� �b�e� �s�e�p�a�r�a�t�e�d� �b�y� �A�N�I�.� �A� �v�e�r�y� �s�i�m�i�l�a�r� 
�o�b�s�e�r�v�a�t�i�o�n� �c�a�n� �b�e� �m�a�d�e� �w�h�i�l�e� �l�o�o�k�i�n�g� �a�t� �t�h�e� �c�o�r�e� �g�e�n�o�m�e� �p�h�y�l�o�g�e�n�y� �i�n� �F�i�g�.� �2�B� �b�a�s�e�d� �o�n� �R�o�a�r�y� �a�n�a�l�y�s�i�s� �u�s�i�n�g� 
�a� �s�e�q�u�e�n�c�e� �i�d�e�n�t�i�t�y� �o�f� �a�t� �l�e�a�s�t� �8�0�%�.� �T�h�e�  ��h�a�l�f� �h�y�b�r�i�d �� �i�s�o�l�a�t�e�s� �a�r�e� �f�o�u�n�d� �a�m�o�n�g� �t�h�e� �o�r�i�g�i�n�a�l� �C�.� �c�o�l�i� �p�o�p�u�l�a�t�i�o�n�,� 
�w�h�e�r�e�a�s� �t�h�e� �h�y�b�r�i�d� �s�t�r�a�i�n�s� �f�o�r�m� �a� �s�e�p�a�r�a�t�e�d�,� �b�u�t� �s�t�i�l�l� �c�l�o�s�e�l�y� �r�e�l�a�t�e�d� �g�r�o�u�p� �n�e�a�r�b�y� �C�.� �c�o�l�i�.� �I�n� �g�e�n�e�r�a�l�,� �b�o�t�h� �a�n�a�l�y�s�e�s� 
�s�h�o�w� �t�h�a�t� �t�h�e� �d�i�v�e�r�s�i�t�y�/�i�d�e�n�t�i�t�y� �b�e�t�w�e�e�n� �C�.� �c�o�l�i� �i�n�c�l�u�d�i�n�g�  ��h�y�b�r�i�d�s �� �i�s� �s�i�m�i�l�a�r� �t�h�a�n� �t�h�e� �d�i�v�e�r�s�i�t�y� �w�i�t�h�i�n� �t�h�e� �C�.� 
�j�e�j�u�n�i� �p�o�p�u�l�a�t�i�o�n�,� �c�o�n�f�i�r�m�i�n�g� �t�h�a�t� �t�h�e� �h�y�b�r�i�d� �s�t�r�a�i�n�s� �i�n�d�e�e�d� �b�e�l�o�n�g� �t�o� �t�h�e� �s�p�e�c�i�e�s� �C�.� �c�o�l�i�.� 

� � 

�S�C�I�E�N�T�I�F�I�C� �R�E�P�O�R�T�S� �|� �(�2�0�2�0�)� �1�0�:�3�6�8�6� �|� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�3�8�/�s�4�1�5� �9�8�-�0�2�0�-�6�0�3�2�0�-�y� 

�5�1



Publications 

52 
 

 

�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�w�w�w�.�n�a�t�u�r�e�.�c�o�m�/�s�c�i�e�n�t�i�f�i�c�r�e�p�o�r�t�s�/� 

� � 
�e�i�n�c�a�r�3�0�(�9�)� �t�u�r�k�e�y� �c�e�c�u�m� � � � 

� � 

� � � 

� � � � 

� � � � � � � � � � 

� � � � � 

�B�I�R�C�A�L�S�:� �k�e�n� �e�g�g�s� 

�2�0� 

�B�I�R�C�A�1�4�!� �e�n� �e�g�g�s� 

�3�6� 

�B�I�R�C�A�0�B�3�9�3�,� �t�u�f�k�e�y� �e�g�g�s� 

�B�F�R�C�A�O�B� �k�e�n� �e�g�g�s� �,� �B�F�R�C�A�I�5�3�{� �k�e�n� �e�g�g�s� 

�B�I�R�C�A�1�4� �7�3�1�,� �t�u�t�k�e�y� �m�e�a�t� 
�B�f�R�C�A�1�3�8�9�5�b�,� �c�h�i�c�k�e�n� �e�g�g�s� � � � � 

�B�A�R�C�A�Q� �e�g�g�s� 

�_�-�*� �N�e� �@�u�n�k�n�o�w�n� 
�a�r�n�c�a�r�e�f�o�,� �c�h�i�c�k�e�n� �e�g�g�s� �@�4�1�4�8� 

�a� �Z� �B�F�R�C�A�1�3�1�8�8�,� �e�g�g�s� �O�s�4�3�9� 

�S�S� �.� �Q�1�4�8�7� 
�B�E�R�C�A�D�E�9�2�B�,� �c�h�i�c�k�e�n� �e�g�g�s� �8� �B�I�R�C�A�1�4�8�3�3�,� �c�h�i�c�k�e�n� �e�g�g�s� �@�3�%�0�3� 

�B�I�R�C�A�1�3�6�1�9�,� �c�h�i�c�k�e�n� �e�g�g�s� �@�7�0�1�8� 
�@�o�1�0�2� 
�O�n�o� �g�r�o�u�p� �a�s�s�i�g�n�e�d� 

�A� �i�s� �=
� �F� 

� � 

�9�
3�/

�2�
0�1

�0�
 

�9�
4�7

�2�
0�1

�0�
 

�e�
a�p

�2�
0�i

�4�
 

�Q
�u�

2�0
�1�

s� 

�9
�4

�2
�0

�1
�5

�,�
 

�0�
1�2

�0�
1�6

� 
�9�

2�/
�2�

0�1
�6�

 

�9�
4�2

�0�
1�6

� 

�9�
3�/

�2�
0�1

�7�
 

�4
�n

�0
�1

�7
� 

�Q
�2�

R�
o�1

�8�
 

�9�
3�7

�2�
0�1

�8�
 

�9�
4�7

�2�
0�1

�8�
 � � � � � � 

�F�i�g�u�r�e� �3�.� �T�h�e� �2�9�C�.� �c�o�l�i� �w�i�t�h� �a�t� �l�e�a�s�t� �1�0�%� �C�.� �j�e�j�u�n�i� �g�e�n�o�m�e� �c�o�n�t�e�n�t� �a�r�e� �n�o�t� �r�e�l�a�t�e�d� �a�n�d� �i�s�o�l�a�t�e�d� �f�r�o�m� �d�i�f�f�e�r�e�n�t� 
�l�o�c�a�t�i�o�n�s� �a�n�d� �a�t� �d�i�s�t�i�n�c�t� �t�i�m�e�p�o�i�n�t�s�.� �M�i�n�i�m�u�m� �s�p�a�n�n�i�n�g� �t�r�e�e� �o�f� �c�g�M�L�S�T� �a�n�a�l�y�s�i�s�,� �b�a�s�e�d� �o�n� �1�3�4�3� �c�o�r�e� �g�e�n�e�s� 
�d�e�f�i�n�e�d� �p�r�e�v�i�o�u�s�l�y�~ ��.� �C�i�r�c�l�e�s� �r�e�p�r�e�s�e�n�t� �C�.� �c�o�l�i� �i�s�o�l�a�t�e�s�;� �n�u�m�b�e�r�s� �i�l�l�u�s�t�r�a�t�e� �a�l�l�e�l�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �n�e�a�r�e�s�t� 
�n�e�i�g�h�b�o�u�r�s�;� �i�s�o�l�a�t�i�o�n� �m�a�t�r�i�x� �i�s� �i�n�d�i�c�a�t�e�d� �a�s� �t�e�x�t�;� �c�o�l�o�u�r� �c�o�d�e� �f�o�r� �M�L�S�T� �S�T�-�t�y�p�e� �a�s� �d�e�p�i�c�t�e�d� �i�n� �t�h�e� �l�e�g�e�n�d�.� 
�U�n�k�n�o�w�n�,� �n�e�w� �S�T�-�t�y�p�e�;� �n�o� �g�r�o�u�p� �a�s�s�i�g�n�e�d�,� �a�t� �l�e�a�s�t� �o�n�e� �a�l�l�e�l�e� �o�f� �t�h�e� �7� �h�o�u�s�e�k�e�e�p�i�n�g� �g�e�n�e�s� �i�s� �n�e�w�.� �N�e�w� �a�l�l�e�l�e�s� 
�a�n�d� �S�T�-�t�y�p�e�s� �w�e�r�e� �s�u�b�m�i�t�t�e�d� �t�o� �P�u�M�L�S�T� �a�n�d� �n�u�m�b�e�r�s� �a�r�e� �s�h�o�w�n� �i�n� �S�u�p�p�l�e�m�e�n�t�a�r�y� �T�a�b�l�e� �S�1�.� 

�W�e� �f�u�r�t�h�e�r� �a�s�k�e�d� �w�h�e�t�h�e�r� �t�h�e� �h�y�b�r�i�d� �s�t�r�a�i�n�s� �w�e�r�e� �o�f� �c�l�o�n�a�l� �o�r�i�g�i�n� �a�n�d� �d�i�s�s�e�m�i�n�a�t�e�d� �u�p�o�n� �t�h�e�/�m�u�l�t�i�p�l�e� �h�o�r�i�-� 
�z�o�n�t�a�l� �C�.� �j�e�j�u�n�i� �g�e�n�e� �t�r�a�n�s�f�e�r� �e�v�e�n�t�s� �h�a�d� �o�c�c�u�r�r�e�d�.� �F�o�r� �t�h�i�s� �p�u�r�p�o�s�e�,� �t�h�e� �M�L�S�T� �t�y�p�e� �w�a�s� �a�n�a�l�y�s�e�d� �b�a�s�e�d� �o�n� �t�h�e� 
�s�e�v�e�n� �h�o�u�s�e�k�e�e�p�i�n�g� �g�e�n�e�s� �(�*�,� �P�u�b�M�L�S�T�.�o�r�g�)�.� �A�s� �v�i�s�u�a�l�i�z�e�d� �i�n� �F�i�g�.� �3� �t�h�e� �i�s�o�l�a�t�e�s� �b�e�l�o�n�g�e�d� �t�o� �d�i�f�f�e�r�e�n�t� �s�e�q�u�e�n�c�e� 
�t�y�p�e�s�,� �f�r�o�m� �w�h�i�c�h� �o�n�l�y� �t�w�o� �c�o�u�l�d� �b�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �a�n�y� �k�n�o�w�n� �c�l�o�n�a�l� �c�o�m�p�l�e�x� �(�b�o�t�h� �S�T�-�1�1�5�0� �c�o�m�p�l�e�x�)�,� �i�m�p�l�i�-� 
�c�a�t�i�n�g� �t�h�a�t� �n�o�n�e� �o�f� �t�h�e� �i�s�o�l�a�t�e�s� �b�e�l�o�n�g�e�d� �t�o� �t�h�e� �C�C�-�8�2�8� �c�o�m�p�l�e�x�,� �w�h�i�c�h� �i�s� �t�h�e� �m�o�s�t� �a�b�u�n�d�a�n�t� �c�l�o�n�a�l� �c�o�m�p�l�e�x� 
�o�f� �C�.� �c�o�l�i�.� �M�o�r�e� �s�p�e�c�i�f�i�c� �s�e�q�u�e�n�c�e� �a�n�a�l�y�s�i�s� �s�h�o�w�e�d� �t�h�a�t� �t�h�e�s�e� �h�o�u�s�e�k�e�e�p�i�n�g� �g�e�n�e�s� �w�e�r�e� �a�l�s�o� �a�f�f�e�c�t�e�d� �b�y� �C�.� �j�e�j�u�n�i� 
�s�e�q�u�e�n�c�e� �i�n�t�r�o�g�r�e�s�s�i�o�n� �(�s�e�e� �b�e�l�o�w�)�.� �T�h�u�s�,� �M�L�S�T� �t�y�p�i�n�g� �a�p�p�a�r�e�n�t�l�y� �h�a�s� �i�t�s� �l�i�m�i�t�a�t�i�o�n�s� �i�n� �t�h�o�s�e� �C�a�m�p�y�l�o�b�a�c�t�e�r� �w�i�t�h� 
�s�u�b�s�t�a�n�t�i�a�l� �h�o�r�i�z�o�n�t�a�l� �g�e�n�e� �t�r�a�n�s�f�e�r� �a�c�t�i�v�i�t�y�.� 

�A�n�a�l�y�s�i�s� �v�i�a� �R�i�d�o�m� �S�e�q�s�p�h�e�r�e�+� �s�o�f�t�w�a�r�e� �u�s�i�n�g� �a�l�l�e�l�e�-�b�a�s�e�d� �c�g�M�L�S�T �� �o�f� �1�3�4�3� �g�e�n�e�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �2�9� �C�.� 
�c�o�l�i� �h�y�b�r�i�d�s� �w�e�r�e� �i�n� �m�a�j�o�r�i�t�y� �u�n�r�e�l�a�t�e�d�.� �T�h�e� �m�e�d�i�a�n� �n�u�m�b�e�r� �o�f� �a�l�l�e�l�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �n�e�a�r�e�s�t� �n�e�i�g�h�b�o�u�r� 
�w�a�s� �3�4�3� �(�%� �o�f� �a�l�l� �a�n�a�l�y�s�e�d� �g�e�n�e�s�,� �F�i�g�.� �3�)�.� �T�h�u�s�,� �m�o�s�t� �o�f� �t�h�e� �s�t�r�a�i�n�s� �d�i�s�p�l�a�y�e�d� �a� �p�h�y�l�o�g�e�n�e�t�i�c�a�l�l�y� �d�i�v�e�r�s�e� �o�r�i�g�i�n�.� 
�T�h�i�s� �w�a�s� �s�u�b�s�t�a�n�t�i�a�t�e�d� �b�y� �d�i�f�f�e�r�e�n�t� �i�s�o�l�a�t�i�o�n� �d�a�t�e�s�,� �r�a�n�g�i�n�g� �f�r�o�m� �2�0�0�9� �t�o� �2�0�1�8� �a�n�d� �d�i�f�f�e�r�e�n�t� �i�s�o�l�a�t�i�o�n� �l�o�c�a�t�i�o�n�s� 
�f�r�o�m� �s�i�x� �f�e�d�e�r�a�l� �s�t�a�t�e�s� �o�f� �G�e�r�m�a�n�y�.� �T�a�k�e�n� �t�o�g�e�t�h�e�r�,� �t�h�e�s�e� �d�a�t�a� �i�n�d�i�c�a�t�e� �t�h�a�t� �h�o�r�i�z�o�n�t�a�l� �g�e�n�e� �t�r�a�n�s�f�e�r� �f�r�o�m� �C�.� �j�e�j�u�n�i� 
�i�n�d�e�p�e�n�d�e�n�t�l�y� �o�c�c�u�r�r�e�d� �i�n� �t�h�e� �C�.� �c�o�l�i� �h�y�b�r�i�d�s�.� 

�W�h�e�r�e� �d�i�d� �C�.� �j�e�j�u�n�i�i�n�t�r�o�g�r�e�s�s�i�o�n� �t�a�k�e� �p�l�a�c�e�?� �A�n� �i�n�-�h�o�u�s�e� �k�-�m�e�r� �a�n�a�l�y�s�i�s� �w�a�s� �p�e�r�f�o�r�m�e�d�.� �T�h�e� �C�.� �c�o�l�i� 
�s�e�q�u�e�n�c�e�s� �w�i�t�h� �>� �1�0�%� �o�f� �C�.� �j�e�j�u�n�i� �i�n�t�r�o�g�r�e�s�s�i�o�n� �w�e�r�e� �s�p�l�i�t� �i�n�t�o� �1�6�-�m�e�r�s� �o�r� �3�1�-�m�e�r�s�,� �w�h�i�c�h� �w�e�r�e� �c�o�m�p�a�r�e�d� �a�g�a�i�n�s�t� 
�a� �s�e�t� �o�f� �9�5� �c�o�m�p�l�e�t�e� �C�.� �c�o�l�i� �g�e�n�o�m�e�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �N�C�B�I� �d�a�t�a�b�a�s�e� �a�n�d� �1�8� �f�u�r�t�h�e�r� �C�.� �c�o�l�i� �s�t�r�a�i�n�s� �w�i�t�h�o�u�t� �P�C�R� 
�a�m�b�i�g�u�i�t�y�,� �f�o�r� �w�h�i�c�h� �w�h�o�l�e� �g�e�n�o�m�e� �s�e�q�u�e�n�c�i�n�g� �w�a�s� �p�e�r�f�o�r�m�e�d� �i�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y� �(�S�u�p�p�l�e�m�e�n�t�a�r�y� �T�a�b�l�e� �$�1�)�.� �W�e� 
�e�x�c�l�u�d�e�d� �t�h�r�e�e� �g�e�n�o�m�e�s� �f�r�o�m� �t�h�e� �N�C�B�I� �d�a�t�a�b�a�s�e�,� �w�h�i�c�h� �w�e�r�e� �a�p�p�a�r�e�n�t�l�y� �C�.� �j�e�j�u�n�i� �s�t�r�a�i�n�s�,� �f�a�l�s�e�l�y� �a�n�n�o�t�a�t�e�d� �a�s� 
�C�.� �c�o�l�i� �(�G�C�A�_�0�0�1�2�9�2�4�8�5�.�1�,� �G�C�A�_�0�0�1�2�9�2�2�0�5�.�1� �a�n�d� �G�C�A�_�0�0�1�2�9�2�2�6�5�.�1�)�.� �K�-�m�e�r�s� �w�i�t�h� �d�i�r�e�c�t� �m�a�t�c�h�i�n�g� �w�e�r�e� �s�u�b�-� 
�t�r�a�c�t�e�d� �f�r�o�m� �t�h�e� �k�-�m�e�r� �p�o�o�l� �a�n�d� �t�h�e� �r�e�s�i�d�u�a�l� �k�-�m�e�r�s� �w�e�r�e� �c�o�m�p�a�r�e�d� �a�g�a�i�n�s�t� �1�5�2� �c�o�m�p�l�e�t�e� �C�.� �j�e�j�u�n�i� �g�e�n�o�m�e�s� �f�r�o�m� 
�t�h�e� �N�C�B�I� �d�a�t�a�b�a�s�e� �a�n�d� �3� �a�d�d�i�t�i�o�n�a�l� �s�e�q�u�e�n�c�e�s� �f�r�o�m� �t�h�e� �B�E�R� �s�t�r�a�i�n� �c�o�l�l�e�c�t�i�o�n� �(�S�u�p�p�l�e�m�e�n�t�a�r�y� �T�a�b�l�e� �$�1�)�.� �T�h�o�s�e� 
�k�-�m�e�r�s�,� �w�h�i�c�h� �m�a�t�c�h�e�d� �s�e�q�u�e�n�c�e�s� �p�r�e�s�e�n�t� �i�n� �a�t� �l�e�a�s�t� �9�5�%� �o�f� �t�h�e� �C�.� �j�e�j�u�n�i� �a�n�d� �m�a�x�i�m�a�l� �5�%� �o�f� �t�h�e� �C�.� �c�o�l�i� �g�e�n�o�m�e�s�,� 
�w�e�r�e� �m�a�p�p�e�d� �a�g�a�i�n�s�t� �t�h�e� �r�e�f�e�r�e�n�c�e� �C�.� �j�e�j�u�n�i� �s�t�r�a�i�n� �N�C�T�C� �1�1�1�6�8�.� �E�x�a�m�p�l�e� �k�-�m�e�r� �m�a�p�p�i�n�g�s� �o�f� �a�  ��h�y�b�r�i�d �� �(�>�1�0�%� 
�C�.� �j�e�j�u�n�i� �i�n�t�r�o�g�r�e�s�s�i�o�n�)� �a�n�d� �a�  ��h�a�l�f� �h�y�b�r�i�d �� �s�t�r�a�i�n� �(�<�1�0�%� �C�.� �j�e�j�u�n�i� �i�n�t�r�o�g�r�e�s�s�i�o�n� �b�u�t� �w�i�t�h� �a�m�b�i�g�u�o�u�s� �q�P�C�R� 
�r�e�s�u�l�t�)� �a�g�a�i�n�s�t� �t�h�e� �N�C�T�C� �1�1�1�6�8� �r�e�f�e�r�e�n�c�e� �s�e�q�u�e�n�c�e� �a�r�e� �d�e�p�i�c�t�e�d� �i�n� �F�i�g�.� �4�.� �T�h�e� �r�e�c�o�m�b�i�n�a�t�i�o�n� �e�v�e�n�t�s� �o�f� �C�.� �j�e�j�u�n�i� 
�s�e�q�u�e�n�c�e�s� �i�n� �C�.� �c�o�l�i� �a�p�p�e�a�r� �t�o� �b�e� �d�i�s�t�r�i�b�u�t�e�d� �a�l�l� �o�v�e�r� �t�h�e� �c�h�r�o�m�o�s�o�m�e�.� 

� � 
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�,� �)� �\� �,� �{� �P�M� �o�b�)� �4� �b�o�y�d� �(�h�o� �o�t�h� �b�w�b�d�b�o�d� �£�0� �C�i�e� �N�C�?� �p�4�4� 

�r�r� �r�r� �e�e� �t�i� �r�e� �T�a� �r�r� �r�T� �o�r� 
�1� �u� �r�i�e� �1� �'� �.� �t�o� �!� �8� �b�i� �!� �i�m�e� 
�'� �'� �G�z� �1� �'� �'� �|� �'� �'� �'� �'� �'� �m�e� �'� �'� �'� �1� �4� �.� �n�e� �'� �1� �'� �'� �'� �'� �t�t� �:� �r�o� �'� �a�4� 
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�G�e�n�o�m�e� �p�o�s�i�t�i�o�n� �(�N�C�T�C� �1�1�1�6�8�)� 

�F�i�g�u�r�e� �4�.� �C�c�/�C�j� �h�y�b�r�i�d� �s�t�r�a�i�n�s� �s�h�o�w� �r�e�c�o�m�b�i�n�a�t�i�o�n� �e�v�e�n�t�s� �o�f� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e�s� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �c�h�r�o�m�o�s�o�m�e�.� 
�k�-�m�e�r� �m�a�p�p�i�n�g� �o�f� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e�s� �f�r�o�m� �t�w�o� �e�x�a�m�p�l�e� �s�t�r�a�i�n�s� �t�o� �r�e�f�e�r�e�n�c�e� �s�e�q�u�e�n�c�e� �o�f� �C�.� �j�e�j�u�n�i� �N�C�T�C� �1�1�1�6�8� 
�(�i�n� �l�i�g�h�t� �y�e�l�l�o�w�,� �v�i�s�u�a�l�i�z�e�d� �l�i�n�e�a�r�l�y� �f�r�o�m� �l�e�f�t� �(�1� �b�a�s�e�)� �t�o� �r�i�g�h�t� �(�1�,�6�4� �M�b�)�)�,� �v�i�s�u�a�l�i�z�e�d� �w�i�t�h� �G�e�n�e�i�o�u�s� �P�r�i�m�e� 
�2�0�1�9�.�2�.�1�.� �U�p�p�e�r� �p�a�n�e�l�,�  ��h�a�l�f� �h�y�b�r�i�d �� �B�f�R�-�C�A�-�1�5�2�8�1� �(�<�1�0�%� �C�.� �j�e�j�u�n�i� �i�n�t�r�o�g�r�e�s�s�i�o�n�)�;� �m�i�d�d�l�e� �p�a�n�e�l�,�  ��h�y�b�r�i�d �� 
�B�f�R�-�C�A�-� �1�4�7�3�1� �(�>�1�0�%� �C�.� �j�e�j�u�n�i� �i�n�t�r�o�g�r�e�s�s�i�o�n�)�;� �l�o�w�e�r� �p�a�n�e�l�,� �c�u�m�u�l�a�t�i�v�e� �p�l�o�t� �o�f� �r�e�c�o�m�b�i�n�a�t�i�o�n� �e�v�e�n�t�s� �i�n� �2�9� 
 ��h�y�b�r�i�d �� �s�t�r�a�i�n�s� �i�n�d�i�c�a�t�e� �c�o�m�m�o�n� �l�o�c�a�t�i�o�n�s� �o�f� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e� �i�n�t�r�o�g�r�e�s�s�i�o�n�.� �B�l�a�c�k� �b�a�r�s�,� �k�-�m�e�r� �m�a�t�c�h�i�n�g� �a�t� 
�t�h�e� �i�n�d�i�c�a�t�e�d� �l�o�c�a�t�i�o�n� �i�n� �t�h�e� �C�.� �j�e�j�u�n�i� �g�e�n�o�m�e�.� 

�A�n� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �r�e�c�o�m�b�i�n�a�t�i�o�n� �s�i�z�e� �w�a�s� �p�e�r�f�o�r�m�e�d� �w�i�t�h� �a� �m�i�n�i�m�a�l� �a�s�s�u�m�e�d� �r�e�c�o�m�b�i�n�a�t�i�o�n� �e�v�e�n�t� �s�i�z�e� �o�f� 
�1�0�0� �b�p� �a�n�d� �v�a�r�i�o�u�s� �m�a�x�i�m�a�l� �g�a�p�s� �b�e�t�w�e�e�n� �e�v�e�n�t�s� �o�f� �1�0�0�-�5�0�0� �b�p� �b�e�t�w�e�e�n� �k�-�m�e�r� �m�a�t�c�h�i�n�g�s�.� �A�s� �e�x�p�e�c�t�e�d�,� �t�h�e� 
�r�e�c�o�m�b�i�n�a�t�i�o�n� �s�i�z�e� �w�a�s� �i�n�c�r�e�a�s�e�d� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �s�i�z�e� �o�f� �m�a�x�i�m�a�l� �g�a�p�s�.� �H�o�w�e�v�e�r�,� �t�h�e� �o�v�e�r�a�l�l� �m�e�d�i�a�n� �s�i�z�e� �o�f� 
�r�e�c�o�m�b�i�n�a�t�i�o�n� �e�v�e�n�t�s� �r�a�n�g�e�d� �b�e�t�w�e�e�n� �2�9�7� �a�n�d� �5�1�2� �b�p� �a�n�d� �t�h�e� �m�a�x�i�m�a�l� �e�v�e�n�t� �w�a�s� �b�e�t�w�e�e�n� �1�1�.�4� �a�n�d� �1�1�.�8� �k�b� 
�d�e�t�e�c�t�e�d� �i�n� �s�t�r�a�i�n� �B�f�R�-�C�A�-�0�8�3�1�8�.� �T�h�i�s� �m�i�g�h�t� �h�i�n�t� �a�t� �t�h�e� �p�o�t�e�n�t�i�a�l� �o�f� �C�.� �c�o�l�i� �t�o� �i�n�c�o�r�p�o�r�a�t�e� �l�a�r�g�e� �r�e�g�i�o�n�s� �o�f� �m�o�r�e� 
�t�h�a�n� �1�0�k�b� �w�i�t�h�i�n� �o�n�e� �r�e�c�o�m�b�i�n�a�t�i�o�n� �e�v�e�n�t� �b�u�t� �t�h�a�t� �m�o�s�t� �o�f� �t�h�e�m� �w�e�r�e� �b�e�l�o�w� �1� �k�b�.� �T�h�e� �n�u�m�b�e�r� �o�f� �d�e�t�e�c�t�e�d� 
�r�e�c�o�m�b�i�n�a�t�i�o�n� �e�v�e�n�t�s� �p�e�r� �s�t�r�a�i�n� �r�a�n�g�e�d� �i�n� �m�e�d�i�a�n� �b�e�t�w�e�e�n� �2�1�8� �a�n�d� �2�3�0� �e�v�e�n�t�s�.� �N�o�t�e� �t�h�a�t� �o�u�r� �a�n�a�l�y�s�i�s� �m�i�g�h�t� 
�u�n�d�e�r�e�s�t�i�m�a�t�e� �t�h�e� �n�u�m�b�e�r� �a�n�d� �t�h�e� �s�i�z�e� �d�u�e� �t�o� �t�h�e� �f�a�c�t� �t�h�a�t� �o�n�l�y� �k�-�m�e�r�s� �w�i�t�h� �e�x�a�c�t� �a�n�d� �u�n�i�q�u�e� �m�a�t�c�h�e�s� �t�o� �t�h�e� 
�r�e�f�e�r�e�n�c�e� �C�.� �j�e�j�u�n�i� �N�C�T�C� �1�1�1�6�8� �a�n�d� �t�o� �9�5�%� �o�f� �a�l�l� �C�.� �j�e�j�u�n�i� �s�t�r�a�i�n�s� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �s�t�u�d�y� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d�.� �A� 
�c�u�m�u�l�a�t�i�v�e� �p�l�o�t� �o�f� �r�e�c�o�m�b�i�n�a�t�i�o�n� �e�v�e�n�t�s� �(�f�r�o�m� �g�a�p� �s�i�z�e� �a�n�a�l�y�s�i�s� �o�f� �m�a�x�i�m�a�l� �1�0�0� �b�p�)� �i�n� �e�a�c�h� �s�t�r�a�i�n� �s�o�r�t�e�d� �b�y� �t�h�e� 
�c�h�r�o�m�o�s�o�m�a�l� �l�o�c�a�t�i�o�n� �o�f� �t�h�e� �r�e�f�e�r�e�n�c�e� �s�e�q�u�e�n�c�e� �i�s� �d�e�p�i�c�t�e�d� �i�n� �F�i�g�.� �4�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �c�o�m�m�o�n� �r�e�c�o�m�b�i�n�a�t�i�o�n� 
�e�v�e�n�t�s� �o�c�c�u�r�r�e�d� �i�n� �m�u�l�t�i�p�l�e� �C�.� �c�o�l�i� �h�y�b�r�i�d� �s�t�r�a�i�n�s� �a�n�d� �t�h�a�t� �t�h�e� �o�v�e�r�a�l�l� �C�.� �j�e�j�u�n�i� �c�o�n�t�e�n�t� �i�n� �t�h�e�s�e� �s�t�r�a�i�n�s� �w�a�s� �s�i�m�i�l�a�r� 
�a�s� �a�n�a�l�y�s�e�d� �b�y� �k�-�m�e�r� �a�n�a�l�y�s�i�s� �v�i�a� �t�h�e� �K�m�e�r�F�i�n�d�e�r� �3�.�1� �o�f� �C�G�E�.� 

�W�h�a�t� �h�a�s� �h�a�p�p�e�n�e�d� �a�t� �m�a�p�A� �a�n�d� �c�e�v�E� �l�o�c�i�?� �I�n� �o�r�d�e�r� �t�o� �f�i�n�d� �o�u�t�,� �w�h�y� �q�P�C�R� �r�e�s�u�l�t�s� �l�e�d� �t�o� �a�m�b�i�g�u�o�u�s� 
�a�n�d� �e�v�e�n� �f�a�l�s�e� �r�e�s�u�l�t�s�,� �k�-�m�e�r� �m�a�p�p�i�n�g� �o�f� �t�h�e�s�e� �i�s�o�l�a�t�e�s� �t�o� �C�.� �j�e�j�u�n�i� �N�C�T�C� �1�1�1�6�8� �w�a�s� �v�i�s�u�a�l�i�z�e�d� �w�i�t�h� �G�e�n�e�i�o�u�s� 
�P�r�i�m�e�.� �T�h�e� �k�-�m�e�r� �a�n�a�l�y�s�i�s� �r�e�v�e�a�l�e�d� �d�i�f�f�e�r�e�n�t� �p�a�t�t�e�r�n�s� �o�f� �C�.� �j�e�j�u�n�i� �i�n�t�r�o�g�r�e�s�s�i�o�n� �i�n� �C�.� �c�o�l�i� �m�a�p�A� �a�n�d� �c�e�u�E� �g�e�n�e�s� 
�a�n�d� �t�h�e�i�r� �g�e�n�e� �c�o�n�t�e�x�t� �(�F�i�g�.� �5�)�.� �I�n� �m�a�p�A� �e�i�t�h�e�r� �s�e�v�e�r�a�l� �s�m�a�l�l� �o�r� �l�a�r�g�e� �r�e�c�o�m�b�i�n�a�t�i�o�n� �e�v�e�n�t�s�,� �c�o�v�e�r�i�n�g� �a�l�s�o� �t�h�e� 
�a�d�j�a�c�e�n�t� �3 �� �g�e�n�e�s� �C�j�1�0�2�8�c� �a�n�d� �g�y�r�A� �a�n�d� �t�h�e� �5 �� �u�p�s�t�r�e�a�m� �l�o�c�a�t�e�d� �l�e�p�A�,� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d�.� �I�n� �t�h�e� �f�a�l�s�e� �p�o�s�i�t�i�v�e� �C�.� 
�j�e�j�u�n�i� �i�s�o�l�a�t�e�s�,� �t�h�e� �c�e�u�E� �l�o�c�u�s� �e�x�h�i�b�i�t�e�d� �a� �m�o�s�a�i�c� �a�l�l�e�l�e� �s�t�r�u�c�t�u�r�e� �w�i�t�h� �t�h�e� �5 �� �s�t�a�r�t� �o�f� �c�e�u�E� �d�i�s�p�l�a�y�i�n�g� �a� �t�y�p�i�c�a�l� �C�.� �c�o�l�i� 
�s�e�q�u�e�n�c�e� �a�n�d� �t�h�e� �3 �� �e�n�d� �m�a�t�c�h�i�n�g� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e�s�.� �I�n� �o�n�e� �s�t�r�a�i�n� �w�i�t�h� �n�o� �a�m�p�l�i�f�i�c�a�t�i�o�n� �o�f� �a�n�y� �o�f� �b�o�t�h� �t�a�r�g�e�t�s� 
�( ��n�o�n�e ��)�,� �t�h�e� �c�o�m�p�l�e�t�e� �c�e�u�E�,� �i�n�c�l�u�d�i�n�g� �a�d�j�a�c�e�n�t� �c�e�u�D� �a�n�d� �c�e�u�C� �a�n�d� �3�'� �d�o�w�n�s�t�r�e�a�m� �l�o�c�a�t�e�d� �t�R�N�A� �a�n�d� �C�j�1�3�5�6�c� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�w�w�w�.�n�a�t�u�r�e�.�c�o�m�/�s�c�i�e�n�t�i�f�i�c�r�e�p�o�r�t�s�/� 

�Q�P�C�R� �r�e�s�u�l�t� 

�C�j�/�C�c� �m�i�x� 

�f�a�l�s�e� 

�C�.� �j�e�j�u�n�i� 

� � 

�F�i�g�u�r�e� �5�.� �S�t�r�a�i�n�s� �w�i�t�h� �a�m�b�i�g�u�o�u�s� �q�P�C�R� �r�e�s�u�l�t� �d�i�s�p�l�a�y� �v�a�r�i�o�u�s� �C�.� �j�e�j�u�n�i� �r�e�c�o�m�b�i�n�a�t�i�o�n� �e�v�e�n�t�s� �a�t� �t�h�e� �m�a�p�A� 
�a�n�d� �c�e�u�E� �l�o�c�u�s�.� �I�n� �b�l�u�e�,� �c�o�v�e�r�a�g�e� �o�f� �k�-�m�e�r�s� �t�o� �t�h�e� �r�e�f�e�r�e�n�c�e� �s�e�q�u�e�n�c�e� �o�f� �C�.� �j�e�j�u�n�i� �N�C�T�C� �1�1�1�6�8� �o�f� �e�x�a�m�p�l�e� 
�s�t�r�a�i�n�s� �w�i�t�h� �a�m�b�i�g�u�o�u�s� �q�P�C�R� �r�e�s�u�l�t�s�.� �C�j�/�C�c� �m�i�x�,� �i�n�t�e�g�r�a�t�i�o�n� �o�f� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e�s� �a�t� �t�h�e� �m�a�p�A� �l�o�c�u�s�;� �n�o�n�e�,� 
�i�n�t�e�g�r�a�t�i�o�n� �o�f� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e�s� �i�n� �t�h�e� �c�e�u�E� �l�o�c�u�s�;� �f�a�l�s�e� �C�.� �j�e�j�u�n�i�,� �i�n�t�e�g�r�a�t�i�o�n� �o�f� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e�s� �i�n� �b�o�t�h� 
�t�a�r�g�e�t�s�.� 

�w�e�r�e� �e�x�c�h�a�n�g�e�d� �b�y� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e�s�.� �T�h�u�s�,� �a�l�t�h�o�u�g�h� �i�n�t�r�o�g�r�e�s�s�i�o�n� �o�f� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e�s� �i�n�t�o� �C�.� �c�o�l�i� �m�a�p�A� 
�l�o�c�u�s� �w�a�s� �m�o�r�e� �f�r�e�q�u�e�n�t�l�y� �o�b�s�e�r�v�e�d�,� �t�h�e� �c�e�w�E� �l�o�c�u�s� �c�a�n� �a�l�s�o� �p�a�r�t�i�a�l�l�y� �o�r� �f�u�l�l�y� �b�e� �i�n�t�r�o�g�r�e�s�s�e�d� �b�y� �C�.� �j�e�j�u�n�i� �D�N�A� �i�n� 
�c�o�n�t�r�a�s�t� �t�o� �p�r�e�v�i�o�u�s� �o�b�s�e�r�v�a�t�i�o�n�s ��.� 

�F�o�r�a� �f�u�r�t�h�e�r� �a�n�a�l�y�s�i�s� �w�e� �l�o�o�k�e�d� �a�t� �t�h�e� �a�n�n�e�a�l�i�n�g� �s�i�t�e�s� �o�f� �t�h�e� �o�l�i�g�o�s� �u�s�e�d� �f�o�r� �m�a�p�A� �a�n�d� �c�e�u�E� �a�m�p�l�i�f�i�c�a�t�i�o�n�.� �A� 
�m�u�l�t�i�p�l�e� �a�l�i�g�n�m�e�n�t� �o�f� �t�h�e� �g�e�n�e�s�,� �d�i�s�p�l�a�y�i�n�g� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e� �c�o�n�t�e�n�t� �a�s� �i�d�e�n�t�i�f�i�e�d� �b�y� �k�-� �m�e�r� �a�n�a�l�y�s�i�s�,� �w�a�s� �d�o�n�e� 
�u�s�i�n�g� �M�e�g�A�l�i�g�n� �P�r�o� �1�4� �(�S�u�p�p�l�e�m�e�n�t�a�r�y� �F�i�g�.� �$�1�)�.� �A�s� �e�x�p�e�c�t�e�d� �f�r�o�m� �t�h�e� �r�e�a�l�-�t�i�m�e� �P�C�R� �r�e�s�u�l�t�,� �t�h�o�s�e� �s�t�r�a�i�n�s� �f�r�o�m� 
�w�h�i�c�h� �b�o�t�h� �t�a�r�g�e�t�s� �m�a�p�A� �a�n�d� �c�e�u�E� �w�e�r�e� �a�m�p�l�i�f�i�e�d�,� �e�x�h�i�b�i�t�e�d� �a� �s�e�q�u�e�n�c�e� �a�t� �m�a�p�A�,� �w�h�i�c�h� �i�s� �t�y�p�i�c�a�l� �f�o�r� �C�.� �j�e�j�u�n�i� 
�b�u�t� �m�a�i�n�t�a�i�n�e�d� �a� �t�y�p�i�c�a�l� �C�.� �c�o�l�i� �c�e�u�E� �a�l�l�e�l�e�.� �T�h�o�s�e� �f�o�u�r� �s�t�r�a�i�n�s� �w�i�t�h� �n�o� �r�e�a�l�-�t�i�m�e� �P�C�R� �s�i�g�n�a�l� �a�t� �a�l�l� �( � ��n�o�n�e �� �s�t�r�a�i�n�s�)�,� 
�h�a�d�a� �C�.� �c�o�l�i� �a�l�l�e�l�e� �a�t� �m�a�p�A� �b�u�t� �e�i�t�h�e�r� �a� �c�o�m�p�l�e�t�e� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e� �o�f� �c�e�u�E� �(�B�f�R�-�C�A�-�1�5�4�8�9�)� �o�r� �a� �m�o�s�a�i�c� �g�e�n�e� �a�s� 
�i�n�d�i�c�a�t�e�d� �i�n� �F�i�g�.� �5�.� �B�e�s�i�d�e�s�,� �t�h�i�s� �a�n�a�l�y�s�i�s� �c�o�r�r�o�b�o�r�a�t�e�d� �t�h�e� �i�d�e�a� �t�h�a�t� �i�n�d�e�p�e�n�d�e�n�t� �r�e�c�o�m�b�i�n�a�t�i�o�n� �e�v�e�n�t�s� �l�e�d� �t�o� �s�i�m�-� 
�i�l�a�r� �o�u�t�c�o�m�e� �o�f� �t�h�e� �P�C�R� �r�e�s�u�l�t�,� �s�i�n�c�e� �t�h�e� �s�e�q�u�e�n�c�e� �o�f� �t�h�e� �a�n�n�e�a�l�i�n�g� �s�i�t�e�s� �o�f� �o�l�i�g�o�s� �a�n�d� �p�r�o�b�e�s� �a�t� �t�h�e� �m�a�p�A� �l�o�c�u�s� 
�w�a�s� �d�i�f�f�e�r�e�n�t� �i�n� �t�h�e� �s�t�r�a�i�n�s� �w�i�t�h� �a�m�b�i�g�u�o�u�s� �P�C�R� �r�e�s�u�l�t�s� �a�n�d� �o�v�e�r�a�l�l� �s�e�q�u�e�n�c�e� �o�f� �m�a�p�A� �a�n�d� �c�e�u�E� �v�a�r�i�e�d� �w�i�t�h�i�n� 
�P�C�R� �c�a�t�e�g�o�r�i�e�s�.� 

�A�r�e� �t�h�e� �s�t�r�a�i�n�s� �w�i�t�h� �a�m�b�i�g�u�o�u�s� �q�P�C�R� �r�e�s�u�l�t� �t�y�p�a�b�l�e� �b�y� �o�t�h�e�r� �P�C�R� �a�s�s�a�y�s�?� �T�h�e�r�e� �a�r�e� �v�a�r�i�o�u�s� 
�o�t�h�e�r� �P�C�R� �a�s�s�a�y�s� �p�u�b�l�i�s�h�e�d� �f�o�r� �s�p�e�c�i�e�s� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �o�f� �C�.� �j�e�j�u�n�i� �a�n�d� �C�.� �c�o�l�i� �w�i�t�h� �a�n�d� �w�i�t�h�o�u�t� �d�e�t�e�c�t�i�o�n� �o�f� �f�u�r�-� 
�t�h�e�r� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�p�'�?�?�*�*�°�.� �T�h�u�s�,� �t�h�e� �w�h�o�l�e�-�g�e�n�o�m�e� �s�e�q�u�e�n�c�e�s� �o�f� �t�h�e� �s�t�r�a�i�n�s� �l�e�a�d�i�n�g� �t�o� �a�m�b�i�g�u�o�u�s� �s�p�e�c�i�e�s� 
�d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �w�i�t�h� �m�a�p�A�/�c�e�u�E� �t�a�r�g�e�t�s�*�°� �a�n�d� �t�h�e� �c�o�r�r�e�c�t�l�y� �i�d�e�n�t�i�f�i�e�d� �C�.� �c�o�l�i� �h�y�b�r�i�d�s� �w�i�t�h� �h�i�g�h� �C�.� �j�e�j�u�n�i� �c�o�n�t�e�n�t� 
�w�e�r�e� �f�u�r�t�h�e�r� �a�s�s�e�s�s�e�d� �i�n� �s�i�l�i�c�o� �(�S�u�p�p�l�e�m�e�n�t�a�r�y� �F�i�g�.� �$�1�)�.� �F�i�r�s�t�,� �a� �s�e�c�o�n�d� �m�u�l�t�i�p�l�e�x� �P�C�R� �t�a�r�g�e�t�i�n�g� �m�a�p�A�/�c�e�u�E� �w�a�s� 
�e�v�a�l�u�a�t�e�d ��®�,� �l�e�a�d�i�n�g� �t�o� �5�6�%� �a�m�b�i�g�u�o�u�s� �o�r� �f�a�l�s�e� �r�e�s�u�l�t�s�.� �T�h�e� �s�e�q�u�e�n�c�e� �d�a�t�a� �r�e�v�e�a�l�e�d� �t�h�a�t� �a�l�s�o� �c�p�n�6�0� �d�e�t�e�c�t�i�o�n!"� 
�w�o�u�l�d� �l�e�a�d� �t�o� �f�a�l�s�e� �s�p�e�c�i�e�s� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �a�l�l� �C�.� �c�o�l�i� �h�y�b�r�i�d� �s�t�r�a�i�n�s� �b�u�t� �w�o�u�l�d� �i�d�e�n�t�i�f�y� �C�.� �c�o�l�i� �c�o�r�r�e�c�t�l�y� �i�n� �t�h�e� 
 ��h�a�l�f� �h�y�b�r�i�d�s ��,� �i�n� �w�h�i�c�h� �m�a�p�A�/�c�e�u�E� �w�e�r�e� �n�o� �r�e�l�i�a�b�l�e� �t�a�r�g�e�t�s�.� �B�e�s�i�d�e�s�,� �s�t�r�a�i�n� �B�f�R�-�C�A�-�1�7�1�1�0� �h�a�r�b�o�u�r�e�d� �a�C�,� �j�e�j�u�n�i� 
�s�e�q�u�e�n�c�e� �i�n� �t�h�e� �t�a�r�g�e�t� �c�a�d�F�* ��,� �l�e�a�d�i�n�g� �t�o� �f�a�l�s�e� �C�.� �j�e�j�u�n�i� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �t�h�i�s� �C�.� �c�o�l�i� �s�t�r�a�i�n�.� �A�l�l� �o�t�h�e�r� �t�a�r�g�e�t�s� �h�i�p�O�,� 
�g�l�y�A�,� �I�p�x�A� �a�n�d� �c�c�o�N� �d�i�s�p�l�a�y�e�d� �e�i�t�h�e�r� �n�o� �o�r� �l�o�w� �C�.� �j�e�j�u�n�i� �i�n�t�r�o�g�r�e�s�s�i�o�n�.� �I�f� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e�s� �w�e�r�e� �d�e�t�e�c�t�e�d� �w�i�t�h�i�n� 
�t�h�e� �g�e�n�e�s�,� �t�h�e� �a�n�n�e�a�l�i�n�g� �s�i�t�e�s� �o�f� �t�h�e� �P�C�R� �o�l�i�g�o�s� �w�e�r�e� �n�o�t� �a�f�f�e�c�t�e�d�,� �t�h�u�s�,� �a� �c�o�r�r�e�c�t� �o�u�t�p�u�t� �o�f� �t�h�e� �P�C�R� �i�s� �e�x�p�e�c�t�e�d�.� 

�A�s� �m�e�n�t�i�o�n�e�d� �a�b�o�v�e�,� �M�L�S�T� �t�y�p�i�n�g� �b�a�s�e�d� �o�n� �t�h�e� �s�e�v�e�n� �h�o�u�s�e�k�e�e�p�i�n�g� �g�e�n�e�s� �a�s�p�A�,� �g�l�y�A�,� �g�i�t�A�,� �g�l�n�A�,� �t�k�t�,� �u�n�c�A�,� 
�p�g�m� �w�a�s� �i�m�p�a�i�r�e�d� �i�n� �t�h�e� �C�.� �c�o�l�i� �h�y�b�r�i�d� �s�t�r�a�i�n�s� �w�i�t�h� �h�i�g�h� �c�o�n�t�e�n�t� �o�f� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e� �i�n�t�r�o�g�r�e�s�s�i�o�n� �(�F�i�g�.� �3� �a�n�d� 
�S�u�p�p�l�e�m�e�n�t�a�r�y� �T�a�b�l�e� �$�1�)�.� �I�n� �p�a�r�t�i�c�u�l�a�r�,� �a�s�p�A� �a�n�d� �t�k�t� �c�o�n�t�a�i�n�e�d� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e�s� �i�n� �a�l�l� �h�y�b�r�i�d� �s�t�r�a�i�n�s� �f�o�r� �a�t� �l�e�a�s�t� 
�3�8� �o�r� �2�6�%� �g�e�n�e� �c�o�v�e�r�a�g�e�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �p�g�m� �d�i�s�p�l�a�y�e�d� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e�s� �i�n� �2�4� �o�f� �t�h�e� �2�9� �h�y�b�r�i�d� �s�t�r�a�i�n�s� �b�e�t�w�e�e�n� �1�3� 
�a�n�d� �2�9�%� �o�f� �t�h�e� �g�e�n�e� �l�e�n�g�t�h�.� �L�o�w� �a�m�o�u�n�t� �o�f� �C�.� �j�e�j�u�n�i� �i�n�t�r�o�g�r�e�s�s�i�o�n� �u�p� �t�o� �1�6�%� �w�e�r�e� �f�o�u�n�d� �i�n� �g�i�t�A�,� �g�l�n�A� �a�n�d� �u�n�c�A� 
�i�n� �2�8� �s�t�r�a�i�n�s�.� �g�l�y�A� �w�a�s� �t�h�e� �m�o�s�t�  ��s�t�a�b�l�e ��,� �s�i�n�c�e� �a�l�l� �s�t�r�a�i�n�s� �h�a�r�b�o�u�r�e�d� �a� �c�l�a�s�s�i�c�a�l� �C�.� �c�o�l�i� �a�l�l�e�l�e� �o�r� �d�i�s�p�l�a�y�e�d� �j�u�s�t� �o�n�e� �C�.� 
�j�e�j�u�n�i� �k�-�m�e�r� �m�a�t�c�h�,� �w�h�i�c�h� �w�a�s� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�.� 

�W�h�i�c�h� �g�e�n�e�s�/�l�o�c�a�t�i�o�n�s� �w�e�r�e� �e�x�c�h�a�n�g�e�d� �b�y� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e�s� �i�n� �t�h�e� �C�.� �c�o�l�i� �h�y�b�r�i�d� �s�t�r�a�i�n�s�?� 
�C�o�n�s�i�d�e�r�i�n�g� �t�h�e� �t�y�p�i�n�g� �r�e�s�u�l�t�s� �w�i�t�h� �s�o�m�e� �g�e�n�e�s� �o�v�e�r�r�e�p�r�e�s�e�n�t�e�d� �f�o�r� �C�.� �j�e�j�u�n�i� �i�n�t�r�o�g�r�e�s�s�i�o�n� �(�e�.� �g�.� �c�p�n�6�0� �o�r� �a�s�p�A�)� 
�a�n�d� �t�h�e� �o�b�s�e�r�v�a�t�i�o�n�s� �o�f� �d�i�s�t�i�n�c�t� �r�e�c�o�m�b�i�n�a�t�i�o�n� �r�e�g�i�o�n�s�,� �t�h�e� �q�u�e�s�t�i�o�n� �a�r�i�s�e�s�,� �w�h�e�t�h�e�r� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e� �e�x�c�h�a�n�g�e� 
�h�a�d� �c�o�m�m�o�n� �p�a�t�t�e�r�n�s� �i�n� �t�h�e� �2�9�C�.� �c�o�l�i� �h�y�b�r�i�d� �s�t�r�a�i�n�s�.� �3�4�6� �g�e�n�e�s� �w�e�r�e� �c�o�v�e�r�e�d� �b�y� �k�-�m�e�r�s� �i�n� �a�t� �l�e�a�s�t� �2�0�%� �o�f� �t�h�e� 
�g�e�n�e� �l�e�n�g�t�h� �i�n� �m�i�n�i�m�a�l�l�y� �o�n�e� �o�f� �t�h�e� �h�i�g�h� �c�o�n�t�e�n�t� �C�.� �c�o�l�i� �h�y�b�r�i�d� �g�e�n�o�m�e�s�.� �T�h�e�y� �w�e�r�e� �d�e�p�i�c�t�e�d� �a�s� �h�e�a�t�m�a�p� �b�y� 
�t�h�e� �R� �p�a�c�k�a�g�e� �p�h�e�a�t�m�a�p� �v�.�1�.�0�.�1�2�.� �(�S�u�p�p�l�e�m�e�n�t�a�r�y� �F�i�g�.� �2�)�.� �F�o�r� �b�e�t�t�e�r� �v�i�s�u�a�l�i�z�a�t�i�o�n� �(�F�i�g�.� �6�)�,� �t�h�e� �1�9�4� �g�e�n�e�s� �w�e�r�e� 
�f�i�l�t�e�r�e�d� �t�o� �5�0�%� �o�f� �g�e�n�e� �l�e�n�g�t�h� �e�x�c�h�a�n�g�e� �b�y� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e�s� �i�n� �m�i�n�i�m�a�l�l�y� �o�n�e� �o�f� �t�h�e� �h�y�b�r�i�d� �s�t�r�a�i�n�s�.� �A�s� �s�h�o�w�n� 
�a�b�o�v�e�,� �r�e�c�o�m�b�i�n�a�t�i�o�n� �e�v�e�n�t�s�,� �i�.� �e�.� �g�e�n�e�s� �w�i�t�h� �C�.� �j�e�j�u�n�i� �c�o�n�t�e�n�t�,� �w�e�r�e� �d�i�s�t�r�i�b�u�t�e�d� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �c�h�r�o�m�o�s�o�m�e�.� 
�I�n�t�r�i�g�u�i�n�g�l�y�,� �s�i�m�i�l�a�r� �g�e�n�e�s� �w�e�r�e� �e�x�c�h�a�n�g�e�d� �i�n� �m�u�l�t�i�p�l�e� �C�.� �c�o�l�i� �h�y�b�r�i�d� �s�t�r�a�i�n�s� �w�i�t�h� �s�i�m�i�l�a�r� �e�x�t�e�n�t� �o�f� �C�.� �j�e�j�u�n�i� 
�s�e�q�u�e�n�c�e� �e�x�c�h�a�n�g�e� �(�s�a�m�e� �c�o�l�o�u�r�e�d� �l�i�n�e�s� �i�n� �F�i�g�.� �6�)�.� �T�h�e�r�e�f�o�r�e�,� �w�e� �l�o�o�k�e�d� �a�t� �t�h�o�s�e� �g�e�n�e�s�,� �w�h�i�c�h� �w�e�r�e� �e�x�c�h�a�n�g�e�d� 
�f�o�r� �a�t� �l�e�a�s�t� �2�0�%� �g�e�n�e� �l�e�n�g�t�h� �c�o�v�e�r�a�g�e� �i�n� �a�t� �l�e�a�s�t� �2�5� �o�f� �t�h�e� �2�9� �s�t�r�a�i�n�s� �a�n�d� �i�d�e�n�t�i�f�i�e�d� �1�0�4� �g�e�n�e�s�,� �i�d�e�n�t�i�f�i�e�d� �w�i�t�h� �b�o�t�h� 
�k�-�m�e�r� �a�n�a�l�y�s�i�s� �(�1�6� �b�p� �o�r� �3�1� �b�p�)� �a�n�d� �a�d�d�i�t�i�o�n�a�l� �8� �a�n�d� �1�4� �g�e�n�e�s� �w�i�t�h� �1�6� �b�p� �a�n�d� �3�1� �b�p� �k�-�m�e�r� �a�n�a�l�y�s�i�s�,� �r�e�s�p�e�c�t�i�v�e�l�y� 
�(�S�u�p�p�l�e�m�e�n�t�a�r�y� �T�a�b�l�e� �$�2�)�.� �G�e�n�e� �c�a�t�e�g�o�r�i�e�s� �w�e�r�e� �a�n�n�o�t�a�t�e�d� �b�y� �E�g�g�N�O�G� �4�.�5�.�1 �� �a�n�d�,� �a�f�t�e�r� �i�n�t�e�g�r�a�t�i�o�n� �o�f� �a�d�d�i�t�i�o�n�a�l� 
�i�n�f�o�r�m�a�t�i�o�n� �o�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �h�o�m�o�l�o�g�u�e�s�,� �s�u�m�m�a�r�i�z�e�d� �i�n� �f�u�n�c�t�i�o�n�a�l� �c�a�t�e�g�o�r�i�e�s� �(�S�u�p�p�l�e�m�e�n�t�a�r�y� �T�a�b�l�e� �S�2�)�.� 
�A�s�s�u�m�i�n�g� �t�h�a�t� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e� �i�n�t�r�o�g�r�e�s�s�i�o�n� �i�n�t�o� �C�.� �c�o�l�i� �s�t�r�a�i�n�s� �w�a�s� �r�a�n�d�o�m�,� �w�e� �s�i�m�u�l�a�t�e�d� �3�0�0� �r�e�c�o�m�b�i�n�a�t�i�o�n� 
�e�v�e�n�t�s� �i�n� �8�0�0� �c�o�r�e� �g�e�n�e�s� �o�f� �3�0� �s�t�r�a�i�n�s� �b�y� �u�s�i�n�g� �a� �P�y�t�h�o�n� �s�c�r�i�p�t� �(�a�v�a�i�l�a�b�l�e� �a�t� �h�t�t�p�s�:�/�/�g�i�t�l�a�b�.�c�o�m�/�m�i�c�r�o�b�i�a�l�_�g�e�n�o�m�-� 
�i�c�s�/�r�e�l�a�t�i�v�e�-�k�m�e�r�-�p�r�o�j�e�c�t�)�.� �A�s� �e�x�p�e�c�t�e�d�,� �a�n�d� �s�t�a�t�i�s�t�i�c�a�l�l�y� �p�r�o�v�e�n� �s�i�g�n�i�f�i�c�a�n�t� �(�p� �<� �0�.�0�5� �b�y� �C�h�i �� �t�e�s�t�)�,� �t�h�e� �r�a�n�d�o�m� 
�d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �g�e�n�e�s� �r�e�c�o�m�b�i�n�e�d� �i�n� �m�u�l�t�i�p�l�e� �s�t�r�a�i�n�s� �w�a�s� �d�i�s�t�i�n�c�t� �f�r�o�m� �t�h�e� �r�e�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �o�b�s�e�r�v�a�t�i�o�n�s� �i�n� �t�h�e� 
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�w�w�w�.�n�a�t�u�r�e�.�c�o�m�/�s�c�i�e�n�t�i�f�i�c�r�e�p�o�r�t�s�/� 

 � �� �C�I�,� �F�Y� �0�.�8� 

�c�h�e�w� 

� � � � 

� � � 

�r�i�b�H� 

�C�j�0�5�5�2�-�C�j�0�5�5�7�c� 
�C�j�0�8�3�2�c� 
�¢�j�0�8�3�3� 

�o�o� �h�e�m�B�,� �r�i�b�A� 

�n�N� �c�p�,� �m�r�s�B� 
�a� �=� �a� �p�g�I�I�H�K�,� �h�t�r�B� 

�=� �=� �=� �c�p�n�i�0�,� �h�t�r�A� 
�k�t�r�A�,� �k�t�r�B� 

� � � 

�S�S�  �� �k�a�t�A�,� �G�j�1�3�8�6� 
�_�_�k�p�s�S�F�D�E�T� 
�n�u�o�A�B�C� 

�j�1�6�5�0�-�C�j�1�6�5�2�c� 
�C�j�1�6�8�7� � � � 

�F�i�g�u�r�e� �6�.� �C�c�/�C�j� �h�y�b�r�i�d� �s�t�r�a�i�n�s� �s�h�a�r�e� �c�o�m�m�o�n� �g�e�n�e�s� �w�i�t�h� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e� �c�o�n�t�e�n�t�,� �w�h�i�c�h� �a�r�e� �d�i�s�t�r�i�b�u�t�e�d� �o�v�e�r� 
�t�h�e� �c�h�r�o�m�o�s�o�m�e�.� �V�i�s�u�a�l�i�z�a�t�i�o�n� �o�f� �g�e�n�e�s� �w�i�t�h� �a�t� �l�e�a�s�t� �5�0�%� �k�-�m�e�r� �c�o�v�e�r�a�g�e� �o�f� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e�s� �i�d�e�n�t�i�f�i�e�d� �i�n� �a�t� 
�l�e�a�s�t� �o�n�e� �o�f� �t�h�e� �2�9� �C�c�/�C�j� �h�y�b�r�i�d� �s�t�r�a�i�n�s� �(�w�i�t�h� �>�1�0�%� �C�.� �j�e�j�u�n�i� �i�n�t�r�o�g�r�e�s�s�i�o�n�)�.� �X�-�a�x�i�s�,� �s�t�r�a�i�n�s�;� �y�-�a�x�i�s�,� �g�e�n�e�s�.� �L�e�f�t�,� 
�h�e�a�t�m�a�p� �s�o�r�t�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �g�e�n�e� �l�o�c�a�t�i�o�n� �i�n� �t�h�e� �r�e�f�e�r�e�n�c�e� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e�;� �r�i�g�h�t�,� �h�e�a�t�m�a�p� �s�o�r�t�e�d� �a�c�c�o�r�d�i�n�g� 
�t�o� �g�e�n�e�s� �w�i�t�h� �h�i�g�h� �n�u�m�b�e�r� �o�f� �s�t�r�a�i�n�s� �a�n�d� �h�i�g�h� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e� �e�x�c�h�a�n�g�e�.� �C�o�l�o�u�r�s� �i�n�d�i�c�a�t�e� �c�o�v�e�r�a�g�e� �o�f� �g�e�n�e� 
�l�e�n�g�t�h� �b�y� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e� �s�p�e�c�i�f�i�c� �k�-�m�e�r� �(�1�6� �b�p�)� �m�a�t�c�h�e�s� �i�n� �%� �a�s� �d�e�t�a�i�l�e�d� �i�n� �t�h�e� �f�i�g�u�r�e�.� �E�x�a�m�p�l�e� �g�e�n�e�s� �w�i�t�h� 
�h�i�g�h� �c�o�v�e�r�a�g�e� �i�n� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� �s�t�r�a�i�n�s� �a�r�e� �i�n�d�i�c�a�t�e�d�.� �B�e�l�o�w� �h�e�a�t�m�a�p�s�,� �i�s�o�l�a�t�i�o�n� �s�o�u�r�c�e� �o�f� �t�h�e� �s�t�r�a�i�n�s�:� �c�,� �c�h�i�c�k�e�n� 
�m�e�a�t�;� �t�c�,� �t�u�r�k�e�y� �c�e�c�u�m�;� �t�m�,� �t�u�r�k�e�y� �m�e�a�t� �a�n�d� �e�g�g�s�.� 

�h�y�b�r�i�d� �s�t�r�a�i�n�s� �(�S�u�p�p�l�e�m�e�n�t�a�r�y� �F�i�g�.� �$�4�)�.� �T�h�i�s� �s�u�p�p�o�r�t�s� �o�u�r� �h�y�p�o�t�h�e�s�i�s� �o�f� �a� �s�e�l�e�c�t�i�v�e� �p�r�o�c�e�s�s� �o�n� �t�h�e� �g�e�n�e� �s�e�t� �a�f�f�e�c�t�e�d� 
�b�y� �C�.� �j�e�j�u�n�i� �i�n�t�r�o�g�r�e�s�s�i�o�n� �i�n� �t�h�e� �h�y�b�r�i�d� �s�t�r�a�i�n�s�.� 

�A�l�m�o�s�t� �h�a�l�f� �o�f� �a�l�l� �i�d�e�n�t�i�f�i�e�d� �g�e�n�e�s� �e�n�c�o�d�e� �p�r�o�t�e�i�n�s� �i�n�v�o�l�v�e�d� �i�n� �o�x�i�d�a�t�i�v�e� �s�t�r�e�s�s� �r�e�s�p�o�n�s�e� �(�k�a�t�A�,� �C�j�1�3�8�6�,� �m�r�s�B�,� 
�c�a�n�B�,� �C�j�0�8�3�3�c� �h�y�d�A�,� �h�y�d�A�2�,� �n�a�d�D�,� �n�u�o�A�,� �n�u�o�B�,� �n�u�o�C�,� �C�j�0�0�8�1�)�,� �s�t�r�e�s�s� �r�e�s�p�o�n�s�e� �i�n� �g�e�n�e�r�a�l� �(�c�l�p�A�,� �h�t�r�B�,� �h�t�r�A�,� 
�c�p�n�1�0�,� �c�p�n�6�0�)�,� �D�N�A� �m�e�t�a�b�o�l�i�s�m� �a�n�d� �r�e�p�a�i�r� �(�p�u�r�F�,� �p�y�r�G�,� �t�h�y�X�,� �r�a�r�A�,� �r�e�c�]�,� �u�n�g�,� �r�i�b�A�,� �g�u�a�B�,� �d�u�t�)�,� �c�h�e�m�o�t�a�x�i�s� �a�n�d� 
�f�l�a�g�e�l�l�a�r� �m�o�t�o�r� �s�w�i�t�c�h� �(�c�h�e�A�,� �c�h�e�V�,� �c�h�e� �W�,� �f�l�i�Y�)�,� �s�i�g�n�a�l� �t�r�a�n�s�d�u�c�t�i�o�n� �(�C�j�1�1�1�0�c�,� �C�j�1�2�2�7�c�,� �C�j�1�2�5�8�)�,� �m�e�m�b�r�a�n�e� �t�r�a�n�s�-� 
�p�o�r�t�e�r�s� �(�c�r�c�B�,� �G�0�8�3�2�c�,� �k�t�r�A�,� �k�t�r�B�,� �C�j�1�2�5�7�c�,� �C�j�1�6�8�7�)�,� �c�e�l�l� �w�a�l�l� �a�n�d� �c�a�p�s�u�l�e� �b�i�o�s�y�n�t�h�e�s�i�s� �(�k�p�s�S�,� �k�p�s�E�,� �k�p�s�F�,� �k�p�s�D�,� 
�k�p�s�T�,� �m�u�r�E�)� �a�n�d� �m�e�t�K� �e�n�c�o�d�i�n�g� �a� �S�-�a�d�e�n�o�s�y�l�m�e�t�h�i�o�n�i�n�e� �t�r�a�n�s�f�e�r�a�s�e�,� �i�n�v�o�l�v�e�d� �i�n� �p�r�o�v�i�d�i�n�g� �t�h�e� �s�u�b�s�t�r�a�t�e� �f�o�r� 
�m�e�t�h�y�l�a�t�i�o�n� �r�e�a�c�t�i�o�n�s�.� �T�h�i�s� �s�u�g�g�e�s�t�s� �t�h�a�t� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e� �r�e�c�o�m�b�i�n�a�t�i�o�n� �i�n� �t�h�e� �C�.� �c�o�l�i� �h�y�b�r�i�d� �g�e�n�e�s� �w�a�s� �n�o�t� 
�r�a�n�d�o�m� �b�u�t� �m�i�g�h�t� �m�o�d�u�l�a�t�e� �t�h�e� �f�i�t�n�e�s�s� �o�f� �t�h�e� �C�.� �c�o�l�i� �h�y�b�r�i�d� �s�t�r�a�i�n�s�,� �s�e�l�e�c�t�e�d� �f�o�r� �s�u�r�v�i�v�a�l� �i�n� �a� �h�a�r�s�h� �e�n�v�i�r�o�n�m�e�n�t�.� 
�I�n�t�r�i�g�u�i�n�g�l�y�,� �a�n� �A�m�e�r�i�c�a�n� �i�s�o�l�a�t�e�,� �C�.� �c�o�l�i� �R�M�4�6�6�1�,� �f�r�o�m� �t�u�r�k�e�y� �c�a�r�c�a�s�s� �o�r�i�g�i�n� �(�N�Z�_�C�P�0�0�7�1�8�1�.�1�)� �w�a�s� �i�d�e�n�t�i�f�i�e�d� �a�s� 
�a� �C�c�/�C�j�-�h�y�b�r�i�d� �s�t�r�a�i�n�,� �s�h�a�r�i�n�g� �1�0�6� �o�f� �t�h�e� �1�2�6� �C�.� �j�e�j�u�n�i� �i�n�t�r�o�g�r�e�s�s�e�d� �g�e�n�e�s� �r�e�v�e�a�l�e�d� �i�n� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� �o�u�r� �h�y�b�r�i�d� 
�s�t�r�a�i�n�s� �(�S�u�p�p�l�e�m�e�n�t�a�r�y� �T�a�b�l�e� �$�2�)�.� �W�e� �p�r�o�p�o�s�e� �t�h�a�t� �t�h�i�s� �s�t�r�a�i�n� �u�n�d�e�r�w�e�n�t� �a� �s�i�m�i�l�a�r� �s�e�l�e�c�t�i�o�n� �p�r�o�c�e�d�u�r�e�,� �w�h�i�c�h� 
�c�o�r�r�o�b�o�r�a�t�e�s� �o�u�r� �h�y�p�o�t�h�e�s�i�s� �o�f� �i�n�d�e�p�e�n�d�e�n�t� �f�u�n�c�t�i�o�n�a�l� �a�d�a�p�t�a�t�i�o�n� �u�p�o�n� �s�e�l�e�c�t�i�o�n� �i�n� �a� �h�a�r�s�h� �e�n�v�i�r�o�n�m�e�n�t�.� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�w�w�w�.�n�a�t�u�r�e�.�c�o�m�/�s�c�i�e�n�t�i�f�i�c�r�e�p�o�r�t�s�/� 

�W�h�i�c�h� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e� �e�x�c�h�a�n�g�e� �l�e�a�d�s� �t�o� �a�m�i�n�o� �a�c�i�d� �e�x�c�h�a�n�g�e� �i�n� �t�h�e� �p�r�o�t�e�i�n� �a�n�d� �m�i�g�h�t� 
�r�e�p�r�e�s�e�n�t� �a� �f�u�n�c�t�i�o�n�a�l� �a�d�a�p�t�a�t�i�o�n� �i�n� �C�.� �c�o�l�i�?� �W�e� �c�h�e�c�k�e�d� �w�h�e�t�h�e�r� �t�h�e� �g�e�n�e� �v�a�r�i�a�n�t�s� �o�f� �t�h�e� �C�.� �c�o�l�i� �h�y�b�r�i�d� 
�s�t�r�a�i�n�s� �l�e�a�d� �t�o� �p�r�o�t�e�i�n� �v�a�r�i�a�n�t�s� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �C�.� �c�o�l�i� �p�r�o�t�e�i�n�s�.� �S�i�n�c�e� �C�.� �j�e�j�u�n�i� �a�n�d� �C�.� �c�o�l�i� �p�r�o�t�e�i�n�s� �d�i�f�f�e�r� �i�n� �a�v�e�r�a�g�e� 
�b�y� �n�e�a�r�l�y� �4�0� �a�m�i�n�o� �a�c�i�d�s�* ��,� �i�t� �w�a�s� �e�x�p�e�c�t�e�d� �t�h�a�t� �m�o�s�t� �o�f� �t�h�e� �o�b�s�e�r�v�e�d� �C�.� �j�e�j�u�n�i� �i�n�t�r�o�g�r�e�s�s�i�o�n� �c�o�v�e�r�i�n�g� �a�t� �l�e�a�s�t� 
�2�0�%� �o�f� �t�h�e� �g�e�n�e� �l�e�n�g�t�h� �l�e�a�d�s� �t�o� �c�h�a�n�g�e�s� �i�n� �p�r�o�t�e�i�n� �s�e�q�u�e�n�c�e�.� �B�L�A�S�T� �a�n�a�l�y�s�i�s� �(�h�t�t�p�s�:�/�/�b�l�a�s�t�.�n�c�b�i�.�n�l�m�.�n�i�h�.�g�o�v�)� 
�w�a�s� �p�e�r�f�o�r�m�e�d� �o�n� �a� �s�u�b�s�e�t� �o�f� �t�h�e� �a�b�o�v�e�-�m�e�n�t�i�o�n�e�d� �i�d�e�n�t�i�f�i�e�d� �g�e�n�e� �t�r�a�n�s�l�a�t�i�o�n�s� �a�n�d� �i�n� �a�l�l� �o�f� �t�h�e� �c�a�s�e�s� �a�m�i�n�o� 
�a�c�i�d� �e�x�c�h�a�n�g�e�s� �w�e�r�e� �d�e�t�e�c�t�e�d� �i�n� �t�h�e� �h�y�b�r�i�d� �v�a�r�i�a�n�t�s� �a�s� �c�o�m�p�a�r�e�d� �t�o� �C�.� �c�o�l�i� �t�y�p�i�c�a�l� �p�r�o�t�e�i�n� �s�e�q�u�e�n�c�e�.� �I�t� �r�e�m�a�i�n�s� 
�t�o� �b�e� �i�n�v�e�s�t�i�g�a�t�e�d� �i�n� �f�u�t�u�r�e� �s�t�u�d�i�e�s�,� �h�o�w� �t�h�e�s�e� �v�a�r�i�a�t�i�o�n�s� �i�m�p�a�c�t� �p�r�o�t�e�i�n� �f�u�n�c�t�i�o�n� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �C�.� �c�o�l�i� �s�u�r�v�i�v�a�l� 
�c�a�p�a�c�i�t�y� �u�n�d�e�r� �s�t�r�e�s�s� �c�o�n�d�i�t�i�o�n�s�.� 

�D�i�s�c�u�s�s�i�o�n� 
�T�h�e� �G�e�r�m�a�n� �N�a�t�i�o�n�a�l� �R�e�f�e�r�e�n�c�e� �L�a�b�o�r�a�t�o�r�y� �f�o�r� �C�a�m�p�y�l�o�b�a�c�t�e�r� �h�a�s� �a�c�c�e�s�s� �t�o� �a� �l�a�r�g�e� �c�o�l�l�e�c�t�i�o�n� �o�f� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� 
�i�s�o�l�a�t�e�s� �f�r�o�m� �G�e�r�m�a�n�y�.� �W�i�t�h� �t�h�i�s� �s�e�t� �o�f� �i�s�o�l�a�t�e�s� �i�n� �h�a�n�d� �w�e� �w�e�r�e� �a�b�l�e� �t�o� �i�d�e�n�t�i�f�y� �m�u�l�t�i�p�l�e� �s�t�r�a�i�n�s� �w�i�t�h� �a�m�b�i�g�u�o�u�s� 
�s�p�e�c�i�e�s� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n�,� �i�n� �p�a�r�t�i�c�u�l�a�r�,� �i�s�o�l�a�t�e�d� �f�r�o�m� �e�g�g�s� �b�u�t� �a�l�s�o� �f�r�o�m� �p�o�u�l�t�r�y� �m�e�a�t� �a�n�d� �t�u�r�k�e�y� �c�e�c�u�m�.� �F�u�r�t�h�e�r� 
�i�s�o�l�a�t�e�s� �f�r�o�m� �e�g�g�s� �s�h�o�w�e�d� �t�h�a�t� �f�r�o�m� �t�h�i�s� �i�s�o�l�a�t�i�o�n� �s�o�u�r�c�e� �n�e�a�r�l�y� �h�a�l�f� �o�f� �a�l�l� �C�.� �c�o�l�i� �d�i�s�p�l�a�y�e�d� �a�n� �e�x�t�e�n�d�e�d� �a�m�o�u�n�t� 

�o�f� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e�s� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n� �t�h�e� �g�e�n�o�m�e�.� 
�A� �s�t�u�d�y� �c�o�m�p�a�r�i�n�g� �C�.� �c�o�l�i� �c�l�a�d�e� �1� �(�S�T�-�8�2�8� �a�n�d� �S�T�-�1�1�5�0�)� �f�r�o�m� �a�g�r�i�c�u�l�t�u�r�e� �w�i�t�h� �n�o�n�a�g�r�i�c�u�l�t�u�r�a�l� �u�n�i�n�t�r�o�g�r�e�s�s�e�d� 

�C�.� �c�o�l�i� �c�l�a�d�e� �2� �a�n�d� �3� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�e� �p�o�t�e�n�t�i�a�l� �o�f� �i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �s�u�b�s�t�a�n�t�i�a�l� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e�s� �i�n� �c�l�a�d�e� �1� �C�.� 
�c�o�l�i�*�'�.� �T�h�e� �a�u�t�h�o�r�s� �i�d�e�n�t�i�f�i�e�d� �2�6� �C�.� �j�e�j�u�n�i� �g�e�n�e�s� �p�r�e�s�e�n�t� �i�n� �C�.� �c�o�l�i� �c�l�a�d�e� �1� �b�u�t� �a�b�s�e�n�t� �i�n� �c�l�a�d�e� �2� �a�n�d� �3�.� �O�u�r� �a�n�a�l�y�s�i�s� 
�f�o�c�u�s�s�e�d� �o�n� �C�.� �c�o�l�i� �h�y�b�r�i�d� �s�t�r�a�i�n�s� �a�s� �a� �f�r�a�c�t�i�o�n� �o�f� �c�l�a�d�e� �1� �a�n�d� �d�e�c�i�p�h�e�r�s� �o�n�g�o�i�n�g� �e�x�t�e�n�d�e�d� �C�.� �j�e�j�u�n�i� �i�n�t�r�o�g�r�e�s�s�i�o�n� 
�i�n� �t�h�e�s�e� �s�t�r�a�i�n�s�.� �A�s� �e�x�p�e�c�t�e�d�,� �w�e� �o�n�l�y� �h�a�v�e� �a�n� �o�v�e�r�l�a�p� �o�f� �2� �g�e�n�e�s� �(�C�j�0�5�5�5� �a�n�d� �h�t�r�B�)� �o�u�t� �o�f� �t�h�e� �i�d�e�n�t�i�f�i�e�d� �2�6� �w�i�t�h� 
�t�h�e� �s�t�u�d�y� �o�f� �S�h�e�p�p�a�r�d� �e�t� �a�l�.�*�'�,� �s�i�n�c�e� �w�e� �c�o�m�p�a�r�e�d� �o�u�r� �h�y�b�r�i�d� �s�t�r�a�i�n�s� �a�g�a�i�n�s�t� �1�1�3� �C�.� �c�o�l�i� �s�e�q�u�e�n�c�e�s� �(�m�o�s�t�l�y� �c�l�a�d�e� 
�1�)�,� �i�n�c�l�u�d�i�n�g� �s�e�q�u�e�n�c�e�s� �f�r�o�m� �t�h�e� �N�C�B�I� �d�a�t�a�b�a�s�e�.� �T�h�i�s� �s�u�p�p�o�r�t�s� �t�h�e� �n�o�t�i�o�n� �t�h�a�t� �t�h�e� �C�.� �j�e�j�u�n�i� �r�e�c�o�m�b�i�n�a�t�i�o�n� �e�v�e�n�t�s� 
�f�o�u�n�d� �i�n� �t�h�i�s� �s�t�u�d�y� �r�e�p�r�e�s�e�n�t� �a� �f�u�r�t�h�e�r� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �C�.� �c�o�l�i� �s�t�r�a�i�n�s�.� �S�i�n�c�e� �t�h�e� �C�.� �c�o�l�i� �h�y�b�r�i�d�s� �w�e�r�e� �p�r�e�d�o�m�i�-� 
�n�a�n�t�l�y� �i�s�o�l�a�t�e�d� �f�r�o�m� �e�g�g�s�,� �t�h�i�s� �s�u�p�p�o�r�t�s� �t�h�e� �n�o�t�i�o�n� �t�h�a�t� �t�h�e� �i�d�e�n�t�i�f�i�e�d� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e� �i�n�c�o�r�p�o�r�a�t�i�o�n�s� �m�i�g�h�t� �b�e� 
�a� �c�o�n�s�e�q�u�e�n�c�e� �o�f� �f�u�n�c�t�i�o�n�a�l� �a�d�a�p�t�a�t�i�o�n� �t�o� �s�u�r�v�i�v�a�l� �i�n� �a� �h�a�r�s�h� �e�n�v�i�r�o�n�m�e�n�t�.� �C�a�m�p�y�l�o�b�a�c�t�e�r� �i�s� �t�r�a�n�s�m�i�t�t�e�d� �o�n� �e�g�g� 
�s�h�e�l�l�s� �v�i�a� �f�e�c�a�l� �c�o�n�t�a�m�i�n�a�t�i�o�n�.� �O�n� �t�h�e� �s�h�e�l�l�,� �t�h�e� �b�a�c�t�e�r�i�u�m� �e�n�c�o�u�n�t�e�r�s� �o�x�i�d�a�t�i�v�e� �s�t�r�e�s�s� �b�u�t� �a�l�s�o� �d�r�y�n�e�s�s� �a�n�d�,� �t�h�u�s�,� 
�o�s�m�o�t�i�c� �s�t�r�e�s�s� �a�s� �w�e�l�l� �a�s� �n�u�t�r�i�e�n�t� �a�n�d� �c�o�l�d� �s�t�r�e�s�s�.� �U�s�u�a�l�l�y� �a�f�t�e�r� �5�-�6� �d�a�y�s�,� �C�a�m�p�y�l�o�b�a�c�t�e�r� �a�r�e� �n�o� �l�o�n�g�e�r� �c�u�l�t�i�v�a�t�a�b�l�e� 
�f�r�o�m� �f�a�e�c�e�s ��?�*�*�.� 

�A�d�a�p�t�a�t�i�o�n� �t�o� �h�a�r�s�h� �e�n�v�i�r�o�n�m�e�n�t� �m�i�g�h�t� �e�x�p�l�a�i�n� �s�h�a�r�e�d� �C�.� �j�e�j�u�n�i� �r�e�c�o�m�b�i�n�a�t�i�o�n�s� �i�n� �C�.� �c�o�l�i� 
�h�y�b�r�i�d�s�.� �T�h�e� �h�y�b�r�i�d� �s�t�r�a�i�n�s� �c�a�r�r�i�e�d� �g�e�n�e� �v�a�r�i�a�n�t�s� �o�f� �C�.� �j�e�j�u�n�i� �o�r� �m�o�s�a�i�c� �g�e�n�e�s� �i�n�v�o�l�v�e�d� �i�n� �o�x�i�d�a�t�i�v�e� �s�t�r�e�s�s� 
�r�e�s�p�o�n�s�e�,� �s�u�c�h� �a�s� �k�a�t�a�l�a�s�e� �(�k�a�t�A�)� �a�n�d� �C�j�1�3�8�6�,� �w�h�i�c�h� �w�a�s� �s�h�o�w�n� �t�o� �e�n�c�o�d�e� �a�n� �a�t�y�p�i�c�a�l� �h�e�m�i�n�-�b�i�n�d�i�n�g� �p�r�o�t�e�i�n�,� 
�m�e�d�i�a�t�i�n�g� �t�h�e� �t�r�a�f�f�i�c�k�i�n�g� �o�f� �h�e�m�i�n� �t�o� �k�a�t�a�l�a�s�e�*�.� �K�a�t�a�l�a�s�e� �i�s� �o�n�e� �o�f� �t�h�e� �k�e�y� �e�n�z�y�m�e�s� �f�o�r� �p�r�o�t�e�c�t�i�o�n� �a�g�a�i�n�s�t� �o�x�i�d�a�-� 
�t�i�v�e� �s�t�r�e�s�s� �b�y� �c�l�e�a�v�i�n�g� �p�e�r�o�x�i�d�e� �t�o� �w�a�t�e�r� �a�n�d� �o�x�y�g�e�n�.� �m�r�s�B� �(�c�j�1�1�1�2�c�)� �e�n�c�o�d�i�n�g� �a� �m�e�t�h�i�o�n�i�n�e� �s�u�l�p�h�o�x�i�d�e� �r�e�d�u�c�t�a�s�e�,� 
�w�a�s� �s�h�o�w�n� �t�o� �p�r�o�t�e�c�t� �C�.� �j�e�j�u�n�i� �a�g�a�i�n�s�t� �o�x�i�d�a�t�i�v�e� �a�n�d� �n�i�t�r�o�s�a�t�i�v�e� �s�t�r�e�s�s�.� �F�u�r�t�h�e�r�m�o�r�e�,� �c�a�n�B� �d�i�s�p�l�a�y�e�d� �C�.� �j�e�j�u�n�i� 
�s�e�q�u�e�n�c�e�s� �i�n� �t�h�e� �h�y�b�r�i�d� �s�t�r�a�i�n�s�,� �e�n�c�o�d�i�n�g� �c�a�r�b�o�n�i�c� �a�n�h�y�d�r�a�s�e�,� �a�n� �e�n�z�y�m�e� �i�m�p�o�r�t�a�n�t� �f�o�r� �g�r�o�w�t�h� �a�t� �l�o�w� �C�O�,� �c�o�n�-� 
�c�e�n�t�r�a�t�i�o�n�s�*�*�.� �A� �f�u�r�t�h�e�r� �o�x�i�d�o�r�e�d�u�c�t�a�s�e� �(�C�j�0�8�3�3�c�)� �a�n�d� �g�e�n�e�s� �e�n�c�o�d�i�n�g� �f�o�r� �t�h�e� �N�i�/�F�e� �h�y�d�r�o�g�e�n�a�s�e� �s�m�a�l�l� �s�u�b�u�n�i�t� 
�h�y�d�A� �(�C�j�1�2�6�7�c�)� �a�n�d� �h�y�d�A�2� �(�C�j�1�3�9�9�c�)� �a�s� �w�e�l�l� �a�s� �n�a�d�D� �(�C�j�1�4�0�4�)� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �t�h�e� �r�e�d�o�x� �c�o�f�a�c�t�o�r� 
�N�A�D� �+�w�e�r�e� �f�o�u�n�d� �t�o� �h�a�r�b�o�u�r� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e�s�.� �F�u�r�t�h�e�r�m�o�r�e�,� �n�u�o�A�,� �n�u�o�B�,� �n�u�o�C� �i�m�p�l�i�c�a�t�e�d� �i�n� �t�r�a�n�s�f�e�r� �o�f� 
�e�l�e�c�t�r�o�n�s� �i�n� �t�h�e� �r�e�s�p�i�r�a�t�i�o�n� �c�h�a�i�n� �a�n�d� �C�j�0�0�8�1�,� �e�n�c�o�d�i�n�g� �t�h�e� �c�y�a�n�i�d�e�-�r�e�s�i�s�t�a�n�t� �C�i�o�A�B�,� �w�h�i�c�h� �i�s� �p�r�o�p�o�s�e�d� �t�o� �l�o�w�e�r� 
�o�x�y�g�e�n� �l�e�v�e�l�s� �a�n�d� �m�a�i�n�t�a�i�n� �m�i�c�r�o�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s ��,� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d� �t�o� �b�e�a�r� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e�s� �i�n� �t�h�e� �h�y�b�r�i�d� 
�s�t�r�a�i�n�s�.� �T�h�e� �h�t�r�B� �g�e�n�e� �e�n�c�o�d�i�n�g� �a� �l�i�p�i�d� �A� �a�c�y�l�t�r�a�n�s�f�e�r�a�s�e� �w�a�s� �p�r�o�p�o�s�e�d� �t�o� �p�l�a�y� �a� �r�o�l�e� �i�n� �r�e�g�u�l�a�t�i�o�n� �o�f� �c�e�l�l� �r�e�s�p�o�n�s�e�s� 
�t�o� �e�n�v�i�r�o�n�m�e�n�t�a�l� �h�a�r�s�h� �c�o�n�d�i�t�i�o�n�s�,� �s�u�c�h� �a�s� �a�c�i�d�,� �h�e�a�t�,� �o�x�i�d�a�t�i�v�e� �a�n�d� �o�s�m�o�t�i�c� �s�t�r�e�s�s�*�*�.� �A�s� �m�e�n�t�i�o�n�e�d� �a�b�o�v�e�,� �a�l�s�o� 
�h�t�r�A�,� �w�h�i�c�h� �e�n�c�o�d�e�s� �a� �p�r�o�t�e�a�s�e� �a�n�d� �c�h�a�p�e�r�o�n�e� �a�c�t�i�v�i�t�y� �w�i�t�h� �r�o�l�e�s� �i�n� �v�i�r�u�l�e�n�c�e� �a�n�d� �o�x�i�d�a�t�i�v�e� �s�t�r�e�s�s� �d�e�f�e�n�c�e�? �� 
�w�a�s� �a�m�o�n�g� �t�h�e� �g�e�n�e�s� �w�i�t�h� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e� �d�e�t�e�c�t�e�d� �i�n� �a�l�l� �h�y�b�r�i�d� �s�t�r�a�i�n�s�.� �B�e�s�i�d�e�s� �c�g�b�,� �e�n�c�o�d�i�n�g� �a� �s�i�n�g�l�e�-�d�o�m�a�i�n� 
�h�a�e�m�o�g�l�o�b�i�n�,� �w�a�s� �s�u�g�g�e�s�t�e�d� �t�o� �p�r�o�t�e�c�t� �C�a�m�p�y�l�o�b�a�c�t�e�r� �a�g�a�i�n�s�t� �n�i�t�r�i�c� �o�x�i�d�e� �a�n�d� �n�i�t�r�o�s�a�t�i�v�e� �s�t�r�e�s�s�.� 

�I�n�t�e�r�e�s�t�i�n�g�l�y�,� �a�l�s�o� �g�e�n�e�s� �i�m�p�l�i�c�a�t�e�d� �i�n� �g�e�n�e�r�a�l� �s�t�r�e�s�s� �r�e�s�p�o�n�s�e� �a�s� �t�h�e� �c�l�p�A� �A�T�P�a�s�e� �a�n�d� �t�h�e� �c�h�a�p�e�r�o�n�e� �g�e�n�e�s� 
�c�p�n�1�0� �a�n�d� �c�p�n�é�0� �w�e�r�e� �a�f�f�e�c�t�e�d� �b�y� �C�.� �j�e�j�u�n�i� �i�n�t�r�o�g�r�e�s�s�i�o�n�.� �T�h�e� �l�a�t�t�e�r� �c�p�n�6�0� �(�g�r�o�E�L�)� �a�l�s�o� �s�e�r�v�e�s� �a�s� �t�a�r�g�e�t� �f�o�r� �s�p�e�c�i�e�s� 
�d�i�f�f�e�r�e�n�t�i�a�t�i�o�n!"�,� �i�n�e�v�i�t�a�b�l�y� �l�e�a�d�i�n�g� �t�o� �f�a�l�s�e� �s�p�e�c�i�e�s� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �h�y�b�r�i�d� �s�t�r�a�i�n�s�.� �A�m�o�n�g� �t�h�e� �g�e�n�e�s� �w�i�t�h� �C�.� 
�j�e�j�u�n�i� �i�n�t�r�o�g�r�e�s�s�i�o�n� �i�n� �t�h�e� �h�y�b�r�i�d� �s�t�r�a�i�n�s� �w�e�r�e� �s�e�v�e�r�a�l� �w�i�t�h� �r�o�l�e�s� �i�n� �D�N�A� �m�e�t�a�b�o�l�i�s�m� �a�n�d� �r�e�p�a�i�r�,� �s�u�c�h� �a�s� �p�u�r�F�,� 
�p�y�r�G�,� �t�h�y�X�,� �r�a�r�A�,� �r�e�c�]�,� �u�n�g�,� �r�i�b�A�,� �g�u�a�B� �a�n�d� �d�u�t�.� �M�o�r�e�o�v�e�r�,� �m�o�t�i�l�i�t�y�-�a�s�s�o�c�i�a�t�e�d� �g�e�n�e�s�,� �l�i�k�e� �t�h�e� �c�h�e�m�o�t�a�x�i�s� �g�e�n�e�s� 
�c�h�e�A�,� �c�h�e�V�,� �c�h�e�W� �a�n�d� �f�l�i�Y�,� �e�n�c�o�d�i�n�g� �a� �f�l�a�g�e�l�l�a�r� �m�o�t�o�r� �s�w�i�t�c�h� �p�r�o�t�e�i�n�,� �d�i�s�p�l�a�y�e�d� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e�s�.� 

�I�n� �a�d�d�i�t�i�o�n�,� �o�u�r� �l�i�s�t� �o�f� �g�e�n�e�s� �w�i�t�h� �C�.� �j�e�j�u�n�i� �c�o�n�t�e�n�t� �i�n� �t�h�e� �h�y�b�r�i�d� �s�t�r�a�i�n�s�,� �a�l�s�o� �c�o�n�t�a�i�n�e�d� �g�e�n�e�s� �i�m�p�l�i�c�a�t�e�d� �i�n� �c�e�l�l� 
�w�a�l�l� �(�m�u�r�E�)� �a�n�d� �c�a�p�s�u�l�e� �b�i�o�s�y�n�t�h�e�s�i�s� �(�k�p�s�S�,� �k�p�s�E�,� �k�p�s�F�,� �k�p�s�D�,� �k�p�s�T�)�.� �C�o�n�s�i�s�t�e�n�t�l�y�,� �i�n� �C�.� �j�e�j�u�n�i� �s�t�r�a�i�n�s� �e�n�h�a�n�c�e�d� 
�b�i�o�f�i�l�m� �f�o�r�m�a�t�i�o�n� �c�a�p�a�c�i�t�y�,� �w�h�i�c�h� �m�i�g�h�t� �a�l�s�o� �b�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �e�n�h�a�n�c�e�d� �s�u�r�v�i�v�a�l� �u�n�d�e�r� �o�x�i�d�a�t�i�v�e� �s�t�r�e�s�s�,� �w�a�s� 
�a�t�t�r�i�b�u�t�e�d� �t�o� �g�e�n�e�s� �i�m�p�l�i�c�a�t�e�d� �i�n� �o�x�i�d�a�t�i�v�e� �s�t�r�e�s�s� �d�e�f�e�n�c�e�,� �m�o�t�i�l�i�t�y�,� �c�e�l�l� �w�a�l�l� �a�n�d� �c�a�p�s�u�l�a�r� �b�i�o�s�y�n�t�h�e�s�i�s�*�*�.� 

�W�e� �s�u�g�g�e�s�t� �t�h�a�t� �m�o�d�i�f�i�c�a�t�i�o�n� �o�f� �g�e�n�e�s� �b�y� �r�e�c�o�m�b�i�n�a�t�i�o�n� �o�f� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e�s� �i�n� �a� �c�o�m�m�o�n� �s�e�t� �o�f� �g�e�n�e�s� �i�n� 
�m�o�s�t� �o�f� �t�h�e� �h�y�b�r�i�d� �s�t�r�a�i�n�s�,� �m�i�g�h�t� �r�e�f�l�e�c�t� �s�e�l�e�c�t�i�o�n� �o�f� �s�u�r�v�i�v�o�r�s� �f�r�o�m� �h�a�r�s�h� �e�n�v�i�r�o�n�m�e�n�t�s�.� 

�P�r�a�c�t�i�c�a�l� �i�m�p�l�i�c�a�t�i�o�n�s� �f�o�r� �d�i�a�g�n�o�s�t�i�c�s�.� �T�h�e� �h�y�b�r�i�d� �s�t�r�a�i�n�s� �c�a�n� �e�l�u�d�e� �m�o�l�e�c�u�l�a�r� �t�y�p�i�n�g�,� �s�u�c�h� �a�s� �s�p�e�c�i�e�s� �d�i�f�-� 
�f�e�r�e�n�t�i�a�t�i�o�n� �u�s�i�n�g� �t�h�e� �m�a�p�A�/�c�e�u�E� �t�a�r�g�e�t�s� �a�n�d� �M�L�S�T�.� �I�t� �w�a�s� �p�r�e�v�i�o�u�s�l�y� �f�o�u�n�d� �t�h�a�t� �m�a�p�A�/�c�e�u�E� �t�a�r�g�e�t�s� �m�i�g�h�t� �l�e�a�d� �t�o� 
�a�m�b�i�g�u�o�u�s� �q�P�C�R� �r�e�s�u�l�t�s� �i�n� �s�i�x� �i�d�e�n�t�i�f�i�e�d� �s�t�r�a�i�n�s� �o�u�t� �o�f� �a� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n� �o�f� �a�r�o�u�n�d� �1�7�0�0� �s�e�q�u�e�n�c�e�s ��.� �I�n� �o�u�r� �s�t�u�d�y� 
�w�e� �i�d�e�n�t�i�f�i�e�d� �i�n� �t�o�t�a�l� �3�7� �s�t�r�a�i�n�s� �(�2�1�  ��h�y�b�r�i�d �� �s�t�r�a�i�n�s� �a�n�d� �1�6�  ��h�a�l�f� �h�y�b�r�i�d �� �s�t�r�a�i�n�s�)�,� �w�h�i�c�h� �w�e�r�e� �n�o�t� �i�d�e�n�t�i�f�i�a�b�l�e� �i�n� 
�t�h�e� �q�P�C�R� �u�s�i�n�g� �m�a�p�A�/�c�e�u�E� �t�a�r�g�e�t�s�,� �i�n�c�l�u�d�i�n�g� �t�w�o� �i�s�o�l�a�t�e�s�,� �w�h�i�c�h� �w�e�r�e� �f�a�l�s�e�l�y� �i�d�e�n�t�i�f�i�e�d� �a�s� �C�.� �j�e�j�u�n�i�.� �A�l�l�  ��h�y�b�r�i�d �� 
�s�t�r�a�i�n�s� �f�a�i�l�e�d� �t�o� �b�e� �t�y�p�e�d� �u�s�i�n�g� �t�h�e� �c�p�n�6�0� �t�a�r�g�e�t!"� �a�n�d� �o�n�e�  ��h�a�l�f�-�h�y�b�r�i�d �� �w�o�u�l�d� �b�e� �i�n�c�o�r�r�e�c�t�l�y� �t�y�p�e�d� �a�s� �C�.� �j�e�j�u�n�i� 
�u�s�i�n�g� �t�h�e� �c�a�d�F� �t�a�r�g�e�t!" � ��.� 

�C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e� �i�n�t�r�o�g�r�e�s�s�i�o�n� �i�n�t�o� �a�s�p�A� �a�n�d� �a�d�j�a�c�e�n�t� �r�e�g�i�o�n�s� �(�i�n�c�l�u�d�i�n�g� �C�j�0�0�8�1�)� �w�a�s� �p�r�e�v�i�o�u�s�l�y� �d�e�t�e�c�t�e�d� �i�n� 
�t�w�o� �C�.� �c�o�l�i� �s�t�r�a�i�n�s� �f�r�o�m� �t�u�r�k�e�y�*�*�.� �O�u�r� �d�a�t�a� �s�h�o�w�e�d� �t�h�a�t� �M�L�S�T� �a�s� �p�h�y�l�o�g�e�n�e�t�i�c� �a�s�s�a�y� �h�a�s� �l�i�m�i�t�a�t�i�o�n�s�,� �s�i�n�c�e� �C�.� �j�e�j�u�n�i� 
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�S�C�I�E�N�T�I�F�I�C� �R�E�P�O�R�T�S� �|� �(�2�0�2�0�)� �1�0�:�3�6�8�6� �|� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�3�8�/�s�4�1�5�9�8�-�0�2�0�-�6�0�3�2�0�-�y� 

�5�6



Publications 

57 
 

 

�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�w�w�w�.�n�a�t�u�r�e�.�c�o�m�/�s�c�i�e�n�t�i�f�i�c�r�e�p�o�r�t�s�/� 

�s�e�q�u�e�n�c�e�s� �w�e�r�e� �f�o�u�n�d� �i�n� �s�i�x� �o�f� �t�h�e� �s�e�v�e�n� �h�o�u�s�e�k�e�e�p�i�n�g� �g�e�n�e�s� �i�n� �t�h�e� �m�a�j�o�r�i�t�y� �o�f�  ��h�y�b�r�i�d �� �s�t�r�a�i�n�s�.� �H�e�n�c�e�,� �s�t�a�n�d�-� 
�a�r�d�i�z�e�d� �t�y�p�i�n�g� �m�e�t�h�o�d�s� �s�h�o�u�l�d� �c�o�n�s�i�d�e�r� �p�e�r�t�u�r�b�a�t�i�o�n�s� �d�u�e� �t�o� �e�x�t�e�n�d�e�d� �r�e�c�o�m�b�i�n�a�t�i�o�n� �a�c�t�i�v�i�t�y� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r�.� 
�T�h�u�s�,� �i�t� �i�s� �r�e�c�o�m�m�e�n�d�a�b�l�e� �t�o� �i�n�c�l�u�d�e� �m�u�l�t�i�p�l�e� �i�n�d�e�p�e�n�d�e�n�t� �s�p�e�c�i�e�s� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �m�e�t�h�o�d�s� �a�s� �f�u�t�u�r�e� �m�o�l�e�c�u�l�a�r� 
�a�n�n�e�x� �t�o� �I�S�O� �1�0�2�7�2�-�1�/�2�:�2�0�1�7� �a�n�d� �t�o� �b�e� �a�w�a�r�e� �o�f� �p�h�y�l�o�g�e�n�e�t�i�c� �b�i�a�s� �i�n� �s�o�u�r�c�e� �a�t�t�r�i�b�u�t�i�o�n� �a�n�a�l�y�s�i�s�.� 

�C�o�n�c�l�u�s�i�o�n�s� �a�n�d� �f�u�r�t�h�e�r� �a�s�p�e�c�t�s�.� �T�h�e�r�e� �a�r�e� �v�a�r�i�o�u�s� �s�t�u�d�i�e�s� �d�e�a�l�i�n�g� �w�i�t�h� �t�h�e� �d�i�f�f�e�r�e�n�t�i�a�l� �s�u�r�v�i�v�a�l� �o�f� �C�.� 
�j�e�j�u�n�i� �a�n�d� �C�.� �c�o�l�i� �u�n�d�e�r� �d�i�f�f�e�r�e�n�t� �e�n�v�i�r�o�n�m�e�n�t�a�l� �a�n�d� �h�o�s�t� �c�o�n�d�i�t�i�o�n�s�.� �I�t� �h�a�s� �t�o� �b�e� �n�o�t�e�d�,� �t�h�a�t� �s�t�r�e�s�s� �s�u�r�v�i�v�a�l� �o�f� 
�t�h�e� �m�i�c�r�o�a�e�r�o�b�i�c� �C�a�m�p�y�l�o�b�a�c�t�e�r� �i�s� �o�n�e� �o�f� �t�h�e� �m�a�j�o�r� �a�n�d� �s�t�i�l�l� �e�n�i�g�m�a�t�i�c� �t�o�p�i�c�s� �i�n� �o�r�d�e�r� �t�o� �e�x�p�l�a�i�n� �t�h�e� �p�a�t�h�o�g�e�n�s� 
�w�i�d�e�s�p�r�e�a�d� �d�i�s�s�e�m�i�n�a�t�i�o�n�.� �C�.� �j�e�j�u�n�i� �w�a�s� �s�h�o�w�n� �t�o� �s�u�r�v�i�v�e� �l�o�n�g�e�r� �i�n� �l�i�v�e�r� �j�u�i�c�e�*�®�.� �A�e�r�o�t�o�l�e�r�a�n�t� �C�.� �j�e�j�u�n�i� �s�t�r�a�i�n�s� 
�w�e�r�e� �i�d�e�n�t�i�f�i�e�d�*�*� �b�u�t� �a�l�s�o� �a�e�r�o�t�o�l�e�r�a�n�t� �C�.� �c�o�l�i� �i�s�o�l�a�t�e�s� �w�e�r�e� �h�i�g�h�l�y� �p�r�e�v�a�l�e�n�t� �i�n� �o�t�h�e�r� �s�t�u�d�i�e�s ��.� �S�u�r�v�i�v�a�l� �i�n� �h�a�r�s�h� 
�e�n�v�i�r�o�n�m�e�n�t�s� �m�i�g�h�t� �b�e� �a� �r�e�s�u�l�t� �o�f� �v�a�r�i�o�u�s� �f�a�c�t�o�r�s� �a�n�d� �a�l�s�o� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �s�p�e�c�i�f�i�c� �g�e�n�o�m�i�c� �b�a�c�k�g�r�o�u�n�d�.� �I�n� 
�a�e�r�o�t�o�l�e�r�a�n�t� �C�.� �c�o�l�i� �p�o�i�n�t� �m�u�t�a�t�i�o�n�s� �w�e�r�e� �d�e�t�e�c�t�e�d� �i�n� �o�t�h�e�r� �g�e�n�e�s�,� �n�o�t� �o�b�v�i�o�u�s�l�y� �i�m�p�l�i�c�a�t�e�d� �i�n� �o�x�i�d�a�t�i�v�e� �s�t�r�e�s�s� 
�r�e�s�p�o�n�s�e ��.� �T�h�u�s�,� �i�t� �r�e�m�a�i�n�s� �e�l�u�s�i�v�e�,� �h�o�w� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�e�c�i�e�s� �m�o�d�u�l�a�t�e� �t�h�e�i�r� �g�e�n�e� �p�o�o�l� �i�n� �o�r�d�e�r� �t�o� �a�d�a�p�t� �t�o� 
�c�h�a�n�g�i�n�g� �e�n�v�i�r�o�n�m�e�n�t�s�.� �H�o�w�e�v�e�r�,� �t�h�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f�h�y�b�r�i�d� �s�t�r�a�i�n�s�,� �m�a�i�n�l�y� �s�e�l�e�c�t�e�d� �f�r�o�m� �a� �h�a�r�s�h� �e�n�v�i�r�o�n�m�e�n�t�,� 
�e�x�h�i�b�i�t�i�n�g� �a�n� �e�x�t�e�n�d�e�d� �a�m�o�u�n�t� �o�f� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e�s� �i�n� �a� �c�o�m�m�o�n� �g�e�n�e� �s�e�t�,� �s�h�o�w�s� �t�h�e� �e�n�o�r�m�o�u�s� �p�o�t�e�n�t�i�a�l� �o�f� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �f�o�r� �e�x�t�e�n�s�i�v�e� �g�e�n�e�t�i�c� �e�x�c�h�a�n�g�e� �f�o�r� �f�i�t�n�e�s�s� �e�n�h�a�n�c�e�m�e�n�t�.� 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� 
�S�t�r�a�i�n�s� �a�n�d� �g�r�o�w�t�h� �c�o�n�d�i�t�i�o�n�s�.�  ��C�.� �j�e�j�u�n�i� �a�n�d� �C�.� �c�o�l�i� �f�i�e�l�d� �s�t�r�a�i�n�s� �w�e�r�e� �i�s�o�l�a�t�e�d� �f�r�o�m� �d�i�f�f�e�r�e�n�t� �f�o�o�d� �m�a�t�r�i�-� 
�c�e�s� �a�n�d� �a�n�i�m�a�l� �s�a�m�p�l�e�s� �b�y� �t�h�e� �F�e�d�e�r�a�l� �S�t�a�t�e� �L�a�b�o�r�a�t�o�r�i�e�s� �a�c�c�o�r�d�i�n�g� �t�o� �I�S�O� �1�0�2�7�2�'�'�.� �A�t� �t�h�e� �N�a�t�i�o�n�a�l� �R�e�f�e�r�e�n�c�e� 
�L�a�b�o�r�a�t�o�r�y�,� �i�s�o�l�a�t�e�s� �w�e�r�e� �c�u�l�t�u�r�e�d� �o�n� �C�o�l�u�m�b�i�a� �a�g�a�r� �(�O�x�o�i�d�,� �G�e�r�m�a�n�y�)� �s�u�p�p�l�e�m�e�n�t�e�d� �w�i�t�h� �5�%� �s�h�e�e�p� �b�l�o�o�d� 
�(�O�x�o�i�d�,� �G�e�r�m�a�n�y�)� �(�C�o�l�b�A�)� �o�r� �p�a�s�s�a�g�e�d� �t�h�r�o�u�g�h� �B�o�l�t�o�n� �b�r�o�t�h� �a�n�d� �s�u�b�c�u�l�t�u�r�e�d� �o�n� �m�C�C�D�A� �i�n� �c�a�s�e� �s�t�r�a�i�n�s� �s�t�i�l�l� 
�e�x�h�i�b�i�t�e�d� �n�o�n�-�C�a�m�p�y�l�o�b�a�c�t�e�r� �b�a�c�k�g�r�o�u�n�d� �f�l�o�r�a�.� �I�n�c�u�b�a�t�i�o�n� �w�a�s� �p�e�r�f�o�r�m�e�d� �f�o�r� �4�8�h� �u�n�d�e�r� �m�i�c�r�o�a�e�r�o�b�i�c� �c�o�n�-� 
�d�i�t�i�o�n�s� �(�5�%� �O�,�,� �1�0�%� �C�O�,�,� �r�e�s�t� �N�,�)� �a�t� �4�2� �°�C�.� �S�t�r�a�i�n�s� �w�e�r�e� �s�t�o�r�e�d� �a�t�  ��8�0�°�C� �u�s�i�n�g� �t�h�e� �c�r�y�o�b�a�n�k� �s�y�s�t�e�m� �(�M�a�s�t� 
�D�i�a�g�n�o�s�t�i�c�a� �G�m�b�H�,� �G�e�r�m�a�n�y�)�.� �F�o�r� �D�N�A� �e�x�t�r�a�c�t�i�o�n� �s�t�r�a�i�n�s� �f�r�o�m�  ��8�0�°�C� �s�t�o�c�k�s� �w�e�r�e� �g�r�o�w�n� �o�n� �C�o�l�b�A� �f�o�r� �2�4�h� 
�u�n�d�e�r� �m�i�c�r�o�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �a�t� �4�2�°�C� �a�n�d� �o�n�c�e� �s�u�b�c�u�l�t�u�r�e�d� �f�o�r� �a�n�o�t�h�e�r� �2�4� �+� �4�h� �p�r�i�o�r� �t�o� �u�s�e�.� 

�S�p�e�c�i�e�s� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �b�y� �P�C�R�.� �D�N�A� �o�f� �t�h�e� �s�t�r�a�i�n�s� �w�a�s� �e�x�t�r�a�c�t�e�d� �b�y� �r�e�s�u�s�p�e�n�s�i�o�n� �o�f� �t�h�e� �c�e�l�l� �p�e�l�l�e�t� �i�n� 
�5�%� �C�h�e�l�e�x� �1�0�0� �r�e�s�i�n� �(�B�i�o�-�R�a�d� �L�a�b�o�r�a�t�o�r�i�e�s� �G�m�b�H�,� �G�e�r�m�a�n�y�)�,� �f�o�l�l�o�w�e�d� �b�y� �i�n�c�u�b�a�t�i�o�n� �f�o�r� �1�5� �m�i�n� �a�t� �9�5� �°�C� �a�n�d� 
�s�u�b�s�e�q�u�e�n�t� �c�e�n�t�r�i�f�u�g�a�t�i�o�n�.� �T�h�e� �s�u�p�e�r�n�a�t�a�n�t� �w�a�s� �u�s�e�d� �f�o�r� �P�C�R� �a�n�a�l�y�s�i�s�.� �F�o�r� �d�e�t�e�c�t�i�o�n� �a�n�d� �s�p�e�c�i�e�s� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �a� 
�r�e�a�l�-�t�i�m�e� �P�C�R� �m�e�t�h�o�d�,� �t�a�r�g�e�t�i�n�g� �e�i�t�h�e�r� �a� �C�.� �j�e�j�u�n�i� �s�p�e�c�i�f�i�c� �f�r�a�g�m�e�n�t� �o�f� �t�h�e� �m�a�p�A� �g�e�n�e�,� �a� �C�.� �c�o�l�i� �s�p�e�c�i�f�i�c� �f�r�a�g�m�e�n�t� 
�o�f� �t�h�e� �c�e�u�E� �g�e�n�e� �o�r� �a�C�.� �l�a�r�i� �s�p�e�c�i�f�i�c� �f�r�a�g�m�e�n�t� �o�f� �t�h�e� �g�l�y�A� �g�e�n�e� �w�a�s� �p�e�r�f�o�r�m�e�d�* ��.� �I�n� �c�a�s�e� �o�f� �a�m�b�i�g�u�i�t�y� �o�f� �t�h�e� �r�e�s�u�l�t�s�,� 
�a� �s�e�c�o�n�d� �g�e�l�-�b�a�s�e�d� �m�u�l�t�i�p�l�e�x�-�P�C�R� �w�a�s� �a�p�p�l�i�e�d�,� �t�a�r�g�e�t�i�n�g� �s�p�e�c�i�f�i�c� �f�r�a�g�m�e�n�t�s� �o�f� �t�h�e� �h�i�p�O� �g�e�n�e� �f�o�r� �C�.� �j�e�j�u�n�i�,� �t�h�e� 
�g�l�y�A� �g�e�n�e� �f�o�r� �C�.� �c�o�l�i� �a�n�d� �C�.� �u�p�s�a�l�i�e�n�s�i�s�,� �t�h�e� �c�p�n�6�0� �f�o�r� �C�.� �l�a�r�i�,� �t�h�e� �s�a�p�B�2� �g�e�n�e� �o�f� �C�.� �f�e�t�u�s� �a�n�d� �a� �C�a�m�p�y�l�o�b�a�c�t�e�r�a�l�e�s� 
�s�p�e�c�i�f�i�c� �f�r�a�g�m�e�n�t� �o�f� �t�h�e� �2�3� �S� �r�R�N�A� �g�e�n�e � ��.� 

�M�a�t�r�i�x�-�a�s�s�i�s�t�e�d� �l�a�s�e�r� �d�e�s�o�r�p�t�i�o�n�/�i�o�n�i�z�a�t�i�o�n� �(�M�A�L�D�I�-�T�O�F�)� �a�n�a�l�y�s�i�s�.� �C�o�l�o�n�y� �m�a�t�e�r�i�a�l� �o�f� �a� �2�4�h� 
�C�o�l�b�A� �p�l�a�t�e� �w�a�s� �s�p�o�t�t�e�d� �o�n�t�o� �t�h�e� �t�a�r�g�e�t� �p�l�a�t�e� �(�M�S�P� �9�6� �t�a�r�g�e�t� �p�o�l�i�s�h�e�d� �s�t�e�e�l� �(�M�i�c�r�o�S�c�o�u�t� �T�a�r�g�e�t�)� �p�l�a�t�e�;� �B�r�u�k�e�r� 
�D�a�l�t�o�n�i�k�,� �G�e�r�m�a�n�y�)�.� �A�f�t�e�r� �a�i�r� �d�r�y�i�n�g� �t�h�e� �s�p�o�t�s� �w�e�r�e� �o�v�e�r�l�a�i�d� �w�i�t�h� �1� �p�l� �o�f� �s�a�t�u�r�a�t�e�d� �a�-�c�y�a�n�o�-�4�-�h�y�d�r�o�x�y�-�c�i�n�n�a�m�i�c� 
�a�c�i�d� �m�a�t�r�i�x� �s�o�l�u�t�i�o�n� �(�2�0�0� �m�g� �i�n� �2�.�5�%� �t�r�i�f�l�u�o�r�o�a�c�e�t�i�c� �a�c�i�d�/�5�0�%� �a�c�e�t�o�n�i�t�r�i�l�e�)� �a�n�d� �d�r�i�e�d� �c�o�m�p�l�e�t�e�l�y�.� �M�A�L�D�I�-�T�O�F� 
�M�S� �a�n�a�l�y�s�i�s� �w�a�s� �p�e�r�f�o�r�m�e�d� �u�s�i�n�g� �M�A�L�D�I�-�T�O�F� �M�i�c�r�o�f�l�e�x� �L�T� �(�B�r�u�k�e�r� �D�a�l�t�o�n�i�c�s�,� �G�e�r�m�a�n�y�)� �u�s�i�n�g� �a� �r�a�n�g�e� �o�f� 
�2�,�0�0�0�-�2�0�,�0�0�0� �m�/�z� �(�m�a�s�s� �t�o� �c�h�a�r�g�e� �r�a�t�i�o�)� �f�o�l�l�o�w�i�n�g� �t�h�e� �c�a�l�i�b�r�a�t�i�o�n� �w�i�t�h� �B�a�c�t�e�r�i�a�l� �T�e�s�t� �S�t�a�n�d�a�r�d� �(�B�r�u�k�e�r� �D�a�l�t�o�n�i�c�s�,� 
�G�e�r�m�a�n�y�)�.� �F�o�r� �e�a�c�h� �s�p�e�c�t�r�u�m� �2�4�0� �l�a�s�e�r� �s�h�o�t�s� �w�e�r�e� �s�u�m�m�e�d� �u�p� �i�n� �4�0� �s�h�o�t� �s�t�e�p�s�,� �b�u�t� �a�t� �l�e�a�s�t� �8�0� �s�h�o�t�s� �p�e�r� �r�a�s�t�e�r� 
�s�p�o�t� �f�r�o�m� �d�i�f�f�e�r�e�n�t� �p�o�s�i�t�i�o�n�s� �w�i�t�h�i�n� �t�h�e� �s�a�m�p�l�e� �w�e�r�e� �a�c�q�u�i�r�e�d� �b�y� �t�h�e� �A�u�t�o�X�e�c�u�t�e� �m�e�t�h�o�d� �u�s�i�n�g� �t�h�e� �s�o�f�t�w�a�r�e� 
�F�l�e�x�A�n�a�l�y�s�i�s� �3�.�4�.� �T�h�e� �s�p�e�c�t�r�a� �w�e�r�e� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �M�B�T� �C�o�m�p�a�s�s� �L�i�b�r�a�r�y�,� �R�e�v�i�s�i�o�n� �F� �(�B�r�u�k�e�r� �D�a�l�t�o�n�i�c�s�,� 
�G�e�r�m�a�n�y�)�.� �E�a�c�h� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�b�t�a�i�n�s� �a� �s�c�o�r�e� �v�a�l�u�e�.� �T�h�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �a�t� �t�h�e� �s�p�e�c�i�e�s� �l�e�v�e�l� �w�i�t�h� �a� �s�c�o�r�e� �>� �2�.�0�0�0� 
�w�a�s� �c�o�n�s�i�d�e�r�e�d� �c�o�r�r�e�c�t�'�*�"�*�,� 

�W�h�o�l�e� �g�e�n�o�m�e� �s�e�q�u�e�n�c�e� �a�n�a�l�y�s�i�s�.� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�t�r�a�i�n�s� �g�r�o�w�n� �o�n� �C�o�l�b�A� �f�o�r� �2�4�h� �u�n�d�e�r� �m�i�c�r�o�a�e�r�-� 
�o�b�i�c� �a�t�m�o�s�p�h�e�r�e� �a�t� �4�2� �°�C� �w�e�r�e� �h�a�r�v�e�s�t�e�d� �a�n�d� �D�N�A� �w�a�s� �e�x�t�r�a�c�t�e�d� �u�s�i�n�g� �t�h�e� �P�u�r�e�L�i�n�k� �G�e�n�o�m�i�c� �D�N�A� �M�i�n�i� 
�K�i�t� �(�T�h�e�r�m�o� �F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c�,� �U�S�A�)�.� �T�h�e� �q�u�a�l�i�t�y� �o�f� �t�h�e� �D�N�A� �w�a�s� �e�v�a�l�u�a�t�e�d� �b�y� �s�p�e�c�t�r�a�l� �a�n�a�l�y�s�i�s� �(�N�a�n�o�D�r�o�p� 
�S�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r�,� �T�h�e�r�m�o� �F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c�,� �U�S�A�)� �a�n�d� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �w�a�s� �f�l�u�o�r�i�m�e�t�r�i�c�a�l�l�y� �q�u�a�n�t�i�f�i�e�d� �b�y� 
�Q�u�b�i�t� �3�.�0� �F�l�u�o�r�o�m�e�t�e�r� �(�d�s�D�N�A� �H�S� �A�s�s�a�y� �K�i�t� �0�.�2�-�1�0�0� �n�g�;� �T�h�e�r�m�o� �F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c�,� �U�S�A�)�.� �D�N�A� �l�i�b�r�a�r�i�e�s� �w�e�r�e� 
�p�r�e�p�a�r�e�d� �u�s�i�n�g� �t�h�e� �N�e�x�t�e�r�a� �X�T� �D�N�A� �L�i�b�r�a�r�y� �P�r�e�p� �k�i�t� �o�r� �t�h�e� �N�e�x�t�e�r�a� �D�N�A� �F�l�e�x� �L�i�b�r�a�r�y� �P�r�e�p� �K�i�t� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� 
�m�a�n�u�f�a�c�t�u�r�e�r�'�s� �i�n�s�t�r�u�c�t�i�o�n�s� �(�I�l�l�u�m�i�n�a�,� �S�a�n� �D�i�e�g�o�,� �U�S�A�)�.� �Q�u�a�l�i�t�y� �o�f� �t�h�e� �l�i�b�r�a�r�i�e�s� �w�a�s� �a�s�s�e�s�s�e�d� �b�y� �g�e�l� �a�n�a�l�y�s�i�s� �o�r� �o�n� 
�a� �f�r�a�g�m�e�n�t� �a�n�a�l�y�s�e�r� �3�4�0�8� �(�A�d�v�a�n�c�e�d� �A�n�a�l�y�t�i�c�a�l� �T�e�c�h�n�o�l�o�g�i�e�s� �I�n�c�.�,� �U�S�A�)�.� �P�a�i�r�e�d�-�e�n�d� �s�e�q�u�e�n�c�i�n�g� �w�a�s� �p�e�r�f�o�r�m�e�d� 
�o�n� �t�h�e� �I�l�l�u�m�i�n�a� �M�i�S�e�q� �(�2� �3�0�1� �c�y�c�l�e�s�)� �o�r� �t�h�e� �N�e�x�t�S�e�q� �(�2� �x� �1�5�1� �c�y�c�l�e�s�)� �p�l�a�t�f�o�r�m� �u�s�i�n�g� �t�h�e� �M�i�S�e�q� �v�3� �(�6�0�0� �c�y�c�l�e�s�)� 
�r�e�a�g�e�n�t� �k�i�t� �o�r� �t�h�e� �N�e�x�t�S�e�q� �5�0�0�/�5�5�0� �M�i�d� �O�u�t�p�u�t� �k�i�t� �v�2�.�5� �(�3�0�0� �c�y�c�l�e�s�)�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �s�e�q�u�e�n�c�e�s� �w�e�r�e� �p�u�b�l�i�s�h�e�d� 
�w�i�t�h�i�n� �t�h�e� �B�i�o�P�r�o�j�e�c�t� �N�o�.� �P�R�J�N�A�5�9�5�9�5�7�,� �B�i�o�S�a�m�p�l�e� �N�o�.� �S�A�M�N�1�3�5�7�7�8�7�6�-�S�A�M�N�1�3�5�7�7�9�2�0�,� �S�R�A� �a�c�c�e�s�s�i�o�n� �N�o�.� 
�S�R�R�1�0�6�9�8�0�6�0�-�S�R�R�1�0�6�9�8�1�0�4� �a�t� �N�C�B�I� �s�e�q�u�e�n�c�e� �r�e�a�d� �a�r�c�h�i�v�e� �(�S�R�A�)�.� �N�e�w� �M�L�S�T� �a�l�l�e�l�e�s� �a�n�d� �M�L�S�T�-�S�T� �t�y�p�e�s� �w�e�r�e� 
�u�p�l�o�a�d�e�d� �t�o� �P�u�b�M�L�S�T�.� 

�S�e�q�u�e�n�c�e� �a�n�a�l�y�s�i�s�.� �S�e�q�u�e�n�c�e�s� �w�e�r�e� �a�n�a�l�y�z�e�d� �b�y� �R�i�d�o�m� �S�e�q�s�p�h�e�r�e�~� �v�.� �6�.�0�.�0� �(�2�0�1�9�-�0�4�)� �(�R�i�d�o�m�,� �M�u�e�n�s�t�e�r�,� 
�G�e�r�m�a�n�y�)� �u�s�i�n�g� �t�h�e� �c�g�M�L�S�T� �s�c�h�e�m�e� �o�f� �1�3�4�3� �g�e�n�e� �t�a�r�g�e�t�s� �p�r�e�v�i�o�u�s�l�y� �p�r�o�p�o�s�e�d � ��,� �w�i�t�h� �9�8�%� �r�e�q�u�i�r�e�d� �i�d�e�n�t�i�t�y� 
�a�n�d� �9�8�%� �r�e�q�u�i�r�e�d� �p�e�r�c�e�n�t�a�g�e� �o�f� �c�o�v�e�r�a�g�e� �t�o� �o�n�e� �o�f� �t�h�e� �k�n�o�w�n� �a�l�l�e�l�e�s� �(�a�l�l�e�l�e� �l�i�b�r�a�r�y� �s�t�a�t�u�s� �J�u�n�e� �2�0�1�8�)�.� �Q�u�a�l�i�t�y� 
�t�r�i�m�m�i�n�g� �w�a�s� �p�e�r�f�o�r�m�e�d� �i�n� �a� �w�i�n�d�o�w� �o�f� �2�0� �b�p� �w�i�t�h� �P�h�r�e�d� �s�c�o�r�e� �3�0�.� �T�h�e� �o�b�t�a�i�n�e�d� �a�v�e�r�a�g�e� �c�o�v�e�r�a�g�e� �(�p�r�o�c�e�s�s�e�d�,� 
�u�n�a�s�s�e�m�b�l�e�d�)� �w�a�s� �>�7�5�-�f�o�l�d�.� �R�a�w� �r�e�a�d�s� �w�e�r�e� �d�e�-�n�o�v�o� �a�s�s�e�m�b�l�e�d� �v�i�a� �S�P�A�d�e�s� �3�.�1�1�.�1�*� �w�i�t�h� �c�a�r�e�f�u�l� �o�p�t�i�o�n�,� �w�h�i�c�h� 
�p�e�r�f�o�r�m�s� �a� �m�i�s�m�a�t�c�h� �c�o�r�r�e�c�t�i�o�n�.� �T�h�e� �n�u�m�b�e�r� �o�f� �a�s�s�e�m�b�l�e�d� �c�o�n�t�i�g�s� �w�a�s� �b�e�t�w�e�e�n� �3�1� �a�n�d� �1�3�0�,� �t�h�e� �t�o�t�a�l� �s�i�z�e� �o�f� 
�t�h�e� �a�s�s�e�m�b�l�i�e�s� �r�a�n�g�e�d� �f�r�o�m� �1�.�6�5� �t�o� �1�.�9�2� �M�b�.� �A�t� �l�e�a�s�t� �9�5�%�  ��g�o�o�d� �t�a�r�g�e�t�s �� �w�e�r�e� �f�o�u�n�d� �f�o�r� �c�g�M�L�S�T�-�b�a�s�e�d� �a�n�a�l�y�s�i�s� 
�u�s�i�n�g� �t�h�e� �p�r�e�v�i�o�u�s�l�y� �p�r�o�p�o�s�e�d� �c�g�M�L�S�T� �s�c�h�e�m�e ��.� �A�v�e�r�a�g�e� �n�u�c�l�e�o�t�i�d�e� �i�d�e�n�t�i�t�y� �(�A�N�I�)� �a�n�a�l�y�s�i�s� �w�a�s� �d�o�n�e� �u�s�i�n�g� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�w�w�w�.�n�a�t�u�r�e�.�c�o�m�/�s�c�i�e�n�t�i�f�i�c�r�e�p�o�r�t�s�/� 

�t�h�e� �t�o�o�l� �F�a�s�t�A�N�I�'�*�.� �C�o�r�e� �g�e�n�o�m�e� �p�h�y�l�o�g�e�n�y� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �u�s�i�n�g� �R�o�a�r�y� �v�.�3�.�1�2�.�0�°�°� �w�i�t�h� �a� �s�e�q�u�e�n�c�e� �i�d�e�n�t�i�t�y� �o�f� �a�t� 
�l�e�a�s�t� �8�0�%�.� �T�h�i�s� �r�e�s�u�l�t�e�d� �i�n� �8�0�0� �c�o�r�e� �g�e�n�e�s� �t�h�a�t� �w�e�r�e� �u�s�e�d� �t�o� �b�u�i�l�d� �a� �p�h�y�l�o�g�e�n�e�t�i�c� �t�r�e�e� �w�i�t�h� �R�A�x�M�L� �v�.�8�.�2�.�1�0�°�!� �(�1�0�0� 
�b�o�o�t�s�t�r�a�p�s�)�.� �F�i�n�a�l�l�y�,� �t�h�e� �p�h�y�l�o�g�e�n�e�t�i�c� �t�r�e�e� �w�a�s� �a�d�j�u�s�t�e�d� �f�o�r� �r�e�c�o�m�b�i�n�a�t�i�o�n� �s�i�t�e�s� �u�s�i�n�g� �C�l�o�n�a�l�F�r�a�m�e�M�L� �v�.�1�.�1�1�*�.� 

�F�o�r� �p�r�e�s�c�r�e�e�n�i�n�g� �o�f� �s�e�q�u�e�n�c�e�s� �f�o�r� �C�.� �j�e�j�u�n�i� �i�n�t�r�o�g�r�e�s�s�i�o�n�,� �a�s�s�e�m�b�l�e�d� �c�o�n�t�i�g�s� �w�e�r�e� �a�n�a�l�y�z�e�d� �o�n� �t�h�e� �w�e�b�-�b�a�s�e�d� 
�K�m�e�r�F�i�n�d�e�r� �3�.�1� �(�C�e�n�t�e�r� �f�o�r� �G�e�n�o�m�i�c� �E�p�i�d�e�m�i�o�l�o�g�y�,� �D�T�U�,� �D�e�n�m�a�r�k�)�'�*�-�' ��,� �w�h�i�c�h� �s�p�l�i�t�s� �t�h�e� �a�s�s�e�m�b�l�y� �c�o�n�t�i�g�s� 
�i�n�t�o� �o�v�e�r�l�a�p�p�i�n�g� �1�6�-�m�e�r�s� �a�n�d� �s�e�a�r�c�h�e�s� �f�o�r� �h�o�m�o�l�o�g�y� �m�a�t�c�h�e�s� �i�n� �s�e�q�u�e�n�c�e�d� �b�a�c�t�e�r�i�a�l� �o�r�g�a�n�i�s�m�s�,� �f�i�l�t�e�r�e�d� �o�n� �c�o�d�-� 
�i�n�g� �s�e�q�u�e�n�c�e�s� �(�C�D�S�;� �s�t�a�r�t�i�n�g� �w�i�t�h� �A�T�G�)�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �k�-�m�e�r�s� �m�a�t�c�h�i�n�g� �t�o� �d�i�s�t�i�n�c�t� �r�e�f�e�r�e�n�c�e� �g�e�n�o�m�e�s� �w�a�s� 
�r�e�c�e�i�v�e�d� �a�s� �o�u�t�p�u�t� �d�a�t�a�.� �A�n� �i�n�-�d�e�p�t�h� �k�-�m�e�r� �a�n�a�l�y�s�i�s� �w�a�s� �p�e�r�f�o�r�m�e�d� �u�s�i�n�g� �a�n� �i�n�-�h�o�u�s�e� �p�i�p�e�l�i�n�e�.� �F�o�r� �t�h�i�s� �p�u�r�-� 
�p�o�s�e� �t�h�e� �a�s�s�e�m�b�l�i�e�s� �f�r�o�m� �R�i�d�o�m� �S�e�q�s�p�h�e�r�e�+� �a�f�t�e�r� �S�P�A�d�e�s� �a�s�s�e�m�b�l�y� �w�e�r�e� �u�s�e�d�.� �A� �k�-�m�e�r� �b�a�s�e�d� �d�a�t�a�b�a�s�e�s� �f�r�o�m� 
�a�s�s�e�m�b�l�e�d� �a�n�d� �c�l�o�s�e�d� �g�e�n�o�m�e�s� �f�r�o�m� �C�.� �j�e�j�u�n�i� �a�n�d� �C�.� �c�o�l�i� �(�S�u�p�p�l�e�m�e�n�t�a�r�y� �T�a�b�l�e� �$�1�)� �w�e�r�e� �b�u�i�l�t� �b�y� �k�m�e� �v�.�3�*� �w�i�t�h� 
�a� �k�-�m�e�r� �s�i�z�e� �o�f� �1�6� �b�a�s�e�s� �o�r� �3�1� �b�a�s�e�s�.� �I�n� �o�r�d�e�r� �t�o� �i�d�e�n�t�i�f�y� �C�.� �j�e�j�u�n�i� �s�p�e�c�i�f�i�c� �g�e�n�e�s�,� �t�h�e� �d�a�t�a�b�a�s�e� �o�f� �C�.� �j�e�j�u�n�i� �i�n�c�l�u�d�e�s� 
�k�-�m�e�r�s� �p�r�e�s�e�n�t� �i�n� �a�t� �l�e�a�s�t� �9�5�%� �o�f� �t�h�e� �g�e�n�o�m�e�s� �w�h�e�r�e�a�s� �t�h�e� �C�.� �c�o�l�i� �d�a�t�a�b�a�s�e� �c�o�n�t�a�i�n�s� �k�-�m�e�r�s� �p�r�e�s�e�n�t� �i�n� �a�t� �l�e�a�s�t� 
�5�%� �o�f� �t�h�e� �g�e�n�o�m�e�s�.� �K�-�m�e�r�s� �f�r�o�m� �m�i�x�e�d� �i�s�o�l�a�t�e�s� �w�e�r�e� �s�u�b�s�e�q�u�e�n�t�l�y� �c�o�u�n�t�e�d� �a�n�d� �c�o�m�p�a�r�e�d� �a�g�a�i�n�s�t� �t�h�e� �d�a�t�a�b�a�s�e�s� 
�w�i�t�h� �k�m�c�_�t�o�o�l�s�.� �K�-�m�e�r�s� �p�r�e�s�e�n�t� �i�n� �C�.� �j�e�j�u�n�i� �d�a�t�a�b�a�s�e� �a�n�d� �a�b�s�e�n�t� �i�n� �C�.� �c�o�l�i� �g�e�n�o�m�e�s� �w�e�r�e� �m�a�p�p�e�d� �a�g�a�i�n�s�t� �a� �c�l�o�s�e�d� 
�r�e�f�e�r�e�n�c�e� �s�t�r�a�i�n� �N�C�T�C� �1�1�1�6�8� �(�N�C�_�0�0�2�1�6�3�.�1�)� �o�f� �C�.� �j�e�j�u�n�i� �b�y� �b�o�w�t�i�e�2!"� �a�n�d� �c�o�r�r�e�s�p�o�n�d�i�n�g� �g�e�n�e�s� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d� 
�w�i�t�h� �B�E�D�T�o�o�l�s� �v�2�.�2�7�.�1�°�°�.� �S�i�n�c�e� �r�e�a�d� �m�a�p�p�e�r�s� �a�r�e� �o�p�t�i�m�i�z�e�d� �f�o�r� �l�o�n�g�e�r� �s�e�q�u�e�n�c�e�s�,� �k�-�m�e�r�s� �o�f� �s�i�z�e� �1�6� �b�p� �w�e�r�e� �o�n�l�y� 
�c�o�n�s�i�d�e�r�e�d� �f�o�r� �e�x�a�c�t� �a�n�d� �u�n�i�q�u�e� �m�a�t�c�h�e�s� �f�o�r� �f�u�r�t�h�e�r� �d�o�w�n�s�t�r�e�a�m� �a�n�a�l�y�s�i�s�.� �S�i�n�c�e� �k�-�m�e�r�s� �o�f� �s�i�z�e� �3�1� �b�p� �a�r�e� �m�o�r�e� 
�s�p�e�c�i�f�i�c�,� �m�a�p�p�i�n�g� �r�e�s�u�l�t�s� �w�e�r�e� �n�o�t� �f�i�l�t�e�r�e�d� �a�t� �t�h�i�s� �s�t�e�p�.� 

�G�e�n�e�s� �c�o�v�e�r�e�d� �b�y� �k�-�m�e�r�s� �i�n� �a�t� �l�e�a�s�t� �2�0�%� �o�r� �5�0�%� �o�f� �t�h�e� �g�e�n�e� �l�e�n�g�t�h� �a�n�d� �i�n� �o�n�e� �o�f� �t�h�e� �h�i�g�h� �c�o�n�t�e�n�t� �C�.� �c�o�l�i� 
�h�y�b�r�i�d� �g�e�n�o�m�e� �w�e�r�e� �v�i�s�u�a�l�i�z�e�d� �a�s� �h�e�a�t�m�a�p� �b�y� �t�h�e� �R� �p�a�c�k�a�g�e� �p�h�e�a�t�m�a�p� �v�.�1�.�0�.�1�2�.� �K�-�m�e�r�s� �m�a�t�c�h�e�d� �i�n� �C�.� �c�o�l�i� �h�y�b�r�i�d� 
�g�e�n�o�m�e�s� �(�a�s�.�b�a�m� �f�i�l�e�s�)� �w�e�r�e� �v�i�s�u�a�l�i�z�e�d� �i�n� �G�e�n�e�i�o�u�s� �v�.�2�0�1�9�.�2�.�1� �u�s�i�n�g� �C�.� �j�e�j�u�n�i� �s�t�r�a�i�n� �N�C�T�C� �1�1�1�6�8� �(�N�C�_�0�0�2�1�6�3�.�1�)� 
�a�s� �r�e�f�e�r�e�n�c�e�.� �S�o�u�r�c�e� �c�o�d�e� �a�n�d� �s�c�r�i�p�t�s� �u�s�e�d� �t�o� �p�e�r�f�o�r�m� �t�h�o�s�e� �s�t�e�p�s� �a�r�e� �f�r�e�e�l�y� �a�v�a�i�l�a�b�l�e� �a�t� �h�t�t�p�s�:�/�/�g�i�t�l�a�b�.�c�o�m�/� 
�m�i�c�r�o�b�i�a�l�_�g�e�n�o�m�i�c�s�/�r�e�l�a�t�i�v�e�-�k�m�e�r�-�p�r�o�j�e�c�t�.� 

�R�e�c�e�i�v�e�d�:� �7� �O�c�t�o�b�e�r� �2�0�1�9�;� �A�c�c�e�p�t�e�d�:� �5� �F�e�b�r�u�a�r�y� �2�0�2�0�;� 

�P�u�b�l�i�s�h�e�d� �o�n�l�i�n�e�:� �2�8� �F�e�b�r�u�a�r�y� �2�0�2�0� 

�R�e�f�e�r�e�n�c�e�s� 
�1�,� �E�C�D�C�.� �E�u�r�o�p�e�a�n� �C�e�n�t�r�e� �f�o�r� �D�i�s�e�a�s�e� �P�r�e�v�e�n�t�i�o�n� �a�n�d� �C�o�n�t�r�o�l�.� �C�a�m�p�y�l�o�b�a�c�t�e�r�i�o�s�i�s�.� �I�n�:� �E�C�D�C�.� �A�n�n�u�a�l� �e�p�i�d�e�m�i�o�l�o�g�i�c�a�l� �r�e�p�o�r�t� �f�o�r� 

�2�0�1�7�.� �S�t�o�c�k�h�o�l�m�:� �E�C�D�C�;� �2�0�1�.� 
�E�F�S�A�.� �S�c�i�e�n�t�i�f�i�c� �O�p�i�n�i�o�n� �o�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �i�n� �b�r�o�i�l�e�r� �m�e�a�t� �p�r�o�d�u�c�t�i�o�n�:� �c�o�n�t�r�o�l� �o�p�t�i�o�n�s� �a�n�d� �p�e�r�f�o�r�m�a�n�c�e� �o�b�j�e�c�t�i�v�e�s� �a�n�d�/�o�r� �t�a�r�g�e�t�s� 
�a�t� �d�i�f�f�e�r�e�n�t� �s�t�a�g�e�s� �o�f� �t�h�e� �f�o�o�d� �c�h�a�i�n�.� �E�F�S�A� �J�o�u�r�n�a�l� �2�0�1�1� �9�(�4�)�:�2�1�0�5�.� �[�1�4�1� �p�p�.�]�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�2�9�0�3�/�j�.�e�f�s�a�.�2�0�1�1�.�2� �1�0�5� �(�2�0�1�1�)�.� 

�.� �B�e�s�t�,� �E�.� �L�.�,� �P�o�w�e�l�l�,� �E�.� �J�.�,� �S�w�i�f�t�,� �C�.�,� �G�r�a�n�t�,� �K�.� �A�.� �&� �F�r�o�s�t�,� �J�.� �A�.� �A�p�p�l�i�c�a�b�i�l�i�t�y� �o�f� �a� �r�a�p�i�d� �d�u�p�l�e�x� �r�e�a�l�-�t�i�m�e� �P�C�R� �a�s�s�a�y� �f�o�r� �s�p�e�c�i�a�t�i�o�n� �o�f� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �a�n�d� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�i� �d�i�r�e�c�t�l�y� �f�r�o�m� �c�u�l�t�u�r�e� �p�l�a�t�e�s�.� �F�E�M�S� �M�i�c�r�o�b�i�o�l�.� �L�e�t�t�.� �2�2�9�,� �2�3�7�-�2�4�1�,� �h�t�t�p�s�:�/�/�d�o�i�.� 
�o�r�g�/�1�0�.�1�0�1�6�/�S�0�3�7�8�-�1�0�9�7�(�0�3�)�0�0�8�4�5� �-�0� �(�2�0�0�3�)�.� 
�L�F�G�B�.� �G�e�r�m�a�n� �F�o�o�d� �a�n�d� �F�e�e�d� �C�o�d�e�,� �§� �6�4�,�L�-�0�6�.�3�2�-�1�,� �D�e�t�e�c�t�i�o�n� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�p�.� �i�n� �m�i�n�c�e�d� �m�e�a�t� �-� �r�e�a�l�-�t�i�m�e� �P�C�R� �m�e�t�h�o�d�s�,� 
�F�e�d�e�r�a�l� �O�f�f�i�c�e� �o�f� �C�o�n�s�u�m�e�r� �P�r�o�t�e�c�t�i�o�n� �a�n�d� �F�o�o�d� �S�a�f�e�t�y� �(�B�V�L�)�,� �B�e�u�t�h� �G�m�b�H�,� �G�e�r�m�a�n�y�.� �(�2�0�1�3�)�.� 
�M�a�y�r�,� �A�.� �M�.� �e�t� �a�l�.� �R�a�p�i�d� �d�e�t�e�c�t�i�o�n� �a�n�d� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�,� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�i�,� �a�n�d� �C�a�m�p�y�l�o�b�a�c�t�e�r� �l�a�r�i� �i�n� �f�o�o�d�,� 
�u�s�i�n�g� �m�u�l�t�i�p�l�e�x� �r�e�a�l�-�t�i�m�e� �P�C�R�.� �J�.� �F�o�o�d� �P�r�o�t�.� �7�3�,� �2�4�1�-�2�5�0� �(�2�0�1�0�)�.� 

�.� �J�o�h�n�s�o�n�,� �J�.� �G�.�,� �L�i�v�n�y�,� �J�.� �&� �D�i�r�i�t�a�,� �V�.� �J�.� �H�i�g�h�-�t�h�r�o�u�g�h�p�u�t� �s�e�q�u�e�n�c�i�n�g� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �i�n�s�e�r�t�i�o�n� �m�u�t�a�n�t� �l�i�b�r�a�r�i�e�s� �r�e�v�e�a�l�s� �m�a�p�A� 
�a�s�a� �f�i�t�n�e�s�s� �f�a�c�t�o�r� �f�o�r� �c�h�i�c�k�e�n� �c�o�l�o�n�i�z�a�t�i�o�n�.� �J�.� �B�a�c�t�e�r�i�o�l�.� �1�9�6�,� �1�9�5�8�-�1�9�6�7�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/� �1�0�.�1� �1�2�8�/�J�B�.�0�1�3�9�5�-�1�3� �(�2�0�1�4�)�.� 
�M�i�l�l�e�r�,� �C�.� �E�.�,� �W�i�l�l�i�a�m�s�,� �P�.� �H�.� �&� �K�e�t�l�e�y�,� �J�.� �M�.� �P�u�m�p�i�n�g� �i�r�o�n�:� �m�e�c�h�a�n�i�s�m�s� �f�o�r� �i�r�o�n� �u�p�t�a�k�e� �b�y� �C�a�m�p�y�l�o�b�a�c�t�e�r�.� �M�i�c�r�o�b�i�o�l�o�g�y� �1�5�5�,� 
�3�1�5�7�-�3�1�6�5�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�9�9�/�m�i�c�.�0�.�0�3�2�4�2�5� �-�0� �(�2�0�0�9�)�.� 

�.� �D�i�n�g�l�e�,� �K�.� �E�.� �e�t� �a�l�.� �M�u�l�t�i�l�o�c�u�s� �s�e�q�u�e�n�c�e� �t�y�p�i�n�g� �s�y�s�t�e�m� �f�o�r� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �J�.� �C�l�i�n�.� �M�i�c�r�o�b�i�o�l�,� �3�9�,� �1�4�-�2�3�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/� 
�J�C�M�.�3�9�.�1�.�1�4�-�2�3�.�2�0�0�1� �(�2�0�0�1�)�.� 
�S�h�e�p�p�a�r�d�,� �S�.� �K�.�,� �M�c�C�a�r�t�h�y�,� �N�.� �D�.�,� �F�a�l�u�s�h�,� �D�.� �&� �M�a�i�d�e�n�,� �M�.� �C�.� �C�o�n�v�e�r�g�e�n�c�e� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�e�c�i�e�s�:� �i�m�p�l�i�c�a�t�i�o�n�s� �f�o�r� �b�a�c�t�e�r�i�a�l� 
�e�v�o�l�u�t�i�o�n�,� �S�c�i�.� �3�2�0�,� �2�3�7�-�2�3�9�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�6�/�s�c�i�e�n�c�e�.�1� �1�5�5�5�3�2� �(�2�0�0�8�)�.� 

�.� �S�h�e�p�p�a�r�d�,� �S�.� �K�.� �&� �M�a�i�d�e�n�,� �M�.� �C�.� �T�h�e� �e�v�o�l�u�t�i�o�n� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �a�n�d� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�i�.� �C�o�l�d� �S�p�r�i�n�g� �H�a�r�b�.� �P�e�r�s�p�e�c�t�.� �B�i�o�l�.�7�,� 
�a�0�1�8�1�1�9�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�0�1�/�c�s�h�p�e�r�s�p�e�c�t�.�a�0�1�8�1�1�9� �(�2�0�1�5�)�.� 

�1�1�.� �I�S�O�.� �1�0�2�7�2�-�1�:�2�0�0�6� �r�e�v�i�s�e�d� �2�0�1�7�,� �M�i�c�r�o�b�i�o�l�o�g�y� �o�f� �t�h�e� �f�o�o�d� �c�h�a�i�n� �-� �H�o�r�i�z�o�n�t�a�l� �m�e�t�h�o�d� �f�o�r� �d�e�t�e�c�t�i�o�n� �a�n�d� �e�n�u�m�e�r�a�t�i�o�n� �o�f� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�p�.� �-� �P�a�r�t� �1�:� �D�e�t�e�c�t�i�o�n� �m�e�t�h�o�d�.� 

�1�2�.� �W�a�n�g�,� �G�.� �e�t� �a�l�.� �C�o�l�o�n�y� �m�u�l�t�i�p�l�e�x� �P�C�R� �a�s�s�a�y� �f�o�r� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �a�n�d� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�,� �C�.� �c�o�l�i�,� �C�.� �l�a�r�i�,� �C�.� 
�u�p�s�a�l�i�e�n�s�i�s�,� �a�n�d� �C�.� �f�e�t�u�s� �s�u�b�s�p�.� �f�e�t�u�s�.� �J�.� �C�l�i�n�.� �M�i�c�r�o�b�i�o�l�.� �4�0�,� �4�7�4�4�-�4�7�4�7�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/�j�c�m�.�4�0�.�1�2�.�4�7�4�4�-�4�7� �4�7�.�2�0�0�2� �(�2�0�0�2�)�.� 

�1�3�.� �C�l�a�u�s�e�n�,� �P�,�,� �A�a�r�e�s�t�r�u�p�,� �E�F� �M�.� �&� �L�u�n�d�,� �O�.� �R�a�p�i�d� �a�n�d� �p�r�e�c�i�s�e� �a�l�i�g�n�m�e�n�t� �o�f� �r�a�w� �r�e�a�d�s� �a�g�a�i�n�s�t� �r�e�d�u�n�d�a�n�t� �d�a�t�a�b�a�s�e�s� �w�i�t�h� �K�M�A�.� �B�m�c� 
�B�i�o�i�n�f�o�r�m�a�.� �1�9�,� �3�0�7�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�8�6�/�s�1�2�8�5�9�-�0� �1�8�-�2�3�3�6�-�6� �(�2�0�1�8�)�.� 

�1�4�.� �H�a�s�m�a�n�,� �H�.� �e�t� �a�l�.� �R�a�p�i�d� �w�h�o�l�e�-�g�e�n�o�m�e� �s�e�q�u�e�n�c�i�n�g� �f�o�r� �d�e�t�e�c�t�i�o�n� �a�n�d� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �m�i�c�r�o�o�r�g�a�n�i�s�m�s� �d�i�r�e�c�t�l�y� �f�r�o�m� �c�l�i�n�i�c�a�l� 
�s�a�m�p�l�e�s�.� �J�.� �C�l�i�n�.� �M�i�c�r�o�b�i�o�l�.� �5�2�,� �1�3�9�-�1�4�6�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/�J�C�M�.�0�2�4�5�2�-�1�3� �(�2�0�1�4�)�.� 

�1�5�.� �L�a�r�s�e�n�,� �M�.� �V�.� �e�t� �a�l�.� �B�e�n�c�h�m�a�r�k�i�n�g� �o�f� �m�e�t�h�o�d�s� �f�o�r� �g�e�n�o�m�i�c� �t�a�x�o�n�o�m�y�.� �J�.� �C�l�i�n�.� �M�i�c�r�o�b�i�o�l�.� �5�2�,� �1�5�2�9�-�1�5�3�9�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/� 
�J�C�M�.�0�2�9�8� �1�-�1�3� �(�2�0�1�4�)�.� 

�1�6�.� �B�e�s�s�e�d�e�,� �E�.�,� �S�o�l�e�c�k�i�,� �O�.�,� �S�i�f�r�e�,� �E�.�,� �L�a�b�a�d�i�,� �L�.� �&� �M�e�g�r�a�u�d�,� �F�.� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�e�c�i�e�s� �a�n�d� �r�e�l�a�t�e�d� �o�r�g�a�n�i�s�m�s� �b�y� �m�a�t�r�i�x� 
�a�s�s�i�s�t�e�d� �l�a�s�e�r� �d�e�s�o�r�p�t�i�o�n� �i�o�n�i�z�a�t�i�o�n�-�t�i�m�e� �o�f� �f�l�i�g�h�t� �(�M�A�L�D�I�-�T�O�F�)� �m�a�s�s� �s�p�e�c�t�r�o�m�e�t�r�y�.� �C�l�i�n�.� �M�i�c�r�o�b�i�o�l�.� �I�n�f�e�c�t�.� �1�7�,� �1�7�3�5�-�1�7�3�9�,� �h�t�t�p�s�:�/�/� 
�d�o�i�.�o�r�g�/�1�0�.�1�1�1�1�/�j�.�1�4�6�9�-�0�6�9�1�.�2�0�1� �1�.�0�3�4�6�8�.�x� �(�2�0�1�1�)�.� 

�1�7�.� �E�m�e�l�e�,� �M�.� �F�.� �e�t� �a�l�.� �P�r�o�t�e�o�t�y�p�i�n�g� �a�s� �a�l�t�e�r�n�a�t�e� �t�y�p�i�n�g� �m�e�t�h�o�d� �t�o� �d�i�f�f�e�r�e�n�t�i�a�t�e� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�i� �c�l�a�d�e�s�.� �S�c�i�.� �R�e�p�.� �9�,� �4�2�4�4�,� �h�t�t�p�s�:�/�/�d�o�i�.� 
�o�r�g�/�1�0�.�1�0�3�8�/�s�4�1�5�9�8�-�0�1�9�-�4�0�8�4�2�-�w� �(�2�0�1�9�)�.� 

�1�8�.� �H�s�i�e�h�,� �Y�.� �H�.� �e�t� �a�l�.� �A�p�p�l�i�c�a�t�i�o�n� �o�f� �M�A�L�D�I�-�T�O�F� �M�S� �s�y�s�t�e�m�s� �i�n� �t�h�e� �r�a�p�i�d� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�p�.� �o�f� �p�u�b�l�i�c� �h�e�a�l�t�h� 
�i�m�p�o�r�t�a�n�c�e�.� �J�.� �A�O�A�C� �I�n�t�.� �1�0�1�,� �7�6�1�-�7�6�8�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/� �1�0�.�5�7� �4�0�/�j�a�o�a�c�i�n�t�.�1�7�-�0�2�6�6� �(�2�0�1�8�)�.� 

�1�9�.� �J�a�i�n�,� �C�.�,� �R�o�d�r�i�g�u�e�z�,� �R�.� �L�.�,� �P�h�i�l�l�i�p�p�y�,� �A�.� �M�.�,� �K�o�n�s�t�a�n�t�i�n�i�d�i�s�,� �K�.� �T�.� �&� �A�l�u�r�u�,� �$�.� �H�i�g�h� �t�h�r�o�u�g�h�p�u�t� �A�N�I� �a�n�a�l�y�s�i�s� �o�f� �9�0�K� �p�r�o�k�a�r�y�o�t�i�c� 
�g�e�n�o�m�e�s� �r�e�v�e�a�l�s� �c�l�e�a�r� �s�p�e�c�i�e�s� �b�o�u�n�d�a�r�i�e�s�.� �N�a�t�.� �C�o�m�m�u�n�.� �9�,� �5�1�1�4�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�3�8�/�s�4�1�4�6�7�-�0�1�8�-�0�7�6�4� �1�-�9� �(�2�0�1�8�)�.� 

�.� �F�i�g�u�e�r�a�s�,� �M�.� �J�.�,� �B�e�a�z�-�H�i�d�a�l�g�o�,� �R�.�,� �H�o�s�s�a�i�n�,� �M�.� �J�.� �&� �L�i�l�e�s�,� �M�.� �R�.� �T�a�x�o�n�o�m�i�c� �a�f�f�i�l�i�a�t�i�o�n� �o�f� �n�e�w� �g�e�n�o�m�e�s� �s�h�o�u�l�d� �b�e� �v�e�r�i�f�i�e�d� �u�s�i�n�g� 
�a�v�e�r�a�g�e� �n�u�c�l�e�o�t�i�d�e� �i�d�e�n�t�i�t�y� �a�n�d� �m�u�l�t�i�l�o�c�u�s� �p�h�y�l�o�g�e�n�e�t�i�c� �a�n�a�l�y�s�i�s�.� �G�e�n�o�m�e� �A�n�n�o�u�n�c�e� �2�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/�g�e�n�o�m�e�A�.�0�0�9�2�7�-�1�4� 
�(�2�0�1�4�)�.� 

�.� �G�o�r�i�s�,� �J�.� �e�t� �a�l�.� �D�N�A�-�D�N�A� �h�y�b�r�i�d�i�z�a�t�i�o�n� �v�a�l�u�e�s� �a�n�d� �t�h�e�i�r� �r�e�l�a�t�i�o�n�s�h�i�p� �t�o� �w�h�o�l�e�-�g�e�n�o�m�e� �s�e�q�u�e�n�c�e� �s�i�m�i�l�a�r�i�t�i�e�s�.� �I�n�t�.� �J�.� �S�y�s�t�.� �E�v�o�l�.� 
�M�i�c�r�o�b�i�o�l�.� �5�7�,� �8�1�-�9�1�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�9�9�/�i�j�s�.�0�.�6�4�4�8�3�-�0� �(�2�0�0�7�)�.� 
�C�o�d�y�,� �A�.� �J�.�,� �B�r�a�y�,� �J�.� �E�.�,� �J�o�l�l�e�y�,� �K�.� �A�.�,� �M�c�C�a�r�t�h�y�,� �N�.� �D�.� �&� �M�a�i�d�e�n�,� �M�.� �C�.� �J�.� �C�o�r�e� �g�e�n�o�m�e� �m�u�l�t�i�l�o�c�u�s� �s�e�q�u�e�n�c�e� �t�y�p�i�n�g� �s�c�h�e�m�e� �f�o�r� �s�t�a�b�l�e�,� 
�c�o�m�p�a�r�a�t�i�v�e� �a�n�a�l�y�s�e�s� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �a�n�d� �C�.� �c�o�l�i� �h�u�m�a�n� �d�i�s�e�a�s�e� �i�s�o�l�a�t�e�s�.� �J�.� �C�l�i�n�.� �M�i�c�r�o�b�i�o�l�.� �5�5�,� �2�0�8�6�-�2�0�9�7�,� �h�t�t�p�s�:�/�/�d�o�i�.� 
�o�r�g�/�1�0�.�1�1�2�8�/�J�C�M�.�0�0�0�8�0�-� �1�7� �(�2�0�1�7�)�.� 

�t�f�
 

�w
� 

�=
� 

�o�a
� 

�a
� 

�n
� 

�2
� 

�°�
 

�S�
o� 

� � � 

�S�
s� 

�2� 

�2�.� �N�
S� 

� � 

�S�C�I�E�N�T�I�F�I�C� �R�E�P�O�R�T�S� �|� �(�2�0�2�0�)� �1�0�:�3�6�8�6� �|� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�3�8�/�s�4�1�5� �9�8�-�0�2�0�-�6�0�3�2�0�-�y� 

�5�8



Publications 

59 
 

 

�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�w�w�w�.�n�a�t�u�r�e�.�c�o�m�/�s�c�i�e�n�t�i�f�i�c�r�e�p�o�r�t�s�/� 

�2�3�.� 

�2� �=
� 

�2�!� 

�2� 

�2� 

�2� 

�2�}� 

�3� 

�3� 

�3� 

�3� �w
� 

�3�.� �a
� 

�3� 

�3� 

�3� �a
� 

�3� �2
� 

�3� 

�4� 

�4� 

�4� �v
� 

�4� �w
� 

�4�4�.� 

�4� 

�4�6�.� 

�4� 

�4�8�.� 

�4� 

�5�0�.� 

�5� 

�5�,� 

�5�.� �w�
e� 

�5�4�.� 

�5�.� �a�n
� 

 ��
 

�a
� 

�n
� 

�~
� 

�2
� 

�S�
s� 

�N
� 

 ��
 

�a�»
� 

�2
� 

�S
� 

�N�n� 
�2

� 
�X�N� 

�J�a�n�s�e�n� �v�a�n� �R�e�n�s�b�u�r�g�,� �M�.� �J�.�,� �S�w�i�f�t�,� �C�.�,� �C�o�d�y�,� �A�.� �J�.�,� �J�e�n�k�i�n�s�,� �C�.� �&� �M�a�i�d�e�n�,� �M�.� �C�.� �E�x�p�l�o�i�t�i�n�g� �b�a�c�t�e�r�i�a�l� �w�h�o�l�e�-�g�e�n�o�m�e� �s�e�q�u�e�n�c�i�n�g� �d�a�t�a� 
�f�o�r� �e�v�a�l�u�a�t�i�o�n� �o�f� �d�i� �i�c� �a�s�s�a�y�s�:� �C�a�m�p� �p�e�c�i�e�s� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �a�s� �a� �c�a�s�e� �s�t�u�d�y�.� �J�.� �C�l�i�n�.� �M�i�c�r�o�b�i�o�l�.� �$�4�,� �2�8�8�2�-�2�8�9�0�,� �h�t�t�p�s�:�/�/�d�o�i�.� 
�o�r�g�/�1�0�.�1�1�2�8�/�J�C�M�.�0� �1�5�2�2�-� �1�6� �(�2�0�1�6�)�.� 
� � 

�.� �C�h�a�b�a�n�,� �B�.�,� �M�u�s�i�l�,� �K�.� �M�.�,� �H�i�m�s�w�o�r�t�h�,� �C�.� �G�.� �&� �H�i�l�l�,� �J�.� �E�.� �D�e�v�e�l�o�p�m�e�n�t� �o�f� �c�p�n�6�0�-�b�a�s�e�d� �r�e�a�l�-�t�i�m�e� �q�u�a�n�t�i�t�a�t�i�v�e� �P�C�R� �a�s�s�a�y�s� �f�o�r� �t�h�e� 
�d�e�t�e�c�t�i�o�n� �o�f� �1�4� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�e�c�i�e�s� �a�n�d� �a�p�p�l�i�c�a�t�i�o�n� �t�o� �s�c�r�e�e�n�i�n�g� �o�f� �c�a�n�i�n�e� �f�e�c�a�l� �s�a�m�p�l�e�s�.� �A�p�p�l�.� �E�n�v�.� �M�i�c�r�o�b�i�o�l�.� �7�5�,� �3�0�5�5�-�3�0�6�1�,� 
�h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/�A�E�M�.�0�0�1�0�1�-�0�9� �(�2�0�0�9�)�.� 
�D�e�n�i�s�,� �M�.� �e�t� �a�l�.� �D�e�v�e�l�o�p�m�e�n�t� �o�f� �a� �m�-�P�C�R� �a�s�s�a�y� �f�o�r� �s�i�m�u�l�t�a�n�e�o�u�s� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �a�n�d� �C�.� �c�o�l�i�.� �L�e�t�t�.� �A�p�p�l�.� 
�M�i�c�r�o�b�i�o�l�.� �2�9�,� �4�0�6�-�4�1�0�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/� �1�0�.� �1�0�4�6�/�}�.�1�4�7�2�-�7�6�5�x�.�1�9�9�9�,�0�0�6�5�8�.�x� �(�1�9�9�9�)�.� 
�K�l�e�n�a�,� �J�.� �D�.� �e�t� �a�l�.� �D�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �o�f� �C�a�m�p�y�l�o�b� �c�o�l�i�,� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�,� �C�a�m�p�y�l�o�b�a�c�t�e�r� �l�a�r�i�,� �a�n�d� �C�a�m�p�y�l�o�b�a�c�t�e�r� �l�i�e�n�s�i�s� �b�y� 
�a� �m�u�l�t�i�p�l�e�x� �P�C�R� �d�e�v�e�l�o�p�e�d� �f�r�o�m� �t�h�e� �n�u�c�l�e�o�t�i�d�e� �s�e�q�u�e�n�c�e� �o�f� �t�h�e� �l�i�p�i�d� �A� �g�e�n�e� �[�p�x�A�.� �J�.� �C�l�i�n�.� �M�i�c�r�o�b�i�o�l�.� �4�2�,� �5�5�4�9�-� �5�5�5�7�,� �h�t�t�p�s�:�/�/�d�o�i�.� 
�o�r�g�/�1�0�.�1�1�2�8�/�J�C�M�.�4�2�.�1�2�.�5�5�4�9�-�5�5�5�7�.�2�0�0�4� �(�2�0�0�4�)�.� 
�L�a�G�i�e�r�,� �M�.� �J�.�,� �J�o�s�e�p�h�,� �L�.� �A�.�,� �P�a�s�s�a�r�e�t�t�i�,� �T�.� �V�.�,� �M�u�s�s�e�r�,� �K�.� �A�.� �&� �C�i�r�i�n�o�,� �N�.� �M�.� �A� �r�e�a�l�-�t�i�m�e� �m�u�l�t�i�p�l�e�x�e�d� �P�C�R� �a�s�s�a�y� �f�o�r� �r�a�p�i�d� �d�e�t�e�c�t�i�o�n� �a�n�d� 
�d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �a�n�d� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�i�.� �M�o�l�.� �C�e�l�l� �P�r�o�b�e�s� �1�8�,� �2�7�5�-�2�8�2�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�1�6�/�j�.� 
�m�e�p�.�2�0�0�4�.�0�4�,�0�0�2� �(�2�0�0�4�)�.� 
�S�h�a�m�s�,� �S�.�,� �B�a�k�h�s�h�i�,� �B�.� �&� �T�o�h�i�d�i� �M�o�g�h�a�d�a�m�,� �T�.� �I�n� �s�i�l�i�c�o� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �c�a�d�F� �g�e�n�e� �a�n�d� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �a� �d�u�p�l�e�x� �p�o�l�y�m�e�r�a�s�e� �c�h�a�i�n� 
�r�e�a�c�t�i�o�n� �f�o�r� �s�p�e�c�i�e�s�-�s�p�e�c�i�f�i�c� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �a�n�d� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�i�.� �J�u�n�d�i�s�h�a�p�u�r� �J�.� �M�i�c�r�o�b�i�o�l�.� �9�,� �e�2�9�6�4�5�,� 
�h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�5�8�1�2�/�j�j�m�.�2�9�6�4�5� �(�2�0�1�6�)�.� 
�T�o�p�l�a�k�,� �N�.�,� �K�o�v�a�c�,� �M�.�,� �P�i�s�k�e�r�n�i�k�,� �S�.�,� �M�o�z�i�n�a�,� �S�.� �S�.� �&� �J�e�r�s�e�k�,� �B�.� �D�e�t�e�c�t�i�o�n� �a�n�d� �q�u�a�n�t�i�f�i�c�a�t�i�o�n� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �a�n�d� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�i� �u�s�i�n�g� �r�e�a�l�-�t�i�m�e� �m�u�l�t�i�p�l�e�x� �P�C�R�.� �J�.� �A�p�p�l�.� �M�i�c�r�o�b�i�o�l�.� �1�1�2�,� �7�5�2�-�7�6�4�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/� �1�0�.�1�1�1�1�/�j�.�1�3�6�5�-�2�6�7�2�.�2�0�1�2�.�0�5�2�3�5�.�x� 
�(�2�0�1�2�)�.� 
�H�u�e�r�t�a�-�C�e�p�a�s�,� �J�.� �e�t� �a�l�.� �e�g�g�N�O�G� �4�.�5�:� �a� �h�i�e�r�a�r�c�h�i�c�a�l� �o�r�t�h�o�l�o�g�y� �f�r�a�m�e�w�o�r�k� �w�i�t�h� �i�m�p�r�o�v�e�d� �f�u�n�c�t�i�o�n�a�l� �a�n�n�o�t�a�t�i�o�n�s� �f�o�r� �e�u�k�a�r�y�o�t�i�c�,� 
�p�r�o�k�a�r�y�o�t�i�c� �a�n�d� �v�i�r�a�l� �s�e�q�u�e�n�c�e�s�.� �N�u�c�l�e�i�c� �A�c�i�d�s� �R�e�s�.� �4�4�,� �D�2�8�6�-�2�9�3�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�9�3�/�n�a�r�/�g�k�v�1� �2�4�8� �(�2�0�1�6�)�.� 

�.� �S�h�e�p�p�a�r�d�,� �S�.� �K�.� �e�t� �a�l�.� �P�r�o�g�r�e�s�s�i�v�e� �g�e�n�o�m�e�-�w�i�d�e� �i�n�t�r�o�g�r�e�s�s�i�o�n� �i�n� �a�g�r�i�c�u�l�t�u�r�a�l� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�i�.� �M�o�l�.� �E�c�o�l�.� �2�2�,� �1�0�5�1�-�1�0�6�4�,� �h�t�t�p�s�:�/�/� 
�d�o�i�.�o�r�g�/�1�0�.�1�1�1�1�/�m�e�c�.�1�2�1�6�2� �(�2�0�1�3�)�.� 
�A�h�m�e�d�,� �M�.� �F�.�,� �S�c�h�u�l�z�,� �J�.� �&� �H�a�r�t�u�n�g�,� �J�.� �S�u�r�v�i�v�a�l� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �i�n� �n�a�t�u�r�a�l�l�y� �a�n�d� �a�r�t�i�f�i�c�i�a�l�l�y� �c�o�n�t�a�m�i�n�a�t�e�d� �l�a�y�i�n�g� �h�e�n� �f�e�c�e�s�.� 
�P�o�u�l�t�.� �S�c�i�.� �9�2�,� �3�6�4�-�3�6�9�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�3�3�8�2�/�p�s�.�2�0�1�2�-�0�2�4�9�6� �(�2�0�1�3�)�.� 

�.� �B�u�i�,� �X�.� �T�.�,� �W�o�l�f�f�,� �A�.�,� �M�a�d�s�e�n�,� �M�.� �&� �B�a�n�g�,� �D�.� �D�.� �R�e�v�e�r�s�e� �t�r�a�n�s�c�r�i�p�t�a�s�e� �r�e�a�l�-�t�i�m�e� �P�C�R� �f�o�r� �d�e�t�e�c�t�i�o�n� �a�n�d� �q�u�a�n�t�i�f�i�c�a�t�i�o�n� �o�f� �v�i�a�b�l�e� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �d�i�r�e�c�t�l�y� �f�r�o�m� �p�o�u�l�t�r�y� �f�a�e�c�a�l� �s�a�m�p�l�e�s�.� �R�e�s�.� �M�i�c�r�o�b�i�o�l�.� �1�6�3�,� �6�4�-�7�2�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�1�6�/�j�.�r�e�s�m�i�c�.�2�0�1�1�.�1�0�.�0�0�7� 
�(�2�0�1�2�)�.� 

�.� �F�l�i�n�t�,� �A�.� �&� �S�t�i�n�t�z�i�,� �A�.� �C�j�1�3�8�6�,� �a�n� �a�t�y�p�i�c�a�l� �h�e�m�i�n�-�b�i�n�d�i�n�g� �p�r�o�t�e�i�n�,� �m�e�d�i�a�t�e�s� �h�e�m�i�n� �t�r�a�f�f�i�c�k�i�n�g� �t�o� �K�a�t�A� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �J�.� 
�B�a�c�t�e�r�i�o�l�.� �1�9�7�,� �1�0�0�2�-�1�0�1� �1�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/�J�B�.�0�2�3�4�6� �-�1�4� �(�2�0�1�5�)�.� 
�A�t�a�c�k�,� �J�.� �M�.� �&� �K�e�l�l�y�,� �D�.� �J�.� �C�o�n�t�r�i�b�u�t�i�o�n� �o�f� �t�h�e� �s�t�e�r�e�o�s�p�e�c�i�f�i�c� �m�e�t�h�i�o�n�i�n�e� �s�u�l�p�h�o�x�i�d�e� �r�e�d�u�c�t�a�s�e�s� �M�s�r�A� �a�n�d� �M�s�r�B� �t�o� �o�x�i�d�a�t�i�v�e� �a�n�d� 
�n�i�t�r�o�s�a�t�i�v�e� �s�t�r�e�s�s� �r�e�s�i�s�t�a�n�c�e� �i�n� �t�h�e� �f�o�o�d�-�b�o�r�n�e� �p�a�t�h�o�g�e�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �M�i�c�r�o�b�i�o�l�o�g�y� �1�5�4�,� �2�2�1�9�-�2�2�3�0�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�9�9�/� 
�m�i�c�.�0�.�2�0�0�8�/�0�1�9�7� �1�1�-�0� �(�2�0�0�8�)�.� 
�A�l�-�H�a�i�d�e�r�i�,� �H�.�,� �W�h�i�t�e�,� �M�.� �A�.� �&� �K�e�l�l�y�,� �D�.� �J�.� �M�a�j�o�r� �c�o�n�t�r�i�b�u�t�i�o�n� �o�f� �t�h�e� �t�y�p�e� �I�I� �b�e�t�a� �c�a�r�b�o�n�i�c� �a�n�h�y�d�r�a�s�e� �C�a�n�B� �(�C�j�0�2�3�7�)� �t�o� �t�h�e� 
�c�a�p�n�o�p�h�i�l�i�c� �g�r�o�w�t�h� �p�h�e�n�o�t�y�p�e� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �E�n�v�.� �M�i�c�r�o�b�i�o�l�.� �1�8�,� �7�2�1�-�7�3�5�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�1�1�/�1�4�6�2�-�2�9�2�0�.�1�3�0�9�2� 
�(�2�0�1�6�)�.� 

�.� �J�a�c�k�s�o�n�,� �R�.� �J�.� �e�t� �a�l�.� �O�x�y�g�e�n� �r�e�a�c�t�i�v�i�t�y� �o�f� �b�o�t�h� �r�e�s�p�i�r�a�t�o�r�y� �o�x�i�d�a�s�e�s� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�:� �t�h�e� �c�y�d�A�B� �g�e�n�e�s� �e�n�c�o�d�e� �a� �c�y�a�n�i�d�e�-� 
�r�e�s�i�s�t�a�n�t�,� �l�o�w�-�a�f�f�i�n�i�t�y� �o�x�i�d�a�s�e� �t�h�a�t� �i�s� �n�o�t� �o�f� �t�h�e� �c�y�t�o�c�h�r�o�m�e� �b�d� �t�y�p�e�.� �J�.� �B�a�c�t�e�r�i�o�l�.� �1�8�9�,� �1�6�0�4�-�1�6�1�5�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/�J�B�.�0�0�8�9�7�-� 
�0�6� �(�2�0�0�7�)�.� 

�.� �P�h�o�n�g�s�i�s�a�y�,� �V�.�,� �P�e�r�e�r�a�,� �V�.� �N�.� �&� �F�r�y�,� �B�.� �N�.� �E�x�p�r�e�s�s�i�o�n� �o�f� �t�h�e� �h�t�r�B� �g�e�n�e� �i�s� �e�s�s�e�n�t�i�a�l� �f�o�r� �r�e�s�p�o�n�s�i�v�e�n�e�s�s� �o�f� �S�a�l�m�o�n�e�l�l�a� �t�y�p�h�i�m�u�r�i�u�m� �a�n�d� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �t�o� �h�a�r�s�h� �e�n�v�i�r�o�n�m�e�n�t�s�.� �M�i�c�r�o�b�i�o�l�o�g�y� �1�5�3�,� �2�5�4�-�2�6�2�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�9�9�/�m�i�c�.�0�.�2�9�2�3�0�-�0� �(�2�0�0�7�)�.� 
�B�a�e�k�,� �K�.� �T�.�,� �V�e�g�g�e�,� �C�.� �S�.�,� �S�k�o�r�k�o�-�G�l�o�n�e�k�,� �J�.� �&� �B�r�o�n�d�s�t�e�d�,� �L�.� �D�i�f�f�e�r�e�n�t� �c�o�n�t�r�i�b�u�t�i�o�n�s� �o�f� �H�t�r�A� �p�r�o�t�e�a�s�e� �a�n�d� �c�h�a�p�e�r�o�n�e� �a�c�t�i�v�i�t�i�e�s� �t�o� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �s�t�r�e�s�s� �t�o�l�e�r�a�n�c�e� �a�n�d� �p�h�y�s�i�o�l�o�g�y�.� �A�p�p�l�.� �E�n�v�.� �M�i�c�r�o�b�i�o�l�.� �7�7�,� �5�7�-�6�6�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/�A�E�M�.�0�1�6�0�3�-�1�0� 
�(�2�0�1�1�)�.� 
�B�o�e�h�m�,� �M�.� �e�t� �a�l�.� �R�a�p�i�d� �p�a�r�a�c�e�l�l�u�l�a�r� �t�r�a�n�s�m�i�g�r�a�t�i�o�n� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �a�c�r�o�s�s� �p�o�l�a�r�i�z�e�d� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s� �w�i�t�h�o�u�t� �a�f�f�e�c�t�i�n�g� �T�E�R�:� 
�r�o�l�e� �o�f� �p�r�o�t�e�o�l�y�t�i�c�-�a�c�t�i�v�e� �H�t�r�A� �c�l�e�a�v�i�n�g� �E�-�c�a�d�h�e�r�i�n� �b�u�t� �n�o�t� �f�i�b�r�o�n�e�c�t�i�n�.� �G�u�t� �P�a�t�h�o�g�.� �4�,� �3�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1� �1�8�6�/�1�7�5�7�-�4�7�4�9�-�4�-�3� 
�(�2�0�1�2�)�.� 

�.� �B�o�e�h�m�,� �M�.�,� �L�i�n�d�,� �J�.�,� �B�a�c�k�e�r�t�,� �S�.� �&� �T�e�g�t�m�e�y�e�r�,� �N�.� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �s�e�r�i�n�e� �p�r�o�t�e�a�s�e� �H�t�r�A� �p�l�a�y�s� �a�n� �i�m�p�o�r�t�a�n�t� �r�o�l�e� �i�n� �h�e�a�t� �t�o�l�e�r�a�n�c�e�,� 
�o�x�y�g�e�n� �r�e�s�i�s�t�a�n�c�e�,� �h�o�s�t� �c�e�l�l� �a�d�h�e�s�i�o�n�,� �i�n�v�a�s�i�o�n�,� �a�n�d� �t�r�a�n�s�m�i�g�r�a�t�i�o�n�.� �E�u�r�.� �J�.� �M�i�c�r�o�b�i�o�l�.� �I�m�m�u�n�o�l�.� �5�,� �6�8�-�8�0�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�5�5�6�/� 
�E�U�J�M�I�-�D�-�1�5�-�0�0�0�0�3� �(�2�0�1�5�)�.� 

�.� �E�l�v�e�r�s�,� �K�.� �T�.�,� �W�u�,� �G�.�,� �G�i�l�b�e�r�t�h�o�r�p�e�,� �N�.� �J�.�,� �P�o�o�l�e�,� �R�.� �K�.� �&� �P�a�r�k�,� �S�.� �F�.� �R�o�l�e� �o�f� �a�n� �i�n�d�u�c�i�b�l�e� �s�i�n�g�l�e�-�d�o�m�a�i�n� �h�e�m�o�g�l�o�b�i�n� �i�n� �m�e�d�i�a�t�i�n�g� 
�r�e�s�i�s�t�a�n�c�e� �t�o� �n�i�t�r�i�c� �o�x�i�d�e� �a�n�d� �n�i�t�r�o�s�a�t�i�v�e� �s�t�r�e�s�s� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �a�n�d� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�i�.� �J�.� �B�a�c�t�e�r�i�o�l�,� �1�8�6�,� �5�3�3�2�-�5�3�4�1�,� �h�t�t�p�s�:�/�/� 
�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/�J�B�.�1� �8�6�.�1�6�.�5�3� �3�2�-�5�3�4�1�.�2�0�0�4� �(�2�0�0�4�)�.� 

�.� �P�a�s�c�o�e�,� �B�.� �e�t� �a�l�.� �E�n�h�a�n�c�e�d� �b�i�o�f�i�l�m� �f�o�r�m�a�t�i�o�n� �a�n�d� �m�u�l�t�i�-�h�o�s�t� �t�r�a�n�s�m�i�s�s�i�o�n� �e�v�o�l�v�e� �f�r�o�m� �d�i�v�e�r�g�e�n�t� �g�e�n�e�t�i�c� �b�a�c�k�g�r�o�u�n�d�s� �i�n� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �E�n�v�,� �M�i�c�r�o�b�i�o�l�.� �1�7�,� �4�7�7�9�-�4�7�8�9�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�1�1�/�1�4�6�2�-�2�9�2�0�.�1�3�0�5�1� �(�2�0�1�5�)�.� 
�C�h�a�n�,� �K�.�,� �E�l�h�a�n�a�f�i�,� �D�.� �&� �K�a�t�h�a�r�i�o�u�,� �$�.� �G�e�n�o�m�i�c� �e�v�i�d�e�n�c�e� �f�o�r� �i�n�t�e�r�s�p�e�c�i�e�s� �a�c�q�u�i�s�i�t�i�o�n� �o�f� �c�h�r�o�m�o�s�o�m�a�l� �D�N�A� �f�r�o�m� �C�a�m�p�y�l�o�b�a�c�t�e�r� 
�j�e�j�u�n�i� �b�y� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�i� �s�t�r�a�i�n�s� �o�f� �a� �t�u�r�k�e�y�-�a�s�s�o�c�i�a�t�e�d� �c�l�o�n�a�l� �g�r�o�u�p� �(�c�l�u�s�t�e�r� �I�I�)�.� �F�o�o�d�b�o�r�n�e� �P�a�t�h�o�g�.� �D�i�s�.� �5�,� �3�8�7�-�3�9�8�,� �h�t�t�p�s�:�/�/�d�o�i�.� 
�o�r�g�/�1�0�.�1�0�8�9�/�f�p�d�.�2�0�0�8�.�0�1�1�3� �(�2�0�0�8�)�.� 
�K�a�r�k�i�,� �A�.� �B�.�,� �W�e�l�l�s�,� �H�.� �&� �F�a�k�h�r�,� �M�.� �K�.� �R�e�t�a�i�l� �l�i�v�e�r� �j�u�i�c�e�s� �e�n�h�a�n�c�e� �t�h�e� �s�u�r�v�i�v�a�b�i�l�i�t�y� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �a�n�d� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�i� �a�t� 
�l�o�w� �t�e�m�p�e�r�a�t�u�r�e�s�.� �S�c�i�.� �R�e�p�.� �9�,� �2�7�3�3�,� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�3�8�/�s�4�1�5�9�8�-�0� �1�8�-�3�5�8�2�0�-�7� �(�2�0�1�9�)�.� 
�O�h�,� �E�.�,� �M�c�M�u�l�l�e�n�,� �L�.� �&� �J�e�o�n�,� �B�.� �H�i�g�h� �p�r�e�v�a�l�e�n�c�e� �o�f� �h�y�p�e�r�-�a�e�r�o�t�o�l�e�r�a�n�t� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �i�n� �r�e�t�a�i�l� �p�o�u�l�t�r�y� �w�i�t�h� �p�o�t�e�n�t�i�a�l� 
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�t�o� �b�e� �i�m�p�o�r�t�a�n�t� �f�o�r� �C�a�m�p�y�l�o�b�a�c�t�e�r� �g�e�n�o�m�e� �i�n�t�e�g�r�i�t�y�.� �S�e�v�e�r�a�l� �l�y�t�i�c� �a�n�d� �i�n�t�e�g�r�a�t�e�d� 
�b�a�c�t�e�r�i�o�p�h�a�g�e�s� �h�a�v�e� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d�,� �w�h�i�c�h� �c�o�n�t�r�i�b�u�t�e� �t�o� �g�e�n�o�m�e� �d�i�v�e�r�s�i�t�y�.� �F�u�r�t�h�e�r�-� 
�m�o�r�e�,� �w�e� �f�o�c�u�s� �o�n� �t�h�e� �i�m�p�a�c�t� �o�f� �g�e�n�e� �t�r�a�n�s�f�e�r� �o�n� �t�h�e� �s�p�r�e�a�d� �o�f� �a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�c�e� 
�g�e�n�e�s� �(�r�e�s�i�s�t�o�m�e�)� �a�n�d� �p�e�r�s�i�s�t�e�n�c�e� �f�a�c�t�o�r�s�.� �W�e� �d�i�s�c�u�s�s� �r�e�m�a�i�n�i�n�g� �o�p�e�n� �q�u�e�s�t�i�o�n�s� �i�n� 
�t�h�e� �H�G�T� �f�i�e�l�d�,� �s�u�p�p�o�s�e�d� �t�o� �b�e� �a�n�s�w�e�r�e�d� �i�n� �t�h�e� �f�u�t�u�r�e� �b�y� �c�u�r�r�e�n�t� �t�e�c�h�n�o�l�o�g�i�e�s� �l�i�k�e� 
�w�h�o�l�e�-�g�e�n�o�m�e� �s�e�q�u�e�n�c�i�n�g� �a�n�d� �s�i�n�g�l�e�-�c�e�l�l� �a�p�p�r�o�a�c�h�e�s�.� 

�1� �I�n�t�r�o�d�u�c�t�i�o�n� 

�H�o�r�i�z�o�n�t�a�l� �g�e�n�e� �t�r�a�n�s�f�e�r� �(�H�G�T�)� �i�s� �t�h�e� �e�x�c�h�a�n�g�e� �o�f� �g�e�n�e�t�i�c� �m�a�t�e�r�i�a�l� �a�n�d� �p�l�a�y�s� �a� 
�m�a�j�o�r� �r�o�l�e� �i�n� �g�e�n�e�t�i�c� �d�i�v�e�r�s�i�t�y� �o�f� �p�a�t�h�o�g�e�n�s� �(�L�a�w�r�e�n�c�e� �2�0�0�5�;� �D�a�u�b�i�n� �a�n�d� �S�z�o�l�l�o�s�i� 
�2�0�1�6�)�.� �T�h�e�r�e�f�o�r�e�,� �H�G�T� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �i�s� �t�h�o�u�g�h�t� �t�o� �l�e�a�d� �t�o� �h�o�s�t� �a�d�a�p�t�a�-� 
�t�i�o�n� �a�n�d� �f�i�t�n�e�s�s� �e�n�h�a�n�c�e�m�e�n�t�.� �T�h�e�r�e� �a�r�e� �t�h�r�e�e� �t�y�p�e�s� �o�f� �H�G�T�,� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�,� 
�c�o�n�j�u�g�a�t�i�o�n� �a�n�d� �p�h�a�g�e� �t�r�a�n�s�d�u�c�t�i�o�n� �(�F�i�g�.� �1�)�.� �D�u�r�i�n�g� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�,� �f�r�e�e� 
�e�n�v�i�r�o�n�m�e�n�t�a�l� �D�N�A� �i�s� �t�a�k�e�n� �u�p� �a�n�d� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �t�h�e� �g�e�n�o�m�e� �u�p�o�n� �h�o�m�o�l�o�g�o�u�s� 
�r�e�c�o�m�b�i�n�a�t�i�o�n� �o�r� �i�n� �c�a�s�e� �o�f� �p�l�a�s�m�i�d�s� �b�y� �p�l�a�s�m�i�d� �r�e�c�o�n�s�t�i�t�u�t�i�o�n� �a�n�d� �r�e�p�l�i�c�a�t�i�o�n�.� �F�r�e�e� 
�D�N�A� �m�i�g�h�t� �o�c�c�u�r� �i�n� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �b�y� �a�c�t�i�v�e� �s�e�c�r�e�t�i�o�n� �f�r�o�m� �b�a�c�t�e�r�i�a�l� �c�e�l�l�s� �o�r� �b�y� 
�c�e�l�l� �l�y�s�i�s�.� �C�o�n�j�u�g�a�t�i�o�n�,� �h�o�w�e�v�e�r�,� �i�s� �l�i�m�i�t�e�d� �t�o� �D�N�A� �e�x�c�h�a�n�g�e� �b�e�t�w�e�e�n� �d�o�n�o�r� �a�n�d� 
�r�e�c�i�p�i�e�n�t� �c�e�l�l�s� �b�e�i�n�g� �i�n� �p�h�y�s�i�c�a�l� �c�o�n�t�a�c�t� �w�i�t�h� �e�a�c�h� �o�t�h�e�r�.� �T�r�a�n�s�d�u�c�t�i�o�n� �d�e�s�c�r�i�b�e�s� �t�h�e� 
�g�e�n�e�t�i�c� �e�x�c�h�a�n�g�e� �m�e�d�i�a�t�e�d� �b�y� �b�a�c�t�e�r�i�o�p�h�a�g�e�s�.� �H�G�T� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �i�s� �t�h�e� �m�a�i�n� 
�d�r�i�v�i�n�g� �f�o�r�c�e� �f�o�r� �t�h�e� �o�u�t�s�t�a�n�d�i�n�g� �g�e�n�e�t�i�c� �d�i�v�e�r�s�i�t�y� �o�f� �t�h�i�s� �p�a�t�h�o�g�e�n� �(�W�i�l�s�o�n� �e�t� �a�l�.� 
�2�0�0�9�;� �S�h�e�p�p�a�r�d� �e�t� �a�l�.� �2�0�0�8�)�.� �I�n� �S�e�c�t�.� �2�,� �w�e� �d�i�s�c�u�s�s� �v�a�r�i�o�u�s� �H�G�T� �m�e�c�h�a�n�i�s�m�s� �i�n� 
�t�h�e�r�m�o�p�h�i�l�i�c� �C�a�m�p�y�l�o�b�a�c�t�e�r�,� �i�n�c�l�u�d�i�n�g� �C�.� �j�e�j�u�n�i�,� �C�.� �c�o�l�i� �a�n�d� �C�.� �l�a�r�i�,� �w�h�i�c�h� �a�r�e� �t�h�e� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�e�c�i�e�s� �m�o�s�t� �f�r�e�q�u�e�n�t�l�y� �i�m�p�l�i�c�a�t�e�d� �i�n� �h�u�m�a�n� �g�u�t� �d�i�s�e�a�s�e�.� 

�H�o�w�e�v�e�r�,� �g�e�n�e�t�i�c� �c�h�a�n�g�e�s� �h�a�r�b�o�r� �t�h�e� �r�i�s�k� �o�f� �h�a�r�m�f�u�l� �m�u�t�a�t�i�o�n�s� �o�r� �u�n�f�a�v�o�r�a�b�l�e� 
�c�h�r�o�m�o�s�o�m�a�l� �r�e�a�r�r�a�n�g�e�m�e�n�t�s� �f�o�r� �t�h�e� �b�a�c�t�e�r�i�a�.� �T�h�e�r�e�f�o�r�e�,� �m�e�c�h�a�n�i�s�m�s� �f�o�r� �t�h�e� �r�e�g�u�-� 
�l�a�t�i�o�n� �o�f� �D�N�A� �e�n�t�r�y� �a�n�d� �r�e�c�o�m�b�i�n�a�t�i�o�n� �i�n�t�o� �t�h�e� �b�a�c�t�e�r�i�a�l� �c�h�r�o�m�o�s�o�m�e� �c�o�-�e�v�o�l�v�e�d�.� 
�C�R�I�S�P�R�-�C�a�s� �c�a�n� �b�e� �c�o�n�s�i�d�e�r�e�d� �a�s� �t�h�e� �b�a�c�t�e�r�i�a�l� �i�m�m�u�n�e� �s�y�s�t�e�m� �p�r�o�t�e�c�t�i�n�g� �c�e�l�l�s� 
�f�o�r�m� �i�n�v�a�d�i�n�g� �b�a�c�t�e�r�i�o�p�h�a�g�e�s� �o�r� �p�l�a�s�m�i�d�s� �(�H�i�l�l�e� �e�t� �a�l�.� �2�0�1�8�)�.� �H�o�w�e�v�e�r�,� �o�t�h�e�r� �n�u�c�l�e�-� 
�a�s�e�s� �i�n�c�l�u�d�i�n�g� �r�e�s�t�r�i�c�t�i�o�n ��m�o�d�i�f�i�c�a�t�i�o�n� �s�y�s�t�e�m�s� �p�l�a�y� �a�n� �i�m�p�o�r�t�a�n�t� �r�o�l�e� �f�o�r� �l�i�m�i�t�i�n�g� 
�h�a�r�m�f�u�l� �t�r�a�n�s�f�e�r� �o�f� �g�e�n�e�t�i�c� �m�a�t�e�r�i�a�l� �i�n�t�o� �t�h�e� �f�o�o�d�b�o�r�n�e� �p�a�t�h�o�g�e�n� �a�n�d� �a�r�e� �d�i�s�c�u�s�s�e�d� 
�i�n� �S�e�c�t�.� �3�.� �N�e�v�e�r�t�h�e�l�e�s�s�,� �H�G�T� �b�e�a�r�s� �t�h�e� �a�d�v�a�n�t�a�g�e� �o�f� �r�a�p�i�d� �h�o�s�t� �a�d�a�p�t�a�t�i�o�n� �d�u�e� �t�o� 
�f�i�t�n�e�s�s� �e�n�h�a�n�c�e�m�e�n�t� �a�n�d�,� �e�.�g�.�,� �s�p�r�e�a�d� �o�f� �a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�c�e�s�.� �H�e�n�c�e�,� �i�n� �S�e�c�t�.� �4�,� �w�e� 
�f�o�c�u�s� �o�n� �t�h�e� �c�u�r�r�e�n�t� �k�n�o�w�l�e�d�g�e� �o�f� �i�n�t�e�r�s�p�e�c�i�e�s� �g�e�n�e� �t�r�a�n�s�f�e�r� �a�n�d� �a�c�q�u�i�s�i�t�i�o�n� �o�f� �n�o�v�e�l� 
�b�e�n�e�f�i�c�i�a�l� �g�e�n�e�t�i�c� �t�r�a�i�t�s� �i�n� �t�h�e�r�m�o�p�h�i�l�i�c� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�p�.� 
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�N�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� 

�b�y� �T�4� �©� �s�y�s�t�e�m� 
�g�r�o�u�p� �I�t� 

�m�o�t�i�l�i�t�y�-�d�e�p�e�n�d�e�n�t� � � � � � 

� � � 
�G�e�n�o�m�e� �e�v�o�l�u�t�i�o�n�:� 

�n�e� �a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�c�e�s� 
�C�o�n�j�u�g�a�t�i�o�n� �b�y� �T�4�S�S� �v�i�r�u�l�e�n�c�e� �t�r�a�i�t�s� 

�s�t�r�e�s�s� �p�e�r�s�i�s�t�a�n�c�e� 
�e�n�h�a�n�c�e�d� �f�i�t�n�e�s�s� 

�F�i�g�.� �1� �O�v�e�r�v�i�e�w� �o�f� �h�o�r�i�z�o�n�t�a�l� �g�e�n�e� �t�r�a�n�s�f�e�r� �(�H�G�T�)� �m�e�c�h�a�n�i�s�m�s�,� �g�e�n�e�t�i�c� �b�a�r�r�i�e�r�s� �a�n�d� �i�m�p�a�c�t� 
�o�n� �p�a�t�h�o�g�e�n� �a�d�a�p�t�a�t�i�o�n�.� �T�h�e� �t�h�r�e�e� �m�e�c�h�a�n�i�s�m�s� �o�f� �H�G�T� �a�r�e� �d�e�p�i�c�t�e�d� �f�o�r� �t�h�e�r�m�o�p�h�i�l�i�c� �C�a�m�p�y�-� 
�l�o�b�a�c�t�e�r� �s�p�p�.� �N�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� �f�r�e�e� �e�x�t�e�r�n�a�l� �D�N�A� �(�i�n� �g�r�e�e�n�)� �o�c�c�u�r�s� �v�i�a� �a� �t�y�p�e� �I�I� �s�e�c�r�e�t�i�o�n�/�T�4� 
�p�i�l�i� �s�y�s�t�e�m�,� �w�h�i�c�h� �d�i�s�p�l�a�y�s� �h�o�m�o�l�o�g�y� �t�o� �t�h�e� �c�o�m�p�e�t�e�n�c�e� �m�a�c�h�i�n�e�r�y� �o�f� �N�e�i�s�s�e�r�i�a� �(�d�e�t�a�i�l�e�d� �i�n� �F�i�g�.� �2�)�.� 
�T�r�a�n�s�f�e�r� �o�f� �p�l�a�s�m�i�d�s� �v�i�a� �c�o�n�j�u�g�a�t�i�o�n� �(�i�n� �b�l�u�e�)� �i�s� �m�e�d�i�a�t�e�d� �b�y� �t�y�p�e� �I�V� �s�e�c�r�e�t�i�o�n� �s�y�s�t�e�m�s� �(�T�4�S�S�)� 
�i�n� �d�i�r�e�c�t� �c�e�l�l�-�c�e�l�l� �c�o�n�t�a�c�t�.� �T�w�o� �m�a�i�n� �c�l�a�s�s�e�s� �o�f� �b�a�c�t�e�r�i�o�p�h�a�g�e�s� �o�f� �t�h�e� �f�a�m�i�l�y� �M�y�o�v�i�r�i�d�a�e� �m�e�d�i�a�t�e� 
�g�e�n�e�t�i�c� �d�i�v�e�r�s�i�t�y� �b�y� �t�r�a�n�s�d�u�c�t�i�o�n� �(�i�n� �r�e�d�)�.� �T�h�e� �F�l�e�t�c�h�e�r�v�i�r�u�s�e�s�,� �g�r�o�u�p� �I�I�T�,� �C�P�8�-�l�i�k�e� �p�h�a�g�e�s� �d�e�p�e�n�d� �o�n� 
�c�a�p�s�u�l�a�r� �p�o�l�y�s�a�c�c�h�a�r�i�d�e� �(�C�P�S�)� �m�o�d�i�f�i�c�a�t�i�o�n�s� �a�s� �r�e�c�e�p�t�o�r� �f�o�r� �h�o�s�t� �e�n�t�r�y�.� �T�h�e� �F�i�r�e�h�a�m�m�e�r�,� �g�r�o�u�p� �I�I�,� 
�C�P�2�2�0�-�l�i�k�e� �p�h�a�g�e�s� �n�e�e�d� �m�o�t�i�l�e� �b�a�c�t�e�r�i�a� �f�o�r� �i�n�f�e�c�t�i�o�n�.� �C�a�m�p�y�l�o�b�a�c�t�e�r� �l�i�m�i�t�s� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� 
�b�y� �s�e�l�e�c�t�i�o�n� �o�f� �D�N�A� �f�r�o�m� �r�e�l�a�t�i�v�e�s� �h�a�r�b�o�r�i�n�g� �a� �m�e�t�h�y�l�a�t�e�d� �R�A!"�°� �A�T�T�Y� �p�r�o�f�i�l�e�,� �p�r�o�v�i�d�e�d� �b�y� �a�c�t�i�v�i�t�y� 
�o�f� �t�h�e� �C�t�s�M� �m�e�t�h�y�l�a�s�e�.� �P�e�r�i�p�l�a�s�m�i�c� �n�u�c�l�e�a�s�e�s� �a�n�d� �c�y�t�o�p�l�a�s�m�i�c� �r�e�s�t�r�i�c�t�i�o�n ��m�o�d�i�f�i�c�a�t�i�o�n� �s�y�s�t�e�m�s� �a�s� 
�w�e�l�l� �a�s� �t�h�e� �C�R�I�S�P�R�-�C�a�s� �t�y�p�e� �I�I�-�C� �s�y�s�t�e�m� �p�r�o�v�i�d�e� �a�d�d�i�t�i�o�n�a�l� �b�a�r�r�i�e�r�s� �f�o�r� �i�n�c�o�m�i�n�g� �D�N�A�.� �H�G�T� �l�e�a�d�s� 
�t�o� �f�r�e�q�u�e�n�t� �h�o�m�o�l�o�g�o�u�s� �a�n�d� �r�a�r�e� �n�o�n�-�h�o�m�o�l�o�g�o�u�s� �r�e�c�o�m�b�i�n�a�t�i�o�n� �o�f� �g�e�n�e�t�i�c� �m�a�t�e�r�i�a�l�,� �a�c�q�u�i�s�i�t�i�o�n� 
�o�f� �p�l�a�s�m�i�d�s� �a�n�d�/�o�r� �r�e�a�r�r�a�n�g�e�m�e�n�t�s� �o�f� �c�h�r�o�m�o�s�o�m�a�l� �l�o�c�i�,� �w�h�i�c�h� �i�n� �t�u�r�n� �s�h�a�p�e�s� �g�e�n�o�m�e� �e�v�o�l�u�t�i�o�n�.� 
�H�e�n�c�e�,� �C�a�m�p�y�l�o�b�a�c�t�e�r� �p�o�p�u�l�a�t�i�o�n�s� �g�e�n�e�t�i�c�a�l�l�y� �d�i�v�e�r�s�i�f�y� �p�r�o�v�i�d�i�n�g� �p�r�e�a�d�a�p�t�a�t�i�o�n� �t�o� �c�h�a�n�g�i�n�g� �e�n�v�i�-� 
�r�o�n�m�e�n�t�s�,� �s�u�c�h� �a�s� �p�r�e�s�e�n�c�e� �o�f� �a�n�t�i�m�i�c�r�o�b�i�a�l�s�,� �s�w�i�t�c�h� �o�f� �h�o�s�t�s� �a�n�d� �e�n�v�i�r�o�n�m�e�n�t�a�l� �s�t�r�e�s�s�,� �t�h�e�r�e�b�y� 
�e�n�h�a�n�c�i�n�g� �t�h�e� �b�a�c�t�e�r�i�u�m ��s� �o�v�e�r�a�l�l� �f�i�t�n�e�s�s� �f�o�r� �s�u�r�v�i�v�a�l� �a�n�d� �t�r�a�n�s�m�i�s�s�i�o�n� 

�2� �M�e�c�h�a�n�i�s�m�s� �o�f� �H�o�r�i�z�o�n�t�a�l� �G�e�n�e� �T�r�a�n�s�f�e�r� 

�M�o�s�t� �s�t�u�d�i�e�s� �a�r�e� �b�a�s�e�d� �o�n� �c�l�a�s�s�i�c�a�l� �a�p�p�r�o�a�c�h�e�s�,� �i�n� �w�h�i�c�h� �H�G�T� �i�s� �f�o�l�l�o�w�e�d� �u�s�i�n�g� �a� 
�s�e�l�e�c�t�i�v�e� �m�a�r�k�e�r� �a�n�d� �p�h�e�n�o�t�y�p�i�c� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �r�e�s�u�l�t�i�n�g� �b�a�c�t�e�r�i�a�l� �c�o�l�o�n�i�e�s� �a�f�t�e�r� 
�i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �t�h�e� �t�r�a�n�s�f�e�r�r�e�d� �m�a�r�k�e�r� �g�e�n�e� �(�T�a�b�l�e� �1�,� �f�i�r�s�t� �c�o�l�u�m�n�)�.� �T�h�e� �e�n�o�r�m�o�u�s� 
�c�a�p�a�c�i�t�y� �o�f� �t�r�a�n�s�f�e�r� �o�f� �a� �c�h�l�o�r�a�m�p�h�e�n�i�c�o�l� �s�e�l�e�c�t�i�o�n� �m�a�r�k�e�r� �b�y� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�-� 
�t�i�o�n� �i�n� �C�.� �j�e�j�u�n�i� �w�a�s� �i�m�p�r�e�s�s�i�v�e�l�y� �s�h�o�w�n� �b�y� �e�s�t�a�b�l�i�s�h�i�n�g� �a� �p�l�a�t�e� �D�N�A� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� 
�a�s�s�a�y�s� �f�o�r� �s�c�r�e�e�n�i�n�g� �m�u�t�a�n�t�s� �(�W�i�e�s�n�e�r� �e�t� �a�l�.� �2�0�0�3�)�.� �T�h�e� �p�r�i�n�c�i�p�l�e� �o�f� �t�h�e� �a�s�s�a�y� �w�a�s� �t�h�e� 
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�T�a�b�l�e� �1� �O�v�e�r�v�i�e�w� �o�n� �e�x�p�e�r�i�m�e�n�t�a�l� �a�p�p�r�o�a�c�h�e�s� 
�e�v�o�l�u�t�i�o�n�a�r�y� �i�m�p�a�c�t� 

�J�.� �C�.� �G�o�l�z� �a�n�d� �K�.� �S�t�i�n�g�]� 

�t�o� �d�e�c�i�p�h�e�r� �H�G�T� �m�e�c�h�a�n�i�s�m�s� �i�n� �b�a�c�t�e�r�i�a� �a�n�d� 

� � 

�C�l�a�s�s�i�c�a�l� �a�p�p�r�o�a�c�h�e�s� �S�i�n�g�l�e�-�c�e�l�l� �a�s�s�a�y�s� �W�h�o�l�e�-�g�e�n�o�m�e� �s�e�q�u�e�n�c�i�n�g� 
� � 

� � 

� � 
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�P�r�i�n�c�i�p�l�e� �T�r�a�n�s�f�e�r� �o�f� �(�a�n�t�i�b�i�o�t�i�c�)� �U�p�t�a�k�e� �o�f� �(�f�l�u�o�r�e�s�c�e�n�t�l�y�)� �|� �B�i�o�i�n�f�o�r�m�a�t�i�c� �a�n�a�l�y�s�i�s� �o�f� 

�m�a�r�k�e�r�s� �f�o�r� �p�h�e�n�o�t�y�p�i�c� �l�a�b�e�l�e�d� �D�N�A� �a�n�d� �w�h�o�l�e� �g�e�n�o�m�e� �b�e�f�o�r�e�/�a�f�t�e�r� 

�s�e�l�e�c�t�i�o�n� �e�p�i�f�l�u�o�r�e�s�c�e�n�t� �o�r� �e�l�e�c�t�r�o�n� �|� �g�e�n�e� �t�r�a�n�s�f�e�r� 

�m�i�c�r�o�s�c�o�p�y� 

�(�b�a�c�t�e�r�i�o�p�h�a�g�e�,� 

�c�o�n�j�u�g�a�t�i�o�n�)� 

�M�e�t�h�o�d�s� �M�i�x�t�u�r�e� �o�f� �d�o�n�o�r�/�r�e�c�i�p�i�e�n�t� �|� �A�d�d�i�t�i�o�n� �o�f� �f�l�u�o�r�e�s�c�e�n�t�l�y� �|� �D�N�A� �e�x�t�r�a�c�t�i�o�n� �f�r�o�m� �f�i�e�l�d� 

�c�e�l�l�s�,� �a�d�d�i�t�i�o�n� �o�f� �f�r�e�e� �D�N�A� �|� �l�a�b�e�l�e�d� �D�N�A�,� �s�t�r�a�i�n�s� �o�r� �a�f�t�e�r� �i�n� �v�i�t�r�o� �g�e�n�e� 

�o�r� �b�a�c�t�e�r�i�o�p�h�a�g�e�s� �d�o�n�o�r�/�r�e�c�i�p�i�e�n�t� �c�e�l�l�s� �o�r� �t�r�a�n�s�f�e�r� �e�v�e�n�t�s�;� �F�r�a�g�m�e�n�t� 

�b�a�c�t�e�r�i�o�p�h�a�g�e�s� �l�i�b�r�a�r�y� �p�r�e�p�a�r�a�t�i�o�n� 

�A�n�a�l�y�s�i�s� �S�e�l�e�c�t�i�o�n� �w�i�t�h� �a�n�t�i�m�i�c�r�o�b�i�a�l� �|� �A�n�a�l�y�s�i�s� �w�i�t�h� �f�l�u�o�r�e�s�c�e�n�c�e� �|� �M�i�S�e�q�,� �N�e�x�t�S�e�q�,� �P�a�c�B�i�o�;� 

�a�g�e�n�t�;� �p�h�e�n�o�t�y�p�i�c� �m�i�c�r�o�s�c�o�p�e� �o�r� �b�y� �T�E�M� �A�n�a�l�y�s�i�s�:� �K�-�m�e�r�,� �S�N�P� �o�r� 

�c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �w�i�t�h�/�w�i�t�h�o�u�t� �a�n�t�i�b�o�d�i�e�s� �c�g�M�L�S�T� �a�n�a�l�y�s�i�s� �f�o�r� 

�p�h�y�l�o�g�e�n�y�;� �a�n�n�o�t�a�t�i�o�n� 

�t�o�o�l�s� 

�R�e�a�d�o�u�t� �N�u�m�b�e�r� �o�f� �C�F�U� �w�i�t�h� �M�i�c�r�o�s�c�o�p�i�c� �p�h�o�t�o� �f�o�r� �G�e�n�o�m�e� �d�i�v�e�r�s�i�t�y�;� 

�m�a�r�k�e�r� �v�s�.� �t�o�t�a�l� �C�F�U�;� �l�o�c�a�l�i�z�a�t�i�o�n� �o�f� �g�e�n�e� �r�e�c�o�m�b�i�n�a�t�i�o�n� �f�r�e�q�u�e�n�c�y�;� 

�f�r�e�q�u�e�n�c�y� �o�f� �g�e�n�e� �t�r�a�n�s�f�e�r� �|� �t�r�a�n�s�f�e�r�;� �d�e�t�e�c�t�i�o�n� �a�n�d� �c�h�r�o�m�o�s�o�m�a�l� 

�q�u�a�n�t�i�f�i�c�a�t�i�o�n� �o�f� �g�e�n�e� �r�e�a�r�r�a�n�g�e�m�e�n�t�s�;� 

�t�r�a�n�s�f�e�r� �i�n� �s�i�n�g�l�e� �c�e�l�l�s� �v�i�r�u�l�e�n�c�e�/�a�n�t�i�b�i�o�t�i�c� 

�r�e�s�i�s�t�a�n�c�e� �d�e�t�e�r�m�i�n�a�n�t�s� 
� � 

�P�o�w�e�r�/�a�d�v�a�n�t�a�g�e� �o�f� �D�e�t�e�c�t�i�o�n� �a�n�d� �q�u�a�n�t�i�f�i�c�a�t�i�o�n� �L�o�c�a�l�i�z�a�t�i�o�n� �o�f� �H�i�g�h� �t�h�r�o�u�g�h�p�u�t� �m�e�t�h�o�d�;� 

� � 

�a�p�p�r�o�a�c�h� �o�f� �t�h�e� �f�i�n�a�l� �r�e�s�u�l�t� �o�f� �g�e�n�e� �c�o�m�p�o�n�e�n�t�s� �f�o�r� �g�e�n�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �m�u�l�t�i�p�l�e� 

�t�r�a�n�s�f�e�r� �p�r�o�c�e�s�s�e�s� �t�r�a�n�s�f�e�r� �v�i�s�i�b�l�e� �a�t� �g�e�n�e� �t�r�a�n�s�f�e�r� �e�v�e�n�t�s� �a�n�d� 

�s�i�n�g�l�e�-�c�e�l�l� �l�e�v�e�l�;� �d�i�r�e�c�t� �i�m�p�a�c�t� �o�f� �g�e�n�e� �t�r�a�n�s�f�e�r� �o�n� 

�m�o�n�i�t�o�r�i�n�g� �o�f� �d�i�f�f�e�r�e�n�t� �w�h�o�l�e� �b�a�c�t�e�r�i�u�m�/�b�a�c�t�e�r�i�a�l� 

�s�t�e�p�s� �o�f� �g�e�n�e� �t�r�a�n�s�f�e�r� �p�o�p�u�l�a�t�i�o�n� 
�p�o�s�s�i�b�l�e�;� �p�a�r�a�m�e�t�e�r�s� �f�o�r� 

�i�n�d�u�c�t�i�o�n� �o�f� �g�e�n�e� �t�r�a�n�s�f�e�r� 
�c�a�n� �b�e� �i�d�e�n�t�i�f�i�e�d� 

�D�r�a�w�b�a�c�k�/�d�i�s�a�d�v�a�n�t�a�g�e� �o�f� �|� �R�e�a�d�o�u�t� �d�o�e�s� �n�o�t� �A�c�c�e�s�s�i�b�i�l�i�t�y�/�v�i�s�i�b�i�l�i�t�y� �o�f� �|� �M�e�c�h�a�n�i�s�m�s� �o�f� �g�e�n�e� 

�a�p�p�r�o�a�c�h� �d�i�s�t�i�n�g�u�i�s�h� �b�e�t�w�e�e�n� �D�N�A� �d�u�r�i�n�g� �t�r�a�n�s�f�e�r� �t�r�a�n�s�f�e�r� �a�r�e� �o�n�l�y� �i�n�d�i�r�e�c�t�l�y� � � �d�i�f�f�e�r�e�n�t� �s�t�e�p�s� �o�f� �g�e�n�e� 

�t�r�a�n�s�f�e�r�,� �C�F�U� �i�s� �b�i�a�s�e�d� �d�u�e� 
�t�o� �f�a�s�t�i�d�i�o�u�s� �n�a�t�u�r�e� �o�f� 

�C�a�m�p�y�l�o�b�a�c�t�e�r� 

�l�i�m�i�t�e�d�;� �d�e�t�e�c�t�i�o�n� �a�n�d� 
�q�u�a�n�t�i�f�i�c�a�t�i�o�n� �n�e�e�d� 
�d�i�f�f�e�r�e�n�t�i�a�l� �a�p�p�r�o�a�c�h�e�s� �f�o�r� 

�v�i�s�u�a�l�i�z�a�t�i�o�n� � � �v�i�s�i�b�l�e� � � 
� � 

�T�E�M�,� �t�r�a�n�s�m�i�s�s�i�o�n� �e�l�e�c�t�r�o�n� �m�i�c�r�o�s�c�o�p�y�;� �M�i�S�e�q� �a�n�d� �N�e�x�t�S�e�q�,� �m�i�d�d�l�e�-�s�c�a�l�e� �a�n�d� �l�a�r�g�e�-�s�c�a�l�e� �s�h�o�r�t�-�r�e�a�d�,� �m�a�s�s�i�v�e� �p�a�r�a�l�l�e�l� 

�w�h�o�l�e�-�g�e�n�o�m�e� �s�e�q�u�e�n�c�i�n�g� �m�e�t�h�o�d�s� �o�f� �I�l�l�u�m�i�n�a�;� �P�a�c�B�i�o�,� �s�i�n�g�l�e�-�m�o�l�e�c�u�l�e� �r�e�a�l�-�t�i�m�e� �s�e�q�u�e�n�c�i�n�g� �t�e�c�h�n�i�q�u�e� �o�f� �P�a�c�i�f�i�c� 

�B�i�o�s�c�i�e�n�c�e�s�;� �S�N�P�,� �s�i�n�g�l�e� �n�u�c�l�e�o�t�i�d�e� �p�o�l�y�m�o�r�p�h�i�s�m�;� �c�g�M�L�S�T�,� �c�o�r�e� �g�e�n�o�m�e� �m�u�l�l�t�i�-�l�o�c�u�s� �s�e�q�u�e�n�c�e� �t�y�p�i�n�g�;� �C�F�U�,� �c�o�l�o�n�y�-� 

�f�o�r�m�i�n�g� �u�n�i�t�s� 

�s�p�r�e�a�d�i�n�g� �o�f� �a� �c�o�u�n�t�a�b�l�e� �n�u�m�b�e�r� �o�f� �C�.� �j�e�j�u�n�i� �c�e�l�l�s� �o�n� �a�n� �a�g�a�r� �p�l�a�t�e�,� �w�h�i�c�h� �h�a�d� �b�e�e�n� 
�o�v�e�r�l�a�i�d� �b�y� �2�.�5� �j�1�g� �o�f� �t�r�a�n�s�f�o�r�m�i�n�g� �D�N�A�,� �h�a�r�b�o�r�i�n�g� �a� �g�i�v�e�n� �s�e�l�e�c�t�i�o�n� �m�a�r�k�e�r�.� �A�f�t�e�r� 
�t�w�o� �d�a�y�s� �o�f� �g�r�o�w�t�h�,� �b�a�c�t�e�r�i�a�l� �c�o�l�o�n�i�e�s� �w�e�r�e� �p�a�t�c�h�e�d� �o�n� �a�g�a�r� �p�l�a�t�e�s� �w�i�t�h� �a�n�d� �w�i�t�h�o�u�t� 
�a�n�t�i�b�i�o�t�i�c�.� �I�n�t�r�i�g�u�i�n�g�l�y�,� �t�h�e� �a�u�t�h�o�r�s� �o�b�s�e�r�v�e�d� �t�h�a�t� �n�e�a�r�l�y� �a�l�l� �c�o�l�o�n�i�e�s� �c�o�m�p�r�i�s�e�d� �t�r�a�n�s�-� 
�f�o�r�m�e�d� �c�e�l�l�s�.� �A�s�s�u�m�i�n�g� �g�r�o�w�t�h� �f�r�o�m� �s�i�n�g�l�e� �c�e�l�l�s� �t�o� �v�i�s�i�b�l�e� �c�o�l�o�n�i�e�s� �o�f� �a�r�o�u�n�d� �1�0�°�-�1�0 �� 
�c�e�l�l�s�,� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�c�c�u�r�r�e�d� �w�i�t�h�i�n� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2�0�-�2�5� �g�e�n�e�r�a�t�i�o�n�s�.� �T�w�o� 
�d�a�y�s� �o�f� �i�n�c�u�b�a�t�i�o�n� �w�e�r�e� �s�u�f�f�i�c�i�e�n�t� �t�o� �g�e�n�e�r�a�t�e� �a� �b�a�c�t�e�r�i�a�l� �p�o�p�u�l�a�t�i�o�n� �w�i�t�h� �a�d�e�q�u�a�t�e� 
�c�a�p�a�c�i�t�y� �o�f� �a�d�a�p�t�i�v�e� �s�u�r�v�i�v�a�l� �b�a�s�e�d� �o�n� �a� �f�o�r�m�e�r� �s�i�n�g�l�e� �c�e�l�l�.� �T�h�e� �f�i�n�a�l� �r�e�s�u�l�t� �o�f� �H�G�T� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�N�a�t�u�r�a�l� �C�o�m�p�e�t�e�n�c�e� �a�n�d� �H�o�r�i�z�o�n�t�a�l� �G�e�n�e� �T�r�a�n�s�f�e�r� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �2�6�9� 

�i�s� �m�o�n�i�t�o�r�e�d� �i�n� �c�l�a�s�s�i�c�a�l� �a�p�p�r�o�a�c�h�e�s� �b�u�t� �t�h�e� �r�e�a�d�o�u�t� �c�a�n�n�o�t� �d�i�s�t�i�n�g�u�i�s�h� �b�e�t�w�e�e�n� 
�d�i�f�f�e�r�e�n�t� �s�t�e�p�s� �o�f� �g�e�n�e� �t�r�a�n�s�f�e�r�.� �F�u�r�t�h�e�r�m�o�r�e�,� �i�n� �s�o�m�e� �s�e�t�t�i�n�g�s� �i�n� �w�h�i�c�h� �t�h�e� �c�e�l�l�s� 
�a�r�e� �e�x�p�o�s�e�d� �t�o� �s�t�r�e�s�s� �c�o�n�d�i�t�i�o�n�s�,� �t�h�e� �p�a�r�a�m�e�t�e�r� �c�o�l�o�n�y�-�f�o�r�m�i�n�g� �u�n�i�t�s� �(�C�F�U�)� �c�a�n� �b�e� 
�b�i�a�s�e�d� �d�u�e� �t�o� �t�h�e� �f�a�s�t�i�d�i�o�u�s� �n�a�t�u�r�e� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�p�.� �a�n�d� �m�i�g�h�t� �n�o�t� �r�e�f�l�e�c�t� �f�u�l�l� 
�c�a�p�a�c�i�t�y� �o�f� �g�e�n�e� �t�r�a�n�s�f�e�r�.� 

�S�i�n�g�l�e�-�c�e�l�l� �a�p�p�r�o�a�c�h�e�s� �h�a�v�e� �t�h�e� �a�d�v�a�n�t�a�g�e� �o�f� �d�i�s�s�e�c�t�i�n�g� �d�i�f�f�e�r�e�n�t� �s�t�e�p�s� �o�f� �H�G�T� �a�n�d� 
�t�o� �l�o�c�a�l�i�z�e� �D�N�A� �u�p�t�a�k�e�/�t�r�a�n�s�f�e�r� �c�o�m�p�l�e�x�e�s� �(�T�a�b�l�e� �1�,� �s�e�c�o�n�d� �c�o�l�u�m�n�)�.� �T�h�e� �d�e�t�e�c�t�i�o�n� 

�a�n�d� �q�u�a�n�t�i�f�i�c�a�t�i�o�n� �o�f� �g�e�n�e� �t�r�a�n�s�f�e�r� �a�r�e� �f�e�a�s�i�b�l�e� �a�t� �t�h�e� �l�e�v�e�l� �o�f� �s�i�n�g�l�e� �c�e�l�l�s�,� �d�i�s�p�l�a�y�i�n�g� 
�p�h�e�n�o�t�y�p�i�c� �h�e�t�e�r�o�g�e�n�e�i�t�y�.� �P�a�r�a�m�e�t�e�r�s� �f�o�r� �i�n�d�u�c�t�i�o�n� �o�f� �g�e�n�e� �t�r�a�n�s�f�e�r� �c�a�n� �m�o�r�e� �d�i�r�e�c�t�l�y� 
�b�e� �i�d�e�n�t�i�f�i�e�d�,� �s�i�n�c�e� �t�h�e� �a�s�s�a�y� �d�o�e�s� �n�o�t� �d�e�p�e�n�d� �o�n� �t�h�e� �c�o�m�p�l�e�t�e� �p�r�o�c�e�s�s� �i�n�c�l�u�d�i�n�g� �t�h�e� 
�i�n�c�o�r�p�o�r�a�t�i�o�n� �a�n�d� �e�x�p�r�e�s�s�i�o�n� �o�f� �a� �m�a�r�k�e�r� �g�e�n�e�.� �H�o�w�e�v�e�r�,� �a�c�c�e�s�s�i�b�i�l�i�t�y� �a�n�d�,� �t�h�u�s�,� 
�v�i�s�i�b�i�l�i�t�y� �o�f� �D�N�A� �d�u�r�i�n�g� �t�h�e� �t�r�a�n�s�f�e�r� �e�v�e�n�t� �a�r�e� �l�i�m�i�t�e�d�.� �F�o�r� �e�x�a�m�p�l�e�,� �c�o�v�a�l�e�n�t�l�y� 
�l�a�b�e�l�e�d� �D�N�A� �c�a�n� �o�n�l�y� �b�e� �f�o�l�l�o�w�e�d� �i�n�t�o� �t�h�e� �p�e�r�i�p�l�a�s�m� �a�n�d� �t�r�a�n�s�f�e�r� �o�f� �D�N�A� �i�n�t�o� �t�h�e� 
�c�y�t�o�p�l�a�s�m� �i�s� �o�n�l�y� �i�n�d�i�r�e�c�t�l�y� �m�o�n�i�t�o�r�e�d� �b�y� �d�i�s�a�p�p�e�a�r�a�n�c�e� �o�f� �f�l�u�o�r�e�s�c�e�n�c�e� �o�f� �n�o�n�-� 
�c�o�v�a�l�e�n�t�l�y� �l�a�b�e�l�e�d� �D�N�A� �(�S�t�i�n�g�]� �e�t� �a�l�.� �2�0�1�0�)�.� �F�o�r� �c�o�n�j�u�g�a�t�i�o�n� �a�n�d� �t�r�a�n�s�d�u�c�t�i�o�n�,� �D�N�A� 

�i�s� �s�t�e�a�d�i�l�y� �p�r�o�t�e�c�t�e�d� �w�i�t�h�i�n� �b�i�o�l�o�g�i�c�a�l� �c�o�m�p�a�r�t�m�e�n�t�s�,� �a�n�d� �t�h�e� �d�e�t�e�c�t�i�o�n� �b�y� �a�n�t�i�b�o�d�i�e�s� 
�u�s�i�n�g� �t�r�a�n�s�m�i�s�s�i�o�n� �e�l�e�c�t�r�o�n� �m�i�c�r�o�s�c�o�p�y� �(�T�E�M�)� �i�s� �a� �s�t�o�c�h�a�s�t�i�c� �e�v�e�n�t�.� �T�h�u�s�,� �d�i�f�f�e�r�e�n�-� 
�t�i�a�l� �a�p�p�r�o�a�c�h�e�s� �c�o�m�b�i�n�e�d� �w�i�t�h� �t�h�e� �c�o�n�s�t�r�u�c�t�i�o�n� �a�n�d� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �m�u�t�a�n�t�s� �a�r�e� 
�n�e�c�e�s�s�a�r�y� �f�o�r� �c�o�m�p�l�e�t�e� �m�o�n�i�t�o�r�i�n�g� �a�n�d� �q�u�a�n�t�i�f�i�c�a�t�i�o�n� �o�f� �D�N�A� �t�r�a�n�s�f�e�r�.� 

�A� �r�e�c�e�n�t� �a�p�p�r�o�a�c�h� �f�o�c�u�s�s�e�s� �o�n� �w�h�o�l�e�-�g�e�n�o�m�e� �a�n�a�l�y�s�i�s� �i�n� �o�r�d�e�r� �t�o� �m�o�n�i�t�o�r� �t�h�e� 
�o�v�e�r�a�l�l� �e�f�f�e�c�t�s� �o�f� �H�G�T� �o�n� �p�o�p�u�l�a�t�i�o�n� �d�y�n�a�m�i�c�s� �(�T�a�b�l�e� �|�,� �t�h�i�r�d� �c�o�l�u�m�n�)�.� �D�i�f�f�e�r�e�n�t� 
�p�l�a�t�f�o�r�m�s� �f�o�r� �w�h�o�l�e�-�g�e�n�o�m�e� �s�e�q�u�e�n�c�i�n�g� �a�r�e� �u�s�e�d� �a�n�d� �q�u�a�l�i�t�y� �a�s� �w�e�l�l� �a�s� �i�n�t�e�r�p�r�e�-� 
�t�a�t�i�o�n� �p�a�r�a�m�e�t�e�r�s� �a�r�e� �c�u�r�r�e�n�t�l�y� �h�a�r�m�o�n�i�z�e�d� �i�n� �o�r�d�e�r� �t�o� �o�p�t�i�m�a�l�l�y� �c�o�m�p�a�r�e� �d�a�t�a�s�e�t�s� 
�o�f� �d�i�f�f�e�r�e�n�t� �l�a�b�o�r�a�t�o�r�i�e�s�.� �I�d�e�a�l�l�y�,� �a�l�l� �t�h�r�e�e� �a�p�p�r�o�a�c�h�e�s� �a�r�e� �c�o�m�b�i�n�e�d� �t�o� �r�e�v�e�a�l� �t�h�e� 
�c�o�m�p�l�e�t�e� �p�r�o�c�e�s�s� �a�n�d� �i�m�p�a�c�t� �o�f� �H�G�T� �i�n� �t�h�e� �f�o�o�d�b�o�m�e� �p�a�t�h�o�g�e�n�.� 

�2�.�1� �N�a�t�u�r�a�l� �T�r�a�n�s�f�o�r�m�a�t�i�o�n� �a�n�d� �U�p�t�a�k�e� �o�f� �F�r�e�e� �D�N�A� 

�N�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �w�a�s� �f�i�r�s�t� �d�i�s�c�o�v�e�r�e�d� �a�l�m�o�s�t� �o�n�e� �c�e�n�t�u�r�y� �a�g�o� �i�n� �S�t�r�e�p�t�o�c�o�c�c�u�s� 
�p�n�e�u�m�o�n�i�a�e�,� �w�h�e�n� �p�h�e�n�o�t�y�p�i�c� �c�h�a�n�g�e�s� �u�p�o�n� �a�d�d�i�t�i�o�n� �o�f� �h�e�a�t�-�i�n�a�c�t�i�v�a�t�e�d� �v�i�r�u�l�e�n�t� 
�b�a�c�t�e�r�i�a� �t�o� �a� �r�e�c�i�p�i�e�n�t� �n�o�n�-�v�i�r�u�l�e�n�t� �c�u�l�t�u�r�e� �w�e�r�e� �o�b�s�e�r�v�e�d� �(�G�r�i�f�f�i�t�h� �1�9�2�8�)�.� �A�v�e�r�y� �a�n�d� 
�c�o�l�l�e�a�g�u�e�s� �(�1�9�4�4�)� �p�i�n�p�o�i�n�t�e�d� �t�h�e� �t�r�a�n�s�f�o�r�m�i�n�g� �a�g�e�n�t� �a�s� �D�N�A�.� �T�h�e� �t�e�r�m�  ��c�o�m�p�e�-� 
�t�e�n�c�e �� �d�e�p�i�c�t�s� �t�h�e� �s�t�a�t�e�,� �i�n� �w�h�i�c�h� �c�e�l�l�s� �a�r�e� �a�b�l�e� �t�o� �t�a�k�e� �u�p� �f�r�e�e� �D�N�A� �a�n�d� �n�a�t�u�r�a�l�l�y� 
�t�r�a�n�s�f�o�r�m�,� �i�.�e�.�,� �i�n�t�e�g�r�a�t�e� �g�e�n�e�t�i�c� �m�a�t�e�r�i�a�l� �i�n�t�o� �t�h�e�i�r� �g�e�n�o�m�e� �o�r� �r�e�p�l�i�c�a�t�e� �e�p�i�c�h�r�o�m�o�-� 
�s�o�m�a�l� �e�l�e�m�e�n�t�s� �a�u�t�o�n�o�m�o�u�s�l�y�.� �P�o�t�e�n�t�i�a�l� �b�e�n�e�f�i�t�s� �o�f� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �i�n�c�l�u�d�e� 
�t�h�e� �r�e�p�a�i�r� �o�f� �m�u�t�a�t�i�o�n�s� �b�y� �i�n�c�o�m�i�n�g� �h�o�m�o�l�o�g�o�u�s� �D�N�A� �a�n�d� �t�h�e� �a�c�q�u�i�s�i�t�i�o�n� �o�f� �n�e�w� 
�g�e�n�e�s� �a�n�d�,� �t�h�e�r�e�f�o�r�e�,� �n�e�w� �f�u�n�c�t�i�o�n�s�,� �e�.�g�.�,� �a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�c�e� �g�e�n�e�s� �o�r� �v�i�r�u�l�e�n�c�e� 
�f�a�c�t�o�r�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �D�N�A� �m�i�g�h�t� �s�e�r�v�e� �a�s� �n�u�t�r�i�e�n�t� �s�u�p�p�l�y� �b�y� �o�f�f�e�r�i�n�g� �a� �r�e�s�e�r�v�o�i�r� 
�f�o�r� �r�e�c�y�c�l�i�n�g� �o�f� �n�u�c�l�e�o�t�i�d�e�s�.� �B�e�s�i�d�e�s� �e�x�t�r�a�c�e�l�l�u�l�a�r� �D�N�A� �m�i�g�h�t� �s�e�r�v�e� �a�s� �a� �m�a�t�r�i�x� 
�f�o�r� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �b�i�o�f�i�l�m�s� �a�n�d� �c�a�n� �e�n�h�a�n�c�e� �p�e�r�s�i�s�t�e�n�c�e� �o�f� �t�h�e� �p�a�t�h�o�g�e�n� �o�u�t�s�i�d�e� 
�t�h�e� �h�o�s�t� �(�F�e�n�g� �e�t� �a�l�.� �2�0�1�8�;� �S�v�e�n�s�s�o�n� �e�t� �a�l�.� �2�0�1�4�)�.� �F�o�r� �c�o�m�p�r�e�h�e�n�s�i�v�e� �r�e�v�i�e�w�s� �o�n� 

�n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �i�n� �o�t�h�e�r� �b�a�c�t�e�r�i�a� �r�e�f�e�r� �e�.� �g�.� �t�o� �D�u�b�n�a�u� �a�n�d� �B�l�o�k�e�s�c�h� �(�2�0�1�9�)� 

�a�n�d� �B�a�k�k�a�l�i� �a�n�d� �c�o�l�l�e�a�g�u�e�s� �(�2�0�1�3�)�.� �S�i�n�c�e� �u�p�t�a�k�e� �o�f� �f�o�r�e�i�g�n� �D�N�A� �m�i�g�h�t� �r�e�p�r�e�s�e�n�t� �a� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�2�7�0� �J�.� �C�.� �G�o�l�z� �a�n�d� �K�.� �S�t�i�n�g�]� 

�d�a�n�g�e�r� �o�f� �a�c�q�u�i�r�i�n�g� �h�a�r�m�f�u�l� �m�u�t�a�t�i�o�n�s�,� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �i�s� �u�s�u�a�l�l�y� �a� �h�i�g�h�l�y� 
�r�e�g�u�l�a�t�e�d� �p�r�o�c�e�s�s� �(�J�o�h�n�s�t�o�n� �e�t� �a�l�.� �2�0�1�4�)�.� �O�n�l�y� �f�e�w� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �a�v�a�i�l�a�b�l�e� �o�n� �p�a�r�a�m�-� 
�e�t�e�r�s� �c�o�n�t�r�o�l�l�i�n�g� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�p�.� �C�.� �j�e�j�u�n�i� �s�e�e�m�s� �t�o� 
�s�h�o�w� �t�h�e� �h�i�g�h�e�s�t� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �l�e�v�e�l�s� �u�n�d�e�r� �o�p�t�i�m�a�l� �g�r�o�w�t�h� �c�o�n�d�i�t�i�o�n�s�,� �b�u�t� �t�r�a�n�s�-� 
�f�o�r�m�a�t�i�o�n� �a�l�s�o� �o�c�c�u�r�r�e�d�,� �w�h�e�n� �g�r�o�w�t�h� �w�a�s� �r�e�s�t�r�i�c�t�e�d� �a�t� �h�i�g�h�e�r� �p�H� �(�V�e�g�g�e� �e�t� �a�l�.� 
�2�0�1�2�)�.� �H�o�w�e�v�e�r�,� �i�t� �i�s� �u�n�c�l�e�a�r�,� �i�f� �a�l�r�e�a�d�y� �e�x�p�r�e�s�s�e�d� �D�N�A� �u�p�t�a�k�e� �c�o�m�p�l�e�x�e�s� �s�t�i�l�l� �f�u�n�c�-� 
�t�i�o�n�e�d� �u�n�d�e�r� �g�r�o�w�t�h� �l�i�m�i�t�i�n�g� �c�o�n�d�i�t�i�o�n�s� �o�r� �i�f� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �s�t�i�l�l� �o�c�c�u�r�r�e�d�.� 
�P�r�o�l�o�n�g�e�d� �i�n�c�u�b�a�t�i�o�n� �t�i�m�e�s� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �D�N�A� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�,� 
�w�h�i�c�h� �d�o� �n�o�t� �a�l�l�o�w� �d�i�s�t�i�n�g�u�i�s�h�i�n�g� �a�c�t�i�v�i�t�y� �o�f� �D�N�A� �u�p�t�a�k�e� �c�o�m�p�l�e�x�e�s� �f�r�o�m� �t�r�a�n�s�c�r�i�p�-� 
�t�i�o�n�a�l� �r�e�g�u�l�a�t�i�o�n� �o�f� �c�o�m�p�e�t�e�n�c�e� �g�e�n�e�s�.� �W�i�l�s�o�n� �a�n�d� �c�o�l�l�e�a�g�u�e�s� �(�2�0�0�3�)� �s�u�g�g�e�s�t�e�d� �t�h�a�t� 
�l�o�w�e�r� �C�O�3� �l�e�v�e�l�s� �l�e�d� �t�o� �d�e�c�r�e�a�s�e�d� �c�o�m�p�e�t�e�n�c�e� �i�n� �C�.� �j�e�j�u�n�i� �s�t�r�a�i�n�s�,� �a�l�t�h�o�u�g�h� �a�l�s�o� �h�e�r�e� 
�p�H� �e�f�f�e�c�t�s� �c�a�n�n�o�t� �b�e� �r�u�l�e�d� �o�u�t�.� 

�S�i�n�c�e� �C�a�m�p�y�l�o�b�a�c�t�e�r� �a�r�e� �G�r�a�m�-�n�e�g�a�t�i�v�e� �b�a�c�t�e�r�i�a�,� �f�r�e�e� �D�N�A� �f�o�r� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�-� 
�m�a�t�i�o�n� �h�a�s� �t�o� �b�e� �t�r�a�n�s�p�o�r�t�e�d� �i�)� �o�v�e�r� �t�h�e� �o�u�t�e�r� �m�e�m�b�r�a�n�e� �i�n�t�o� �t�h�e� �p�e�r�i�p�l�a�s�m� �a�n�d� �i�i�)� 
�a�c�r�o�s�s� �t�h�e� �i�n�n�e�r� �m�e�m�b�r�a�n�e� �i�n�t�o� �t�h�e� �c�y�t�o�p�l�a�s�m�.� �C�a�m�p�y�l�o�b�a�c�t�e�r� �h�a�r�b�o�r�s� �g�e�n�e� �h�o�m�o�-� 
�l�o�g�u�e�s� �o�f� �a� �t�y�p�e� �I�I� �s�e�c�r�e�t�i�o�n�/�t�y�p�e� �I�V� �p�i�l�u�s� �s�y�s�t�e�m� �t�h�a�t� �w�e�r�e� �s�h�o�w�n� �t�o� �b�e� �e�s�s�e�n�t�i�a�l� �f�o�r� 
�D�N�A� �u�p�t�a�k�e� �i�n� �o�t�h�e�r� �o�r�g�a�n�i�s�m�s� �(�T�a�b�l�e� �2�,� �F�i�g�.� �2�)� �(�P�a�r�k�h�i�l�l� �e�t� �a�l�.� �2�0�0�0�;� �G�u�n�d�o�g�d�u�e�t� �a�l�.� 

�2�0�0�7�)�.� �A�n� �a�t� �l�e�a�s�t� �1�0�0�0�-�f�o�l�d� �r�e�d�u�c�t�i�o�n� �i�n� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �f�r�e�q�u�e�n�c�y� �w�a�s� �o�b�s�e�r�v�e�d� �b�y� 
�W�i�e�s�n�e�r� �a�n�d� �c�o�l�l�e�a�g�u�e�s� �(�2�0�0�3�)� �u�s�i�n�g� �a� �t�r�a�n�s�p�o�s�o�n�-�b�a�s�e�d� �m�u�t�a�g�e�n�e�s�i�s� �a�p�p�r�o�a�c�h� �i�n� 
�e�l�e�v�e�n� �g�e�n�e�s�,� �n�i�n�e� �o�f� �t�h�e�m� �w�e�r�e� �n�a�m�e�d� �C�a�m�p�y�l�o�b�a�c�t�e�r� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �s�y�s�t�e�m� �(�c�t�s�)� 
�g�e�n�e�s� �(�T�a�b�l�e� �2�)�.� �S�i�x� �o�f� �t�h�e� �g�e�n�e�s� �a�r�e� �l�o�c�a�t�e�d� �i�n� �a�n� �o�p�e�r�o�n�,� �c�t�s�F�-�c�t�s�E�-�c�t�s�X�-�c�t�s�P�-�c�t�s�D�-� 

�c�t�s�R�,� �T�h�e� �r�e�m�a�i�n�i�n�g� �t�h�r�e�e� �c�f�s� �g�e�n�e�s�,� �c�t�s�G�,� �c�t�s�T� �a�n�d� �c�t�s�W� �a�r�e� �s�e�p�a�r�a�t�e�l�y� �l�o�c�a�t�e�d� �o�n� 
�t�h�e� �c�h�r�o�m�o�s�o�m�e�.� �C�t�s�P� �a�n�d� �C�t�s�E� �h�a�r�b�o�r� �n�u�c�l�e�o�t�i�d�e�-�b�i�n�d�i�n�g� �s�i�t�e�s� �(�W�a�l�k�e�r� �A� �a�n�d� �B� 
�b�o�x�e�s�)� �a�n�d� �a�r�e� �p�r�o�p�e�r� �c�a�n�d�i�d�a�t�e�s� �f�o�r� �e�m�p�o�w�e�r�i�n�g� �u�p�t�a�k�e� �o�f� �t�h�e� �D�N�A� �m�a�c�r�o�m�o�l�e�c�u�l�e� 
�a�n�d�/�o�r� �a�s�s�e�m�b�l�y� �o�f� �a� �(�p�s�e�u�d�o�-�)�p�i�l�u�s�,� �l�i�k�e� �C�o�m�G�A� �o�r� �P�i�l�F�/�T� �i�n� �B�.� �s�u�b�t�i�l�i�s� �o�r� �N�e�i�s�-� 
�s�e�r�i�a�,� �r�e�s�p�e�c�t�i�v�e�l�y� �(�B�e�a�u�c�h�a�m�p� �e�t� �a�l�.� �2�0�1�5�)�.� �C�t�s�P� �p�h�y�s�i�c�a�l�l�y� �i�n�t�e�r�a�c�t�s� �w�i�t�h� �t�h�e� �u�n�i�q�u�e� 
�C�t�s�X� �p�r�o�t�e�i�n�,� �b�o�t�h� �l�o�c�a�t�e�d� �i�n� �t�h�e� �m�e�m�b�r�a�n�e�,� �w�h�i�l�e� �C�t�s�E� �s�e�e�m�s� �t�o� �b�e� �l�o�c�a�t�e�d� �i�n� �t�h�e� 
�s�o�l�u�b�l�e� �f�r�a�c�t�i�o�n� �(�B�e�a�u�c�h�a�m�p� �e�t� �a�l�.� �2�0�1�5�)�.� �C�a�m�p�y�l�o�b�a�c�t�e�r� �r�e�c�o�g�n�i�z�e�s� �D�N�A� �f�r�o�m� 
�r�e�l�a�t�i�v�e�s� �b�y� �u�s�i�n�g� �t�h�e� �m�e�t�h�y�l�a�t�e�d� �R�A�A�T�T�Y� �s�i�t�e� �(�s�e�e� �S�e�c�t�.� �3�)�.� �I�n� �N�.� �g�o�n�o�r�r�h�o�e�a�e�,� 
�P�i�l�Q� �c�o�n�s�t�i�t�u�t�e�s� �t�h�e� �o�u�t�e�r� �m�e�m�b�r�a�n�e� �p�o�r�e� �(�D�r�a�k�e� �a�n�d� �K�o�o�m�e�y� �1�9�9�5�)�,� �m�e�d�i�a�t�i�n�g� 
�e�n�t�r�y� �o�f� �e�x�t�e�r�n�a�l� �D�N�A� �i�n�t�o� �t�h�e� �p�e�r�i�p�l�a�s�m�.� �C�.� �j�e�j�u�n�i� �h�a�r�b�o�r�s� �t�h�e� �p�i�l�Q� �h�o�m�o�l�o�g� �c�t�s�D� 
�(�W�i�e�s�n�e�r� �e�t� �a�l�.� �2�0�0�3�)�,� �w�h�i�c�h� �m�i�g�h�t� �h�a�v�e� �s�i�m�i�l�a�r� �f�u�n�c�t�i�o�n� �a�s� �o�u�t�e�r� �m�e�m�b�r�a�n�e� �D�N�A� 

�p�o�r�e� �i�n� �C�.� �j�e�j�u�n�i�.� �T�h�e� �g�e�n�e�s� �c�t�s�F�,� �c�t�s�G� �a�n�d� �c�t�s�T� �h�a�v�e� �h�o�m�o�l�o�g�y� �t�o� �c�o�m�G�B�,� �c�o�m�G�C� 
�(�p�i�l�E� �i�n� �G�r�a�m�-�n�e�g�a�t�i�v�e� �b�a�c�t�e�r�i�a�)� �a�n�d� �c�o�m�G�D� �o�f� �B�.� �s�u�b�t�i�l�i�s�,� �p�l�a�y�i�n�g� �p�u�t�a�t�i�v�e� �r�o�l�e�s� 
�i�n� �f�u�n�c�t�i�o�n� �a�n�d� �a�s�s�e�m�b�l�y� �o�f� �t�h�e� �t�y�p�e� �I�V� �(�p�s�e�u�d�o�-�)�p�i�l�u�s� �s�y�s�t�e�m�.� �I�n� �p�a�r�t�i�c�u�l�a�r�,� �i�t� �w�a�s� 
�s�u�g�g�e�s�t�e�d� �t�h�a�t� �C�o�m�G�B� �d�i�s�p�l�a�y�s� �a�n� �i�n�t�e�g�r�a�l� �m�e�m�b�r�a�n�e� �p�r�o�t�e�i�n� �f�o�r�m�i�n�g� �t�h�e� �b�a�s�e� �f�o�r� 
�p�i�l�u�s� �a�s�s�e�m�b�l�y�,� �w�i�t�h� �C�o�m�G�C� �a�s� �m�a�j�o�r� �a�n�d� �C�o�m�G�D� �a�s� �m�i�n�o�r� �p�i�l�i�n�s� �(�C�h�e�n� �e�t� �a�l�.� 
�2�0�0�6�)�.� �R�e�t�r�a�c�t�i�o�n� �o�f� �D�N�A� �b�o�u�n�d� �t�o� �t�y�p�e� �I�V� �c�o�m�p�e�t�e�n�c�e� �p�i�l�i� �i�n� �V�i�b�r�i�o� �w�a�s� �r�e�c�e�n�t�l�y� 
�d�e�m�o�n�s�t�r�a�t�e�d� �(�E�l�l�i�s�o�n� �e�t� �a�l�.� �2�0�1�8�)�.� �I�t� �r�e�m�a�i�n�s� �t�o� �b�e� �s�h�o�w�n�,� �i�f� �a� �s�i�m�i�l�a�r� �m�e�c�h�a�n�i�s�m� 

�f�o�r�  ��g�r�a�b�b�i�n�g �� �e�x�t�e�r�n�a�l� �D�N�A� �i�s� �p�r�e�s�e�n�t� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �o�r� �i�f� �a� �p�s�e�u�d�o�p�i�l�u�s� �i�s� 
�s�u�f�f�i�c�i�e�n�t� �f�o�r� �D�N�A� �u�p�t�a�k�e� �a�s� �s�h�o�w�n� �f�o�r� �N�e�i�s�s�e�r�i�a� �(�O�b�e�r�g�f�e�l�l� �a�n�d� �S�e�i�f�e�r�t� �2�0�1�6�)�.� 

�I�n� �a�d�d�i�t�i�o�n�,� �t�r�a�n�s�p�o�s�o�n� �i�n�s�e�r�t�i�o�n� �i�n� �c�e�u�B�,� �w�h�i�c�h� �i�s� �l�o�c�a�t�e�d� �i�n� �a�n� �o�p�e�r�o�n� �s�t�r�u�c�t�u�r�e� 
�w�i�t�h� �c�e�u�C�,� �c�e�u�D�,� �c�e�u�E�,� �e�n�c�o�d�i�n�g� �t�h�e� �e�n�t�e�r�o�c�h�e�l�i�n� �u�p�t�a�k�e� �s�y�s�t�e�m� �i�m�p�o�r�t�a�n�t� �f�o�r� �i�r�o�n� 
�a�c�q�u�i�s�i�t�i�o�n�,� �r�e�s�u�l�t�e�d� �i�n� �i�m�p�a�i�r�e�d� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�.� �F�u�r�t�h�e�r�m�o�r�e�,� �a�l�s�o� �c�t�s�W�,� 
�p�r�o�C� �a�n�d� �t�h�e� �d�o�w�n�s�t�r�e�a�m� �r�e�g�i�o�n� �o�f� �a�n�s�A� �l�e�d� �t�o� �r�e�d�u�c�e�d� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �r�a�t�e�s� �(�W�i�e�s�n�e�r� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�N�a�t�u�r�a�l� �C�o�m�p�e�t�e�n�c�e� �a�n�d� �H�o�r�i�z�o�n�t�a�l� �G�e�n�e� �T�r�a�n�s�f�e�r� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� 

�T�a�b�l�e� �2� �G�e�n�e�s� �i�m�p�l�i�c�a�t�e�d� �i�n� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �b�y� �C�.� �j�e�j�u�n�i� 
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�G�e�n�e� �n�a�m�e�!� �P�u�t�a�t�i�v�e� �f�u�n�c�t�i�o�n� �i�n� �n�a�t�u�r�a�l� �C�c� �|�C�l�_� �|� �R�e�f�e�r�e�n�c�e� 
�t�r�a�n�s�f�o�r�m�a�t�i�o�n� 

�c�o�m�E�C� �(�C�j�1�2�1�1�)� �C�o�m�p�e�t�e�n�c�e� �f�a�m�i�l�y� �p�r�o�t�e�i�n�;� �v� �v� �J�e�o�n� �e�t� �a�l�.� �2�0�0�8� 
�p�r�e�d�i�c�t�e�d� �i�n�t�e�g�r�a�l� �m�e�m�b�r�a�n�e� 
�c�h�a�n�n�e�l� �f�o�r� �t�r�a�n�s�p�o�r�t� �o�f� �D�N�A� 
�i�n�t�o� �c�y�t�o�p�l�a�s�m� 

�c�o�m�E� �(�C�j�0�0�1� �I�e�)� �P�e�r�i�p�l�a�s�m�i�c� �D�N�A�-�b�i�n�d�i�n�g� �x� �x� �J�e�o�n� �a�n�d� �Z�h�a�n�g� 
�p�r�o�t�e�i�n�:� �g�e�n�e�r�a�t�e�s� �f�o�r�c�e� �f�o�r� �2�0�0�7�:� �M�e�r�i�c� 
�p�u�l�l�i�n�g� �D�N�A� �m�a�c�r�o�m�o�l�e�c�u�l�e� �e�t� �a�l�.� �2�0�1�4� 
�o�v�e�r� �t�h�e� �o�u�t�e�r� �m�e�m�b�r�a�n�e� �i�n� 
�o�t�h�e�r� �b�a�c�t�e�r�i�a�;� �r�o�l�e� �u�n�c�l�e�a�r� �i�n� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�p�.� 

�c�t�s�D�/�p�i�l�Q� �(�C�j� �1�4�7�4�c�)� �T�y�p�e� �I�I� �s�e�c�r�e�t�i�o�n�/�T�4� �p�i�l�u�s� �v� �v� �W�i�e�s�n�e�r� �e�t� �a�l�.� 
�s�y�s�t�e�m�;� �p�o�t�e�n�t�i�a�l� �o�u�t�e�r� �2�0�0�3� 
�m�e�m�b�r�a�n�e� �p�o�r�e�/�s�e�c�r�e�t�i�n� �f�o�r� 
�t�r�a�n�s�p�o�r�t� �o�f� �D�N�A� �i�n�t�o� 
�p�e�r�i�p�l�a�s�m� 

�c�t�s�P� �(�C�j�1�4�7�3�c�)� �T�y�p�e� �I�I� �s�e�c�r�e�t�i�o�n�/�T�4� �p�i�l�u�s� �v� �x� �W�i�e�s�n�e�r� �e�t� �a�l�.� 
�s�y�s�t�e�m�;� �A�T�P�/�G�T�P�-�b�i�n�d�i�n�g� �2�0�0�3�;� 
�p�r�o�t�e�i�n� �w�i�t�h� �W�a�l�k�e�r� �A� �a�n�d� �B� �B�e�a�u�c�h�a�m�p� 
�b�o�x�e�s�;� �p�e�r�i�p�h�e�r�a�l� �m�e�m�b�r�a�n�e� �e�t� �a�l�.� �2�0�1�5� 
�p�r�o�t�e�i�n� 

�c�t�s�X� �(�C�j�1�4�7�2�c�)� �U�n�i�q�u�e� �m�e�m�b�r�a�n�e� �p�r�o�t�e�i�n�:� �v� �v� �W�i�e�s�n�e�r� �e�t� �a�l�.� 
�t�r�a�n�s�f�o�r�m�a�t�i�o�n� �s�y�s�t�e�m� �p�r�o�t�e�i�n� �2�0�0�3�;� 
�w�i�t�h� �u�n�k�n�o�w�n� �f�u�n�c�t�i�o�n�;� �B�e�a�u�c�h�a�m�p� 
�i�n�t�e�r�a�c�t�s� �w�i�t�h� �C�t�s�P� �e�t� �a�l�.� �2�0�1�5� 

�c�t�s�E�/�p�i�l�F�/�c�o�m�G�A� �(�C�j�l�4�7�1�c�)� �|� �T�y�p�e� �I�I� �s�e�c�r�e�t�i�o�n�/�T�4� �p�i�l�u�s� �v� �v� �W�i�e�s�n�e�r� �e�t� �a�l�.� 
�s�y�s�t�e�m�;� �A�T�P�/�G�T�P�-�b�i�n�d�i�n�g� �2�0�0�3�:� 
�p�r�o�t�e�i�n� �w�i�t�h� �W�a�l�k�e�r� �A� �a�n�d� �B� �B�e�a�u�c�h�a�m�p� 
�b�o�x�e�s�;� �p�r�e�s�e�n�t� �i�n� �s�o�l�u�b�l�e� �e�t� �a�l�.� �2�0�1�5� 
�f�r�a�c�t�i�o�n� 

�c�t�s� �F�/�p�i�l�G�/�c�o�m�G�B� �(�C�j�1�4�7�0�c�)� �|� �T�y�p�e� �I�I� �s�e�c�r�e�t�i�o�n�/�T�4� �p�i�l�u�s� �v� �v� �W�i�e�s�n�e�r� �e�t� �a�l�.� 
�s�y�s�t�e�m�,� �m�e�m�b�r�a�n�e� �p�r�o�t�e�i�n�,� �2�0�0�3� 
�p�u�t�a�t�i�v�e�l�y� �c�o�n�s�t�i�t�u�t�e�s� �p�l�a�t�f�o�r�m� 
�f�o�r� �p�i�l�u�s�/�p�s�e�u�d�o�p�i�l�u�s� �a�s�s�e�m�b�l�y� 

�c�t�s�G�/�p�i�l�E�/�c�o�m�G�C� �(�C�j�1�3�4�3�c�)� �|� �T�y�p�e� �I�I� �s�e�c�r�e�t�i�o�n�/�T�4� �p�i�l�u�s� �v� �v� �W�i�e�s�n�e�r� �e�t� �a�l�.� 
�s�y�s�t�e�m�,� �p�e�r�i�p�l�a�s�m�i�c� �p�r�o�t�e�i�n�;� �2�0�0�3� 
�m�a�j�o�r� �(�?�)� �p�r�e�-�p�i�l�i�n� 

�c�t�s�T�/�c�o�m�G�D� �(�C�j�1�0�7�7�)� �T�y�p�e� �I�I� �s�e�c�r�e�t�i�o�n�/�T�4� �p�i�l�u�s� �o�v� �x� �W�i�e�s�n�e�r� �e�t� �a�l�.� � � �s�y�s�t�e�m�;� �P�e�r�i�p�l�a�s�m�i�c� �p�r�o�t�e�i�n�;� 
�p�r�e�-�p�i�l�i�n� � � � � � � �2�0�0�3� 

� � 

�6�7� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�2�7�2� �J�.� �C�.� �G�o�l�z� �a�n�d� �K�.� �S�t�i�n�g�]� 

�T�a�b�l�e� �2� �(�c�o�n�t�i�n�u�e�d�)� � � 

� � 

�G�e�n�e� �n�a�m�e�!� �P�u�t�a�t�i�v�e� �f�u�n�c�t�i�o�n� �i�n� �n�a�t�u�r�a�l� �C�c� �c�l� �R�e�f�e�r�e�n�c�e� 
�t�r�a�n�s�f�o�r�m�a�t�i�o�n� 

�C�j� �1�0�7�8�*� �T�y�p�e� �I�I� �s�e�c�r�e�t�i�o�n�/�T�4� �p�i�l�u�s� �v� �x� �W�i�e�s�n�e�r� �e�t� �a�l�.� 
�s�y�s�t�e�m�;� �P�e�r�i�p�l�a�s�m�i�c� �p�r�o�t�e�i�n�;� �2�0�0�3� 
�p�r�e�p�i�l�i�n�;� �n�o�t� �y�e�t� �b�e�e�n� 
�d�e�m�o�n�s�t�r�a�t�e�d� �t�o� �f�u�n�c�t�i�o�n� �i�n� 
�n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �i�n� �C�.� 

� � 

� � 

�j�e�j�u�n�i� 

�C�j�0�8�2�5�*�/�p�i�l�D�/�c�o�m�C� �P�u�t�a�t�i�v�e� �p�r�e�p�i�l�i�n� �p�e�p�t�i�d�a�s�e� �w�i�t�h� �|� �/� �¥� �|� �W�i�e�s�n�e�r� �e�t� �a�l�.� 
�t�r�a�n�s�m�e�m�b�r�a�n�e� �h�e�l�i�c�e�s� �2�0�0�3� 

�c�t�s�W� �(�C�j�1�0�2�8�c�)� �N�o�t� �i�n�v�o�l�v�e�d� �i�n� �D�N�A� �u�p�t�a�k�e� �v� �v� �W�i�e�s�n�e�r� �e�t� �a�l�.� 
�(�m�a�y�b�e� �r�o�l�e� �i�n� �c�y�t�o�p�l�a�s�m�i�c� �2�0�0�3� 
�t�r�a�n�s�p�o�r�t� �o�r� �r�e�c�o�m�b�i�n�a�t�i�o�n�)�;� 
�p�u�r�i�n�e�/�p�y�r�i�m�i�d�i�n�e� 
�p�h�o�s�p�h�o�r�i�b�o�s�y�l�t�r�a�n�s�f�e�r�a�s�e� 

�c�t�s�M� �(�C�j�0�2�0�8�)� �D�N�A� �m�o�d�i�f�i�c�a�t�i�o�n� �m�e�t�h�y�l�a�s�e� �|� �/� �v� �B�e�a�u�c�h�a�m�p� 
�o�f� �R�A�A�T�T�Y� �m�o�t�i�f�;� �i�m�p�o�r�t�a�n�t� �e�t� �a�l�.� �2�0�1�7� 
�f�o�r� �r�e�c�o�g�n�i�t�i�o�n� �o�f� �f�r�e�e� �D�N�A� 

� � � � � � � � � � � � 
�'� �G�e�n�e� �n�a�m�e�s� �a�s� �a�n�n�o�t�a�t�e�d� �f�o�r� �C�.� �j�e�j�u�n�i� �s�t�r�a�i�n� �N�C�T�C� �1�1� �1�6�8� �w�i�t�h� �h�o�m�o�l�o�g�s� �i�n� �N�e�i�s�s�e�r�i�a� �o�r� �B�a�c�i�l�l�u�s� 
�s�u�b�t�i�l�i�s� �a�r�e� �d�e�p�i�c�t�e�d� �w�i�t�h� �p�u�t�a�t�i�v�e� �f�u�n�c�t�i�o�n� �i�n� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� 
�*� �e�v�i�d�e�n�c�e� �o�n�l�y� �b�y� �B�L�A�S�T� �h�o�m�o�l�o�g�y�;� �B�L�A�S�T� �s�e�a�r�c�h�e�s� �b�a�s�e�d� �o�n� �t�h�e� �t�r�a�n�s�l�a�t�e�d� �n�u�c�l�e�o�t�i�d�e� �d�a�t�a�b�a�s�e� 
�u�s�i�n�g� �a� �p�r�o�t�e�i�n� �q�u�e�r�y�;� �a�c�c�e�s�s�i�o�n� �1�3�.�0�4�.�2�0�2�0�;� �C�c�,� �C�.� �c�o�l�i�,� �C�l�,� �C�.� �l�a�r�i� 
�/�,� �p�r�e�s�e�n�c�e� �a�n�d� �X�,� �a�b�s�e�n�c�e� �o�f� �h�o�m�o�l�o�g�o�u�s� �g�e�n�e�s� �i�s� �d�e�p�i�c�t�e�d� 

�e�t� �a�l�.� �2�0�0�3�)�.� �T�h�e� �r�o�l�e� �o�f� �t�h�e�s�e� �g�e�n�e�s� �i�n� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �i�s� �s�t�i�l�l� �u�n�k�n�o�w�n�.� 
�F�r�y� �a�n�d� �c�o�l�l�e�a�g�u�e�s� �r�e�p�o�r�t�e�d� �t�h�a�t� �a� �g�a�/�E� �m�u�t�a�n�t�,� �w�i�t�h� �d�e�f�e�c�t�s� �i�n� �l�i�p�o�p�o�l�y�s�a�c�c�h�a�r�i�d�e� 
�(�L�P�S�)� �s�y�n�t�h�e�s�i�s�,� �s�h�o�w�e�d� �a� �m�i�l�d� �2�0�-�f�o�l�d� �r�e�d�u�c�t�i�o�n� �i�n� �D�N�A� �u�p�t�a�k�e� �a�n�d� �c�h�r�o�m�o�s�o�m�a�l� 
�i�n�t�e�g�r�a�t�i�o�n�,� �w�h�i�c�h� �m�i�g�h�t� �b�e� �i�n�d�i�c�a�t�i�v�e� �o�f� �L�P�S� �i�n�f�l�u�e�n�c�i�n�g� �t�h�e� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �D�N�A� 
�u�p�t�a�k�e� �m�a�c�h�i�n�e�r�y� �(�F�r�y� �e�t� �a�l�.� �2�0�0�0�)�.� 

�T�h�e� �p�e�r�i�p�l�a�s�m�i�c� �D�N�A�-�b�i�n�d�i�n�g� �c�o�m�p�e�t�e�n�c�e� �p�r�o�t�e�i�n� �(�C�o�m�)� �C�o�m�E� �w�a�s� �s�h�o�w�n� �t�o� 
�f�a�c�i�l�i�t�a�t�e� �D�N�A� �e�n�t�r�y� �i�n�t�o� �t�h�e� �p�e�r�i�p�l�a�s�m� �i�n� �N�e�i�s�s�e�r�i�a� �a�n�d� �V�i�b�r�i�o� �b�y� �g�e�n�e�r�a�t�i�o�n� �o�f� �a� 
�p�u�l�l�i�n�g� �f�o�r�c�e� �o�n� �d�o�u�b�l�e�-�s�t�r�a�n�d�e�d� �(�d�s�)� �D�N�A� �u�p�o�n� �b�i�n�d�i�n�g� �(�H�e�p�p� �a�n�d� �M�a�i�e�r� �2�0�1�6�;� 
�S�e�i�t�z� �e�t� �a�l�.� �2�0�1�4�)�.� �T�h�e� �r�o�l�e� �o�f� �t�h�e� �C�.� �j�e�j�u�n�i� �c�o�m�E� �h�o�m�o�l�o�g� �(�C�j�0�0�1� �1�c�)� �h�a�s� �n�o�t� �b�e�e�n� 

�u�n�r�a�v�e�l�e�d� �c�o�m�p�l�e�t�e�l�y�.� �T�r�a�n�s�f�o�r�m�a�t�i�o�n� �r�a�t�e�s� �i�n� �C�j�0�0�1� �1�c� �k�n�o�c�k�o�u�t� �m�u�t�a�n�t�s� �w�e�r�e� �o�n�l�y� 
�d�e�c�r�e�a�s�e�d� �b�y� �1�0�-� �t�o� �5�0�-�f�o�l�d� �(�J�e�o�n� �a�n�d� �Z�h�a�n�g� �2�0�0�7�)�.� �I�n�t�e�r�e�s�t�i�n�g�l�y�,� �C�.� �c�o�l�i�,� �w�h�i�c�h� 
�d�i�s�p�l�a�y�s� �s�i�m�i�l�a�r� �g�e�n�e� �h�o�m�o�l�o�g�s� �o�f� �a� �t�y�p�e� �I�I� �s�e�c�r�e�t�i�o�n�/�t�y�p�e� �I�V� �p�i�l�u�s� �s�y�s�t�e�m� �a�s� �C�.� 
�j�e�j�u�n�i� �(�T�a�b�l�e� �2�)�,� �l�a�c�k�s� �a� �c�o�m�E� �h�o�m�o�l�o�g� �(�M�e�r�i�c� �e�t� �a�l�.� �2�0�1�4�)�.� �c�o�m�E� �i�s� �a�l�s�o� �m�i�s�s�i�n�g� �i�n� 

�C�.� �l�a�r�i� �(�T�a�b�l�e� �2�)�.� �H�e�n�c�e�,� �i�n� �C�.� �c�o�l�i� �a�n�d� �C�.� �l�a�r�i� �a�r�o�l�e� �o�f� �C�o�m�E� �i�n� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� 
�c�a�n� �b�e� �r�u�l�e�d� �o�u�t�.� 

�O�n�c�e� �t�h�e� �D�N�A� �r�e�a�c�h�e�s� �t�h�e� �p�e�r�i�p�l�a�s�m�,� �d�s�D�N�A� �h�a�s� �t�o� �b�e� �u�n�z�i�p�p�e�d� �f�o�r� �i�m�p�o�r�t� 
�o�f� �s�i�n�g�l�e�-�s�t�r�a�n�d�e�d� �(�s�s�)� �D�N�A� �i�n�t�o� �t�h�e� �c�y�t�o�p�l�a�s�m� �m�e�d�i�a�t�e�d� �b�y� �t�h�e� �i�n�n�e�r� �m�e�m�b�r�a�n�e� 
�c�h�a�n�n�e�l� �C�o�m�E�C� �i�n� �a�l�l� �s�o� �f�a�r� �k�n�o�w�n� �c�o�m�p�e�t�e�n�t� �b�a�c�t�e�r�i�a� �(�D�u�b�n�a�u� �a�n�d� �B�l�o�k�e�s�c�h� 
�2�0�1�9�)�.� �A�b�s�e�n�c�e� �o�f� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �a�c�t�i�v�i�t�y� �i�n� �C�.� �j�e�j�u�n�i� �c�o�m�E�C� �(�C�j�1�2�1�1�)� �i�n�s�e�r�t�i�o�n�a�l� 

�m�u�t�a�n�t�s� �w�a�s� �d�e�m�o�n�s�t�r�a�t�e�d�,� �w�h�e�r�e�a�s� �b�i�n�d�i�n�g� �a�n�d� �u�p�t�a�k�e� �o�f� �r�a�d�i�o�l�a�b�e�l�e�d� �D�N�A� �w�e�r�e� 
�n�o�t� �i�m�p�a�i�r�e�d� �(�J�e�o�n� �e�t� �a�l�.� �2�0�0�8�)�.� �D�e�p�e�n�d�i�n�g� �o�n� �h�o�m�o�l�o�g�y�,� �i�n�c�o�m�i�n�g� �D�N�A� �w�i�l�l� �b�e� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�N�a�t�u�r�a�l� �C�o�m�p�e�t�e�n�c�e� �a�n�d� �H�o�r�i�z�o�n�t�a�l� �G�e�n�e� �T�r�a�n�s�f�e�r� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �2�7�3� 

� � 

�b� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �N�e�i�s�s�e�r�i�a� �g�o�n�o�r�r�h�o�e�a�e� 

�a�i�e�)� �C�o�m�P� 
�a� �d�s�D�N�A�+�D�U�S� � � � � � � � �d�s�D�N�A� �(�R�A!"�®�A�T�T�Y�)� � � � � 

� � � � 

� � � � 

� � � � � � � � � � � � 

�S�A�M� 

�C�C�t�s�M�)� �S�S�D�N�A� �b�i�n�d�i�n�g� �s�s�D�N�A� �b�i�n�d�i�n�g� 
�D�O�S�D� �p�r�o�t�e�i�n�s� �O�O�C�S�e� �p�r�o�t�e�i�n�s� � � � � � � �d�s�D�N�A� �(�R�A!"�S�A�T�T�Y�)� �d�s�D�N�A�+�D�U�S� 
� � 

�F�i�g�.� �2�.� �W�o�r�k�i�n�g� �m�o�d�e�l� �o�f� �t�h�e� �D�N�A� �u�p�t�a�k�e� �c�o�m�p�l�e�x� �f�o�r� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �i�n� �C�a�m�p�y�-� 
�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �A� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �s�y�s�t�e�m� �i�n� �N�e�i�s�s�e�r�i�a� �g�o�n�o�r�r�h�o�e�a�e� �B� �U�p�t�a�k�e� �o�f� �f�r�e�e� �e�x�t�e�r�n�a�l� 
�D�N�A� �p�r�o�b�a�b�l�y� �o�c�c�u�r�s� �i�n� �t�w�o� �s�t�e�p�s�.� �T�r�a�n�s�p�o�r�t� �i�n�t�o� �t�h�e� �p�e�r�i�p�l�a�s�m� �i�s� �m�e�d�i�a�t�e�d� �b�y� �a� �t�y�p�e� �I�I� �s�e�c�r�e�t�i�o�n�/�T�4� 
�p�i�l�i� �s�y�s�t�e�m�.� �H�o�m�o�l�o�g�y� �a�n�a�l�y�s�i�s� �s�u�g�g�e�s�t�s� �C�t�s�D� �a�s� �t�h�e� �o�u�t�e�r� �m�e�m�b�r�a�n�e� �p�o�r�i�n�.� �C�t�s�G� �m�i�g�h�t� �b�e� �t�h�e� 
�m�a�j�o�r� �p�i�l�i�n� �b�u�t� �f�u�r�t�h�e�r� �p�i�l�i�n� �p�r�o�t�e�i�n�s� �C�t�s�T� �a�n�d� �C�j�l�0�7�8� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d� �i�n� �C�.� �j�e�j�u�n�i� �(�s�e�e� �a�l�s�o� �T�a�b�l�e� �2�)�.� 
�C�t�s�F� �m�i�g�h�t� �f�o�r�m� �t�h�e� �b�a�s�i�s� �f�o�r� �p�i�l�u�s�/�p�s�e�u�d�o�p�i�l�u�s�.� �C�t�s�E� �a�n�d� �C�t�s�P� �w�e�r�e� �p�r�o�p�o�s�e�d� �a�s� �A�T�P�a�s�e�s�,� �e�v�e�n�t�u�-� 
�a�l�l�y� �e�m�p�o�w�e�r�i�n�g� �t�h�e� �D�N�A� �u�p�t�a�k�e� �p�r�o�c�e�s�s� �a�n�d�/�o�r� �p�i�l�i� �a�s�s�e�m�b�l�y�.� �T�h�e� �u�n�i�q�u�e� �m�e�m�b�r�a�n�e� �p�r�o�t�e�i�n� �C�t�s�X� 
�w�a�s� �s�h�o�w�n� �t�o� �i�n�t�e�r�a�c�t� �w�i�t�h� �C�t�s�P�.� �T�h�e� �r�o�l�e� �o�f� �C�o�m�E� �a�s� �D�N�A�-�b�i�n�d�i�n�g� �p�r�o�t�e�i�n� �i�n� �t�h�e� �p�e�r�i�p�l�a�s�m� �i�s� �e�n�i�g�-� 
�m�a�t�i�c�,� �s�i�n�c�e� �a� �h�o�m�o�l�o�g� �i�s� �l�a�c�k�i�n�g� �i�n� �C�.� �c�o�l�i� �a�n�d� �C�.� �l�a�r�i�.� �C�o�m�E�C� �a�p�p�e�a�r�s� �t�o� �b�e� �t�h�e� �i�n�n�e�r� �m�e�m�b�r�a�n�e� 
�c�h�a�n�n�e�l� �a�s� �p�r�o�p�o�s�e�d� �f�o�r� �a�l�l� �c�o�m�p�e�t�e�n�t� �b�a�c�t�e�r�i�a�,� �l�e�a�d�i�n�g� �t�o� �i�m�p�o�r�t� �o�f� �s�i�n�g�l�e�-�s�t�r�a�n�d�e�d� �D�N�A� �i�n�t�o� 
�t�h�e� �c�y�t�o�p�l�a�s�m�,� �e�v�e�n�t�u�a�l�l�y� �e�m�p�o�w�e�r�e�d� �b�y� �P�r�i�A�.� �I�n� �N�e�i�s�s�e�r�i�a�,� �t�h�e� �m�i�n�o�r� �p�i�l�i�n� �C�o�m�P� �r�e�c�o�g�n�i�z�e�s� �a� 
�s�p�e�c�i�f�i�c� �D�N�A� �u�p�t�a�k�e� �s�e�q�u�e�n�c�e� �(�D�U�S�)� �f�o�r� �s�e�l�e�c�t�i�v�e� �u�p�t�a�k�e� �o�f� �D�N�A� �f�r�o�m� �r�e�l�a�t�i�v�e�s�.� �I�n� �C�.� �j�e�j�u�n�i�,� �t�h�e� 
�m�e�t�h�y�l�a�t�e�d� �R�A!"�°�A�T�T�Y� �m�o�t�i�f� �i�s� �r�e�c�o�g�n�i�z�e�d� �b�y� �a� �y�e�t� �u�n�k�n�o�w�n� �r�e�c�e�p�t�o�r�.� �M�e�t�h�y�l�a�t�i�o�n� �i�s� �m�e�d�i�a�t�e�d� 
�b�y� �t�h�e� �C�t�s�M� �m�e�t�h�y�l�a�s�e�.� �O�M�,� �o�u�t�e�r� �m�e�m�b�r�a�n�e�;� �I�M�,� �i�n�n�e�r� �m�e�m�b�r�a�n�e�;� �S�A�M�,� �S�-�a�d�e�n�o�s�y�l�m�e�t�h�i�o�n�i�n�e�;� 
�A�T�P�,� �a�d�e�n�o�s�i�n�e� �t�r�i�p�h�o�s�p�h�a�t�e�;� �d�s�D�N�A�,� �d�o�u�b�l�e�-�s�t�r�a�n�d�e�d� �D�N�A�;� �s�s�D�N�A�,� �s�i�n�g�l�e�-�s�t�r�a�n�d�e�d� �D�N�A� 

�i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �t�h�e� �g�e�n�o�m�e� �b�y� �h�o�m�o�l�o�g�o�u�s� �r�e�c�o�m�b�i�n�a�t�i�o�n�.� �S�i�t�e�-�d�i�r�e�c�t�e�d� �h�o�m�o�l�-� 
�o�g�o�u�s� �r�e�c�o�m�b�i�n�a�t�i�o�n� �o�f� �t�r�a�n�s�f�o�r�m�e�d� �p�l�a�s�m�i�d� �D�N�A� �w�a�s� �o�b�s�e�r�v�e�d� �w�i�t�h� �h�o�m�o�l�o�g�o�u�s� 
�r�e�g�i�o�n�s� �o�f� �a�t� �l�e�a�s�t� �2�8�6� �b�p�,� �w�h�e�r�e�a�s� �1�2�5�-�2�7�0� �b�p� �h�o�m�o�l�o�g�y� �o�n�l�y� �l�e�d� �t�o� �a� �r�a�n�d�o�m� 
�a�n�d� �r�a�r�e� �n�o�n�-�h�o�m�o�l�o�g�o�u�s� �i�n�s�e�r�t�i�o�n� �i�n�t�o� �t�h�e� �c�h�r�o�m�o�s�o�m�e� �(�R�i�c�h�a�r�d�s�o�n� �a�n�d� �P�a�r�k� 
�1�9�9�7�)�.� �H�o�w�e�v�e�r�,� �a�l�t�h�o�u�g�h� �n�o�n�-�h�o�m�o�l�o�g�o�u�s� �i�n�t�e�g�r�a�t�i�o�n� �o�f� �D�N�A� �i�s� �i�n�f�r�e�q�u�e�n�t�,� �t�h�i�s� 
�m�e�c�h�a�n�i�s�m� �g�u�a�r�a�n�t�e�e�s� �t�h�e� �i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �c�o�m�p�l�e�t�e�l�y� �n�o�v�e�l� �g�e�n�e�s�.� 

�C�.� �j�e�j�u�n�i� �s�t�r�a�i�n� �8�1�-�1�7�6� �c�a�r�r�i�e�s� �t�h�e� �p�l�a�s�m�i�d� �p�V�i�r�,� �e�n�c�o�d�i�n�g� �h�o�m�o�l�o�g�s� �t�o� �H�e�l�i�-� 
�c�o�b�a�c�t�e�r� �p�y�l�o�r�i� �c�a�g� �p�a�t�h�o�g�e�n�i�c�i�t�y� �i�s�l�a�n�d� �a�s� �w�e�l�l� �a�s� �h�o�m�o�l�o�g�s� �t�o� �t�y�p�e� �I�V� �s�e�c�r�e�t�i�o�n� 
�s�y�s�t�e�m�s� �(�B�a�c�o�n� �e�t� �a�l�.� �2�0�0�2�;� �F�i�s�c�h�e�r� �e�t� �a�l�.� �2�0�2�0�)�.� �T�h�e� �r�o�l�e� �o�f� �p�V�i�r� �i�n� �n�a�t�u�r�a�l� �t�r�a�n�s�-� 
�f�o�r�m�a�t�i�o�n� �i�s� �n�o�t� �c�o�m�p�l�e�t�e�l�y� �u�n�d�e�r�s�t�o�o�d�.� �N�e�v�e�r�t�h�e�l�e�s�s�,� �B�a�c�o�n� �a�n�d� �c�o�l�l�e�a�g�u�e�s� �(�2�0�0�0�)� 
�s�h�o�w�e�d� �a�n� �8�0�%� �r�e�d�u�c�t�i�o�n� �i�n� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �f�r�e�q�u�e�n�c�y� �i�n� �a� �c�o�m�B�3� �m�u�t�a�n�t�,� �w�h�e�r�e�a�s� 
�v�i�r�B�/�1�/� �i�n�a�c�t�i�v�a�t�i�o�n� �d�i�d� �n�o�t� �s�h�o�w� �a� �r�e�d�u�c�e�d� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �a�c�t�i�v�i�t�y�.� �M�u�t�a�t�i�o�n� �o�f� �o�n�e� �o�f� 
�t�h�e� �g�l�y�c�o�s�y�l�a�t�i�o�n� �s�i�t�e�s� �i�n� �t�h�e� �g�l�y�c�o�p�r�o�t�e�i�n� �V�i�r�B� �1�0� �o�r� �d�e�l�e�t�i�o�n� �o�f� �v�i�r�B�/�0� �s�h�o�w�e�d� �a� �m�i�l�d� 
�~� �t�e�n�f�o�l�d� �d�e�c�r�e�a�s�e� �i�n� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �e�f�f�i�c�i�e�n�c�y� �(�L�a�r�s�e�n� �e�t� �a�l�.� �2�0�0�4�)�.� �K�n�o�c�k�o�u�t� �o�f� �t�h�e� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�2�7�4� �J�.� �C�.� �G�o�l�z� �a�n�d� �K�.� �S�t�i�n�g�]� 

�N�-�l�i�n�k�e�d� �p�r�o�t�e�i�n� �g�l�y�c�o�s�y�l�a�t�i�o�n� �s�y�s�t�e�m� �(�p�g�/�)�,� �e�.�g�.�,� �b�y� �d�e�l�e�t�i�o�n� �o�f� �p�g�/�B� �o�r� �p�g�l�E� �l�e�d� �t�o� 
�a� �d�r�a�s�t�i�c� �1�0�,�0�0�0�-�f�o�l�d� �d�e�c�r�e�a�s�e�d� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �r�a�t�e� �(�L�a�r�s�e�n� �e�t� �a�l�.� �2�0�0�4�)�,� �s�u�g�g�e�s�t�i�n�g� 
�t�h�a�t� �g�l�y�c�o�s�y�l�a�t�i�o�n� �o�f� �p�r�o�t�e�i�n�s� �i�s� �e�s�s�e�n�t�i�a�l� �f�o�r� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�.� �M�u�t�a�t�i�o�n�s� �i�n� 
�v�i�r�D�4� �a�n�d� �c�o�m�B�1� �l�\�e�d� �t�o� �w�i�l�d�-�t�y�p�e� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �a�c�t�i�v�i�t�y� �(�W�i�e�s�n�e�r� �e�t� �a�l�.� �2�0�0�3�)�,� 
�t�h�u�s�,� �u�n�l�i�k�e� �t�h�e� �s�i�t�u�a�t�i�o�n� �i�n� �t�h�e� �c�l�o�s�e� �r�e�l�a�t�i�v�e� �H�.� �p�y�l�o�r�i�,� �t�h�e� �V�i�r�B�/�C�o�m�B� �s�y�s�t�e�m� �d�o�e�s� 
�n�o�t� �s�e�e�m� �t�o� �p�l�a�y� �a� �m�a�j�o�r� �r�o�l�e� �f�o�r� �D�N�A� �u�p�t�a�k�e� �i�n� �C�.� �j�e�j�u�n�i�.� 

�2�.�2� �C�o�n�j�u�g�a�t�i�v�e� �G�e�n�e� �T�r�a�n�s�f�e�r� 

�I�n� �c�o�n�j�u�g�a�t�i�o�n� �p�r�o�c�e�s�s�e�s�,� �D�N�A� �i�s� �t�r�a�n�s�f�e�r�r�e�d� �f�r�o�m� �a� �d�o�n�o�r� �t�o�a� �r�e�c�i�p�i�e�n�t� �c�e�l�l� �t�h�r�o�u�g�h� 
�c�e�l�l�-�t�o�-�c�e�l�l� �c�o�n�t�a�c�t� �(�L�e�d�e�r�b�e�r�g� �a�n�d� �T�a�t�u�m� �1�9�4�6�)�.� �T�o� �d�a�t�e� �1�7�7� �p�l�a�s�m�i�d� �s�e�q�u�e�n�c�e�s� �f�r�o�m� 

�C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�p�.� �a�r�e� �r�e�l�e�a�s�e�d� �a�t� �N�C�B�I� �(�h�t�t�p�s�:�/�/�w�w�w�.�n�c�b�i�.�n�l�m�.�n�i�h�.�g�o�v�/�g�e�n�o�m�e�/� 
�b�r�o�w�s�e�#�!�/�p�l�a�s�m�i�d�s�/�c�a�m�p�y�l�o�b�a�c�t�e�r�;� �a�c�c�e�s�s�i�o�n� �o�n� �2�2�.�0�9�.�2�0�2�0�)�.� �T�h�e� �s�i�z�e� �o�f� �c�u�r�r�e�n�t�l�y� 
�i�d�e�n�t�i�f�i�e�d� �C�.� �j�e�j�u�n�i� �a�n�d� �C�.� �c�o�l�i� �p�l�a�s�m�i�d�s� �r�a�n�g�e�s� �f�r�o�m� �1�.�3� �t�o� �1�9�0� �k�b�.� �T�h�e� �p�r�e�s�e�n�c�e� �o�f� 
�m�e�g�a�p�l�a�s�m�i�d�s� �w�a�s� �s�h�o�w�n� �i�n� �v�a�r�i�o�u�s� �s�t�r�a�i�n�s� �f�r�o�m� �r�e�t�a�i�l� �(�M�a�r�a�s�i�n�i� �a�n�d� �F�a�k�h�r� �2�0�1�6�,� 
�2�0�1�4�;� �G�h�a�t�a�k� �e�t� �a�l�.� �2�0�1�7�;� �G�u�n�t�h�e�r� �e�t� �a�l�.� �2�0�1�6�)�.� �T�h�e� �t�r�a�n�s�f�e�r� �o�f� �p�l�a�s�m�i�d�-�e�n�c�o�d�e�d� 

�a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�c�e�s� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �h�a�s� �f�r�e�q�u�e�n�t�l�y� �b�e�e�n� �r�e�p�o�r�t�e�d� �(�T�a�y�l�o�r� �e�t� �a�l�.� 
�1�9�8�1�;� �V�e�l�a�z�q�u�e�z� �e�t� �a�l�.� �1�9�9�5�;� �G�i�b�r�e�e�l� �e�t� �a�l�.� �2�0�0�4�;� �B�a�t�c�h�e�l�o�r� �e�t� �a�l�.� �2�0�0�4�;� �P�r�a�t�t� �a�n�d� 
�K�o�r�o�l�i�k� �2�0�0�5�;� �Z�e�n�g� �e�t� �a�l�.� �2�0�1�5�;� �T�a�n�g� �e�t� �a�l�.� �2�0�1�7�)�.� �T�y�p�e�-�1� �p�l�a�s�m�i�d�s� �(�p�T�e�t�)� �h�a�r�b�o�r�i�n�g� 
�t�e�t�O� �a�r�e� �m�o�s�t� �p�r�e�v�a�l�e�n�t� �i�n� �C�.� �j�e�j�u�n�i� �a�n�d� �C�.� �c�o�l�i� �(�S�c�h�m�i�d�t�-�O�t�t� �e�t� �a�l�.� �2�0�0�5�;� �M�a�r�a�s�i�n�i� �e�t� �a�l�.� 
�2�0�1�8�)�.� �A�l�t�h�o�u�g�h� �o�n�l�y� �t�h�e� �f�e�f�O� �g�e�n�e� �i�s� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �f�o�r� �a�l�l� �p�T�e�t� �p�l�a�s�m�i�d�s�,� �m�o�s�t� �o�f� 
�t�h�e�m� �c�a�r�r�y� �a� �V�i�r�B�-�t�y�p�e� �I�V� �s�e�c�r�e�t�i�o�n�s� �s�y�s�t�e�m� �f�o�r� �c�o�n�j�u�g�a�t�i�o�n�.� �T�y�p�e�-�2� �p�l�a�s�m�i�d�s� �w�e�r�e� 
�p�r�i�m�a�r�i�l�y� �f�o�u�n�d� �i�n� �C�.� �c�o�l�i� �s�t�r�a�i�n�s�,� �w�h�i�c�h� �a�r�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �t�o� �h�a�v�e� �a� �s�i�z�e� �b�e�t�w�e�e�n� �2�4� 
�a�n�d� �3�2� �k�b� �a�n�d� �b�e�a�r� �s�e�v�e�r�a�l� �t�r�b� �g�e�n�e�s� �f�o�r� �c�o�n�j�u�g�a�t�i�v�e� �t�r�a�n�s�f�e�r� �a�s� �w�e�l�l� �a�s� �v�i�r�D�4�,� �t�r�a�l� 
�a�n�d� �t�r�a�Q� �(�M�a�r�a�s�i�n�i� �e�t� �a�l�.� �2�0�1�8�)�.� 

�T�h�e� �p�V�i�r� �p�l�a�s�m�i�d� �o�f� �C�.� �j�e�j�u�n�i� �s�t�r�a�i�n� �8�1�-�1�7�6� �m�e�n�t�i�o�n�e�d� �a�b�o�v�e� �i�s� �c�a�t�e�g�o�r�i�z�e�d� �a�s� 
�t�h�e�  ��p�r�o�t�o�t�y�p�e �� �o�f� �t�h�e� �t�y�p�e�-�3� �p�l�a�s�m�i�d�s�.� �S�m�a�l�l� �p�l�a�s�m�i�d�s� �<� �6� �k�b� �w�e�r�e� �c�a�t�e�g�o�r�i�z�e�d� �a�s� 
�t�y�p�e�-�4� �p�l�a�s�m�i�d�s� �d�e�s�p�i�t�e� �a�b�s�e�n�c�e� �o�f� �h�o�m�o�l�o�g�o�u�s� �g�e�n�e�s� �s�h�a�r�e�d� �b�e�t�w�e�e�n� �t�h�e�m�.� �T�h�e�y� 
�c�o�n�t�a�i�n� �g�e�n�e�s� �w�i�t�h� �h�y�p�o�t�h�e�t�i�c�a�l� �f�u�n�c�t�i�o�n� �a�n�d� �r�e�p�l�i�c�a�t�i�o�n� �i�n�i�t�i�a�t�o�r� �g�e�n�e�s� �a�n�d� �a�w�a�i�t� 
�f�u�r�t�h�e�r� �i�n�v�e�s�t�i�g�a�t�i�o�n�s�.� 

�P�r�a�t�t� �a�n�d� �K�o�r�o�l�i�k� �(�2�0�0�5�)� �s�h�o�w�e�d� �t�h�a�t� �c�o�n�j�u�g�a�t�i�o�n� �f�r�e�q�u�e�n�c�i�e�s� �o�f� �a� �p�l�a�s�m�i�d�s� 
�e�n�c�o�d�i�n�g� �r�e�t�O� �f�r�o�m� �d�o�n�o�r� �s�t�r�a�i�n�s� �t�o� �a� �r�e�c�i�p�i�e�n�t� �s�t�r�a�i�n� �v�a�r�i�e�d� �b�e�t�w�e�e�n� �~�1�0�~�*� �a�n�d� 
�1�0�-�°� �w�i�t�h�i�n� �6� �h� �o�f� �m�a�t�i�n�g�.� �I�n�t�e�r�e�s�t�i�n�g�l�y�,� �a�l�s�o� �c�o�-�t�r�a�n�s�f�e�r� �o�f� �a� �s�m�a�l�l�e�r� �p�l�a�s�m�i�d� �w�a�s� 
�o�b�s�e�r�v�e�d� �t�o�g�e�t�h�e�r� �w�i�t�h� �a� �l�a�r�g�e�r� �p�l�a�s�m�i�d� �c�o�n�f�e�r�r�i�n�g� �r�e�s�i�s�t�a�n�c�e� �t�o� �t�e�t�r�a�c�y�c�l�i�n�e� �(�P�r�a�t�t� 
�a�n�d� �K�o�r�o�l�i�k� �2�0�0�5�)�.� �A�b�s�e�n�c�e� �o�f� �c�o�n�j�u�g�a�t�i�o�n� �i�n� �s�o�m�e� �s�t�r�a�i�n�s� �w�a�s� �o�b�s�e�r�v�e�d�,� �i�n�d�i�c�a�-� 
�t�i�v�e� �o�f� �b�a�r�r�i�e�r�s�,� �e�.�g�.�,� �r�e�s�t�r�i�c�t�i�o�n ��m�o�d�i�f�i�c�a�t�i�o�n� �s�y�s�t�e�m�s� �a�n�d�/�o�r� �i�n�a�b�i�l�i�t�y� �o�f� �p�l�a�s�m�i�d�s� �t�o� 
�r�e�p�l�i�c�a�t�e� �i�n� �s�p�e�c�i�f�i�c� �s�t�r�a�i�n�s�.� �S�t�r�a�i�n� �d�e�p�e�n�d�e�n�c�y� �o�f� �c�o�n�j�u�g�a�t�i�o�n� �r�a�t�e�s� �w�a�s� �i�d�e�n�t�i�f�i�e�d� �i�n� 
�a� �d�i�f�f�e�r�e�n�t� �s�t�u�d�y�,� �s�h�o�w�i�n�g� �v�a�r�i�a�t�i�o�n�s� �f�r�o�m� �1�0�-�8� �t�o� �1�0�-�3� �(�Z�e�n�g� �e�t� �a�l�.� �2�0�1�5�)�.� �H�e�n�c�e�,� �i�t� 
�m�i�g�h�t� �b�e� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �w�i�t�h� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �r�a�t�e�s� �o�f� �~� �1�0�7�7 �� 
�1�0�-�7� �i�s�a� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �w�a�y� �o�f� �H�G�T� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�p�.� �H�o�w�e�v�e�r�,� �f�u�r�t�h�e�r� �s�t�u�d�i�e�s� 
�a�r�e� �n�e�e�d�e�d� �t�o� �c�o�l�l�e�c�t� �m�o�r�e� �d�a�t�a� �o�n� �d�i�f�f�e�r�e�n�t� �f�i�e�l�d� �s�t�r�a�i�n�s� �a�n�d� �t�o� �c�o�r�r�e�l�a�t�e� �i�n� �v�i�t�r�o� �w�i�t�h� 
�i�n� �v�i�v�o� �H�G�T� �f�r�e�q�u�e�n�c�i�e�s�.� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�N�a�t�u�r�a�l� �C�o�m�p�e�t�e�n�c�e� �a�n�d� �H�o�r�i�z�o�n�t�a�l� �G�e�n�e� �T�r�a�n�s�f�e�r� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �2�7�5� 

�C�o�n�j�u�g�a�t�i�o�n� �e�f�f�i�c�i�e�n�c�y� �w�a�s� �i�n�d�u�c�e�d� �1�0�0 ��1�0�0�0�-�f�o�l�d� �i�n� �s�t�r�a�i�n�s� �w�i�t�h� �l�o�w�-�f�r�e�q�u�e�n�c�y� 
�c�o�n�j�u�g�a�t�i�o�n� �(�L�F�C�)� �u�p�o�n� �3�0� �m�i�n� �h�e�a�t� �s�h�o�c�k� �a�t� �a�r�o�u�n�d� �5�0� �°�C� �(�Z�e�n�g� �e�t� �a�l�.� �2�0�1�5�)�.� 
�R�e�c�e�n�t�l�y�,� �Z�e�n�g� �a�n�d� �c�o�l�l�e�a�g�u�e�s� �(�2�0�1�8�)� �i�d�e�n�t�i�f�i�e�d� �t�h�e� �r�e�s�t�r�i�c�t�i�o�n ��m�o�d�i�f�i�c�a�t�i�o�n� �e�n�z�y�m�e� 
�C�j�e�l� �(�C�j�1�0�5�1�c�)� �a�s� �c�r�u�c�i�a�l� �f�a�c�t�o�r� �f�o�r� �r�e�d�u�c�e�d� �c�o�n�j�u�g�a�t�i�o�n� �r�a�t�e� �i�n� �t�h�e� �L�F�C� �s�t�r�a�i�n� 
�N�C�T�C�1�1�1�6�8�.� �I�n� �h�i�g�h� �c�o�n�j�u�g�a�t�i�o�n� �f�r�e�q�u�e�n�c�y� �(�H�C�F�)� �s�t�r�a�i�n�s�,� �1�0�0�0�-�f�o�l�d� �r�e�d�u�c�e�d� �c�o�n�j�u�-� 
�g�a�t�i�o�n� �f�r�e�q�u�e�n�c�y� �w�a�s� �o�b�s�e�r�v�e�d� �u�p�o�n� �c�h�r�o�m�o�s�o�m�a�l� �c�o�m�p�l�e�m�e�n�t�a�t�i�o�n� �w�i�t�h� �c�j�e�/�.� �T�h�e� 
�c�j�e�l� �m�u�t�a�n�t�s� �s�h�o�w�e�d� �e�n�h�a�n�c�e�d� �c�o�n�j�u�g�a�t�i�o�n� �e�f�f�i�c�i�e�n�c�y�,� �w�h�i�c�h� �w�a�s� �n�e�a�r�l�y� �i�n�d�e�p�e�n�-� 
�d�e�n�t� �o�f� �h�e�a�t� �s�h�o�c�k�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �C�j�e�l� �w�a�s� �t�h�e� �h�e�a�t�-�i�n�a�c�t�i�v�a�t�e�d� �l�i�m�i�t�i�n�g� �f�a�c�t�o�r� 
�o�f� �s�u�c�c�e�s�s�f�u�l� �c�o�n�j�u�g�a�t�i�o�n�a�l� �t�r�a�n�s�f�e�r� �o�f� �p�l�a�s�m�i�d�s� �i�n� �L�F�C� �s�t�r�a�i�n�s�.� �I�t� �w�a�s� �p�r�e�v�i�o�u�s�l�y� 
�o�b�s�e�r�v�e�d� �t�h�a�t� �C�j�e�l� �a�l�s�o� �r�e�s�t�r�i�c�t�e�d� �i�n�c�o�m�i�n�g� �D�N�A� �d�u�r�i�n�g� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �(�H�o�l�t� 
�e�t� �a�l�.� �2�0�1�2�)�.� �R�e�s�t�r�i�c�t�i�o�n� �b�a�r�r�i�e�r�s� �a�r�e� �d�i�s�c�u�s�s�e�d� �i�n� �m�o�r�e� �d�e�t�a�i�l� �i�n� �S�e�c�t�.� �3�.� 

�I�n�t�e�r�e�s�t�i�n�g�l�y�,� �u�n�i�d�i�r�e�c�t�i�o�n�a�l� �D�N�a�s�e�l�-�r�e�s�i�s�t�a�n�t� �c�o�n�j�u�g�a�t�i�o�n�-�l�i�k�e� �t�r�a�n�s�f�e�r� �o�f� �a� �c�h�r�o�-� 
�m�o�s�o�m�a�l� �r�e�s�i�s�t�a�n�c�e� �g�e�n�e� �w�a�s� �o�b�s�e�r�v�e�d� �f�r�o�m� �H�.� �p�y�l�o�r�i� �t�o� �C�.� �j�e�j�u�n�i� �(�O�y�a�r�z�a�b�a�l� �e�t� �a�l�.� 
�2�0�0�7�)�,� �d�e�m�o�n�s�t�r�a�t�i�n�g� �t�h�e� �p�o�t�e�n�t�i�a�l� �o�f� �b�a�c�t�e�r�i�a� �o�f� �t�h�e� �c�l�a�s�s� �C�a�m�p�y�l�o�b�a�c�t�e�r�a�l�e�s� �f�o�r� 
�g�e�n�e�t�i�c� �e�x�c�h�a�n�g�e� �(�F�e�r�n�a�n�d�e�z�-�G�o�n�z�a�l�e�z� �e�t� �a�l�.� �2�0�1�4�)�.� 

�2�.�3� �P�h�a�g�e� �T�r�a�n�s�d�u�c�t�i�o�n� �a�n�d� �G�e�n�o�m�i�c� �R�e�a�r�r�a�n�g�e�m�e�n�t�s� 

�C�a�m�p�y�l�o�b�a�c�t�e�r� �b�a�c�t�e�r�i�o�p�h�a�g�e�s� �h�a�v�e� �b�e�e�n� �i�s�o�l�a�t�e�d� �f�r�o�m� �d�i�v�e�r�s�e� �m�a�t�r�i�c�e�s�,� �i�n�c�l�u�d�i�n�g� 
�f�o�o�d�,� �a�n�i�m�a�l�s� �a�n�d� �e�n�v�i�r�o�n�m�e�n�t�s� �(�f�o�r� �a� �r�e�c�e�n�t� �r�e�v�i�e�w� �o�n� �i�s�o�l�a�t�i�o�n� �m�e�t�h�o�d�s�,� �s�e�e� �J�a�c�k�e�l� 

�e�t� �a�l�.� �2�0�1�9�)�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �t�h�e� �p�a�t�h�o�g�e�n� �i�s� �c�o�n�s�t�a�n�t�l�y� �e�x�p�o�s�e�d� �t�o� �p�h�a�g�e�s� �i�n� �i�t�s� 
�n�a�t�u�r�a�l� �h�a�b�i�t�a�t�.� �C�a�m�p�y�l�o�b�a�c�t�e�r� �b�a�c�t�e�r�i�o�p�h�a�g�e�s� �w�e�r�e� �f�i�r�s�t� �r�e�p�o�r�t�e�d� �i�n� �1�9�6�8� �i�n� �C�.� 

�f�e�t�u�s� �(�f�o�r�m�e�r�l�y� �V�i�b�r�i�o� �f�e�t�u�s�)� �u�p�o�n� �i�n�d�u�c�t�i�o�n� �o�f� �l�y�t�i�c� �p�h�a�s�e� �b�y� �t�h�e� �b�a�c�t�e�r�i�c�i�d�a�l� �a�g�e�n�t� 
�m�i�t�o�m�y�c�i�n� �C� �(�F�i�r�e�h�a�m�m�e�r� �a�n�d� �B�o�r�d�e�r� �1�9�6�8�)�.� �F�o�r� �d�e�t�a�i�l�s� �o�n� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �b�a�c�t�e�-� 
�r�i�o�p�h�a�g�e�s� �f�o�r� �C�a�m�p�y�l�o�b�a�c�t�e�r� �i�n�f�e�c�t�i�o�n� �c�o�n�t�r�o�l�,� �t�h�e� �r�e�a�d�e�r� �s�h�o�u�l�d� �r�e�f�e�r� �t�o� �C�h�a�p�.� �6� �o�f� 
�t�h�i�s� �b�o�o�k�.� 

�M�o�s�t� �s�e�q�u�e�n�c�e�d� �C�a�m�p�y�l�o�b�a�c�t�e�r� �p�h�a�g�e�s� �(�C�P�)� �b�e�l�o�n�g� �t�o� �t�h�e� �f�a�m�i�l�y� �M�y�o�v�i�r�i�d�a�e�,� 
�d�i�s�p�l�a�y�i�n�g� �l�o�n�g� �c�o�n�t�r�a�c�t�i�l�e� �t�a�i�l�s� �(�J�a�v�e�d� �e�t� �a�l�.� �2�0�1�4�;� �N�C�B�I� �T�a�x�o�n�o�m�y� �B�r�o�w�s�e�r�,� �a�c�c�e�s�-� 
�s�i�o�n� �2�2�.�0�9�.�2�0�2�0�)�.� �T�h�e�y� �a�r�e� �c�a�t�e�g�o�r�i�z�e�d� �i�n�t�o� �t�w�o� �m�a�i�n� �g�r�o�u�p�s�,� �t�h�e� �F�i�r�e�h�a�m�m�e�r�v�i�r�u�s�,� 
�g�r�o�u�p� �I�I�,� �C�P�2�2�0�-�l�i�k�e� �a�n�d� �t�h�e� �F�l�e�t�c�h�e�r�v�i�r�u�s�e�s�,� �g�r�o�u�p� �I�I�I�,� �C�P�8�-�l�i�k�e� �p�h�a�g�e�s�.� �G�r�o�u�p� 
�I� �p�h�a�g�e�s� �w�i�t�h� �l�a�r�g�e� �g�e�n�o�m�e�s� �o�f� �~�3�2�0� �k�b� �a�r�e�,� �h�o�w�e�v�e�r�,� �r�a�r�e�.� �D�N�A� �f�r�o�m� �C�a�m�p�y�-� 
�l�o�b�a�c�t�e�r� �p�h�a�g�e�s� �w�a�s� �o�b�s�e�r�v�e�d� �t�o� �b�e� �r�e�f�r�a�c�t�o�r�y� �t�o� �d�i�g�e�s�t�i�o�n� �b�y� �s�e�v�e�r�a�l� �r�e�s�t�r�i�c�t�i�o�n� 
�e�n�z�y�m�e�s� �(�S�a�i�l�s� �e�t� �a�l�.� �1�9�9�8�)�,� �w�h�i�c�h� �w�a�s� �r�e�c�e�n�t�l�y� �a�t�t�r�i�b�u�t�e�d� �t�o� �c�o�m�p�l�e�t�e� �e�x�c�h�a�n�g�e� �o�f� 
�d�e�o�x�y�g�u�a�n�o�s�i�n�e� �(�d�G�)� �b�y� �m�o�d�i�f�i�e�d� �b�a�s�e�s� �i�n� �p�h�a�g�e� �D�N�A� �(�C�r�i�p�p�e�n� �e�t� �a�l�.� �2�0�1�9�)�.� 

�I�n� �g�e�n�e�r�a�l�,� �b�a�c�t�e�r�i�o�p�h�a�g�e� �p�r�e�d�a�t�i�o�n� �w�a�s� �s�h�o�w�n� �t�o� �l�e�a�d� �t�o� �c�h�r�o�m�o�s�o�m�a�l� �r�e�a�r�-� 
�r�a�n�g�e�m�e�n�t�s� �i�n� �b�a�c�t�e�r�i�a� �a�n�d�,� �t�h�e�r�e�f�o�r�e�,� �p�h�a�g�e�s� �c�o�u�l�d� �a�l�s�o� �c�o�n�t�r�i�b�u�t�e� �t�o� �C�a�m�p�y�l�o�b�a�c�t�e�r� 
�g�e�n�o�m�i�c� �e�v�o�l�u�t�i�o�n�.� �F�o�r� �e�x�a�m�p�l�e�,� �u�p� �t�o� �5�9�0� �k�b� �i�n� �C�.� �j�e�j�u�n�i� �w�e�r�e� �i�n�v�e�r�t�e�d� �d�u�e� �t�o� �i�n�v�e�r�-� 
�s�i�o�n�s� �c�a�u�s�e�d� �b�y� �M�u�-�l�i�k�e� �p�h�a�g�e�s� �(�S�c�o�t�t� �e�t� �a�l�.� �2�0�0�7�)�.� �I�n�t�e�r�e�s�t�i�n�g�l�y�,� �C�.� �j�e�j�u�n�i� �c�a�r�r�y�i�n�g� 
�t�h�e� �b�a�c�t�e�r�i�o�p�h�a�g�e� �i�n� �i�t�s� �c�h�r�o�m�o�s�o�m�e� �w�e�r�e� �r�e�s�i�s�t�a�n�t� �t�o� �i�n�f�e�c�t�i�o�n�s� �b�y� �o�t�h�e�r� �b�a�c�t�e�r�i�o�-� 
�p�h�a�g�e�s� �b�u�t� �r�e�v�e�a�l�e�d� �a�n� �i�n�e�f�f�i�c�i�e�n�t� �c�o�l�o�n�i�z�a�t�i�o�n� �o�f� �t�h�e� �c�h�i�c�k�e�n�.� �B�e�s�i�d�e�s�,� �t�h�e� �i�n�t�e�g�r�a�-� 
�t�i�o�n� �o�f� �p�h�a�g�e�-�l�i�k�e� �e�l�e�m�e�n�t�s� �i�n�t�o� �t�h�e� �g�e�n�o�m�e� �c�a�n� �l�e�a�d� �t�o� �g�e�n�o�m�i�c� �c�h�a�n�g�e�s�,� �v�i�s�i�b�l�e� 
�b�y� �a�l�t�e�r�e�d� �p�u�l�s�e�d�-�f�i�e�l�d� �g�e�l� �e�l�e�c�t�r�o�p�h�o�r�e�s�i�s� �(�P�F�G�E�)� �p�a�t�t�e�r�n�s� �o�f� �c�l�e�a�v�e�d� �c�h�r�o�m�o�s�o�m�a�l� 
�D�N�A� �(�B�a�r�t�o�n� �e�t� �a�l�.� �2�0�0�7�)�.� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�2�7�6� �J�.� �C�.� �G�o�l�z� �a�n�d� �K�.� �S�t�i�n�g�]� 

�T�h�e� �p�r�o�c�e�s�s� �o�f� �p�h�a�g�e� �t�r�a�n�s�d�u�c�t�i�o�n� �c�a�n� �b�e� �d�i�v�i�d�e�d� �i�n�t�o� �s�e�v�e�r�a�l� �s�t�e�p�s�.� �I�n�i�t�i�a�l�l�y�,� 
�t�h�e� �b�a�c�t�e�r�i�o�p�h�a�g�e� �h�a�s� �t�o� �i�n�t�e�r�a�c�t� �w�i�t�h� �a� �r�e�c�e�p�t�o�r� �o�n� �t�h�e� �b�a�c�t�e�r�i�a�l� �c�e�l�l�.� �P�r�i�n�c�i�p�a�l�l�y�,� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �p�h�a�g�e� �i�n�f�e�c�t�i�o�n� �w�a�s� �s�h�o�w�n� �t�o� �b�e� �e�i�t�h�e�r� �d�e�p�e�n�d�e�n�t� �o�n� �m�o�d�i�f�i�c�a�t�i�o�n�s� 
�o�f� �t�h�e� �c�a�p�s�u�l�a�r� �p�o�l�y�s�a�c�c�h�a�r�i�d�e�s� �(�S�o�r�e�n�s�e�n� �e�t� �a�l�.� �2�0�1�1�)� �o�r� �o�n� �m�o�t�i�l�e� �f�l�a�g�e�l�l�a� �(�B�a�l�d�-� 
�v�i�n�s�s�o�n� �e�t� �a�l�.� �2�0�1�4�)�.� �R�e�c�e�p�t�o�r�-�t�y�p�e� �d�e�p�e�n�d�e�n�c�y� �c�o�u�l�d� �b�e� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �p�h�a�g�e� �g�e�n�u�s� 
�(�S�o�r�e�n�s�e�n� �e�t� �a�l�.� �2�0�1�5�)�.� �W�h�i�l�e� �C�P�8�1�-�l�i�k�e� �F�l�e�t�c�h�e�r�v�i�r�u�s�e�s� �w�e�r�e� �d�e�p�e�n�d�e�n�t� �o�n� �c�a�p�s�u�l�a�r� 

�p�o�l�y�s�a�c�c�h�a�r�i�d�e� �(�C�P�S�)�,� �t�h�e�r�e�b�y� �u�n�a�b�l�e� �t�o� �i�n�f�e�c�t� �a�c�a�p�s�u�l�a�r� �(�A�k�p�s�M�)� �m�u�t�a�n�t�s�,� �t�h�e� 
�C�P�2�2�0�-�l�i�k�e� �F�i�r�e�h�a�m�m�e�r�v�i�r�u�s�e�s� �w�e�r�e� �d�e�f�i�c�i�e�n�t� �o�f� �i�n�f�e�c�t�i�n�g� �n�o�n�-�m�o�t�i�l�e� �(�A�m�o�t�A�)� �C�.� 

�j�e�j�u�n�i� �s�t�r�a�i�n�s�.� �T�h�e� �r�e�c�e�p�t�o�r� �i�n� �C�.� �j�e�j�u�n�i� �N�C�T�C� �1�1�1�6�8� �f�o�r� �t�h�e� �M�y�o�v�i�r�i�d�a�e� �p�h�a�g�e� �F�3�3�6� 
�w�a�s� �s�h�o�w�n� �t�o� �b�e� �a�n� �O�-�m�e�t�h�y�]� �p�h�o�s�p�h�o�r�a�m�i�d�a�t�e� �a�t�t�a�c�h�e�d� �t�o� �2�-�a�c�e�t�a�m�i�d�o�-�2�-�d�e�o�x�y�-�D�-� 
�g�a�l�a�c�t�o�f�u�r�a�n�o�s�e� �(�G�a�l�f�N�A�c�)� �o�n� �t�h�e� �c�a�p�s�u�l�a�r� �p�o�l�y�s�a�c�c�h�a�r�i�d�e� �(�S�o�r�e�n�s�e�n� �e�t� �a�l�.� �2�0�1�1�)�.� �A� 

�f�r�a�m�e�s�h�i�f�t� �i�n� �t�h�e� �p�h�a�s�e� �v�a�r�i�a�b�l�e� �h�o�m�o�p�o�l�y�m�e�r�i�c� �G� �t�r�a�c�t� �o�f� �g�e�n�e� �C�j�1�4�2�1� �r�e�s�u�l�t�i�n�g� �i�n� 
�a� �n�o�n�-�f�u�n�c�t�i�o�n�a�l� �O�-�m�e�t�h�y�l� �p�h�o�s�p�h�o�r�a�m�i�d�a�t�e� �(�M�e�O�P�N�)� �t�r�a�n�s�f�e�r�a�s�e� �c�o�n�f�e�r�r�e�d� �r�e�s�i�s�-� 
�t�a�n�c�e� �a�g�a�i�n�s�t� �p�h�a�g�e� �F�3�3�6�.� �T�h�i�s� �i�s� �b�e�c�a�u�s�e� �t�h�e� �r�e�c�e�p�t�o�r� �i�s� �u�n�a�v�a�i�l�a�b�l�e� �d�u�e� �t�o� �l�a�c�k� �o�f� 
�r�e�c�e�p�t�o�r� �a�t�t�a�c�h�m�e�n�t� �t�o� �C�P�S�.� �I�n� �a�d�d�i�t�i�o�n�,� �C�j�1�4�2�2�,� �a�n�o�t�h�e�r� �p�h�a�s�e� �v�a�r�i�a�b�l�e� �g�e�n�e�,� �w�a�s� 
�s�h�o�w�n� �t�o� �a�t�t�a�c�h� �M�e�O�P�N� �t�o� �a� �h�e�p�t�o�s�e� �i�n� �C�P�S� �i�n� �C�.� �j�e�j�u�n�i�,� �w�h�i�c�h� �c�o�n�f�e�r�s� �r�e�s�i�s�t�a�n�c�e� �t�o� 
�F�3�3�6� �(�H�o�l�s�t� �S�o�r�e�n�s�e�n� �e�t� �a�l�.� �2�0�1�2�;� �A�i�d�l�e�y� �e�t� �a�l�.� �2�0�1�7�)�.� �T�h�e� �e�x�i�s�t�e�n�c�e� �o�f� �f�u�r�t�h�e�r� �C�P�S� 
�r�e�c�e�p�t�o�r�s� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �M�e�O�P�N� �i�n� �C�P�S�-�d�e�p�e�n�d�e�n�t� �p�h�a�g�e�s� �w�a�s� �s�u�g�g�e�s�t�e�d� �r�e�c�e�n�t�l�y� 
�(�G�e�n�c�a�y� �e�t� �a�l�.� �2�0�1�8�)�.� 

�I�n� �a�d�d�i�t�i�o�n�,� �i�t� �w�a�s� �s�h�o�w�n� �t�h�a�t� �a� �c�o�n�s�e�r�v�e�d� �g�l�y�c�a�n�-�s�p�e�c�i�f�i�c� �p�h�a�g�e� �p�r�o�t�e�i�n�,� �G�p�0�4�7� 
�r�e�n�a�m�e�d� �F�l�a�G�r�a�b�,� �r�e�c�o�g�n�i�z�e�s� �7�-�a�c�e�t�a�m�i�d�i�n�o�-�m�o�d�i�f�i�e�d� �p�s�e�u�d�a�m�i�n�i�c� �a�c�i�d� �r�e�s�i�d�u�e�s� �o�n� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �f�l�a�g�e�l�l�a�,� �i�n�h�i�b�i�t�i�n�g� �b�a�c�t�e�r�i�a�l� �g�r�o�w�t�h� �(�J�a�v�e�d� �e�t� �a�l�.� �2�0�1�5�)�.� �I�n� �p�a�r�t�i�c�-� 
�u�l�a�r�,� �F�l�a�G�r�a�b� �e�x�p�o�s�u�r�e� �l�e�d� �C�.� �j�e�j�u�n�i� �c�e�l�l�s� �t�o� �d�o�w�n�r�e�g�u�l�a�t�e� �e�x�p�r�e�s�s�i�o�n� �o�f� �e�n�e�r�g�y� 
�m�e�t�a�b�o�l�i�s�m� �g�e�n�e�s�,� �w�h�i�c�h� �w�a�s� �d�e�p�e�n�d�e�n�t� �o�n� �a� �f�u�n�c�t�i�o�n�a�l� �f�l�a�g�e�l�l�a�r� �m�o�t�o�r� �a�n�d� �w�a�s� 
�h�o�s�t� �s�t�r�a�i�n�-�d�e�p�e�n�d�e�n�t�,� �i�r�r�e�s�p�e�c�t�i�v�e� �o�f� �t�h�e� �l�e�v�e�l� �o�f� �m�o�t�i�l�i�t�y� �(�S�a�c�h�e�r� �e�t� �a�l�.� �2�0�2�0�)�.� 

�H�o�w�e�v�e�r�,� �F�l�a�G�r�a�b� �i�s� �a�l�s�o� �p�r�e�s�e�n�t� �i�n� �C�P�S�-�d�e�p�e�n�d�e�n�t� �p�h�a�g�e�s�,� �b�u�t� �i�s� �n�o�t� �p�a�r�t� �o�f� �t�h�e� 
�p�h�a�g�e� �c�a�p�s�u�l�e�.� �T�h�u�s�,� �i�t� �w�a�s� �s�p�e�c�u�l�a�t�e�d� �t�h�a�t� �F�l�a�G�r�a�b� �i�s� �n�o�t� �i�n�v�o�l�v�e�d� �i�n� �p�h�a�g�e� �e�n�t�r�y�,� 
�b�u�t� �p�r�e�s�e�n�t�s� �a�n� �i�m�p�o�r�t�a�n�t� �p�r�o�t�e�i�n� �i�n� �t�h�e� �p�h�a�g�e� �l�i�f�e�c�y�c�l�e�.� �I�t� �m�a�y� �e�i�t�h�e�r� �f�u�n�c�t�i�o�n� �a�s� 
�e�x�t�r�a�c�e�l�l�u�l�a�r� �e�f�f�e�c�t�o�r� �m�o�l�e�c�u�l�e� �u�p�o�n� �p�h�a�g�e�-�i�n�d�u�c�e�d� �c�e�l�l� �l�y�s�i�s�,� �i�m�p�r�o�v�i�n�g� �n�e�w� �i�n�f�e�c�-� 
�t�i�o�n� �b�y� �r�e�d�u�c�t�i�o�n� �o�f� �h�o�s�t� �m�o�t�i�l�i�t�y� �o�r� �i�n�t�r�a�c�e�l�l�u�l�a�r�l�y� �d�u�r�i�n�g� �p�h�a�g�e� �i�n�f�e�c�t�i�o�n� �(�J�a�v�e�d� 
�e�t� �a�l�.� �2�0�1�5�)�.� 

�T�h�e� �t�r�a�n�s�c�r�i�p�t�i�o�n�a�l� �b�a�c�t�e�r�i�a�l� �r�e�s�p�o�n�s�e� �u�p�o�n� �i�n�f�e�c�t�i�o�n� �o�f� �a� �C�P�8�-�l�i�k�e� �t�y�p�e�-�I�I�I� �p�h�a�g�e� 
�N�C�T�C� �1�2�6�7�3� �r�e�v�e�a�l�e�d� �r�e�g�u�l�a�t�i�o�n� �o�f� �a�n� �u�n�k�n�o�w�n� �o�p�e�r�o�n� �w�i�t�h� �s�o�m�e� �h�o�m�o�l�o�g�y� �t�o� 
�T�4� �p�h�a�g�e� �s�u�p�e�r�i�n�f�e�c�t�i�o�n� �e�x�c�l�u�s�i�o�n� �a�n�d� �a�n�t�i�t�o�x�i�n� �g�e�n�e�s�,� �a�s� �w�e�l�l� �a�s� �m�u�l�t�i�d�r�u�g� �e�f�f�l�u�x� 
�p�u�m�p�s� �a�n�d� �o�x�i�d�a�t�i�v�e� �s�t�r�e�s�s� �d�e�f�e�n�s�e� �g�e�n�e�s� �(�S�a�c�h�e�r� �e�t� �a�l�.� �2�0�1�8�)�.� �M�u�t�a�n�t�s� �o�f� �t�h�e� 
�c�m�e�A�B�C� �e�f�f�l�u�x� �p�u�m�p� �w�e�r�e� �m�o�r�e� �s�u�s�c�e�p�t�i�b�l�e� �f�o�r� �p�h�a�g�e� �i�n�f�e�c�t�i�o�n�s�,� �w�h�i�l�e� �l�o�s�s� �o�f� 
�c�a�t�a�l�a�s�e� �a�n�d� �s�u�p�e�r�o�x�i�d�e� �d�i�s�m�u�t�a�s�e� �g�e�n�e�s� �l�e�d� �t�o� �e�n�h�a�n�c�e�d� �p�h�a�g�e� �r�e�s�i�s�t�a�n�c�e� �(�S�a�c�h�e�r� 
�e�t� �a�l�.� �2�0�1�8�)�.� �T�h�u�s�,� �i�t� �s�e�e�m�s� �t�h�a�t� �p�h�a�g�e� �i�n�f�e�c�t�i�o�n� �m�o�d�u�l�a�t�e�s� �t�h�e� �c�a�p�a�c�i�t�y� �o�f� �t�h�e� �h�o�s�t� 
�t�o� �r�e�s�i�s�t� �a�n�t�i�m�i�c�r�o�b�i�a�l� �t�r�e�a�t�m�e�n�t� �a�n�d� �o�x�i�d�a�t�i�v�e� �s�t�r�e�s�s�,� �p�r�o�b�a�b�l�y� �a�s� �p�a�r�t� �o�f� �p�h�a�g�e ��h�o�s�t� 
�d�y�n�a�m�i�c�s�.� �I�n�t�e�r�e�s�t�i�n�g�l�y�,� �R�i�d�A�,� �p�r�e�v�i�o�u�s�l�y� �s�h�o�w�n� �t�o� �p�l�a�y� �a� �r�o�l�e� �i�n� �f�l�a�g�e�l�l�a ��f�l�a�g�e�l�l�a� 
�i�n�t�e�r�a�c�t�i�o�n�s� �d�u�e� �t�o� �r�e�g�u�l�a�t�i�o�n� �o�f� �f�l�a�g�e�l�l�a�r� �g�l�y�c�a�n� �m�o�d�i�f�i�c�a�t�i�o�n� �a�n�d� �m�o�t�i�l�i�t�y� �(�R�e�u�t�e�r� 
�e�t� �a�l�.� �2�0�1�5�)�,� �w�a�s� �o�b�s�e�r�v�e�d� �t�o� �a�l�s�o� �f�u�n�c�t�i�o�n� �i�n� �b�a�c�t�e�r�i�o�p�h�a�g�e� �i�n�f�e�c�t�i�v�i�t�y� �(�I�r�o�n�s� �e�t� �a�l�.� 
�2�0�1�9�)�.� �H�o�w�e�v�e�r�,� �t�h�e� �e�x�a�c�t� �m�o�l�e�c�u�l�a�r� �m�e�c�h�a�n�i�s�m� �i�s� �n�o�t� �y�e�t� �c�l�e�a�r�.� �T�a�k�e�n� �t�o�g�e�t�h�e�r�,� 
�m�o�r�e� �s�t�u�d�i�e�s� �a�r�e� �c�l�e�a�r�l�y� �n�e�e�d�e�d� �t�o� �f�u�l�l�y� �u�n�d�e�r�s�t�a�n�d� �C�a�m�p�y�l�o�b�a�c�t�e�r� �p�h�a�g�e� �l�i�f�e�c�y�c�l�e� 
�a�n�d� �t�h�e� �c�o�m�p�l�e�x� �i�n�t�e�r�a�c�t�i�o�n� �w�i�t�h� �t�h�e�i�r� �h�o�s�t�.� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�N�a�t�u�r�a�l� �C�o�m�p�e�t�e�n�c�e� �a�n�d� �H�o�r�i�z�o�n�t�a�l� �G�e�n�e� �T�r�a�n�s�f�e�r� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �2�7�7� 

�T�h�e� �g�a�n�g�l�i�o�s�i�d�e�-�l�i�k�e� �s�t�r�u�c�t�u�r�e�s� �G�M�1� �a�n�d� �G�D�1� �g�e�n�e�r�a�t�e�d� �b�y� �t�h�e� �c�t�s�-�/�/�-�e�n�c�o�d�e�d� 
�s�i�a�l�y�l�t�r�a�n�s�f�e�r�a�s�e� �p�l�a�y� �a� �r�o�l�e� �i�n� �r�e�s�i�s�t�a�n�c�e� �a�g�a�i�n�s�t� �b�a�c�t�e�r�i�o�p�h�a�g�e�s� �(�L�o�u�w�e�n� �e�t� �a�l�.� �2�0�1�3�)�.� 
�T�h�i�s� �w�a�s� �f�i�r�s�t� �s�u�g�g�e�s�t�e�d� �b�y� �t�h�e� �o�b�s�e�r�v�a�t�i�o�n� �t�h�a�t� �i�s�o�l�a�t�e�s� �i�n�v�o�l�v�e�d� �i�n� �G�u�i�l�l�a�i�n�-�B�a�r�r�é� 
�s�y�n�d�r�o�m�e� �i�n�d�u�c�t�i�o�n� �s�h�o�w�e�d� �l�o�w�e�r� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� �t�o� �a� �p�a�n�e�l� �o�f� �2�9� �b�a�c�t�e�r�i�o�p�h�a�g�e�s�.� 
�F�u�r�t�h�e�r�m�o�r�e�,� �a� �A�c�t�s�/�/� �m�u�t�a�n�t� �s�h�o�w�e�d� �i�n�c�r�e�a�s�e�d� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� �t�o� �b�a�c�t�e�r�i�o�p�h�a�g�e� �t�h�a�n� 
�t�h�e� �w�i�l�d�-�t�y�p�e� �b�a�c�t�e�r�i�a�.� �B�i�o�i�n�f�o�r�m�a�t�i�c� �s�c�r�e�e�n�i�n�g� �r�e�v�e�a�l�e�d� �a� �c�o�r�r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� 
�p�r�e�s�e�n�c�e� �o�f� �c�t�s�/�J� �a�n�d� �a� �d�e�g�e�n�e�r�a�t�e�d� �C�R�I�S�P�R�-�C�a�s� �s�y�s�t�e�m� �(�s�e�e� �a�l�s�o� �S�e�c�t�.� �3�)� �i�n� �C�.� 
�j�e�j�u�n�i� �s�t�r�a�i�n�s�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �v�i�r�u�l�e�n�c�e�-�a�s�s�o�c�i�a�t�e�d� �g�a�n�g�l�i�o�s�i�d�e�-�l�i�k�e� �s�t�r�u�c�t�u�r�e�s� �m�i�g�h�t� 
�s�e�r�v�e� �a�s� �b�a�c�t�e�r�i�o�p�h�a�g�e� �d�e�f�e�n�s�e� �s�y�s�t�e�m�.� 

�W�h�i�l�e� �a�b�o�v�e� �w�e� �h�a�v�e� �d�i�s�c�u�s�s�e�d� �t�h�e� �c�u�r�r�e�n�t� �k�n�o�w�l�e�d�g�e� �o�n� �l�y�t�i�c� �p�h�a�g�e�s�,� �a�l�s�o� 
�c�h�r�o�m�o�s�o�m�a�l�l�y� �i�n�t�e�g�r�a�t�e�d� �p�r�o�p�h�a�g�e�s� �h�a�v�e� �b�e�e�n� �d�e�s�c�r�i�b�e�d� �i�n� �v�a�r�i�o�u�s� �C�a�m�p�y�l�o�b�a�c�t�e�r� 
�s�t�r�a�i�n�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �C�.� �j�e�j�u�n�i� �s�t�r�a�i�n� �R�M�1�2�2�1� �c�a�r�r�i�e�s� �f�o�u�r� �s�o�-�c�a�l�l�e�d� �C�a�m�p�y�l�o�b�a�c�t�e�r� 
�j�e�j�u�n�i�-�i�n�t�e�g�r�a�t�e�d� �e�l�e�m�e�n�t�s� �(�C�J�I�E�s�)�,� �t�h�r�e�e� �o�f� �w�h�i�c�h� �(�C�J�I�E�1�,� �2� �a�n�d� �4�)� �s�e�e�m� �t�o� �o�r�i�g�i�n�a�t�e� 

�f�r�o�m� �p�h�a�g�e�s� �(�B�a�r�t�o�n� �e�t� �a�l�.� �2�0�0�7�)� �a�n�d� �t�h�e� �f�o�u�r�t�h� �(�C�J�I�E�3�)� �p�u�t�a�t�i�v�e�l�y� �f�r�o�m� �a�n� �i�n�t�e�g�r�a�t�e�d� 

�p�l�a�s�m�i�d� �(�F�o�u�t�s� �e�t� �a�l�.� �2�0�0�5�;� �P�a�r�k�e�r� �e�t� �a�l�.� �2�0�0�6�)�.� �T�h�e� �M�u�-�l�i�k�e� �p�h�a�g�e� �C�J�I�E�]� �i�s� �i�n�t�e�g�r�a�t�e�d� 
�u�p�s�t�r�e�a�m� �o�f� �t�h�e� �a�r�g�C� �g�e�n�e�,� �e�n�c�o�d�i�n�g� �a�n� �N�-�a�c�e�t�y�l�-�y�-�g�l�u�t�a�m�y�l�-�p�h�o�s�p�h�a�t�e� �r�e�d�u�c�t�a�s�e�.� 
�C�J�I�E�2� �a�n�d� �C�J�I�E�4� �a�r�e� �i�n�t�e�g�r�a�t�e�d� �a�t� �t�h�e� �3 ��e�n�d� �o�f� �a�r�g�i�n�y�l�-� �a�n�d� �m�e�t�h�i�o�n�y�l�-�t�R�N�A� �g�e�n�e�s�.� 
�C�J�I�E�3� �i�s� �i�n�t�e�g�r�a�t�e�d� �i�n�t�o� �t�h�e� �3 �� �e�n�d� �o�f� �a�n� �a�r�g�i�n�y�l�-�t�R�N�A�.� �C�J�I�E�1�!� �e�n�c�o�d�e�s� �t�y�p�i�c�a�l� �M�u� �a�n�d� 
�M�u�-�l�i�k�e� �p�h�a�g�e� �p�r�o�t�e�i�n�s�.� �C�J�I�E�2� �a�n�d� �C�J�I�E�4� �p�o�t�e�n�t�i�a�l�l�y� �e�n�c�o�d�e� �m�e�t�h�y�l�a�s�e�s�,� �e�n�d�o�n�u�-� 
�c�l�e�a�s�e�s� �a�n�d� �r�e�p�r�e�s�s�o�r�s�.� �C�J�I�E�1� �w�a�s� �p�r�e�s�e�n�t� �a�m�o�n�g� �~� �1�/�7� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �i�s�o�l�a�t�e�s� 
�o�b�t�a�i�n�e�d� �f�r�o�m� �s�u�r�v�e�i�l�l�a�n�c�e� �p�r�o�g�r�a�m�s� �i�n� �C�a�n�a�d�a� �(�C�l�a�r�k� �2�0�1�1�)�.� �M�o�s�t� �o�f� �t�h�e�s�e� �i�s�o�l�a�t�e�s� 
�w�e�r�e� �C�.� �j�e�j�u�n�i� �b�u�t� �C�J�I�E�!� �w�a�s� �a�l�s�o� �p�r�e�s�e�n�t� �i�n� �C�.� �c�o�l�i� �a�n�d� �C�.� �u�p�s�a�l�i�e�n�s�i�s�.� �T�h�e� �s�e�q�u�e�n�c�e� 
�a�n�d� �s�t�r�u�c�t�u�r�e� �o�f� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �C�J�I�E�1� �v�a�r�i�e�d�,� �l�e�a�d�i�n�g� �t�o� �p�r�o�t�e�i�n� �a�l�t�e�r�a�t�i�o�n�s� �(�C�l�a�r�k� �a�n�d� 
�N�g� �2�0�0�8�)�.� �F�u�r�t�h�e�r�m�o�r�e�,� �i�n�t�e�g�r�a�t�i�o�n� �l�o�c�i� �v�a�r�i�e�d� �i�n� �d�i�f�f�e�r�e�n�t� �C�.� �j�e�j�u�n�i� �s�t�r�a�i�n�s� �(�P�a�r�k�e�r� 
�e�t�a�l�.� �2�0�0�6�)�.� �S�i�m�i�l�a�r�l�y� �t�o�C�J�I�E�1�,� �a�l�s�o� �C�J�I�E�2� �a�n�d� �C�J�I�E�4� �w�e�r�e� �i�n�s�e�r�t�e�d� �a�t� �d�i�f�f�e�r�e�n�t� �l�o�c�i� �i�n� 

�t�h�e� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�h�r�o�m�o�s�o�m�e� �i�n� �d�i�f�f�e�r�e�n�t� �s�t�r�a�i�n�s� �(�C�l�a�r�k� �a�n�d� �N�g� �2�0�0�8�)�.� �H�o�w�e�v�e�r�,� 
�u�n�t�i�l� �n�o�w�,� �i�n�d�u�c�t�i�o�n� �o�f� �t�h�e�s�e� �C�J�I�E� �p�r�o�p�h�a�g�e�s� �t�o� �l�y�t�i�c� �p�h�a�s�e� �w�a�s� �u�n�s�u�c�c�e�s�s�f�u�l� �(�C�l�a�r�k� 
�a�n�d� �N�g� �2�0�0�8�)�.� 

�3� �B�a�r�r�i�e�r�s� �t�o� �H�o�r�i�z�o�n�t�a�l� �G�e�n�e� �T�r�a�n�s�f�e�r� 

�W�h�i�l�e� �H�G�T� �i�s� �c�r�u�c�i�a�l� �f�o�r� �t�h�e� �a�c�q�u�i�s�i�t�i�o�n� �o�f� �n�o�v�e�l� �g�e�n�e�t�i�c� �m�a�t�e�r�i�a�l� �a�n�d� �b�e�n�e�f�i�c�i�a�l� �a�d�a�p�-� 
�t�a�t�i�o�n� �t�o� �c�h�a�n�g�i�n�g� �e�n�v�i�r�o�n�m�e�n�t�s�,� �i�n�t�r�o�g�r�e�s�s�i�o�n� �o�f� �f�o�r�e�i�g�n� �D�N�A� �i�n� �b�a�c�t�e�r�i�a�l� �g�e�n�o�m�e�s� 
�c�a�n� �a�l�s�o� �l�e�a�d� �t�o�t�r�e�m�e�n�d�o�u�s� �f�i�t�n�e�s�s� �l�o�s�s�.� �T�h�e� �f�a�c�t� �t�h�a�t� �C�a�m�p�y�l�o�b�a�c�t�e�r� �i�s� �w�e�l�l� �p�r�o�t�e�c�t�e�d� 
�b�y� �H�G�T� �b�a�r�r�i�e�r�s� �b�e�c�o�m�e�s� �o�b�v�i�o�u�s�,� �s�i�n�c�e� �g�e�n�e�t�i�c� �m�a�n�i�p�u�l�a�t�i�o�n� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �i�s� 
�h�a�m�p�e�r�e�d� �u�s�i�n�g� �c�o�n�s�t�r�u�c�t�s� �a�m�p�l�i�f�i�e�d� �i�n� �c�l�o�n�i�n�g� �s�t�r�a�i�n�s� �o�f� �E�s�c�h�e�r�i�c�h�i�a� �c�o�l�i� �(�G�a�r�d�n�e�r� 
�a�n�d� �O�l�s�o�n� �2�0�1�2�)�.� �I�n� �t�h�e� �f�o�l�l�o�w�i�n�g�,� �w�e� �a�d�d�r�e�s�s� �t�h�e� �a�s�p�e�c�t� �o�f� �b�a�r�r�i�e�r�s� �t�o� �H�G�T� �a�n�d� �f�o�c�u�s� 
�o�n� �t�h�e� �C�R�I�S�P�R�-�C�a�s� �s�y�s�t�e�m� �a�n�d� �o�n� �o�t�h�e�r� �n�u�c�l�e�a�s�e�s�,� �i�n�c�l�u�d�i�n�g� �r�e�s�t�r�i�c�t�i�o�n ��m�o�d�i�f�i�c�a�-� 
�t�i�o�n� �s�y�s�t�e�m�s� �p�r�o�t�e�c�t�i�n�g� �C�a�m�p�y�l�o�b�a�c�t�e�r� �a�g�a�i�n�s�t� �i�n�c�o�m�i�n�g� �f�o�r�e�i�g�n� �D�N�A�.� �F�u�r�t�h�e�r�m�o�r�e�,� 
�w�e� �a�d�d�r�e�s�s� �t�h�e� �q�u�e�s�t�i�o�n� �h�o�w� �C�.� �j�e�j�u�n�i� �c�a�n� �s�e�l�e�c�t� �f�o�r� �D�N�A� �o�f� �r�e�l�a�t�i�v�e�s�,� �w�i�t�h�o�u�t� �u�s�i�n�g� 
�a� �c�l�a�s�s�i�c�a�l� �D�N�A� �u�p�t�a�k�e� �s�e�q�u�e�n�c�e� �a�s� �d�e�m�o�n�s�t�r�a�t�e�d� �f�o�r� �o�t�h�e�r� �b�a�c�t�e�r�i�a�.� 
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�2�7�8� �J�.� �C�.� �G�o�l�z� �a�n�d� �K�.� �S�t�i�n�g�]� 

�3�.�1� �C�R�I�S�P�R�-�C�a�s� �a�n�d� �N�u�c�l�e�a�s�e�s� 

 ��B�a�c�t�e�r�i�a�l� �i�m�m�u�n�i�t�y �� �b�a�s�e�d� �o�n� �c�l�u�s�t�e�r�e�d� �r�e�g�u�l�a�r�l�y� �i�n�t�e�r�s�p�a�c�e�s� �s�h�o�r�t� �p�a�l�i�n�d�r�o�m�i�c� 
�r�e�p�e�a�t�s� �(�C�R�I�S�P�R�)� �a�n�d� �C�R�I�S�P�R�-�a�s�s�o�c�i�a�t�e�d� �(�C�a�s�)� �p�r�o�t�e�i�n�s� �m�i�g�h�t� �b�e� �a� �p�o�w�e�r�f�u�l� �m�e�c�h�-� 

�a�n�i�s�m� �f�o�r� �r�e�s�t�r�i�c�t�i�o�n� �o�f� �h�o�r�i�z�o�n�t�a�l� �g�e�n�e� �t�r�a�n�s�f�e�r� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r�.� �T�h�e�s�e� �s�y�s�t�e�m�s� �a�r�e� 
�p�r�e�s�e�n�t� �i�n� �~� �4�0�%� �o�f� �c�o�m�p�l�e�t�e� �b�a�c�t�e�r�i�a�l� �a�n�d� �~� �8�5�%� �o�f� �a�r�c�h�a�e�a�l� �g�e�n�o�m�e�s� �(�M�a�k�a�r�o�v�a� 
�e�t� �a�l�.� �2�0�2�0�)�.� �T�h�e� �p�r�i�n�c�i�p�l�e� �i�s� �t�h�a�t� �i�n�c�o�m�i�n�g� �f�o�r�e�i�g�n� �D�N�A� �i�s� �m�e�m�o�r�i�z�e�d� �b�y� �i�n�c�o�r�p�o�-� 
�r�a�t�i�o�n� �o�f� �s�m�a�l�l� �f�r�a�g�m�e�n�t�s� �i�n� �C�R�I�S�P�R� �r�e�g�i�o�n�s�.� �U�p�o�n� �r�e�p�e�a�t�e�d� �e�n�t�r�y�,� �c�o�m�p�l�e�m�e�n�t�a�r�y� 
�C�R�I�S�P�R� �r�R�N�A�s� �(�c�r�R�N�A�)� �i�n� �c�o�m�p�l�e�x� �w�i�t�h� �C�a�s� �p�r�o�t�e�i�n�s� �t�a�r�g�e�t� �i�n�v�a�d�i�n�g� �D�N�A� �f�o�r� 
�d�e�g�r�a�d�a�t�i�o�n�.� �C�R�I�S�P�R�-�C�a�s� �s�y�s�t�e�m�s� �a�r�e� �c�l�a�s�s�i�f�i�e�d� �i�n�t�o� �t�w�o� �c�l�a�s�s�e�s�,� �s�i�x� �t�y�p�e�s� �a�n�d� �a�t� 
�l�e�a�s�t� �3�3� �s�u�b�t�y�p�e�s� �(�M�a�k�a�r�o�v�a� �e�t� �a�l�.� �2�0�2�0�)�.� �W�h�i�l�e� �c�l�a�s�s� �1� �s�y�s�t�e�m�s� �u�s�e� �m�u�l�t�i�p�l�e� �C�a�s� 
�p�r�o�t�e�i�n�s� �b�u�i�l�d�i�n�g� �u�p� �t�h�e� �e�f�f�e�c�t�o�r� �c�o�m�p�l�e�x�,� �t�h�e� �c�l�a�s�s� �2� �s�y�s�t�e�m� �u�s�e�s� �a� �s�i�n�g�l�e�-�p�r�o�t�e�i�n� 
�e�f�f�e�c�t�o�r�,� �e�.�g�.�,� �C�a�s�9� �i�n� �c�a�s�e� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�p�.� �C�l�a�s�s� �2� �s�y�s�t�e�m�s� �c�u�r�r�e�n�t�l�y� �i�n�c�l�u�d�e� 
�t�h�r�e�e� �t�y�p�e�s� �a�n�d� �1�7� �s�u�b�t�y�p�e�s�.� �C�.� �j�e�j�u�n�i� �h�a�r�b�o�r�s� �a� �c�l�a�s�s� �2�,� �t�y�p�e� �I�I�-�C� �C�R�I�S�P�R�-�C�a�s� 
�s�y�s�t�e�m�.� �I�t� �c�o�n�s�i�s�t�s� �o�f� �t�h�e� �g�e�n�e�s� �c�a�s�/�,� �c�a�s�2� �a�n�d� �c�a�s�9� �a�s� �w�e�l�l� �a�s� �a� �t�r�a�n�s�-�a�c�t�i�v�a�t�i�n�g� 
�C�R�I�S�P�R� �R�N�A� �(�T�r�a�c�r�R�N�A�)�.� �C�a�s�!� �a�n�d� �C�a�s�2� �a�r�e� �s�u�g�g�e�s�t�e�d� �t�o� �a�c�q�u�i�r�e� �a�n�d� �i�n�t�e�g�r�a�t�e� 
�n�e�w� �p�r�o�t�o�s�p�a�c�e�r�s� �(�Y�o�s�e�f� �e�t� �a�l�.� �2�0�1�2�)�.� �C�a�s�9� �p�a�r�t�i�c�i�p�a�t�e�s� �i�n� �s�p�a�c�e�r� �a�c�q�u�i�s�i�t�i�o�n� �(�H�e�l�e�r� 
�e�t� �a�l�.� �2�0�1�5�;� �W�e�i� �e�t� �a�l�.� �2�0�1�5�)�.� �C�R�I�S�P�R� �l�o�c�i� �a�r�e� �t�r�a�n�s�c�r�i�b�e�d� �a�s� �a� �s�i�n�g�l�e� �p�r�e�-�c�r�R�N�A� 
�p�r�e�c�u�r�s�o�r�,� �w�h�i�c�h� �i�s� �p�r�o�c�e�s�s�e�d� �t�o� �c�r�R�N�A�s� �b�y� �t�h�e� �b�a�c�t�e�r�i�a�l� �n�o�n�-�C�a�s� �R�N�a�s�e� �I�I�I� �i�n� �t�y�p�e� 
�I�I� �s�y�s�t�e�m�s�.� �I�n� �t�u�r�n�,� �c�r�R�N�A�s� �i�n� �c�o�m�p�l�e�x� �w�i�t�h� �C�a�s�9� �s�i�l�e�n�c�e� �i�n�v�a�d�i�n�g� �p�l�a�s�m�i�d� �o�r� �p�h�a�g�e� 
�D�N�A�,� �w�h�i�c�h� �b�e�a�r� �s�e�q�u�e�n�c�e� �h�o�m�o�l�o�g�y� �t�o� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �s�p�a�c�e�r� �s�e�q�u�e�n�c�e�s�.� �D�N�A� 
�s�t�r�a�n�d� �b�r�e�a�k�s� �a�t� �s�t�a�l�l�e�d� �r�e�p�l�i�c�a�t�i�o�n� �f�o�r�k�s� �i�n�d�u�c�e� �R�e�c�B�C�D�-�d�e�p�e�n�d�e�n�t� �s�p�a�c�e�r� �a�c�q�u�i�s�i�-� 
�t�i�o�n�.� �I�n� �o�r�d�e�r� �t�o� �a�v�o�i�d� �a�u�t�o�i�m�m�u�n�i�t�y�,� �c�h�r�o�m�o�s�o�m�a�l� �l�o�c�i� �w�e�r�e� �p�r�o�t�e�c�t�e�d� �a�g�a�i�n�s�t� �s�p�a�c�e�r� 
�a�c�q�u�i�s�i�t�i�o�n� �b�y� �r�e�l�a�t�i�v�e�l�y� �a�b�u�n�d�a�n�t� �C�h�i� �s�i�t�e�s� �i�n� �E�.� �c�o�l�i�,� �a�t� �w�h�i�c�h� �d�s�D�N�A� �b�r�e�a�k� �r�e�p�a�i�r� 
�i�s� �s�t�i�m�u�l�a�t�e�d� �i�n� �b�a�c�t�e�r�i�a� �(�L�e�v�y� �e�t� �a�l�.� �2�0�1�5�)�.� �H�o�w�e�v�e�r�,� �s�e�l�f�-�D�N�A� �m�i�g�h�t� �b�e� �i�n�t�e�g�r�a�t�e�d� 
�i�n�t�o� �t�h�e� �C�R�I�S�P�R� �l�o�c�i� �a�t� �v�e�r�y� �l�o�w� �f�r�e�q�u�e�n�c�y� �(�S�t�e�r�n� �e�t� �a�l�.� �2�0�1�0�)�.� �C�a�s�4�-�l�i�k�e� �p�r�o�t�e�i�n�s� 
�i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �b�a�c�t�e�r�i�o�p�h�a�g�e�s� �w�e�r�e� �s�u�g�g�e�s�t�e�d� �t�o� �m�o�d�i�f�y� �s�p�a�c�e�r� �e�l�e�m�e�n�t� �a�c�q�u�i�-� 
�s�i�t�i�o�n� �i�n� �f�a�v�o�r� �o�f� �p�h�a�g�e� �e�v�a�s�i�o�n� �d�u�e� �t�o� �p�r�e�f�e�r�e�n�t�i�a�l� �i�n�t�e�g�r�a�t�i�o�n� �o�f� �h�o�s�t� �s�e�q�u�e�n�c�e�s� �i�n� 
�C�R�I�S�P�R� �l�o�c�i� �(�H�o�o�t�o�n� �a�n�d� �C�o�n�n�e�r�t�o�n� �2�0�1�4�)�.� �T�h�u�s�,� �c�o�e�v�o�l�u�t�i�o�n� �o�f� �p�h�a�g�e�s� �w�i�t�h� �t�h�e� 
�h�o�s�t� �l�e�a�d�s� �t�o� �c�o�n�t�i�n�u�o�u�s� �m�o�d�u�l�a�t�i�o�n� �o�f� �g�e�n�o�m�e� �d�y�n�a�m�i�c�s�.� 

�T�h�e� �o�p�t�i�m�a�l� �s�i�z�e� �o�f� �t�h�e� �b�a�c�t�e�r�i�a�l� �m�e�m�o�r�y� �i�s� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �d�i�v�e�r�s�i�t�y� �o�f� 
�t�h�r�e�a�t�s�,� �i�.�e�.�,� �p�h�a�g�e�s�.� �S�i�n�c�e� �t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �r�e�s�p�o�n�s�e� �i�s� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� 
�n�u�m�b�e�r�/�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �c�r�R�N�A�-�C�a�s� �c�o�m�p�l�e�x�e�s� �w�i�t�h� �m�a�t�c�h�i�n�g� �s�p�e�c�i�f�i�c�i�t�y�,� �t�h�e� �d�e�p�t�h� 
�o�f� �m�e�m�o�r�y� �w�a�s� �p�r�o�p�o�s�e�d� �t�o� �b�e� �l�i�m�i�t�e�d� �t�o� �1�0�-�1�0�0� �s�p�a�c�e�r�s� �i�n� �b�a�c�t�e�r�i�a� �(�B�r�a�d�d�e� �e�t� �a�l�.� 
�2�0�2�0�)�.� �B�a�s�e�d� �o�n� �t�h�e� �c�u�r�r�e�n�t� �d�a�t�a�b�a�s�e� �c�a�l�l�e�d� �C�R�I�S�P�R�C�a�s�F�i�n�d�e�r�,� �h�o�s�t�e�d� �a�t� �t�h�e� �U�n�i�v�e�r�-� 

�s�i�t�y� �o�f� �P�a�r�i�s�-�S�a�c�l�a�y�,� �t�h�e� �n�u�m�b�e�r�s� �o�f� �p�r�e�d�i�c�t�e�d� �C�R�I�S�P�R� �l�o�c�i� �i�n� �C�.� �j�e�j�u�n�i� �a�n�d� �C�.� �c�o�l�i� 
�r�a�n�g�e� �f�r�o�m� �0� �t�o� �1�1� �(�m�e�d�i�a�n� �=� �1�;� �n�C�j� �=� �2�0�7�,� �n�C�c� �=� �3�7�,� �a�c�c�e�s�s�i�o�n� �2�2�.�0�9�.�2�0�2�0� 
�(�a�t� �h�t�t�p�s�:�/�/�c�r�i�s�p�r�c�e�a�s�.�i�2�b�e�.�p�a�r�i�s�-�s�a�c�l�a�y�.�f�r�/�M�a�i�n�D�b�/�S�t�r�a�i�n�L�i�s�t�)�,� �h�a�r�b�o�r�i�n�g� �e�a�c�h� �o�n�e� �t�o� 
�m�u�l�t�i�p�l�e� �s�p�a�c�e�r�s� �(�G�r�i�s�s�a� �e�t� �a�l�.� �2�0�0�7�;� �C�o�u�v�i�n� �e�t� �a�l�.� �2�0�1�8�)�.� �H�o�w�e�v�e�r�,� �l�o�w� �t�r�a�n�s�c�r�i�p�t�i�o�n� 
�o�f� �c�r�R�N�A�s� �a�n�d� �T�r�a�c�r�R�N�A� �w�a�s� �o�b�s�e�r�v�e�d� �i�n� �C�.� �j�e�j�u�n�i� �R�M�1�2�2�1� �d�u�e� �t�o� �a� �s�t�o�p�-�m�u�t�a�t�i�o�n� 
�i�n� �c�a�s�9� �(�D�u�g�a�r� �e�t� �a�l�.� �2�0�1�3�)�.� �T�h�u�s�,� �t�h�e� �a�u�t�h�o�r�s� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �a�b�s�e�n�c�e� �o�f� �C�R�I�S�P�R� 
�l�o�c�i� �o�r� �t�r�u�n�c�a�t�i�o�n� �o�f� �c�a�s�9� �e�n�a�b�l�e�d� �a�c�q�u�i�s�i�t�i�o�n� �o�f� �p�r�o�p�h�a�g�e�s� �o�r� �p�l�a�s�m�i�d�s� �a�n�d� �t�h�a�t� 
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�N�a�t�u�r�a�l� �C�o�m�p�e�t�e�n�c�e� �a�n�d� �H�o�r�i�z�o�n�t�a�l� �G�e�n�e� �T�r�a�n�s�f�e�r� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �2�7�9� 

�a�c�t�i�v�e� �C�R�I�S�P�R� �a�n�d� �m�o�b�i�l�e� �e�l�e�m�e�n�t�s� �a�r�e� �m�u�t�u�a�l�l�y� �e�x�c�l�u�s�i�v�e�.� �A�l�t�h�o�u�g�h� �C�a�s�9� �n�u�c�l�e�-� 
�a�s�e�s� �u�s�u�a�l�l�y� �t�a�r�g�e�t� �d�s�D�N�A�,� �a� �r�e�c�e�n�t� �s�t�u�d�y� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �i�n� �C�.� �j�e�j�u�n�i� �a�l�s�o� �e�n�d�o�g�e�-� 
�n�o�u�s� �s�s�R�N�A� �w�a�s� �t�a�r�g�e�t�e�d� �b�y� �C�j�C�a�s�9� �(�D�u�g�a�r� �e�t� �a�l�.� �2�0�1�8�)�.� �H�e�n�c�e�,� �i�t� �w�a�s� �p�r�o�p�o�s�e�d� 
�b�y� �t�h�e� �a�u�t�h�o�r�s� �t�h�a�t� �C�j�C�a�s�9� �m�a�y� �a�l�s�o� �s�e�r�v�e� �t�o� �t�a�r�g�e�t� �R�N�A� �v�i�r�u�s�e�s� �o�r� �e�v�e�n� �r�e�g�u�l�a�t�e� 
�e�n�d�o�g�e�n�o�u�s� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n�,� �w�h�i�c�h� �s�h�o�u�l�d� �b�e� �i�n�v�e�s�t�i�g�a�t�e�d� �i�n� �t�h�e� �f�u�t�u�r�e�.� 

�A�p�a�r�t� �f�r�o�m� �t�h�e� �C�R�I�S�P�R�-�C�a�s� �s�y�s�t�e�m�,� �p�e�r�i�p�l�a�s�m�i�c� �n�u�c�l�e�a�s�e�s� �w�e�r�e� �r�e�p�o�r�t�e�d� �t�o� 
�d�e�g�r�a�d�e� �i�n�c�o�m�i�n�g� �g�e�n�o�m�i�c� �D�N�A�,� �t�h�e�r�e�b�y� �i�n�h�i�b�i�t�i�n�g� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�.� �T�h�e� 
�p�e�r�i�p�l�a�s�m�i�c� �D�N�a�s�e�,� �e�n�c�o�d�e�d� �b�y� �t�h�e� �d�n�s� �g�e�n�e� �(�C�J�E�0�2�5�6�)� �f�r�o�m� �M�u�-�l�i�k�e� �p�r�o�p�h�a�g�e� 
�C�J�I�E�I�,� �i�n�h�i�b�i�t�s� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �i�n� �R�M�1�2�2�1� �(�G�a�a�s�b�e�e�k� �e�t� �a�l�.� �2�0�0�9�)�.� �T�r�a�n�s�-� 
�f�o�r�m�a�b�i�l�i�t�y� �o�f� �f�i�e�l�d� �s�t�r�a�i�n�s� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �p�r�e�s�e�n�c�e� �o�r� �a�b�s�e�n�c�e� �o�f� �d�n�s�.� �H�o�m�o�l�o�g�s� 
�o�f� �D�N�A�/�R�N�A� �n�o�n�-�s�p�e�c�i�f�i�c� �e�n�d�o�n�u�c�l�e�a�s�e�s� �w�e�r�e� �s�u�b�s�e�q�u�e�n�t�l�y� �a�l�s�o� �d�e�t�e�c�t�e�d� �o�n� �t�h�e� 
�p�r�o�p�h�a�g�e�s� �C�J�I�E�2� �a�n�d� �C�J�I�E�4� �a�n�d� �i�n�h�i�b�i�t�i�o�n� �o�f� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �l�e�v�e�l�s� �b�y� �a�r�o�u�n�d� 
�3�0�-�4�0�-�f�o�l�d� �w�e�r�e� �d�e�m�o�n�s�t�r�a�t�e�d� �(�G�a�a�s�b�e�e�k� �e�t� �a�l�.� �2�0�1�0�)�.� 

�3�.�2� �M�e�t�h�y�l�a�t�i�o�n�-�D�e�p�e�n�d�e�n�t� �D�N�A� �R�e�c�o�g�n�i�t�i�o�n� 

�I�t� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �l�o�n�g� �t�i�m�e� �a�g�o� �t�h�a�t� �C�.� �j�e�j�u�n�i� �p�r�e�f�e�r�e�n�t�i�a�l�l�y� �t�a�k�e�s� �u�p� �D�N�A� �f�r�o�m� 
�s�i�b�l�i�n�g�s�,� �a�l�t�h�o�u�g�h� �t�h�e� �m�e�c�h�a�n�i�s�m�s� �w�e�r�e� �c�o�m�p�l�e�t�e�l�y� �u�n�k�n�o�w�n� �(�W�a�n�g� �a�n�d� �T�a�y�l�o�r� 
�1�9�9�0�)�.� �H�o�w�e�v�e�r�,� �C�.� �j�e�j�u�n�i� �d�o�e�s� �n�o�t� �h�a�v�e� �a� �t�y�p�i�c�a�l� �D�N�A� �u�p�t�a�k�e� �s�e�q�u�e�n�c�e� �(�D�U�S�)�,� 
�l�i�k�e� �i�t� �w�a�s� �d�e�m�o�n�s�t�r�a�t�e�d� �f�o�r� �N�.� �g�o�n�o�r�r�h�o�e�a�e� �(�G�o�o�d�m�a�n� �a�n�d� �S�c�o�c�c�a� �1�9�8�8�)�,� �w�i�t�h� 

�t�h�e� �m�i�n�o�r� �p�i�l�i�n� �p�r�o�t�e�i�n� �C�o�m�P� �i�d�e�n�t�i�f�i�e�d� �a�s� �s�p�e�c�i�f�i�c� �r�e�c�e�p�t�o�r� �(�C�e�h�o�v�i�n� �e�t� �a�l�.� �2�0�1�3�)�.� 
�N�e�v�e�r�t�h�e�l�e�s�s�,� �C�.� �j�e�j�u�n�i� �s�e�l�e�c�t�s� �D�N�A� �o�f� �r�e�l�a�t�i�v�e�s� �a�n�d� �d�i�s�c�r�i�m�i�n�a�t�e�s� �a�g�a�i�n�s�t� �f�o�r�e�i�g�n� 
�D�N�A�.� �B�y� �s�i�n�g�l�e�-�m�o�l�e�c�u�l�e� �r�e�a�l�-�t�i�m�e� �s�e�q�u�e�n�c�i�n�g� �(�S�M�R�T�)�,� �a� �h�i�g�h� �d�e�g�r�e�e� �o�f� �m�e�t�h�y�-� 
�l�a�t�i�o�n� �o�f� �c�h�r�o�m�o�s�o�m�a�l� �D�N�A� �b�e�c�a�m�e� �a�p�p�a�r�e�n�t�,� �w�i�t�h� �t�h�e� �R�A�A�T�T�Y� �s�i�t�e� �b�e�i�n�g� �t�h�e� 
�o�n�l�y� �m�e�t�h�y�l�a�t�i�o�n� �s�i�t�e� �s�h�a�r�e�d� �b�e�t�w�e�e�n� �C�.� �c�o�l�i� �B�f�R�-�C�A�-�0�9�5�5�7� �a�n�d� �o�t�h�e�r� �C�.� �j�e�j�u�n�i� 
�s�t�r�a�i�n�s� �(�Z�a�u�t�n�e�r� �e�t� �a�l�.� �2�0�1�5�)�.� �B�y� �d�e�l�e�t�i�o�n� �o�f� �t�h�e� �r�e�s�p�e�c�t�i�v�e� �m�e�t�h�y�l�a�s�e� �g�e�n�e� �c�t�s�M� 
�(�n�a�m�e�d� �a�s� �C�a�m�p�y�l�o�b�a�c�t�e�r� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �s�y�s�t�e�m� �m�e�t�h�y�l�t�r�a�n�s�f�e�r�a�s�e�)�,� �i�t� �w�a�s� �s�h�o�w�n� 
�t�h�a�t� �C�.� �j�e�j�u�n�i� �r�e�c�o�g�n�i�z�e�s� �t�h�e� �a�d�e�n�i�n�e� �N�6� �(�e�x�o�c�y�c�l�i�c� �N�H�2�-�g�r�o�u�p� �a�t� �t�h�e� �s�i�x�t�h� �p�o�s�i�t�i�o�n� 
�o�f� �t�h�e� �p�u�r�i�n�e� �r�i�n�g�)� �m�e�t�h�y�l�a�t�e�d� �R�A�A�T�T�Y� �s�i�t�e� �o�f� �f�r�e�e� �e�x�t�e�r�n�a�l� �D�N�A� �a�s� �f�i�r�s�t� �s�t�e�p� �o�f� 
�n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �(�B�e�a�u�c�h�a�m�p� �e�t� �a�l�.� �2�0�1�7�)�.� �c�t�s�M� �m�u�t�a�n�t�s� �w�e�r�e� �n�o�t� �i�m�p�a�i�r�e�d� 

�i�n� �D�N�A� �u�p�t�a�k�e�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �C�t�s�M� �i�t�s�e�l�f� �i�s� �n�o�t� �i�n�v�o�l�v�e�d� �i�n� �r�e�c�o�g�n�i�t�i�o�n� �a�n�d�/�o�r� 
�t�r�a�n�s�p�o�r�t� �o�f� �m�e�t�h�y�l�a�t�e�d� �D�N�A�.� �T�h�e� �a�u�t�h�o�r�s� �a�l�s�o� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �E�.� �c�o�l�i� �p�l�a�s�m�i�d�s� 
�c�o�u�l�d� �s�u�c�c�e�s�s�f�u�l�l�y� �b�e� �t�r�a�n�s�f�o�r�m�e�d� �i�n�t�o� �C�.� �j�e�j�u�n�i� �a�f�t�e�r� �m�e�t�h�y�l�a�t�i�o�n� �w�i�t�h� �t�h�e� �E�.� �c�o�l�i� 
�E�c�o�R�I� �m�e�t�h�y�l�a�s�e�.� �I�n� �t�h�i�s� �c�a�s�e�,� �o�n�e� �o�f� �t�h�e� �f�o�u�r� �R�A�A�T�T�Y�-�s�i�t�e�s�,� �n�a�m�e�l�y� �G�A�A�T�T�C� 
�i�s� �m�e�t�h�y�l�a�t�e�d�,� �w�h�i�c�h� �w�a�s� �s�u�f�f�i�c�i�e�n�t� �f�o�r� �D�N�A� �u�p�t�a�k�e� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r�.� �T�h�i�s� �s�t�u�d�y� 
�p�r�e�s�e�n�t�e�d� �a� �m�a�j�o�r� �a�d�v�a�n�t�a�g�e� �f�o�r� �f�u�t�u�r�e� �g�e�n�e�t�i�c� �m�a�n�i�p�u�l�a�t�i�o�n� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�p�.�,� 
�s�i�n�c�e� �r�e�s�e�a�r�c�h�e�r�s� �c�a�n� �s�u�b�s�t�a�n�t�i�a�l�l�y� �i�m�p�r�o�v�e� �g�e�n�e�t�i�c� �m�a�n�i�p�u�l�a�t�i�o�n� �b�y� �m�e�t�h�y�l�a�t�i�o�n� �o�f� 
�p�l�a�s�m�i�d� �c�o�n�s�t�r�u�c�t�s� �v�i�a� �c�o�m�m�e�r�c�i�a�l�l�y� �a�v�a�i�l�a�b�l�e� �E�c�o�R�I� �m�e�t�h�y�l�a�s�e� �p�r�i�o�r� �t�o� �t�r�a�n�s�f�o�r�-� 
�m�a�t�i�o�n� �i�n� �t�h�e� �r�e�s�p�e�c�t�i�v�e� �C�a�m�p�y�l�o�b�a�c�t�e�r� �h�o�s�t�.� �T�h�e� �n�a�t�i�v�e� �E�c�o�R�I� �s�y�s�t�e�m� �i�s� �r�e�s�t�r�i�c�t�e�d� 
�t�o� �a� �s�p�e�c�i�a�l� �s�t�r�a�i�n� �o�f� �E�.� �c�o�l�i� �a�n�d� �n�o�t� �u�b�i�q�u�i�t�o�u�s�l�y� �f�o�u�n�d� �i�n� �t�h�i�s� �s�p�e�c�i�e�s�,� �e�x�p�l�a�i�n�i�n�g� 
�t�h�a�t� �D�N�A� �f�r�o�m� �E�.� �c�o�l�i� �d�o�e�s� �n�o�t� �p�r�e�s�e�n�t� �a� �s�u�b�s�t�r�a�t�e� �f�o�r� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�p�.� �I�t� �r�e�m�a�i�n�s� �t�o� �b�e� �i�n�v�e�s�t�i�g�a�t�e�d�,� �w�h�i�c�h� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �D�N�A� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�2�8�0� �J�.� �C�.� �G�o�l�z� �a�n�d� �K�.� �S�t�i�n�g�]� 

�u�p�t�a�k�e� �c�o�m�p�l�e�x� �r�e�c�o�g�n�i�z�e� �t�h�e� �m�e�t�h�y�l�a�t�e�d� �R�A�A�T�T�Y� �m�o�t�i�f�,� �i�n� �o�r�d�e�r� �t�o� �d�e�c�i�p�h�e�r� �t�h�e� 
�m�e�c�h�a�n�i�s�m� �o�f� �s�e�l�e�c�t�i�v�e� �D�N�A� �u�p�t�a�k�e� �i�n� �t�h�e� �f�o�o�d�b�o�r�n�e� �p�a�t�h�o�g�e�n�.� 

�A�p�a�r�t� �f�r�o�m� �C�t�s�M� �a�s� �m�e�t�h�y�l�a�s�e�,� �o�t�h�e�r� �r�e�s�t�r�i�c�t�i�o�n ��m�o�d�i�f�i�c�a�t�i�o�n� �s�y�s�t�e�m�s� �a�r�e� �t�h�o�u�g�h�t� 
�t�o� �c�o�n�s�t�i�t�u�t�e� �a� �g�e�n�e�t�i�c� �b�a�r�r�i�e�r� �f�o�r� �i�n�c�o�m�i�n�g� �D�N�A�.� �T�h�e� �r�e�s�t�r�i�c�t�i�o�n ��m�o�d�i�f�i�c�a�t�i�o�n� �t�y�p�e� 
�I�I�G� �e�n�z�y�m�e� �C�j�1�0�5�1�c� �w�a�s� �s�h�o�w�n� �t�o� �l�o�w�e�r� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �e�f�f�i�c�i�e�n�c�y� �u�s�i�n�g� �a� �C�.� �j�e�j�u�n�i� 
�d�e�r�i�v�e�d� �p�l�a�s�m�i�d� �b�y� �1�0�0�0�-�f�o�l�d� �(�H�o�l�t� �e�t� �a�l�.� �2�0�1�2�)�.� �C�j�1�0�5�1�c� �w�a�s� �s�h�o�w�n� �t�o� �a�l�s�o� �d�r�a�s�t�i�-� 

�c�a�l�l�y� �r�e�d�u�c�e� �c�o�n�j�u�g�a�t�i�o�n� �e�f�f�i�c�i�e�n�c�y� �a�m�o�n�g� �C�.� �j�e�j�u�n�i� �s�t�r�a�i�n�s� �(�Z�e�n�g� �e�t� �a�l�.� �2�0�1�8�)�.� �S�i�n�c�e� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �g�e�n�o�m�e�s� �h�a�r�b�o�r� �d�i�v�e�r�s�e� �m�e�t�h�y�l�a�t�i�o�n� �p�r�o�f�i�l�e�s� �a�n�d� �v�a�r�i�o�u�s� �r�e�s�t�r�i�c�t�i�o�n�-� 
�m�e�t�h�y�l�a�t�i�o�n� �g�e�n�e�s�,� �t�h�a�t� �a�r�e� �a�l�s�o� �s�t�r�a�i�n�-�d�e�p�e�n�d�e�n�t� �(�O ��L�o�u�g�h�l�i�n� �e�t� �a�l�.� �2�0�1�5�;� �Z�a�u�t�n�e�r� 
�e�t� �a�l�.� �2�0�1�5�)�,� �i�t� �i�s� �e�x�p�e�c�t�e�d� �t�h�a�t� �s�e�v�e�r�a�l� �o�t�h�e�r� �r�e�s�t�r�i�c�t�i�o�n ��m�o�d�i�f�i�c�a�t�i�o�n� �s�y�s�t�e�m�s� �p�l�a�y� 
�c�r�u�c�i�a�l� �r�o�l�e�s� �i�n� �e�s�t�a�b�l�i�s�h�i�n�g� �g�e�n�e�t�i�c� �b�a�r�r�i�e�r�s�,� �e�v�e�n� �a�g�a�i�n�s�t� �r�e�l�a�t�i�v�e�s�,� �f�a�v�o�r�i�n�g� �c�l�o�n�a�l� 
�s�p�r�e�a�d�i�n�g�.� 

�4� �I�m�p�a�c�t� �o�f� �G�e�n�e� �T�r�a�n�s�f�e�r� �o�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �F�i�t�n�e�s�s� 

�A�s� �d�i�s�c�u�s�s�e�d� �a�b�o�v�e�,� �d�u�r�i�n�g� �e�v�o�l�u�t�i�o�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�p�.� �h�a�v�e� �d�e�v�e�l�o�p�e�d� �p�o�w�e�r�f�u�l� 
�m�e�a�n�s� �f�o�r� �H�G�T� �a�n�d� �c�o�e�v�o�l�v�e�d� �w�i�t�h� �i�n�c�o�m�i�n�g� �g�e�n�e�t�i�c� �m�a�t�e�r�i�a�l� �i�n� �o�r�d�e�r� �t�o� �b�a�l�a�n�c�e� 
�t�h�e� �a�c�q�u�i�s�i�t�i�o�n� �o�f� �n�o�v�e�l� �m�a�t�e�r�i�a�l� �a�n�d� �p�u�t�a�t�i�v�e� �d�e�t�r�i�m�e�n�t�a�l� �e�f�f�e�c�t�s�.� �I�n� �t�h�e� �f�o�l�l�o�w�i�n�g�,� 
�w�e� �a�d�d�r�e�s�s� �t�h�e� �b�e�n�e�f�i�c�i�a�l� �i�m�p�a�c�t� �o�f� �g�e�n�e� �t�r�a�n�s�f�e�r� �a�n�d� �r�e�p�o�r�t� �o�n� �f�i�t�n�e�s�s� �a�d�v�a�n�t�a�g�e�s� 
�d�u�e� �t�o� �e�n�o�r�m�o�u�s� �g�e�n�e�t�i�c� �p�l�a�s�t�i�c�i�t�y� �o�f� �t�h�e� �f�o�o�d�b�o�r�n�e� �p�a�t�h�o�g�e�n�.� 

�4�.�1� �S�p�r�e�a�d� �o�f� �R�e�s�i�s�t�o�m�e�s� �a�n�d� �P�e�r�s�i�s�t�e�n�c�e� �F�a�c�t�o�r�s� 

�H�u�m�a�n� �i�n�f�e�c�t�i�o�n�s� �b�y� �C�a�m�p�y�l�o�b�a�c�t�e�r�s� �a�r�e� �c�o�m�m�o�n�l�y� �c�a�u�s�e�d� �b�y� �c�o�n�s�u�m�p�t�i�o�n� �a�n�d� 
�h�a�n�d�l�i�n�g� �o�f� �r�a�w� �p�o�u�l�t�r�y� �m�e�a�t� �(�f�o�r� �m�o�r�e� �d�e�t�a�i�l�s� �s�e�e� �C�h�a�p�.� �|� �o�f� �t�h�i�s� �b�o�o�k�)�.� �W�h�i�l�e� �m�o�s�t� 
�h�u�m�a�n� �c�a�m�p�y�l�o�b�a�c�t�e�r�i�o�s�i�s� �c�a�s�e�s� �a�r�e� �s�e�l�f�-�l�i�m�i�t�i�n�g�,� �a�n�t�i�b�i�o�t�i�c� �t�r�e�a�t�m�e�n�t�,� �i�n� �p�a�r�t�i�c�u�l�a�r� 
�t�h�e� �u�s�e� �o�f� �m�a�c�r�o�l�i�d�e�s� �o�r� �f�l�u�o�r�o�q�u�i�n�o�l�o�n�e�s�,� �w�a�s� �r�e�p�o�r�t�e�d� �i�n� �a�r�o�u�n�d� �o�n�e�-�t�h�i�r�d� �o�f� �t�h�e� 
�p�a�t�i�e�n�t�s� �(�R�o�s�n�e�r� �e�t� �a�l�.� �2�0�1�7�)�.� �T�h�e� �s�p�r�e�a�d� �o�f� �a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�c�e�s� �b�y� �H�G�T� �e�n�a�b�l�e�s� 
�p�r�e�a�d�a�p�t�a�t�i�o�n� �t�o� �c�h�a�n�g�i�n�g� �e�n�v�i�r�o�n�m�e�n�t�s� �a�n�d� �l�e�a�d�s� �t�o� �d�i�v�e�r�s�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �b�a�c�t�e�r�i�a�l� 
�p�o�p�u�l�a�t�i�o�n�.� �T�h�e� �o�b�s�e�r�v�a�t�i�o�n� �o�f� �d�i�f�f�e�r�e�n�t� �r�e�s�i�s�t�a�n�c�e�s� �s�h�a�r�e�d� �b�e�t�w�e�e�n� �C�.� �j�e�j�u�n�i� �a�n�d� �C�.� 
�c�o�l�i� �s�t�r�a�i�n�s� �i�s�o�l�a�t�e�d� �f�r�o�m� �l�i�v�e�s�t�o�c�k�,� �s�e�w�a�g�e� �a�n�d� �h�u�m�a�n� �d�i�s�e�a�s�e� �i�n�d�i�c�a�t�e�d� �f�r�e�q�u�e�n�t� 
�s�p�r�e�a�d� �o�f� �p�l�a�s�m�i�d�s� �a�n�d� �m�u�l�t�i�d�r�u�g�-�r�e�s�i�s�t�a�n�t� �g�e�n�o�m�i�c� �i�s�l�a�n�d�s� �(�M�D�R�G�I�s�)� �b�y� �H�G�T� 
�(�M�o�u�r�k�a�s� �e�t� �a�l�.� �2�0�1�9�)�.� �S�p�r�e�a�d� �o�f� �a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�c�e� �b�e�t�w�e�e�n� �C�.� �j�e�j�u�n�i� �s�t�r�a�i�n�s� �b�y� 
�n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �w�a�s� �r�e�i�n�f�o�r�c�e�d� �i�n� �b�i�o�f�i�l�m�s� �v�e�r�s�u�s� �p�l�a�n�k�t�o�n�i�c� �e�n�v�i�r�o�n�m�e�n�t�s� 
�(�B�a�e� �e�t� �a�l�.� �2�0�1�4�)�.� �F�o�r� �d�e�t�a�i�l�s� �o�n� �b�i�o�f�i�l�m� �f�o�r�m�a�t�i�o�n� �a�n�d� �q�u�o�r�u�m� �s�e�n�s�i�n�g�,� �t�h�e� �r�e�a�d�e�r� 
�s�h�o�u�l�d� �r�e�f�e�r� �t�o� �C�h�a�p�.� �1�1� �o�f� �t�h�i�s� �b�o�o�k�.� �B�i�o�f�i�l�m�s� �c�o�n�t�a�i�n� �e�x�t�r�a�c�e�l�l�u�l�a�r� �D�N�A� �a�n�d� �a�r�e� 
�t�h�o�u�g�h�t� �t�o� �c�o�n�v�e�y� �e�n�h�a�n�c�e�d� �p�e�r�s�i�s�t�e�n�c�e� �o�f� �h�o�s�t�-�a�s�s�o�c�i�a�t�e�d� �p�a�t�h�o�g�e�n�s� �i�n� �t�h�e� �e�n�v�i�r�o�n�-� 
�m�e�n�t�.� �T�h�e�i�r� �r�o�l�e� �i�n� �t�h�e� �d�i�s�s�e�m�i�n�a�t�i�o�n� �o�f� �a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�c�e�s� �r�e�m�a�i�n�s� �t�o� �b�e� �s�t�u�d�i�e�d� 
�i�n� �m�o�r�e� �d�e�t�a�i�l�.� 

�O�n�e� �o�f� �t�h�e� �w�e�l�l�-�k�n�o�w�n� �a�n�d� �t�h�e� �m�o�s�t� �p�r�e�v�a�i�l�i�n�g� �r�e�s�i�s�t�a�n�c�e� �m�e�c�h�a�n�i�s�m�s� �o�f� �C�a�m�p�y�-� 
�l�o�b�a�c�t�e�r� �a�g�a�i�n�s�t� �m�a�c�r�o�l�i�d�e�s� �i�n� �E�u�r�o�p�e�a�n� �s�t�r�a�i�n�s� �i�s� �t�h�e� �p�o�i�n�t� �m�u�t�a�t�i�o�n� �A�2�0�7�5�G� �i�n� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�N�a�t�u�r�a�l� �C�o�m�p�e�t�e�n�c�e� �a�n�d� �H�o�r�i�z�o�n�t�a�l� �G�e�n�e� �T�r�a�n�s�f�e�r� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �2�8�1� 

�t�h�e� �2�3�S� �r�R�N�A� �g�e�n�e�.� �T�h�i�s� �m�u�t�a�t�i�o�n� �i�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �a� �s�u�b�s�t�a�n�t�i�a�l� �d�e�c�r�e�a�s�e� �i�n� 
�b�a�c�t�e�r�i�a�l� �f�i�t�n�e�s�s� �(�W�a�n�g� �e�t� �a�l�.� �2�0�1�4�;� �L�u�a�n�g�t�o�n�g�k�u�m� �e�t� �a�l�.� �2�0�1�2�)�,� �p�r�o�b�a�b�l�y� �l�e�a�d�i�n�g� 
�t�o� �t�h�e� �c�u�r�r�e�n�t�l�y� �o�b�s�e�r�v�e�d� �l�o�w� �r�a�t�e�s� �o�f� �m�a�c�r�o�l�i�d�e� �r�e�s�i�s�t�a�n�c�e� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�p�.� 
�f�r�o�m� �l�i�v�e�s�t�o�c�k� �(�E�F�S�A� �2�0�2�0�)�.� �R�e�c�e�n�t�l�y�,� �C�.� �j�e�j�u�n�i� �a�n�d� �C�.� �c�o�l�i� �s�t�r�a�i�n�s� �w�e�r�e� �i�s�o�l�a�t�e�d� 
�c�a�r�r�y�i�n�g� �t�h�e� �g�e�n�e� �e�r�m�B�,� �e�n�c�o�d�i�n�g� �a�n� �r�R�N�A� �m�e�t�h�y�l�a�s�e�,� �c�o�n�f�e�r�r�i�n�g� �r�e�s�i�s�t�a�n�c�e� �a�g�a�i�n�s�t� 
�m�a�c�r�o�l�i�d�e�s� �i�n� �A�s�i�a� �(�Q�i�n� �e�t� �a�l�.� �2�0�1�4�;� �D�u� �e�t� �a�l�.� �2�0�1�8�;� �C�h�e�n�g� �e�t� �a�l�.� �2�0�2�0�;� �L�i�u� �e�t� �a�l�.� 
�2�0�1�7�)�,� �E�u�r�o�p�e� �(�F�l�o�r�e�z�-�C�u�a�d�r�a�d�o� �e�t� �a�l�.� �2�0�1�6�)� �a�n�d� �U�S�A� �(�C�h�e�n� �e�t� �a�l�.� �2�0�1�8�)�.� �U�p� �t�o� 

�n�o�w�,� �n�i�n�e� �t�y�p�e�s� �o�f� �e�r�m�B�-�c�a�r�r�y�i�n�g� �M�D�R�G�I� �h�a�v�e� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� 
�s�p�p�.� �B�e�s�i�d�e�s� �e�r�m�B�,� �t�h�e�s�e� �i�s�l�a�n�d�s� �i�n�c�l�u�d�e� �r�e�s�i�s�t�a�n�c�e�s� �a�g�a�i�n�s�t� �a�m�i�n�o�g�l�y�c�o�s�i�d�e�s�,� �s�u�c�h� 
�a�s� �g�e�n�t�a�m�i�c�i�n�,� �k�a�n�a�m�y�c�i�n�,� �s�t�r�e�p�t�o�m�y�c�i�n�,� �s�p�e�c�t�i�n�o�m�y�c�i�n� �o�r� �s�t�r�e�p�t�o�t�h�r�i�c�i�n�,� �a�s� �w�e�l�l� �a�s� 
�a�m�p�i�c�i�l�l�i�n�s� �a�n�d� �t�e�t�r�a�c�y�c�l�i�n�e�s� �(�W�a�n�g� �e�t� �a�l�.� �2�0�1�4�;� �F�l�o�r�e�z�-�C�u�a�d�r�a�d�o� �e�t� �a�l�.� �2�0�1�6�;� �C�h�e�n� 
�e�t� �a�l�.� �2�0�1�8�)�.� �C�.� �c�o�l�i� �s�t�r�a�i�n�s� �w�e�r�e� �a�l�s�o� �i�d�e�n�t�i�f�i�e�d�,� �h�a�r�b�o�r�i�n�g� �e�r�m�B� �o�n� �d�i�f�f�e�r�e�n�t� �p�l�a�s�-� 
�m�i�d�s� �(�W�a�n�g� �e�t� �a�l�.� �2�0�1�4�)�.� �T�h�e� �p�u�b�l�i�s�h�e�d� �N�C�B�I� �s�e�q�u�e�n�c�e�s� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �e�r�m�B� 
�p�r�e�s�e�n�t� �f�o�u�r� �d�i�f�f�e�r�e�n�t� �a�l�l�e�l�e� �v�a�r�i�a�n�t�s�.� �C�o�m�p�a�r�a�t�i�v�e� �g�e�n�o�m�e� �a�n�a�l�y�s�i�s� �r�e�v�e�a�l�e�d� �i�d�e�n�t�i�c�a�l� 
�e�r�m�B� �s�e�q�u�e�n�c�e�s� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r�,� �S�t�r�e�p�t�o�c�o�c�c�u�s� �s�u�i�s�,� �E�n�t�e�r�o�c�o�c�c�u�s� �f�a�e�c�i�u�m� �a�n�d� 
�C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �i�s�o�l�a�t�e�s� �f�r�o�m� �d�i�f�f�e�r�e�n�t� �m�a�t�r�i�c�e�s� �(�F�l�o�r�e�z�-�C�u�a�d�r�a�d�o� �e�t� �a�l�.� �2�0�1�7�)�,� 
�s�u�g�g�e�s�t�i�n�g� �m�u�l�t�i�p�l�e� �H�G�T� �e�v�e�n�t�s� �a�m�o�n�g� �d�i�f�f�e�r�e�n�t� �s�p�e�c�i�e�s�.� �E�s�p�e�c�i�a�l�l�y� �t�h�e� �s�p�r�e�a�d� �o�f� 
�m�a�c�r�o�l�i�d�e� �r�e�s�i�s�t�a�n�c�e� �i�s� �o�f� �g�r�e�a�t� �d�a�n�g�e�r�,� �s�i�n�c�e� �m�a�c�r�o�l�i�d�e�s� �a�r�e� �o�f�t�e�n� �d�r�u�g�s� �o�f� �c�h�o�i�c�e� 
�t�o� �t�r�e�a�t� �c�a�m�p�y�l�o�b�a�c�t�e�r�i�o�s�i�s� �i�n� �h�u�m�a�n�s� �(�R�o�s�n�e�r� �e�t� �a�l�.� �2�0�1�7�)�.� 

�A� �v�a�r�i�a�n�t� �o�f� �t�h�e� �m�u�l�t�i�d�r�u�g� �e�f�f�l�u�x� �p�u�m�p� �R�E�-�C�m�e�A�B�C� �(�f�o�r� �r�e�s�i�s�t�a�n�c�e�-�e�n�h�a�n�c�i�n�g� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �m�u�l�t�i�d�r�u�g� �e�f�f�l�u�x� �s�y�s�t�e�m� �A�B�C�)�,� �d�i�s�p�l�a�y�i�n�g� �s�e�q�u�e�n�c�e� �v�a�r�i�a�t�i�o�n� �a�n�d� 
�e�n�h�a�n�c�e�d� �e�x�p�r�e�s�s�i�o�n� �d�u�e� �t�o� �a� �m�u�t�a�t�i�o�n� �i�n� �t�h�e� �p�r�o�m�o�t�o�r� �r�e�g�i�o�n�,� �w�a�s� �s�h�o�w�n� �t�o� �b�e� �s�p�r�e�a�d� 
�v�i�a� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �a�n�d� �h�o�m�o�l�o�g�o�u�s� �r�e�c�o�m�b�i�n�a�t�i�o�n� �(�Y�a�o� �e�t� �a�l�.� �2�0�1�6�)�.� �T�h�i�s� 
 ��s�u�p�e�r �� �p�u�m�p� �c�o�n�v�e�y�s� �i�n�c�r�e�a�s�e�d� �m�i�n�i�m�a�l� �i�n�h�i�b�i�t�o�r�y� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �(�M�I�C�s�)� �a�g�a�i�n�s�t� 
�a�n�t�i�m�i�c�r�o�b�i�a�l�s�,� �s�u�c�h� �a�s� �c�i�p�r�o�f�l�o�x�a�c�i�n�,� �e�r�y�t�h�r�o�m�y�c�i�n�,� �p�h�e�n�i�c�o�l�s� �a�n�d� �t�e�t�r�a�c�y�c�l�i�n�e�.� 

�A�s� �l�o�n�g� �a�s� �t�h�e� �a�c�q�u�i�r�e�d� �a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�c�e� �d�e�t�e�r�m�i�n�a�n�t� �d�o�e�s� �n�o�t� �l�e�a�d� �t�o� �f�i�t�n�e�s�s� 
�d�e�c�r�e�a�s�e�,� �i�t� �c�a�n� �s�t�a�b�l�y� �r�e�m�a�i�n� �i�n� �a� �s�t�r�a�i�n� �a�n�d� �i�s� �r�e�a�d�i�l�y� �s�p�r�e�a�d� �t�o� �o�t�h�e�r� �s�t�r�a�i�n�s�.� �F�o�r� 
�e�x�a�m�p�l�e�,� �t�h�e� �t�r�a�n�s�f�e�r� �o�f� �f�e�t�O� �i�n� �C�.� �j�e�j�u�n�i� �w�a�s� �d�e�m�o�n�s�t�r�a�t�e�d� �t�o� �o�c�c�u�r� �i�n� �v�i�v�o� �i�n� �c�h�i�c�k�e�n� 
�e�v�e�n� �w�i�t�h�o�u�t� �s�e�l�e�c�t�i�o�n� �p�r�e�s�s�u�r�e� �(�A�v�r�a�i�n� �e�t� �a�l�.� �2�0�0�4�)�.� �T�h�i�s� �i�s� �e�s�p�e�c�i�a�l�l�y� �i�m�p�o�r�t�a�n�t� 
�b�e�c�a�u�s�e� �i�t� �d�e�m�o�n�s�t�r�a�t�e�s� �t�h�a�t� �i�n� �c�a�s�e� �a� �l�o�n�g�-�t�e�r�m� �a�n�t�i�m�i�c�r�o�b�i�a�l� �i�s� �d�i�s�c�o�n�t�i�n�u�e�d�,� �t�h�e� 
�r�e�s�i�s�t�a�n�c�e� �m�i�g�h�t� �p�e�r�s�i�s�t� �a�n�d� �e�v�e�n� �s�p�r�e�a�d� �t�o� �o�t�h�e�r� �s�t�r�a�i�n�s�.� �I�t� �i�s� �f�u�r�t�h�e�r� �s�t�a�t�e�d� �t�h�a�t� �t�e�t�r�a�-� 
�c�y�l�i�n�e� �r�e�s�i�s�t�a�n�c�e� �d�e�t�e�r�m�i�n�a�n�t�,� �f�e�f�O�,� �o�r�i�g�i�n�a�t�e�d� �f�r�o�m� �G�r�a�m�-�p�o�s�i�t�i�v�e� �c�o�c�c�i� �(�S�o�u�g�a�k�o�f�f� 
�e�t� �a�l�.� �1�9�8�7�)� �a�n�d� �k�a�n�a�m�y�c�i�n� �r�e�s�i�s�t�a�n�c�e� �s�e�e�m�s� �t�o� �o�r�i�g�i�n�a�t�e� �f�r�o�m� �G�r�a�m�-�p�o�s�i�t�i�v�e� �c�o�c�c�i� 
�o�r� �f�r�o�m� �E�n�t�e�r�o�b�a�c�t�e�r�i�a�c�e�a�e� �(�O�u�e�l�l�e�t�t�e� �e�t� �a�l�.� �1�9�8�7�;� �G�i�b�r�e�e�l� �a�n�d� �S�k�o�l�d� �1�9�9�8�)�.� �A�p�a�r�t� 

�f�r�o�m� �t�e�t�r�a�c�y�c�l�i�n�e� �r�e�s�i�s�t�a�n�c�e�,� �r�e�s�i�s�t�a�n�c�e� �a�g�a�i�n�s�t� �(�f�l�u�o�r�o�-�)�q�u�i�n�o�l�o�n�e�s� �w�a�s� �o�b�s�e�r�v�e�d� �t�o� 
�b�e� �a�n�o�t�h�e�r� �e�x�a�m�p�l�e� �o�f� �r�e�s�i�s�t�a�n�c�e� �d�e�t�e�r�m�i�n�a�n�t�,� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �v�a�n�i�s�h�i�n�g� �u�p�o�n� �c�e�a�s�e� 
�o�f� �a�n�t�i�b�i�o�t�i�c� �u�s�e�.� �T�h�e� �r�e�s�i�s�t�a�n�c�e� �i�s� �c�o�n�f�e�r�r�e�d� �b�y� �t�h�e� �C�2�5�7�T� �p�o�i�n�t� �m�u�t�a�t�i�o�n� �i�n� �t�h�e� �g�e�n�e� 
�e�n�c�o�d�i�n�g� �g�y�r�a�s�e� �s�u�b�u�n�i�t� �A� �(�g�y�r�A�)�.� �T�h�i�s� �p�o�i�n�t� �m�u�t�a�t�i�o�n� �w�a�s� �s�h�o�w�n� �t�o� �e�v�e�n� �e�x�e�r�t� �a� 
�f�i�t�n�e�s�s� �a�d�v�a�n�t�a�g�e� �o�n� �c�e�r�t�a�i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�t�r�a�i�n�s� �i�n� �t�h�e� �i�n� �v�i�v�o� �c�h�i�c�k�e�n� �g�u�t� �e�n�v�i�-� 
�r�o�n�m�e�n�t� �(�L�u�o� �e�t� �a�l�.� �2�0�0�5�)�.� �T�h�e� �s�p�r�e�a�d� �o�f� �f�l�u�o�r�o�q�u�i�n�o�l�o�n�e� �r�e�s�i�s�t�a�n�c�e� �i�n� �d�i�s�t�i�n�c�t� �c�l�o�n�a�l� 
�l�i�n�e�a�g�e�s� �m�i�g�h�t� �a�t� �l�e�a�s�t� �p�a�r�t�i�a�l�l�y� �b�e� �e�x�p�l�a�i�n�e�d� �b�y� �t�h�i�s� �f�i�t�n�e�s�s� �e�n�h�a�n�c�e�m�e�n�t�,� �a�l�t�h�o�u�g�h� 
�a�n� �a�d�d�i�t�i�o�n�a�l� �s�e�l�e�c�t�i�v�e� �p�r�e�s�s�u�r�e� �b�y� �a�n�t�i�b�i�o�t�i�c� �u�s�a�g�e� �c�a�n�n�o�t� �b�e� �r�u�l�e�d� �o�u�t� �(�K�o�v�a�c� �e�t� �a�l�.� 
�2�0�1�5�;� �L�e�e�k�i�t�c�h�a�r�o�e�n�p�h�o�n� �e�t� �a�l�.� �2�0�1�8�)�.� 

�N�o�t� �o�n�l�y� �t�h�e� �d�i�s�s�e�m�i�n�a�t�i�o�n� �o�f� �a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�c�e�s� �b�e�a�r�s� �r�i�s�k�s� �f�o�r� �h�u�m�a�n� �h�e�a�l�t�h�,� 
�b�u�t� �a�l�s�o� �t�h�e� �s�p�r�e�a�d� �o�f� �b�a�c�t�e�r�i�a�l� �p�e�r�s�i�s�t�e�n�c�e� �f�a�c�t�o�r�s� �c�a�n� �i�n�c�r�e�a�s�e� �t�h�e� �a�d�a�p�t�i�v�e� �p�o�t�e�n�t�i�a�l� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�2�8�2� �J�.� �C�.� �G�o�l�z� �a�n�d� �K�.� �S�t�i�n�g�]� 

�f�a�v�o�r�i�n�g� �t�h�e� �p�a�t�h�o�g�e�n�s �� �s�u�r�v�i�v�a�l� �a�n�d� �t�r�a�n�s�m�i�s�s�i�o�n�.� �H�o�w�e�v�e�r�,� �s�i�n�c�e� �t�h�e� �f�u�n�c�t�i�o�n� �o�f� 
�g�e�n�e� �v�a�r�i�a�t�i�o�n�s� �i�s� �m�o�s�t�l�y� �u�n�k�n�o�w�n� �a�n�d� �i�t� �i�s� �e�x�p�e�c�t�e�d� �t�h�a�t� �m�u�l�t�i�p�l�e� �g�e�n�e� �e�x�c�h�a�n�g�e�s� 
�s�y�n�e�r�g�i�s�t�i�c�a�l�l�y� �l�e�a�d� �t�o� �a� �b�e�n�e�f�i�c�i�a�l� �a�d�a�p�t�a�t�i�o�n�,� �r�e�p�o�r�t�s� �a�r�e� �s�c�a�r�c�e� �o�n� �t�h�e� �a�c�q�u�i�s�i�t�i�o�n� �o�f� 
�n�o�v�e�l� �t�r�a�i�t�s� �o�t�h�e�r� �t�h�a�n� �a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�c�e�s�.� �M�o�s�a�i�c� �s�e�q�u�e�n�c�e� �e�x�c�h�a�n�g�e� �i�n� �t�h�e� �h�i�g�h�l�y� 
�s�i�m�i�l�a�r� �f�l�a�g�e�l�l�i�n� �g�e�n�e�s� �f�l�a�A� �a�n�d� �f�l�a�B� �w�a�s� �o�b�s�e�r�v�e�d� �o�n� �t�h�e� �i�n�t�r�a�-� �a�n�d� �i�n�t�e�r�g�e�n�o�m�i�c� 
�l�e�v�e�l� �(�W�a�s�s�e�n�a�a�r� �e�t� �a�l�.� �1�9�9�5�;� �H�a�r�r�i�n�g�t�o�n� �e�t� �a�l�.� �1�9�9�7�)�.� �C�a�m�p�y�l�o�b�a�c�t�e�r� �v�i�r�u�l�e�n�c�e� �i�s� 
�d�e�p�e�n�d�e�n�t� �o�n� �m�o�t�i�l�i�t�y� �a�n�d�,� �t�h�u�s�,� �a� �f�u�n�c�t�i�o�n�a�l� �f�l�a�g�e�l�l�a�r� �s�y�s�t�e�m�.� �H�e�n�c�e�,� �v�a�r�i�a�t�i�o�n�s� �o�f� �t�h�e� 
�i�n�v�o�l�v�e�d� �s�t�r�u�c�t�u�r�a�l� �g�e�n�e�s� �l�e�a�d� �t�o� �v�a�r�i�a�n�t�s�,� �p�u�t�a�t�i�v�e�l�y� �e�v�a�d�i�n�g� �h�o�s�t� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e�.� 

�P�h�o�n�g�s�i�s�a�y� �a�n�d� �c�o�l�l�e�a�g�u�e�s� �(�2�0�0�6�)� �s�h�o�w�e�d� �t�h�a�t� �h�u�m�a�n� �g�a�n�g�l�i�o�s�i�d�e�-�l�i�k�e� �s�t�r�u�c�t�u�r�e�s�,� 
�s�u�c�h� �a�s� �G�M�I�,� �w�e�r�e� �r�e�a�d�i�l�y� �t�r�a�n�s�f�o�r�m�a�b�l�e� �t�o� �s�t�r�a�i�n�s� �n�o�t� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �G�u�i�l�l�a�i�n�-� 
�B�a�r�r�é� �s�y�n�d�r�o�m�e� �i�n�d�u�c�t�i�o�n� �i�n� �h�u�m�a�n�s�.� �T�h�e� �r�e�s�u�l�t�i�n�g� �t�r�a�n�s�f�o�r�m�a�n�t�s� �h�a�d� �a�c�q�u�i�r�e�d� �l�a�r�g�e� 
�D�N�A� �f�r�a�g�m�e�n�t�s� �a�n�d� �p�r�e�s�e�n�t�e�d� �a� �h�i�g�h� �d�e�g�r�e�e� �o�f� �g�e�n�e�t�i�c� �a�n�d� �p�h�e�n�o�t�y�p�i�c� �v�a�r�i�a�t�i�o�n�,� 
�c�o�r�r�o�b�o�r�a�t�i�n�g� �t�h�e� �e�n�o�r�m�o�u�s� �p�o�t�e�n�t�i�a�l� �o�f� �C�.� �j�e�j�u�n�i� �f�o�r� �g�e�n�o�m�e� �p�l�a�s�t�i�c�i�t�y� �u�p�o�n� �n�a�t�u�r�a�l� 
�t�r�a�n�s�f�o�r�m�a�t�i�o�n�.� �A�n�o�t�h�e�r� �i�n�t�e�r�e�s�t�i�n�g� �s�t�u�d�y� �h�i�g�h�l�i�g�h�t�e�d� �s�u�c�c�e�s�s�f�u�l� �H�G�T� �o�f� �g�e�n�e�s� 
�w�i�t�h� �m�e�t�a�b�o�l�i�c� �f�u�n�c�t�i�o�n�s� �(�V�o�r�w�e�r�k� �e�t� �a�l�.� �2�0�1�5�)�.� �I�n� �p�a�r�t�i�c�u�l�a�r�,� �m�o�s�t� �C�a�m�p�y�l�o�b�a�c�t�e�r� 
�s�t�r�a�i�n�s� �a�r�e� �n�o�t� �c�a�p�a�b�l�e� �o�f� �c�a�t�a�b�o�l�i�z�i�n�g� �g�l�u�c�o�s�e�.� �N�e�v�e�r�t�h�e�l�e�s�s�,� �s�o�m�e� �C�.� �c�o�l�i� �s�t�r�a�i�n�s� 
�h�a�r�b�o�r� �a� �g�e�n�o�m�i�c� �i�s�l�a�n�d�,� �w�h�i�c�h� �a�l�l�o�w�s� �u�s�i�n�g� �g�l�u�c�o�s�e� �a�s� �a�n� �e�n�e�r�g�y� �s�o�u�r�c�e� �t�h�r�o�u�g�h� 
�t�h�e� �m�e�t�a�b�o�l�i�c� �E�n�t�n�e�r ��D�o�u�d�o�r�o�f�f� �p�a�t�h�w�a�y�.� �T�h�i�s� �l�o�c�u�s� �w�a�s� �t�r�a�n�s�f�e�r�r�e�d� �b�e�t�w�e�e�n� �C�.� 
�c�o�l�i� �s�t�r�a�i�n�s� �a�s� �w�e�l�l� �a�s� �b�e�t�w�e�e�n� �C�.� �c�o�l�i� �a�n�d� �C�.� �j�e�j�u�n�i�,� �c�o�n�f�e�r�r�i�n�g� �g�l�y�c�o�l�y�t�i�c� �a�c�t�i�v�i�t�y� 
�(�V�o�r�w�e�r�k� �e�t� �a�l�.� �2�0�1�5�)�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �t�h�i�s� �m�e�t�a�b�o�l�i�c� �t�r�a�i�t� �w�a�s� �a�c�q�u�i�r�e�d� �i�n� �o�r�d�e�r� �t�o� 
�o�p�t�i�m�i�z�e� �e�n�e�r�g�y� �s�u�p�p�l�y� �i�n� �d�i�s�t�i�n�c�t� �n�i�c�h�e�s�.� 

�4�.�2� �I�n�t�e�r�s�p�e�c�i�e�s� �G�e�n�e� �T�r�a�n�s�f�e�r� 

�A�s� �r�e�p�o�r�t�e�d� �a�b�o�v�e�,� �C�.� �j�e�j�u�n�i� �d�i�f�f�e�r�e�n�t�i�a�t�e�s� �D�N�A� �o�f� �r�e�l�a�t�i�v�e�s� �b�y� �r�e�c�o�g�n�i�t�i�o�n� �o�f� �t�h�e� 
�m�e�t�h�y�l�a�t�e�d� �R�A�A�T�T�Y� �p�r�o�f�i�l�e�,� �m�e�d�i�a�t�e�d� �b�y� �t�h�e� �N�-�a�d�e�n�i�n�e� �s�p�e�c�i�f�i�c� �m�e�t�h�y�l�a�s�e� �C�s�t�M� 
�(�B�e�a�u�c�h�a�m�p� �e�t� �a�l�.� �2�0�1�7�)�.� �c�t�s�M� �h�o�m�o�l�o�g�s� �a�r�e� �p�r�e�s�e�n�t� �i�n� �t�h�e�r�m�o�p�h�i�l�i�c� �C�a�m�p�y�l�o�b�a�c�t�e�r� 
�s�p�p�.�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �g�e�n�e� �t�r�a�n�s�f�e�r� �i�s� �e�n�a�b�l�e�d� �b�e�t�w�e�e�n� �d�i�f�f�e�r�e�n�t� �s�p�e�c�i�e�s�.� �T�h�e� �m�a�n�i�-� 
�f�e�s�t�a�t�i�o�n� �o�f� �i�n�c�o�m�i�n�g� �D�N�A� �i�s� �f�u�r�t�h�e�r� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �d�e�g�r�e�e� �o�f� �h�o�m�o�l�o�g�y� �a�n�d� �o�f� 
�s�t�r�a�i�n�-�s�p�e�c�i�f�i�c� �r�e�s�t�r�i�c�t�i�o�n ��m�o�d�i�f�i�c�a�t�i�o�n� �s�y�s�t�e�m�s� �a�s� �w�e�l�l� �a�s� �n�u�c�l�e�a�s�e�s�,� �w�h�i�c�h� �f�u�n�c�t�i�o�n� 
�a�s� �g�e�n�e�t�i�c� �b�a�r�r�i�e�r�s� �(�s�e�e� �S�e�c�t�.� �3�)�.� 

�G�e�n�e�t�i�c� �e�x�c�h�a�n�g�e�s� �c�a�n� �a�l�s�o� �b�e� �a�n�a�l�y�z�e�d� �u�s�i�n�g� �g�e�n�o�m�e� �a�n�a�l�y�s�i�s� �o�f� �b�a�c�t�e�r�i�a�l� �p�o�p�u�-� 
�l�a�t�i�o�n�s�.� �T�h�e� �p�o�p�u�l�a�t�i�o�n� �s�t�r�u�c�t�u�r�e� �o�f� �C�.� �j�e�j�u�n�i� �i�s� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �C�.� �c�o�l�i� �e�v�e�n� �t�h�o�u�g�h� 
�t�h�e�i�r� �c�o�r�e� �g�e�n�o�m�e�s� �s�h�o�w� �a� �n�u�c�l�e�o�t�i�d�e� �s�e�q�u�e�n�c�e� �i�d�e�n�t�i�t�y� �o�f� �~� �8�5�%�,� �a�n�d� �t�h�e�y� �c�o�l�o�n�i�z�e� 
�s�i�m�i�l�a�r� �h�a�b�i�t�a�t�s� �(�D�i�n�g�l�e� �e�t� �a�l�.� �2�0�0�5�)�.� �F�r�o�m� �n�e�a�r�l�y� �3�,�0�0�0� �M�L�S�T� �t�y�p�e�s�,� �1�1�%� �o�f� �C�.� 
�c�o�l�i� �s�e�q�u�e�n�c�e� �t�y�p�e�s� �s�h�o�w�e�d� �C�.� �j�e�j�u�n�i� �o�r�i�g�i�n�,� �v�i�c�e� �v�e�r�s�a� �t�h�i�s� �w�a�s� �o�n�l�y� �e�s�t�i�m�a�t�e�d� �f�o�r� 
�0�.�6�%� �o�f� �t�h�e� �C�.� �j�e�j�u�n�i� �t�y�p�e�s� �(�S�h�e�p�p�a�r�d� �e�t� �a�l�.� �2�0�0�8�)�.� �T�h�i�s� �i�n�d�i�c�a�t�e�d� �a� �c�o�n�s�i�d�e�r�a�b�l�e� �b�u�t� 
�a�s�y�m�m�e�t�r�i�c� �g�e�n�e� �f�l�o�w� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �m�a�j�o�r� �t�h�e�r�m�o�p�h�i�l�i�c� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�e�c�i�e�s�.� 
�C�.� �j�e�j�u�n�i� �h�a�s� �a� �v�e�r�y� �d�i�v�e�r�s�e� �s�t�r�u�c�t�u�r�e�,� �w�i�t�h� �o�v�e�r� �4�0� �c�l�o�n�a�l� �c�o�m�p�l�e�x�e�s�.� �I�n� �C�.� �c�o�l�i�,� �o�n�l�y� 
�t�h�r�e�e� �d�i�f�f�e�r�e�n�t� �c�l�a�d�e�s� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d� �(�S�h�e�p�p�a�r�d� �e�t� �a�l�.� �2�0�1�2�)�.� �C�l�a�d�e� �|� �i�s� �p�r�e�d�o�m�i�n�a�n�t�l�y� 
�f�o�u�n�d� �i�n� �c�l�i�n�i�c�a�l� �a�n�d� �a�n�i�m�a�l� �f�a�r�m� �s�a�m�p�l�e�s� �a�n�d� �c�o�m�p�r�i�s�e�s� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� �a�l�l� �i�s�o�l�a�t�e�d� 
�a�n�d� �s�e�q�u�e�n�c�e�d� �C�.� �c�o�l�i� �s�t�r�a�i�n�s�,� �w�h�e�r�e�a�s� �c�l�a�d�e� �2� �a�n�d� �3� �w�e�r�e� �f�o�u�n�d� �i�n� �w�a�t�e�r�f�o�w�l� �a�n�d� 
�r�i�p�a�r�i�a�n� �e�n�v�i�r�o�n�m�e�n�t�.� �A� �g�e�n�e�t�i�c� �e�x�c�h�a�n�g�e� �b�e�t�w�e�e�n� �C�.� �j�e�j�u�n�i� �a�n�d� �C�.� �c�o�l�i� �o�f� �c�l�a�d�e� �|� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�N�a�t�u�r�a�l� �C�o�m�p�e�t�e�n�c�e� �a�n�d� �H�o�r�i�z�o�n�t�a�l� �G�e�n�e� �T�r�a�n�s�f�e�r� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �2�8�3� 

�w�a�s� �o�b�s�e�r�v�e�d� �p�r�e�v�i�o�u�s�l�y� �(�S�h�e�p�p�a�r�d� �e�t� �a�l�.� �2�0�1�1�)�,� �w�h�i�l�e� �c�l�a�d�e� �2� �a�n�d� �3� �w�e�r�e� �u�n�a�f�f�e�c�t�e�d� 
�b�y� �C�.� �j�e�j�u�n�i� �i�n�t�r�o�g�r�e�s�s�i�o�n�,� �p�r�o�b�a�b�l�y� �d�u�e� �t�o� �s�e�p�a�r�a�t�e�d� �n�i�c�h�e�s� �a�n�d� �l�a�c�k� �o�f� �c�o�n�t�a�c�t� �w�i�t�h� 
�C�.� �j�e�j�u�n�i�.� �A� �s�e�p�a�r�a�t�i�o�n� �o�f� �i�n�d�i�v�i�d�u�a�l� �c�l�o�n�e�s� �w�i�t�h� �r�a�r�e� �o�r� �n�o� �c�o�n�t�a�c�t� �t�o� �o�t�h�e�r�s� �a�n�d� �a� 
�h�o�s�t� �t�r�o�p�i�s�m� �c�a�n� �e�x�p�l�a�i�n� �w�h�y� �s�o�m�e� �s�t�r�a�i�n�s� �i�s�o�l�a�t�e�d� �f�r�o�m� �t�h�e� �s�a�m�e� �h�o�s�t� �i�n� �d�i�f�f�e�r�e�n�t� 
�g�e�o�g�r�a�p�h�i�c� �l�o�c�a�t�i�o�n� �a�r�e� �m�o�r�e� �r�e�l�a�t�e�d� �t�h�a�n� �s�t�r�a�i�n�s� �f�r�o�m� �d�i�f�f�e�r�e�n�t� �h�o�s�t�s� �(�S�h�e�p�p�a�r�d� �a�n�d� 
�M�a�i�d�e�n� �2�0�1�5�)�.� �T�h�e� �s�t�u�d�y� �b�y� �E�p�p�i�n�g� �a�n�d� �c�o�l�l�e�a�g�u�e�s� �(�2�0�2�0�)� �a�n�a�l�y�z�i�n�g� �w�h�o�l�e�-�g�e�n�o�m�e� 
�s�e�q�u�e�n�c�e�s� �o�f� �m�o�r�e� �t�h�a�n� �4�9�0� �C�.� �j�e�j�u�n�i� �s�t�r�a�i�n�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �G�e�r�m�a�n�y� �a�n�d� �C�a�n�a�d�a� 
�s�h�o�w�e�d� �a� �s�t�r�o�n�g� �h�o�s�t� �a�s�s�o�c�i�a�t�i�o�n� �a�n�d� �e�n�a�b�l�e�s� �t�o� �f�u�r�t�h�e�r� �s�t�u�d�y� �h�o�s�t� �a�d�a�p�t�a�t�i�o�n� �o�n� 
�t�h�e� �l�e�v�e�l� �o�f� �s�u�b�s�e�t�s� �o�f� �v�a�r�i�a�n�t� �g�e�n�e�s�.� �F�o�r� �m�o�r�e� �d�e�t�a�i�l�s�,� �t�h�e� �r�e�a�d�e�r� �s�h�o�u�l�d� �r�e�f�e�r� �t�o� 
�C�h�a�p�.� �3� �o�f� �t�h�i�s� �b�o�o�k�.� �F�r�e�q�u�e�n�t� �H�G�T� �e�v�e�n�t�s� �m�i�g�h�t� �a�l�s�o� �g�i�v�e� �r�i�s�e� �t�o� �a� �p�o�p�u�l�a�t�i�o�n� �o�f� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �s�t�r�a�i�n�s� �t�h�a�t� �a�r�e� �c�a�l�l�e�d�  ��g�e�n�e�r�a�l�i�s�t�s�, �� �a�b�l�e� �t�o� �c�o�l�o�n�i�z�e� �m�u�l�t�i�p�l�e� �h�o�s�t�s�.� 

�I�n�t�r�o�g�r�e�s�s�i�o�n� �c�a�n� �o�c�c�u�r� �a�s� �m�o�s�a�i�c� �r�e�c�o�m�b�i�n�a�t�i�o�n� �o�f� �g�e�n�e� �a�l�l�e�l�e�s�.� �C�o�n�s�i�s�t�e�n�t� �w�i�t�h� 
�a�s�y�m�m�e�t�r�i�c� �g�e�n�e� �f�l�o�w� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �s�p�e�c�i�e�s�,� �t�h�e� �e�x�c�h�a�n�g�e� �f�r�o�m� �C�.� �j�e�j�u�n�i� �i�n�t�o� �C�.� 
�c�o�l�i� �w�a�s� �1�7� �t�i�m�e�s� �m�o�r�e� �f�r�e�q�u�e�n�t�l�y� �o�b�s�e�r�v�e�d� �t�h�a�n� �f�r�o�m� �C�.� �c�o�l�i� �t�o� �C�.� �j�e�j�u�n�i� �(�S�h�e�p�p�a�r�d� 
�e�t� �a�l�.� �2�0�1�1�)�.� �H�o�w�e�v�e�r�,� �b�a�s�e�d� �o�n� �f�r�e�q�u�e�n�t� �g�e�n�e�t�i�c� �e�x�c�h�a�n�g�e�,� �a� �c�o�n�v�e�r�g�e�n�c�e� �b�e�t�w�e�e�n� 
�t�h�e� �s�p�e�c�i�e�s� �C�.� �c�o�l�i� �a�n�d� �C�.� �j�e�j�u�n�i� �w�a�s� �p�o�s�t�u�l�a�t�e�d� �(�S�h�e�p�p�a�r�d� �e�t� �a�l�.� �2�0�0�8�)�.� �F�o�r� �C�.� �j�e�j�u�n�i� 
�a�n�d� �C�.� �c�o�l�i�,� �t�h�e�r�e� �a�r�e� �4�4� �c�l�o�n�a�l� �c�o�m�p�l�e�x�e�s� �a�n�d� �1�1�,�1�1�1� �s�e�q�u�e�n�c�e� �t�y�p�e�s� �d�e�f�i�n�e�d� �(�h�t�t�p�s�:�/�/� 
�p�u�b�m�l�s�t�.�o�r�g�,� �a�c�c�e�s�s�i�o�n� �o�n� �2�2�.�0�9�.�2�0�2�0�)�.� �I�n�t�e�r�e�s�t�i�n�g�l�y�,� �n�e�a�r�l�y� �4�0�%� �o�f� �s�e�q�u�e�n�c�e� �t�y�p�e�s� 
�a�r�e� �n�o�t� �a�s�s�i�g�n�e�d� �t�o� �a� �c�l�o�n�a�l� �c�o�m�p�l�e�x�,� �d�e�m�o�n�s�t�r�a�t�i�n�g� �t�h�e� �d�i�v�e�r�s�e� �g�e�n�o�m�e� �s�t�r�u�c�t�u�r�e� �o�f� 
�t�h�e�s�e� �t�w�o� �m�a�j�o�r� �s�p�e�c�i�e�s�.� �H�o�w�e�v�e�r�,� �C�.� �j�e�j�u�n�i� �d�i�v�e�r�s�i�t�y� �i�s� �m�u�c�h� �g�r�e�a�t�e�r� �t�h�a�n� �C�.� �c�o�l�i� �a�s� 
�d�e�f�i�n�e�d� �b�y� �c�o�r�e� �g�e�n�o�m�e� �p�h�y�l�o�g�e�n�y� �(�G�o�l�z� �e�t� �a�l�.� �2�0�2�0�)�,� �w�i�t�h� �y�e�t� �u�n�k�n�o�w�n� �r�e�a�s�o�n�.� 

�W�e� �h�a�v�e� �i�d�e�n�t�i�f�i�e�d� �C�.� �c�o�l�i� �s�t�r�a�i�n�s� �a�s� �a� �f�r�a�c�t�i�o�n� �o�f� �c�l�a�d�e� �1�,� �w�h�i�c�h� �h�a�v�e� �u�n�d�e�r�g�o�n�e� 
�r�e�c�e�n�t� �o�n�g�o�i�n�g� �e�x�t�e�n�d�e�d� �i�n�t�r�o�g�r�e�s�s�i�o�n� �b�y� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e�s� �(�G�o�l�z� �e�t� �a�l�.� �2�0�2�0�)�.� 
�T�h�e�s�e� �s�t�r�a�i�n�s� �w�e�r�e� �p�a�r�t�i�c�u�l�a�r�l�y� �i�s�o�l�a�t�e�d� �f�r�o�m� �c�h�i�c�k�e�n� �e�g�g�s�,� �i�.�e�.�,� �f�r�o�m� �f�e�c�a�l� �c�o�n�t�a�m�i�-� 
�n�a�t�i�o�n� �o�n� �e�g�g� �s�h�e�l�l�s�.� �K�-�m�e�r� �a�n�a�l�y�s�i�s� �o�n� �w�h�o�l�e�-�g�e�n�o�m�e� �s�e�q�u�e�n�c�e�s� �r�e�v�e�a�l�e�d� �t�h�a�t� �t�h�e�s�e� 
 ��h�y�b�r�i�d �� �s�t�r�a�i�n�s� �h�a�d� �i�n�c�o�r�p�o�r�a�t�e�d� �u�p� �t�o� �1�5�%� �o�f� �g�e�n�o�m�i�c� �s�e�q�u�e�n�c�e�s� �f�r�o�m� �C�.� �j�e�j�u�n�i� 
�a�l�o�n�g� �t�h�e� �w�h�o�l�e� �g�e�n�o�m�e�.� �H�o�w�e�v�e�r�,� �a� �m�o�r�e� �i�n�-�d�e�p�t�h� �a�n�a�l�y�s�i�s� �s�h�o�w�e�d� �t�h�a�t� �r�e�c�o�m�-� 
�b�i�n�a�t�i�o�n� �e�v�e�n�t�s� �w�e�r�e� �n�o�t� �r�a�n�d�o�m� �b�u�t� �f�o�l�l�o�w�e�d� �a� �c�o�m�m�o�n� �p�a�t�t�e�r�n�.� �I�n� �p�a�r�t�i�c�u�l�a�r�,� �C�.� 
�j�e�j�u�n�i� �i�n�t�r�o�g�r�e�s�s�i�o�n� �o�c�c�u�r�r�e�d� �i�n� �a� �c�o�m�m�o�n� �s�e�t� �o�f� �g�e�n�e�s�,� �i�m�p�l�i�c�a�t�e�d� �i�n� �s�t�r�e�s�s� �d�e�f�e�n�s�e�.� 
�H�e�n�c�e�,� �t�h�i�s� �g�e�n�o�m�e� �a�l�t�e�r�a�t�i�o�n� �m�i�g�h�t� �r�e�p�r�e�s�e�n�t� �a� �f�u�n�c�t�i�o�n�a�l� �a�d�a�p�t�a�t�i�o�n� �t�o� �s�u�r�v�i�v�a�l� �i�n� 
�a� �h�a�r�s�h� �e�n�v�i�r�o�n�m�e�n�t� �a�n�d� �c�o�n�f�i�r�m�s� �t�h�e� �e�n�o�r�m�o�u�s� �p�o�t�e�n�t�i�a�l� �o�f� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� 
�i�n� �s�h�a�p�i�n�g� �C�a�m�p�y�l�o�b�a�c�t�e�r� �g�e�n�o�m�e�s�.� 

�5� �C�o�n�c�l�u�d�i�n�g� �R�e�m�a�r�k�s� 

�D�u�e� �t�o� �h�i�g�h� �l�e�v�e�l�s� �o�f� �g�e�n�e�t�i�c� �e�x�c�h�a�n�g�e� �b�y� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�,� �c�o�n�j�u�g�a�t�i�o�n� �o�r� 
�t�r�a�n�s�d�u�c�t�i�o�n�,� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�h�o�w�s� �a�n� �e�n�o�r�m�o�u�s� �g�e�n�o�m�e� �d�i�v�e�r�s�i�t�y�.� �T�h�i�s� �w�i�d�e�n�s� 
�t�h�e� �p�a�t�h�o�g�e�n�s� �a�d�a�p�t�i�v�e� �p�o�t�e�n�t�i�a�l� �a�n�d� �e�n�a�b�l�e�s� �c�o�l�o�n�i�z�a�t�i�o�n� �o�f� �m�u�l�t�i�p�l�e� �h�o�s�t�s� �a�n�d� 
�s�u�c�c�e�s�s�f�u�l� �s�u�r�v�i�v�a�l� �i�n� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�,� �a�l�t�h�o�u�g�h� �t�h�e� �m�i�c�r�o�a�e�r�o�b�i�c� �b�a�c�t�e�r�i�u�m� �i�s� �g�e�n�e�r�-� 
�a�l�l�y� �s�t�r�e�s�s�-�s�e�n�s�i�t�i�v�e� �a�n�d� �f�a�s�t�i�d�i�o�u�s�.� �A�l�s�o�,� �s�p�r�e�a�d� �o�f� �a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�c�e�s� �e�n�d�a�n�g�e�r�s� 
�t�h�e�r�a�p�y� �o�p�t�i�o�n�s� �f�o�r� �t�r�e�a�t�m�e�n�t� �o�f� �c�a�m�p�y�l�o�b�a�c�t�e�r�i�o�s�i�s� �(�O�y�a�r�z�a�b�a�l� �a�n�d� �B�a�c�k�e�r�t� �2�0�1�2�)�.� 
�T�h�e� �m�e�c�h�a�n�i�s�m�s� �o�f� �H�G�T� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �a�r�e� �y�e�t� �p�o�o�r�l�y� �u�n�d�e�r�s�t�o�o�d�,� �a�n�d� �t�h�e�r�e� �i�s� �a�n� 
�u�r�g�e�n�t� �n�e�e�d� �t�o� �u�n�d�e�r�s�t�a�n�d� �m�o�r�e� �i�n� �d�e�t�a�i�l� �h�o�w� �t�h�e� �p�a�t�h�o�g�e�n� �a�d�a�p�t�s� �b�y� �g�e�n�e� �a�c�q�u�i�s�i�t�i�o�n� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�2�8�4� �J�.� �C�.� �G�o�l�z� �a�n�d� �K�.� �S�t�i�n�g�]� 

�a�n�d�/�o�r� �g�e�n�e� �v�a�r�i�a�t�i�o�n�.� �F�o�r� �e�x�a�m�p�l�e�,� �o�p�e�n� �q�u�e�s�t�i�o�n�s� �r�e�m�a�i�n� �o�f� �h�o�w� �H�G�T� �i�s� �r�e�g�u�l�a�t�e�d� 
�i�n� �t�h�e� �p�a�t�h�o�g�e�n�,� �i�.�e�.�,� �u�n�d�e�r� �w�h�i�c�h� �c�o�n�d�i�t�i�o�n�s� �g�e�n�e� �t�r�a�n�s�f�e�r� �i�s� �m�o�s�t� �a�c�t�i�v�e� �a�n�d� �e�f�f�i�-� 
�c�i�e�n�t�.� �O�n�c�e� �p�a�r�a�m�e�t�e�r�s� �a�r�e� �r�e�v�e�a�l�e�d� �t�h�a�t� �i�n�h�i�b�i�t� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d�/�o�r� �t�h�e� 
�f�u�n�c�t�i�o�n� �o�f� �H�G�T� �m�e�c�h�a�n�i�s�m�s�,� �t�h�o�s�e� �c�r�i�t�i�c�a�l� �e�l�e�m�e�n�t�s� �c�o�u�l�d� �s�e�r�v�e� �a�s� �t�a�r�g�e�t� �f�o�r� �t�h�e� 
�d�e�v�e�l�o�p�m�e�n�t� �o�f� �H�G�T� �i�n�h�i�b�i�t�i�o�n�.� �E�s�p�e�c�i�a�l�l�y� �i�n� �t�h�e� �c�o�n�t�e�x�t� �o�f� �c�o�n�t�r�o�l� �s�t�r�a�t�e�g�i�e�s� �s�u�c�h� 
�a�s� �c�h�e�m�i�c�a�l� �d�e�c�o�n�t�a�m�i�n�a�t�i�o�n�,� �b�a�c�t�e�r�i�o�p�h�a�g�e� �t�r�e�a�t�m�e�n�t� �o�r� �v�a�c�c�i�n�e� �d�e�v�e�l�o�p�m�e�n�t�,� �i�t� 
�w�i�l�l� �b�e� �c�r�u�c�i�a�l� �t�o� �h�a�v�e� �a� �s�e�c�o�n�d�-�l�i�n�e� �s�t�r�a�t�e�g�y� �f�o�r� �p�r�e�v�e�n�t�i�o�n� �o�f� �p�a�t�h�o�g�e�n� �a�d�a�p�t�a�-� 
�t�i�o�n�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �i�n�h�i�b�i�t�i�o�n� �o�f� �H�G�T� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �i�s� �a� �p�r�o�m�i�s�i�n�g� �a�p�p�r�o�a�c�h� �i�n� 
�c�o�m�b�a�t�i�n�g� �C�a�m�p�y�l�o�b�a�c�t�e�r�.� 

�A�c�k�n�o�w�l�e�d�g�e�m�e�n�t�s� �T�h�i�s� �w�o�r�k� �i�s� �s�u�p�p�o�r�t�e�d� �b�y� �t�h�e� �G�e�r�m�a�n� �F�e�d�e�r�a�l� �M�i�n�i�s�t�r�y� �o�f� �E�d�u�c�a�t�i�o�n� �a�n�d� 
�R�e�s�e�a�r�c�h� �(�B�M�B�F�)� �i�n� �f�r�a�m�e� �o�f� �t�h�e� �z�o�o�n�o�s�e�s� �r�e�s�e�a�r�c�h� �c�o�n�s�o�r�t�i�u�m� �P�A�C�-�C�A�M�P�Y� �t�o� �K�.�S�.� �(�p�r�o�j�e�c�t� 
�I�P�3�/�0�1�K�I�1�7�2�5�B�)�.� 

�R�e�f�e�r�e�n�c�e�s� 

�A�i�d�l�e�y� �J�,� �S�o�r�e�n�s�e�n� �M�C�H�,� �B�a�y�l�i�s�s� �C�D�,� �B�r�o�n�d�s�t�e�d� �L� �(�2�0�1�7�)� �P�h�a�g�e� �e�x�p�o�s�u�r�e� �c�a�u�s�e�s� �d�y�n�a�m�i�c� �s�h�i�f�t�s� 
�i�n� �t�h�e� �e�x�p�r�e�s�s�i�o�n� �s�t�a�t�e�s� �o�f� �s�p�e�c�i�f�i�c� �p�h�a�s�e�-�v�a�r�i�a�b�l�e� �g�e�n�e�s� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �M�i�c�r�o�b�i�o�l�o�g�y� 
�1�6�3�(�6�)�:�9� �1�1�-�9�1�9�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�9�9�/�m�i�c�.�0�.�0�0�0�4�7�0� 

�A�v�e�r�y� �O�T�,� �M�a�c�l�e�o�d� �C�M�,� �M�c�C�a�r�t�y� �M� �(�1�9�4�4�)� �S�t�u�d�i�e�s� �o�n� �t�h�e� �c�h�e�m�i�c�a�l� �n�a�t�u�r�e� �o�f� �t�h�e� �s�u�b�s�t�a�n�c�e� �i�n�d�u�c�i�n�g� 
�t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� �p�n�e�u�m�o�c�o�c�c�a�l� �t�y�p�e�s�:� �i�n�d�u�c�t�i�o�n� �o�f� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �b�y� �a� �d�e�s�o�x�y�r�i�b�o�n�u�c�l�e�i�c� �a�c�i�d� 
�f�r�a�c�t�i�o�n� �i�s�o�l�a�t�e�d� �f�r�o�m� �p�n�e�u�m�o�c�o�c�c�u�s� �t�y�p�e� �I�I�I�.� �J� �E�x�p� �M�e�d� �7�9�(�2�)�:�1�3�7�-�1�5�8�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�8�4�/� 
�j�e�m�.�7�9�.�2�.�1�3�7� 

�A�v�r�a�i�n� �L�,� �V�e�r�n�o�z�y�-�R�o�z�a�n�d� �C�,� �K�e�m�p�f� �I� �(�2�0�0�4�)� �E�v�i�d�e�n�c�e� �f�o�r� �n�a�t�u�r�a�l� �h�o�r�i�z�o�n�t�a�l� �t�r�a�n�s�f�e�r� �o�f� �t�e�t�O� �g�e�n�e� 
�b�e�t�w�e�e�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �s�t�r�a�i�n�s� �i�n� �c�h�i�c�k�e�n�s�.� �J� �A�p�p�!� �M�i�c�r�o�b�i�o�l� �9�7�(�1�)�:�1�3�4 ��1�4�0�.� �h�t�t�p�s�:�/�/�d�o�i�.� 
�o�r�g�/� �1�0�.�1�1� �1�1�/�)�.�1�3�6�5�-�2�6�7�2�.�2�0�0�4�.�0�2�3�0�6�.�x� 

�B�a�c�o�n� �D�J�,� �A�l�m� �R�A�,� �B�u�r�r� �D�H�,� �H�u� �L�,� �K�o�p�e�c�k�o� �D�J�,� �E�w�i�n�g� �C�P�,� �T�r�u�s�t� �T�J�,� �G�u�e�r�r�y� �P� �(�2�0�0�0�)� �I�n�v�o�l�v�e�m�e�n�t� 
�o�f� �a� �p�l�a�s�m�i�d� �i�n� �v�i�r�u�l�e�n�c�e� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �8� �1�-�1�7�6�.� �I�n�f�e�c�t� �I�m�m�u�n� �6�8�(�8�)�:�4�3�8�4 ��4�3�9�0�.� �h�t�t�p�s�:�/�/� 
�d�o�i�.�o�r�g�/�1�0�.� �1� �1�2�8�/�i�a�i�.�6�8�.�8�.�4�3�8�4�-�4�3�9�0�.�2�0�0�0� 

�B�a�c�o�n� �D�J�,� �A�l�m� �R�A�,� �H�u� �L�,� �H�i�c�k�e�y� �T�E�,� �E�w�i�n�g� �C�P�,� �B�a�t�c�h�e�l�o�r� �R�A�,� �T�r�u�s�t� �T�J�,� �G�u�e�r�r�y� �P� �(�2�0�0�2�)� �D�N�A� 
�s�e�q�u�e�n�c�e� �a�n�d� �m�u�t�a�t�i�o�n�a�l� �a�n�a�l�y�s�e�s� �o�f� �t�h�e� �p�V�i�r� �p�l�a�s�m�i�d� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �8�1�-�1�7�6�.� �I�n�f�e�c�t� 
�I�m�m�u�n� �7�0�(�1� �1�)�:�6�2�4�2�-�6�2�5�0�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1� �1�2�8�/�i�a�i�.�7�0�.�1� �1�.�6�2�4�2�-�6�2�5�0�.�2�0�0�2� 

�B�a�e� �J�,� �O�h� �E�,� �J�e�o�n� �B� �(�2�0�1�4�)� �E�n�h�a�n�c�e�d� �t�r�a�n�s�m�i�s�s�i�o�n� �o�f� �a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�c�e� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� 
�b�i�o�f�i�l�m�s� �b�y� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�.� �A�n�t�i�m�i�c�r�o�b� �A�g�e�n�t�s� �C�h�e�m�o�t�h�e�r� �5�8�(�1�2�)�:�7�5�7�3�-�7�5�7�5�.� �h�t�t�p�s�:�/�/� 
�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/�A�A�C�.�0�4�0�6�6�-�1�4� 

�B�a�k�k�a�l�i� �M� �(�2�0�1�3�)� �C�o�u�l�d� �D�N�A� �u�p�t�a�k�e� �b�e� �a� �s�i�d�e� �e�f�f�e�c�t� �o�f� �b�a�c�t�e�r�i�a�l� �a�d�h�e�s�i�o�n� �a�n�d� �t�w�i�t�c�h�i�n�g� �m�o�t�i�l�i�t�y�?� 
�A�r�c�h� �M�i�c�r�o�b�i�o�l� �1�9�5�(�4�)�:�2�7�9�-�2�8�9�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�0�7�/�s�0�0�2�0�3�-�0� �1�3�-�0�8�7�0�-� �|� 

�B�a�l�d�v�i�n�s�s�o�n� �S�B�,� �S�o�r�e�n�s�e�n� �M�C�,� �V�e�g�g�e� �C�S�,� �C�l�o�k�i�e� �M�R�,� �B�r�o�n�d�s�t�e�d� �L� �(�2�0�1�4�)� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� 
�m�o�t�i�l�i�t�y� �i�s� �r�e�q�u�i�r�e�d� �f�o�r� �i�n�f�e�c�t�i�o�n� �o�f� �t�h�e� �f�l�a�g�e�l�l�o�t�r�o�p�i�c� �b�a�c�t�e�r�i�o�p�h�a�g�e� �F�3�4�1�.� �A�p�p�]� �E�n�v�i�r�o�n� �M�i�c�r�o�b�i�o�l� 
�8�0�(�2�2�)�:�7�0�9�6�-�7� �1�0�6�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/�A�E�M�.�0�2�0�5�7�-�1�4� 

�B�a�r�t�o�n� �C�,� �N�g� �L�-�K�,� �T�y�l�e�r� �S�D�,� �C�l�a�r�k� �C�G� �(�2�0�0�7�)� �T�e�m�p�e�r�a�t�e� �b�a�c�t�e�r�i�o�p�h�a�g�e�s� �a�f�f�e�c�t� �p�u�l�s�e�d�-�f�i�e�l�d� �g�e�l� 
�e�l�e�c�t�r�o�p�h�o�r�e�s�i�s� �p�a�t�t�e�r�n�s� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �J� �C�l�i�n� �M�i�c�r�o�b�i�o�l� �4�5�(�2�)�:�3�8�6�-�3�9�1�.� �h�t�t�p�s�:�/�/�d�o�i�.� 
�o�r�g�/�1�0�.�1�1�2�8�/�J�C�M�.�0�1�5� �1�3�-�0�6� 

�B�a�t�c�h�e�l�o�r� �R�A�,� �P�e�a�r�s�o�n� �B�M�,� �F�r�i�i�s� �L�M�,� �G�u�e�r�r�y� �P�,� �W�e�l�l�s� �J�M� �(�2�0�0�4�)� �N�u�c�l�e�o�t�i�d�e� �s�e�q�u�e�n�c�e�s� �a�n�d� �c�o�m�p�a�r�-� 
�i�s�o�n� �o�f� �t�w�o� �l�a�r�g�e� �c�o�n�j�u�g�a�t�i�v�e� �p�l�a�s�m�i�d�s� �f�r�o�m� �d�i�f�f�e�r�e�n�t� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�e�c�i�e�s�.� �M�i�c�r�o�b�i�o�l�o�g�y� 
�1�5�0�(�P�t� �1�0�)�:�3�5�0�7 ��3�5� �1�7�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�9�9�/�m�i�c�.�0�.�2�7� �1�1�2�-�0� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�N�a�t�u�r�a�l� �C�o�m�p�e�t�e�n�c�e� �a�n�d� �H�o�r�i�z�o�n�t�a�l� �G�e�n�e� �T�r�a�n�s�f�e�r� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �2�8�5� 

�B�e�a�u�c�h�a�m�p� �J�M�,� �E�r�f�u�r�t� �R�S�,� �D�i�R�i�t�a� �V�J� �(�2�0�1�5�)� �C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �a�n�d� �l�o�c�a�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �C�a�m�p�y�-� 
�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �s�y�s�t�e�m� �p�r�o�t�e�i�n�s� �C�t�s�E�,� �C�t�s�P�,� �a�n�d� �C�t�s�X�.� �J� �B�a�c�t�e�r�i�o�l� �1�9�7�(�3�)�:�6�3�6�-�6�4�5�.� 
�h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/�J�B�.�0�2�4�3�4�-�1�4� 

�B�e�a�u�c�h�a�m�p� �J�M�,� �L�e�v�e�q�u�e� �R�M�,� �D�a�w�i�d� �S�,� �D�i�R�i�t�a� �V�J� �(�2�0�1�7�)� �M�e�t�h�y�l�a�t�i�o�n�-�d�e�p�e�n�d�e�n�t� �D�N�A� �d�i�s�c�r�i�m�-� 
�i�n�a�t�i�o�n� �i�n� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �P�r�o�c� �N�a�t�l� �A�c�a�d� �S�c�i� �U� �S� �A� 
�1�1�4�(�3�8�)�:�E�8�0�5�3 ��E�8�0�6�1�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�7�3�/�p�n�a�s�.� �1�7�0�3�3�3�1�1�1�4� 

�B�r�a�d�d�e� �S�,� �N�o�u�r�m�o�h�a�m�m�a�d� �A�,� �G�o�y�a�l� �S�,� �B�a�l�a�s�u�b�r�a�m�a�n�i�a�n� �V� �(�2�0�2�0�)� �T�h�e� �s�i�z�e� �o�f� �t�h�e� �i�m�m�u�n�e� �r�e�p�e�r�-� 
�t�o�i�r�e� �o�f� �b�a�c�t�e�r�i�a�.� �P�r�o�c� �N�a�t�l� �A�c�a�d� �S�c�i� �U� �S� �A� �1�1�7�(�1�0�)�:�5�1�4�4 ��S�1�5�1�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.� �1�0�7�3�/�p�n�a�s�.� 
�1�9�0�3�6�6�6�1�1�7� 

�C�e�h�o�v�i�n� �A�,� �S�i�m�p�s�o�n� �P�J�,� �M�c�D�o�w�e�l�l� �M�A�,� �B�r�o�w�n� �D�R�,� �N�o�s�c�h�e�s�e� �R�,� �P�a�l�l�e�t�t� �M�,� �B�r�a�d�y� �J�,� �B�a�l�d�w�i�n� �G�S�,� 
�L�e�a� �S�M�,� �M�a�t�t�h�e�w�s� �S�J�,� �P�e�l�i�c�i�c� �V� �(�2�0�1�3�)� �S�p�e�c�i�f�i�c� �D�N�A� �r�e�c�o�g�n�i�t�i�o�n� �m�e�d�i�a�t�e�d� �b�y� �a� �t�y�p�e� �I�V� �p�i�l�i�n�.� 
�P�r�o�c� �N�a�t�l� �A�c�a�d� �S�c�i� �U� �S� �A� �1�1�0�(�8�)�:�3�0�6�5�-�3�0�7�0�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�7�3�/�p�n�a�s�.�1�2�1�8�8�3�2�1� �1�0� 

�C�h�e�n� �I�,� �P�r�o�v�v�e�d�i� �R�,� �D�u�b�n�a�u� �D� �(�2�0�0�6�)� �A� �m�a�c�r�o�m�o�l�e�c�u�l�a�r� �c�o�m�p�l�e�x� �f�o�r�m�e�d� �b�y� �a� �p�i�l�i�n�-�l�i�k�e� �p�r�o�t�e�i�n� 
�i�n� �c�o�m�p�e�t�e�n�t� �B�a�c�i�l�l�u�s� �s�u�b�t�i�l�i�s�.� �J� �B�i�o�l� �C�h�e�m� �2�8�1�(�3�1�)�:�2�1�7�2�0�-�2�1�7�2�7�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�7�4�/�j�b�e�.� 
�M�6�0�4�0�7�1�2�0�0� 

�C�h�e�n� �J�C�,� �T�a�g�g� �K�A�,� �J�o�u�n�g� �Y�J�,� �B�e�n�n�e�t�t� �C�,� �F�r�a�n�c�o�i�s� �W�a�t�k�i�n�s� �L�,� �E�i�k�m�e�i�e�r� �D�,� �F�o�l�s�t�e�r� �J�P� �(�2�0�1�8�)� �R�e�p�o�r�t� 
�o�f� �e�r�m�(�B�)�(�+�)� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �i�n� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s�.� �A�n�t�i�m�i�c�r�o�b�i�a�l� �a�g�e�n�t�s� �a�n�d� �c�h�e�m�o�t�h�e�r�a�p�y� 
�6�2�(�6�)�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/�A�A�C�.�0�2�6�1�5�-�1�7� 

�C�h�e�n�g� �Y�,� �Z�h�a�n�g� �W�,� �L�u� �Q�,� �W�e�n� �G�,� �Z�h�a�o� �Z�,� �L�u�o� �Q�,� �S�h�a�o� �H�,� �Z�h�a�n�g� �T� �(�2�0�2�0�)� �P�o�i�n�t� �d�e�l�e�t�i�o�n� �o�r� �i�n�s�e�r�t�i�o�n� 
�i�n� �C�m�e�R�-�B�o�x�,� �A�2�0�7�5�G� �s�u�b�s�t�i�t�u�t�i�o�n� �i�n� �2�3�S� �r�R�N�A�,� �a�n�d� �p�r�e�s�e�n�c�e� �o�f� �e�r�m�(�B�)�:� �a�r�e� �k�e�y� �f�a�c�t�o�r�s� �o�f� 
�e�r�y�t�h�r�o�m�y�c�i�n� �r�e�s�i�s�t�a�n�c�e� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �a�n�d� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�i� �i�s�o�l�a�t�e�d� �f�r�o�m� �c�e�n�t�r�a�l� 
�C�h�i�n�a�.� �F�r�o�n�t� �M�i�c�r�o�b�i�o�l� �1�1�:�2�0�3�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�3�3�8�9�/�f�m�i�c�b�.�2�0�2�0�.�0�0�2�0�3� 

�C�l�a�r�k� �C�G� �(�2�0�1�1�)� �S�e�q�u�e�n�c�i�n�g� �o�f� �C�J�I�E�I� �p�r�o�p�h�a�g�e�s� �f�r�o�m� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �i�s�o�l�a�t�e�s� �r�e�v�e�a�l�s� �t�h�e� 
�p�r�e�s�e�n�c�e� �o�f� �i�n�s�e�r�t�e�d� �a�n�d� �(�o�r�)� �d�e�l�e�t�e�d� �g�e�n�e�s�.� �C�a�n� �J� �M�i�c�r�o�b�i�o�l� �5�7�(�1�0�)�:�7�9�5 ��8�0�8�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.� 
�1�1�3�9�/�w�1� �1�-�0�6�9� 

�C�l�a�r�k� �C�G�,� �N�g� �L�-�K� �(�2�0�0�8�)� �S�e�q�u�e�n�c�e� �v�a�r�i�a�b�i�l�i�t�y� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �t�e�m�p�e�r�a�t�e� �b�a�c�t�e�r�i�o�p�h�a�g�e�s�.� �B�M�C� 
�M�i�c�r�o�b�i�o�l� �8�(�1�)�:�4�9�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�8�6�/�1�4�7�1�-�2�1�8�0�-�8�-�4�9� 

�C�o�u�v�i�n� �D�,� �B�e�r�n�h�e�i�m� �A�,� �T�o�f�f�a�n�o�-�N�i�o�c�h�e� �C�,� �T�o�u�c�h�o�n� �M�,� �M�i�c�h�a�l�i�k� �J�,� �N�e�r�o�n� �B�,� �R�o�c�h�a� �E�P�C�,� �V�e�r�g�n�a�u�d� 
�G�,� �G�a�u�t�h�e�r�e�t� �D�,� �P�o�u�r�c�e�l� �C� �(�2�0�1�8�)� �C�R�I�S�P�R�C�a�s�F�i�n�d�e�r�,� �a�n� �u�p�d�a�t�e� �o�f� �C�R�I�S�R�F�i�n�d�e�r�,� �i�n�c�l�u�d�e�s� �a� 
�p�o�r�t�a�b�l�e� �v�e�r�s�i�o�n�,� �e�n�h�a�n�c�e�d� �p�e�r�f�o�r�m�a�n�c�e� �a�n�d� �i�n�t�e�g�r�a�t�e�s� �s�e�a�r�c�h� �f�o�r� �C�a�s� �p�r�o�t�e�i�n�s�.� �N�u�c�l�e�i�c� �A�c�i�d�s� 
�R�e�s� �4�6�(�W� �1�)�:�W�2�4�6�-�W�2�5�1�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�9�3�/�n�a�r�/�g�k�y�4�2�5� 

�C�r�i�p�p�e�n� �C�S�,� �L�e�e� �Y�J�,� �H�u�t�i�n�e�t� �G�,� �S�h�a�j�a�h�a�n� �A�,� �S�a�c�h�e�r� �J�C�,� �A�z�a�d�i� �P�,� �d�e� �C�r�e�c�y�-�L�a�g�a�r�d� �V�,� �W�e�i�g�e�l�e� 
�P�R�,� �S�z�y�m�a�n�s�k�i� �C�M� �(�2�0�1�9�)� �D�e�o�x�y�i�n�o�s�i�n�e� �a�n�d� �7�-�D�e�a�z�a�-�2�-�D�e�o�x�y� �g�u�a�n�o�s�i�n�e� �a�s� �c�a�r�r�i�e�r�s� �o�f� �g�e�n�e�t�i�c� 
�i�n�f�o�r�m�a�t�i�o�n� �i�n� �t�h�e� �D�N�A� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �V�i�r�u�s�e�s�.� �J� �V�i�r�o�l� �9�3�(�2�3�)�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/�J�V�I�.� 
�O�L�I�L�1�-�1�9� 

�D�a�u�b�i�n� �V�,� �S�z�o�l�l�o�s�i� �G�J� �(�2�0�1�6�)� �H�o�r�i�z�o�n�t�a�l� �G�e�n�e� �t�r�a�n�s�f�e�r� �a�n�d� �t�h�e� �h�i�s�t�o�r�y� �o�f� �l�i�f�e�.� �C�o�l�d� �S�p�r�i�n�g� �H�a�r�b� 
�P�e�r�s�p�e�c�t� �B�i�o�l� �8�(�4�)�:�a�0�1�8�0�3�6�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1� �1�0� �1�/�c�s�h�p�e�r�s�p�e�c�t�.�a�0�1�8�0�3�6� 

�D�i�n�g�l�e� �K�E�,� �C�o�l�l�e�s� �F�M�,� �F�a�l�u�s�h� �D�,� �M�a�i�d�e�n� �M�C� �(�2�0�0�5�)� �S�e�q�u�e�n�c�e� �t�y�p�i�n�g� �a�n�d� �c�o�m�p�a�r�i�s�o�n� �o�f� �p�o�p�u�l�a�-� 
�t�i�o�n� �b�i�o�l�o�g�y� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�i� �a�n�d� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �J� �C�l�i�n� �M�i�c�r�o�b�i�o�l� �4�3�(�1�)�:�3�4�0�-�3�4�7�.� 
�h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/�J�C�M�.�4�3�.� �1�.�3�4�0�-�3�4�7�.�2�0�0�5� 

�D�r�a�k�e� �S�L�,� �K�o�o�m�e�y� �M� �(�1�9�9�5�)� �T�h�e� �p�r�o�d�u�c�t� �o�f� �t�h�e� �p�i�/�Q� �g�e�n�e� �i�s� �e�s�s�e�n�t�i�a�l� �f�o�r� �t�h�e� �b�i�o�g�e�n�e�s�i�s� �o�f� �t�y�p�e� 
�I�V� �p�i�l�i� �i�n� �N�e�i�s�s�e�r�i�a� �g�o�n�o�r�r�h�o�e�a�e�.� �M�o�l� �M�i�c�r�o�b�i�o�l� �1�8�(�5�)�:�9�7�5 ��9�8�6�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1� �1�1� �1�/�j�.�1�3�6�5�-� 
�2�9�5�8�.� �1�9�9�5�.�1�8�0�5�0�9�7�5�.�x� 

�D�u� �Y�,� �W�a�n�g� �C�,� �Y�e� �Y�,� �L�i�u� �Y�,� �W�a�n�g� �A�,� �L�i� �Y�,� �Z�h�o�u� �X�,� �P�a�n� �H�,� �Z�h�a�n�g� �J�,� �X�u� �X� �(�2�0�1�8�)� �M�o�l�e�c�u�l�a�r� 
�i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �m�u�l�t�i�d�r�u�g�-�r�e�s�i�s�t�a�n�t� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�e�c�i�e�s� �f�r�o�m� �d�i�a�r�r�h�e�a�l� �p�a�t�i�e�n�t�s� �a�n�d� �p�o�u�l�t�r�y� 
�m�e�a�t� �i�n� �S�h�a�n�g�h�a�i� �C�h�i�n�a�.� �F�r�o�n�t� �M�i�c�r�o�b�i�o�l� �9�:�1�6�4�2�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�3�3�8�9�/�f�m�i�c�b�.�2�0�1�8�.�0�1�6�4�2� 

�D�u�b�n�a�u� �D�,� �B�l�o�k�e�s�c�h� �M� �(�2�0�1�9�)� �M�e�c�h�a�n�i�s�m�s� �o�f� �D�N�A� �u�p�t�a�k�e� �b�y� �n�a�t�u�r�a�l�l�y� �c�o�m�p�e�t�e�n�t� �b�a�c�t�e�r�i�a�.� �A�n�n�u� 
�R�e�v� �G�e�n�e�t� �5�3�:�2� �1�7�-�2�3�7�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�4�6�/�a�n�n�u�r�e�v�-�g�e�n�e�t�-�1� �1�2�6�1� �8�-�0�4�3�6�4�1� 

�D�u�g�a�r� �G�,� �H�e�r�b�i�g� �A�,� �F�o�r�s�t�n�e�r� �K�U�,� �H�e�i�d�r�i�c�h� �N�,� �R�e�i�n�h�a�r�d�t� �R�,� �N�i�e�s�e�l�t� �K�,� �S�h�a�r�m�a� �C�M� �(�2�0�1�3�)� �H�i�g�h�-� 
�r�e�s�o�l�u�t�i�o�n� �t�r�a�n�s�c�r�i�p�t�o�m�e� �m�a�p�s� �r�e�v�e�a�l� �s�t�r�a�i�n�-�s�p�e�c�i�f�i�c� �r�e�g�u�l�a�t�o�r�y� �f�e�a�t�u�r�e�s� �o�f� �m�u�l�t�i�p�l�e� �C�a�m�p�y�-� 
�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �i�s�o�l�a�t�e�s�.� �P�L�o�S� �G�e�n�e�t� �9�(�5�)�:�e� �1�0�0�3�4�9�5�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�3�7�1�/�j�o�u�r�n�a�l�.�p�g�e�n�.� �1�0�0� 
�3�4�9�5� 
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�2�8�6� �J�.� �C�.� �G�o�l�z� �a�n�d� �K�.� �S�t�i�n�g�]� 

�D�u�g�a�r� �G�,� �L�e�e�n�a�y� �R�T�,� �E�i�s�e�n�b�a�r�t� �S�K�,� �B�i�s�c�h�l�e�r� �T�,� �A�u�l� �B�U�,� �B�e�i�s�e�l� �C�L�,� �S�h�a�r�m�a� �C�M� �(�2�0�1�8�)� �C�R�I�S�P�R� 
�R�N�A�-�d�e�p�e�n�d�e�n�t� �b�i�n�d�i�n�g� �a�n�d� �c�l�e�a�v�a�g�e� �o�f� �e�n�d�o�g�e�n�o�u�s� �R�N�A�s� �b�y� �t�h�e� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �C�a�s�9�.� 
�M�o�l� �C�e�l�l� �6�9�(�5�)�:�8�9�3�-�9�0�5� �e�8�9�7�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�1�6�/�j�.�m�o�l�c�e�l�.�2�0�1�8�.�0�1�.�0�3�2� 

�E�F�S�A� �(�2�0�2�0�)� �T�h�e� �E�u�r�o�p�e�a�n� �u�n�i�o�n� �s�u�m�m�a�r�y� �r�e�p�o�r�t� �o�n� �a�n�t�i�m�i�c�r�o�b�i�a�l� �r�e�s�i�s�t�a�n�c�e� �i�n� �z�o�o�n�o�t�i�c� �a�n�d� 
�i�n�d�i�c�a�t�o�r� �b�a�c�t�e�r�i�a� �f�r�o�m� �h�u�m�a�n�s�,� �a�n�i�m�a�l�s� �a�n�d� �f�o�o�d� �i�n� �2�0�1�7�/�2�0�1�8�.� �E�F�S�A� �J�o�u�r�n�a�l� �1�8�(�3�)�:�e�0�6�0�0�7�.� 
�h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�2�9�0�3�/�j�.�e�f�s�a�.�2�0�2�0�.�6�0�0�7� 

�E�l�l�i�s�o�n� �C�K�,� �D�a�l�i�a� �T�N�,� �V�i�d�a�l� �C�e�b�a�l�l�o�s� �A�,� �W�a�n�g� �J�C�,� �B�i�a�i�s� �N�,� �B�r�u�n� �Y�V�,� �D�a�l�i�a� �A�B� �(�2�0�1�8�)� �R�e�t�r�a�c�t�i�o�n� 

�V�i�b�r�i�o� �c�h�o�l�e�r�a�e�.� �N�a�t� �M�i�c�r�o�b�i�o�l� �3�(�7�)�:�7�7�3 ��7�8�0�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�3�8�/�s�4�1�5�6�4�-�0�1�8�-�0�1�7�4�-�y� 
�E�p�p�i�n�g� �L�,� �P�i�r�o� �R�M�,� �K�n�i�i�v�e�r� �M�T�,� �B�o�r�o�w�i�a�k� �M�,� �H�u�b�e�r� �C�,� �T�h�i�i�r�m�e�r� �A�,� �M�a�l�o�r�n�y� �B�,� �S�t�i�n�g�]� �K�,� �F�r�u�t�h� �A�,� 

�W�i�e�l�e�r� �L�H�,� �S�e�m�m�l�e�r� �T� �(�2�0�2�0�)� �G�e�n�o�m�e�-�w�i�d�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �H�o�s�t�-�S�p�e�c�i�f�i�c�i�t�y� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� 
�j�e�j�u�n�i� �i�n� �G�e�r�m�a�n�y� �b�a�s�e�d� �o�n� �W�h�o�l�e� �G�e�n�o�m�e� �D�a�t�a�.� �I�n�:� �6�t�h� �J�o�i�n�t� �c�o�n�f�e�r�e�n�c�e� �o�f� �D�G�H�M� �a�n�d� �V�A�A�M�,� 
�L�e�i�p�z�i�g�,� �G�e�r�m�a�n�y� 

�F�e�n�g� �J�,� �M�a� �L�,� �N�i�e� �J�,� �K�o�n�k�e�l� �M�E�,� �L�u� �X� �(�2�0�1�8�)� �E�n�v�i�r�o�n�m�e�n�t�a�l� �s�t�r�e�s�s�-�i�n�d�u�c�e�d� �b�a�c�t�e�r�i�a�l� �l�y�s�i�s� �a�n�d� 
�e�x�t�r�a�c�e�l�l�u�l�a�r� �D�N�A� �r�e�l�e�a�s�e� �c�o�n�t�r�i�b�u�t�e� �t�o� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �b�i�o�f�i�l�m� �f�o�r�m�a�t�i�o�n�.� �A�p�p�]� �E�n�v�i�r�o�n� 
�M�i�c�r�o�b�i�o�l� �8�4�(�5�)�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/�A�E�M�.�0�2�0�6�8�-�1�7� 

�F�e�r�n�a�n�d�e�z�-�G�o�n�z�a�l�e�z� �E�,� �B�a�c�k�e�r�t� �S� �(�2�0�1�4�)� �D�N�A� �t�r�a�n�s�f�e�r� �i�n� �t�h�e� �g�a�s�t�r�i�c� �p�a�t�h�o�g�e�n� �H�e�l�i�c�o�b�a�c�t�e�r� �p�y�l�o�r�i�.� 
�J� �G�a�s�t�r�o�e�n�t�e�r�o�l�.� �4�9�(�4�)�:�5�9�4�-�6�0�4�.� �h�i�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�0�7�/�s�0�0�5�3�5�-�0� �1�4�-�0�9�3�8�-�y� 

�F�i�r�e�h�a�m�m�e�r� �B�,� �B�o�r�d�e�r� �M� �(�1�9�6�8�)� �I�s�o�l�a�t�i�o�n� �o�f� �t�e�m�p�e�r�a�t�e� �b�a�c�t�e�r�i�o�p�h�a�g�e�s� �f�r�o�m� �V�i�b�r�i�o� �f�e�t�u�s�.� �A�m� �J� �V�e�t� 
�R�e�s� �2�9�(�1�1�)�:�2�2�2�9�-�2�2�3�5� 

�F�i�s�c�h�e�r� �W�,� �T�e�g�t�m�e�y�e�r� �N�,� �S�t�i�n�g�]� �K�,� �B�a�c�k�e�r�t� �S� �(�2�0�2�0�)� �F�o�u�r� �c�h�r�o�m�o�s�o�m�a�l� �t�y�p�e� �I�V� �s�e�c�r�e�t�i�o�n� �s�y�s�t�e�m�s� 
�i�n� �H�e�l�i�c�o�b�a�c�t�e�r� �p�y�l�o�r�i�:� �c�o�m�p�o�s�i�t�i�o�n�,� �s�t�r�u�c�t�u�r�e� �a�n�d� �f�u�n�c�t�i�o�n�.� �F�r�o�n�t� �M�i�c�r�o�b�i�o�l� �1�1�:�1�5�9�2�.� �h�t�t�p�s�:�/�/�d�o�i�.� 
�o�r�g�/�1�0�.�3�3�8�9�/�f�m�i�c�b�.�2�0�2�0�.�0� �1�5�9�2� 

�F�l�o�r�e�z�-�C�u�a�d�r�a�d�o� �D�,� �U�g�a�r�t�e�-�R�u�i�z� �M�,� �M�e�r�i�c� �G�,� �Q�u�e�s�a�d�a� �A�,� �P�o�r�r�e�r�o� �M�C�,� �P�a�s�c�o�e� �B�,� �S�a�e�z�-�L�l�o�r�e�n�t�e� �J�L�,� 
�O�r�o�z�c�o� �G�L�,� �D�o�m�i�n�g�u�e�z� �L�,� �S�h�e�p�p�a�r�d� �S�K� �(�2�0�1�7�)� �G�e�n�o�m�e� �c�o�m�p�a�r�i�s�o�n� �o�f� �e�r�y�t�h�r�o�m�y�c�i�n� �r�e�s�i�s�t�a�n�t� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �f�r�o�m� �t�u�r�k�e�y�s� �i�d�e�n�t�i�f�i�e�s� �h�o�s�t�s� �a�n�d� �p�a�t�h�w�a�y�s� �f�o�r� �h�o�r�i�z�o�n�t�a�l� �s�p�r�e�a�d� �o�f� �e�r�m�(�B�)� �G�e�n�e�s�.� 
�F�r�o�n�t� �M�i�c�r�o�b�i�o�l� �8�:�2�2�4�0�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�3�3�8�9�/�f�m�i�c�b�.�2�0� �1�7�.�0�2�2�4�0� 

�F�l�o�r�e�z�-�C�u�a�d�r�a�d�o� �D�,� �U�g�a�r�t�e�-�R�u�i�z� �M�,� �Q�u�e�s�a�d�a� �A�,� �P�a�l�o�m�o� �G�,� �D�o�m�i�n�g�u�e�z� �L�,� �P�o�r�r�e�r�o� �M�C� �(�2�0�1�6�)� 
�D�e�s�c�r�i�p�t�i�o�n� �o�f� �a�n� �e�r�n�m�(�B�)�-�c�a�r�r�y�i�n�g� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�i� �i�s�o�l�a�t�e� �i�n� �E�u�r�o�p�e�.� �J� �A�n�t�i�m�i�c�r�o�b� �C�h�e�m�o�t�h�e�r� 
�7�1�(�3�)�:�8�4� �1�-�8�4�3�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�9�3�/�j�a�c�/�d�k�v�3�8�3� 

�F�o�u�t�s� �D�E�,� �M�o�n�g�o�d�i�n� �E�F�,� �M�a�n�d�r�e�l�l� �R�E�,� �M�i�l�l�e�r� �W�G�,� �R�a�s�k�o� �D�A�,� �R�a�v�e�l� �J�,� �B�r�i�n�k�a�c� �L�M�,� �D�e�B�o�y� 
�R�T�,� �P�a�r�k�e�r� �C�T�,� �D�a�u�g�h�e�r�t�y� �S�C�,� �D�o�d�s�o�n� �R�J�,� �D�u�r�k�i�n� �A�S�,� �M�a�d�u�p�u� �R�,� �S�u�l�l�i�v�a�n� �S�A�,� �S�h�e�t�t�y� �J�U�,� 
�A�y�o�d�e�j�i� �M�A�,� �S�h�v�a�r�t�s�b�e�y�n� �A�,� �S�c�h�a�t�z� �M�C�,� �B�a�d�g�e�r� �J�H�,� �F�r�a�s�e�r� �C�M�,� �N�e�l�s�o�n� �K�E� �(�2�0�0�5�)� �M�a�j�o�r� 
�s�t�r�u�c�t�u�r�a�l� �d�i�f�f�e�r�e�n�c�e�s� �a�n�d� �n�o�v�e�l� �p�o�t�e�n�t�i�a�l� �v�i�r�u�l�e�n�c�e� �m�e�c�h�a�n�i�s�m�s� �f�r�o�m� �t�h�e� �g�e�n�o�m�e�s� �o�f� �m�u�l�t�i�p�l�e� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�e�c�i�e�s�.� �P�L�o�S� �B�i�o�l� �3�(�1�)�:�e�1�5�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/� �1�0�.�1�3�7�1� �/�j�o�u�r�n�a�l�.� �p�b�i�o�.�0�0�3�0�0�1�5� 

�F�r�y� �B�N�,� �F�e�n�g� �S�,� �C�h�e�n� �Y�Y�,� �N�e�w�e�l�l� �D�G�,� �C�o�l�o�e� �P�J�,� �K�o�r�o�l�i�k� �V� �(�2�0�0�0�)� �T�h�e� �g�a�l�E� �g�e�n�e� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� 
�j�e�j�u�n�i� �i�s� �i�n�v�o�l�v�e�d� �i�n� �l�i�p�o�p�o�l�y�s�a�c�c�h�a�r�i�d�e� �s�y�n�t�h�e�s�i�s� �a�n�d� �v�i�r�u�l�e�n�c�e�.� �I�n�f�e�c�t� �I�m�m�u�n� �6�8�(�5�)�:�2�5�9�4�-�2�6�0�1�.� 
�h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.� �1�1�2�8� �/�a�i�.�6�8�.�5�.�2�5�9�4�-�2�6�0�1�.�2�0�0�0� 

�G�a�a�s�b�e�e�k� �E�J�,� �W�a�g�e�n�a�a�r� �J�A�,� �G�u�i�l�h�a�b�e�r�t� �M�R�,� �v�a�n� �P�u�t�t�e�n� �J�P�,� �P�a�r�k�e�r� �C�T�,� �v�a�n� �d�e�r� �W�a�l� �F�J� �(�2�0�1�0�)� 
�N�u�c�l�e�a�s�e�s� �e�n�c�o�d�e�d� �b�y� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �e�l�e�m�e�n�t�s� �C�J�I�E�2� �a�n�d� �C�J�I�E�4� �i�n�h�i�b�i�t� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �J� �B�a�c�t�e�r�i�o�l� �1�9�2�(�4�)�:�9�3�6�-�9�4� �1�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/�j�b�.�0�0�8�6�7�-�0�9� 

�G�a�a�s�b�e�e�k� �E�J�,� �W�a�g�e�n�a�a�r� �J�A�,� �G�u�i�l�h�a�b�e�r�t� �M�R�,� �W�o�s�t�e�n� �M�M�,� �v�a�n� �P�u�t�t�e�n� �J�P�,� �v�a�n� �d�e�r� �G�r�a�a�f�-�v�a�n� �B�l�o�o�i�s� 
�L�,� �P�a�r�k�e�r� �C�T�,� �v�a�n� �d�e�r� �W�a�l� �F�J� �(�2�0�0�9�)� �A� �D�N�a�s�e� �e�n�c�o�d�e�d� �b�y� �i�n�t�e�g�r�a�t�e�d� �e�l�e�m�e�n�t� �C�J�I�E�1�!� �i�n�h�i�b�i�t�s� 
�n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �J� �B�a�c�t�e�r�i�o�l� �1�9�1�(�7�)�:�2�2�9�6�-�2�3�0�6�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/� 
�1�0�.�1�1�2�8�/�j�b�.�0� �1�4�3�0�-�0�8� 

�G�a�r�d�n�e�r� �S�P�,� �O�l�s�o�n� �J�W� �(�2�0�1�2�)� �B�a�r�r�i�e�r�s� �t�o� �h�o�r�i�z�o�n�t�a�l� �g�e�n�e� �t�r�a�n�s�f�e�r� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �A�d�v� 
�A�p�p�!� �M�i�c�r�o�b�i�o�l� �7�9�:�1�9�-�4�2�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�1�6�/�B�9�7�8�-�0�-� �1�2�-�3�9�4�3� �1�8�-�7�.�0�0�0�0�2�-�4� 

�G�e�n�c�a�y� �Y�E�,� �S�o�r�e�n�s�e�n� �M�C�H�,� �W�e�n�z�e�l� �C�Q�,� �S�z�y�m�a�n�s�k�i� �C�M�,� �B�r�o�n�d�s�t�e�d� �L� �(�2�0�1�8�)� �P�h�a�s�e� �v�a�r�i�a�b�l�e� 
�e�x�p�r�e�s�s�i�o�n� �o�f�a� �s�i�n�g�l�e� �p�h�a�g�e� �r�e�c�e�p�t�o�r� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �N�C�T�C� �1�2�6�6�2� �i�n�f�l�u�e�n�c�e�s� �s�e�n�s�i�t�i�v�i�t�y� 
�t�o�w�a�r�d� �s�e�v�e�r�a�l� �d�i�v�e�r�s�e� �C�P�S�-�d�e�p�e�n�d�e�n�t� �p�h�a�g�e�s�.� �F�r�o�n�t� �M�i�c�r�o�b�i�o�l� �9�:�8�2�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�3�3�8�9�/� 
�f�m�i�c�b�.�2�0�1�8�.�0�0�0�8�2� 

�8�2



Publications 

83 
 

 

�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�N�a�t�u�r�a�l� �C�o�m�p�e�t�e�n�c�e� �a�n�d� �H�o�r�i�z�o�n�t�a�l� �G�e�n�e� �T�r�a�n�s�f�e�r� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �2�8�7� 

�G�h�a�t�a�k� �S�,� �H�e� �Y�,� �R�e�e�d� �S�,� �S�t�r�o�b�a�u�g�h� �T� �J�r�,� �I�r�w�i�n� �P� �(�2�0�1�7�)� �W�h�o�l�e� �g�e�n�o�m�e� �s�e�q�u�e�n�c�i�n�g� �a�n�d� �a�n�a�l�y�s�i�s� 
�o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�i� �Y�H�S�0�2� �f�r�o�m� �r�e�t�a�i�l� �c�h�i�c�k�e�n� �r�e�v�e�a�l�s� �a� �p�l�a�s�m�i�d�-�b�o�r�n�e� �t�y�p�e� �V�I� �s�e�c�r�e�t�i�o�n� 
�s�y�s�t�e�m�.� �G�e�n�o�m� �D�a�t�a� �|� �1�:�1�2�8�-�1�3�1�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�1�6�/�j�.�g�d�a�t�a�.�2�0�1�7�.�0�2�.�0�0�5� 

�G�i�b�r�e�e�l� �A�,� �S�k�o�l�d� �O� �(�1�9�9�8�)� �H�i�g�h�-�l�e�v�e�l� �r�e�s�i�s�t�a�n�c�e� �t�o� �t�r�i�m�e�t�h�o�p�r�i�m� �i�n� �c�l�i�n�i�c�a�l� �i�s�o�l�a�t�e�s� �o�f� �C�a�m�p�y�-� 
�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �b�y� �a�c�q�u�i�s�i�t�i�o�n� �o�f� �f�o�r�e�i�g�n� �g�e�n�e�s� �(�d�f�r�/� �a�n�d� �d�f�r�9�)� �e�x�p�r�e�s�s�i�n�g� �d�r�u�g�-�i�n�s�e�n�s�i�t�i�v�e� �d�i�h�y�-� 
�d�r�o�f�o�l�a�t�e� �r�e�d�u�c�t�a�s�e�s�.� �A�n�t�i�m�i�c�r�o�b� �A�g�e�n�t�s� �C�h�e�m�o�t�h�e�r� �4�2�(�1�2�)�:�3�0�5�9�-�3�0�6�4�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/� 
�A�A�C�.�4�2�.�1�2�.�3�0�5�9� 

�G�i�b�r�e�e�l� �A�,� �S�k�o�l�d� �O�,� �T�a�y�l�o�r� �D�E� �(�2�0�0�4�)� �C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �p�l�a�s�m�i�d�-�m�e�d�i�a�t�e�d� �a�p�h�A�-�3� �k�a�n�a�m�y�c�i�n� 
�r�e�s�i�s�t�a�n�c�e� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �M�i�c�r�o�b� �D�r�u�g� �R�e�s�i�s�t� �1�0�(�2�)�:�9�8�-�1�0�5�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�8�9�/� 
�1�0�7�6�6�2�9�0�4� �1�3�1�0�1�2�7� 

�G�o�l�z�J�C�,� �E�p�p�i�n�g� �L�,� �K�n�u�v�e�r� �M�T�,� �B�o�r�o�w�i�a�k� �M�,� �H�a�r�t�k�o�p�f� �F�,� �D�e�n�e�k�e� �C�,� �M�a�l�o�r�n�y� �B�,� �S�e�m�m�l�e�r�T�,� �S�t�i�n�g�]� 
�K� �(�2�0�2�0�)� �W�h�o�l�e� �g�e�n�o�m�e� �s�e�q�u�e�n�c�i�n�g� �r�e�v�e�a�l�s� �e�x�t�e�n�d�e�d� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� 
�i�m�p�a�c�t�i�n�g� �d�i�a�g�n�o�s�t�i�c�s� �a�n�d� �t�h�e� �p�a�t�h�o�g�e�n�s� �a�d�a�p�t�i�v�e� �p�o�t�e�n�t�i�a�l�.� �S�c�i� �R�e�p� �1�0�(�1�)�:�3�6�8�6�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/� 
�1�0�.�1�0�3�8�/�s�4�1�5�9�8�-�0�2�0�-�6�0�3�2�0�-�y� 

�G�o�o�d�m�a�n� �S�D�,� �S�c�o�c�c�a� �J�J� �(�1�9�8�8�)� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� �a�n�d� �a�r�r�a�n�g�e�m�e�n�t� �o�f� �t�h�e� �D�N�A� �s�e�q�u�e�n�c�e� �r�e�c�o�g�n�i�z�e�d� �i�n� 
�s�p�e�c�i�f�i�c� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� �N�e�i�s�s�e�r�i�a� �g�o�n�o�r�r�h�o�e�a�e�.� �P�r�o�c� �N�a�t�l� �A�c�a�d� �S�c�i� �U� �S� �A� �8�5�(�1�8�)�:�6�9�8�2�-�6�9�8�6�.� 
�h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.� �1�0�7�3�/�p�n�a�s�.�8�5�.� �1�8�.�6�9�8�2� 

�G�r�i�f�f�i�t�h� �F� �(�1�9�2�8�)� �T�h�e� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� �p�n�e�u�m�o�c�o�c�c�a�l� �t�y�p�e�s�.� �J� �H�y�g� �(�L�o�n�d�)� �2�7�(�2�)�:�1�1�3�-�1�5�9�.� �h�t�t�p�s�:�/�/� 
�d�o�i�.�o�r�g�/�1�0�.� �1�0�1�7�/�s�0�0�2�2� �1�7�2�4�0�0�0�3�1�8�7�9� 

�G�r�i�s�s�a� �I�,� �V�e�r�g�n�a�u�d� �G�,� �P�o�u�r�c�e�l� �C� �(�2�0�0�7�)� �T�h�e� �C�R�I�S�P�R�d�b� �d�a�t�a�b�a�s�e� �a�n�d� �t�o�o�l�s� �t�o� �d�i�s�p�l�a�y� �C�R�I�S�P�R�s� 
�a�n�d� �t�o� �g�e�n�e�r�a�t�e� �d�i�c�t�i�o�n�a�r�i�e�s� �o�f� �s�p�a�c�e�r�s� �a�n�d� �r�e�p�e�a�t�s�.� �B�M�C� �B�i�o�i�n�f�o�r�m�a�t�i�c�s� �8�:�1�7�2�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/� 
�1�0�.�1�1�8�6�/�1�4�7� �1�-�2�1�0�5�-�8�-�1�7�2� 

�G�u�n�d�o�g�d�u� �O�,� �B�e�n�t�l�e�y� �S�D�,� �H�o�l�d�e�n� �M�T�,� �P�a�r�k�h�i�l�l� �J�,� �D�o�r�r�e�l�l� �N�,� �W�r�e�n� �B�W� �(�2�0�0�7�)� �R�e�-�a�n�n�o�t�a�t�i�o�n� �a�n�d� 
�r�e�-�a�n�a�l�y�s�i�s� �o�f� �t�h�e� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �N�C�T�C�1�1�1�6�8� �g�e�n�o�m�e� �s�e�q�u�e�n�c�e�.� �B�M�C� �G�e�n�o�m� �8�:�1�6�2�.� 
�h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�8�6�/�1�4�7� �1�-�2�1�6�4�-�8�-�1�6�2� 

�G�u�n�t�h�e�r� �N�W�t�,� �R�e�i�c�h�e�n�b�e�r�g�e�r� �E�R�,� �B�o�n�o� �J�L� �(�2�0�1�6�)� �C�o�m�p�l�e�t�e� �g�e�n�o�m�e� �s�e�q�u�e�n�c�e� �o�f� �U�V�-�r�e�s�i�s�t�a�n�t� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �R�M�3�1�9�4�,� �I�n�c�l�u�d�i�n�g� �a�n� �8�1�.�0�8�-�K�i�l�o�b�a�s�e� �P�l�a�s�m�i�d�.� �G�e�n�o�m�e� �A�n�n�o�u�n�c�e� �4�(�2�)�.� 
�h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/�g�e�n�o�m�e�A�.�0�0�3�0�5�-�1�6� 

�H�a�r�r�i�n�g�t�o�n� �C�S�,� �T�h�o�m�s�o�n�-�C�a�r�t�e�r� �F�M�,� �C�a�r�t�e�r� �P�E� �(�1�9�9�7�)� �E�v�i�d�e�n�c�e� �f�o�r� �r�e�c�o�m�b�i�n�a�t�i�o�n� �i�n� �t�h�e� �f�l�a�g�e�l�l�i�n� 
�l�o�c�u�s� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�:� �i�m�p�l�i�c�a�t�i�o�n�s� �f�o�r� �t�h�e� �f�l�a�g�e�l�l�i�n� �g�e�n�e� �t�y�p�i�n�g� �s�c�h�e�m�e�.� �J� �C�l�i�n� �M�i�c�r�o�b�i�o�l� 
�3�5�(�9�)�:�2�3�8�6�-�2�3�9�2�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/�J�C�M�.�3�5�.�9�.�2�3�8�6�-�2�3�9�2�.�1�9�9�7� 

�H�e�l�e�r� �R�,� �S�a�m�a�i� �P�,� �M�o�d�e�l�l� �J�W�,� �W�e�i�n�e�r� �C�,� �G�o�l�d�b�e�r�g� �G�W�,� �B�i�k�a�r�d� �D�,� �M�a�r�r�a�f�f�i�n�i� �L�A� �(�2�0�1�5�)� �C�a�s�9� 
�s�p�e�c�i�f�i�e�s� �f�u�n�c�t�i�o�n�a�l� �v�i�r�a�l� �t�a�r�g�e�t�s� �d�u�r�i�n�g� �C�R�I�S�P�R�-�C�a�s� �a�d�a�p�t�a�t�i�o�n�.� �N�a�t�u�r�e� �5�1�9�(�7�5�4�2�)�:� �1�9�9�-�2�0�2�.� 
�h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.� �1�0�3�8�/�n�a�t�u�r�e� �1�4�2�4�5� 

�H�e�p�p� �C�,� �M�a�i�e�r� �B� �(�2�0�1�6�)� �K�i�n�e�t�i�c�s� �o�f� �D�N�A� �u�p�t�a�k�e� �d�u�r�i�n�g� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �p�r�o�v�i�d�e� �e�v�i�d�e�n�c�e� �f�o�r� �a� 
�t�r�a�n�s�l�o�c�a�t�i�o�n� �r�a�t�c�h�e�t� �m�e�c�h�a�n�i�s�m�.� �P�r�o�c� �N�a�t�l� �A�c�a�d� �S�c�i� �U� �S� �A� �1�1�3�(�4�4�)�:�1�2�4�6�7�-�1�2�4�7�2�.� �h�t�t�p�s�:�/�/�d�o�i�.� 
�o�r�g�/�1�0�.�1�0�7�3�/�p�n�a�s�.� �1�6�0�8�1� �1�0�1�1�3� 

�H�i�l�l�e� �F�,� �R�i�c�h�t�e�r� �H�,� �W�o�n�g� �S�P�,� �B�r�a�t�o�v�i�c� �M�,� �R�e�s�s�e�l� �S�,� �C�h�a�r�p�e�n�t�i�e�r� �E� �(�2�0�1�8�)� �T�h�e� �b�i�o�l�o�g�y� �o�f� �C�R�I�S�P�R�-� 
�C�a�s�:� �b�a�c�k�w�a�r�d� �a�n�d� �f�o�r�w�a�r�d�.� �C�e�l�l� �1�7�2�(�6�)�:�1�2�3�9�-�5�9�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.� �1�0� �1�6�/�j�.�c�e�l�l�.�2�0�1�7�.�1�1�.�0�3�2� 

�H�o�l�s�t� �S�o�r�e�n�s�e�n� �M�C�,� �v�a�n� �A�l�p�h�e�n� �L�B�,� �F�o�d�o�r� �C�,� �C�r�o�w�l�e�y� �S�M�,� �C�h�r�i�s�t�e�n�s�e�n� �B�B�,� �S�z�y�m�a�n�s�k�i� �C�M�,� 
�B�r�o�n�d�s�t�e�d� �L� �(�2�0�1�2�)� �P�h�a�s�e� �v�a�r�i�a�b�l�e� �e�x�p�r�e�s�s�i�o�n� �o�f� �c�a�p�s�u�l�a�r� �p�o�l�y�s�a�c�c�h�a�r�i�d�e� �m�o�d�i�f�i�c�a�t�i�o�n�s� �a�l�l�o�w�s� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �t�o� �a�v�o�i�d� �b�a�c�t�e�r�i�o�p�h�a�g�e� �i�n�f�e�c�t�i�o�n� �i�n� �c�h�i�c�k�e�n�s�.� �F�r�o�n�t� �C�e�l�l� �I�n�f�e�c�t� �M�i�c�r�o�b�i�o�l� 
�2�:�1�1�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�3�3�8�9�/�f�c�i�m�b�.�2�0�1�2�.�0�0�0�1� �1� 

�H�o�l�t� �J�P�,� �G�r�a�n�t� �A�J�,� �C�o�w�a�r�d� �C�,� �M�a�s�k�e�l�l� �D�J�,� �Q�u�i�n�l�a�n� �J�J� �(�2�0�1�2�)� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �C�j�1�0�5� �1�c� �a�s� �a� �m�a�j�o�r� 
�d�e�t�e�r�m�i�n�a�n�t� �f�o�r� �t�h�e� �r�e�s�t�r�i�c�t�i�o�n� �b�a�r�r�i�e�r� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �s�t�r�a�i�n� �N�C�T�C�1� �1�1�6�8�.� �A�p�p�l� �E�n�v�i�r�o�n� 
�M�i�c�r�o�b�i�o�l� �7�8�(�2�2�)�:�7�8�4� �| ��7�8�4�8�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/� �1�0�.�1� �1�2�8�/�A�E�M�.�0�1�7�9�9�-� �1�2� 

�H�o�o�t�o�n� �S�P�,� �C�o�n�n�e�r�t�o�n� �I�F� �(�2�0�1�4�)� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �a�c�q�u�i�r�e� �n�e�w� �h�o�s�t�-�d�e�r�i�v�e�d� �C�R�I�S�P�R� �s�p�a�c�e�r�s� 
�w�h�e�n� �i�n� �a�s�s�o�c�i�a�t�i�o�n� �w�i�t�h� �b�a�c�t�e�r�i�o�p�h�a�g�e�s� �h�a�r�b�o�r�i�n�g� �a� �C�R�I�S�P�R�-�l�i�k�e� �C�a�s�4� �p�r�o�t�e�i�n�.� �F�r�o�n�t� �M�i�c�r�o�b�i�o�l� 
�5�:�7�4�4�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�3�3�8�9�/�f�m�i�c�b�.�2�0�1�4�.�0�0�7�4�4� 

�I�r�o�n�s� �J�,� �S�a�c�h�e�r� �J�C�,� �S�z�y�m�a�n�s�k�i� �C�M�,� �D�o�w�n�s� �D�M� �(�2�0�1�9�)� �C�j� �1�3�8�8� �i�s� �a� �R�i�d�A� �h�o�m�o�l�o�g� �a�n�d� �i�s� �r�e�q�u�i�r�e�d� �f�o�r� 
�f�l�a�g�e�l�l�a� �b�i�o�s�y�n�t�h�e�s�i�s� �a�n�d�/�o�r� �f�u�n�c�t�i�o�n� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �F�r�o�n�t� �M�i�c�r�o�b�i�o�l� �1�0�:�2�0�5�8�.� �h�t�t�p�s�:�/�/� 
�d�o�i�.�o�r�g�/�1�0�.�3�3�8�9�/�f�m�i�c�b�.�2�0�1�9�.�0�2�0�5�8� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�2�8�8� �J�.� �C�.� �G�o�l�z� �a�n�d� �K�.� �S�t�i�n�g�]� 

�J�a�c�k�e�l� �C�,� �H�a�m�m�e�r�!� �J�A�,� �H�e�r�t�w�i�g� �S� �(�2�0�1�9�)� �C�a�m�p�y�l�o�b�a�c�t�e�r� �p�h�a�g�e� �i�s�o�l�a�t�i�o�n� �a�n�d� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n�:� �w�h�a�t� 
�w�e� �h�a�v�e� �l�e�a�r�n�e�d� �s�o� �f�a�r�.� �M�e�t�h�o�d�s� �P�r�o�t�o�c� �2�(�1�)�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�3�3�9�0�/�m�p�s�2�0�1�0�0�1�8� 

�J�a�v�e�d� �M�A�,� �A�c�k�e�r�m�a�n�n� �H�W�,� �A�z�e�r�e�d�o� �J�,� �C�a�r�v�a�l�h�o� �C�M�,� �C�o�n�n�e�r�t�o�n� �I�,� �E�v�o�y� �S�,� �H�a�m�m�e�r�!� �J�A�,� �H�e�r�t�w�i�g� �S�,� 
�L�a�v�i�g�n�e� �R�,� �S�i�n�g�h� �A�,� �S�z�y�m�a�n�s�k�i� �C�M�,� �T�i�m�m�s� �A�,� �K�r�o�p�i�n�s�k�i� �A�M� �(�2�0�1�4�)� �A� �s�u�g�g�e�s�t�e�d� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� 
�f�o�r� �t�w�o� �g�r�o�u�p�s� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �m�y�o�v�i�r�u�s�e�s�.� �A�r�c�h� �V�i�r�o�l� �1�5�9�(�1�)�:�1�8�1 ��1�9�0�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.� 
�1�0�0�7�/�s�0�0�7�0�5�-�0�1�3�-� �1�7�8�8�-�2� 

�J�a�v�e�d� �M�A�,� �S�a�c�h�e�r� �J�C�,� �v�a�n� �A�l�p�h�e�n� �L�B�,� �P�a�t�r�y� �R�T�,� �S�z�y�m�a�n�s�k�i� �C�M� �(�2�0�1�5�)� �A� �f�l�a�g�e�l�l�a�r� �g�l�y�c�a�n�-�s�p�e�c�i�f�i�c� 
�p�r�o�t�e�i�n� �e�n�c�o�d�e�d� �b�y� �C�a�m�p�y�l�o�b�a�c�t�e�r� �p�h�a�g�e�s� �i�n�h�i�b�i�t�s� �h�o�s�t� �c�e�l�l� �g�r�o�w�t�h�.� �V�i�r�u�s�e�s� �7�(�1�2�)�:�6�6�6�1�-�6�6�7�4�.� 
�h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�3�3�9�0�/�v�7� �1�2�2�9�6�4� 

�J�e�o�n� �B�,� �M�u�r�a�o�k�a� �W�,� �S�a�h�i�n� �O�,� �Z�h�a�n�g� �Q� �(�2�0�0�8�)� �R�o�l�e� �o�f� �C�j�1�2�1� �1� �i�n� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �a�n�d� �t�r�a�n�s�f�e�r� 
�o�f� �a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�c�e� �d�e�t�e�r�m�i�n�a�n�t�s� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �A�n�t�i�m�i�c�r�o�b� �A�g�e�n�t�s� �C�h�e�m�o�t�h�e�r� 
�5�2�(�8�)�:�2�6�9�9�-�2�7�0�8�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/�a�a�c�.�0� �1�6�0�7�-�0�7� 

�J�e�o�n� �B�,� �Z�h�a�n�g� �Q� �(�2�0�0�7�)� �C�j�0�0�1� �L�e�,� �a� �p�e�r�i�p�l�a�s�m�i�c� �s�i�n�g�l�e�-� �a�n�d� �d�o�u�b�l�e�-�s�t�r�a�n�d�e�d� �D�N�A�-�b�i�n�d�i�n�g� �p�r�o�t�e�i�n�,� 
�c�o�n�t�r�i�b�u�t�e�s� �t�o� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �J� �B�a�c�t�e�r�i�o�l� �1�8�9�(�2�0�)�:�7�3�9�9�-�7�4�0�7�.� 
�h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/�j�b�.�0�1�0�1�2�-�0�7� 

�J�o�h�n�s�t�o�n� �C�,� �M�a�r�t�i�n� �B�,� �F�i�c�h�a�n�t� �G�,� �P�o�l�a�r�d� �P�,� �C�l�a�v�e�r�y�s� �J�P� �(�2�0�1�4�)� �B�a�c�t�e�r�i�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�:� �d�i�s�t�r�i�b�u�t�i�o�n�,� 
�s�h�a�r�e�d� �m�e�c�h�a�n�i�s�m�s� �a�n�d� �d�i�v�e�r�g�e�n�t� �c�o�n�t�r�o�l�.� �N�a�t� �R�e�v� �M�i�c�r�o�b�i�o�l� �1�2�(�3�)�:�1�8� �1�-�1�9�6�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.� 
�1�0�3�8�/�n�r�m�i�c�r�o�3�1�9�9� 

�K�o�v�a�c� �J�,� �C�a�d�e�z� �N�,� �S�t�e�s�s�]� �B�,� �S�t�i�n�g�]� �K�,� �G�r�u�n�t�a�r� �1�,� �O�c�e�p�e�k� �M�,� �T�r�k�o�v� �M�,� �W�a�g�n�e�r� �M�,� �S�m�o�l�e� �M�o�z�i�n�a�S� 
�(�2�0�1�5�)� �H�i�g�h� �g�e�n�e�t�i�c� �s�i�m�i�l�a�r�i�t�y� �o�f� �c�i�p�r�o�f�l�o�x�a�c�i�n�-�r�e�s�i�s�t�a�n�t� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �i�n� �c�e�n�t�r�a�l� �E�u�r�o�p�e�.� 
�F�r�o�n�t� �M�i�c�r�o�b�i�o�l� �6�:�1�1�6�9�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�3�3�8�9�/�f�m�i�c�b�.�2�0�1�5�.�0�1� �1�6�9� 

�L�a�r�s�e�n� �J�C�,� �S�z�y�m�a�n�s�k�i� �C�,� �G�u�e�r�r�y� �P� �(�2�0�0�4�)� �N�-�l�i�n�k�e�d� �p�r�o�t�e�i�n� �g�l�y�c�o�s�y�l�a�t�i�o�n� �i�s� �r�e�q�u�i�r�e�d� �f�o�r� �f�u�l�l� �c�o�m�p�e�-� 
�t�e�n�c�e� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �8�1�-�1�7�6�.� �J� �B�a�c�t�e�r�i�o�l� �1�8�6�(�1�9�)�:�6�5�0�8�-�6�5� �1�4�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/� 
�j�b�.�1�8�6�.�1�9�.�6�5�0�8�-�6�5� �1�4�.�2�0�0�4� 

�L�a�w�r�e�n�c�e� �J�G� �(�2�0�0�5�)� �H�o�r�i�z�o�n�t�a�l� �a�n�d� �v�e�r�t�i�c�a�l� �g�e�n�e� �t�r�a�n�s�f�e�r�:� �t�h�e� �l�i�f�e� �h�i�s�t�o�r�y� �o�f� �p�a�t�h�o�g�e�n�s�.� �C�o�n�t�r�i�b� 
�M�i�c�r�o�b�i�o�l� �1�2�:�2�5�5�-�2�7�1�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�5�9�/�0�0�0�0�8�1�6�9�9� 

�L�e�d�e�r�b�e�r�g� �J�,� �T�a�t�u�m� �E�L� �(�1�9�4�6�)� �G�e�n�e� �r�e�c�o�m�b�i�n�a�t�i�o�n� �i�n� �E�s�c�h�e�r�i�c�h�i�a� �c�o�l�i�.� �N�a�t�u�r�e� �1�5�8�(�4�0�1�6�)�:�5�5�8�.� 
�h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.� �1�0�3�8�/�1�5�8�5�5�8�a�0� 

�L�e�e�k�i�t�c�h�a�r�o�e�n�p�h�o�n� �P�,� �G�a�r�c�i�a�-�G�r�a�e�l�l�s� �C�,� �B�o�t�t�e�l�d�o�o�r�n� �N�,� �D�i�e�r�i�c�k� �K�,� �K�e�m�p�f� �I�,� �O�l�k�k�o�l�a� �S�,� �R�o�s�s�i� 
�M�,� �N�y�k�i�i�s�e�n�o�j�a� �S�,� �M�a�l�o�m�y� �B�,� �S�t�i�n�g�]� �K� �(�2�0�1�8�)� �C�o�m�p�a�r�a�t�i�v�e� �g�e�n�o�m�i�c�s� �o�f� �q�u�i�n�o�l�o�n�e�-�r�e�s�i�s�t�a�n�t� 
�a�n�d� �s�u�s�c�e�p�t�i�b�l�e� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �o�f� �p�o�u�l�t�r�y� �o�r�i�g�i�n� �f�r�o�m� �m�a�j�o�r� �p�o�u�l�t�r�y� �p�r�o�d�u�c�i�n�g� �E�u�r�o�p�e�a�n� 
�c�o�u�n�t�r�i�e�s� �(�G�E�N�C�A�M�P�)�.� �E�F�S�A� �S�u�p�p�o�r�t� �P�u�b�]� �1�5�(�5�)�:�1�3�9�8�E�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�2�9�0�3�/�s�p�.�e�f�s�a�.�2�0�1�8�.� 
�E�N�-�1�3�9�8� 

�L�e�v�y� �A�,� �G�o�r�e�n� �M�G�,� �Y�o�s�e�f� �I�,� �A�u�s�t�e�r� �O�,� �M�a�n�o�r� �M�,� �A�m�i�t�a�i� �G�,� �E�d�g�a�r� �R�,� �Q�i�m�r�o�n� �U�,� �S�o�r�e�k� �R� 
�(�2�0�1�5�)� �C�R�I�S�P�R� �a�d�a�p�t�a�t�i�o�n� �b�i�a�s�e�s� �e�x�p�l�a�i�n� �p�r�e�f�e�r�e�n�c�e� �f�o�r� �a�c�q�u�i�s�i�t�i�o�n� �o�f� �f�o�r�e�i�g�n� �D�N�A�.� �N�a�t�u�r�e� 
�5�2�0�(�7�5�4�8�)�:�5�0�5�-�5�1�0�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.� �1�0�3�8�/�n�a�t�u�r�e� �1�4�3�0�2� 

�L�i�u� �D�,� �D�e�n�g� �F�,� �G�a�o� �Y�,� �Y�a�o� �H�,� �S�h�e�n� �Z�,� �W�u� �C�,� �W�a�n�g� �Y�,� �S�h�e�n� �J� �(�2�0�1�7�)� �D�i�s�s�e�m�i�n�a�t�i�o�n� �o�f� �e�r�m�(�B�)� �a�n�d� 
�i�t�s� �a�s�s�o�c�i�a�t�e�d� �m�u�l�t�i�d�r�u�g�-�r�e�s�i�s�t�a�n�c�e� �g�e�n�o�m�i�c� �i�s�l�a�n�d�s� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �f�r�o�m� �2�0�1�3� �t�o� �2�0�1�5�.� �V�e�t� 
�M�i�c�r�o�b�i�o�l� �2�0�4�:�2�0�-�2�4�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.� �1�0� �1�6�/�j�.�v�e�t�m�i�c�.�2�0�1�7�.�0�2�.�0�2�2� 

�L�o�u�w�e�n� �R�,� �H�o�r�s�t�-�K�r�e�f�t� �D�,� �d�e� �B�o�e�r� �A�G�,� �v�a�n� �d�e�r� �G�r�a�a�f� �L�,� �d�e� �K�n�e�g�t� �G�,� �H�a�m�e�r�s�m�a� �M�,� �H�e�i�k�e�m�a� 
�A�P�,� �T�i�m�m�s� �A�R�,� �J�a�c�o�b�s� �B�C�,� �W�a�g�e�n�a�a�r� �J�A�,� �E�n�d�t�z� �H�P�,� �v�a�n� �d�e�r� �O�o�s�t� �J�,� �W�e�l�l�s� �J�M�,� �N�i�e�u�w�e�n�h�u�i�s� 
�E�E�,� �v�a�n� �V�l�i�e�t� �A�H�,� �W�i�l�l�e�m�s�e�n� �P�T�,� �v�a�n� �B�a�a�r�l�e�n� �P�,� �v�a�n� �B�e�l�k�u�m� �A� �(�2�0�1�3�)� �A� �n�o�v�e�l� �l�i�n�k� �b�e�t�w�e�e�n� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �b�a�c�t�e�r�i�o�p�h�a�g�e� �d�e�f�e�n�c�e�,� �v�i�r�u�l�e�n�c�e� �a�n�d� �G�u�i�l�l�a�i�n�-�B�a�r�r�e� �s�y�n�d�r�o�m�e�.� �E�u�r� �J� �C�l�i�n� 
�M�i�c�r�o�b�i�o�l� �I�n�f�e�c�t� �D�i�s� �3�2�(�2�)�:�2�0�7�-�2�2�6�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�0�7�/�s�1�0�0�9�6�-�0� �1�2�-�1�7�3�3�-�4� 

�L�u�a�n�g�t�o�n�g�k�u�m� �T�,� �S�h�e�n� �Z�,� �S�e�n�g� �V�W�,� �S�a�h�i�n� �O�,� �J�e�o�n� �B�,� �L�i�u� �P�,� �Z�h�a�n�g� �Q� �(�2�0�1�2�)� �I�m�p�a�i�r�e�d� �f�i�t�n�e�s�s� �a�n�d� 
�t�r�a�n�s�m�i�s�s�i�o�n� �o�f� �m�a�c�r�o�l�i�d�e�-�r�e�s�i�s�t�a�n�t� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �i�n� �i�t�s� �n�a�t�u�r�a�l� �h�o�s�t�.� �A�n�t�i�m�i�c�r�o�b� �A�g�e�n�t�s� 
�C�h�e�m�o�t�h�e�r� �5�6�(�3�)�:�1�3�0�0�-�1�3�0�8�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/� �1�0�.�1� �1�2�8�/�A�A�C�.�0�5�5� �1�6�-�1�1� 

�L�u�o� �N�,� �P�e�r�e�i�r�a� �S�,� �S�a�h�i�n� �O�,� �L�i�n� �J�,� �H�u�a�n�g� �S�,� �M�i�c�h�e�l� �L�,� �Z�h�a�n�g� �Q� �(�2�0�0�5�)� �E�n�h�a�n�c�e�d� �i�n� �v�i�v�o� �f�i�t�n�e�s�s� �o�f� 
�f�l�u�o�r�o�q�u�i�n�o�l�o�n�e�-�r�e�s�i�s�t�a�n�t� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �i�n� �t�h�e� �a�b�s�e�n�c�e� �o�f� �a�n�t�i�b�i�o�t�i�c� �s�e�l�e�c�t�i�o�n� �p�r�e�s�s�u�r�e�.� 
�P�r�o�c� �N�a�t�l� �A�c�a�d� �S�c�i� �U� �S� �A� �1�0�2�(�3�)�:�5�4�1�-�5�4�6�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�7�3�/�p�n�a�s�.�0�4�0�8�9�6�6�1� �0�2� 

�M�a�k�a�r�o�v�a� �K�S�,� �W�o�l�f� �Y�I�,� �I�r�a�n�z�o� �J�,� �S�a�m�a�k�o�v� �S�A�,� �A�l�k�h�n�b�a�s�h�i� �O�S�,� �B�r�o�u�n�s� �S�J�J�,� �C�h�a�r�p�e�n�t�i�e�r� �E�,� �C�h�e�n�g� 
�D�,� �H�a�f�t� �D�H�,� �H�o�r�v�a�t�h� �P�,� �M�o�i�n�e�a�u� �S�,� �M�o�j�i�c�a� �F�J�M�,� �S�c�o�t�t� �D�,� �S�h�a�h� �S�A�,� �S�i�k�s�n�y�s� �V�,� �T�e�r�n�s� �M�P�,� 
�V�e�n�c�l�o�v�a�s� �C�,� �W�h�i�t�e� �M�F�,� �Y�a�k�u�n�i�n� �A�F�,� �Y�a�n� �W�,� �Z�h�a�n�g� �F�,� �G�a�r�r�e�t�t� �R�A�,� �B�a�c�k�o�f�e�n� �R�,� �v�a�n� �d�e�r� �O�o�s�t� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�N�a�t�u�r�a�l� �C�o�m�p�e�t�e�n�c�e� �a�n�d� �H�o�r�i�z�o�n�t�a�l� �G�e�n�e� �T�r�a�n�s�f�e�r� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �2�8�9� 

�J�,� �B�a�r�r�a�n�g�o�u� �R�,� �K�o�o�n�i�n� �E�V� �(�2�0�2�0�)� �E�v�o�l�u�t�i�o�n�a�r�y� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �o�f� �C�R�I�S�P�R�-�C�a�s� �s�y�s�t�e�m�s�:� �a� �b�u�r�s�t� 
�o�f� �c�l�a�s�s� �2� �a�n�d� �d�e�r�i�v�e�d� �v�a�r�i�a�n�t�s�.� �N�a�t� �R�e�v� �M�i�c�r�o�b�i�o�l� �1�8�(�2�)�:�6�7�-�8�3�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�3�8�/�s�4� �1�5�7�9�-� 
�0�1�9�-�0�2�9�9�-�x� 

�M�a�r�a�s�i�n�i� �D�,� �F�a�k�h�r� �M�K� �(�2�0�1�4�)� �E�x�p�l�o�r�i�n�g� �P�F�G�E� �f�o�r� �d�e�t�e�c�t�i�n�g� �l�a�r�g�e� �p�l�a�s�m�i�d�s� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� 
�a�n�d� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�i� �i�s�o�l�a�t�e�d� �f�r�o�m� �v�a�r�i�o�u�s� �r�e�t�a�i�l� �m�e�a�t�s�.� �P�a�t�h�o�g�e�n�s� �3�(�4�)�:�8�3�3 ��8�4�4�.� �h�t�t�p�s�:�/�/�d�o�i�.� 
�o�r�g�/�1�0�.�3�3�9�0�/�p�a�t�h�o�g�e�n�s�3�0�4�0�8�3�3� 

�M�a�r�a�s�i�n�i� �D�,� �F�a�k�h�r� �M�K� �(�2�0�1�6�)� �W�h�o�l�e�-�g�e�n�o�m�e� �s�e�q�u�e�n�c�i�n�g� �o�f� �a� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �s�t�r�a�i�n� �i�s�o�l�a�t�e�d� 
�f�r�o�m� �r�e�t�a�i�l� �c�h�i�c�k�e�n� �m�e�a�t� �r�e�v�e�a�l�s� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a� �m�e�g�a�p�l�a�s�m�i�d� �w�i�t�h� �M�u�-�l�i�k�e� �p�r�o�p�h�a�g�e� �a�n�d� 
�m�u�l�t�i�d�r�u�g� �r�e�s�i�s�t�a�n�c�e� �g�e�n�e�s�.� �G�e�n�o�m�e� �A�n�n�o�u�n�c�e� �4�(�3�)�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/�g�e�n�o�m�e�A�.�0�0�4�6�0�-�1�6� 

�M�a�r�a�s�i�n�i� �D�,� �K�a�r�k�i� �A�B�,� �B�u�c�h�h�e�i�m� �M�A�,� �F�a�k�h�r� �M�K� �(�2�0�1�8�)� �P�h�y�l�o�g�e�n�e�t�i�c� �r�e�l�a�t�e�d�n�e�s�s� �a�m�o�n�g� �p�l�a�s�m�i�d�s� 
�h�a�r�b�o�r�e�d� �b�y� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �a�n�d� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�i� �i�s�o�l�a�t�e�d� �f�r�o�m� �r�e�t�a�i�l� �m�e�a�t�s�.� �F�r�o�n�t� 
�M�i�c�r�o�b�i�o�l� �9�:�2�1�6�7�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�3�3�8�9�/�f�m�i�c�b�.�2�0� �1�8�.�0�2� �1�6�7� 

�M�e�r�i�c�G�,� �Y�a�h�a�r�a� �K�,� �M�a�g�e�i�r�o�s� �L�,� �P�a�s�c�o�e� �B�,� �M�a�i�d�e�n� �M�C�,� �J�o�l�l�e�y� �K�A�,� �S�h�e�p�p�a�r�d� �S�K� �(�2�0�1�4�)� �A� �r�e�f�e�r�e�n�c�e� 
�p�a�n�-�g�e�n�o�m�e� �a�p�p�r�o�a�c�h� �t�o� �c�o�m�p�a�r�a�t�i�v�e� �b�a�c�t�e�r�i�a�l� �g�e�n�o�m�i�c�s�:� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �n�o�v�e�l� �e�p�i�d�e�m�i�o�l�o�g�i�c�a�l� 
�m�a�r�k�e�r�s� �i�n� �p�a�t�h�o�g�e�n�i�c� �C�a�m�p�y�l�o�b�a�c�t�e�r�.� �P�L�o�S� �O�N�E� �9�(�3�)�:�e�9�2�7�9�8�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.� �1�3�7� �1�/�j�o�u�r�n�a�l�.� 
�p�o�n�e�.�0�0�9�2�7�9�8� 

�M�o�u�r�k�a�s� �E�,� �F�l�o�r�e�z�-�C�u�a�d�r�a�d�o� �D�,� �P�a�s�c�o�e� �B�,� �C�a�l�l�a�n�d� �J�K�,� �B�a�y�l�i�s�s� �S�C�,� �M�a�g�e�i�r�o�s� �L�,� �M�e�r�i�c� �G�,� �H�i�t�c�h�i�n�g�s� 
�M�D�,� �Q�u�e�s�a�d�a� �A�,� �P�o�r�r�e�r�o� �C�,� �U�g�a�r�t�e�-�R�u�i�z� �M�,� �G�u�t�i�e�r�r�e�z�-�F�e�r�n�a�n�d�e�z� �J�,� �D�o�m�i�n�g�u�e�z� �L�,� �S�h�e�p�p�a�r�d� �S�K� 
�(�2�0�1�9�)� �G�e�n�e� �p�o�o�l� �t�r�a�n�s�m�i�s�s�i�o�n� �o�f� �m�u�l�t�i�d�r�u�g� �r�e�s�i�s�t�a�n�c�e� �a�m�o�n�g� �C�a�m�p�y�l�o�b�a�c�t�e�r� �f�r�o�m� �l�i�v�e�s�t�o�c�k�,� 
�s�e�w�a�g�e� �a�n�d� �h�u�m�a�n� �d�i�s�e�a�s�e�.� �E�n�v�i�r�o�n� �M�i�c�r�o�b�i�o�l� �2�1� �(�1�2�)�:�4�5�9�7�-�4�6� �1�3�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�1�1�/�1�4�6�2�-� 
�2�9�2�0�.� �1�4�7�6�0� 

�O �� �L�o�u�g�h�l�i�n� �J�L�,� �E�u�c�k�e�r� �T�P�,� �C�h�a�v�e�z� �J�D�,� �S�a�m�u�e�l�s�o�n� �D�R�,� �N�e�a�l�-�M�c�K�i�n�n�e�y� �J�,� �G�o�u�r�l�e�y� �C�R�,� �B�r�u�c�e� �J�E�,� 
�K�o�n�k�e�l� �M�E� �(�2�0�1�5�)� �A�n�a�l�y�s�i�s� �o�f� �t�h�e� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �g�e�n�o�m�e� �b�y� �S�M�R�T� �D�N�A� �s�e�q�u�e�n�c�i�n�g� 
�i�d�e�n�t�i�f�i�e�s� �r�e�s�t�r�i�c�t�i�o�n�-�m�o�d�i�f�i�c�a�t�i�o�n� �m�o�t�i�f�s�.� �P�L�o�S� �O�N�E� �1�0�(�2�)�:�e�0�1�1�8�5�3�3�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�3�7�1�/� 
�j�o�u�r�n�a�l�.�p�o�n�e�.�0�1� �1�8�5�3�3� 

�O�b�e�r�g�f�e�l�l� �K�P�,� �S�e�i�f�e�r�t� �H�S� �(�2�0�1�6�)� �T�h�e� �p�i�l�i�n� �N�-�t�e�r�m�i�n�a�l� �d�o�m�a�i�n� �m�a�i�n�t�a�i�n�s� �N�e�i�s�s�e�r�i�a� �g�o�n�o�r�r�h�o�e�a�e� 
�t�r�a�n�s�f�o�r�m�a�t�i�o�n� �c�o�m�p�e�t�e�n�c�e� �d�u�r�i�n�g� �p�i�l�u�s� �p�h�a�s�e� �v�a�r�i�a�t�i�o�n�.� �P�L�o�S� �G�e�n�e�t� �1�2�(�5�)�:�e�1�0�0�6�0�6�9�.� �h�t�t�p�s�:�/�/� 
�d�o�i�.�o�r�g�/�1�0�.�1�3�7�1�/�j�o�u�r�n�a�l�.�p�g�e�n�.� �1�0�0�6�0�6�9� 

�O�u�e�l�l�e�t�t�e� �M�,� �G�e�r�b�a�u�d� �G�,� �L�a�m�b�e�r�t� �T�,� �C�o�u�r�v�a�l�i�n� �P� �(�1�9�8�7�)� �A�c�q�u�i�s�i�t�i�o�n� �b�y� �a� �C�a�m�p�y�l�o�b�a�c�t�e�r�-�l�i�k�e� �s�t�r�a�i�n� 
�o�f� �a�p�h�A�-�1�,� �a� �k�a�n�a�m�y�c�i�n� �r�e�s�i�s�t�a�n�c�e� �d�e�t�e�r�m�i�n�a�n�t� �f�r�o�m� �m�e�m�b�e�r�s� �o�f� �t�h�e� �f�a�m�i�l�y� �E�n�t�e�r�o�b�a�c�t�e�r�i�a�c�e�a�e�.� 
�A�n�t�i�m�i�c�r�o�b� �A�g�e�n�t�s� �C�h�e�m�o�t�h�e�r� �3�1�(�7�)�:� �1�0�2�1�-�1�0�2�6�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/�a�a�c�.�3�1�.�7�.�1�0�2�1� 

�O�y�a�r�z�a�b�a�l� �O�A�,� �B�a�c�k�e�r�t� �S� �(�2�0�1�2�)� �M�i�c�r�o�b�i�a�l� �F�o�o�d� �S�a�f�e�t�y�:� �A�n� �I�n�t�r�o�d�u�c�t�i�o�n� �(�F�o�o�d� �S�c�i�e�n�c�e� �T�e�x�t� 
�S�e�r�i�e�s�)�.� �S�p�r�i�n�g�e�r�,� �H�e�i�d�e�l�b�e�r�g� 

�O�y�a�r�z�a�b�a�l� �O�A�,� �R�a�d� �R�,� �B�a�c�k�e�r�t� �S� �(�2�0�0�7�)� �C�o�n�j�u�g�a�t�i�v�e� �t�r�a�n�s�f�e�r� �o�f� �c�h�r�o�m�o�s�o�m�a�l�l�y� �e�n�c�o�d�e�d� �a�n�t�i�b�i�o�t�i�c� 
�r�e�s�i�s�t�a�n�c�e� �f�r�o�m� �H�e�l�i�c�o�b�a�c�t�e�r� �p�y�l�o�r�i� �t�o� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �J� �C�l�i�n� �M�i�c�r�o�b�i�o�l� �4�5�(�2�)�:�4�0�2�-�4�0�8�.� 
�h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/�J�C�M�.�0�1�4�5�6�-�0�6� 

�P�a�r�k�e�r� �C�T�,� �Q�u�i�f�i�o�n�e�s� �B�,� �M�i�l�l�e�r� �W�G�,� �H�o�r�n� �S�T�,� �M�a�n�d�r�e�l�l� �R�E� �(�2�0�0�6�)� �C�o�m�p�a�r�a�t�i�v�e� �g�e�n�o�m�i�c� �a�n�a�l�y�s�i�s� �o�f� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �s�t�r�a�i�n�s� �r�e�v�e�a�l�s� �d�i�v�e�r�s�i�t�y� �d�u�e� �t�o� �g�e�n�o�m�i�c� �e�l�e�m�e�n�t�s� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �p�r�e�s�e�n�t� �i�n� 
�C�.� �j�e�j�u�n�i� �s�t�r�a�i�n� �R�M�1�2�2�1�.� �J� �C�l�i�n�i�c�a�l� �M�i�c�r�o�b�i�o�l� �4�4�(�1� �1�)�:�4�1�2�5�-�4�1�3�5�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/�J�C�M�.� 
�0�1�2�3�1�-�0�6� 

�P�a�r�k�h�i�l�l� �J�,� �W�r�e�n� �B�W�,� �M�u�n�g�a�l�l� �K�,� �K�e�t�l�e�y� �J�M�,� �C�h�u�r�c�h�e�r� �C�,� �B�a�s�h�a�m� �D�,� �C�h�i�l�l�i�n�g�w�o�r�t�h� �T�,� �D�a�v�i�e�s� 
�R�M�,� �F�e�l�t�w�e�l�l� �T�,� �H�o�l�r�o�y�d� �S�,� �J�a�g�e�l�s� �K�,� �K�a�r�l�y�s�h�e�v� �A�V�,� �M�o�u�l�e� �S�,� �P�a�l�l�e�n� �M�J�,� �P�e�n�n� �C�W�,� �Q�u�a�i�l� �M�A�,� 
�R�a�j�a�n�d�r�e�a�m� �M�A�,� �R�u�t�h�e�r�f�o�r�d� �K�M�,� �v�a�n� �V�l�i�e�t� �A�H�,� �W�h�i�t�e�h�e�a�d� �S�,� �B�a�r�r�e�l�l� �B�G� �(�2�0�0�0�)� �T�h�e� �g�e�n�o�m�e� 
�s�e�q�u�e�n�c�e� �o�f� �t�h�e� �f�o�o�d�-�b�o�r�n�e� �p�a�t�h�o�g�e�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �r�e�v�e�a�l�s� �h�y�p�e�r�v�a�r�i�a�b�l�e� �s�e�q�u�e�n�c�e�s�.� 
�N�a�t�u�r�e� �4�0�3�(�6�7�7�0�)�:�6�6�5�-�6�6�8�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�3�8�/�3�5�0�0�1�0�8�8� 

�P�h�o�n�g�s�i�s�a�y� �V�,� �P�e�r�e�r�a� �V�N�,� �F�r�y� �B�N� �(�2�0�0�6�)� �E�x�c�h�a�n�g�e� �o�f� �l�i�p�o�o�l�i�g�o�s�a�c�c�h�a�r�i�d�e� �s�y�n�t�h�e�s�i�s� �g�e�n�e�s� �c�r�e�a�t�e�s� 
�p�o�t�e�n�t�i�a�l� �G�u�i�l�l�a�i�n�-�B�a�r�r�e� �s�y�n�d�r�o�m�e�-�i�n�d�u�c�i�b�l�e� �s�t�r�a�i�n�s� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �I�n�f�e�c�t� �I�m�m�u�n� 
�7�4�(�2�)�:� �1�3�6�8�-�1�3�7�2�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.� �1�1�2�8�/�.�A�I�.�7�4�.�2�.�1�3�6�8�-�1�3�7�2�.�2�0�0�6� 

�P�r�a�t�t� �A�,� �K�o�r�o�l�i�k� �V� �(�2�0�0�5�)� �T�e�t�r�a�c�y�c�l�i�n�e� �r�e�s�i�s�t�a�n�c�e� �o�f� �A�u�s�t�r�a�l�i�a�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �a�n�d� �C�a�m�p�y�-� 
�l�o�b�a�c�t�e�r� �c�o�l�i� �i�s�o�l�a�t�e�s�.� �J� �A�n�t�i�m�i�c�r�o�b� �C�h�e�m�o�t�h�e�r� �5�5�(�4�)�:�4�5�2�-�4�6�0�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�9�3�/�j�a�c�/� 
�d�k�i�0�4�0� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�2�9�0� �J�.� �C�.� �G�o�l�z� �a�n�d� �K�.� �S�t�i�n�g�]� 

�Q�i�n� �S�,� �W�a�n�g� �Y�,� �Z�h�a�n�g� �Q�,� �Z�h�a�n�g� �M�,� �D�e�n�g� �F�,� �S�h�e�n� �Z�,� �W�u� �C�,� �W�a�n�g� �S�,� �Z�h�a�n�g� �J�,� �S�h�e�n� �J� �(�2�0�1�4�)� 
�R�e�p�o�r�t� �o�f� �r�i�b�o�s�o�m�a�l� �R�N�A� �m�e�t�h�y�l�a�s�e� �g�e�n�e� �e�r�m�(�B�)� �i�n� �m�u�l�t�i�d�r�u�g�-�r�e�s�i�s�t�a�n�t� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�i�.� �J� 
�A�n�t�i�m�i�c�r�o�b� �C�h�e�m�o�t�h�e�r� �6�9�(�4�)�:�9�6�4 ��9�6�8�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.� �1�0�9�3�/�j�a�c�/�d�k�t�4�9�2� 

�R�e�u�t�e�r� �M�,� �P�e�r�i�a�g�o� �P�M�,� �M�u�l�h�o�l�l�a�n�d� �F�,� �B�r�o�w�n� �H�L�,� �v�a�n� �V�l�i�e�t� �A�H� �(�2�0�1�5�)� �A� �P�A�S� �d�o�m�a�i�n�-�c�o�n�t�a�i�n�i�n�g� 
�r�e�g�u�l�a�t�o�r� �c�o�n�t�r�o�l�s� �f�l�a�g�e�l�l�a�-�f�l�a�g�e�l�l�a� �i�n�t�e�r�a�c�t�i�o�n�s� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �F�r�o�n�t� �M�i�c�r�o�b�i�o�l� �6�:�7�7�0�.� 
�h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�3�3�8�9�/�f�m�i�c�b�.�2�0�1�5�.�0�0�7�7�0� 

�R�i�c�h�a�r�d�s�o�n� �P�T�,� �P�a�r�k� �S�F� �(�1�9�9�7�)� �I�n�t�e�g�r�a�t�i�o�n� �o�f� �h�e�t�e�r�o�l�o�g�o�u�s� �p�l�a�s�m�i�d� �D�N�A� �i�n�t�o� �m�u�l�t�i�p�l�e� �s�i�t�e�s� �o�n� �t�h�e� 
�g�e�n�o�m�e� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�i� �f�o�l�l�o�w�i�n�g� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�.� �J� �B�a�c�t�e�r�i�o�l� �1�7�9�(�5�)�:�1�8�0�9�-�1�8�1�2�.� 
�h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.� �1�1�2�8�/�j�b�.�1�7�9�.�5�.�1�8�0�9�-�1�8� �1�2�.�1�9�9�7� 

�R�o�s�n�e�r� �B�M�,� �S�c�h�i�e�l�k�e� �A�,� �D�i�d�e�l�o�t� �X�,� �K�o�p�s� �F�,� �B�r�e�i�d�e�n�b�a�c�h� �J�,� �W�i�l�l�r�i�c�h� �N�,� �G�o�l�z� �G�,� �A�l�t�e�r� �T�,� �S�t�i�n�g�]� 
�K�,� �J�o�s�e�n�h�a�n�s� �C�,� �S�u�e�r�b�a�u�m� �S�,� �S�t�a�r�k� �K� �(�2�0�1�7�)� �A� �c�o�m�b�i�n�e�d� �c�a�s�e�-�c�o�n�t�r�o�l� �a�n�d� �m�o�l�e�c�u�l�a�r� �s�o�u�r�c�e� 
�a�t�t�r�i�b�u�t�i�o�n� �s�t�u�d�y� �o�f� �h�u�m�a�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �i�n�f�e�c�t�i�o�n�s� �i�n� �G�e�r�m�a�n�y�,� �2�0�1� �1�-�2�0� �1�4�.� �S�c�i� �R�e�p� �7�(�1�)�:�5� �1�3�9�.� 
�h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.� �1�0�3�8�/�s�4�1�5�9�8�-�0�1�7�-�0�5�2�2�7�-�x� 

�S�a�c�h�e�r� �J�C�,� �F�l�i�n�t� �A�,� �B�u�t�c�h�e�r� �J�,� �B�l�a�s�d�e�l� �B�,� �R�e�y�n�o�l�d�s� �H�M�,� �L�a�v�i�g�n�e� �R�,� �S�t�i�n�t�z�i� �A�,� �S�z�y�m�a�n�s�k�i� �C�M� 
�(�2�0�1�8�)� �T�r�a�n�s�c�r�i�p�t�o�m�i�c� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �r�e�s�p�o�n�s�e� �t�o� �T�4�-�L�i�k�e� �p�h�a�g�e� �N�C�T�C� 
�1�2�6�7�3� �i�n�f�e�c�t�i�o�n�.� �V�i�r�u�s�e�s� �1�0�(�6�)�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�3�3�9�0�/�v� �1�0�0�6�0�3�3�2� 

�S�a�c�h�e�r� �J�C�,� �S�h�a�j�a�h�a�n� �A�,� �B�u�t�c�h�e�r� �J�,� �P�a�t�r�y� �R�T�,� �F�l�i�n�t� �A�,� �H�e�n�d�r�i�x�s�o�n� �D�R�,� �S�t�i�n�t�z�i� �A�,� �A�z�a�d�i� �P�,� 
�S�z�y�m�a�n�s�k�i� �C�M� �(�2�0�2�0�)� �B�i�n�d�i�n�g� �o�f� �p�h�a�g�e�-�e�n�c�o�d�e�d� �F�l�a�G�r�a�b� �t�o� �m�o�t�i�l�e� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �f�l�a�g�-� 
�e�l�l�a� �i�n�h�i�b�i�t�s� �g�r�o�w�t�h�,� �d�o�w�n�r�e�g�u�l�a�t�e�s� �e�n�e�r�g�y� �m�e�t�a�b�o�l�i�s�m�,� �a�n�d� �r�e�q�u�i�r�e�s� �s�p�e�c�i�f�i�c� �f�l�a�g�e�l�l�a�r� �g�l�y�c�a�n�s�.� 
�F�r�o�n�t� �M�i�c�r�o�b�i�o�l� �1�1�:�3�9�7�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�3�3�8�9�/�f�m�i�c�b�.�2�0�2�0�.�0�0�3�9�7� 

�S�a�i�l�s� �A�,� �W�a�r�e�i�n�g� �D�,� �B�o�l�t�o�n� �F�,� �F�o�x� �A�,� �C�u�r�r�y� �A� �(�1�9�9�8�)� �C�h�a�r�a�c�t�e�r�i�s�a�t�i�o�n� �o�f� �1�6� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� 
�a�n�d� �C�.� �c�o�l�i� �t�y�p�i�n�g� �b�a�c�t�e�r�i�o�p�h�a�g�e�s�.� �J� �M�e�d� �M�i�c�r�o�b�i�o�l� �4�7�(�2�)�:� �1�2�3�-�1�2�8�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�0�9�9�/�0�0�2� 
�2�2�6�1�5�-�4�7�-�2�-�1�2�3� 

�S�c�h�m�i�d�t�-�O�t�t� �R�,� �P�o�h�l� �S�,� �B�u�r�g�h�a�r�d� �S�,� �W�e�i�g� �M�,� �G�r�o�s�s� �U� �(�2�0�0�5�)� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� �a�n�d� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� 
�a� �m�a�j�o�r� �s�u�b�g�r�o�u�p� �o�f� �c�o�n�j�u�g�a�t�i�v�e� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �p�l�a�s�m�i�d�s�.� �J� �I�n�f�e�c�t� �5�0�(�1�)�:�1�2�-�2�1�.� �h�t�t�p�s�:�/�/� 
�d�o�i�.�o�r�g�/�1�0�.� �1�0� �1�6�/�j�.�j�i�n�f�.�2�0�0�4�.�0�2�.�0�1�3� 

�S�c�o�t�t� �A�E�,� �T�i�m�m�s� �A�R�,� �C�o�n�n�e�r�t�o�n� �P�L�,� �C�a�r�r�i�l�l�o� �C�L�,� �R�a�d�z�u�m� �K�A�,� �C�o�n�n�e�r�t�o�n� �I�F� �(�2�0�0�7�)� �G�e�n�o�m�e� 
�d�y�n�a�m�i�c�s� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �i�n� �r�e�s�p�o�n�s�e� �t�o� �b�a�c�t�e�r�i�o�p�h�a�g�e� �p�r�e�d�a�t�i�o�n�.� �P�L�o�S� �P�a�t�h�o�g� 
�3�(�8�)�:�e�1� �1�9�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�3�7�1�/�j�o�u�r�n�a�l�.�p�p�a�t�.�0�0�3�0�1�1�9� 

�S�e�i�t�z� �P�,� �P�e�z�e�s�h�g�i� �M�o�d�a�r�r�e�s� �H�,� �B�o�r�g�e�a�u�d� �S�,� �B�u�l�u�s�h�e�v� �R�D�,� �S�t�e�i�n�b�o�c�k� �L�J�,� �R�a�d�e�n�o�v�i�c� �A�,� �D�a�l� �P�e�r�a�r�o� 
�M�,� �B�l�o�k�e�s�c�h� �M� �(�2�0�1�4�)� �C�o�m�E�A� �i�s� �e�s�s�e�n�t�i�a�l� �f�o�r� �t�h�e� �t�r�a�n�s�f�e�r� �o�f� �e�x�t�e�r�n�a�l� �D�N�A� �i�n�t�o� �t�h�e� �p�e�r�i�p�l�a�s�m� 
�i�n� �n�a�t�u�r�a�l�l�y� �t�r�a�n�s�f�o�r�m�a�b�l�e� �V�i�b�r�i�o� �c�h�o�l�e�r�a�e� �c�e�l�l�s�.� �P�L�o�S� �G�e�n�e�t� �1�0�(�1�)�:�e�1�0�0�4�0�6�6�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.� 
�1�3�7�1� �/�j�o�u�r�a�l�.�p�g�e�n�.� �1�0�0�4�0�6�6� 

�S�h�e�p�p�a�r�d� �S�K�,� �J�o�l�l�e�y� �K�A�,� �M�a�i�d�e�n� �M�C� �(�2�0�1�2�)� �A� �G�e�n�e�-�B�y�-�G�e�n�e� �A�p�p�r�o�a�c�h� �t�o� �B�a�c�t�e�r�i�a�l� �P�o�p�u�l�a�t�i�o�n� 
�G�e�n�o�m�i�c�s�:� �W�h�o�l�e� �G�e�n�o�m�e� �M�L�S�T� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r�.� �G�e�n�e�s� �(�B�a�s�e�l�)� �3�(�2�)�:�2�6�1�-�2�7�7�.� �h�t�t�p�s�:�/�/�d�o�i�.� 
�o�r�g�/�1�0�.�3�3�9�0�/�g�e�n�e�s�3�0�2�0�2�6� �|� 

�S�h�e�p�p�a�r�d� �S�K�,� �M�a�i�d�e�n� �M�C� �(�2�0�1�5�)� �T�h�e� �e�v�o�l�u�t�i�o�n� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �a�n�d� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�i�.� 
�C�o�l�d� �S�p�r�i�n�g� �H�a�r�b� �P�e�r�s�p�e�c�t� �B�i�o�l� �7�(�8�)�:�a�0�1�8�1�1�9�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1� �1�0� �1�/�c�s�h�p�e�r�s�p�e�c�t�.�a�0� �1�8�1�1�9� 

�S�h�e�p�p�a�r�d� �S�K�,� �M�c�C�a�r�t�h�y� �N�D�,� �F�a�l�u�s�h� �D�,� �M�a�i�d�e�n� �M�C� �(�2�0�0�8�)� �C�o�n�v�e�r�g�e�n�c�e� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� 
�s�p�e�c�i�e�s�:� �i�m�p�l�i�c�a�t�i�o�n�s� �f�o�r� �b�a�c�t�e�r�i�a�l� �e�v�o�l�u�t�i�o�n�.� �S�c�i�e�n�c�e� �3�2�0�(�5�8�7�3�)�:�2�3�7�-�2�3�9�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.� 
�1�1�2�6�/�s�c�i�e�n�c�e�.� �1� �1�5�5�5�3�2� 

�S�h�e�p�p�a�r�d� �S�K�,� �M�c�C�a�r�t�h�y� �N�D�,� �J�o�l�l�e�y� �K�A�,� �M�a�i�d�e�n� �M�C� �(�2�0�1�1�)� �I�n�t�r�o�g�r�e�s�s�i�o�n� �i�n� �t�h�e� �g�e�n�u�s� �C�a�m�p�y�-� 
�l�o�b�a�c�t�e�r�:� �g�e�n�e�r�a�t�i�o�n� �a�n�d� �s�p�r�e�a�d� �o�f� �m�o�s�a�i�c� �a�l�l�e�l�e�s�.� �M�i�c�r�o�b�i�o�l�o�g�y� �1�5�7�(�P�t� �4�)�:�1�0�6�6 ��-�1�0�7�4�.� �h�t�t�p�s�:�/�/� 
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�m�s�n�2�6�4� 

�W�i�l�s�o�n� �D�L�,� �B�e�l�l� �J�A�,� �Y�o�u�n�g� �V�B�,� �W�i�l�d�e�r� �S�R�,� �M�a�n�s�f�i�e�l�d� �L�S�,� �L�i�n�z� �J�E� �(�2�0�0�3�)� �V�a�r�i�a�t�i�o�n� �o�f� �t�h�e� �n�a�t�u�r�a�l� 
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�E�W�,� �Z�h�a�n�g� �Q�,� �S�h�e�n� �J� �(�2�0�1�6�)� �E�m�e�r�g�e�n�c�e� �o�f� �a� �p�o�t�e�n�t� �m�u�l�t�i�d�r�u�g� �e�f�f�l�u�x� �p�u�m�p� �v�a�r�i�a�n�t� �t�h�a�t� �e�n�h�a�n�c�e�s� 
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�S�a�l�i�n�a�s� �G�,� �L�i�n�g�n�e�r� �T� �(�2�0�1�5�)� �S�M�R�T� �s�e�q�u�e�n�c�i�n�g� �o�f� �t�h�e� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�i� �B�E�R�-�C�A�-�9�5�5�7� �g�e�n�o�m�e� 
�s�e�q�u�e�n�c�e� �r�e�v�e�a�l�s� �u�n�i�q�u�e� �m�e�t�h�y�l�a�t�i�o�n� �m�o�t�i�f�s�.� �B�M�C� �G�e�n�o�m� �1�6�:�1�0�8�8�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�8�6�/�s�1�2� 
�8�6�4�-�0�1�5�-�2�3� �1�7�-�3� 

�Z�e�n�g� �X�,� �A�r�d�e�s�h�n�a� �D�,� �L�i�n� �J� �(�2�0�1�5�)� �H�e�a�t� �s�h�o�c�k�-�e�n�h�a�n�c�e�d� �c�o�n�j�u�g�a�t�i�o�n� �e�f�f�i�c�i�e�n�c�y� �i�n� �s�t�a�n�d�a�r�d� �C�a�m�p�y�-� 
�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �s�t�r�a�i�n�s�.� �A�p�p�]� �E�n�v�i�r�o�n� �M�i�c�r�o�b�i�o�l� �8� �1�(�1�3�)�:�4�5�4�6�-�4�5�5�2�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/�a�e�m�.� 
�0�0�3�4�6�-�1�5� 

�Z�e�n�g� �X�,� �W�u� �Z�,� �Z�h�a�n�g� �Q�,� �L�i�n� �J� �(�2�0�1�8�)� �A� �c�o�t�r�a�n�s�f�o�r�m�a�t�i�o�n� �m�e�t�h�o�d� �t�o� �i�d�e�n�t�i�f�y� �a� �r�e�s�t�r�i�c�t�i�o�n�-� 
�m�o�d�i�f�i�c�a�t�i�o�n� �e�n�z�y�m�e� �t�h�a�t� �r�e�d�u�c�e�s� �c�o�n�j�u�g�a�t�i�o�n� �e�f�f�i�c�i�e�n�c�y� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �A�p�p�l� �E�n�v�i�r�o�n� 
�M�i�c�r�o�b�i�o�l� �8�4�(�2�3�)�.� �h�t�t�p�s�:�/�/�d�o�i�.�o�r�g�/�1�0�.�1�1�2�8�/�A�E�M�.�0�2�0�0�4�-�1�8� 

�O�p�e�n� �A�c�c�e�s�s� �T�h�i�s� �c�h�a�p�t�e�r� �i�s� �l�i�c�e�n�s�e�d� �u�n�d�e�r� �t�h�e� �t�e�r�m�s� �o�f� �t�h�e� �C�r�e�a�t�i�v�e� �C�o�m�m�o�n�s� �A�t�t�r�i�b�u�t�i�o�n� �4�.�0� 
�I�n�t�e�r�n�a�t�i�o�n�a�l� �L�i�c�e�n�s�e� �(�h�t�t�p�:�/�/�c�r�e�a�t�i�v�e�c�o�m�m�o�n�s�.�o�r�g�/�l�i�c�e�n�s�e�s�/�b�y�/�4�.�0�/�)�,� �w�h�i�c�h� �p�e�r�m�i�t�s� �u�s�e�,� �s�h�a�r�i�n�g�,� 
�a�d�a�p�t�a�t�i�o�n�,� �d�i�s�t�r�i�b�u�t�i�o�n� �a�n�d� �r�e�p�r�o�d�u�c�t�i�o�n� �i�n� �a�n�y� �m�e�d�i�u�m� �o�r� �f�o�r�m�a�t�,� �a�s� �l�o�n�g� �a�s� �y�o�u� �g�i�v�e� �a�p�p�r�o�p�r�i�a�t�e� 
�c�r�e�d�i�t� �t�o� �t�h�e� �o�r�i�g�i�n�a�l� �a�u�t�h�o�r�(�s�)� �a�n�d� �t�h�e� �s�o�u�r�c�e�,� �p�r�o�v�i�d�e� �a� �l�i�n�k� �t�o� �t�h�e� �C�r�e�a�t�i�v�e� �C�o�m�m�o�n�s� �l�i�c�e�n�s�e� �a�n�d� 
�i�n�d�i�c�a�t�e� �i�f� �c�h�a�n�g�e�s� �w�e�r�e� �m�a�d�e�.� 

�T�h�e� �i�m�a�g�e�s� �o�r� �o�t�h�e�r� �t�h�i�r�d� �p�a�r�t�y� �m�a�t�e�r�i�a�l� �i�n� �t�h�i�s� �c�h�a�p�t�e�r� �a�r�e� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �c�h�a�p�t�e�r�'�s� �C�r�e�a�t�i�v�e� 
�C�o�m�m�o�n�s� �l�i�c�e�n�s�e�,� �u�n�l�e�s�s� �i�n�d�i�c�a�t�e�d� �o�t�h�e�r�w�i�s�e� �i�n� �a� �c�r�e�d�i�t� �l�i�n�e� �t�o� �t�h�e� �m�a�t�e�r�i�a�l�.� �I�f� �m�a�t�e�r�i�a�l� �i�s� �n�o�t� 
�i�n�c�l�u�d�e�d� �i�n� �t�h�e� �c�h�a�p�t�e�r ��s� �C�r�e�a�t�i�v�e� �C�o�m�m�o�n�s� �l�i�c�e�n�s�e� �a�n�d� �y�o�u�r� �i�n�t�e�n�d�e�d� �u�s�e� �i�s� �n�o�t� �p�e�r�m�i�t�t�e�d� �b�y� 
�s�t�a�t�u�t�o�r�y� �r�e�g�u�l�a�t�i�o�n� �o�r� �e�x�c�e�e�d�s� �t�h�e� �p�e�r�m�i�t�t�e�d� �u�s�e�,� �y�o�u� �w�i�l�l� �n�e�e�d� �t�o� �o�b�t�a�i�n� �p�e�r�m�i�s�s�i�o�n� �d�i�r�e�c�t�l�y� �f�r�o�m� 
�t�h�e� �c�o�p�y�r�i�g�h�t� �h�o�l�d�e�r�.� 
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5.6 Publication 5: "Take it or leave it"-Factors regulating 
competence development and DNA uptake in Campylobacter 
jejuni . 
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�A�b�s�t�r�a�c�t�:� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �h�a�s� �a� �l�a�r�g�e� �a�d�a�p�t�i�v�e� �p�o�t�e�n�t�i�a�l� �d�u�e� �t�o� �e�n�o�r�m�o�u�s� �g�e�n�e�t�i�c� �e�x�c�h�a�n�g�e�.� 
�F�a�c�t�o�r�s� �r�e�g�u�l�a�t�i�n�g� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �i�n� �t�h�i�s� �f�o�o�d�-�b�o�r�n�e� �p�a�t�h�o�g�e�n� �a�r�e� �l�a�r�g�e�l�y� �u�n�k�n�o�w�n� �b�u�t� �o�f� 
�i�n�t�e�r�e�s�t� �f�o�r� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �s�u�s�t�a�i�n�e�d� �r�e�d�u�c�t�i�o�n� �s�t�r�a�t�e�g�i�e�s� �i�n� �t�h�e� �f�o�o�d�-�p�r�o�c�e�s�s�i�n�g� �i�n�d�u�s�t�r�y�.� �U�s�i�n�g� 
�a� �s�i�n�g�l�e� �c�e�l�l� �D�N�A� �u�p�t�a�k�e� �a�s�s�a�y�,� �w�e� �v�i�s�u�a�l�i�z�e�d� �t�h�a�t� �r�e�c�o�g�n�i�t�i�o�n� �o�f� �m�e�t�h�y�l�a�t�e�d� �C�.� �j�e�j�u�n�i� �D�N�A� �w�a�s� 
�e�s�s�e�n�t�i�a�l� �f�o�r� �t�h�e� �f�i�r�s�t� �s�t�e�p� �o�f� �D�N�A� �u�p�t�a�k�e� �i�n�t�o� �a� �D�N�a�s�e� �r�e�s�i�s�t�a�n�t� �s�t�a�t�e�.� �T�r�a�n�s�f�o�r�m�a�t�i�o�n� �r�a�t�e�s� �u�s�i�n�g� �a� 
�r�e�s�i�s�t�a�n�c�e� �m�a�r�k�e�r� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �t�h�e� �f�r�a�c�t�i�o�n� �o�f� �c�o�m�p�e�t�e�n�t� �b�a�c�t�e�r�i�a�,� �h�a�r�b�o�r�i�n�g� �o�n�e� �t�o� �m�a�x�i�m�a�l�l�y� �f�o�u�r� 
�l�o�c�a�t�i�o�n�s� �o�f� �a�c�t�i�v�e� �D�N�A� �u�p�t�a�k�e�,� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �b�e�i�n�g� �l�o�c�a�t�e�d� �a�t� �t�h�e� �c�e�l�l� �p�o�l�e�.� �C�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�e�d� 
�w�i�t�h� �r�i�s�i�n�g� �p�H� �b�e�t�w�e�e�n� �6�.�5� �a�n�d� �7�.�5� �u�n�d�e�r� �m�i�c�r�o�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �a�n�d� �w�a�s� �n�e�a�r�l�y� �i�n�s�e�n�s�i�t�i�v�e� �t�o�w�a�r�d�s� 
�g�r�o�w�t�h� �t�e�m�p�e�r�a�t�u�r�e�s� �b�e�t�w�e�e�n� �3�2� �°�C� �a�n�d� �4�2� �°�C�,� �C�O�?� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �r�a�n�g�i�n�g� �f�r�o�m� �0� �t�o� �5�0�%� �a�n�d� �g�r�o�w�t�h� 
�r�a�t�e�s�.� �H�o�w�e�v�e�r�,� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �w�a�s� �a�b�o�l�i�s�h�e�d� �a�t� �p�H� �5� �o�r� �u�n�d�e�r� �a�e�r�o�b�i�c� �s�t�r�e�s�s� �c�o�n�d�i�t�i�o�n�s�,� 
�i�n� �w�h�i�c�h� �t�h�e� �b�a�c�t�e�r�i�a� �c�e�a�s�e�d� �g�r�o�w�t�h� �b�u�t� �f�u�l�l�y� �s�u�r�v�i�v�e�d�.� �T�h�e� �D�N�A� �u�p�t�a�k�e� �m�a�c�h�i�n�e�r�y� �i�n� �c�o�m�p�e�t�e�n�t� 
�b�a�c�t�e�r�i�a� �s�h�u�t� �d�o�w�n� �a�t� �s�l�i�g�h�t�l�y� �a�c�i�d�i�c� �p�H� �a�n�d� �w�a�s� �r�e�v�e�r�s�i�b�l�y� �s�w�i�t�c�h�e�d� �o�n� �u�p�o�n� �n�e�u�t�r�a�l�i�z�a�t�i�o�n�.� �I�t� �w�a�s� 
�d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �p�r�o�t�o�n� �m�o�t�i�v�e� �f�o�r�c�e� �a�n�d�,� �i�n� �c�o�n�t�r�a�s�t� �t�o� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t�,� �s�l�i�g�h�t�l�y� �e�n�h�a�n�c�e�d� 
�u�n�d�e�r� �a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e� �r�e�s�u�l�t�s� �s�u�g�g�e�s�t� �t�h�a�t� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �i�n� �C�.� �j�e�j�u�n�i� �o�c�c�u�r�s� �i�n� �t�h�e� 
�n�e�u�t�r�a�l� �a�n�d� �m�i�c�r�o�a�e�r�o�b�i�c� �i�n�t�e�s�t�i�n�a�l� �e�n�v�i�r�o�n�m�e�n�t� �f�o�r� �e�n�h�a�n�c�e�d� �g�e�n�e�t�i�c� �d�i�v�e�r�s�i�t�y� �a�n�d� �p�r�e�-�a�d�a�p�t�i�o�n� 
�b�e�f�o�r�e� �h�o�s�t� �s�w�i�t�c�h�.� �I�n� �a�d�d�i�t�i�o�n�,� �h�i�g�h�l�y� �c�o�m�p�e�t�e�n�t� �b�a�c�t�e�r�i�a� �m�i�g�h�t� �b�e� �s�h�e�d� �i�n�t�o� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�,� �s�t�i�l�l� 
�a�b�l�e� �t�o� �a�c�q�u�i�r�e� �g�e�n�e�t�i�c� �m�a�t�e�r�i�a�l� �f�o�r� �i�n�c�r�e�a�s�e�d� �s�u�r�v�i�v�a�l�.� 

�K�e�y�w�o�r�d�s�:� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�;� �g�e�n�e�t�i�c� �d�i�v�e�r�s�i�t�y�;� �a�d�a�p�t�a�t�i�o�n�;� �p�H� �r�e�g�u�l�a�t�i�o�n� 

� � 

�1�.� �I�n�t�r�o�d�u�c�t�i�o�n� 

�C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �i�s� �a� �h�u�m�a�n� �f�o�o�d�b�o�r�n�e� �p�a�t�h�o�g�e�n� �c�a�u�s�i�n�g� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� �b�a�c�t�e�r�i�a�l�l�y� 
�i�n�d�u�c�e�d� �g�a�s�t�r�o�e�n�t�e�r�i�t�i�s� �i�n� �t�h�e� �E�u�r�o�p�e�a�n� �U�n�i�o�n�,� �w�i�t�h� �2�2�0�,�6�8�2� �r�e�p�o�r�t�e�d� �c�a�s�e�s� �i�n� �2�0�1�9� �[�1�]�.� �T�h�e� 
�p�a�t�h�o�g�e�n� �r�e�s�i�d�e�s� �i�n� �b�i�r�d�s�,� �b�u�t� �a�l�s�o� �p�i�g�s�,� �c�a�t�t�l�e� �a�n�d� �o�t�h�e�r� �a�n�i�m�a�l�s� �a�r�e� �f�r�e�q�u�e�n�t�l�y� �c�o�l�o�n�i�z�e�d� 
�b�y� �t�h�e� �b�a�c�t�e�r�i�u�m� �[�2�-�4�]�.� �C�.� �j�e�j�u�n�i� �i�n�f�e�c�t�i�o�n� �o�f� �h�u�m�a�n�s� �p�r�i�m�a�r�i�l�y� �o�c�c�u�r�s� �v�i�a� �c�o�n�t�a�m�i�n�a�t�e�d� 
�f�o�o�d�,� �i�n� �p�a�r�t�i�c�u�l�a�r� �d�u�e� �t�o� �c�r�o�s�s�-�c�o�n�t�a�m�i�n�a�t�i�o�n� �f�r�o�m� �r�a�w� �p�o�u�l�t�r�y� �m�e�a�t� �t�o� �r�e�a�d�y�-�t�o�-�e�a�t� �f�r�e�s�h� 
�f�o�o�d� �a�n�d� �b�y� �c�o�n�s�u�m�p�t�i�o�n� �o�f� �u�n�d�e�r�c�o�o�k�e�d� �p�o�u�l�t�r�y�,� �o�t�h�e�r� �r�a�w� �m�e�a�t� �a�n�d� �m�i�l�k� �[�5�,�6�]�.� 

�C�a�m�p�y�l�o�b�a�c�t�e�r� �i�s� �h�i�g�h�l�y� �s�e�n�s�i�t�i�v�e� �t�o� �e�n�v�i�r�o�n�m�e�n�t�a�l� �s�t�r�e�s�s�.� �M�i�c�r�o�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� 
�a�n�d� �t�e�m�p�e�r�a�t�u�r�e�s� �b�e�t�w�e�e�n� �3�7� �°�C� �a�n�d� �4�2� �°�C� �a�r�e� �o�p�t�i�m�a�l� �g�r�o�w�t�h� �c�o�n�d�i�t�i�o�n�s� �f�o�r� �C�.� �j�e�j�u�n�i�,� 
�w�h�i�l�e� �t�h�e� �b�a�c�t�e�r�i�u�m� �c�a�n�n�o�t� �g�r�o�w� �b�e�l�o�w� �3�0� �°�C� �o�r� �u�n�d�e�r� �a�t�m�o�s�p�h�e�r�i�c� �o�x�y�g�e�n� �l�e�v�e�l�s� �[�7�,�8�]�.� 
�H�o�w�e�v�e�r�,� �C�a�m�p�y�l�o�b�a�c�t�e�r� �e�x�h�i�b�i�t�s� �e�n�o�r�m�o�u�s� �s�u�r�v�i�v�a�l� �s�t�r�a�t�e�g�i�e�s� �a�n�d� �i�s� �h�i�g�h�l�y� �a�d�a�p�t�e�d� �t�o� 
�s�u�r�v�i�v�i�n�g� �h�a�r�s�h� �c�o�n�d�i�t�i�o�n�s� �b�y� �u�n�d�e�r�g�o�i�n�g� �t�h�e� �v�i�a�b�l�e� �b�u�t� �n�o�n�-�c�u�l�t�u�r�a�b�l�e� �s�t�a�t�e� �[�9�]�,� �b�u�t� �a�l�s�o� 
�b�y� �a�d�a�p�t�a�t�i�o�n� �m�e�c�h�a�n�i�s�m�s� �[�1�0�-�1�2�]� �a�n�d� �b�y� �g�e�n�e�t�i�c� �e�x�c�h�a�n�g�e� �[�1�3�]�.� �R�e�c�e�n�t�l�y�,� �w�e� �i�d�e�n�t�i�f�i�e�d� 
�b�y� �w�h�o�l�e� �g�e�n�o�m�e� �s�e�q�u�e�n�c�i�n�g� �w�i�t�h� �k�-�m�e�r� �a�n�a�l�y�s�i�s�,� �t�h�a�t� �s�o�m�e� �C�.� �c�o�l�i� �s�t�r�a�i�n�s� �h�a�r�b�o�r�e�d� 
�1�5�%� �i�n�t�r�o�g�r�e�s�s�i�o�n� �o�f� �C�.� �j�e�j�u�n�i� �s�e�q�u�e�n�c�e�s� �[�1�4�]�.� �T�h�e� �g�e�n�e� �s�e�t� �w�i�t�h� �C�.� �j�e�j�u�n�i� �i�n�t�r�o�g�r�e�s�s�i�o�n� 
�d�i�s�p�l�a�y�e�d� �p�o�t�e�n�t�i�a�l� �r�o�l�e�s� �i�n� �s�t�r�e�s�s� �d�e�f�e�n�s�e�,� �s�u�g�g�e�s�t�i�n�g� �e�n�o�r�m�o�u�s� �a�d�a�p�t�a�t�i�o�n� �b�y� �n�a�t�u�r�a�l� 
�t�r�a�n�s�f�o�r�m�a�t�i�o�n�.� 

�A�l�t�h�o�u�g�h� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �i�s� �w�i�d�e�s�p�r�e�a�d� �a�m�o�n�g� �b�a�c�t�e�r�i�a� �a�n�d� �o�f�f�e�r�s� �t�h�e� �c�h�a�n�c�e� 
�t�o� �a�c�q�u�i�r�e� �n�e�w� �g�e�n�e�s� �o�r� �g�e�n�e� �v�a�r�i�a�n�t�s�,� �i�t� �m�a�y� �b�e� �h�a�r�m�f�u�l� �f�o�r� �g�e�n�o�m�e� �i�n�t�e�g�r�i�t�y� �[�1�5�-�1�7�]�.� 

� � 
�I�n�t�.� �J�.� �M�o�l�.� �S�c�i�.� �2�0�2�1�,� �2�2�,� �1�0�1�6�9�.� �h�t�t�p�s�:� �/� �/� �d�o�i�.�o�r�g�/�1�0�.�3�3�9�0�/�i�j�m�s�2�2�1�8�1�0�1�6�9� �h�t�t�p�s�:�/� �/�w�w�w�.�m�d�p�i�.�c�o�m�/�j�o�u�r�n�a�l� �/�i�j�m�s� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�I�n�t�.� �J�.� �M�o�l�.� �S�c�i�.� �2�0�2�1�,� �2�2�,� �1�0�1�6�9� �2� �o�f� �1�4� 
� � 

�T�h�e�r�e�f�o�r�e�,� �t�h�e� �p�r�o�c�e�s�s� �i�s� �u�s�u�a�l�l�y� �r�e�g�u�l�a�t�e�d� �a�n�d� �l�i�m�i�t�e�d� �t�o� �a� �s�u�b�s�e�t� �o�f� �t�h�e� �b�a�c�t�e�r�i�a�l� �p�o�p�-� 
�u�l�a�t�i�o�n�.� �B�i�s�t�a�b�i�l�i�t�y� �o�f� �b�a�c�t�e�r�i�a�,� �t�i�g�h�t�l�y� �r�e�g�u�l�a�t�e�d� �u�s�i�n�g� �a� �m�a�i�n� �c�o�m�p�e�t�e�n�c�e� �r�e�g�u�l�a�t�o�r� �o�r� 
�s�i�l�e�n�c�i�n�g� �o�f� �D�N�A� �u�p�t�a�k�e� �g�e�n�e�s� �b�y� �n�o�n�-�c�o�d�i�n�g� �s�m�a�l�l� �R�N�A� �h�a�v�e� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d� �t�o� �i�n�t�e�-� 
�g�r�a�t�e� �v�a�r�i�o�u�s� �i�n�t�e�r�n�a�l� �a�n�d� �e�x�t�e�r�n�a�l� �s�t�i�m�u�l�i� �f�o�r� �t�h�e� �c�o�n�t�r�o�l� �o�f� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� 
�a�n�d� �D�N�A� �u�p�t�a�k�e� �i�n� �s�o�m�e� �e�x�a�m�p�l�e� �b�a�c�t�e�r�i�a�,� �l�i�k�e� �B�a�c�i�l�l�u�s� �s�u�b�t�i�l�i�s�,� �S�t�r�e�p�t�o�c�o�c�c�u�s�,� �V�i�b�r�i�o� �a�n�d� 
�L�e�g�i�o�n�e�l�l�a� �[�1�8�-�2�0�]�.� �H�o�w�e�v�e�r�,� �f�o�r� �m�o�s�t� �o�t�h�e�r� �b�a�c�t�e�r�i�a�,� �e�v�e�n� �t�h�e� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �s�t�i�m�u�l�a�t�i�n�g� �o�r� 
�i�n�h�i�b�i�t�i�n�g� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �a�r�e� �l�a�r�g�e�l�y� �u�n�k�n�o�w�n�.� 

�T�h�e� �e�x�p�r�e�s�s�i�o�n� �o�f� �t�h�e� �c�o�m�p�e�t�e�n�c�e� �g�e�n�e�s� �e�n�c�o�d�i�n�g� �a� �t�y�p�e� �I�V� �s�e�c�r�e�t�i�o�n� �s�y�s�t�e�m� �i�n� �a� 
�c�l�o�s�e� �r�e�l�a�t�i�v�e� �o�f� �C�.� �j�e�j�u�n�i�,� �H�e�l�i�c�o�b�a�c�t�e�r� �p�y�l�o�r�i�,� �w�a�s� �d�i�f�f�e�r�e�n�t�l�y� �e�x�p�r�e�s�s�e�d� �i�n� �a� �s�t�r�a�i�n�-�d�e�p�e�n�d�e�n�t� 
�m�a�n�n�e�r� �[�2�1�]�.� �N�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �i�n� �H�.� �p�y�l�o�r�i� �w�a�s� �s�h�o�w�n� �t�o� �b�e� �t�i�g�h�t�l�y� �r�e�g�u�l�a�t�e�d� �b�y� 
�p�H� �a�n�d� �o�x�i�d�a�t�i�v�e� �s�t�r�e�s�s� �[�2�2�]�.� �A� �p�H� �a�b�o�v�e� �6�.�5� �o�p�e�n�e�d� �u�p� �a� �w�i�n�d�o�w� �f�o�r� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�,� �i�n� 
�w�h�i�c�h� �i�n�c�r�e�a�s�e� �i�n� �p�H� �a�n�d� �o�x�y�g�e�n� �l�e�v�e�l�s� �d�r�a�s�t�i�c�a�l�l�y� �s�t�i�m�u�l�a�t�e�d� �D�N�A� �u�p�t�a�k�e�,� �c�o�n�d�i�t�i�o�n�s� 
�p�r�e�v�a�i�l�i�n�g� �a�t� �t�h�e� �m�u�l�t�i�p�l�i�c�a�t�i�o�n� �s�i�t�e� �o�f� �t�h�e� �p�a�t�h�o�g�e�n�.� �I�n� �C�a�m�p�y�l�o�b�a�c�t�e�r�,� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�-� 
�m�a�t�i�o�n� �w�a�s� �o�b�s�e�r�v�e�d� �t�o� �b�e� �m�o�s�t� �e�f�f�e�c�t�i�v�e� �i�n� �e�x�p�o�n�e�n�t�i�a�l� �g�r�o�w�t�h� �p�h�a�s�e� �a�n�d� �p�a�r�a�m�e�t�e�r�s� 
�w�e�r�e�,� �t�h�e�r�e�a�f�t�e�r�,� �v�a�r�i�e�d� �w�i�t�h�i�n� �a� �4�h� �a�s�s�a�y� �w�i�t�h� �c�o�n�t�a�c�t� �t�o� �c�h�r�o�m�o�s�o�m�a�l� �D�N�A� �a�n�d� �s�e�l�e�c�t�i�o�n� 
�o�f� �r�e�s�i�s�t�a�n�t� �t�r�a�n�s�f�o�r�m�a�n�t�s� �[�2�3�]�.� �I�n� �t�h�a�t� �s�t�u�d�y� �a�l�k�a�l�i�n�e� �p�H�,� �4�2� �°�C� �a�n�d� �a�e�r�o�b�i�c� �a�s� �w�e�l�l� �a�s� 
�m�i�c�r�o�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �l�e�d� �t�o� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� �t�r�a�n�s�f�o�r�m�a�n�t�s�.� �I�n� �a�n�o�t�h�e�r� �s�t�u�d�y�,� �a� 

�p�o�s�i�t�i�v�e� �c�o�r�r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �l�o�w�e�r� �C�O�)� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�n�d� �h�i�g�h�e�r� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �l�e�v�e�l�s� 
�w�a�s� �d�e�s�c�r�i�b�e�d� �[�2�4�]�.� �A� �g�r�o�w�t�h� �c�o�n�d�i�t�i�o�n�,� �i�n� �w�h�i�c�h� �C�.� �j�e�j�u�n�i� �d�i�d� �n�o�t� �t�a�k�e� �u�p� �a�n�y� �D�N�A� �w�a�s� 
�n�o�t� �i�d�e�n�t�i�f�i�e�d�.� 

�I�n� �c�o�n�t�r�a�s�t� �t�o� �H�.� �p�y�l�o�r�i�,� �C�.� �j�e�j�u�n�i� �a�l�s�o� �r�e�s�t�r�i�c�t�s� �D�N�A� �u�p�t�a�k�e� �b�y� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �b�e�t�w�e�e�n� 
�o�w�n� �a�n�d� �f�o�r�e�i�g�n� �e�x�t�e�r�n�a�l� �D�N�A� �[�2�5�]� �b�y� �r�e�c�o�g�n�i�t�i�o�n� �o�f� �a� �C�t�s�M� �m�e�t�h�y�l�a�t�e�d� �R�A�T�T�Y� �m�o�t�i�f� 
�f�r�e�q�u�e�n�t�l�y� �p�r�e�s�e�n�t� �i�n� �C�.� �j�e�j�u�n�i� �c�h�r�o�m�o�s�o�m�a�l� �D�N�A� �[�2�6�]�.� �T�h�e� �m�e�c�h�a�n�i�s�m� �o�f� �D�N�A� �u�p�t�a�k�e� 
�i�n� �C�.� �j�e�j�u�n�i� �i�s� �s�i�m�i�l�a�r� �t�o� �o�t�h�e�r� �b�a�c�t�e�r�i�a�,� �u�s�i�n�g� �a� �t�y�p�e� �I�I�-�s�e�c�r�e�t�i�o�n�/�t�y�p�e� �I�V� �p�i�l�u�s� �s�y�s�t�e�m� �i�n� 
�c�o�m�b�i�n�a�t�i�o�n� �w�i�t�h� �t�h�e� �C�o�m�E�C� �m�a�s�t�e�r� �i�n�n�e�r� �m�e�m�b�r�a�n�e� �c�h�a�n�n�e�l�,� �w�h�i�c�h� �i�s� �c�o�m�m�o�n� �t�o� �a�l�l� 
�t�r�a�n�s�f�o�r�m�a�b�l�e� �b�a�c�t�e�r�i�a� �[�2�7�-�3�0�]�.� 

�H�e�r�e� �w�e� �u�s�e�d� �a� �s�i�n�g�l�e� �c�e�l�l�-�b�a�s�e�d� �a�s�s�a�y� �t�o� �d�i�r�e�c�t�l�y� �m�o�n�i�t�o�r� �D�N�A� �u�p�t�a�k�e� �i�n� �t�h�e� �f�o�o�d�-� 
�b�o�r�n�e� �p�a�t�h�o�g�e�n� �C�.� �j�e�j�u�n�i�.� �F�o�r� �t�h�e� �f�i�r�s�t� �t�i�m�e� �w�e� �w�e�r�e� �a�b�l�e� �t�o� �i�n�d�e�p�e�n�d�e�n�t�l�y� �t�e�s�t� �p�a�r�a�m�e�t�e�r�s� 
�f�o�r� �s�t�i�m�u�l�a�t�i�n�g� �o�r� �i�n�h�i�b�i�t�i�n�g� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �o�r� �D�N�A� �u�p�t�a�k�e�.� �A�s� �o�b�s�e�r�v�e�d� �f�o�r� 
�H�.� �p�y�l�o�r�i�,� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �w�a�s� �d�e�p�e�n�d�e�n�t� �o�n� �n�e�u�t�r�a�l� �t�o� �s�l�i�g�h�t�l�y� �a�l�k�a�l�i�n�e� �p�H�.� �I�n� 
�c�o�n�t�r�a�s�t�,� �a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �p�r�e�v�e�n�t�e�d� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �b�u�t� �n�o�t� �D�N�A� �u�p�t�a�k�e�.� �I�n�-� 
�t�e�r�e�s�t�i�n�g�l�y�,� �C�.� �j�e�j�u�n�i� �g�r�e�w� �i�n� �t�h�e� �a�b�s�e�n�c�e� �o�f� �C�O� �d�e�s�p�i�t�e� �o�f� �i�n�c�r�e�a�s�e�d� �g�e�n�e�r�a�t�i�o�n� �t�i�m�e�s�,� �w�i�t�h� 
�c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �b�e�i�n�g� �u�n�a�f�f�e�c�t�e�d�.� �T�h�e� �D�N�A� �u�p�t�a�k�e� �i�t�s�e�l�f� �w�a�s� �e�n�e�r�g�y�-�d�e�p�e�n�d�e�n�t�,� 
�i�n�s�e�n�s�i�t�i�v�e� �a�g�a�i�n�s�t� �o�x�y�g�e�n� �b�u�t� �s�h�u�t� �d�o�w�n� �a�t� �s�l�i�g�h�t�l�y� �a�c�i�d�i�c� �p�H�.� �M�o�r�e� �c�l�o�s�e� �u�n�d�e�r�s�t�a�n�d�i�n�g� 
�o�f� �t�h�e� �m�e�c�h�a�n�i�s�m�s� �a�n�d� �t�h�e� �p�a�r�a�m�e�t�e�r�s� �i�n�f�l�u�e�n�c�i�n�g� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �i�n� �C�.� �j�e�j�u�n�i� �a�r�e� 
�u�s�e�f�u�l� �f�o�r� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �s�t�r�a�t�e�g�i�e�s� �i�n�h�i�b�i�t�i�n�g� �t�h�e� �p�a�t�h�o�g�e�n ��s� �a�d�a�p�t�i�v�e� �p�o�t�e�n�t�i�a�l�.� �T�h�i�s� 
�m�a�y� �s�u�p�p�o�r�t� �t�h�e� �d�e�s�i�g�n� �o�f� �s�u�s�t�a�i�n�a�b�l�y� �e�f�f�e�c�t�i�v�e� �r�e�d�u�c�t�i�o�n� �s�t�r�a�t�e�g�i�e�s� �a�g�a�i�n�s�t� �t�h�e� �p�a�t�h�o�g�e�n� 
�i�n� �f�o�o�d�-�s�u�p�p�l�y�i�n�g� �a�n�i�m�a�l�s�.� 

�2�.� �R�e�s�u�l�t�s� 
�2�.�1�.� �D�N�A� �U�p�t�a�k�e� �i�n� �C�.� �j�e�j�u�n�i� �O�c�c�u�r�s� �a�t� �D�i�s�t�i�n�c�t� �L�o�c�a�t�i�o�n�s�,� �I�s� �D�N�A� �S�u�b�s�t�r�a�t�e� �S�p�e�c�i�f�i�c� �a�n�d� 
�E�n�e�r�g�y�-�D�e�p�e�n�d�e�n�t� 

�I�n� �c�o�n�t�r�a�s�t� �t�o� �H�.� �p�y�l�o�r�i�,� �C�.� �j�e�j�u�n�i� �D�N�A� �u�p�t�a�k�e� �i�s� �l�i�m�i�t�e�d� �t�o� �D�N�A� �s�u�b�s�t�r�a�t�e�s�,� �w�h�i�c�h� 
�h�a�r�b�o�r� �R�A�T�T�Y� �s�i�t�e�s� �m�e�t�h�y�l�a�t�e�d� �b�y� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�p�.� �s�p�e�c�i�f�i�c� �C�t�s�M� �m�e�t�h�y�l�a�s�e� �[�2�6�]�.� �T�h�u�s�,� 
�i�n� �o�r�d�e�r� �t�o� �e�s�t�a�b�l�i�s�h� �t�h�e� �s�i�n�g�l�e� �c�e�l�l� �a�s�s�a�y� �f�o�r� �C�.� �j�e�j�u�n�i�,� �g�e�n�o�m�i�c� �D�N�A� �e�x�t�r�a�c�t�e�d� �f�r�o�m� �C�.� �j�e�j�u�n�i� 
�s�e�r�v�e�d� �a�s� �D�N�A� �s�u�b�s�t�r�a�t�e�,� �r�a�t�h�e�r� �t�h�a�n� �D�N�A� �o�f� �t�h�e� �E�.� �c�o�l�i� �b�a�c�t�e�r�i�o�p�h�a�g�e� �4�,� �p�r�e�v�i�o�u�s�l�y� �u�s�e�d� 
�f�o�r� �H�.� �p�y�l�o�r�i�.� �A�s� �p�r�o�o�f�-�o�f�-�p�r�i�n�c�i�p�l�e�,� �b�o�t�h� �D�N�A� �s�u�b�s�t�r�a�t�e�s� �w�e�r�e� �l�a�b�e�l�l�e�d� �w�i�t�h� �f�l�u�o�r�e�s�c�e�i�n� 
�a�n�d� �C�.� �j�e�j�u�n�i� �c�e�l�l�s� �i�n� �e�x�p�o�n�e�n�t�i�a�l� �g�r�o�w�t�h� �p�h�a�s�e� �w�e�r�e� �c�h�a�l�l�e�n�g�e�d� �b�y� �t�h�e�s�e� �t�w�o� �s�o�r�t�s� �o�f� 
�c�o�v�a�l�e�n�t�l�y� �l�a�b�e�l�e�d� �D�N�A�.� �A�f�t�e�r� �i�n�c�u�b�a�t�i�o�n� �a�t� �3�7� �°�C� �f�o�r� �3�0� �m�i�n� �a�n�d� �s�u�b�s�e�q�u�e�n�t� �d�e�g�r�a�d�a�t�i�o�n� 
�o�f� �e�x�t�e�r�n�a�l� �n�o�n�-�i�n�c�o�r�p�o�r�a�t�e�d� �D�N�A� �b�y� �5� �m�i�n� �o�f� �D�N�a�s�e�l� �d�i�g�e�s�t�i�o�n� �a�t� �3�7� �°�C�,� �b�a�c�t�e�r�i�a� �w�e�r�e� 
�i�m�m�o�b�i�l�i�z�e�d� �u�s�i�n�g� �a�n� �a�g�a�r�o�s�e� �g�e�l� �s�u�r�f�a�c�e� �a�n�d� �m�i�c�r�o�s�c�o�p�i�c�a�l�l�y� �a�n�a�l�y�z�e�d�.� �T�h�e� �b�a�c�t�e�r�i�a� 
�h�a�r�b�o�r�i�n�g� �a�t� �l�e�a�s�t� �o�n�e� �D�N�a�s�e�-�r�e�s�i�s�t�a�n�t� �f�l�u�o�r�e�s�c�e�n�t� �f�o�c�u�s� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� �c�o�m�p�e�t�e�n�t� �f�o�r� 
�n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �(�F�i�g�u�r�e� �1�)�.� �U�s�i�n�g� �A�-�D�N�A� �l�a�c�k�i�n�g� �m�e�t�h�y�l�a�t�i�o�n� �a�t� �t�h�e� �r�e�c�o�g�n�i�t�i�o�n� 
�m�o�t�i�f� �R�A�T�T�Y�,� �n�o� �D�N�A� �f�o�c�u�s� �w�a�s� �d�e�t�e�c�t�e�d� �i�n� �C�.� �j�e�j�u�n�i� �B�f�R�-�C�A�-�1�4�4�3�0� �g�r�o�w�n� �f�o�r� �1�8� �+� �4�h� 
�i�n� �B�o�l�t�o�n� �b�r�o�t�h� �(�f�i�n�a�l� �p�H� �o�f� �7�.�5�)� �(�F�i�g�u�r�e� �1�A�,�B�)�.� �W�h�e�n� �C�.� �j�e�j�u�n�i� �g�e�n�o�m�i�c� �D�N�A� �w�a�s� �u�s�e�d� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�I�n�t�.� �J�.� �M�o�l�.� �S�c�i�.� �2�0�2�1�,� �2�2�,� �1�0�1�6�9� �3� �o�f� �1�4� 
� � 

�a�s� �s�u�b�s�t�r�a�t�e�,� �b�a�c�t�e�r�i�a� �s�h�o�w�e�d� �c�o�m�p�e�t�e�n�c�e� �l�e�v�e�l�s� �o�f� �a�r�o�u�n�d� �4�5�.�1� �+� �5�.�8�%� �(�F�i�g�u�r�e� �1�B�,�C�)�.� 
�A�n�a�l�y�z�i�n�g� �t�h�i�s� �c�o�m�p�e�t�e�n�t� �f�r�a�c�t�i�o�n� �i�n� �d�e�t�a�i�l�,� �7�0�.�8� �+� �6�.�5�%� �o�f� �t�h�e� �c�o�m�p�e�t�e�n�t� �c�e�l�l�s� �h�a�r�b�o�r�e�d� 
�o�n�e� �D�N�a�s�e�-�r�e�s�i�s�t�a�n�t� �f�l�u�o�r�e�s�c�e�n�t� �f�o�c�u�s�,� �2�4�.�8� �+� �4�.�3�%� �s�h�o�w�e�d� �t�w�o� �f�o�c�i� �a�n�d� �4�.�1� �+� �3�.�0�%� �e�v�e�n� 
�d�i�s�p�l�a�y�e�d� �t�h�r�e�e� �v�i�s�u�a�l�l�y� �s�e�p�a�r�a�t�e�d� �l�o�c�a�t�i�o�n�s� �o�f� �D�N�A� �u�p�t�a�k�e� �(�F�i�g�u�r�e� �1�D�)�.� �O�n�l�y� �v�e�r�y� �f�e�w� 
�b�a�c�t�e�r�i�a� �w�e�r�e� �o�b�s�e�r�v�e�d� �w�i�t�h� �f�o�u�r� �D�N�A� �f�o�c�i� �(�0�.�3� �+� �0�.�3�%�)�.� 
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�F�i�g�u�r�e� �1�.� �D�N�A� �u�p�t�a�k�e� �i�n� �C�.� �j�e�j�u�n�i� �B�f�R�-�C�A�-�1�4�4�3�0� �o�c�c�u�r�s� �a�t� �d�i�s�t�i�n�c�t� �l�o�c�a�t�i�o�n�s� �a�n�d� �i�s� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� 
�D�N�A� �s�u�b�s�t�r�a�t�e�.� �C�.� �j�e�j�u�n�i� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �w�i�t�h� �f�l�u�o�r�e�s�c�e�n�t�l�y� �l�a�b�e�l�l�e�d� �D�N�A� �o�f� �t�h�e� �b�a�c�t�e�r�i�o�p�h�a�g�e� �A� 
�(�A�)� �o�r� �C�.� �j�e�j�u�n�i� �D�N�A� �(�C�)� �a�n�d� �t�h�e� �f�r�a�c�t�i�o�n� �o�f� �c�e�l�l�s� �w�i�t�h� �a�c�t�i�v�e� �D�N�A� �u�p�t�a�k�e� �(�B�)� �a�n�d� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� 

�o�f� �n�u�m�b�e�r� �o�f� �D�N�A� �f�o�c�i� �(�D�)� �a�f�t�e�r� �c�o�n�t�a�c�t� �t�o� �C�.� �j�e�j�u�n�i� �D�N�A� �w�e�r�e� �q�u�a�n�t�i�f�i�e�d�.� �A�r�r�o�w�s� �i�n� �(�C�)� �i�n�d�i�c�a�t�e� 
�e�x�a�m�p�l�e� �b�a�c�t�e�r�i�a� �w�i�t�h� �o�n�e� �(�w�h�i�t�e�)� �a�n�d� �t�w�o� �(�y�e�l�l�o�w�)� �D�N�A� �u�p�t�a�k�e� �l�o�c�a�t�i�o�n�s�.� �O�v�e�r�l�a�y� �i�m�a�g�e� �o�f� 
�d�i�f�f�e�r�e�n�t�i�a�l� �p�h�a�s�e� �c�o�n�t�r�a�s�t� �(�D�I�C�)� �a�n�d� �F�l�u�o�r�e�s�c�e�i�n� �c�h�a�n�n�e�l�.� �S�c�a�l�e� �b�a�r�,� �2� �p�m�.� �E�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� 

�p�e�r�f�o�r�m�e�d� �a�t� �l�e�a�s�t� �t�h�r�e�e� �t�i�m�e�s�.� �E�r�r�o�r� �b�a�r�s� �i�n�d�i�c�a�t�e� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�.� �#�,� �n�u�m�b�e�r�.� 

�T�h�i�s� �r�e�s�u�l�t� �s�u�g�g�e�s�t�s� �t�h�a�t� �r�e�c�o�g�n�i�t�i�o�n� �o�f� �m�e�t�h�y�l�a�t�e�d� �R�A�T�T�Y� �i�s� �n�e�c�e�s�s�a�r�y� �a�t� �t�h�e� �v�e�r�y� 
�f�i�r�s�t� �s�t�e�p� �o�f� �D�N�A� �u�p�t�a�k�e�,� �n�a�m�e�l�y� �t�r�a�n�s�p�o�r�t� �o�f� �D�N�A� �f�r�o�m� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �i�n�t�o� �a� �D�N�a�s�e�-� 
�r�e�s�i�s�t�a�n�t� �s�t�a�t�e� �(�p�e�r�i�p�l�a�s�m�)�.� �I�t� �a�l�s�o� �c�o�r�r�o�b�o�r�a�t�e�s� �t�h�e� �i�d�e�a� �t�h�a�t� �t�h�e� �a�s�s�a�y� �w�a�s� �s�u�i�t�a�b�l�e� �f�o�r� 
�d�e�t�e�c�t�i�o�n� �o�f� �D�N�A� �u�p�t�a�k�e� �i�n�t�o� �C�.� �j�e�j�u�n�i�.� 

�W�e� �f�u�r�t�h�e�r� �c�h�e�c�k�e�d� �i�f� �t�h�e� �p�r�o�c�e�s�s� �o�f� �D�N�A� �u�p�t�a�k�e� �w�a�s� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �p�r�o�t�o�n� 
�m�o�t�i�v�e� �f�o�r�c�e� �(�p�m�f�)�,� �a�s� �s�h�o�w�n� �f�o�r� �o�t�h�e�r� �b�a�c�t�e�r�i�a� �[�3�1�,�3�2�]�.� �F�o�r� �t�h�i�s� �p�u�r�p�o�s�e�,� �w�e� �m�o�d�u�l�a�t�e�d� 
�t�h�e� �c�o�n�d�i�t�i�o�n�s� �d�u�r�i�n�g� �t�h�e� �t�i�m�e� �p�e�r�i�o�d�,� �i�n� �w�h�i�c�h� �c�o�m�p�e�t�e�n�t� �c�e�l�l�s� �w�e�r�e� �i�n� �c�o�n�t�a�c�t� �w�i�t�h� �t�h�e� 
�f�l�u�o�r�e�s�c�e�n�t� �g�e�n�o�m�i�c� �C�.� �j�e�j�u�n�i� �D�N�A�.� �U�n�d�e�r�  ��s�t�a�n�d�a�r�d� �D�N�A� �u�p�t�a�k�e� �c�o�n�d�i�t�i�o�n�s �� �u�s�i�n�g� �b�r�a�i�n� 
�h�e�a�r�t� �i�n�f�u�s�i�o�n� �(�B�H�I�)�,� �n�e�a�r�l�y� �h�a�l�f� �o�f� �t�h�e� �b�a�c�t�e�r�i�a� �(�4�9�.�1� �+� �2�.�2�%�)� �s�h�o�w�e�d� �a�c�t�i�v�e� �D�N�A� �u�p�t�a�k�e� 
�w�i�t�h�i�n� �3�0� �m�i�n� �o�f� �u�p�t�a�k�e� �p�e�r�i�o�d� �(�F�i�g�u�r�e� �2�)�.� �W�h�e�n� �C�.� �j�e�j�u�n�i� �w�e�r�e� �p�r�e�-�i�n�c�u�b�a�t�e�d� �f�o�r� �1�0� �m�i�n� 
�w�i�t�h� �2�5�0� �u�M� �o�f� �t�h�e� �p�r�o�t�o�n�o�p�h�o�r�e�,� �c�a�r�b�o�n�y�l� �c�y�a�n�i�d�e� �m�-�c�h�l�o�r�o�p�h�e�n�y�!� �h�y�d�r�a�z�i�n�e� �(�C�C�C�P�)�,� 
�w�h�i�c�h� �a�b�o�l�i�s�h�e�s� �t�h�e� �p�r�o�t�o�n� �g�r�a�d�i�e�n�t� �a�c�r�o�s�s� �t�h�e� �i�n�n�e�r� �m�e�m�b�r�a�n�e� �[�3�3�]�,� �D�N�A� �u�p�t�a�k�e� �c�a�p�a�c�i�t�y� 
�w�a�s� �c�o�m�p�l�e�t�e�l�y� �l�o�s�t� �(�F�i�g�u�r�e� �2�)�.� 

�F�u�r�t�h�e�r�m�o�r�e�,� �w�e� �l�i�m�i�t�e�d� �t�h�e� �n�u�t�r�i�e�n�t� �s�u�p�p�l�y� �b�y� �i�n�c�u�b�a�t�i�o�n� �o�f� �c�o�m�p�e�t�e�n�t� �c�e�l�l�s� �f�o�r� �2�h� 
�i�n� �p�h�o�s�p�h�a�t�e�-�b�u�f�f�e�r�e�d� �s�a�l�i�n�e� �(�P�B�S�)� �u�n�d�e�r� �m�i�c�r�o�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s�.� �U�n�d�e�r� �t�h�e�s�e� �c�o�n�d�i�t�i�o�n�s�,� 
�t�h�e� �b�a�c�t�e�r�i�a� �w�e�r�e� �n�o�n�-�m�o�t�i�l�e�,� �a�s� �a�l�s�o� �n�o�t�i�c�e�d� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �C�C�C�P�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �p�m�f� 
�i�s� �l�i�m�i�t�i�n�g�,� �w�h�i�c�h� �d�r�i�v�e�s� �f�l�a�g�e�l�l�a�r� �m�o�v�e�m�e�n�t� �[�3�4�]�.� �T�h�o�s�e� �n�u�t�r�i�e�n�t�-�d�e�p�l�e�t�e�d� �C�.� �j�e�j�u�n�i� �w�e�r�e� 
�s�u�b�s�e�q�u�e�n�t�l�y� �i�n�c�u�b�a�t�e�d� �w�i�t�h� �f�l�u�o�r�e�s�c�e�n�t� �D�N�A� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �P�B�S� �o�r� �i�n� �r�e�-�e�n�e�r�g�i�z�i�n�g� 
�B�H�I�.� �W�h�i�l�e� �C�.� �j�e�j�u�n�i� �w�e�r�e� �n�o�t� �a�b�l�e� �t�o� �t�a�k�e� �u�p� �D�N�A� �i�n� �P�B�S�,� �2�9�.�3� �+� �5�.�7�%� �o�f� �t�h�e� �b�a�c�t�e�r�i�a� 
�i�n� �B�H�I� �t�o�o�k� �u�p� �D�N�A� �i�n�t�o� �a� �D�N�a�s�e� �r�e�s�i�s�t�a�n�t� �s�t�a�t�e� �(�F�i�g�u�r�e� �2�)�.� �T�h�e�s�e� �r�e�-�e�n�e�r�g�i�z�e�d� �b�a�c�t�e�r�i�a� 
�a�l�s�o� �r�e�g�a�i�n�e�d� �m�o�t�i�l�i�t�y� �u�n�d�e�r� �t�h�i�s� �c�o�n�d�i�t�i�o�n�.� �W�e� �c�o�n�c�l�u�d�e� �t�h�a�t� �C�.� �j�e�j�u�n�i� �r�e�q�u�i�r�e�s� �t�h�e� �p�r�o�t�o�n� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�I�n�t�.� �J�.� �M�o�l�.� �S�c�i�.� �2�0�2�1�,� �2�2�,� �1�0�1�6�9� �4� �o�f� �1�4� 
� � 

�m�o�t�i�v�e� �f�o�r�c�e� �f�o�r� �D�N�A� �u�p�t�a�k�e�.� �I�t� �a�l�s�o� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �u�p�t�a�k�e� �i�s� �f�a�v�o�r�e�d� �u�n�d�e�r� �n�u�t�r�i�e�n�t�-� 
�r�i�c�h� �c�o�n�d�i�t�i�o�n�s�.� �C�o�n�s�i�s�t�e�n�t�l�y�,� �D�N�A� �u�p�t�a�k�e� �p�e�r�f�o�r�m�e�d� �u�n�d�e�r� �a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �l�e�d� �t�o� 
�a� �1�.�2�8� �+� �0�.�2�6�-�f�o�l�d� �i�n�c�r�e�a�s�e�d� �f�r�a�c�t�i�o�n� �o�f� �b�a�c�t�e�r�i�a� �w�i�t�h� �a� �v�i�s�i�b�l�e� �D�N�A� �f�o�c�u�s� �t�h�a�n� �u�n�d�e�r� 
�m�i�c�r�o�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �(�n� �=� �2�0�;� �F�i�g�u�r�e� �$�1�)�.� 
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�x� 
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�B�H�I� �C�C�C�P�-�B�H�I� �P�B�S� �P�B�S�  ��>� �B�H�I� � � � � � � 

�F�i�g�u�r�e� �2�.� �D�N�A� �u�p�t�a�k�e� �r�e�q�u�i�r�e�s� �p�r�o�t�o�n� �m�o�t�i�v�e� �f�o�r�c�e�.� �C�o�m�p�e�t�e�n�t� �C�.� �j�e�j�u�n�i� �p�r�e�-�i�n�c�u�b�a�t�e�d� �f�o�r� �1�0� �m�i�n� 
�i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �t�h�e� �p�r�o�t�o�n�o�p�h�o�r�e� �C�C�C�P� �o�r� �n�u�t�r�i�e�n�t�-�d�e�p�l�e�t�e�d� �f�o�r� �2� �h� �i�n� �P�B�S� �s�h�o�w�e�d� �a�b�o�l�i�s�h�e�d� 
�D�N�A� �u�p�t�a�k�e� �c�a�p�a�c�i�t�y� �a�n�d� �m�o�t�i�l�i�t�y�.� �R�e�-�e�n�e�r�g�i�z�e�d� �c�e�l�l�s� �(�P�B�S �� �B�H�I�;� �2�h� �i�n� �P�B�S� �s�h�i�f�t�e�d� �t�o� �B�H�I� �d�u�r�i�n�g� 
�D�N�A� �u�p�t�a�k�e�)� �r�e�g�a�i�n�e�d� �m�o�t�i�l�i�t�y� �a�n�d� �t�h�e� �a�b�i�l�i�t�y� �t�o� �t�a�k�e� �u�p� �D�N�A�.� �E�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �a�t� �l�e�a�s�t� 
�t�h�r�e�e� �t�i�m�e�s�.� �E�r�r�o�r� �b�a�r�s� �i�n�d�i�c�a�t�e� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�.� �P�B�S�,� �p�h�o�s�p�h�a�t�e�-�b�u�f�f�e�r�e�d� �s�a�l�i�n�e�;� �B�H�I�,� �b�r�a�i�n� �h�e�a�r�t� 

�i�n�f�u�s�i�o�n�;� �C�C�C�P�,� �c�a�r�b�o�n�y�l� �c�y�a�n�i�d�e� �m�-�c�h�l�o�r�o�p�h�e�n�y�]� �h�y�d�r�a�z�i�n�e�.� 

�2�.�2�.� �C�o�m�p�e�t�e�n�c�e� �D�e�v�e�l�o�p�m�e�n�t� �i�n� �C�.� �j�e�j�u�n�i� �I�s� �D�e�p�e�n�d�e�n�t� �o�n� �E�x�t�e�r�n�a�l� �p�H� �a�n�d� �S�h�u�t� �D�o�w�n� �u�n�d�e�r� 
�A�e�r�o�b�i�c� �C�o�n�d�i�t�i�o�n�s� 

�I�n� �o�r�d�e�r� �t�o� �d�e�c�i�p�h�e�r� �p�a�r�a�m�e�t�e�r�s� �r�e�g�u�l�a�t�i�n�g� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �i�n� �C�.� �j�e�j�u�n�i� �w�e� 
�u�s�e�d� �a� �d�i�s�t�i�n�c�t� �e�x�p�e�r�i�m�e�n�t�a�l� �s�e�t�u�p�,� �i�n� �w�h�i�c�h� �w�e� �m�o�n�i�t�o�r�e�d�  ��l�o�n�g�-�t�e�r�m �� �a�n�d�  ��s�h�o�r�t�-�t�e�r�m �� 
�e�f�f�e�c�t�s� �o�n� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t�,� �s�u�c�h� �a�s� �g�r�o�w�t�h� �p�h�a�s�e�,� �p�H�,� �t�e�m�p�e�r�a�t�u�r�e�,� �o�x�i�d�a�t�i�v�e� 
�s�t�r�e�s�s� �a�n�d� �C�O�?� �c�o�n�c�e�n�t�r�a�t�i�o�n� �(�F�i�g�u�r�e� �3�)�.� �F�o�r� �f�a�s�t�i�d�i�o�u�s� �b�a�c�t�e�r�i�a�,� �i�t� �i�s� �i�m�p�o�r�t�a�n�t� �t�o� �a�d�a�p�t� 
�o�p�t�i�m�a�l� �g�r�o�w�t�h� �c�o�n�d�i�t�i�o�n�s� �i�n� �o�r�d�e�r� �t�o� �o�b�t�a�i�n� �p�h�y�s�i�o�l�o�g�i�c�a�l� �r�e�l�e�v�a�n�t� �d�a�t�a�.� �F�o�r� �t�h�i�s� �p�u�r�p�o�s�e�,� 
�C�.� �j�e�j�u�n�i� �w�e�r�e� �p�r�e�-�c�u�l�t�u�r�e�d� �f�r�o�m� �a� �f�r�e�s�h� �1�8� �+� �4�h� �c�u�l�t�u�r�e� �o�n� �C�o�l�u�m�b�i�a� �b�l�o�o�d� �a�g�a�r� �(�C�o�I�B�A�)� �a�t� 
�a�n� �i�n�i�t�i�a�l� �O�D�¢�0�0�n�m� �o�f� �a�r�o�u�n�d� �0�.�3� �i�n� �l�i�q�u�i�d� �B�o�l�t�o�n� �b�r�o�t�h� �b�a�s�i�s� �(�w�i�t�h�o�u�t� �s�e�l�e�c�t�i�v�e� �s�u�p�p�l�e�m�e�n�t�s�)� 
�f�o�r� �5� �t�o� �9�h� �t�o� �O�D�g�o�o�n�m� �O�f� �~�1�.�5� �b�e�f�o�r�e� �s�u�b�-�c�u�l�t�u�r�i�n�g� �t�h�e� �b�a�c�t�e�r�i�a� �i�n� �t�h�e� �s�a�m�e� �m�e�d�i�u�m�.� 
�T�h�e� �s�u�b�-�c�u�l�t�u�r�e� �w�a�s� �m�o�d�i�f�i�e�d� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �i�n�o�c�u�l�u�m� �s�o� �t�h�a�t� �C�.� �j�e�j�u�n�i� �r�e�a�c�h�e�d� �e�i�t�h�e�r� 
�e�x�p�o�n�e�n�t�i�a�l� �(�O�D�¢�0�0�n�m� �O�f� �0�.�1� �t�o� �0�.�5�)� �o�r� �s�t�a�t�i�o�n�a�r�y� �g�r�o�w�t�h� �p�h�a�s�e� �(�O�D�¢�o�0�n�m� �o�f� �0�.�8� �t�o� �1�.�5�)� �a�f�t�e�r� 
�1�8� �+� �4�h� �o�f� �i�n�c�u�b�a�t�i�o�n� �( ��l�o�n�g�-�t�e�r�m �� �s�e�t�u�p�)�.� �T�h�e�r�e�f�o�r�e�,� �v�e�r�y� �l�o�w� �i�n�i�t�i�a�l� �O�D�g�0�0�n�m� �b�e�t�w�e�e�n� 
�3� �x� �1�0�-�7� �a�n�d� �2�.�5� �x� �1�0�~�5� �f�o�r� �e�x�p�o�n�e�n�t�i�a�l� �o�r� �1�-�5� �x� �1�0�~�°� �f�o�r� �s�t�a�t�i�o�n�a�r�y� �p�h�a�s�e� �c�u�l�t�u�r�e�s� �w�e�r�e� 
�i�n�o�c�u�l�a�t�e�d�.� �I�n� �B�o�l�t�o�n� �b�r�o�t�h� �a�t� �p�H� �7�.�5� �g�r�o�w�t�h� �r�a�t�e� �o�f� �C�.� �j�e�j�u�n�i� �w�a�s� �h�i�g�h�l�y� �r�e�p�r�o�d�u�c�i�b�l�e� �w�i�t�h� 
�a� �m�e�a�n� �g�e�n�e�r�a�t�i�o�n� �t�i�m�e� �o�f� �1�.�2� �+� �0�.�1� �h� �(�e�x�p�o�n�e�n�t�i�a�l� �p�h�a�s�e�,� �T�a�b�l�e� �$�1�)�.� �T�o� �d�e�t�e�r�m�i�n�e� �t�h�e� 
�e�f�f�e�c�t� �o�f� �p�H� �o�n� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t�,� �p�H� �o�f� �t�h�e� �m�e�d�i�u�m� �w�a�s� �a�d�j�u�s�t�e�d� �w�i�t�h� �s�o�d�i�u�m� 
�h�y�d�r�o�x�i�d�e� �(�N�a�O�H�)� �o�r� �h�y�d�r�o�c�h�l�o�r�i�c� �a�c�i�d� �(�H�C�I�)�.� 
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�I�n�t�.� �J�.� �M�o�l�.� �S�c�i�.� �2�0�2�1�,� �2�2�,� �1�0�1�6�9� �5� �o�f� �1�4� 

�L�o�n�g�-�t�e�r�m� 

�S�h�o�r�t�-�t�e�r�m� 
�I�n�o�c�u�l�a�t�i�o�n� �I�n�o�c�u�l�a�t�i�o�n� �a� 

�2� �>� 

�h�a�s�e� �i� 
�V�a�r�i�a�t�i�o�n� �o�f� �E� �=� 
�i�n�o�c�u�l�u�m� �f�o�r� �1�.�  ��O�F�F� �s�t�a�t�u�s ��  ��>� 

 �� �i�n� 

�e�x�.� �a�n�d� �s�t�a�t�.� �2�.�  ��O�N� �s�t�a�t�u�s �� �u�l� 
�p�h�a�s�e�,� �p�H�,� �3�h� 

�t�e�m�p�e�r�a�t�u�r�e�,� �s�t�a�t�.� �+� 
�p�r�e�-�c�u�l�t�u�r�e� �C�O�,� �c�o�n�c�.� �p�h�a�s�e� �P�H� �s�h�i�f�t�,� 

�c�h�a�n�g�e� �o�f� 
�5�-�9�h� 

�a�t�m�o�s�p�h�e�r�e� 

� � 

�1�8�+� �4�h� 

�m�i�c�r�o�s�c�o�p�i�c� �c�S�]� �>� �»� 
�+� �o�e� 

� � 

�3�0� �m�i�n� �D�N�A� �u�p�t�a�k�e� 
�5� �m�i�n� �D�N�a�s�e�l� �f�l�u�o�r�e�s�c�e�n�t� �D�N�A� 

� � 

� � � � � � 

�F�i�g�u�r�e� �3�.� �S�c�h�e�m�a�t�i�c� �o�v�e�r�v�i�e�w� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �s�e�t�u�p� �o�f� �t�h�e� �s�i�n�g�l�e� �c�e�l�l� �a�s�s�a�y�.� �A�l�l� �c�e�l�l�s� �g�r�o�w�n� �o�n� 
�C�o�I�B�A� �p�l�a�t�e�s� �w�e�r�e� �p�r�e�-�c�u�l�t�u�r�e�d� �i�n� �B�o�l�t�o�n� �b�r�o�t�h� �f�o�r� �5�-�9� �h� �t�o� �s�t�a�t�i�o�n�a�r�y� �p�h�a�s�e�.� �A� �s�u�b�c�u�l�t�u�r�e� �w�a�s� 
�p�r�e�p�a�r�e�d� �w�i�t�h� �v�a�r�i�a�t�i�o�n� �o�f� �i�n�o�c�u�l�u�m� �(�t�o� �r�e�a�c�h� �e�x�p�o�n�e�n�t�i�a�l� �o�r� �s�t�a�t�i�o�n�a�r�y� �p�h�a�s�e�)�,� �p�H�,� �t�e�m�p�e�r�a�t�u�r�e�,� 
�C�O�z� �c�o�n�c�e�n�t�r�a�t�i�o�n� �a�n�d� �i�n�c�u�b�a�t�e�d� �m�i�c�r�o�a�e�r�o�b�i�c�a�l�l�y� �f�o�r� �1�8� �+� �4�h�.� �T�h�e�s�e� �c�e�l�l�s� �w�e�r�e� �a�n�a�l�y�z�e�d� �i�n� �t�h�e� 
�f�r�a�m�e�w�o�r�k� �o�f� �t�h�e�  ��l�o�n�g�-�t�e�r�m �� �s�e�t�u�p�.� �C�u�l�t�u�r�e�s� �(�f�r�o�m� �t�h�e�  ��l�o�n�g�-�t�e�r�m �� �s�e�t�u�p�)� �i�n�  ��O�F�F� �s�t�a�t�u�s �� �w�e�r�e� 
�c�h�a�l�l�e�n�g�e�d� �f�o�r� �3� �h� �b�y�  ��s�h�o�r�t�-�t�e�r�m �� �p�H� �e�l�e�v�a�t�i�o�n� �a�n�d�/�o�r� �a�t�m�o�s�p�h�e�r�i�c� �s�h�i�f�t�.� �A�f�t�e�r� �a�d�d�i�n�g� �f�l�u�o�r�e�s�c�e�n�t�l�y� 
�l�a�b�e�l�l�e�d� �D�N�A� �a�n�d� �s�u�b�s�e�q�u�e�n�t� �D�N�a�s�e�l� �d�i�g�e�s�t�i�o�n�,� �b�a�c�t�e�r�i�a� �w�e�r�e� �a�n�a�l�y�z�e�d� �b�y� �f�l�u�o�r�e�s�c�e�n�c�e� �m�i�c�r�o�s�c�o�p�y�.� 
�E�x�.� �p�h�a�s�e�,� �e�x�p�o�n�e�n�t�i�a�l� �p�h�a�s�e� �c�u�l�t�u�r�e� �w�i�t�h� �O�D�¢�0�0�n�m� �o�f� �0�.�1�-�0�.�5�;� �s�t�a�t�.� �p�h�a�s�e�,� �s�t�a�t�i�o�n�a�r�y� �p�h�a�s�e� �c�u�l�t�u�r�e� 
�w�i�t�h� �O�D�g�o�0�n�m� �O�f� �0�.�8�-�1�.�5�;� �c�o�n�c�.�,� �c�o�n�c�e�n�t�r�a�t�i�o�n�.� 

�I�n�d�i�c�a�t�e�d� �p�H� �v�a�l�u�e�s� �i�n� �t�h�e� �t�e�x�t� �a�n�d� �i�n� �F�i�g�u�r�e� �4� �a�r�e� �f�i�n�a�l� �p�H� �v�a�l�u�e�s� �a�f�t�e�r� �g�r�o�w�t�h� �+� �0�.�2�.� 
�T�h�e� �t�i�t�r�a�t�e�d� �p�H� �a�t� �s�t�a�n�d�a�r�d� �m�i�c�r�o�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �d�i�d� �n�o�t� �c�h�a�n�g�e� �d�u�r�i�n�g� �g�r�o�w�t�h� �f�r�o�m� 
�i�n�o�c�u�l�a�t�i�o�n� �u�n�t�i�l� �e�x�p�o�n�e�n�t�i�a�l� �g�r�o�w�t�h� �p�h�a�s�e� �(�F�i�g�u�r�e� �$�2�,� �y�e�l�l�o�w� �s�q�u�a�r�e�s�)� �b�u�t� �w�a�s� �s�l�i�g�h�t�l�y� 
�i�n�c�r�e�a�s�e�d� �i�n� �s�t�a�t�i�o�n�a�r�y� �g�r�o�w�t�h� �p�h�a�s�e� �(�F�i�g�u�r�e� �4�,� �p�H� �v�a�l�u�e�s� �i�n� �b�r�a�c�k�e�t�s�)� �d�u�e� �t�o� �C�.� �j�e�j�u�n�i� 
�m�e�t�a�b�o�l�i�c� �a�c�t�i�v�i�t�y� �a�t� �h�i�g�h�e�r� �c�e�l�l� �d�e�n�s�i�t�i�e�s�.� �T�h�e� �f�r�a�c�t�i�o�n� �o�f� �c�o�m�p�e�t�e�n�t� �b�a�c�t�e�r�i�a� �i�n� �e�x�p�o�n�e�n�t�i�a�l� 
�p�h�a�s�e� �a�t� �p�H� �7�.�5� �w�a�s� �4�5�.�1� �+� �5�.�8�%� �(�F�i�g�u�r�e� �4�)�.� �I�n� �s�t�a�t�i�o�n�a�r�y� �g�r�o�w�t�h� �p�h�a�s�e� �a�t� �a� �f�i�n�a�l� �p�H� 
�o�f� �7�.�7� �t�h�i�s� �f�r�a�c�t�i�o�n� �o�f� �b�a�c�t�e�r�i�a� �w�a�s� �l�o�w�e�r� �c�o�m�p�r�i�s�i�n�g� �2�7�.�7� �+� �5�.�8�%�.� �W�h�e�n� �t�h�e� �p�H� �w�a�s� 
�l�o�w�e�r�e�d� �t�o� �6�.�3�,� �a� �d�r�a�s�t�i�c� �d�e�c�r�e�a�s�e� �o�f� �t�h�e� �f�r�a�c�t�i�o�n� �o�f� �c�o�m�p�e�t�e�n�t� �b�a�c�t�e�r�i�a� �w�a�s� �o�b�s�e�r�v�e�d� �i�n� 
�e�x�p�o�n�e�n�t�i�a�l� �g�r�o�w�t�h� �p�h�a�s�e�,� �s�i�n�c�e� �o�n�l�y� �2�.�3� �+� �0�.�9�%� �o�f� �b�a�c�t�e�r�i�a� �w�e�r�e� �o�b�s�e�r�v�e�d� �w�i�t�h� �a�t� �l�e�a�s�t� 
�o�n�e� �f�l�u�o�r�e�s�c�e�n�t� �D�N�A� �f�o�c�u�s� �(�F�i�g�u�r�e� �4�A�)�.� �A� �p�a�r�a�l�l�e�l� �c�u�l�t�u�r�e� �w�i�t�h� �i�n�i�t�i�a�l� �p�H� �o�f� �6�.�3� �b�u�t� �g�r�o�w�n� 
�t�o� �s�t�a�t�i�o�n�a�r�y� �g�r�o�w�t�h� �p�h�a�s�e� �w�a�s� �l�i�k�e�w�i�s�e� �o�n�l�y� �m�a�r�g�i�n�a�l�l�y� �c�o�m�p�e�t�e�n�t� �w�i�t�h� �3�.�5� �+� �2�.�1�%� �o�f� 
�b�a�c�t�e�r�i�a� �(�F�i�g�u�r�e� �4�A�)�.� �F�o�r� �a�l�l� �c�o�n�d�i�t�i�o�n�s� �d�e�p�i�c�t�e�d� �i�n� �F�i�g�u�r�e� �4�,� �t�h�e� �i�n�c�u�b�a�t�i�o�n� �o�f� �b�a�c�t�e�r�i�a� �w�i�t�h� 
�f�l�u�o�r�e�s�c�e�n�t� �D�N�A� �w�a�s� �d�o�n�e� �a�t� �p�H� �7�.�5�.� �A�n� �e�x�c�e�p�t�i�o�n� �t�o� �t�h�i�s� �r�u�l�e� �w�a�s� �t�h�e� �c�u�l�t�u�r�e� �a�t� �p�H� �5�.�7�,� 
�w�h�i�c�h� �w�a�s� �c�h�a�l�l�e�n�g�e�d� �w�i�t�h� �D�N�A� �a�t� �t�h�e� �s�a�m�e� �p�H� �o�f� �5�.�7� �i�n� �o�r�d�e�r� �t�o� �s�e�e�,� �i�f� �D�N�A� �u�p�t�a�k�e� 
�i�n� �C�.� �j�e�j�u�n�i� �c�o�u�l�d� �b�e� �c�o�m�p�l�e�t�e�l�y� �a�b�o�l�i�s�h�e�d� �u�n�d�e�r� �t�h�e�s�e� �c�o�n�d�i�t�i�o�n�s�.� �I�n�d�e�e�d�,� �n�o�t� �a� �s�i�n�g�l�e� 
�b�a�c�t�e�r�i�u�m� �w�a�s� �o�b�s�e�r�v�e�d� �t�o� �t�a�k�e� �u�p� �f�l�u�o�r�e�s�c�e�n�t� �D�N�A� �u�n�d�e�r� �t�h�e�s�e� �c�o�n�d�i�t�i�o�n�s�,� �s�u�g�g�e�s�t�i�n�g� 
�t�h�a�t� �s�l�i�g�h�t� �a�c�i�d�i�c� �p�H� �i�s� �s�u�f�f�i�c�i�e�n�t� �f�o�r� �c�o�m�p�l�e�t�e� �s�h�u�t�-�d�o�w�n� �o�f� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �i�n� �C�.� 
�j�e�j�u�n�i�.� �H�o�w�e�v�e�r�,� �w�e� �c�h�o�s�e� �t�h�e� �e�x�p�o�n�e�n�t�i�a�l� �p�H� �6�.�3� �a�n�d� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �s�t�a�t�i�o�n�a�r�y� �c�u�l�t�u�r�e� 
�a�t� �7�.�2� �a�s�  ��O�F�F�-�s�t�a�t�u�s �� �c�u�l�t�u�r�e�s� �f�o�r� �t�h�e�  ��s�h�o�r�t�-�t�e�r�m �� �s�e�t�u�p� �(�a�s� �i�n�d�i�c�a�t�e�d� �i�n� �F�i�g�u�r�e� �4�A�)�,� �s�i�n�c�e� 
�t�h�e� �g�e�n�e�r�a�t�i�o�n� �t�i�m�e� �o�f� �C�.� �j�e�j�u�n�i� �a�t� �p�H� �5�.�7� �w�a�s� �c�o�n�s�i�d�e�r�a�b�l�y� �e�x�t�e�n�d�e�d� �(�T�a�b�l�e� �S�1�)�.� 
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�D�N�A� �f�o�c�u�s�.� 

�S� �:� �.� �R�a�t�i�o� �C�h�a�n�g�e� 
�a�e� �T�r�a�n�s�f�o�r�m�a�t�i�o�n� �R�a�t�e� �+� �F�r�a�c�t�i�o�n� �C�o�m�p�e�t�e�n�t� �C�h�a�n�g�e� �m� �C�h�a�n�g�e� �i�n� �F�r�a�c�t�i�o�n� �o�f� �T�r�a�n�s�f�o�r�m�a�t�i�o�n� �R�a�t�e� �v�s�.� �C�o�n�d�i�t�i�o�n� �0�)� �T�r�a�n�s�f�o�r�m�a�t�i�o�n� �R�a�t�e� �C�o�m�p�e�t�e�n�t� �C�e�l�l�s� �*� �.� 

�C�e�l�l�s� �=� �S�D�'�U�8�)� �C�o�m�p�a�r�e�d� �t�o� �p�H� �6�.�3� �R�e�l�a�t�i�v�e� �t�o� �p�H� �6�.�3� �C�h�a�n�g�e� �i�n� �F�r�a�c�t�i�o�n� �P�.� �P� �P� �C�o�m�p�e�t�e�n�t� �C�e�l�l�s� 

�p�H�5�.�7� �<�6�9� �x� �1�0�-�9� �+�6�.�2� �x� �1�0�°�'�°� �0� �<�0�.�0�0�5�3�-�f�o�l�d� �0� �n�a�a�.� 

�p�H� �6�.�3� �1�.�3� �x� �1�0�-�§�+�2�.�5� �x� �1�0�-�6� �2�3�4�0�9� �1�.�0�-�f�o�l�d� �1�.�0�-�f�o�l�d� �1�0� 

�o�o� �F�e�t�e� �o�g� �1�4�x� �1�0�-�5� �4�7�.�8� �x� �1�0�-�6� �1�2�2�4�3�5� �1�0�.�8�-�f�o�l�d� �5�.�3�-�f�o�l�d� �2�0� 

�p�i�e�s� �5� �5� �3�3�.�9� �+�5�.�0� �2�.�3�-�f�o�l�d� �1�4�7�-�f�o�l�d� �1�5� �4�3� �h�w�i�t�h� �f�r�e�s�h� �m�e�d�i�u�m� �2�.�9� �x� �1�0�°�?� �+�2�.�1� �x� �1�0�°� �9�+� �5�:� �f�o� �7�-�f�o�l� 

�8�3� �K�a�e�n� �p�H�7�9� �1�.�3� �x� �1�0�°� �+� �6�.�4� �x� �1�0�°�?� �0�.�8� �+� �0�4� �1�.�0�-�f�o�l�d� �0�.�3�-�f�o�l�d� �2�9� 

�p�H� �6�.�3� 
�+�3� �h� �a�e�r�o�b�i�c� �w�i�t�h� �f�r�e�s�h� �3�.�7� �x� �1�0�°� �+�1�.�2�x� �1�0�-�5� �3�4�4�1�1� �2�.�8�-�f�o�l�d� �1�.�5�-�f�o�l�d� �1�9� 

�m�e�d�i�u�m� 

�p�H�7�.�5� �1�3�x� �1�0�4�+�2�3�x� �1�0�4� �4�5�1�4�5�8� �1�0�0�-�f�o�l�d� �1�9�.�6�-�f�o�l�d� �5�1� 

�p�H� �7�.�5� �w�i�t�h�o�u�t� �D�N�A� �<�6�.�4� �x� �1�0�-�°�+�2�.�5� �x� �1�0�°�°� �0� �<�0�.�0�0�4�9�-�f�o�l�d� �c�o� �n�.� �a�.� 

�p�H� �7�.�3� �(�s�t�a�t� �p�h�a�s�e�)� �6�.�6� �x� �1�0�°� �4�4�.�3� �x� �1�0�°� �3�5�4�2�1� �5�.�1�-�f�o�l�d� �1�.�5�-�f�o�l�d� �3�3� 

�P�E�L�7�2� �G�e�r� �p�i�e�s�)� �<�6�5� �x� �1�0�-�9� �+�8�0� �x� �1�0�"� �0� �<�0�.�0�0�5�-�f�o�l�d� �©� �n�a�.� 
� � 

�A�f�t�e�r� �g�r�o�w�t�h� �i�n� �B�o�l�t�o�n� �b�r�o�t�h� �a�t� �d�i�f�f�e�r�e�n�t� �p�H� �v�a�l�u�e�s� �f�o�r� �1�8� �+� �4�h�,� �b�a�c�t�e�r�i�a� �w�e�r�e� �t�r�a�n�s�f�o�r�m�e�d� �w�i�t�h� �e�i�t�h�e�r� �g�e�n�o�m�i�c� �C�.� �j�e�j�u�n�i� �D�N�A� �c�a�r�r�y�i�n�g� �t�h�e� 
�s�t�r�e�p�t�o�m�y�c�i�n� �r�e�s�i�s�t�a�n�c�e� �m�a�r�k�e�r� �A�1�2�8�G� �i�n� �t�h�e� �r�i�b�o�s�o�m�a�l� �r�p�s�L� �g�e�n�e� �o�r� �w�i�t�h� �f�l�u�o�r�e�s�c�e�n�t� �D�N�A� �i�n� �p�a�r�a�l�l�e�l�.� �N�u�m�b�e�r� �o�f� �t�r�a�n�s�f�o�r�m�a�n�t�s� �r�e�l�a�t�i�v�e� �t�o� 
�C�F�U� �a�n�d� �f�r�a�c�t�i�o�n� �o�f� �c�o�m�p�e�t�e�n�t� �c�e�l�l�s� �i�d�e�n�t�i�f�i�e�d� �b�y� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �f�l�u�o�r�e�s�c�e�n�t� �D�N�a�s�e�l� �r�e�s�i�s�t�a�n�t� �f�o�c�i� �w�e�r�e� �c�o�m�p�a�r�e�d�.� �C�o�n�d�i�t�i�o�n�s� �a�r�e� �d�e�t�a�i�l�e�d� 
�i�n� �F�i�g�u�r�e� �4�.� �F�o�r� �e�s�t�i�m�a�t�i�o�n� �o�f� �s�p�o�n�t�a�n�e�o�u�s� �m�u�t�a�t�i�o�n� �r�a�t�e�,� �c�o�n�t�r�o�l�s� �w�i�t�h�o�u�t� �D�N�A� �w�e�r�e� �i�n�c�l�u�d�e�d�.� �E�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �a�t� �l�e�a�s�t� �t�h�r�e�e� 
�t�i�m�e�s�;� �0�9�,� �i�n�f�i�n�i�t�e�;� �n�.�a�.�,� �n�o�t� �a�p�p�l�i�c�a�b�l�e�;� �<�,�n�o� �t�r�a�n�s�f�o�r�m�a�n�t� �d�e�t�e�c�t�e�d� �w�i�t�h�i�n� �i�n�d�i�c�a�t�e�d� �d�e�t�e�c�t�i�o�n� �l�i�m�i�t�.� 
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�A� �6� �l�o�n�g�-�t�e�r�m� �B� �_� �S�h�o�r�t�-�t�e�r�m� �p�H� �7�.�5�*� 

�o� �e�x�.� �p�h�a�s�e� �s�t�a�t�.� �p�h�a�s�e� �e�x�.� �p�h�a�s�e� �s�t�a�t�.� �p�h�a�s�e� 
�®� �5�0� 
�a� 
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�S� �4�0� 
�a� 
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 ¬� �3�0� 
�o�O� 

�=� 
�=� �2�0� 
�2� �a�e�r�o�b�i�c� 

�8� �1�0� 
�R� 

�0� �a�k�a� �k�e�s� 
�5�.�7� �6�.�3� �7� �9�2� �°� �9�7� �+� �f�r�e�s�h� �+� �f�r�e�s�h� �A� 

�(�6�.�3�)� �(�7�.�5�)� �m�e�d�i�u�m� �m�e�d�i�u�m� 

 ��O�F�F�-�s�t�a�t�u�s �� �|� �A�.� � � � � � � � � 

�F�i�g�u�r�e� �4�.� �p�H� �a�n�d� �a�t�m�o�s�p�h�e�r�e� �d�e�t�e�r�m�i�n�e� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �i�n� �C�.� �j�e�j�u�n�i�.� �E�x�p�e�r�i�m�e�n�t�a�l� �s�e�t�u�p�s� 
�f�o�r�  ��l�o�n�g�-�t�e�r�m� �p�H �� �(�A�)� �a�n�d�  ��s�h�o�r�t�-�t�e�r�m� �p�H� �s�h�i�f�t �� �(�B�)� �o�f� �C�.� �j�e�j�u�n�i� �B�F�R�-�C�A�-�1�4�4�3�0� �w�e�r�e� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� 
�F�i�g�u�r�e� �3�.� �F�i�n�a�l� �p�H� �v�a�l�u�e�s� �+� �0�.�2� �o�f� �c�u�l�t�u�r�e�s� �t�e�s�t�e�d� �i�n� �t�h�e� �D�N�A� �u�p�t�a�k�e� �a�s�s�a�y� �w�e�r�e� �a�s� �i�n�d�i�c�a�t�e�d�,� �w�i�t�h� 
�i�n�i�t�i�a�l� �p�H�-�v�a�l�u�e�s� �+� �0�.�2� �o�f� �o�r�i�g�i�n�a�l� �(�e�x�p�o�n�e�n�t�i�a�l�)� �c�u�l�t�u�r�e�s� �i�n� �b�r�a�c�k�e�t�s�.� �T�h�e� �e�x�p�o�n�e�n�t�i�a�l� �c�u�l�t�u�r�e� �w�i�t�h� �a� 
�f�i�n�a�l� �p�H� �6�.�3� �a�n�d� �i�t�s� �c�o�r�r�e�s�p�o�n�d�i�n�g� �s�t�a�t�i�o�n�a�r�y� �c�u�l�t�u�r�e� �w�i�t�h�o�u�t� �p�H� �a�d�j�u�s�t�m�e�n�t� �(�p�H� �7�.�2�)� �w�e�r�e� �u�s�e�d� �a�s� 
 ��O�F�F�-�s�t�a�t�u�s �� �c�u�l�t�u�r�e�s� �f�o�r� �s�h�o�r�t�-�t�e�r�m� �p�H� �s�h�i�f�t�s�.� �E�x�.� �p�h�a�s�e�,� �e�x�p�o�n�e�n�t�i�a�l� �p�h�a�s�e� �c�u�l�t�u�r�e� �w�i�t�h� �O�D�¢�0�0�n�m� 
�o�f� �0�.�1�-�0�.�5�;� �s�t�a�t�.� �p�h�a�s�e�,� �s�t�a�t�i�o�n�a�r�y� �p�h�a�s�e� �c�u�l�t�u�r�e� �w�i�t�h� �O�D�¢�0�0�n�m� �o�f� �0�.�8�-�1�.�5�.� �F�r�e�s�h� �m�e�d�i�u�m�,� �c�u�l�t�u�r�e�s� 

�w�e�r�e� �d�i�l�u�t�e�d� �3� �t�o� �5�-�f�o�l�d� �w�i�t�h� �B�o�l�t�o�n� �b�r�o�t�h�;� �a�e�r�o�b�i�c�,� �a�t�m�o�s�p�h�e�r�e� �w�a�s� �c�h�a�n�g�e�d� �t�o� �a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �f�o�r� 
�s�h�o�r�t�-�t�e�r�m� �c�h�a�l�l�e�n�g�e�;� �*�,� �f�i�n�a�l� �p�H� �7�.�9� �i�n�s�t�e�a�d� �o�f� �7�.�5� �d�u�e� �t�o� �a�d�d�i�t�i�o�n�a�l� �r�e�l�e�a�s�e� �o�f� �C�O�2� �f�r�o�m� �t�h�e� �m�e�d�i�u�m�.� 
�D�N�A� �u�p�t�a�k�e� �o�c�c�u�r�r�e�d� �u�n�d�e�r� �a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �a�t� �p�H� �7�.�5� �+� �0�.�1� �e�x�c�e�p�t� �f�o�r� �c�u�l�t�u�r�e� �p�H� �5�.�7�,� �f�o�r� �w�h�i�c�h� 
�u�p�t�a�k�e� �w�a�s� �k�e�p�t� �a�t� �t�h�e� �s�a�m�e� �p�H� �v�a�l�u�e� �o�f� �5�.�7� �(�s�e�e� �a�l�s�o� �T�a�b�l�e� �1�)�.� �E�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �a�t� �l�e�a�s�t� 
�t�h�r�e�e� �t�i�m�e�s�.� �E�r�r�o�r� �b�a�r�s� �i�n�d�i�c�a�t�e� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�.� 
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 ��O�F�F�-�s�t�a�t�u�s �� �b�a�c�t�e�r�i�a� �w�e�r�e� �c�h�a�l�l�e�n�g�e�d� �b�y� �a� �p�H� �s�h�i�f�t� �t�o� �7�.�5� �f�o�r� �3� �h�i�n� �t�h�e�  ��s�h�o�r�t�-�t�e�r�m �� 
�s�e�t�u�p� �(�F�i�g�u�r�e� �4�B�)�.� �W�h�e�n� �t�h�e� �p�H� �u�p�s�h�i�f�t� �w�a�s� �e�s�t�a�b�l�i�s�h�e�d� �b�y� �d�i�r�e�c�t� �t�i�t�r�a�t�i�o�n� �o�f� �t�h�e� �c�u�l�t�u�r�e� 
�w�i�t�h� �N�a�O�H�,� �1�2�.�2� �+� �3�.�5�%� �o�f� �t�h�e� �c�e�l�l�s� �t�o�o�k� �u�p� �f�l�u�o�r�e�s�c�e�n�t�l�y� �l�a�b�e�l�l�e�d� �D�N�A�.� �I�n� �c�a�s�e� �w�e� 
�u�p�s�h�i�f�t�e�d� �t�h�e� �e�x�p�o�n�e�n�t�i�a�l� �p�h�a�s�e� �c�u�l�t�u�r�e� �b�y� �3�-� �t�o� �5�-�f�o�l�d� �d�i�l�u�t�i�o�n� �i�n� �f�r�e�s�h� �B�o�l�t�o�n� �b�r�o�t�h� �a�t� 
�P�H� �7�.�5� �t�o� �O�D�6�0�0�n�m� �0�.�0�5�,� �e�v�e�n� �3�3�.�9� �+� �5�.�0�%� �o�f� �t�h�e� �b�a�c�t�e�r�i�a� �d�i�s�p�l�a�y�e�d� �a�c�t�i�v�e� �D�N�A� �u�p�t�a�k�e� 
�c�a�p�a�c�i�t�y� �(�F�i�g�u�r�e� �4�B�)�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �f�r�e�s�h� �m�e�d�i�u�m� �s�t�i�m�u�l�a�t�e�d� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t�.� 
�T�h�e� �s�t�a�t�i�o�n�a�r�y�  ��O�F�F�-�s�t�a�t�u�s �� �c�u�l�t�u�r�e� �d�i�d� �n�o�t� �r�e�s�p�o�n�d� �d�u�r�i�n�g� �t�h�e� �3� �h�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �t�h�o�s�e� 
�c�e�l�l�s� �l�o�s�t� �c�a�p�a�c�i�t�y� �t�o� �s�w�i�t�c�h� �i�n�t�o� �t�h�e� �c�o�m�p�e�t�e�n�t� �p�h�a�s�e� �(�F�i�g�u�r�e� �4�B�)�.� 

�I�n�t�e�r�e�s�t�i�n�g�l�y�,� �w�h�e�n� �t�h�e� �e�x�p�o�n�e�n�t�i�a�l�  ��O�F�F�-�s�t�a�t�u�s �� �c�u�l�t�u�r�e� �w�a�s� �p�H�-�u�p�s�h�i�f�t�e�d� �u�n�d�e�r� 
�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s�,� �c�o�m�p�e�t�e�n�c�e� �l�e�v�e�l�s� �e�v�e�n� �d�e�c�r�e�a�s�e�d� �t�o� �0�.�8� �+� �0�.�4�%� �o�r� �w�e�r�e� �s�t�a�b�l�e� �i�n� �t�h�e� 
�p�r�e�s�e�n�c�e� �o�f� �f�r�e�s�h� �m�e�d�i�u�m� �a�t� �l�o�w� �l�e�v�e�l�s� �(�F�i�g�u�r�e� �4�B�)�.� �S�i�n�c�e� �u�n�d�e�r� �a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s�,� �C�.� 
�j�e�j�u�n�i� �i�s� �s�t�r�e�s�s�e�d� �b�y� �h�i�g�h� �o�x�y�g�e�n� �l�e�v�e�l�s� �a�n�d� �d�o�e�s� �n�o�t� �g�r�o�w�,� �s�u�r�v�i�v�a�l� �o�f� �t�h�e� �b�a�c�t�e�r�i�u�m� �u�n�d�e�r� 
�t�h�e�s�e� �c�o�n�d�i�t�i�o�n�s� �w�a�s� �c�o�n�f�i�r�m�e�d�.� �W�e� �o�b�s�e�r�v�e�d� �t�h�a�t� �c�o�l�o�n�y�-�f�o�r�m�i�n�g� �u�n�i�t�s� �(�C�F�U�)� �r�e�m�a�i�n�e�d� 
�c�o�n�s�t�a�n�t�,� �w�i�t�h� �7�.�7� �x� �1�0�°� �+� �2�.�9� �x� �1�0�8� �C�F�U�/�m�L� �b�e�f�o�r�e� �a�n�d� �9�.�3� �x� �1�0�°� �+� �3�.�2� �x� �1�0�°� �C�F�U�/�m�L� 
�a�f�t�e�r� �3� �h� �o�f� �a�e�r�o�b�i�c� �i�n�c�u�b�a�t�i�o�n�.� �H�e�n�c�e�,� �t�h�e� �r�e�s�u�l�t�s� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �a�t�m�o�s�p�h�e�r�i�c� �o�x�y�g�e�n� 
�l�e�v�e�l�s� �i�n�h�i�b�i�t�e�d� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �e�v�e�n� �a�t� �p�e�r�m�i�s�s�i�v�e� �n�e�u�t�r�a�l� �t�o� �s�l�i�g�h�t�l�y� �a�l�k�a�l�i�n�e� 
�P�H� �v�a�l�u�e�s�,� �w�h�i�l�e� �t�h�e� �b�a�c�t�e�r�i�u�m� �a�r�r�e�s�t�e�d� �g�r�o�w�t�h� �b�u�t� �w�a�s� �f�u�l�l�y� �v�i�a�b�l�e�.� 

�T�h�e� �o�b�s�e�r�v�e�d� �i�n�c�r�e�a�s�e� �o�f� �c�o�m�p�e�t�e�n�c�e� �l�e�v�e�l�s� �a�f�t�e�r� �e�x�c�h�a�n�g�e� �w�i�t�h� �f�r�e�s�h� �m�e�d�i�u�m� �m�o�t�i�-� 
�v�a�t�e�d� �u�s� �t�o� �t�e�s�t� �i�f� �s�e�v�e�r�a�l� �s�u�b�-�c�u�l�t�i�v�a�t�i�o�n� �s�t�e�p�s� �w�i�t�h�i�n� �t�h�e� �e�x�p�o�n�e�n�t�i�a�l� �g�r�o�w�t�h� �p�h�a�s�e� �w�i�t�h� 
�f�r�e�s�h� �m�e�d�i�u�m� �c�o�u�l�d� �e�n�h�a�n�c�e� �t�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �c�o�m�p�e�t�e�n�t� �c�e�l�l�s�.� �T�h�e�r�e�f�o�r�e�,� �w�e� �s�u�b�-�c�u�l�t�u�r�e�d� 
�C�.� �j�e�j�u�n�i� �B�E�R�-�C�A�-�1�4�4�3�0� �i�n� �B�o�l�t�o�n� �b�r�o�t�h� �(�f�i�n�a�l� �p�H�7�.�5�)� �t�h�r�e�e� �t�i�m�e�s� �w�i�t�h� �a�n� �o�v�e�r�a�l�l� �g�r�o�w�t�h� 
�p�e�r�i�o�d� �o�f� �m�o�r�e� �t�h�a�n� �6�0� �h�.� �W�e� �k�e�p�t� �c�e�l�l�s� �i�n� �e�x�p�o�n�e�n�t�i�a�l� �p�h�a�s�e� �w�i�t�h� �m�a�x�i�m�a�l� �O�D�¢�o�o�n�m� �o�f� 
�0�.�4�,� �n�e�v�e�r� �e�n�t�e�r�i�n�g� �s�t�a�t�i�o�n�a�r�y� �p�h�a�s�e�.� �A�t� �e�a�c�h� �s�t�e�p� �o�f� �s�u�b�-�c�u�l�t�i�v�a�t�i�o�n�,� �w�e� �d�e�t�e�r�m�i�n�e�d� �t�h�e� 
�c�o�m�p�e�t�e�n�c�e� �l�e�v�e�l�,� �w�h�i�c�h� �w�a�s� �m�a�i�n�t�a�i�n�e�d� �a�t� �4�3�.�4� �+� �3�.�4�%�.� 

�2�.�3�.� �U�p�t�a�k�e� �o�f� �D�N�A� �i�n�t�o� �a� �D�N�a�s�e�-�R�e�s�i�s�t�a�n�t� �S�t�a�t�e� �I�s� �a� �M�a�i�n� �F�a�c�t�o�r� �f�o�r� �R�e�g�u�l�a�t�i�o�n� �o�f� 
�N�a�t�u�r�a�l� �T�r�a�n�s�f�o�r�m�a�t�i�o�n� 

�T�h�e� �s�i�n�g�l�e� �c�e�l�l� �u�p�t�a�k�e� �a�s�s�a�y� �u�s�i�n�g� �c�o�v�a�l�e�n�t�l�y� �l�a�b�e�l�l�e�d� �D�N�A�,� �v�i�s�u�a�l�i�z�e�s� �t�h�e� �f�i�r�s�t� �s�t�e�p� �o�f� 
�n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�,� �i�.�e�.�,� �D�N�A� �u�p�t�a�k�e� �f�r�o�m� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �i�n�t�o� �t�h�e� �c�e�l�l� �(�p�e�r�i�p�l�a�s�m�)�.� �I�n� 
�o�r�d�e�r� �t�o� �s�h�o�w� �i�t�s� �r�e�l�e�v�a�n�c�e� �f�o�r� �t�h�e� �w�h�o�l�e� �p�r�o�c�e�s�s� �o�f� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�,� �w�e� �d�e�t�e�r�m�i�n�e�d� 

�u�p�t�a�k�e� �r�a�t�e�s� �a�n�d� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �r�a�t�e�s� �i�n� �p�a�r�a�l�l�e�l� �(�T�a�b�l�e� �1�)�.� �F�l�u�o�r�e�s�c�e�n�t�l�y� �l�a�b�e�l�e�d� �D�N�A� 
�a�n�d� �i�n� �p�a�r�a�l�l�e�l� �g�e�n�o�m�i�c� �C�.� �j�e�j�u�n�i� �D�N�A� �c�a�r�r�y�i�n�g� �t�h�e� �m�u�t�a�t�i�o�n� �A�1�2�8�G� �i�n� �r�p�s�L� �c�o�n�f�e�r�r�i�n�g� 
�s�t�r�e�p�t�o�m�y�c�i�n� �r�e�s�i�s�t�a�n�c�e�,� �w�e�r�e� �a�d�d�e�d� �t�o�a� �C�.� �j�e�j�u�n�i� �c�e�l�l� �s�u�s�p�e�n�s�i�o�n�.� �A�s� �d�e�p�i�c�t�e�d� �i�n� �F�i�g�u�r�e� �3�,� 
�t�h�e�s�e� �c�e�l�l�s� �h�a�d� �b�e�e�n� �g�r�o�w�n� �f�o�r� �1�8� �+� �4� �h� �i�n� �l�i�q�u�i�d� �c�u�l�t�u�r�e� �u�n�d�e�r� �s�e�v�e�r�a�l� �d�i�f�f�e�r�e�n�t� �c�o�n�d�i�t�i�o�n�s� 
�i�n�c�l�u�d�i�n�g� �g�r�o�w�t�h� �t�o� �e�x�p�o�n�e�n�t�i�a�l� �v�s�.� �s�t�a�t�i�o�n�a�r�y� �p�h�a�s�e�,� �v�a�r�y�i�n�g� �p�H� �v�a�l�u�e�s� �a�n�d� �m�i�c�r�o�a�e�r�o�b�i�c� 
�v�s�.� �a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �(�F�i�g�u�r�e� �4�)�.� �T�r�a�n�s�f�o�r�m�a�t�i�o�n� �r�a�t�e�s� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �t�h�e� �n�u�m�b�e�r� 
�o�f� �t�r�a�n�s�f�o�r�m�a�n�t�s� �o�n� �s�t�r�e�p�t�o�m�y�c�i�n�-�c�o�n�t�a�i�n�i�n�g� �C�o�l�B�A� �r�e�l�a�t�i�v�e� �t�o� �t�h�e� �n�u�m�b�e�r� �o�f� �C�F�U� �u�n�d�e�r� 
�n�o�n�-�s�e�l�e�c�t�i�v�e� �c�o�n�d�i�t�i�o�n�s�.� �U�n�d�e�r� �o�p�t�i�m�a�l� �c�o�n�d�i�t�i�o�n�s� �a�t� �p�H� �7�.�5� �a� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �r�a�t�e� �o�f� 
�1�.�3� �x� �1�0�-�4� �+� �2�.�3� �x� �1�0�-�4� �w�a�s� �o�b�s�e�r�v�e�d� �(�T�a�b�l�e� �1�)�.� 

�C�o�n�s�i�s�t�e�n�t�l�y�,� �b�a�c�t�e�r�i�a� �i�n�c�u�b�a�t�e�d� �a�t� �p�H� �5�.�7�,� �w�h�i�c�h� �d�i�d� �n�o�t� �d�i�s�p�l�a�y� �a�n�y� �D�N�A� �u�p�t�a�k�e� 
�a�c�t�i�v�i�t�y�,� �o�c�c�a�s�i�o�n�a�l�l�y� �s�h�o�w�e�d� �o�n�e� �r�e�s�i�s�t�a�n�t� �c�o�l�o�n�y�,� �l�e�a�d�i�n�g� �t�o� �a� �t�h�e�o�r�e�t�i�c�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� 
�r�a�t�e� �o�f� �<�6�.�9� �x� �1�0�°�?� �+� �6�.�2� �x� �1�0�°� �(�T�a�b�l�e� �1�)�.� �T�h�e� �l�a�t�t�e�r� �r�a�t�e�,� �h�o�w�e�v�e�r�,� �w�a�s� �i�n�d�i�s�t�i�n�g�u�i�s�h�a�b�l�e� 

�f�r�o�m� �a� �s�p�o�n�t�a�n�e�o�u�s� �m�u�t�a�t�i�o�n� �r�a�t�e�,� �s�i�n�c�e� �o�u�r� �d�e�t�e�c�t�i�o�n� �l�i�m�i�t� �w�a�s� �o�n�e� �r�e�s�i�s�t�a�n�t� �c�o�l�o�n�y� �w�i�t�h�i�n� 

�~�7� �x� �1�0�?� �C�F�U� �(�T�a�b�l�e� �1�,� �v�a�l�u�e�s� �w�i�t�h�o�u�t� �D�N�A�)�.� �A�t�a� �s�l�i�g�h�t�l�y� �l�e�s�s� �a�c�i�d�i�c� �p�H� �o�f� �6�.�3� �C�.� �j�e�j�u�n�i� 
�c�o�m�p�e�t�e�n�t� �f�r�a�c�t�i�o�n� �o�f� �b�a�c�t�e�r�i�a� �w�a�s� �2�.�3� �+� �0�.�9�%�,� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �a�n� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2�0�0�-�f�o�l�d� 
�i�n�c�r�e�a�s�e�d� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �r�a�t�e� �o�f� �1�.�3� �x� �1�0�~�°� �+� �2�.�5� �x� �1�0�~�¢� �i�n� �c�o�m�p�a�r�i�s�o�n� �t�o� �p�H� �5�.�7�.� 

�F�u�r�t�h�e�r�m�o�r�e�,� �w�e� �c�o�r�r�e�l�a�t�e�d� �t�h�e� �c�h�a�n�g�e�s� �i�n� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �r�a�t�e� �r�e�l�a�t�i�v�e� �t�o� �t�h�e� �f�r�a�c�t�i�o�n� 

�o�f� �b�a�c�t�e�r�i�a� �w�i�t�h� �D�N�A� �f�o�c�i�,� �n�o�r�m�a�l�i�z�e�d� �t�o� �t�h�e�  ��O�F�F�-�s�t�a�t�u�s �� �c�u�l�t�u�r�e� �a�t� �p�H� �6�.�3�.� �T�h�e� �h�i�g�h�e�r� 
�t�h�e� �f�r�a�c�t�i�o�n� �o�f� �c�o�m�p�e�t�e�n�t� �b�a�c�t�e�r�i�a�,� �d�i�s�p�l�a�y�i�n�g� �D�N�A� �u�p�t�a�k�e�,� �t�h�e� �h�i�g�h�e�r� �w�a�s� �t�h�e� �t�r�a�n�s�f�o�r�-� 
�m�a�t�i�o�n� �r�a�t�e�.� �T�h�e� �c�o�r�r�e�l�a�t�i�o�n� �w�a�s� �n�o�t� �s�t�r�i�c�t�l�y� �l�i�n�e�a�r�,� �b�u�t� �h�a�d� �a� �m�a�x�i�m�a�l� �r�a�t�i�o� �o�f� �c�h�a�n�g�e� �i�n� 
�t�r�a�n�s�f�o�r�m�a�t�i�o�n� �r�a�t�e� �v�e�r�s�u�s� �c�h�a�n�g�e� �i�n� �f�r�a�c�t�i�o�n� �o�f� �c�o�m�p�e�t�e�n�t� �c�e�l�l�s� �i�n� �d�i�f�f�e�r�e�n�t� �e�x�p�e�r�i�m�e�n�t�a�l� 
�s�e�t�t�i�n�g�s� �o�f� �5�.�1�-�f�o�l�d� �(�T�a�b�l�e� �1�)�.� �T�h�i�s� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e� �D�N�A� �u�p�t�a�k�e� �a�s�s�a�y� �i�s� �a� �r�e�l�i�a�b�l�e� �t�o�o�l� �t�o� 
�m�o�n�i�t�o�r� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�.� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�I�n�t�.� �J�.� �M�o�l�.� �S�c�i�.� �2�0�2�1�,� �2�2�,� �1�0�1�6�9� �8� �o�f� �1�4� 
� � 

�2�.�4�.� �T�h�e� �C�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �C�O�2� �o�r� �C�a�r�b�o�n�a�t�e� �a�n�d� �T�e�m�p�e�r�a�t�u�r�e� �D�o� �N�o�t� �P�l�a�y�a� �P�i�v�o�t�a�l� �R�o�l�e� �i�n� 
�C�o�m�p�e�t�e�n�c�e� �R�e�g�u�l�a�t�i�o�n� 

�D�u�r�i�n�g� �e�x�p�o�n�e�n�t�i�a�l� �g�r�o�w�t�h� �p�h�a�s�e�,� �a�n� �i�n�c�r�e�a�s�e� �i�n� �p�H� �b�e�t�w�e�e�n� �p�H� �5�.�7� �a�n�d� �p�H� �7�.�5� 
�r�e�s�u�l�t�e�d� �i�n� �e�n�h�a�n�c�e�d� �l�e�v�e�l�s� �o�f� �b�a�c�t�e�r�i�a� �t�h�a�t� �d�i�s�p�l�a�y�e�d� �c�o�m�p�e�t�e�n�c�e� �(�F�i�g�u�r�e� �4�)�.� �U�n�d�e�r� �m�i�-� 
�c�r�o�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s�,� �i�t� �i�s� �e�x�p�e�c�t�e�d� �t�h�a�t� �a� �m�o�r�e� �a�l�k�a�l�i�n�e� �p�H� �r�e�s�u�l�t�s� �i�n� �h�i�g�h�e�r� �l�e�v�e�l�s� �o�f� 

�d�i�s�s�o�l�v�e�d� �C�O�,� �a�n�d�,� �t�h�u�s�,� �e�n�h�a�n�c�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �c�a�r�b�o�n�a�t�e�.� �W�e� �a�s�k�e�d� �w�h�e�t�h�e�r� �t�h�e� 
�a�m�o�u�n�t� �o�f� �d�i�s�s�o�l�v�e�d� �C�O�2� �a�n�d� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �c�a�r�b�o�n�a�t�e� �a�l�s�o� �t�r�i�g�g�e�r�e�d� �c�o�m�p�e�t�e�n�c�e� 
�d�e�v�e�l�o�p�m�e�n�t� �i�n� �C�.� �j�e�j�u�n�i�.� �T�h�e�r�e�f�o�r�e�,� �w�e� �u�s�e�d� �d�i�f�f�e�r�e�n�t� �C�O�z� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �i�n� �t�h�e� �g�a�s� 
�a�t�m�o�s�p�h�e�r�e� �d�u�r�i�n�g� �g�r�o�w�t�h� �a�t� �d�i�f�f�e�r�e�n�t� �p�H� �v�a�l�u�e�s�,� �k�e�e�p�i�n�g� �l�e�v�e�l�s� �o�f� �H�z� �a�n�d� �O�2� �c�o�n�s�t�a�n�t� 
�(�F�i�g�u�r�e� �$�3�)�.� �C�O�z� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �v�a�r�i�e�d� �b�e�t�w�e�e�n� �0�%� �a�n�d� �5�0�%�,� �w�i�t�h� �i�n�t�e�r�m�e�d�i�a�t�e� �c�o�n�c�e�n�-� 
�t�r�a�t�i�o�n�s� �o�f� �1�%�,� �7�%�,� �1�5�%� �a�n�d� �3�5�%�.� �D�o�u�b�l�i�n�g� �t�i�m�e�s� �d�u�r�i�n�g� �C�.� �j�e�j�u�n�i� �g�r�o�w�t�h� �w�e�r�e� �o�p�t�i�m�a�l� 
�w�i�t�h� �a�r�o�u�n�d� �1�.�1� �h� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �1�%� �t�o� �1�5�%� �C�O�)� �(�T�a�b�l�e� �$�1�)�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �t�h�e� �l�a�t�t�e�r� 
�c�o�n�c�e�n�t�r�a�t�i�o�n� �r�a�n�g�e� �p�e�r�f�e�c�t�l�y� �s�u�p�p�o�r�t�s� �g�r�o�w�t�h� �o�f� �C�.� �j�e�j�u�n�i� �i�n� �l�i�q�u�i�d� �b�r�o�t�h� �c�u�l�t�u�r�e�.� �A�t� �h�i�g�h�e�r� 
�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �3�5�%� �a�n�d� �5�0�%� �C�O�2�,� �m�e�a�n� �g�e�n�e�r�a�t�i�o�n� �t�i�m�e�s� �w�e�r�e� �m�a�r�g�i�n�a�l�l�y� �i�n�c�r�e�a�s�e�d� �t�o� 
�1�.�5� �a�n�d� �1�.�6� �h�,� �r�e�s�p�e�c�t�i�v�e�l�y� �(�T�a�b�l�e� �S�1�)�.� �I�n�t�e�r�e�s�t�i�n�g�l�y�,� �e�v�e�n� �w�i�t�h�o�u�t� �g�a�s�e�o�u�s� �C�O�)� �C�.� �j�e�j�u�n�i� �w�a�s� 
�a�b�l�e� �t�o� �g�r�o�w�,� �a�l�t�h�o�u�g�h� �w�i�t�h� �3�-�f�o�l�d� �i�n�c�r�e�a�s�e�d� �m�e�a�n� �g�e�n�e�r�a�t�i�o�n� �t�i�m�e�s� �(�3�.�4� �h�,� �T�a�b�l�e� �S�1�)�.� �F�o�r� 
�b�e�t�t�e�r� �c�o�m�p�a�r�i�s�o�n�,� �t�h�e� �f�r�a�c�t�i�o�n� �o�f� �c�o�m�p�e�t�e�n�t� �b�a�c�t�e�r�i�a� �g�r�o�w�n� �u�n�d�e�r� �s�t�a�n�d�a�r�d� �c�o�n�d�i�t�i�o�n� �a�t� 
�7�%� �C�O� �a�n�d� �p�H� �7�.�5� �w�a�s� �s�e�t� �t�o� �1�0�0�%� �f�o�r� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �d�a�y�.� �A�l�t�h�o�u�g�h�,� �t�h�e� �d�a�y�-�t�o�-�d�a�y� 
�v�a�r�i�a�t�i�o�n� �a�t� �l�o�w� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �C�O�2� �(�0�%� �a�n�d� �1�%�)� �s�e�e�m�e�d� �t�o� �b�e� �l�a�r�g�e�,� �t�h�e� �C�O�2� �c�o�n�c�e�n�-� 
�t�r�a�t�i�o�n� �i�t�s�e�l�f� �d�i�d� �n�o�t� �c�o�r�r�e�l�a�t�e� �w�i�t�h� �t�h�e� �k�i�n�e�t�i�c�s� �o�f� �p�H�-�d�e�p�e�n�d�e�n�t� �s�w�i�t�c�h� �o�f� �b�a�c�t�e�r�i�a� �i�n�t�o� 
�t�h�e� �c�o�m�p�e�t�e�n�t� �s�t�a�t�e� �(�F�i�g�u�r�e� �$�3�)�.� �W�e� �a�l�s�o� �c�r�o�s�s�-�c�h�e�c�k�e�d� �t�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �c�a�r�b�o�n�a�t�e� �l�e�v�e�l�s� �o�n� 
�c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �i�n� �a� �c�o�n�t�r�o�l� �e�x�p�e�r�i�m�e�n�t� �b�y� �a�d�d�i�t�i�o�n� �o�f� �1�2� �o�r� �4�8� �m�M� �o�f� �s�o�d�i�u�m� 
�h�y�d�r�o�g�e�n� �c�a�r�b�o�n�a�t�e� �t�o� �t�h�e� �m�e�d�i�u�m� �a�n�d� �c�o�u�l�d� �c�o�n�f�i�r�m� �t�h�a�t� �p�H�-�d�e�p�e�n�d�e�n�t� �s�w�i�t�c�h� �i�n�t�o� 
�c�o�m�p�e�t�e�n�t� �s�t�a�t�e� �w�a�s� �u�n�a�f�f�e�c�t�e�d� �b�y� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �c�a�r�b�o�n�a�t�e� �(�F�i�g�u�r�e� �S�4�)�.� 

�F�u�r�t�h�e�r�m�o�r�e�,� �w�e� �i�n�v�e�s�t�i�g�a�t�e�d� �w�h�e�t�h�e�r� �t�e�m�p�e�r�a�t�u�r�e� �p�l�a�y�e�d� �a� �r�o�l�e� �i�n� �c�o�m�p�e�t�e�n�c�e� 
�d�e�v�e�l�o�p�m�e�n�t� �o�f� �C�.� �j�e�j�u�n�i�,� �a�s� �i�n�d�i�c�a�t�e�d� �b�y� �o�t�h�e�r�s� �[�2�3�]�.� �W�e� �c�h�e�c�k�e�d� �t�h�e� �i�m�p�a�c�t� �o�f� �g�r�o�w�t�h� 
�t�e�m�p�e�r�a�t�u�r�e� �a�t� �p�H� �7�.�5� �o�n� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �i�n� �C�.� �j�e�j�u�n�i�,� �c�h�o�o�s�i�n�g� �3�2� �°�C� �a�s� �m�i�n�i�m�a�l� 
�g�r�o�w�t�h� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �3�7� �°�C� �a�n�d� �4�2� �°�C� �a�s� �t�y�p�i�c�a�l� �h�o�s�t� �t�e�m�p�e�r�a�t�u�r�e�s� �(�F�i�g�u�r�e� �5�)�.� �T�h�e� 
�g�e�n�e�r�a�t�i�o�n� �t�i�m�e� �o�f� �C�.� �j�e�j�u�n�i� �a�t� �t�h�e� �d�i�f�f�e�r�e�n�t� �t�e�m�p�e�r�a�t�u�r�e�s� �w�a�s� �1�.�2� �+� �0�.�1� �h� �(�3�7� �°�C�)�,� �0�.�9� �+� �0�.�2�h� 
�(�4�2� �°�C�)� �a�n�d� �3�.�1� �+� �0�.�3� �h� �(�3�2� �°�C�)�.� �W�e� �o�b�s�e�r�v�e�d� �t�h�a�t� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �w�a�s� �o�p�t�i�m�a�l� �a�t� 
�3�7� �°�C� �w�i�t�h� �4�5�.�1� �+� �5�.�8�%� �(�F�i�g�u�r�e� �5�A�)�.� 
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�F�i�g�u�r�e� �5�.� �G�r�o�w�t�h� �t�e�m�p�e�r�a�t�u�r�e� �o�n�l�y� �m�a�r�g�i�n�a�l�l�y� �i�n�f�l�u�e�n�c�e�s� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �i�n� �C�.� �j�e�j�u�n�i�.� 
�F�r�a�c�t�i�o�n� �o�f� �c�o�m�p�e�t�e�n�t� �C�.� �j�e�j�u�n�i� �g�r�o�w�n� �t�o� �e�x�p�o�n�e�n�t�i�a�l� �p�h�a�s�e� �a�t� �p�H� �7�.�5� �a�t� �3�2� �°�C�,� �3�7� �°�C� �a�n�d� �4�2� �°�C� 
�(�A�)�.� �B�a�c�t�e�r�i�a�l� �m�o�r�p�h�o�l�o�g�y� �a�n�d� �D�N�A� �u�p�t�a�k�e� �l�o�c�a�t�i�o�n�s� �o�f� �b�a�c�t�e�r�i�a� �g�r�o�w�n� �a�t� �3�2� �°�C� �w�e�r�e� �d�i�s�p�l�a�y�e�d� �b�y� 
�a�n� �o�v�e�r�l�a�y� �d�i�f�f�e�r�e�n�t�i�a�l� �p�h�a�s�e� �c�o�n�t�r�a�s�t� �(�D�I�C�)� �i�m�a�g�e� �w�i�t�h� �t�h�e� �F�l�u�o�r�e�s�c�e�i�n� �c�h�a�n�n�e�l� �(�l�a�b�e�l�l�e�d� �D�N�A�,� �i�n� 
�g�r�e�e�n�)� �(�B�)� �o�r� �b�y� �a�n� �o�v�e�r�l�a�y� �i�m�a�g�e� �o�f� �t�h�e� �F�l�u�o�r�e�s�c�e�i�n� �c�h�a�n�n�e�l� �(�l�a�b�e�l�l�e�d� �D�N�A�)� �a�n�d� �t�h�e� �C�y�a�n�i�n�e�-�3� �(�C�y�3�)� 
�c�h�a�n�n�e�l� �(�m�e�m�b�r�a�n�e�s� �s�t�a�i�n�e�d� �w�i�t�h� �t�h�e� �c�o�m�m�e�r�c�i�a�l� �d�y�e�,� �S�y�n�a�p�t�o�R�e�d� �C�2�)� �(�C�)�.� �S�c�a�l�e� �b�a�r�,� �2� �u�m�.� �D�N�A� 

�u�p�t�a�k�e� �w�a�s� �p�e�r�f�o�r�m�e�d� �a�t� �3�7� �°�C� �u�n�d�e�r� �a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s�.� �E�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �a�t� �l�e�a�s�t� �t�h�r�e�e� 
�t�i�m�e�s�.� �E�r�r�o�r� �b�a�r�s� �i�n�d�i�c�a�t�e� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�.� 

�A�n� �i�n�c�r�e�a�s�e� �i�n� �g�r�o�w�t�h� �t�e�m�p�e�r�a�t�u�r�e� �t�o� �4�2� �°�C� �r�e�s�u�l�t�e�d� �i�n� �a� �s�l�i�g�h�t� �r�e�d�u�c�t�i�o�n� �o�f� �c�o�m�-� 
�p�e�t�e�n�c�e� �l�e�v�e�l�s� �t�o� �3�3�.�6� �+� �1�.�4�%�.� �A�s� �e�x�p�e�c�t�e�d� �f�o�r� �n�o�n�-�o�p�t�i�m�a�l� �g�r�o�w�t�h� �t�e�m�p�e�r�a�t�u�r�e� �o�f� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�I�n�t�.� �J�.� �M�o�l�.� �S�c�i�.� �2�0�2�1�,� �2�2�,� �1�0�1�6�9� �9� �o�f� �1�4� 
� � 

�3�2� �°�C�,� �t�h�e� �c�u�l�t�u�r�e� �h�a�r�b�o�r�e�d� �n�o�r�m�a�l� �l�e�n�g�t�h� �b�a�c�t�e�r�i�a� �b�u�t� �a�l�s�o� �s�e�v�e�r�a�l� �e�l�o�n�g�a�t�e�d� �p�h�e�n�o�t�y�p�e�s� 
�(�F�i�g�u�r�e� �5�B�,�C�)�.� �H�o�w�e�v�e�r�,� �c�o�m�p�e�t�e�n�c�e� �l�e�v�e�l�s� �w�e�r�e� �o�n�l�y� �m�a�r�g�i�n�a�l�l�y� �a�l�t�e�r�e�d� �(�4�1�.�3� �+� �2�.�0�%�)�,� �i�f� 
�e�l�o�n�g�a�t�e�d� �c�e�l�l�s� �w�e�r�e� �c�o�u�n�t�e�d� �a�s� �o�n�e� �b�a�c�t�e�r�i�u�m�.� �S�i�n�c�e� �i�n� �o�t�h�e�r� �b�a�c�t�e�r�i�a�,� �D�N�A� �u�p�t�a�k�e� �w�a�s� 
�l�o�c�a�l�i�z�e�d� �a�t� �t�h�e� �c�e�l�l� �p�o�l�e�s� �o�r� �a�t� �t�h�e� �n�e�w�l�y� �s�y�n�t�h�e�t�i�z�e�d� �s�e�p�t�u�m�,� �w�e� �w�o�n�d�e�r�e�d�,� �i�f� �t�h�i�s� �w�a�s� �a�l�s�o� 
�t�r�u�e� �f�o�r� �C�.� �j�e�j�u�n�i�.� �W�e� �u�s�e�d� �t�h�e� �S�y�n�a�p�t�o�R�e�d� �C�2� �f�o�r� �i�n� �v�i�v�o� �s�t�a�i�n�i�n�g� �o�f� �C�.� �j�e�j�u�n�i� �m�e�m�b�r�a�n�e�s� 
�i�n� �o�r�d�e�r� �t�o� �d�e�t�e�c�t� �p�u�t�a�t�i�v�e� �s�e�p�t�a� �i�n� �e�l�o�n�g�a�t�e�d� �c�e�l�l�s� �(�F�i�g�u�r�e� �5�C�)�.� �H�o�w�e�v�e�r�,� �i�t� �a�p�p�e�a�r�e�d� �t�h�a�t� 
�t�h�e� �e�l�o�n�g�a�t�e�d� �c�e�l�l�s� �d�i�d� �n�o�t� �y�e�t� �h�a�r�b�o�r� �a� �s�e�p�t�u�m� �a�n�d� �t�h�a�t� �l�o�c�a�l�i�z�a�t�i�o�n� �o�f� �D�N�A� �u�p�t�a�k�e� �d�i�d� 
�n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �o�c�c�u�r� �d�i�r�e�c�t�l�y� �a�t� �t�h�e� �c�e�l�l� �p�o�l�e� �o�r� �a�t� �t�h�e� �n�e�x�t� �d�i�v�i�s�i�o�n� �s�i�t�e�.� 

�2�.�5�.� �D�N�A� �U�p�t�a�k�e� �M�a�c�h�i�n�e�r�y� �o�f� �C�o�m�p�e�t�e�n�t� �C�e�l�l�s� �W�a�s� �S�h�u�t� �D�o�w�n� �a�t� �S�l�i�g�h�t�l�y� �A�c�i�d�i�c� �p�H� 

�I�n� �o�r�d�e�r� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �d�i�r�e�c�t� �e�f�f�e�c�t� �o�f� �p�H� �o�n� �t�h�e� �D�N�A� �u�p�t�a�k�e� �p�r�o�c�e�s�s� �i�n� �a�l�r�e�a�d�y� 
�c�o�m�p�e�t�e�n�t� �b�a�c�t�e�r�i�a�,� �m�u�l�t�i�p�l�e� �a�l�i�q�u�o�t�s� �o�f� �a� �c�o�m�p�e�t�e�n�t� �C�.� �j�e�j�u�n�i� �c�u�l�t�u�r�e� �g�r�o�w�n� �i�n� �B�H�I� �a�t� 
�p�H� �7�.�2� �a�n�d� �d�i�s�p�l�a�y�i�n�g� �a� �c�o�m�p�e�t�e�n�t� �c�e�l�l� �f�r�a�c�t�i�o�n� �o�f� �2�3�.�7� �+� �6�.�2�%� �a�n�d� �a� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �r�a�t�e� 
�o�f� �1�.�3� �x� �1�0�-�5� �+� �8�.�0� �x� �1�0�°�?� �i�n� �B�H�I� �a�t� �p�H� �7�.�2� �w�e�r�e� �c�e�n�t�r�i�f�u�g�e�d�.� �S�u�b�s�e�q�u�e�n�t�l�y�,� �t�h�e� �b�a�c�t�e�r�i�a� 
�w�e�r�e� �r�e�s�u�s�p�e�n�d�e�d� �i�n� �p�H�-�a�d�j�u�s�t�e�d� �m�e�d�i�u�m� �a�n�d� �i�n�c�u�b�a�t�e�d� �w�i�t�h� �f�l�u�o�r�e�s�c�e�n�t�l�y� �l�a�b�e�l�l�e�d� �D�N�A�.� 
�D�N�A� �u�p�t�a�k�e� �w�a�s� �p�e�r�f�o�r�m�e�d� �f�o�r� �3�0� �m�i�n� �a�t� �m�i�c�r�o�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �a�n�d� �t�h�e� �f�r�a�c�t�i�o�n� �o�f� 
�c�o�m�p�e�t�e�n�t� �c�e�l�l�s� �o�b�s�e�r�v�e�d� �i�n� �n�o�n�-�t�i�t�r�a�t�e�d� �B�H�I� �a�t� �p�H� �7�.�2� �s�e�t� �t�o� �1�0�0�%� �p�e�r� �e�x�p�e�r�i�m�e�n�t�a�l� �d�a�y�.� 
�N�o�t� �o�n�l�y� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �(�s�e�e� �a�b�o�v�e�)� �b�u�t� �a�l�s�o� �t�h�e� �D�N�A� �u�p�t�a�k�e� �p�r�o�c�e�s�s� �w�a�s� 
�h�i�g�h�l�y� �p�H�-�s�e�n�s�i�t�i�v�e�,� �w�i�t�h� �o�p�t�i�m�a�l� �t�r�a�n�s�p�o�r�t� �a�t� �p�H� �v�a�l�u�e�s� �b�e�t�w�e�e�n� �7�.�2� �a�n�d� �8� �(�F�i�g�u�r�e� �6�)�.� 
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�F�i�g�u�r�e� �6�.� �D�N�A� �u�p�t�a�k�e� �i�s� �c�o�m�p�l�e�t�e�l�y� �s�h�u�t� �d�o�w�n� �a�t� �s�l�i�g�h�t�l�y� �a�c�i�d�i�c� �p�H�.� �C�o�m�p�e�t�e�n�t� �C�.� �j�e�j�u�n�i� �B�f�R�-� 
�C�A�-�1�4�4�3�0� �b�a�c�t�e�r�i�a� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �w�i�t�h� �f�l�u�o�r�e�s�c�e�n�t�l�y� �l�a�b�e�l�l�e�d� �D�N�A� �i�n� �B�H�I� �t�i�t�r�a�t�e�d� �t�o� �t�h�e� �i�n�d�i�c�a�t�e�d� 
�P�H� �v�a�l�u�e�s� �(�+�0�.�1�)� �u�n�d�e�r� �m�i�c�r�o�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e� �f�r�a�c�t�i�o�n� �o�f� �b�a�c�t�e�r�i�a� �s�h�o�w�i�n�g� �a�c�t�i�v�e� �D�N�A� 
�u�p�t�a�k�e� �a�r�e� �d�e�p�i�c�t�e�d�,� �n�o�r�m�a�l�i�z�e�d� �t�o� �u�n�t�i�t�r�a�t�e�d� �B�H�I�,� �p�H� �7�.�2� �c�o�n�d�i�t�i�o�n� �(�s�e�t� �t�o� �1�0�0�%�)�.� �E�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� 
�p�e�r�f�o�r�m�e�d� �a�t� �l�e�a�s�t� �t�h�r�e�e� �t�i�m�e�s� �w�i�t�h� �i�n�d�e�p�e�n�d�e�n�t� �c�u�l�t�u�r�e�s�.� �E�r�r�o�r� �b�a�r�s� �i�n�d�i�c�a�t�e� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�.� 
�B�H�I�,� �b�r�a�i�n�-�h�e�a�r�t� �i�n�f�u�s�i�o�n�.� 

�B�e�t�w�e�e�n� �p�H� �7�.�2� �a�n�d� �p�H� �5�.�5� �t�h�e� �f�r�a�c�t�i�o�n� �o�f� �c�e�l�l�s� �w�i�t�h� �a�c�t�i�v�e� �D�N�A� �u�p�t�a�k�e� �d�e�c�r�e�a�s�e�d� 
�t�o� �l�e�s�s� �t�h�a�n� �1�0�%� �a�n�d� �a�t� �p�H� �5�.�1� �D�N�A� �u�p�t�a�k�e� �w�a�s� �a�b�o�l�i�s�h�e�d�.� �L�i�k�e�w�i�s�e�,� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� 
�a�c�t�i�v�i�t�y� �a�t� �p�H� �5�.�1� �w�a�s� �a�l�s�o� �d�r�a�s�t�i�c�a�l�l�y� �r�e�d�u�c�e�d� �t�o� �l�e�v�e�l�s� �r�e�a�c�h�i�n�g� �t�h�e� �d�e�t�e�c�t�i�o�n� �l�i�m�i�t� 
�(�2�.�2� �x� �1�0�°�?� �+� �3�.�8� �x� �1�0�~�°�)�.� �B�y� �p�r�e�-�i�n�c�u�b�a�t�i�o�n� �o�f� �t�h�e� �b�a�c�t�e�r�i�a� �w�i�t�h� �f�l�u�o�r�e�s�c�e�n�t� �D�N�A� �a�t� 
�p�H� �5�.�1� �f�o�r� �3�0� �m�i�n� �a�n�d� �s�u�b�s�e�q�u�e�n�t� �t�i�t�r�a�t�i�o�n� �t�o� �p�H� �7�.�5�,� �w�e� �s�h�o�w�e�d� �t�h�a�t� �g�e�n�o�m�i�c� �D�N�A� 
�w�a�s� �s�t�a�b�l�e� �a�t� �p�H� �5�.�1� �a�n�d� �t�h�e� �p�H�-�d�e�p�e�n�d�e�n�t� �s�h�u�t� �d�o�w�n� �o�f� �t�h�e� �D�N�A� �u�p�t�a�k�e� �p�r�o�c�e�s�s� �w�a�s� 
�r�e�v�e�r�s�i�b�l�e�.� �T�h�e�s�e� �c�e�l�l�s� �r�e�g�a�i�n�e�d� �D�N�A� �u�p�t�a�k�e� �c�a�p�a�c�i�t�y� �o�f� �5�9�.�8� �+� �3�.�2�%�.� 

�3�.� �D�i�s�c�u�s�s�i�o�n� 

�W�e� �u�s�e�d� �a� �s�i�n�g�l�e� �c�e�l�l� �D�N�A� �u�p�t�a�k�e� �a�s�s�a�y� �t�o� �m�o�n�i�t�o�r� �D�N�A� �u�p�t�a�k�e� �d�u�r�i�n�g� �n�a�t�u�r�a�l� 
�t�r�a�n�s�f�o�r�m�a�t�i�o�n� �i�n� �C�.� �j�e�j�u�n�i�.� �A�s� �k�n�o�w�n� �f�o�r� �H�.� �p�y�l�o�r�i�,� �t�h�i�s� �a�s�s�a�y� �v�i�s�u�a�l�i�z�e�s� �u�p�t�a�k�e� �o�f� �f�l�u�o�r�e�s�-� 
�c�e�n�t�l�y� �l�a�b�e�l�l�e�d� �D�N�A� �i�n�t�o� �a� �D�N�a�s�e�-�r�e�s�i�s�t�a�n�t� �s�t�a�t�e�,� �n�a�m�e�l�y� �t�h�e� �p�e�r�i�p�l�a�s�m� �[�2�2�,�3�2�]�,� �w�h�i�c�h� �i�s� 
�t�h�e� �f�i�r�s�t� �s�t�e�p� �o�f� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�.� �I�n� �C�.� �j�e�j�u�n�i� �t�h�e� �f�r�a�c�t�i�o�n� �o�f� �c�e�l�l�s� �w�i�t�h� �a�c�t�i�v�e� �D�N�A� 
�u�p�t�a�k�e� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �r�a�t�e�s� �(�T�a�b�l�e� �1�)�,� �w�a�s� �e�n�e�r�g�y�-�d�e�p�e�n�d�e�n�t� �a�n�d� �l�i�m�i�t�e�d� 
�t�o� �u�p�t�a�k�e� �o�f� �g�e�n�o�m�i�c� �D�N�A� �o�f� �C�.� �j�e�j�u�n�i� �w�i�t�h� �t�h�e� �m�e�t�h�y�l�a�t�e�d� �R�A�T�T�Y� �m�o�t�i�f� �[�2�6�]�,� �s�u�g�g�e�s�t�i�n�g� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�I�n�t�.� �J�.� �M�o�l�.� �S�c�i�.� �2�0�2�1�,� �2�2�,� �1�0�1�6�9� �1�0� �o�f� �1�4� 
� � 

�t�h�a�t� �t�h�e� �a�s�s�a�y� �w�a�s� �a�n� �e�x�c�e�l�l�e�n�t� �t�o�o�l� �t�o� �d�e�c�i�p�h�e�r� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �r�e�g�u�l�a�t�i�o�n� �o�f� �c�o�m�p�e�t�e�n�c�e� 
�d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �o�f� �t�h�e� �D�N�A� �u�p�t�a�k�e� �p�r�o�c�e�s�s� �i�t�s�e�l�f�.� 

�C�.� �j�e�j�u�n�i� �g�r�o�w�s� �a�t� �t�e�m�p�e�r�a�t�u�r�e�s� �a�b�o�v�e� �3�0� �°�C� �[�3�5�]�.� �I�n� �c�a�t�t�l�e�,� �p�i�g�s� �a�n�d� �o�t�h�e�r� �w�a�r�m�-� 
�b�l�o�o�d�e�d� �a�n�i�m�a�l�s�,� �i�n�c�l�u�d�i�n�g� �t�h�e� �h�u�m�a�n� �b�e�i�n�g�,� �t�h�e� �t�y�p�i�c�a�l� �t�e�m�p�e�r�a�t�u�r�e� �i�s� �a�r�o�u�n�d� �3�7� �°�C�,� 
�w�h�i�l�e� �i�n� �b�i�r�d�s� �C�.� �j�e�j�u�n�i� �t�h�r�i�v�e�s� �a�t� �a�n� �e�l�e�v�a�t�e�d� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �4�2� �°�C�.� �C�.� �j�e�j�u�n�i� �i�s� �a� �f�a�s�t�i�d�i�o�u�s� 
�b�a�c�t�e�r�i�u�m� �w�i�t�h� �s�p�e�c�i�a�l� �n�e�e�d�s� �f�o�r� �g�r�o�w�t�h� �a�n�d� �s�u�r�v�i�v�a�l� �[�3�6�]�.� �p�H� �w�a�s� �r�e�v�e�a�l�e�d� �a�s� �m�a�j�o�r� 
�r�e�g�u�l�a�t�i�n�g� �p�a�r�a�m�e�t�e�r� �f�o�r� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �D�N�A� �u�p�t�a�k�e� �i�t�s�e�l�f�.� �U�s�i�n�g� �t�h�e� 
�c�l�a�s�s�i�c�a�l� �a�p�p�r�o�a�c�h� �w�i�t�h� �a� �c�h�l�o�r�a�m�p�h�e�n�i�c�o�l� �r�e�s�i�s�t�a�n�c�e� �m�a�r�k�e�r�,� �i�t� �w�a�s� �p�r�e�v�i�o�u�s�l�y� �r�e�p�o�r�t�e�d� 
�t�h�a�t� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� �C�.� �j�e�j�u�n�i� �e�f�f�i�c�i�e�n�t�l�y� �o�c�c�u�r�r�e�d� �a�b�o�v�e� �p�H� �7� �[�2�3�]�.� �W�i�l�s�o�n� �a�n�d� �c�o�l�-� 
�l�e�a�g�u�e�s� �d�e�s�c�r�i�b�e�d� �a�n� �e�f�f�e�c�t� �o�f� �C�O�,� �o�n� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �r�a�t�e�s� �[�2�4�]�.� �U�s�i�n�g� �d�i�f�f�e�r�e�n�t� �c�a�r�b�o�n�a�t�e� 
�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�r� �C�O�)� �l�e�v�e�l�s�,� �w�i�t�h� �h�i�g�h�l�y� �c�o�n�t�r�o�l�l�e�d� �p�H� �v�a�l�u�e�s� �w�e� �c�o�u�l�d� �r�e�v�e�a�l� �t�h�a�t� �C�O� 
�o�r� �c�a�r�b�o�n�a�t�e� �l�e�v�e�l�s� �d�i�d� �n�o�t� �a�f�f�e�c�t� �c�o�m�p�e�t�e�n�c�e� �i�n� �C�.� �j�e�j�u�n�i� �b�u�t� �t�h�a�t� �p�H� �>� �7� �w�a�s� �a� �p�r�e�r�e�q�u�i�s�i�t�e� 
�f�o�r� �e�f�f�i�c�i�e�n�t� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �a�c�t�i�v�i�t�y�.� �A�t� �p�H� �5� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �D�N�A� 
�u�p�t�a�k�e� �a�c�t�i�v�i�t�y� �i�n� �C�.� �j�e�j�u�n�i� �w�a�s� �c�o�m�p�l�e�t�e�l�y� �s�h�u�t� �d�o�w�n�.� 

�U�n�d�e�r� �n�o�n�-�g�r�o�w�i�n�g� �c�o�n�d�i�t�i�o�n�s�,� �i�.�e�.�,� �a�t� �a�t�m�o�s�p�h�e�r�i�c� �c�o�n�d�i�t�i�o�n�s�,� �C�.� �j�e�j�u�n�i� �c�e�a�s�e�d� �c�o�m�-� 

�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �e�v�e�n� �a�t� �p�e�r�m�i�s�s�i�v�e� �p�H� �w�i�t�h�o�u�t� �l�o�s�i�n�g� �v�i�a�b�i�l�i�t�y�.� �T�h�i�s� �i�s� �i�n� �c�o�n�t�r�a�s�t� �t�o� 
�H�.� �p�y�l�o�r�i� �w�h�e�r�e� �o�x�i�d�a�t�i�v�e� �s�t�r�e�s�s� �w�a�s� �a� �s�t�i�m�u�l�a�t�i�n�g� �f�a�c�t�o�r� �f�o�r� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �[�2�2�]�.� 
�H�o�w�e�v�e�r�,� �w�h�e�n� �w�e� �m�e�a�s�u�r�e�d� �t�h�e� �r�e�g�u�l�a�t�i�o�n� �o�f� �f�u�n�c�t�i�o�n�a�l� �D�N�A� �u�p�t�a�k�e� �c�o�m�p�l�e�x�e�s�,� �c�o�m�-� 
�p�e�t�e�n�t� �b�a�c�t�e�r�i�a� �e�v�e�n� �s�h�o�w�e�d� �s�l�i�g�h�t�l�y� �e�n�h�a�n�c�e�d� �D�N�A� �u�p�t�a�k�e� �u�n�d�e�r� �a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� 
�(�F�i�g�u�r�e� �$�1�)�.� �I�n� �C�.� �c�o�l�i� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� �p�o�i�n�t� �m�u�t�a�t�i�o�n� �r�e�s�i�s�t�a�n�c�e�s� �w�a�s� �a�l�s�o� �n�o�t� 
�r�e�d�u�c�e�d� �i�n� �a�n� �a�e�r�o�b�i�c� �a�t�m�o�s�p�h�e�r�e�,� �a�f�t�e�r� �t�h�e� �c�e�l�l�s� �h�a�d� �b�e�e�n� �g�r�o�w�n� �t�o� �e�x�p�o�n�e�n�t�i�a�l� �p�h�a�s�e� 
�u�n�d�e�r� �m�i�c�r�o�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �[�3�7�]�.� �N�o�w� �t�h�a�t� �o�u�r� �s�t�u�d�y� �e�n�a�b�l�e�d� �u�s� �t�o� �d�i�s�s�e�c�t� �c�o�m�p�e�t�e�n�c�e� 
�d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �t�h�e� �D�N�A� �u�p�t�a�k�e� �p�r�o�c�e�s�s� �i�n� �C�.� �j�e�j�u�n�i�,� �t�h�e� �d�a�t�a� �s�u�g�g�e�s�t� �t�h�a�t� �o�u�t�s�i�d�e� �t�h�e� 
�h�o�s�t� �C�a�m�p�y�l�o�b�a�c�t�e�r� �w�o�u�l�d� �n�o�t� �b�e� �a�b�l�e� �t�o� �d�e�v�e�l�o�p� �c�o�m�p�e�t�e�n�c�e�.� �H�o�w�e�v�e�r�,� �i�f� �c�o�m�p�e�t�e�n�t� �c�e�l�l�s� 
�a�r�e� �s�h�e�d�d�e�d� �f�r�o�m� �t�h�e� �h�o�s�t�,� �t�h�e�s�e� �b�a�c�t�e�r�i�a� �m�i�g�h�t� �s�t�i�l�l� �b�e� �a�b�l�e� �t�o� �u�n�d�e�r�g�o� �g�e�n�e�t�i�c� �e�x�c�h�a�n�g�e�.� 

�A�t� �p�H� �7�.�5�,� �a�n�d� �u�n�d�e�r� �m�i�c�r�o�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �a� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �r�a�t�e� �o�f� 
�1�.�3� �x� �1�0�-�4� �+� �2�.�3� �x� �1�0�-�4� �a�n�d� �a�r�o�u�n�d� �5�0�%� �c�e�l�l�s� �w�i�t�h� �a�c�t�i�v�e� �D�N�A� �u�p�t�a�k�e� �w�e�r�e� �o�b�s�e�r�v�e�d�.� 
�H�e�n�c�e�,� �o�n�e� �o�u�t� �o�f� �4�0�0�0� �c�e�l�l�s� �w�i�t�h� �a�c�t�i�v�e� �D�N�A� �u�p�t�a�k�e� �s�u�c�c�e�s�s�f�u�l�l�y� �r�e�c�o�m�b�i�n�e�d� �t�h�e� �g�e�-� 
�n�o�m�i�c� �r�p�s�L� �r�e�s�i�s�t�a�n�c�e� �m�a�r�k�e�r� �i�n�t�o� �t�h�e� �c�h�r�o�m�o�s�o�m�e� �a�n�d� �w�a�s� �a�b�l�e� �t�o� �g�r�o�w� �o�n� �s�t�r�e�p�t�o�m�y�c�i�n�-� 
�c�o�n�t�a�i�n�i�n�g� �a�g�a�r� �p�l�a�t�e�s�.� �S�e�v�e�r�a�l� �s�t�e�p�s� �o�f� �s�u�b�-�c�u�l�t�i�v�a�t�i�o�n� �i�n� �f�r�e�s�h� �m�e�d�i�u�m� �d�i�d� �n�o�t� �f�u�r�t�h�e�r� 
�e�n�h�a�n�c�e� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t�,� �c�o�n�f�i�r�m�i�n�g� �t�h�a�t� �b�a�c�t�e�r�i�a� �s�t�a�y� �b�i�m�o�d�a�l� �a�n�d� �d�o� �n�o�t� 
�s�w�i�t�c�h� �c�o�m�p�l�e�t�e�l�y� �i�n�t�o� �t�h�e� �c�o�m�p�e�t�e�n�t� �s�t�a�t�e�.� �V�a�r�i�a�t�i�o�n� �o�f� �p�H� �a�n�d� �i�n�c�u�b�a�t�i�o�n� �a�t� �a�e�r�o�b�i�c� 
�a�t�m�o�s�p�h�e�r�e� �d�r�a�s�t�i�c�a�l�l�y� �i�n�f�l�u�e�n�c�e�d� �b�o�t�h� �t�h�e� �f�r�a�c�t�i�o�n� �o�f� �c�o�m�p�e�t�e�n�t� �C�.� �j�e�j�u�n�i� �a�n�d� �t�h�e� �n�u�m�b�e�r� 
�o�f� �t�r�a�n�s�f�o�r�m�a�n�t�s�.� �T�h�i�s� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �t�h�e� �s�i�n�g�l�e� �c�e�l�l� �a�s�s�a�y� �w�a�s� �a� �s�u�i�t�a�b�l�e� �t�o�o�l� �f�o�r� �d�i�r�e�c�t� 
�m�o�n�i�t�o�r�i�n�g� �o�f� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �c�a�p�a�c�i�t�y�.� �I�t� �a�l�s�o� �i�m�p�l�i�c�a�t�e�d� �t�h�a�t� �r�e�g�u�l�a�t�i�o�n� �o�f� �n�a�t�u�r�a�l� 
�t�r�a�n�s�f�o�r�m�a�t�i�o�n� �i�n� �C�.� �j�e�j�u�n�i� �p�r�i�m�a�r�i�l�y� �o�c�c�u�r�r�e�d� �a�t� �t�h�e� �l�e�v�e�l� �o�f� �r�e�g�u�l�a�t�i�o�n� �o�f� �t�h�e� �f�i�r�s�t� �s�t�e�p� �o�f� 
�D�N�A� �u�p�t�a�k�e�,� �a�s� �o�b�s�e�r�v�e�d� �f�o�r� �H�.� �p�y�l�o�r�i� �[�2�1�,�2�2�]�.� �C�o�n�s�e�c�u�t�i�v�e� �s�t�e�p�s� �o�f� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�,� 
�l�i�k�e� �D�N�A� �u�p�t�a�k�e� �i�n�t�o� �t�h�e� �c�y�t�o�p�l�a�s�m� �o�r� �h�o�m�o�l�o�g�o�u�s� �r�e�c�o�m�b�i�n�a�t�i�o�n� �a�p�p�e�a�r�e�d� �t�o� �b�e� �q�u�i�t�e� 
�s�t�a�b�l�e� �u�n�d�e�r� �o�u�r� �t�e�s�t�e�d� �c�o�n�d�i�t�i�o�n�s�,� �h�o�w�e�v�e�r�,� �l�i�m�i�t�i�n�g� �r�e�s�i�s�t�a�n�c�e� �m�a�r�k�e�r� �e�x�p�r�e�s�s�i�o�n�.� 

�G�r�o�w�t�h� �b�u�t� �n�o�t� �c�e�l�l� �d�i�v�i�s�i�o�n� �s�e�e�m�e�d� �t�o� �b�e� �i�m�p�o�r�t�a�n�t� �f�o�r� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� 
�(�F�i�g�u�r�e�s� �4� �a�n�d� �5�)�.� �I�n� �s�t�a�t�i�o�n�a�r�y� �g�r�o�w�t�h� �p�h�a�s�e�,� �D�N�A� �u�p�t�a�k�e� �c�a�p�a�c�i�t�y� �w�a�s� �s�l�i�g�h�t�l�y� �r�e�d�u�c�e�d�.� 
�A�b�s�e�n�c�e� �o�f� �C�O�,� �d�i�d� �s�u�p�p�o�r�t� �g�r�o�w�t�h� �o�f� �C�.� �j�e�j�u�n�i� �u�n�d�e�r� �o�u�r� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e� �i�n�o�c�u�l�u�m� 
�o�f� �3� �x� �1�0�° �� �a�n�d� �2�.�5� �x� �1�0�-�5�,� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �o�n�l�y� �1�5�0�0� �t�o� �1�.�2�5� �x� �1�0�°� �b�a�c�t�e�r�i�a� �p�e�r� �m�L� 
�(�a�s�s�u�m�i�n�g� �t�h�a�t� �O�D�6�0�0� �o�f� �0�.�2� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �1�0�?� �c�e�l�l� �c�o�u�n�t�s� �p�e�r� �m�l� �[�3�8�]�)� �g�u�a�r�a�n�t�e�e�d� �t�h�a�t� 
�r�e�s�p�i�r�a�t�i�o�n� �o�f� �C�.� �j�e�j�u�n�i� �w�a�s� �i�n�s�u�f�f�i�c�i�e�n�t� �t�o� �s�i�g�n�i�f�i�c�a�n�t�l�y� �e�l�e�v�a�t�e� �t�h�e� �C�O�2� �c�o�n�c�e�n�t�r�a�t�i�o�n� �i�n� �t�h�e� 
�m�e�d�i�u�m�.� �G�r�o�w�t�h� �a�t� �z�e�r�o� �C�O�)� �o�r� �a�t� �l�i�m�i�t�i�n�g� �g�r�o�w�t�h� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �3�2� �°�C� �l�e�d� �t�o� �p�r�o�l�o�n�g�e�d� 
�g�e�n�e�r�a�t�i�o�n� �t�i�m�e�s� �a�n�d� �p�o�t�e�n�t�i�a�l� �e�l�o�n�g�a�t�e�d� �c�e�l�l� �m�o�r�p�h�o�l�o�g�y�,� �b�u�t� �d�i�d� �n�o�t� �d�r�a�s�t�i�c�a�l�l�y� �a�f�f�e�c�t� 
�c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t�.� �H�e�n�c�e�,� �n�e�i�t�h�e�r� �t�h�e� �f�r�e�q�u�e�n�c�y� �o�f� �c�e�l�l� �d�i�v�i�s�i�o�n� �n�o�r� �t�h�e� �l�e�n�g�t�h� �o�f� 
�t�h�e� �g�e�n�e�r�a�t�i�o�n� �t�i�m�e� �s�e�e�m�e�d� �t�o� �b�e� �s�i�g�n�a�l�s� �f�o�r� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t�.� �T�h�i�s� �w�a�s� �c�o�n�s�i�s�t�e�n�t� 
�w�i�t�h� �t�h�e� �f�i�n�d�i�n�g� �t�h�a�t� �l�o�c�a�l�i�z�a�t�i�o�n� �o�f� �D�N�A� �u�p�t�a�k�e� �i�n� �C�.� �j�e�j�u�n�i�,� �a�s� �o�b�s�e�r�v�e�d� �i�n� �H�.� �p�y�l�o�r�i� �[�2�2�]�,� 
�d�i�d� �n�o�t� �s�t�r�i�c�t�l�y� �o�c�c�u�r� �a�t� �t�h�e� �c�e�l�l� �p�o�l�e�s�,� �a�s� �w�a�s� �p�r�e�v�i�o�u�s�l�y� �s�h�o�w�n� �f�o�r� �B�.� �s�u�b�t�i�l�i�s� �[�3�9�,�4�0�]�.� 

�F�o�r� �c�o�l�o�n�i�z�a�t�i�o�n� �o�f� �t�h�e� �a�v�i�a�n� �g�u�t�,� �C�.� �j�e�j�u�n�i� �h�a�s� �t�o� �f�i�r�s�t� �p�a�s�s�a�g�e� �t�h�r�o�u�g�h� �t�h�e� �e�s�o�p�h�a�g�u�s� 
�i�n�t�o� �t�h�e� �c�r�o�p�.� �T�h�e� �p�H� �i�n� �t�h�e� �c�r�o�p� �i�s� �l�a�r�g�e�l�y� �i�n�f�l�u�e�n�c�e�d� �b�y� �t�h�e� �i�n�g�e�s�t�e�d� �f�o�o�d�.� �I�t� �h�a�s� �b�e�e�n� 
�m�o�s�t�l�y� �m�e�a�s�u�r�e�d� �t�o� �r�a�n�g�e� �b�e�t�w�e�e�n� �4� �a�n�d� �6�,� �w�i�t�h� �m�a�x�i�m�a�l� �v�a�l�u�e�s� �r�e�p�o�r�t�e�d� �b�e�l�o�w� �7� �[�4�1�]�.� �T�h�e� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�I�n�t�.� �J�.� �M�o�l�.� �S�c�i�.� �2�0�2�1�,� �2�2�,� �1�0�1�6�9� �1�1� �o�f� �1�4� 
� � 

�p�H� �d�e�c�r�e�a�s�e�s� �t�o� �a�r�o�u�n�d� �3� �t�o� �4� �i�n� �t�h�e� �g�i�z�z�a�r�d� �d�u�e� �t�o� �g�a�s�t�r�i�c� �j�u�i�c�e� �s�e�c�r�e�t�i�o�n�.� �O�u�r� �d�a�t�a� �s�u�g�g�e�s�t� 
�t�h�a�t� �C�.� �j�e�j�u�n�i� �i�s� �n�o�n�-�c�o�m�p�e�t�e�n�t� �w�i�t�h�i�n� �p�a�s�s�a�g�e� �t�h�r�o�u�g�h� �t�h�e�s�e� �p�a�r�t�s� �o�f� �t�h�e� �a�v�i�a�n� �d�i�g�e�s�t�i�v�e� 
�s�y�s�t�e�m�.� �O�n�c�e� �r�e�a�c�h�i�n�g� �t�h�e� �i�n�t�e�s�t�i�n�e�,� �p�H� �r�i�s�e�s� �t�o� �6�-�7�.�5�,� �w�i�t�h� �m�a�x�i�m�a�l� �p�H� �v�a�l�u�e�s� �o�f� �7�.�9� �[�4�1�]� 
�a�n�d� �c�o�m�p�e�t�e�n�c�e� �m�i�g�h�t� �r�a�p�i�d�l�y� �d�e�v�e�l�o�p�.� �T�h�u�s�,� �t�h�e� �i�n�t�e�s�t�i�n�e� �i�s� �s�u�g�g�e�s�t�e�d� �t�o� �b�e� �t�h�e� �l�o�c�a�t�i�o�n� 
�w�i�t�h� �e�x�t�e�n�s�i�v�e� �g�e�n�e�t�i�c� �e�x�c�h�a�n�g�e� �b�e�t�w�e�e�n� �d�i�f�f�e�r�e�n�t� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�p�.� �s�t�r�a�i�n�s� �h�a�r�b�o�r�i�n�g� 
�D�N�A� �w�i�t�h� �t�h�e� �m�e�t�h�y�l�a�t�e�d� �D�N�A� �u�p�t�a�k�e� �m�o�t�i�f�.� �S�h�e�d� �c�o�m�p�e�t�e�n�t� �C�.� �j�e�j�u�n�i� �a�r�e� �s�t�i�l�l� �a�b�l�e� �t�o� 
�t�a�k�e� �u�p� �D�N�A� �b�u�t� �w�i�l�l� �l�o�s�e� �c�o�m�p�e�t�e�n�c�e� �w�i�t�h� �t�i�m�e� �o�u�t�s�i�d�e� �t�h�e� �h�o�s�t� �d�u�e� �t�o� �t�h�e� �i�n�h�i�b�i�t�o�r�y� 
�e�f�f�e�c�t� �o�f� �a�t�m�o�s�p�h�e�r�i�c� �o�x�y�g�e�n�.� �W�e� �p�r�o�p�o�s�e� �t�h�a�t� �C�.� �j�e�j�u�n�i� �i�n�c�r�e�a�s�e�s� �g�e�n�e�t�i�c� �d�i�v�e�r�s�i�t�y� �a�t� �i�t�s� 
�m�u�l�t�i�p�l�i�c�a�t�i�o�n� �s�i�t�e� �i�n� �o�r�d�e�r� �t�o� �p�r�e�-�a�d�a�p�t� �t�o� �u�n�f�a�v�o�r�a�b�l�e� �c�o�n�d�i�t�i�o�n�s� �o�u�t�s�i�d�e� �t�h�e� �h�o�s�t� �a�n�d�/�o�r� 
�f�o�r� �e�f�f�i�c�i�e�n�t� �h�o�s�t� �s�w�i�t�c�h�.� 

�4�,� �M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� 
�4�.�1�.� �S�t�r�a�i�n�s� �a�n�d� �G�r�o�w�t�h� �C�o�n�d�i�t�i�o�n�s� 

�C�.� �j�e�j�u�n�i� �f�i�e�l�d� �s�t�r�a�i�n� �B�f�R�-�C�A�-�1�4�4�3�0�,� �i�s�o�l�a�t�e�d� �f�r�o�m� �c�h�i�c�k�e�n� �a�n�d� �p�r�e�v�i�o�u�s�l�y� �s�e�q�u�e�n�c�e�d� �[�4�2�]� 
�a�n�d� �r�e�f�e�r�e�n�c�e� �s�t�r�a�i�n� �C�.� �j�e�j�u�n�i� �8�1�-�1�7�6� �w�e�r�e� �u�s�e�d�.� �S�t�r�a�i�n�s� �w�e�r�e� �s�t�o�r�e�d� �a�t�  ��8�0� �°�C� �i�n� �c�r�y�o�c�u�l�t�u�r�e�s� 
�(�M�A�S�T� �G�r�o�u�p� �L�t�d�.�,� �B�o�o�t�l�e�,� �U�K�)�.� �C�e�l�l�s� �w�e�r�e� �c�u�l�t�u�r�e�d� �e�i�t�h�e�r� �o�n� �C�o�l�u�m�b�i�a� �b�l�o�o�d� �a�g�a�r� �p�l�a�t�e�s� 
�(�C�o�l�B�A�,� �O�x�o�i�d�,� �T�h�e�r�m�o� �F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c� �I�n�c�.�,� �W�a�l�t�h�a�m�,� �M�A�,� �U�S�A�)�,� �s�u�p�p�l�e�m�e�n�t�e�d� �w�i�t�h� 
�5�%� �d�e�f�i�b�r�i�n�a�t�e�d� �s�h�e�e�p� �b�l�o�o�d� �(�O�x�o�i�d�,� �T�h�e�r�m�o� �F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c� �I�n�c�,� �W�a�l�t�h�a�m�,� �M�A�,� �U�S�A�)�,� 
�i�n� �b�r�a�i�n� �h�e�a�r�t� �i�n�f�u�s�i�o�n� �(�B�H�I�,� �O�x�o�i�d�,� �T�h�e�r�m�o� �F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c� �I�n�c�,� �W�a�l�t�h�a�m�,� �M�A�,� �U�S�A�)� 

�o�r� �i�n� �B�o�l�t�o�n� �b�r�o�t�h� �b�a�s�i�s� �w�i�t�h�o�u�t� �s�e�l�e�c�t�i�v�e� �s�u�p�p�l�e�m�e�n�t�s� �(�O�x�o�i�d�,� �T�h�e�r�m�o� �F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c�,� 
�W�a�l�t�h�a�m�,� �M�A�,� �U�S�A�)�.� �T�h�e� �c�u�l�t�i�v�a�t�i�o�n� �o�n� �C�o�I�B�A� �w�a�s� �p�e�r�f�o�r�m�e�d� �a�t� �3�7� �°�C� �u�n�d�e�r� �m�i�c�r�o�a�e�r�o�b�i�c� 
�c�o�n�d�i�t�i�o�n�s� �(�5�%� �O�2�,� �1�0�%� �C�O�z�,� �r�e�s�t� �N�2�)� �u�s�i�n�g� �a� �m�i�c�r�o�a�e�r�o�b�i�c� �i�n�c�u�b�a�t�o�r� �(�B�i�n�d�e�r�,� �T�u�t�t�l�i�n�g�e�n�,� 

�G�e�r�m�a�n�y�)�.� �F�o�r� �t�h�e� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �e�x�p�e�r�i�m�e�n�t�s�,� �s�e�l�e�c�t�i�o�n� �o�f� �t�r�a�n�s�f�o�r�m�a�n�t�s� �w�a�s� �p�e�r�f�o�r�m�e�d� 
�o�n� �C�o�I�B�A� �s�u�p�p�l�e�m�e�n�t�e�d� �w�i�t�h� �2�0� �u�g�/�m�L� �o�f� �s�t�r�e�p�t�o�m�y�c�i�n� �(�S�i�g�m�a�-�A�l�d�r�i�c�h�,� �S�t�e�i�n�h�e�i�m�,� 
�G�e�r�m�a�n�y�)�.� 

�L�i�q�u�i�d� �c�u�l�t�u�r�e�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �i�n� �g�a�s� �r�e�p�l�a�c�e�m�e�n�t� �j�a�r�s� �(�O�x�o�i�d� �A�n�a�e�r�o�b�i�a� �S�y�s�t�e�m�,� 
�T�h�e�r�m�o� �F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c� �I�n�c�.�,� �W�a�l�t�h�a�m�,� �M�A�,� �U�S�A�)�,� �f�i�l�l�e�d� �w�i�t�h� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �g�a�s� �m�i�x�t�u�r�e�s� 
�(�A�i�r� �L�i�q�u�i�d�e�,� �P�a�r�i�s�,� �F�r�a�n�c�e�)� �u�n�d�e�r� �s�h�a�k�i�n�g� �a�t� �1�4�0� �r�p�m� �a�t� �3�7� �°�C�.� �A�l�l� �t�h�e� �g�a�s� �m�i�x�t�u�r�e�s� �h�a�d� 
�3�.�5�%� �H�y� �a�n�d� �6�%� �O� �a�n�d� �o�n�l�y� �d�i�f�f�e�r�e�d� �i�n� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �C�O� �(�a�n�d� �r�e�s�p�e�c�t�i�v�e� �N�2�)�.� �F�o�u�r� 
�g�a�s� �c�y�l�i�n�d�e�r�s� �w�e�r�e� �u�s�e�d�:� �0�%� �C�O�z�,� �1�%� �C�O�2�,� �7�%� �C�O�2� �a�n�d� �5�0�%� �C�O�z�.� �J�a�r�s� �w�e�r�e� �e�v�a�c�u�a�t�e�d� �t�o� 

 ��7�0� �k�P�a� �u�s�i�n�g� �a� �v�a�c�u�u�m� �p�u�m�p� �(�K�N�F� �N�e�u�b�e�r�g�e�r� �G�m�b�H�,� �F�r�e�i�b�u�r�g� �i�m� �B�r�e�i�s�g�a�u�,� �G�e�r�m�a�n�y�)� 
�a�n�d� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �g�a�s� �w�a�s� �f�i�l�l�e�d� �i�n�t�o� �t�h�e� �j�a�r�.� �E�v�a�c�u�a�t�i�o�n� �t�o�  ��7�0� �k�P�a� �a�n�d� �r�e�f�i�l�l�i�n�g� �l�e�d� �t�o� 
�7�0�%� �e�x�c�h�a�n�g�e� �o�f� �a�t�m�o�s�p�h�e�r�e�.� �T�h�e� �r�e�f�i�l�l�i�n�g� �p�r�o�c�e�s�s� �w�a�s� �d�o�n�e� �t�w�i�c�e�.� �T�o� �a�c�h�i�e�v�e� �1�5�%� �C�O�»�,� 
�t�h�e� �j�a�r� �w�a�s� �f�i�r�s�t� �f�i�l�l�e�d� �w�i�t�h� �t�h�e� �g�a�s� �m�i�x�t�u�r�e� �c�o�n�t�a�i�n�i�n�g� �5�0�%� �C�O�)� �a�n�d� �s�u�b�s�e�q�u�e�n�t�l�y� �w�i�t�h� �7�%� 
�C�O�,� �(�1�s�t� �f�i�l�l�i�n�g�:� �0�.�7� �x� �5�0�%� �C�O� �=� �3�5�%� �C�O�,� �2�n�d� �f�i�l�l�i�n�g�:� �0�.�7� �x� �7�%� �C�O�,� �+� �0�.�3� �x� �3�5�%� �C�O�>� 
�=� �1�5�.�4�%�)�.� �F�o�r� �3�5�%� �C�O�z�,� �t�h�e� �j�a�r� �w�a�s� �f�i�l�l�e�d� �w�i�t�h� �0�%� �C�O�)�,� �i�n� �t�h�e� �f�i�r�s�t� �r�e�f�i�l�l�i�n�g� �p�r�o�c�e�s�s� �a�n�d�,� 
�t�h�e�r�e�a�f�t�e�r�,� �w�i�t�h� �5�0�%� �C�O�?� �(�1�s�t� �f�i�l�l�i�n�g�:� �o�n�l�y� �O�2� �w�a�s� �d�e�c�r�e�a�s�e�d� �a�n�d� �H�p� �i�n�c�r�e�a�s�e�d�;� �2�n�d� �f�i�l�l�i�n�g�:� 
�0�.�7� �x� �5�0�%� �C�O�,� �=� �3�5�%�)�.� 

�P�H� �o�f� �m�e�d�i�a� �a�l�s�o� �d�e�p�e�n�d�s� �o�n� �t�h�e� �a�m�o�u�n�t� �o�f� �d�i�s�s�o�l�v�e�d� �C�O�?� �a�n�d�,� �t�h�u�s�,� �o�n� �t�h�e� �a�m�o�u�n�t� 
�o�f� �g�a�s�e�o�u�s� �C�O�.� �H�e�n�c�e�,� �o�p�e�n�i�n�g� �t�h�e� �j�a�r� �w�i�l�l� �d�e�c�r�e�a�s�e� �C�O�z�,� �t�h�e�r�e�b�y�,� �i�n�c�r�e�a�s�i�n�g� �p�H�.� �W�e� 
�c�h�e�c�k�e�d� �t�h�a�t� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �1�0� �m�i�n� �a�f�t�e�r� �o�p�e�n�i�n�g� �t�h�e� �j�a�r� �t�h�e� �p�H� �o�n�l�y� �m�a�r�g�i�n�a�l�l�y� �i�n�c�r�e�a�s�e�d� 
�(�F�i�g�u�r�e� �S�5�)� �a�n�d� �t�h�a�t� �h�a�n�d�l�i�n�g� �o�f� �t�h�e� �b�a�c�t�e�r�i�a�l� �s�u�s�p�e�n�s�i�o�n�s� �a�n�d� �p�H� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� 
�a�c�c�e�p�t�a�b�l�e� �w�i�t�h�i�n� �t�h�i�s� �t�i�m�e� �p�e�r�i�o�d�.� 

�4�.�2�.� �D�N�A� �U�p�t�a�k�e� �A�s�s�a�y� 

�G�e�n�o�m�i�c� �D�N�A� �o�f� �C�.� �j�e�j�u�n�i� �w�a�s� �e�x�t�r�a�c�t�e�d� �u�s�i�n�g� �t�h�e� �P�u�r�e�L�i�n�k� �G�e�n�o�m�i�c� �D�N�A� �K�i�t� 
�(�T�h�e�r�m�o� �F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c� �I�n�c�,� �W�a�l�t�h�a�m�,� �M�A�,� �U�S�A�)� �a�c�c�o�r�d�i�n�g� �t�o� �m�a�n�u�f�a�c�t�u�r�e�r ��s� �i�n�s�t�r�u�c�t�i�o�n�s�.� 
�N�o�n�-�m�e�t�h�y�l�a�t�e�d� �A�-�D�N�A� �(�T�h�e�r�m�o� �F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c� �I�n�c�.�,� �W�a�l�t�h�a�m�,� �M�A�,� �U�S�A�)� �a�n�d� �e�x�t�r�a�c�t�e�d� 

�g�e�n�o�m�i�c� �C�.� �j�e�j�u�n�i� �D�N�A� �w�e�r�e� �c�o�v�a�l�e�n�t�l�y� �l�a�b�e�l�l�e�d� �w�i�t�h� �f�l�u�o�r�e�s�c�e�i�n� �i�n� �a� �1�:�1� �(�v�o�l�u�m�e�:�w�e�i�g�h�t�)� 
�r�a�t�i�o� �o�f� �L�a�b�e�l� �I�T� �r�e�a�g�e�n�t� �t�o� �n�u�c�l�e�i�c� �a�c�i�d� �u�s�i�n�g� �t�h�e� �M�i�r�u�s� �L�a�b�e�l� �I�T� �F�l�u�o�r�e�s�c�e�i�n� �k�i�t� �(�M�i�r�u�s� �B�i�o� 
�L�L�C�,� �M�a�d�i�s�o�n�,� �W�I�,� �U�S�A�)�.� 

�C�e�l�l�s� �w�e�r�e� �s�t�r�e�a�k�e�d� �o�u�t� �f�r�o�m� �a�  ��8�0� �°�C� �s�t�o�c�k� �c�u�l�t�u�r�e� �a�n�d� �s�u�b�-�c�u�l�t�u�r�e�d� �o�n� �C�o�l�B�A� �a�t� 
�3�7� �°�C� �i�n� �a�n� �i�n�c�u�b�a�t�o�r� �(�B�i�n�d�e�r�,� �T�u�t�t�l�i�n�g�e�n�,� �G�e�r�m�a�n�y�)� �u�n�d�e�r� �m�i�c�r�o�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �(�5�%� �O�z�,� 
�1�0�%� �C�O�z�,� �r�e�s�t� �N�2�)� �f�o�r� �1�8� �+� �4�h�.� �C�e�l�l�s� �f�r�o�m� �C�o�l�B�A� �w�e�r�e� �r�e�s�u�s�p�e�n�d�e�d� �i�n� �B�H�I� �o�r� �B�o�l�t�o�n� �b�r�o�t�h� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�I�n�t�.� �J�.� �M�o�l�.� �S�c�i�.� �2�0�2�1�,� �2�2�,� �1�0�1�6�9� �1�2� �o�f� �1�4� 
� � 

�a�t� �a�n� �i�n�i�t�i�a�l� �o�p�t�i�c�a�l� �d�e�n�s�i�t�y� �a�t� �6�0�0� �n�m� �(�O�D�g�p�9�)� �o�f� �0�.�3� �a�n�d� �p�r�e�-�c�u�l�t�u�r�e�d� �f�o�r� �7� �+� �2�h� �h�o�u�r�s� 
�u�s�i�n�g� �g�a�s� �j�a�r�s�.� �S�u�b�s�e�q�u�e�n�t�l�y�,� �c�e�l�l�s� �w�e�r�e� �s�u�b�-�c�u�l�t�u�r�e�d� �i�n� �f�r�e�s�h� �B�H�I� �o�r� �B�o�l�t�o�n� �i�f� �i�n�d�i�c�a�t�e�d� �p�H� 
�w�a�s� �a�d�j�u�s�t�e�d� �w�i�t�h� �s�o�d�i�u�m� �h�y�d�r�o�x�i�d�e� �(�N�a�O�H�)� �o�r� �h�y�d�r�o�c�h�l�o�r�i�c� �a�c�i�d� �(�H�C�I�)�.� �A�n� �a�p�p�r�o�p�r�i�a�t�e� 
�i�n�i�t�i�a�l� �O�D�¢�o�9� �t�o� �o�b�t�a�i�n� �a� �m�a�x�i�m�a�l� �O�D�6�¢�o�9� �o�f� �0�.�5� �f�o�r�  ��e�x�p�o�n�e�n�t�i�a�l� �p�h�a�s�e �� �c�u�l�t�u�r�e�s� �a�n�d� �a�n� 
�O�D�6�0�0� �b�e�t�w�e�e�n� �1� �a�n�d� �1�.�5� �f�o�r�  ��s�t�a�t�i�o�n�a�r�y� �p�h�a�s�e �� �c�u�l�t�u�r�e�s�,� �a�f�t�e�r� �1�8� �+� �4�h� �w�a�s� �u�s�e�d�.� �O�v�e�r� �a�l�l� 
�c�o�n�d�i�t�i�o�n�s� �t�h�e� �i�n�i�t�i�a�l� �O�D�¢�o�9� �r�a�n�g�e�d� �b�e�t�w�e�e�n� �0�.�0�0�7� �a�n�d� �1� �x� �1�0� �6� �G�e�n�e�r�a�t�i�o�n� �t�i�m�e�s� �v�a�r�i�e�d� 

�b�e�t�w�e�e�n� �1� �h� �a�n�d� �5� �h�.� �T�h�i�s� �a�s�s�a�y� �s�e�t�u�p� �i�n� �w�h�i�c�h� �c�e�l�l�s� �w�e�r�e� �g�r�o�w�n� �i�n� �m�e�d�i�u�m� �w�i�t�h� �p�H� 
�c�h�a�n�g�e� �b�e�f�o�r�e� �1�8� �+� �4�h� �g�r�o�w�t�h� �p�e�r�i�o�d� �w�a�s� �c�a�l�l�e�d�  ��l�o�n�g�-�t�e�r�m� �p�H ��.� �F�o�r� �t�h�e� �a�s�s�a�y� �s�e�t�u�p� 
 ��s�h�o�r�t�-�t�e�r�m� �p�H �� �c�e�l�l�s� �w�e�r�e� �g�r�o�w�n� �f�o�r� �1�8� �+� �4�h�,� �t�h�e�n� �t�h�e� �j�a�r� �w�a�s� �o�p�e�n�e�d�,� �p�H� �w�a�s� �m�e�a�s�u�r�e�d� 
�(�M�e�t�t�l�e�r� �T�o�l�e�d�o�,� �C�o�l�u�m�b�u�s�,� �O�H�,� �U�S�A�)�,� �a�n�d� �a�d�j�u�s�t�e�d� �b�y� �a�d�d�i�n�g� �a� �s�u�i�t�a�b�l�e� �v�o�l�u�m�e� �o�f� 
�s�o�d�i�u�m� �h�y�d�r�o�x�i�d�e� �(�N�a�O�H�)� �o�r� �h�y�d�r�o�c�h�l�o�r�i�c� �a�c�i�d� �(�H�C�l�)�.� �F�o�r� �c�o�n�d�i�t�i�o�n�  ��f�r�e�s�h� �m�e�d�i�u�m ��,� 
�c�u�l�t�u�r�e�s� �w�e�r�e� �3� �t�o� �5�-�f�o�l�d� �d�i�l�u�t�e�d� �w�i�t�h� �f�r�e�s�h� �B�o�l�t�o�n� �b�r�o�t�h� �i�n� �o�r�d�e�r� �t�o� �r�e�a�c�h� �a�n� �O�D�¢�g�p� �o�f� �0�.�0�5�.� 
�I�n�d�i�c�a�t�e�d� �p�H� �v�a�l�u�e�s� �a�r�e� �p�H� �+� �0�.�1�.� �C�e�l�l�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �f�o�r� �a�n�o�t�h�e�r� �3� �h� �u�n�d�e�r� �m�i�c�r�o�a�e�r�o�b�i�c� 
�c�o�n�d�i�t�i�o�n�s� �(�3�.�5�%� �H�2�,� �6�%� �O�2�,� �7�%� �C�O�d�z�,� �r�e�s�t� �N�2�)� �o�r� �i�f� �i�n�d�i�c�a�t�e�d� �u�n�d�e�r� �a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �a�t� 
�3�7� �°�C� �a�n�d� �s�h�a�k�i�n�g� �a�t� �1�4�0� �r�p�m�.� �A�f�t�e�r�w�a�r�d�s� �c�e�l�l�s� �w�e�r�e� �h�a�r�v�e�s�t�e�d� �b�y� �c�e�n�t�r�i�f�u�g�a�t�i�o�n� �f�o�r� �5� �m�i�n� 
�a�t� �1�6�,�0�0�0� �g� �a�n�d� �r�e�s�u�s�p�e�n�d�e�d� �i�n� �1�0�0� �w�L� �B�H�I�.� �I�f� �i�n�d�i�c�a�t�e�d�,� �p�H� �w�a�s� �c�h�a�n�g�e�d� �w�i�t�h� �N�a�O�H� �o�r� 
�H�C�I�.� �F�o�r� �d�e�v�i�a�t�i�o�n� �o�f� �p�H� �b�e�t�w�e�e�n� �a�e�r�o�b�i�c� �a�n�d� �m�i�c�r�o�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �b�e�f�o�r�e� �a�n�d� �a�f�t�e�r� 
�g�r�o�w�t�h� �s�e�e� �F�i�g�u�r�e� �$�2�.� 

�F�o�r� �t�h�e� �D�N�A� �u�p�t�a�k�e� �a�s�s�a�y�,� �1� �u�L� �l�a�b�e�l�l�e�d� �g�D�N�A� �o�f� �C�.� �j�e�j�u�n�i� �(�1�0�0� �n�g�/�L�)� �a�n�d� �a�s� �a� �c�o�n�t�r�o�l� 
�t�h�e� �s�a�m�e� �a�m�o�u�n�t� �o�f� �l�a�b�e�l�l�e�d� �A�-�D�N�A� �(�T�h�e�r�m�o� �F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c� �I�n�c�.�,� �W�a�l�t�h�a�m�,� �M�A�,� �U�S�A�)� 
�w�e�r�e� �a�d�d�e�d� �t�o� �t�h�e� �c�e�l�l�s�.� �I�n�c�u�b�a�t�i�o�n� �w�a�s� �p�e�r�f�o�r�m�e�d� �f�o�r� �3�0� �m�i�n� �a�t� �3�7� �°�C� �u�n�d�e�r� �m�i�c�r�o�a�e�r�o�b�i�c� 
�(�F�i�g�u�r�e�s� �6�,� �S�3� �a�n�d� �S�4�)� �o�r� �a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �(�F�i�g�u�r�e�s� �1�,� �2�,�4� �a�n�d� �5�)�.� �T�h�e� �c�e�l�l� �s�u�s�p�e�n�s�i�o�n� 
�w�a�s� �c�e�n�t�r�i�f�u�g�e�d� �f�o�r� �5� �m�i�n� �a�t� �1�6�,�0�0�0� �x� �g�,� �r�e�s�u�s�p�e�n�d�e�d� �i�n� �1�5� �u�L� �B�H�I� �(�o�r� �B�o�l�t�o�n� �b�r�o�t�h�)� �a�n�d� 
�i�n�c�u�b�a�t�e�d� �f�o�r� �5� �m�i�n� �a�t� �3�7� �°�C� �a�f�t�e�r� �a�d�d�i�t�i�o�n� �o�f� �1� �u�L� �D�N�a�s�e� �(�1�0� �U�)� �(�R�o�c�h�e�,� �R�o�t�k�r�e�u�z�,� �S�c�h�w�e�i�z�)�.� 
�I�f� �a�p�p�r�o�p�r�i�a�t�e� �c�e�l�l�s� �w�e�r�e� �s�t�a�i�n�e�d� �b�y� �a�d�d�i�n�g� �0�.�4� �u�L� �1� �m�g�/�m�L� �S�y�n�a�p�t�o�R�e�d� �C�2� �(�S�i�g�m�a�-�A�l�d�r�i�c�h�,� 
�S�t�e�i�n�h�e�i�m�,� �G�e�r�m�a�n�y�)� �t�o� �t�h�e� �c�e�l�l� �s�u�s�p�e�n�s�i�o�n�.� �C�e�l�l�s� �w�e�r�e� �i�m�m�o�b�i�l�i�z�e�d� �o�n� �1�.�5�%� �a�g�a�r�o�s�e� 
�s�u�r�f�a�c�e�.� �F�o�r� �e�v�a�l�u�a�t�i�o�n� �o�f� �c�o�m�p�e�t�e�n�c�e� �s�t�a�t�u�s� �c�e�l�l�s� �w�e�r�e� �a�n�a�l�y�z�e�d� �u�s�i�n�g� �t�h�e� �f�l�u�o�r�e�s�c�e�n�c�e� 
�m�i�c�r�o�s�c�o�p�e� �Z�e�i�s�s� �A�x�i�o� �O�b�s�e�r�v�e�r� �Z�1� �w�i�t�h� �d�i�f�f�e�r�e�n�t�i�a�l� �p�h�a�s�e� �c�o�n�t�r�a�s�t� �(�D�I�C�)�,� �a� �m�e�t�a�l� �h�a�l�i�d�e� 
�l�i�g�h�t� �s�o�u�r�c�e� �(�H�X�P�1�2�0�C�)� �a�n�d� �a� �p�l�a�n� �a�p�o�c�h�r�o�m�a�t�i�c� �6�3� �x� �/�1�.�4� �o�b�j�e�c�t�i�v�e�.� �F�o�r� �d�e�t�e�c�t�i�o�n� �o�f� 
�f�l�u�o�r�e�s�c�e�i�n�-�l�a�b�e�l�l�e�d� �D�N�A� �a� �f�i�l�t�e�r� �s�e�t� �w�i�t�h� �e�x�c�i�t�a�t�i�o�n� �a�t� �4�7�0� �+� �2�0� �n�m� �a�n�d� �e�m�i�s�s�i�o�n� �a�t� �5�2�5� �+� 
�2�5� �n�m� �a�n�d� �f�o�r� �d�e�t�e�c�t�i�o�n� �o�f� �S�y�n�a�p�t�o�R�e�d� �s�t�a�i�n�i�n�g� �a� �f�i�l�t�e�r� �s�e�t� �w�i�t�h� �e�x�c�i�t�a�t�i�o�n� �a�t� �5�5�0� �+� �1�2� �n�m� 
�a�n�d� �e�m�i�s�s�i�o�n� �a�t� �6�0�5� �+� �3�5� �n�m� �w�a�s� �u�s�e�d�.� �I�m�a�g�e�s� �w�e�r�e� �t�a�k�e�n� �w�i�t�h� �a� �1�2�-�b�i�t� �m�o�n�o�c�h�r�o�m�a�t�i�c� 
�A�x�i�o�C�a�m� �M�R�m� �c�a�m�e�r�a�.� �C�e�l�l�s� �h�a�r�b�o�r�i�n�g� �a�t� �l�e�a�s�t� �o�n�e� �f�l�u�o�r�e�s�c�e�n�t� �f�o�c�u�s� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� 
�c�o�m�p�e�t�e�n�t�.� �F�o�r� �e�a�c�h� �c�o�n�d�i�t�i�o�n� �a�t� �l�e�a�s�t� �7�5�0� �c�e�l�l�s� �w�e�r�e� �c�o�u�n�t�e�d�.� 

�T�o� �a�n�a�l�y�z�e� �i�f� �D�N�A� �u�p�t�a�k�e� �r�e�q�u�i�r�e�s� �p�r�o�t�o�n� �m�o�t�i�v�e� �f�o�r�c�e�,� �C�.� �j�e�j�u�n�i� �B�f�R�-�C�A�-�1�4�4�3�0� 
�w�a�s� �p�r�e�i�n�c�u�b�a�t�e�d� �f�o�r� �1�0� �m�i�n� �w�i�t�h� �2�5�0� �u�M� �C�C�C�P� �b�e�f�o�r�e� �D�N�A� �u�p�t�a�k�e� �w�a�s� �p�e�r�f�o�r�m�e�d� �b�y� 
�i�n�c�u�b�a�t�i�o�n� �f�o�r� �3�0� �m�i�n� �a�t� �3�7� �°�C�.� 

�4�.�3�.� �T�r�a�n�s�f�o�r�m�a�t�i�o�n� �A�s�s�a�y� 

�C�e�l�l�s� �w�e�r�e� �g�r�o�w�n� �a�s� �d�e�s�c�r�i�b�e�d� �f�o�r� �t�h�e� �D�N�A� �u�p�t�a�k�e� �a�s�s�a�y�.� �C�e�l�l�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �f�o�r� 
�1�h� �u�n�d�e�r� �m�i�c�r�o�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �(�5�%� �O�7�,� �1�0�%� �C�O�,� �r�e�s�t� �N�z�)� �a�t� �3�7� �°�C� �w�i�t�h� �1�0�0� �n�g� �o�f� �C�.� 
�j�e�j�u�n�i� �g�D�N�A� �o�f� �s�t�r�a�i�n� �B�f�R�-�C�A�-�1�4�4�3�0�-�s�t�r�e�p� �c�o�n�t�a�i�n�i�n�g� �t�h�e� �p�o�i�n�t� �m�u�t�a�t�i�o�n� �A�1�2�8�G� �i�n� �r�p�s�L�,� 
�c�o�n�f�e�r�r�i�n�g� �s�t�r�e�p�t�o�m�y�c�i�n� �r�e�s�i�s�t�a�n�c�e�.� �T�h�e�n�,� �c�e�l�l�s� �w�e�r�e� �c�e�n�t�r�i�f�u�g�e�d� �f�o�r� �5� �m�i�n� �a�t� �1�6�,�0�0�0�x� �g� 
�a�n�d� �1� �u�L� �D�N�a�s�e� �[�1�0� �U�/�u�L�]� �w�a�s� �a�d�d�e�d�.� �F�o�r� �c�h�r�o�m�o�s�o�m�a�l� �i�n�t�e�g�r�a�t�i�o�n� �a�n�d� �e�x�p�r�e�s�s�i�o�n� �o�f� 
�t�h�e� �s�t�r�e�p�t�o�m�y�c�i�n� �r�e�s�i�s�t�a�n�c�e� �m�a�r�k�e�r�,� �t�h�e� �s�u�s�p�e�n�s�i�o�n� �w�a�s� �i�n�c�u�b�a�t�e�d� �f�o�r� �a�n�o�t�h�e�r� �3� �h� �u�n�d�e�r� 
�m�i�c�r�o�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �(�5�%� �O�z�,� �1�0�%� �C�O�,� �r�e�s�t� �N�2�)� �a�t� �3�7� �°�C� �a�n�d� �a� �s�e�r�i�a�l� �d�i�l�u�t�i�o�n� �o�f� �t�h�e� �c�e�l�l�s� 
�w�a�s� �p�l�a�t�e�d� �o�n�t�o� �C�o�I�B�A� �f�o�r� �C�F�U� �d�e�t�e�r�m�i�n�a�t�i�o�n� �a�s� �w�e�l�l� �a�s� �o�n� �C�o�I�B�A� �c�o�n�t�a�i�n�i�n�g� �2�0� �n�g�/�m�L� 
�s�t�r�e�p�t�o�m�y�c�i�n� �f�o�r� �q�u�a�n�t�i�f�i�c�a�t�i�o�n� �o�f� �t�r�a�n�s�f�o�r�m�a�n�t�s�.� �A�g�a�r� �p�l�a�t�e�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �f�o�r� �2� �d�a�y�s� 
�u�n�d�e�r� �m�i�c�r�o�a�e�r�o�b�i�c� �a�t�m�o�s�p�h�e�r�e� �(�5�%� �O�2�,� �1�0�%� �C�O�z�,� �r�e�s�t� �N�z�)� �a�t� �3�7� �°�C�.� �T�r�a�n�s�f�o�r�m�a�t�i�o�n� �r�a�t�e� 
�w�a�s� �c�a�l�c�u�l�a�t�e�d� �a�s� �t�h�e� �r�a�t�i�o� �o�f� �t�r�a�n�s�f�o�r�m�a�n�t�s� �p�e�r� �C�F�U�.� 

�5�.� �C�o�n�c�l�u�s�i�o�n�s� 

�T�h�e� �s�i�n�g�l�e� �c�e�l�l� �a�s�s�a�y� �e�n�a�b�l�e�d� �u�s� �t�o� �d�i�s�s�e�c�t� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �D�N�A� �u�p�t�a�k�e� 
�i�n� �C�.� �j�e�j�u�n�i�.� �N�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �i�n� �C�.� �j�e�j�u�n�i� �w�a�s� �s�t�r�o�n�g�l�y� �r�e�g�u�l�a�t�e�d� �b�y� �p�H� �a�n�d� �o�x�i�d�a�t�i�v�e� 
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�P�u�b�l�i�c�a�t�i�o�n�s� 
� � 

�I�n�t�.� �J�.� �M�o�l�.� �S�c�i�.� �2�0�2�1�,� �2�2�,� �1�0�1�6�9� �1�3� �o�f� �1�4� 
� � 

�s�t�r�e�s�s� �w�a�s� �a�n� �i�n�h�i�b�i�t�o�r�y� �f�a�c�t�o�r� �f�o�r� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �b�u�t� �n�o�t� �D�N�A� �u�p�t�a�k�e� �i�t�s�e�l�f�.� 
�A�t� �s�l�i�g�h�t�l�y� �a�c�i�d�i�c� �c�o�n�d�i�t�i�o�n�s�,� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �a�c�t�i�v�i�t�y� �w�a�s� �s�h�u�t� �d�o�w�n�.� �T�h�e� �d�a�t�a� 
�s�u�g�g�e�s�t� �t�h�a�t� �C�.� �j�e�j�u�n�i� �m�o�s�t� �p�r�o�b�a�b�l�y� �i�n�c�r�e�a�s�e�s� �g�e�n�e�t�i�c� �d�i�v�e�r�s�i�t�y� �a�t� �i�t�s� �m�u�l�t�i�p�l�i�c�a�t�i�o�n� �s�i�t�e� �i�n� 
�t�h�e� �h�o�s�t� �i�n�t�e�s�t�i�n�e� �i�n� �o�r�d�e�r� �t�o� �p�r�e�p�a�r�e� �t�h�e� �p�a�t�h�o�g�e�n� �f�o�r� �s�u�r�v�i�v�a�l� �i�n� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �a�n�d� �f�o�r� 
�h�o�s�t� �s�w�i�t�c�h�.� 

�S�u�p�p�l�e�m�e�n�t�a�r�y� �M�a�t�e�r�i�a�l�s�:� �T�h�e� �f�o�l�l�o�w�i�n�g� �a�r�e� �a�v�a�i�l�a�b�l�e� �o�n�l�i�n�e� �a�t� �h�t�t�p�s�:�/� �/� �w�w�w�.�m�d�p�i�.�c�o�m�/�a�r�t�i�c�l�e�/�1�0� 
�.�3�3�9�0� �/�i�j�m�s�2�2�1�8�1�0�1�6�9�/�s�1�,� �F�i�g�u�r�e� �$�1�:� �D�N�A� �u�p�t�a�k�e� �i�s� �f�a�v�o�r�e�d� �u�n�d�e�r� �a�e�r�o�b�i�c� �c�o�m�p�a�r�e�d� �t�o� �m�i�c�r�o�a�e�r�o�b�i�c� 
�c�o�n�d�i�t�i�o�n�s�,� �F�i�g�u�r�e� �$�2�:� �p�H� �v�a�r�i�a�t�i�o�n� �o�f� �p�H�-�a�d�j�u�s�t�e�d� �g�r�o�w�t�h� �m�e�d�i�u�m� �b�e�f�o�r�e� �a�n�d� �a�f�t�e�r� �C�.� �j�e�j�u�n�i� �g�r�o�w�t�h� 
�i�n�t�o� �e�x�p�o�n�e�n�t�i�a�l� �p�h�a�s�e�,� �F�i�g�u�r�e� �S�3�:� �p�H�-�d�e�p�e�n�d�e�n�t� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �i�n� �C�.� �j�e�j�u�n�i� �B�F�R�-�C�A�-�1�4�4�3�0�.� 
�i�s� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �C�O�2� �c�o�n�c�e�n�t�r�a�t�i�o�n�,� �F�i�g�u�r�e� �$�4�:� �C�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �d�e�p�e�n�d�s� �o�n� �p�H� �b�u�t� �n�o�t� �o�n� 
�s�o�d�i�u�m� �h�y�d�r�o�g�e�n� �c�a�r�b�o�n�a�t�e�,� �F�i�g�u�r�e� �S�5�:� �p�H� �c�h�a�n�g�e� �o�f� �B�o�l�t�o�n� �b�r�o�t�h� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �t�i�m�e� �a�f�t�e�r� �o�p�e�n�i�n�g� 
�t�h�e� �j�a�r�,� �T�a�b�l�e� �S�1�:� �G�e�n�e�r�a�t�i�o�n� �t�i�m�e� �a�n�d� �f�i�n�a�l� �p�H� �o�f� �B�f�R�-�C�A�-�1�4�4�3�0� �g�r�o�w�n� �u�n�d�e�r� �d�i�f�f�e�r�e�n�t� �c�o�n�d�i�t�i�o�n�s�.� 

�A�u�t�h�o�r� �C�o�n�t�r�i�b�u�t�i�o�n�s�:� �C�o�n�c�e�p�t�u�a�l�i�z�a�t�i�o�n�,� �K�.�S�.� �a�n�d� �J�.�C�.�G�.�;� �m�e�t�h�o�d�o�l�o�g�y� �a�n�d� �i�n�v�e�s�t�i�g�a�t�i�o�n�,� �J�.�C�.�G�.�;� 

�f�o�r�m�a�l� �a�n�a�l�y�s�i�s�,� �J�.�C�.�G�.� �a�n�d� �K�.�S�.�;� �w�r�i�t�i�n�g�,� �J�.�C�.�G�.� �a�n�d� �K�.�S�.� �A�l�l� �a�u�t�h�o�r�s� �h�a�v�e� �r�e�a�d� �a�n�d� �a�g�r�e�e�d� �t�o� �t�h�e� 
�p�u�b�l�i�s�h�e�d� �v�e�r�s�i�o�n� �o�f� �t�h�e� �m�a�n�u�s�c�r�i�p�t�.� 

�F�u�n�d�i�n�g�:� �T�h�i�s� �r�e�s�e�a�r�c�h� �w�a�s� �f�u�n�d�e�d� �b�y� �t�h�e� �G�e�r�m�a�n� �F�e�d�e�r�a�l� �M�i�n�i�s�t�r�y� �o�f� �E�d�u�c�a�t�i�o�n� �a�n�d� �R�e�s�e�a�r�c�h� 
�(�B�M�B�F�)�,� �z�o�o�n�o�s�e�s� �r�e�s�e�a�r�c�h� �c�o�n�s�o�r�t�i�u�m� �P�A�C�-�C�A�M�P�Y�,� �p�r�o�j�e�c�t� �I�P�3�/�0�1�K�I�1�7�2�5�B� �/�0�1�K�I�2�0�0�7�B�.� 

�D�a�t�a� �A�v�a�i�l�a�b�i�l�i�t�y� �S�t�a�t�e�m�e�n�t�:� �D�a�t�a� �i�s� �a�v�a�i�l�a�b�l�e� �i�n� �t�h�e� �m�a�n�u�s�c�r�i�p�t� �a�n�d� �i�n� �t�h�e� �S�u�p�p�l�e�m�e�n�t�a�r�y� �M�a�t�e�r�i�a�l�s�.� 

�A�c�k�n�o�w�l�e�d�g�m�e�n�t�s�:� �W�e� �t�h�a�n�k� �o�u�r� �c�o�l�l�e�a�g�u�e�s� �a�t� �t�h�e� �N�R�L� �f�o�r� �C�a�m�p�y�l�o�b�a�c�t�e�r� �f�o�r� �s�u�s�t�a�i�n�e�d� �s�u�p�p�o�r�t�.� 

�C�o�n�f�l�i�c�t�s� �o�f� �I�n�t�e�r�e�s�t�:� �T�h�e� �a�u�t�h�o�r�s� �d�e�c�l�a�r�e� �n�o� �c�o�n�f�l�i�c�t� �o�f� �i�n�t�e�r�e�s�t�.� 

�R�e�f�e�r�e�n�c�e�s� 

�1�.� �E�B�S�A�.� �T�h�e� �E�u�r�o�p�e�a�n� �U�n�i�o�n� �O�n�e� �H�e�a�l�t�h� �2�0�1�9� �Z�o�o�n�o�s�e�s� �R�e�p�o�r�t�.� �E�F�S�A� �J�.� �2�0�2�1�,� �1�9�,� �e�0�6�4�0�6�.� 
�2�.� �S�h�a�n�g�e�,� �N�.�;� �G�o�u�w�s�,� �P�.�;� �H�o�f�f�m�a�n�,� �L�.�C�.� �C�a�m�p�y�l�o�b�a�c�t�e�r� �a�n�d� �A�r�c�o�b�a�c�t�e�r� �s�p�e�c�i�e�s� �i�n� �f�o�o�d�-�p�r�o�d�u�c�i�n�g� �a�n�i�m�a�l�s�:� �P�r�e�v�a�l�e�n�c�e� �a�t� �p�r�i�m�a�r�y� 

�p�r�o�d�u�c�t�i�o�n� �a�n�d� �d�u�r�i�n�g� �s�l�a�u�g�h�t�e�r�.� �W�o�r�l�d� �J�.� �M�i�c�r�o�b�i�o�l�.� �B�i�o�t�e�c�h�n�o�l�.� �2�0�1�9�,� �3�5�,� �1�4�6�.� �[�C�r�o�s�s�R�e�f�]� 
�3�.� �|� �W�h�i�l�e�y�,� �H�.�;� �v�a�n� �d�e�n� �A�k�k�e�r�,� �B�.�;� �G�i�g�l�i�o�,� �S�.�;� �B�e�n�t�h�a�m�,� �R�.� �T�h�e� �r�o�l�e� �o�f� �e�n�v�i�r�o�n�m�e�n�t�a�l� �r�e�s�e�r�v�o�i�r�s� �i�n� �h�u�m�a�n� �c�a�m�p�y�l�o�b�a�c�t�e�r�i�o�s�i�s�.� �I�n�t�.� �J�.� 

�E�n�v�i�r�o�n�.� �R�e�s�.� �P�u�b�l�i�c� �H�e�a�l�t�h� �2�0�1�3�,� �1�0�,� �5�8�8�6�-�5�9�0�7�.� �[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 
�4�.� �W�a�l�d�e�n�s�t�r�é�m�,� �J�.�;� �A�x�e�l�s�s�o�n�-�O�l�s�s�o�n�,� �D�.�;� �O�l�s�e�n�,� �B�.�;� �H�a�s�s�e�l�q�u�i�s�t�,� �D�.�;� �G�r�i�e�k�s�p�o�o�r�,� �P�.�;� �J�a�n�s�s�o�n�,� �L�.�;� �T�e�n�e�b�e�r�g�,� �S�.�;� �S�v�e�n�s�s�o�n�,� �L�.�;� �E�l�l�s�t�r�é�m�,� 

�P�.� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �c�o�l�o�n�i�z�a�t�i�o�n� �i�n� �w�i�l�d� �b�i�r�d�s�:� �R�e�s�u�l�t�s� �f�r�o�m� �a�n� �i�n�f�e�c�t�i�o�n� �e�x�p�e�r�i�m�e�n�t�.� �P�L�o�S� �O�N�E� �2�0�1�0�,� �5�,� �e�9�0�8�2�.� �[�C�r�o�s�s�R�e�f�]� 
�[�P�u�b�M�e�d�]� 

�5�.� �R�o�s�n�e�r�,� �B�.�M�.�;� �S�c�h�i�e�l�k�e�,� �A�.�;� �D�i�d�e�l�o�t�,� �X�.�;� �K�o�p�s�,� �E�;� �B�r�e�i�d�e�n�b�a�c�h�,� �J�.�;� �W�i�l�l�r�i�c�h�,� �N�.�;� �G�é�l�z�,� �G�.�;� �A�l�t�e�r�,� �T�.�;� �S�t�i�n�g�]�,� �K�.�;� �J�o�s�e�n�h�a�n�s�,� �C�.�;� �e�t� �a�l�.� �A� 
�c�o�m�b�i�n�e�d� �c�a�s�e�-�c�o�n�t�r�o�l� �a�n�d� �m�o�l�e�c�u�l�a�r� �s�o�u�r�c�e� �a�t�t�r�i�b�u�t�i�o�n� �s�t�u�d�y� �o�f� �h�u�m�a�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �i�n�f�e�c�t�i�o�n�s� �i�n� �G�e�r�m�a�n�y�,� �2�0�1�1�-�2�0�1�4�.� �S�c�i�.� 
�R�e�p�.� �2�0�1�7�,� �7�,� �5�1�3�9�.� �[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 

�6�.� �_� �E�F�S�A�.� �P�a�n�e�l� �o�n� �B�i�o�l�o�g�i�c�a�l� �H�a�z�a�r�d�s� �(�B�I�O�H�A�Z�)�.� �S�c�i�e�n�t�i�f�i�c� �o�p�i�n�i�o�n� �o�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �i�n� �b�r�o�i�l�e�r� �m�e�a�t� �p�r�o�d�u�c�t�i�o�n�:� �C�o�n�t�r�o�l� �o�p�t�i�o�n�s� 
�a�n�d� �p�e�r�f�o�r�m�a�n�c�e� �o�b�j�e�c�t�i�v�e�s� �a�n�d�/�o�r� �t�a�r�g�e�t�s� �a�t� �d�i�f�f�e�r�e�n�t� �s�t�a�g�e�s� �o�f� �t�h�e� �f�o�o�d� �c�h�a�i�n�.� �E�F�S�A� �J�.� �2�0�1�1�,� �9�,� �2�1�0�5�.� �[�C�r�o�s�s�R�e�f�]� 

�7�.� �D�o�y�l�e�,� �M�.�P�.�;� �R�o�m�a�n�,� �D�J�.� �G�r�o�w�t�h� �a�n�d� �s�u�r�v�i�v�a�l� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �f�e�t�u�s� �s�u�b�s�p�.� �j�e�j�u�n�i� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �p�H�.� �J�.� �F�o�o�d� 
�P�r�o�t�.� �1�9�8�1�,� �4�4�,� �5�9�6�-�6�0�1�.� �[�P�u�b�M�e�d�]� 
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�2�6�.� �B�e�a�u�c�h�a�m�p�,� �J�.�M�.�;� �L�e�v�e�q�u�e�,� �R�.�M�.�;� �D�a�w�i�d�,� �S�.�;� �D�i�R�i�t�a�,� �V�.�J�.� �M�e�t�h�y�l�a�t�i�o�n�-�d�e�p�e�n�d�e�n�t� �D�N�A� �d�i�s�c�r�i�m�i�n�a�t�i�o�n� �i�n� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� 

�C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �P�r�o�c�.� �N�a�t�l�.� �A�c�a�d�.� �S�c�i�.� �U�S�A� �2�0�1�7�,� �1�1�4�,� �E�8�0�5�3�-�E�8�0�6�1�.� �[�C�r�o�s�s�R�e�f�]� 
�2�7�.� �J�e�o�n�,� �B�.�;� �Z�h�a�n�g�,� �Q�.� �C�j�0�0�1�1�¢�c�,� �a� �p�e�r�i�p�l�a�s�m�i�c� �s�i�n�g�l�e�-� �a�n�d� �d�o�u�b�l�e�-�s�t�r�a�n�d�e�d� �D�N�A�-�b�i�n�d�i�n�g� �p�r�o�t�e�i�n�,� �c�o�n�t�r�i�b�u�t�e�s� �t�o� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� 

�i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �]�.� �B�a�c�t�e�r�i�o�l�.� �2�0�0�7�,� �1�8�9�,� �7�3�9�9�-�7�4�0�7�.� �[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 
�2�8�.� �J�e�o�n�,� �B�.�;� �M�u�r�a�o�k�a�,� �W�.�;� �S�a�h�i�n�,� �O�.�;� �Z�h�a�n�g�,� �Q�.� �R�o�l�e� �o�f� �C�j�1�2�1�1� �i�n� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �a�n�d� �t�r�a�n�s�f�e�r� �o�f� �a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�c�e� 

�d�e�t�e�r�m�i�n�a�n�t�s� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �A�n�t�i�m�i�c�r�o�b�.� �A�g�e�n�t�s� �C�h�e�m�o�t�h�e�r�.� �2�0�0�8�,� �5�2�,� �2�6�9�9�-�2�7�0�8�.� �[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 
�2�9�.� �W�i�e�s�n�e�r�,� �R�.�S�.�;� �H�e�n�d�r�i�x�s�o�n�,� �D�.�R�.�;� �D�i�R�i�t�a�,� �V�J�.� �N�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �r�e�q�u�i�r�e�s� �c�o�m�p�o�n�e�n�t�s� �o�f� �a� �t�y�p�e� �I�I� 

�s�e�c�r�e�t�i�o�n� �s�y�s�t�e�m�.� �J�.� �B�a�c�t�e�r�i�o�l�.� �2�0�0�3�,� �1�8�5�,� �5�4�0�8�-�5�4�1�8�.� �[�C�r�o�s�s�R�e�f�]� 

�3�0�.� �B�e�a�u�c�h�a�m�p�,� �J�.�M�.�;� �E�r�f�u�r�t�,� �R�.�S�.�;� �D�i�R�i�t�a�,� �V�.�J�.� �C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �a�n�d� �l�o�c�a�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �s�y�s�t�e�m� 
�p�r�o�t�e�i�n�s� �C�t�s�E�,� �C�t�s�P�,� �a�n�d� �C�t�s�x�X�.� �J�.� �B�a�c�t�e�r�i�o�l�.� �2�0�1�5�,� �1�9�7�,� �6�3�6�-�6�4�5�.� �[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 

�3�1�.� �M�a�i�e�r�,� �B�.�;� �C�h�e�n�,� �L�.�;� �D�u�b�n�a�u�,� �D�.�;� �S�h�e�e�t�z�,� �M�.�P�.� �D�N�A� �t�r�a�n�s�p�o�r�t� �i�n�t�o� �B�a�c�i�l�l�u�s� �s�u�b�t�i�l�i�s� �r�e�q�u�i�r�e�s� �p�r�o�t�o�n� �m�o�t�i�v�e� �f�o�r�c�e� �t�o� �g�e�n�e�r�a�t�e� �l�a�r�g�e� 
�m�o�l�e�c�u�l�a�r� �f�o�r�c�e�s�.� �N�a�t�.� �S�t�r�u�c�t�.� �M�o�l�.� �B�i�o�l�.� �2�0�0�4�,� �1�1�,� �6�4�3�-�6�4�9�.� �[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 

�3�2�.� �S�t�i�n�g�l�,� �K�.�;� �M�i�i�l�l�e�r�,� �S�.�;� �S�c�h�e�i�d�g�e�n�-�K�l�e�y�b�o�l�d�t�,� �G�.�;� �C�l�a�u�s�e�n�,� �M�.�;� �M�a�i�e�r�,� �B�.� �C�o�m�p�o�s�i�t�e� �s�y�s�t�e�m� �m�e�d�i�a�t�e�s� �t�w�o�-�s�t�e�p� �D�N�A� �u�p�t�a�k�e� �i�n�t�o� 
�H�e�l�i�c�o�b�a�c�t�e�r� �p�y�l�o�r�i�.� �P�r�o�c�.� �N�a�t�l�.� �A�c�a�d�.� �S�c�i�.� �U�S�A� �2�0�1�0�,� �1�0�7�,� �1�1�8�4�-�1�1�8�9�.� �[�C�r�o�s�s�R�e�f�]� 

�3�3�.� �C�o�h�e�n�,� �E�J�.�;� �N�a�k�a�n�e�,� �D�.�;� �K�a�b�a�t�a�,� �Y�.�;� �H�e�n�d�r�i�x�s�o�n�,� �D�.�R�.�;� �N�i�s�h�i�z�a�k�a�,� �T�.�;� �B�e�e�b�y�,� �M�.� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �m�o�t�i�l�i�t�y� �i�n�t�e�g�r�a�t�e�s� �s�p�e�c�i�a�l�i�z�e�d� 

�c�e�l�l� �s�h�a�p�e�,� �f�l�a�g�e�l�l�a�r� �f�i�l�a�m�e�n�t�,� �a�n�d� �m�o�t�o�r�,� �t�o� �c�o�o�r�d�i�n�a�t�e� �a�c�t�i�o�n� �o�f� �i�t�s� �o�p�p�o�s�e�d� �f�l�a�g�e�l�l�a�.� �P�L�o�S� �P�a�t�h�o�g�.� �2�0�2�0�,� �1�6�,�  ¬�1�0�0�8�6�2�0�.� �[�C�r�o�s�s�R�e�f�]� 
�3�4�.� �B�l�a�i�r�,� �D�.�F�.� �F�l�a�g�e�l�l�a�r� �m�o�v�e�m�e�n�t� �d�r�i�v�e�n� �b�y� �p�r�o�t�o�n� �t�r�a�n�s�l�o�c�a�t�i�o�n�.� �F�E�B�S� �L�e�t�t�.� �2�0�0�3�,� �5�4�5�,� �8�6�-�9�5�.� �[�C�r�o�s�s�R�e�f�]� 

�3�5�.� �H�a�z�e�l�e�g�e�r�,� �W�.�C�.�;� �W�o�u�t�e�r�s�,� �J�.�A�.�;� �R�o�m�b�o�u�t�s�,� �F�.�M�.�;� �A�b�e�e�,� �T�.� �P�h�y�s�i�o�l�o�g�i�c�a�l� �a�c�t�i�v�i�t�y� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �f�a�r� �b�e�l�o�w� �t�h�e� �m�i�n�i�m�a�l� 
�g�r�o�w�t�h� �t�e�m�p�e�r�a�t�u�r�e�.� �A�p�p�l�.� �E�n�v�i�r�o�n�.� �M�i�c�r�o�b�i�o�l�.� �1�9�9�8�,� �6�4�,� �3�9�1�7�-�3�9�2�2�.� �[�C�r�o�s�s�R�e�f�]� 

�3�6�.� �B�i�e�s�t�a�-�P�e�t�e�r�s�,� �E�.�G�.�;� �J�o�n�g�e�n�b�u�r�g�e�r�,� �I�;� �d�e� �B�o�e�r�,� �E�.�;� �J�a�c�o�b�s�-�R�e�i�t�s�m�a�,� �W�.�F�.� �I�S�O�_�1�0�2�7�2�-�1�:�2�0�1�7�,� �M�i�c�r�o�b�i�o�l�o�g�y� �o�f� �t�h�e� �f�o�o�d� �c�h�a�i�n �� 
�H�o�r�i�z�o�n�t�a�l� �m�e�t�h�o�d� �f�o�r� �d�e�t�e�c�t�i�o�n� �a�n�d� �e�n�u�m�e�r�a�t�i�o�n� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�p�. ��P�a�r�t� �1�:� �D�e�t�e�c�t�i�o�n� �m�e�t�h�o�d�.� �I�n�t�.� �J�.� �F�o�o�d� �M�i�c�r�o�b�i�o�l�.� �2�0�1�9�,� 
�2�8�8�,� �3�9�-�4�6�.� �[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 

�3�7�.� �K�i�m�,� �J�.�S�.�;� �K�i�m�,� �J�.�W�.�;� �K�a�t�h�a�r�i�o�u�,� �S�.� �D�i�f�f�e�r�e�n�t�i�a�l� �e�f�f�e�c�t�s� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �o�n� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �t�o� �e�r�y�t�h�r�o�m�y�c�i�n� �a�n�d� �n�a�l�i�d�i�x�i�c� �a�c�i�d� 
�r�e�s�i�s�t�a�n�c�e� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�i�.� �A�p�p�l�.� �E�n�v�i�r�o�n�.� �M�i�c�r�o�b�i�o�l�.� �2�0�0�8�,� �7�4�,� �6�1�2�1�-�6�1�2�5�.� �[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 

�3�8�.� �K�r�i�i�g�e�r�,� �N�.�J�.�;� �B�u�h�l�e�r�,� �C�.�;� �I�w�o�b�i�,� �A�.�N�.�;� �H�u�b�e�r�,� �I�;� �E�l�l�e�r�b�r�o�e�k�,� �L�.�;� �A�p�p�e�l�,� �B�.�;� �S�t�i�n�g�]�,� �K�.�  ��L�i�m�i�t�s� �o�f� �c�o�n�t�r�o�l � ��c�r�u�c�i�a�l� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �a� 
�r�e�l�i�a�b�l�e� �q�u�a�n�t�i�f�i�c�a�t�i�o�n� �o�f� �v�i�a�b�l�e� �C�a�m�p�y�l�o�b�a�c�t�e�r� �b�y� �r�e�a�l�-�t�i�m�e� �P�C�R�.� �P�L�o�S� �O�N�E� �2�0�1�4�,� �9�,� �e�8�8�1�0�8�.� 

�3�9�.� �H�a�h�n�,� �J�.�;� �M�a�i�e�r�,� �B�.�;� �H�a�i�j�e�m�a�,� �B�.�J�.�;� �S�h�e�e�t�z�,� �M�.�;� �D�u�b�n�a�u�,� �D�.� �T�r�a�n�s�f�o�r�m�a�t�i�o�n� �p�r�o�t�e�i�n�s� �a�n�d� �D�N�A� �u�p�t�a�k�e� �l�o�c�a�l�i�z�e� �t�o� �t�h�e� �c�e�l�l� �p�o�l�e�s� �i�n� 
�B�a�c�i�l�l�u�s� �s�u�b�t�i�l�i�s�.� �C�e�l�l� �2�0�0�5�,� �1�2�2�,� �5�9�-�7�1�.� �[�C�r�o�s�s�R�e�f�]� 

�4�0�.� �K�a�u�f�e�n�s�t�e�i�n�,� �M�.�;� �v�a�n� �d�e�r� �L�a�a�n�,� �M�.�;� �G�r�a�u�m�a�n�n�,� �P�.�L�.� �T�h�e� �t�h�r�e�e�-�l�a�y�e�r�e�d� �D�N�A� �u�p�t�a�k�e� �m�a�c�h�i�n�e�r�y� �a�t� �t�h�e� �c�e�l�l� �p�o�l�e� �i�n� �c�o�m�p�e�t�e�n�t� 
�B�a�c�i�l�l�u�s� �s�u�b�t�i�l�i�s� �c�e�l�l�s� �i�s� �a� �s�t�a�b�l�e� �c�o�m�p�l�e�x�.� �J�.� �B�a�c�t�e�r�i�o�l�.� �2�0�1�1�,� �1�9�3�,� �1�6�3�3�-�1�6�4�2�.� �[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 

�4�1�.� �S�v�i�h�u�s�,� �B�.� �E�f�f�e�c�t� �o�f� �d�i�g�e�s�t�i�v�e� �t�r�a�c�t� �c�o�n�d�i�t�i�o�n�s�,� �f�e�e�d� �p�r�o�c�e�s�s�i�n�g� �a�n�d� �i�n�g�r�e�d�i�e�n�t�s� �o�n� �r�e�s�p�o�n�s�e� �t�o� �N�S�P� �e�n�z�y�m�e�s�.� �I�n� �E�n�z�y�m�e�s� �i�n� �f�a�r�m� 
�a�n�i�m�a�l� �n�u�t�r�i�t�i�o�n�,� �2�n�d� �e�d�.�;� �B�e�d�f�o�r�d�,� �M�.�R�.�,� �P�a�r�t�r�i�d�g�e�,� �G�.�G�.�,� �E�d�s�.�;� �C�A�B� �I�n�t�e�r�n�a�t�i�o�n�a�l�:� �W�a�l�l�i�n�g�f�o�r�d�,� �U�K�,� �2�0�1�1�;� �p�p�.� �1�2�9�-�1�5�9�.� �[�C�r�o�s�s�R�e�f�]� 

�4�2�.� �E�p�p�i�n�g�,� �L�.�;� �G�o�l�z�,� �J�.�C�.�;� �K�n�t�i�v�e�r�,� �M�.�T�.�;� �H�u�b�e�r�,� �C�.�;� �T�h�i�i�r�m�e�r�,� �A�.�;� �W�i�e�l�e�r�,� �L�.�H�.�;� �S�t�i�n�g�]�,� �K�.�;� �S�e�m�m�l�e�r�,� �T�.� �C�o�m�p�a�r�i�s�o�n� �o�f� �d�i�f�f�e�r�e�n�t� 

�t�e�c�h�n�o�l�o�g�i�e�s� �f�o�r� �t�h�e� �d�e�c�i�p�h�e�r�m�e�n�t� �o�f� �t�h�e� �w�h�o�l�e� �g�e�n�o�m�e� �s�e�q�u�e�n�c�e� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �B�f�R�-�C�A�-�1�4�4�3�0�.� �G�u�t� �P�a�t�h�o�g�.� �2�0�1�9�,� �1�1�,�5�9�.� 
�[�C�r�o�s�s�R�e�f�]� �[�P�u�b�M�e�d�]� 
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�t�h�e� �s�a�m�e� �e�x�t�e�n�t� �(�G�o�l�z� �a�n�d� �S�t�i�n�g�l� �2�0�2�1�)�.� �T�h�i�s� �f�u�r�t�h�e�r� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e� �s�i�n�g�l�e� �c�e�l�l� �a�s�s�a�y� �i�s� �a� 

�s�u�i�t�a�b�l�e� �t�o�o�l� �t�o� �m�o�n�i�t�o�r� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t�.� �O�n� �t�o�p� �o�f� �t�h�a�t�,� �i�t� �s�u�g�g�e�s�t�s� �t�h�a�t� �r�e�g�u�l�a�t�i�o�n� �o�f� 

�n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �i�n� �C�.� �j�e�j�u�n�i� �l�i�k�e� �i�n� �H�.� �p�y�l�o�r�i� �o�c�c�u�r�r�e�d� �a�t� �t�h�e� �f�i�r�s�t� �s�t�e�p�s� �o�f� �D�N�A� �u�p�t�a�k�e� 

�r�a�t�h�e�r� �t�h�a�n� �a�t� �s�u�b�s�e�q�u�e�n�t� �s�t�e�p�s� �l�i�k�e� �i�m�p�o�r�t� �i�n�t�o� �t�h�e� �c�y�t�o�p�l�a�s�m�,� �h�o�m�o�l�o�g�o�u�s� �r�e�c�o�m�b�i�n�a�t�i�o�n� �o�r� 
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�t�r�a�n�s�f�o�r�m�a�t�i�o�n� �l�e�v�e�l�s� �w�e�r�e� �o�b�s�e�r�v�e�d� �a�t� �3�0�°�C� �a�n�d� �a� �m�i�c�r�o�a�e�r�o�b�i�c� �a�t�m�o�s�p�h�e�r�e� �o�x�y�g�e�n� �s�t�r�e�s�s� 
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6.3 Curcumin plays neither a role in competence development nor 
in DNA uptake in C. jejuni  
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6.4 C. coli  / C. jejuni  hybrid strains with impact on species 
differentiation 
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�C�l�a�v�e�r�y�s� �J�P�,� �P�r�u�d�h�o�m�m�e� �M�,� �M�a�r�t�i�n� �B� �(�2�0�0�6�)� �I�n�d�u�c�t�i�o�n� �o�f� �c�o�m�p�e�t�e�n�c�e� �r�e�g�u�l�o�n�s� �a�s� �a� �g�e�n�e�r�a�l� 
�r�e�s�p�o�n�s�e� �t�o� �s�t�r�e�s�s� �i�n� �g�r�a�m�-�p�o�s�i�t�i�v�e� �b�a�c�t�e�r�i�a�.� �A�n�n�u� �R�e�v� �M�i�c�r�o�b�i�o�l� �6�0�:�4�5�1�-�4�7�5�.� 
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�C�o�d�y� �A�J�,� �B�r�a�y� �J�E�,� �J�o�l�l�e�y� �K�A�,� �M�c�C�a�r�t�h�y� �N�D�,� �M�a�i�d�e�n� �M�C�J� �(�2�0�1�7�)� �C�o�r�e� �g�e�n�o�m�e� �m�u�l�t�i�l�o�c�u�s� 
�s�e�q�u�e�n�c�e� �t�y�p�i�n�g� �s�c�h�e�m�e� �f�o�r� �s�t�a�b�l�e�,� �c�o�m�p�a�r�a�t�i�v�e� �a�n�a�l�y�s�e�s� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �a�n�d� 
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�C�o�r�r�y� �J�E�L�,� �A�t�a�b�a�y� �H�I�,� �F�o�r�s�y�t�h�e� �S�J�,� �M�a�n�s�f�i�e�l�d� �L�P� �(�2�0�0�3�)� �C�u�l�t�u�r�e� �m�e�d�i�a� �f�o�r� �t�h�e� �i�s�o�l�a�t�i�o�n� �o�f� 
�C�a�m�p�y�l�o�b�a�c�t�e�r�s�,� �H�e�l�i�c�o�b�a�c�t�e�r�s� �a�n�d� �A�r�c�o�b�a�c�t�e�r�s�.� �I�n�:� �C�o�r�r�y� �J�E�L�,� �C�u�r�t�i�s� �G�D�W�,� �B�a�i�r�d� �R�M� 
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�C�o�s�t�a� �D�,� �l�r�a�o�l�a� �G� �(�2�0�1�9�)� �P�a�t�h�o�g�e�n�o�m�i�c�s� �o�f� �e�m�e�r�g�i�n�g� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�e�c�i�e�s�.� �C�l�i�n�i�c�a�l� 
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�R�e�f�e�r�e�n�c�e�s� 
� � 

�C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �a�n�d� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�i�.� �J� �B�a�c�t�e�r�i�o�l� �1�8�6� �(�1�6�)�:�5�3�3�2�-�5�3�4�1�.� 
�d�o�i�:�1�0�.�1�1�2�8�/�J�B�.�1�8�6�.�1�6�.�5�3�3�2�-�5�3�4� �1�.�2�0�0�4� 

�E�p�p�i�n�g� �L�,� �A�n�t�a�o� �E�M�,� �S�e�m�m�l�e�r� �T� �(�2�0�2�1�)� �P�o�p�u�l�a�t�i�o�n� �b�i�o�l�o�g�y� �a�n�d� �c�o�m�p�a�r�a�t�i�v�e� �g�e�n�o�m�i�c�s� �o�f� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�e�c�i�e�s�.� �C�u�r�r� �T�o�p� �M�i�c�r�o�b�i�o�l� �I�m�m�u�n�o�l� �4�3�1�:�5�9�-�7�8�.� �d�o�i�:�1�0�.�1�0�0�7�/�9�7�8�-�3�-� 
�0�3�0�-�6�5�4�8�1�-�8� �3� 

�E�p�p�i�n�g� �L�,� �G�o�l�z� �J�C�,� �K�n�i�v�e�r� �M�T�,� �H�u�b�e�r� �C�,� �T�h�u�r�m�e�r� �A�,� �W�i�e�l�e�r� �L�H�,� �S�t�i�n�g�!� �K�,� �S�e�m�m�l�e�r� �T� �(�2�0�1�9�)� 
�C�o�m�p�a�r�i�s�o�n� �o�f� �d�i�f�f�e�r�e�n�t� �t�e�c�h�n�o�l�o�g�i�e�s� �f�o�r� �t�h�e� �d�e�c�i�p�h�e�r�m�e�n�t� �o�f� �t�h�e� �w�h�o�l�e� �g�e�n�o�m�e� 
�s�e�q�u�e�n�c�e� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �B�f�R�-�C�A�-�1�4�4�3�0�.� �G�u�t� �P�a�t�h�o�g� �1�1�:�5�9�.� 
�d�o�i�:�1�0�.�1�1�8�6�/�s�1�3�0�9�9�-�0�1�9�-�0�3�4�0�-�7� 

�E�u�z�é�b�y� �J�P� �(�1�9�9�7�)� �L�i�s�t� �o�f� �b�a�c�t�e�r�i�a�l� �n�a�m�e�s� �w�i�t�h� �s�t�a�n�d�i�n�g� �i�n� �n�o�m�e�n�c�l�a�t�u�r�e�:� �a� �f�o�l�d�e�r� �a�v�a�i�l�a�b�l�e� �o�n� 
�t�h�e� �i�n�t�e�r�n�e�t�.� �I�n�t� �J� �S�y�s�t� �B�a�c�t�e�r�i�o�l� �4�7� �(�2�)�:�5�9�0�-�5�9�2�.� �d�o�i�:�1�0�.�1�0�9�9�/�0�0�2�0�7�7�1�3�-�4�7�-�2�-�5�9�0� 

�F�a�c�c�i�o�l�a� �A�,� �R�i�s�o� �R�,� �A�w�e�n�t�u�r�o�s�o� �E�,� �V�i�s�a�l�l�i� �G�,� �D�e�l�i�a� �S�A�,� �L�a�g�a�n�a� �P� �(�2�0�1�7�)� �C�a�m�p�y�l�o�b�a�c�t�e�r�.� �f�r�o�m� 
�m�i�c�r�o�b�i�o�l�o�g�y� �t�o� �p�r�e�v�e�n�t�i�o�n�.� �J�o�u�r�n�a�l� �o�f� �p�r�e�v�e�n�t�i�v�e� �m�e�d�i�c�i�n�e� �a�n�d� �h�y�g�i�e�n�e� �5�8� �(�2�)�:�E�7�9�-�e�9�2� 

�F�e�n�g� �J�,� �M�a� �L�,� �N�i�e� �J�,� �K�o�n�k�e�l� �M�E�,� �L�u� �X� �(�2�0�1�8�)� �E�n�v�i�r�o�n�m�e�n�t�a�l� �s�t�r�e�s�s�-�i�n�d�u�c�e�d� �b�a�c�t�e�r�i�a�l� �l�y�s�i�s� �a�n�d� 
�e�x�t�r�a�c�e�l�l�u�l�a�r� �D�N�A� �r�e�l�e�a�s�e� �c�o�n�t�r�i�b�u�t�e� �t�o� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �b�i�o�f�i�l�m� �f�o�r�m�a�t�i�o�n�.� �A�p�p�l� 
�E�n�v�i�r�o�n� �M�i�c�r�o�b�i�o�l� �8�4� �(�5�)�.� �d�o�i�:�1�0�.�1�1�2�8�/�A�E�M�.�0�2�0�6�8�-�1�7� 

�F�i�n�k�e�l� �S�E�,� �K�o�l�t�e�r� �R� �(�2�0�0�1�)� �D�N�A� �a�s� �a� �n�u�t�r�i�e�n�t�:� �n�o�v�e�l� �r�o�l�e� �f�o�r� �b�a�c�t�e�r�i�a�l� �c�o�m�p�e�t�e�n�c�e� �g�e�n�e� 
�h�o�m�o�l�o�g�s�.� �J� �B�a�c�t�e�r�i�o�l� �1�8�3� �(�2�1�)�:�6�2�8�8�-�6�2�9�3�.� �d�o�i�:�1�0�.�1�1�2�8�/�J�B�.�1�8�3�.�2�1�.�6�2�8�8�-�6�2�9�3�.�2�0�0�1� 

�F�l�i�n�t� �A�,� �S�t�i�n�t�z�i� �A� �(�2�0�1�5�)� �C�j�1�3�8�6�,� �a�n� �a�t�y�p�i�c�a�l� �h�e�m�i�n�-�b�i�n�d�i�n�g� �p�r�o�t�e�i�n�,� �m�e�d�i�a�t�e�s� �h�e�m�i�n� �t�r�a�f�f�i�c�k�i�n�g� 
�t�o� �K�a�t�A� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �J� �B�a�c�t�e�r�i�o�l� �1�9�7� �(�5�)�:�1�0�0�2�-�1�0�1�1�.� �d�o�i�:�1�0�.�1�1�2�8�/�J�B�.�0�2�3�4�6�-� 
�1�4� 

�F�r�i�r�d�i�c�h� �E�,� �B�i�b�o�y� �J�,� �P�r�y�j�m�a� �M�,� �L�e�e� �J�,� �H�u�y�n�h� �S�,� �P�a�r�k�e�r� �C�T�,� �G�i�r�a�r�d�i�n� �S�E�,� �V�o�l�l�m�e�r� �W�,� �G�a�y�n�o�r� �E�C� 
�(�2�0�1�9�)� �T�h�e� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �h�e�l�i�c�a�l� �t�o� �c�o�c�c�o�i�d� �t�r�a�n�s�i�t�i�o�n� �i�n�v�o�l�v�e�s� �c�h�a�n�g�e�s� �t�o� 
�p�e�p�t�i�d�o�g�l�y�c�a�n� �a�n�d� �t�h�e� �a�b�i�l�i�t�y� �t�o� �e�l�i�c�i�t� �a�n� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e�.� �M�o�l� �M�i�c�r�o�b�i�o�l� �1�1�2� �(�1�)�:�2�8�0�-� 
�3�0�1�.� �d�o�i�:�1�0�.�1�1�1�1�/�m�m�i�.�1�4�2�6�9� 

�G�a�m�b�a� �P�,� �J�o�n�k�e�r� �M�J�,� �H�a�m�o�e�n� �L�W� �(�2�0�1�5�)� �A� �n�o�v�e�l� �f�e�e�d�b�a�c�k� �l�o�o�p� �t�h�a�t� �c�o�n�t�r�o�l�s� �b�i�m�o�d�a�l� 
�e�x�p�r�e�s�s�i�o�n� �o�f� �g�e�n�e�t�i�c� �c�o�m�p�e�t�e�n�c�e�.� �P�L�o�S� �G�e�n�e�t� �1�1� �=� �(�6�)�:�e�1�0�0�5�0�4�7�.� 
�d�o�i�:�1�0�.�1�3�7�1�/�j�o�u�r�n�a�l�.�p�g�e�n�.�1�0�0�5�0�4�7� 

�G�a�n�g�e�l� �H�,� �H�e�p�p� �C�,� �M�u�l�l�e�r� �S�,� �O�l�d�e�w�u�r�t�e�l� �E�R�,� �A�a�s� �F�E�,� �K�o�o�m�e�y� �M�,� �M�a�i�e�r� �B� �(�2�0�1�4�)� �C�o�n�c�e�r�t�e�d� 
�s�p�a�t�i�o�-�t�e�m�p�o�r�a�l� �d�y�n�a�m�i�c�s� �o�f� �i�m�p�o�r�t�e�d� �D�N�A� �a�n�d� �C�o�m�E� �D�N�A� �u�p�t�a�k�e� �p�r�o�t�e�i�n� �d�u�r�i�n�g� 
�g�o�n�o�c�o�c�c�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�.� �P�L�o�S� �P�a�t�h�o�g� �1�0� �(�4�)�:�e�1�0�0�4�0�4�3�.� 
�d�o�i�:�1�0�.�1�3�7�1�/�j�o�u�r�n�a�l�.�p�p�a�t�.�1�0�0�4�0�4�3� 

�G�a�r�r�i�t�y� �G�M�,� �B�e�l�l� �J�A�,� �L�i�l�b�u�r�n� �T� �(�2�0�0�5�)� �C�l�a�s�s� �V�.� �E�p�s�i�l�o�n�p�r�o�t�e�o�b�a�c�t�e�r�i�a� �c�l�a�s�s�.� �n�o�v�.� �I�n�:� �B�e�r�g�e�y ��s� 
�M�a�n�u�a�l�®� �o�f� �S�y�s�t�e�m�a�t�i�c� �B�a�c�t�e�r�i�o�l�o�g�y�.� �S�p�r�i�n�g�e�r�,� �p�p� �1�1�4�5�-�1�1�9�4�.� �d�o�i�:�1�0�.�1�0�0�7�/�9�7�8�-�0�-�3�8�7�-� 
�2�9�2�9�8�-�4� �4� 

�G�o�l�z� �J�C�,� �E�p�p�i�n�g� �L�,� �K�n�i�v�e�r� �M�T�,� �B�o�r�o�w�i�a�k� �M�,� �H�a�r�t�k�o�p�f� �F�,� �D�e�n�e�k�e� �C�,� �M�a�l�o�r�n�y� �B�,� �S�e�m�m�l�e�r� �T�,� 
�S�t�i�n�g�l� �K� �(�2�0�2�0�)� �W�h�o�l�e� �g�e�n�o�m�e� �s�e�q�u�e�n�c�i�n�g� �r�e�v�e�a�l�s� �e�x�t�e�n�d�e�d� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �i�n� 
�C�a�m�p�y�l�o�b�a�c�t�e�r� �i�m�p�a�c�t�i�n�g� �d�i�a�g�n�o�s�t�i�c�s� �a�n�d� �t�h�e� �p�a�t�h�o�g�e�n�s� �a�d�a�p�t�i�v�e� �p�o�t�e�n�t�i�a�l�.� �S�c�i� �R�e�p� 
�1�0� �(�1�)�:�3�6�8�6�.� �d�o�i�:�1�0�.�1�0�3�8�/�s�4�1�5�9�8�-�0�2�0�-�6�0�3�2�0�-�y� 

�G�o�l�z� �J�C�,� �S�t�i�n�g�l� �K� �(�2�0�2�1�)� �"�T�a�k�e� �i�t� �o�r� �l�e�a�v�e� �i�t�"�-�F�a�c�t�o�r�s� �r�e�g�u�l�a�t�i�n�g� �c�o�m�p�e�t�e�n�c�e� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� 
�D�N�A� �u�p�t�a�k�e� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �I�n�t� �J� �M�o�l� �S�c�i� �2�2� �(�1�8�)�.� �d�o�i�:�1�0�.�3�3�9�0�/�i�j�m�s�2�2�1�8�1�0�1�6�9� 

�G�o�o�d�m�a�n� �S�D�,� �S�c�o�c�c�a� �J�J� �(�1�9�8�8�)� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� �a�n�d� �a�r�r�a�n�g�e�m�e�n�t� �o�f� �t�h�e� �D�N�A� �s�e�q�u�e�n�c�e� 
�r�e�c�o�g�n�i�z�e�d� �i�n� �s�p�e�c�i�f�i�c� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� �N�e�i�s�s�e�r�i�a� �g�o�n�o�r�r�h�o�e�a�e�.� �P�r�o�c� �N�a�t�l� �A�c�a�d� �S�c�i� �U� 
�S� �A� �8�5� �(�1�8�)�:�6�9�8�2�-�6�9�8�6�.� �d�o�i�:�1�0�.�1�0�7�3�/�p�n�a�s�.�8�5�.�1�8�.�6�9�8�2� 

�G�o�o�d�w�i�n� �C�S�,� �A�r�m�s�t�r�o�n�g� �J�A�,� �C�h�i�l�v�e�r�s� �T�,� �P�e�t�e�r�s� �M�,� �C�o�l�l�i�n�s� �M�D�,� �S�l�y� �L�,� �M�c�C�o�n�n�e�l�l� �W�,� �H�a�r�p�e�r� 
�W�E�S� �(�1�9�8�9�)� �T�r�a�n�s�f�e�r� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �p�y�l�o�r�i� �a�n�d� �C�a�m�p�y�l�o�b�a�c�t�e�r� �m�u�s�t�e�l�a�e� �t�o� 
�H�e�l�i�c�o�b�a�c�t�e�r� �g�e�n�.� �n�o�v�.� �a�s� �H�e�l�i�c�o�b�a�c�t�e�r� �p�y�l�o�r�i� �c�o�m�b�.� �n�o�v�.� �a�n�d� �H�e�l�i�c�o�b�a�c�t�e�r� �m�u�s�t�e�l�a�e� 
�c�o�m�b�.� �n�o�v�.�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �I�n�t�e�r�n�a�t�i�o�n�a�l� �J�o�u�r�n�a�l� �o�f� �S�y�s�t�e�m�a�t�i�c� �a�n�d� �E�v�o�l�u�t�i�o�n�a�r�y� 
�M�i�c�r�o�b�i�o�l�o�g�y� �3�9� �(�4�)�:�3�9�7�-�4�0�5� 

�G�r�i�f�f�i�t�h� �F� �(�1�9�2�8�)� �T�h�e� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� �p�n�e�u�m�o�c�o�c�c�a�l� �t�y�p�e�s�.� �J� �H�y�g� �(�L�o�n�d�)� �2�7� �(�2�)�:�1�1�3�-�1�5�9�.� 
�d�o�i�:�1�0�.�1�0�1�7�/�s�0�0�2�2�1�7�2�4�0�0�0�3�1�8�7�9� 

�G�r�i�g�g�s� �D�J�,� �P�e�a�k�e� �L�,� �J�o�h�n�s�o�n� �M�M�,� �G�h�o�r�i� �S�,� �M�o�t�t� �A�,� �P�i�d�d�o�c�k� �L�J� �(�2�0�0�9�)� �B�e�t�a�-�l�a�c�t�a�m�a�s�e�-� 
�m�e�d�i�a�t�e�d� �b�e�t�a�-�l�a�c�t�a�m� �r�e�s�i�s�t�a�n�c�e� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�e�c�i�e�s�:� �p�r�e�v�a�l�e�n�c�e� �o�f� �C�j�0�2�9�9� �(�b�l�a� 
�O�X�A�-�6�1�)� �a�n�d� �e�v�i�d�e�n�c�e� �f�o�r� �a� �n�o�v�e�l� �b�e�t�a�-�l�a�c�t�a�m�a�s�e� �i�n� �C�.� �j�e�j�u�n�i�.� �A�n�t�i�m�i�c�r�o�b�i�a�l� �a�g�e�n�t�s� �a�n�d� 
�c�h�e�m�o�t�h�e�r�a�p�y� �5�3� �(�8�)�:�3�3�5�7�-�3�3�6�4�.� �d�o�i�:�1�0�.�1�1�2�8�/�A�A�C�.�0�1�6�5�5�-�0�8� 
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�H�a�m�o�e�n� �L�W�,� �V�e�n�e�m�a� �G�,� �K�u�i�p�e�r�s� �O�P� �(�2�0�0�3�)� �C�o�n�t�r�o�l�l�i�n�g� �c�o�m�p�e�t�e�n�c�e� �i�n� �B�a�c�i�l�l�u�s� �s�u�b�t�i�l�i�s�:� 
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�H�a�n�n�u� �T�,� �M�a�t�t�i�l�a� �L�,� �R�a�u�t�e�l�i�n� �H�,� �P�e�l�k�o�n�e�n� �P�,� �L�a�h�d�e�n�n�e� �P�,� �S�i�i�t�o�n�e�n� �A�,� �L�e�i�r�i�s�a�l�o�-�R�e�p�o� �M� �(�2�0�0�2�)� 
�C�a�m�p�y�l�o�b�a�c�t�e�r�-�t�r�i�g�g�e�r�e�d� �r�e�a�c�t�i�v�e� �a�r�t�h�r�i�t�i�s�:� �a� �p�o�p�u�l�a�t�i�o�n�-�b�a�s�e�d� �s�t�u�d�y�.� �R�h�e�u�m�a�t�o�l�o�g�y� 
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�H�e�p�p� �C�,� �M�a�i�e�r� �B� �(�2�0�1�6�)� �K�i�n�e�t�i�c�s� �o�f� �D�N�A� �u�p�t�a�k�e� �d�u�r�i�n�g� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �p�r�o�v�i�d�e� �e�v�i�d�e�n�c�e� �f�o�r� �a� 
�t�r�a�n�s�l�o�c�a�t�i�o�n� �r�a�t�c�h�e�t� �m�e�c�h�a�n�i�s�m�.� �P�r�o�c� �N�a�t�l� �A�c�a�d� �S�c�i� �U� �S� �A� �1�1�3� �(�4�4�)�:�1�2�4�6�7�-�1�2�4�7�2�.� 
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�i�n�t�e�r�s�p�e�c�i�e�s� �g�e�n�e� �t�r�a�n�s�f�e�r� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�i� �a�n�d� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� �i�s�o�l�a�t�e�d� 
�f�r�o�m� �f�o�o�d� �a�n�i�m�a�l�s�,� �p�o�u�l�t�r�y� �p�r�o�c�e�s�s�i�n�g�,� �a�n�d� �r�e�t�a�i�l� �m�e�a�t� �i�n� �N�o�r�t�h� �C�a�r�o�l�i�n�a�,� �2�0�1�8�-�2�0�1�9�.� 
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�e�n�u�m�e�r�a�t�i�o�n� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�p�.�-�p�a�r�t� �2�:� �c�o�l�o�n�y�-�c�o�u�n�t� �t�e�c�h�n�i�q�u�e�.� �I�n�t�e�r�n�a�t�i�o�n�a�l� 
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�J�e�o�n� �B�,� �M�u�r�a�o�k�a� �W�,� �S�a�h�i�n� �O�,� �Z�h�a�n�g� �Q� �(�2�0�0�8�)� �R�o�l�e� �o�f� �C�j�1�2�1�1� �i�n� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �a�n�d� 
�t�r�a�n�s�f�e�r� �o�f� �a�n�t�i�b�i�o�t�i�c� �r�e�s�i�s�t�a�n�c�e� �d�e�t�e�r�m�i�n�a�n�t�s� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �A�n�t�i�m�i�c�r�o�b�i�a�l� 
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�J�e�o�n� �B�,� �Z�h�a�n�g� �Q� �(�2�0�0�7�)� �C�j�0�0�1�1�c�,� �a� �p�e�r�i�p�l�a�s�m�i�c� �s�i�n�g�l�e�-� �a�n�d� �d�o�u�b�l�e�-�s�t�r�a�n�d�e�d� �D�N�A�-�b�i�n�d�i�n�g� 
�p�r�o�t�e�i�n�,� �c�o�n�t�r�i�b�u�t�e�s� �t�o� �n�a�t�u�r�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i�.� �J� �B�a�c�t�e�r�i�o�l� �1�8�9� 
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�J�o�h�n�s�o�n� �J�G�,� �L�i�v�n�y� �J�,� �D�i�r�i�t�a� �V�J� �(�2�0�1�4�)� �H�i�g�h�-�t�h�r�o�u�g�h�p�u�t� �s�e�q�u�e�n�c�i�n�g� �o�f� �C�a�m�p�y�l�o�b�a�c�t�e�r� �j�e�j�u�n�i� 
�i�n�s�e�r�t�i�o�n� �m�u�t�a�n�t� �l�i�b�r�a�r�i�e�s� �r�e�v�e�a�l�s� �m�a�p�A� �a�s� �a� �f�i�t�n�e�s�s� �f�a�c�t�o�r� �f�o�r� �c�h�i�c�k�e�n� �c�o�l�o�n�i�z�a�t�i�o�n�.� �J� 
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�J�o�h�n�s�t�o�n� �C�,� �M�a�r�t�i�n� �B�,� �F�i�c�h�a�n�t� �G�,� �P�o�l�a�r�d� �P�,� �C�l�a�v�e�r�y�s� �J�P� �(�2�0�1�4�)� �B�a�c�t�e�r�i�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�:� 
�d�i�s�t�r�i�b�u�t�i�o�n�,� �s�h�a�r�e�d� �m�e�c�h�a�n�i�s�m�s� �a�n�d� �d�i�v�e�r�g�e�n�t� �c�o�n�t�r�o�l�.� �N�a�t� �R�e�v� �M�i�c�r�o�b�i�o�l� �1�2� �(�3�)�:�1�8�1�-� 
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�J�o�h�n�s�t�o�n� �C�,� �M�a�r�t�i�n� �B�,� �G�r�a�n�a�d�e�l� �C�,� �P�o�l�a�r�d� �P�,� �C�l�a�v�e�r�y�s� �J�P� �(�2�0�1�3�)� �P�r�o�g�r�a�m�m�e�d� �p�r�o�t�e�c�t�i�o�n� �o�f� 
�f�o�r�e�i�g�n� �D�N�A� �f�r�o�m� �r�e�s�t�r�i�c�t�i�o�n� �a�l�l�o�w�s� �p�a�t�h�o�g�e�n�i�c�i�t�y� �i�s�l�a�n�d� �e�x�c�h�a�n�g�e� �d�u�r�i�n�g� 
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�K�i�m� �J�S�,� �K�i�m� �J�W�,� �K�a�t�h�a�r�i�o�u� �S� �(�2�0�0�8�)� �D�i�f�f�e�r�e�n�t�i�a�l� �e�f�f�e�c�t�s� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �o�n� �n�a�t�u�r�a�l� 
�t�r�a�n�s�f�o�r�m�a�t�i�o�n� �t�o� �e�r�y�t�h�r�o�m�y�c�i�n� �a�n�d� �n�a�l�i�d�i�x�i�c� �a�c�i�d� �r�e�s�i�s�t�a�n�c�e� �i�n� �C�a�m�p�y�l�o�b�a�c�t�e�r� �c�o�l�i�.� �A�p�p�l� 
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�K�i�m� �S�H�,� �C�h�e�l�l�i�a�h� �R�,� �R�a�m�a�k�r�i�s�h�n�a�n� �S�R�,� �P�e�r�u�m�a�l� �A�S�,� �B�a�n�g� �W�S�,� �R�u�b�a�b� �M�,� �D�a�l�i�r�i� �E�B�,� 
�B�a�r�a�t�h�i�k�a�n�n�a�n� �K�,� �E�l�a�h�i� �F�,� �P�a�r�k� �E�,� �J�o� �H�Y�,� �H�w�a�n�g� �S�B�,� �O�h� �D�H� �(�2�0�2�0�)� �R�e�v�i�e�w� �o�n� �S�t�r�e�s�s� 
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8.2 Supplementary material of own publications 

������������Publication 1: Curcumin mitigates immune-induced epithelial barrier 
dysfunction by Campylobacter jejuni . 
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������������ Publication 2: Comparison of different technologies for the 
decipherment of the whole genome sequence of Campylobacter jejuni  
BfR-CA-14430. 
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������������ Publication 3: Whole genome sequencing reveals extended natural 
transformation in Campylobacter  impacting diagnostics and the 
pathogens adaptive potential. 
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�;� �c�y�t�i�d�i�n�e� �t�r�i�p�h�o�s�p�h�a�t�e� �s�y�n�t�h�e�t�a�s�e�;� �c�a�t�a�l�y�z�e�s� �t�h�e� �A�T�P�-�d�e�p�e�n�d�e�n�t� 
�o�f� �U�T�P� �t�o� �C�T�P� �w�i�t�h� �e�i�t�h�e�r� �L�-�g�l�u�t�a�m�i�n�e� �o�r� �a�m�m�o�n�i�a� �a�s� �t�h�e� �s�o�u�r�c�e� 
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�u�n�g� �(�u�r�a�c�i�l�-�D�N�A� �g�l�y�c�o�s�y�l�a�s�e�,� �e�x�c�i�s�e�s� �u�r�a�c�i�l� �r�e�s�i�d�u�e�s� �f�r�o�m� �t�h�e� �D�N�A� �w�h�i�c�h� 
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������������ Publication 5: "Take it or leave it"-Factors regulating competence 
development and DNA uptake in Campylobacter jejuni . 
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