Summary

TissueFactor(TF) is acofactorof FactorVlla (F.Vila) andis involvedin theinitiation
of the extrinsic pathway of the blood coagulatiorcascadeTF is anintegral membrane
proteinconsistingof an extracellulardomain(aminoacids1-219),a transmembrane
domain (220-242),and a cytoplasmicdomain (243—263). Basedon structuraland
sequencsimilarities, TF belongsto the cytokinereceptorsuperamily.

Here, TF is studiedusingproteincrystallography For theseexperiments purified
protein solutionswere available for TF-219, TF-243, TF-263, the murine anti—-TF
FabfragmentD3, the humanizedanti-TFFabfragmentD3H44,andcell pastefor the
mutantTF-263C245S.

Thefirst partof this studyaddressethe crystallizationof full-length TF, in order
to obtaina model mimicing a full length cytokine receptor So far, no structureof
anintegral cytokine receptorhasbeensolved. Crystallizationof the solubilizedmem-
braneproteinshasproven difficult in the past,andalsoin this studythe structureof
full-length TF could not be solved. The crystalsobtainedwere eithertoo small for
diffraction studies,or diffraction waslimited to 7 A only. However, the experiments
describechere,give valuablehints for the optimizationof the crystallizationconditi-
ons;this may ultimatelyleadto crystalswell suitedfor X—ray diffractionstudies.

In the secondpartof this study the crystalstructureof the anti-TFFabfragments
murine D3 and humanised3H44 were solved and comparedo studythe structural
aspectsof the humanisatiorprocess. In addition, the antigen—antibodyecognition
procesdetweenTF andD3H44 wasinvestigated.The crystalstructureof the murine
D3 Fab fragmentwassolved at a resolutionof 2.4A. The structureof the humanised
D3H44antibodycould be determinedat aresolutionof 1.85A, aswell asthestructure
of the complex betweenthe extracellulardomainof TF and D3H44 at a resolutionof
1.85A.

Thecomparisorbetweerthestructure®f themurineD3 andthehumanised3H44
revealedonly smalldeviationsbetweerthesestructureslespitedifferentantibodyfra-



ABSTRACT 10

meworks. The C, atomscanbe superimposesith a deviation of 1.27A (RMS, root-
mean-square)ln the main chain, mostof the structuraldifferencesetweenD3 and
D3H44werelocatedin thoseregionsof thevariabledomainwhich areproximalto the
constantdomain.

Duringthehumanisatiomprocess aminoacidsfrom theantibodyframework and6
aminoacidsfrom the complementaritydeterminingregions(CDR) have beenmutated
with the resultof a 100—foldincreasedinding affinity comparedo the D3 antibody
The mostimportantmutationwas the exchangeArg—H71—-Alain orderto reinduce
TF binding. The large side—chainof arginine sterically hindersthe conformationof
the CDR-H1and—-H2 loopswhichis necessaryor TF binding. Furthersubstitutions
optimize either the hydrophobiccontactbetweenthe light and the heary chainsor
introducenew hydrogenbondsbetweenthe binding loops replacingwatemediated
contacts.

TheD3H44 structureshovs numeroussimilaritiesto the structuref the previous-
ly publishedFab fragmentsof anti-VEGF anti—-CD18,andanti—-p185Her2 All these
Fabfragmentscontainthe samehumanframework.

The accessibilityof the crystal structuresof the D3H44 Fab fragmentat 1.85A
resolutionof thecomplex TF-D3H44at 1.85A resolutionandthe previously published
structureof the free TF at 1.7A resolutionoffers a unique opportunityto studythe
antigen—antibodyecognitionprocessThe conformationachangesn D3H44induced
during complex formation are small and are mainly restrictedto the reorientationof
side—chainsThecombiningsitein the TF-D3H44 comple containsalarge numberof
polarinteractionsln addition,46 watermoleculearticipatein theinterface.

Independentlyffrom D3, anothemurineanti-TFantibody 5G9, hadbeendevelo-
pedrecognizingnearly the identical epitop on the C-terminal TF domain. The cry-
stal structuresof the free Fab fragment5G9 and the complex betweenTF and 5G9
(TF-5G9) have beensolvedwith aresolutionof 2.5A and3.0A, respectiely. In apre-
viously publishedreport, the antigen—antibodyecognitionprocesshasbeenstudied
betweenTF andthe Fab fragment5G9 and no major role for watermoleculesin the
interfacehasbeenforseen. However, in the presentstudy of TF and D3H44, water
moleculesplay animportantrole in mediatingcontactsetweerbothmolecules.

In the Protein Data Bank, there are only two additional structuresof antigen—
antibodycomplexesfor which the coordinatehave beendepositedogetherwith the
structuresof the correspondingree antigenandfree antibody Structuresat similar
resolutionare cytochromec in complex with FabE8and lysozymein complex with
HyHEL-63. Revisiting their antigencombiningsitesand applyingthe samecriteria
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asfor the TF-D3H44 structureshows that theseantigen—antibodgomplexesarequite
similar with respecto the numberof watermoleculesn theinterface,the numberof
identicalwatermoleculesn thefree componentandthe comple, andthe numberof
watermoleculeswhich areexpelledby polaratomsof the binding partner



