
 
 
 
 
 
 
 

NOVEL INTEGRAL MEMBRANE PROTEINS OF 

THE INNER NUCLEAR MEMBRANE 
 

CHARACTERIZATION OF LUMA 
 

NATIVE LAP 2β COMPLEXES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

vorgelegt von Luiza Bengtsson 
Berlin, 2002 

Inauguraldissertation 

zur Erlangung der Doktorwürde des Fachbereichs 

Biologie Chemie Pharmazie 

der Freien Universität Berlin 



 2 

 
 
 
 
Die vorliegende Arbeit wurde in der Arbeitsgruppe von Prof. Dr. Ferdinand 
Hucho (AG Neurochemie), Institut für Chemie-Biochemie des Fachbereichs 
Biologie, Chemie, Pharmazie der Freien Universität Berlin angefertigt. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. Gutachter: Prof. Dr. Ferdinand Hucho 
2. Gutachter: PD Dr. Shiao Li Oei 

 
 
 
 
 
 
Ort und Datum der Disputation: Berlin, 11 Juni 2002 



 3 

TABLE OF CONTENTS 
 

1  INTRODUCTION ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8  

1.1 Functional organization of the cell nucleus............................................................... 8 

1.2 The nuclear envelope ................................................................................................ 11 
1.2.1 The integral proteins of the inner nuclear membrane ........................................... 14 
1.2.2 The lamina............................................................................................................. 21 

1.3 Questions and approaches ........................................................................................ 23 

2  RESULTS AND DISCUSSION... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24  

2.1 The nuclear envelope proteome ............................................................................... 24 
2.1.1 Fractionation of nuclear envelopes and the protein content of the fractions ........ 24 
2.1.2 Discovery of two novel proteins of the inner nuclear membrane ......................... 27 
2.1.3 Localization of KIAA0810 and LUMA in COS-7 cells ....................................... 27 
2.1.4 Bioinformatic characterization of LUMA and KIAA0810; KIAA0668 – a third 

novel protein of the inner nuclear membrane?...................................................... 29 
2.1.4.1 LUMA ............................................................................................................. 30 
2.1.4.2 KIAA0810....................................................................................................... 32 
2.1.4.3 KIAA0668....................................................................................................... 36 

2.1.5 Localization of KIAA0668 in COS-7 cells and its biochemical characterization 37 

2.2 Functional characterization of LUMA.................................................................... 40 
2.2.1 Overexpression of LUMA in COS-7 cells – comparison with other INM 

proteins .................................................................................................................. 40 
2.2.2 Localization of LUMA deletion mutants – inner nuclear membrane targeting 

domain and topology of LUMA............................................................................ 43 
2.2.3 Downregulation of LUMA in 3T3 cells ................................................................ 47 

2.2.3.1 Messenger primer walking .............................................................................. 48 
2.2.3.2 Transfection of anti-sense oligonucleotides into 3T3 cells............................. 49 

2.2.4 Chromatin binding assay....................................................................................... 51 
2.2.5 Concluding remarks on LUMA............................................................................. 53 

2.3 Functional characterization of LAP 2β - the native LAP 2β complexes .............. 54 

2.3.1 Solubilization of nuclear envelopes ...................................................................... 54 
2.3.2 Gel filtration .......................................................................................................... 55 

2.3.2.1 FPLC ............................................................................................................... 55 
2.3.2.2 SMART high performance liquid chromatography ........................................ 57 

2.3.3 Glycerol gradient centrifugation ........................................................................... 58 
2.3.4 Blue Native Gel Electrophoresis ........................................................................... 59 

3  SUMMARY ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62  



 4 

4  ZUSAMMENFASSUNG ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64  

5  METHODS ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66  

5.1 Molecular Biology ..................................................................................................... 66 
5.1.1 RNA isolation........................................................................................................ 66 
5.1.2 cDNA synthesis..................................................................................................... 67 
5.1.3 PCR ....................................................................................................................... 68 
5.1.4 Vector construction ............................................................................................... 70 

5.1.4.1 Restriction digest............................................................................................. 70 
5.1.4.2 Dephosphorylation .......................................................................................... 71 
5.1.4.3 Agarose gel electrophoresis ............................................................................ 71 
5.1.4.4 Purification of DNA fragments ....................................................................... 71 
5.1.4.5 Ligation ........................................................................................................... 72 
5.1.4.6 TOPO cloning ................................................................................................. 72 

5.1.5 Preparation of competent E.coli ............................................................................ 73 
5.1.6 Transformation into E.coli .................................................................................... 74 
5.1.7 Analytical and preparative plasmid preparation.................................................... 74 

5.1.7.1 Analytical plasmid preparation ....................................................................... 74 
5.1.7.2 Preparative plasmid preparation...................................................................... 75 

5.1.8 Sequence analysis of the DNA.............................................................................. 75 
5.1.9 Protein expression in E.coli................................................................................... 76 
5.1.10 In vitro transcription.............................................................................................. 77 
5.1.11 Messenger primer walking .................................................................................... 78 

5.2 Cell Biology ................................................................................................................ 79 
5.2.1 Cell culture (N2a, COS-7, 3T3, CHO).................................................................. 79 
5.2.2 Transfection of mammalian cells .......................................................................... 79 
5.2.3 Immunofluorescence staining of cells................................................................... 80 
5.2.4 Fluoroscence microscopy...................................................................................... 80 
5.2.5 Preparation of metaphase chromosomes from CHO cells .................................... 80 
5.2.6 Preparation of nuclei from N2a cells..................................................................... 81 
5.2.7 Preparation of nuclear envelopes from N2a nuclei ............................................... 82 

5.3 Biochemistry .............................................................................................................. 83 
5.3.1 Protein concentration assay (Bradford)................................................................. 83 
5.3.2 Solubilization of nuclear envelopes ...................................................................... 83 

5.3.2.1 TX-100 and urea/carbonate............................................................................. 83 
5.3.2.2 n-Dodecyl-β-maltoside, Tween 80.................................................................. 83 

5.3.3 SDS PAGE ............................................................................................................ 84 
5.3.4 Western Blot.......................................................................................................... 85 

5.3.4.1 Semi dry Blot .................................................................................................. 85 
5.3.4.2 Immunodetection............................................................................................. 85 

5.3.5 2D-BAC/SDS-PAGE ............................................................................................ 86 
5.3.6 Tryptic in gel digest............................................................................................... 87 
5.3.7 MALDI-TOF mass spectrometry .......................................................................... 89 

5.3.7.1 Sample preparation.......................................................................................... 89 



 5 

5.3.7.2 ZipTip purification .......................................................................................... 90 
5.3.7.3 Identification of proteins ................................................................................. 90 

5.3.8 TCA protein precipitation ..................................................................................... 90 
5.3.9 Gel filtration .......................................................................................................... 91 
5.3.10 Glycerol gradient centrifugation ........................................................................... 91 
5.3.11 Cross-linking GluDH ............................................................................................ 92 
5.3.12 Blue Native Electrophoresis.................................................................................. 92 

5.3.12.1 2D BNE/SDS PAGE ................................................................................... 93 
5.3.13 Purification of proteins expressed in E.coli .......................................................... 93 
5.3.14 Chromosome binding assay .................................................................................. 94 

5.4 Bioinformatics............................................................................................................ 95 

6  LIST OF ABBREVIATIONS ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96  

7  REFERENCES ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98  

8  PUBLICATIONS ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112  

9  CURRICULUM VITAE ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113  

10  ACKNOWLEDGMENTS ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114  



 6 

FIGURES AND TABLES 

Figures 

Fig. 1-1 Functional organization of the nucleus ................................................................. 10 
Fig. 1-2 Structure of the nuclear envelope.......................................................................... 11 
Fig. 2-1 Fractionation of the nuclear envelope – scheme ................................................... 24 
Fig. 2-2 Sections of BAC/SDS PAGE where the marker proteins were found. ................. 25 
Fig. 2-3 Selected proteins detected in the TX-100 resistant nuclear envelope fraction 

(Tx) and in the chaotrope resistant fraction (U/C) grouped according to their 
subcellular localization......................................................................................... 26 

Fig. 2-4 Position of LUMA and mKIAA0810 on a typical BAC/SDS PAGE. .................. 27 
Fig. 2-5 Overexpression of KIAA0810 and LUMA in COS-7 cells .................................. 28 
Fig. 2-6 Kyte-Doolittle hydropathy plot for LUMA........................................................... 31 
Fig. 2-7 Alignment of the C-termini of KIAA0810, KIAA0668, SUN1, SUN2 and 

UNC-84A ............................................................................................................. 34 
Fig. 2-8 Kyte-Doolittle hydropathy plot for KIAA0810 .................................................... 35 
Fig. 2-9 Kyte-Doolittle hydropathy plot for KIAA0668 .................................................... 36 
Fig. 2-10 Domain structure of KIAA0810, KIAA0668 and UNC-84A ............................... 37 
Fig. 2-11 Overexpression of KIAA0668 in COS-7 cells ...................................................... 38 
Fig. 2-12 Biochemical characterization of KIAA0668, Western blot. ................................. 39 
Fig. 2-13 Overexpression of LUMA in COS-7 cells ............................................................ 40 
Fig. 2-14 Comparison of the effect of overexpression of lamin B receptor, LUMA and 

lamin B2 in COS-7 cells and of their colocalization with endogenous 
LAP 2β/ε .............................................................................................................. 42 

Fig. 2-15 Constructed LUMA deletion mutants ................................................................... 43 
Fig. 2-16 Overexpression of LUMA deletion mutants and their colocalization with 

endogenous LAP 2β/ε in COS-7 cells.................................................................. 45 
Fig. 2-17 The suggested transmembrane  topology of LUMA............................................. 47 
Fig. 2-18 Messenger primer walking .................................................................................... 48 
Fig. 2-19 Downregulation of LUMA in 3T3 cells ................................................................ 50 
Fig. 2-20 Chromosome binding assay - schematic representation ....................................... 51 
Fig. 2-21 Chromosome binding assay – results .................................................................... 52 
Fig. 2-22 Solubilization of nuclear envelopes, Western blot................................................ 55 
Fig. 2-23 Calibration profile of the Superose 12 FPLC gel filtration column...................... 56 
Fig. 2-24 Separation of nuclear envelopes on a Superose 12 gel filtration FPLC column... 56 
Fig. 2-25 Calibration profile of the Superdex 200 PC 3.2/30 SMART gel filtration 

column.................................................................................................................. 57 
Fig. 2-26 Separation of nuclear envelopes on a Superdex 200 PC 3.2/30 SMART gel 

filtration column - immunoblot of selected fractions........................................... 58 
Fig. 2-27 Glycerol gradient centrifugation of solubilized nuclear envelopes....................... 59 
Fig. 2-28 Glycerol gradient centrifugation of cross–linked GluDH..................................... 59 
Fig. 2-29 Blue Native Gel Electrophoresis of solubilized nuclear envelopes ...................... 60 



 7 

Tables 
Tab. 1-1 Known proteins of the inner nuclear membrane. .................................................. 20 
Tab. 2-1 BLASTP search using the murine LUMA protein sequence as input................... 30 
Tab. 2-2 BLASTP search using the KIAA0810 protein sequence as input......................... 32 
Tab. 5-1 Typical program for DNA amplification by PCR................................................. 68 
Tab. 5-2 Primer and template combinations used to amplify target DNA sequences ......... 69 
Tab. 5-2 Vector/DNA fragment combinations and the cloning strategy applied ................ 70 
 


