TABLE OF CONTENTS

ACKNOWLEDGMENTS ...t I
DEDICATION ...ttt ettt sttt sttt e e re e et e e s nb e e beesnteenbeeanbeenbeeas I
TABLE OF CONTENTS ...ttt ennee s i
ABSTRACT ettt b ettt et e he et et a e aeeeneas VI
LIST OF FIGURES ...ttt neas Vil
LIST OF TABLES ... oo XIX
T OSSPSR XX
1. INTRODUCTION. ...
1.1 DNA DINAING PrOLEINS.....oviiiitiiieitieiieie et 1

111 ZINC TINGEI PrOtEINS ..cvveeiiieiecte ettt e re e ae e nre s 2

1.2 Zinc finger Protein Zif268 ............coooiiiiiiiiieie e 3

1.2.1  Zinc finger-DNA interactions and SPeCIfiCity .........cccooeririiiinieninninienne, 5

1.3 Linkers in zinc finger protein interaction with DNA............ccoiiiiiiiie i, 6

1.3.1  Structure of Zinc finger protein HNKers .........ccooeveviveeicrceeeeeee, 8

1.4 Applications of Zinc finger proteins in gene regulation ............c.ccccoeevvennnnn 10

1.5 Computational approach for finding free energy of binding ...........cc.ccce..e. 13

1.5.1 Molecular dynamic software used in this Work ..........ccccccoovvveiriinieennnnn. 15



1.5.2 MM-PBSA and MM-GBSA method for calculating free energy of binding of

ProteiN-DINA COMPIEX ... et e e e e e e aeees 17
2. Computational Methods ..o 24
2.1 Protein data bank Structure..............cooiiiiiiiii 24
2.2 Creating prmtop and inpcrd files.........ocooiiii i 26
2.3 Equilibration of the solvated system...............cocoiiiiiiiiiiiii 33
2.4 Production MD simulation of the solvated system............................. 35
2.5 Calculating The free energy of binding for the protein-DNA complex.... 36
2.6 Calculating the entropy contribution................coooiiiiiiiiiiiii, 37
2.7 Analyzing the reSults ..........oooiiiiii e 37
2.8 Preparing mutants of Zif268............ccooiiiiiiii 38.
3. ReSUltS and DISCUSSION. ...ttt 40
3.1 Zif268 POINt MULANTS. ...t e 40
3.2 Analysis of simulation output files................oiiiiii i, 41
3.3 Total Binding free energy (GBTOT) for Zif268-DNA complex compared to its
ten point mutants bound to the same DNA binding Site...............ccoooiiiiiiiiiiininn. 48
3.3.1 Analysis of the binding free energy of Zif268 -DNA complex................ 54
3.3.2 Analysis of the binding free energy of T28A -DNA complex................. 54

3.3.3 Analysis of the binding free energy of G29P-DNA complex.................. 63



3.3.4 Analysis of the binding free energy of Q30E-DNA complex..............69

3.3.5 Analysis of the binding free energy of K31D-DNA complex.............. 75
3.3.6  Analysis of the binding free energy of P32G-DNA complex............... 82
3.3.7 Analysis of the binding free energy of T56Y-DNA complex............... 87
3.3.8 Analysis of the binding free energy of G57V-DNA complex.............. 94
3.3.9 Analysis of the binding free energy of E58Q-DNA complex.................99
3.3.10 Analysis of the binding free energy of K59P-DNA complex............ 104
3.3.11 Analysis of the binding free energy of P6GOA-DNA complex............ 115
3.3 Mutagenesis studies of Zif268 -DNA compleX............cooeviiiiiiiiiiinininnan. 115
4. CONCIUSTON. ... e 122
APPENDICES
Appendix A: Zinc finger protein files.............ooii i 125
Appendix B: Input files for simulation ...................cooiiiiiii 129

R O NGRS . oo e, 136



