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SUMMARY 
 

Faithful replication of genomic DNA is crucial for the survival of a cell. In order to achieve 

high-level accuracy in copying its genome, all cells employ replicative DNA polymerases that 

have intrinsic high fidelity. When an error occurs on the template DNA strand, in the form of 

lesions caused by diverse chemicals, reactive oxygen species, or UV light, the high-fidelity 

replicative DNA polymerases are stalled. To bypass these replication blocks, cells harbor 

multiple specialized translesion DNA polymerases that are error-prone and therefore able to 

accommodate the lesions and continue DNA synthesis. As a result of their low fidelity, the 

translesion polymerases are associated with increased mutagenesis, drug resistance, and 

cancer. Therefore, the access of the translesion polymerases to DNA needs to be tightly 

controlled, but how this is achieved has been the subject of debate.  

 This Thesis presents the development of a co-localization single-molecule 

spectroscopy (CoSMoS) method to directly visualize the loading of the Escherichia coli 

replicative polymerase on DNA, as well as the exchange between the replicative polymerase 

and the translesion polymerases Pol II and Pol IV. In contrast to the toolbelt model for the 

exchange between the polymerases, this work shows that the translesion polymerases Pol II 

and Pol IV do not form a stable complex with the replicative polymerase Pol IIIα on the β-

clamp. Furthermore, we find that the sequential activities of the replication proteins: clamp 

loader, clamp, and Pol IIIα, are highly organized while the exchange with the translesion 

polymerases is disordered. This exchange is not determined by lesion-recognition but instead 

a concentration-dependent competition between the replicative and translesion polymerases 

for the hydrophobic groove on the surface of the β-clamp. Hence, our results provide a unique 

insight into the temporal organization of events in DNA replication and translesion synthesis. 

 
 
 
 
 
 
 
 
 



	 iii	

DECLARATION 
 

This dissertation is the result of my own work and includes nothing which is the outcome of 

work done in collaboration except as declared in the Preface and specified in the text.  

It is not substantially the same as any that I have submitted, or, is being concurrently 

submitted for a degree or diploma or other qualification at the University of Cambridge or any 

other University or similar institution except as declared in the Preface and specified in the 

text. I further state that no substantial part of my dissertation has already been submitted, or, 

is being concurrently submitted for any such degree, diploma or other qualification at the 

University of Cambridge or any other University or similar institution except as declared in 

the Preface and specified in the text.  

It does not exceed the prescribed word limit of 60,000 words as set by the Biology 

Degree Committee. 

 

 
Gengjing Zhao 

Cambridge, October 2017 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	 iv	

ACKNOWLEDGEMENTS 
 

I would like to begin by thanking my supervisor Meindert Lamers for the opportunity to work 

in his lab for my PhD. It has been a very steep learning curve and I thank you for your advice, 

guidance and support, and for giving me the freedom to work independently. You are 

incredibly creative in your approach to scientific problems and it has been truly inspirational 

to have you as my supervisor. 

I am grateful for the amazing people I have met during this journey. Thanks to Rafael 

Fernández-Leiro for interesting discussions and from whom I have learned a lot. Thanks to 

Emma Gleave for help with the single-molecule experiments. Thanks to Gero Fink, Ha Thi 

Hoang, Andrew Carter and David Rueda for the initial introduction to single-molecule 

experiments. Thanks to Nick Barry, Jonathan Howe and Mathias Pasche for helping me with 

microscope problems. Thanks to Stephen McLaughlin for help with the analytical 

ultracentrifugation experiments. Thanks to Tim Venkatesan and Julian Conrad for help with 

the heterodimer project. Importantly, thanks to Jeff Gelles and Larry Friedman at Brandeis 

University for teaching me how to analyze CoSMoS data.  

I would like to thank the members of the Lamers group who have shared this 

experience with me: Rafael Fernández-Leiro, Ulla Lang, Soledad Baños Mateos, Marike van 

Roon and Emma Gleave. You have been my second home in the past three years and I thank 

you for all the valuable memories. I would like to say a special thanks to Soledad Baños 

Mateos, who has shared every step of this journey with me, both in and outside of the lab, and 

supported me through thick and thin. I am so lucky to have met such a great friend like you. 

Thanks to my parents and sister for your unconditional love. Although home is far 

away, you have always been there to listen to and support me. This PhD would not have been 

possible without you. I would like to thank Lisha Zhang whom I have been so lucky to know 

for almost 20 years, and who I know will always be there for me. Thank you Julian Willis for 

making the past three years so special - I am truly grateful for sharing everything with you 

during my PhD and for being able to have you in my life in the journeys to come. 

Finally, I would like to say thank you to myself. This experience has stretched and 

challenged me in so many different ways. I thank myself for persevering until the very end. 

 

 

 

 

	
 


