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Changing enzyme function with DNA mutation 
Introduction 

dNK enzymes are important for cell growth, they are a part of a pathway (salvage pathway) 

which recovers nucleosides, the building blocks of DNA. We have 5 types of nucleosides 

(cytidine, uridine, adenosine, guanosine, thymidine) originating from DNA/RNA breakdown 

and/or food.  These enzymes belong to two sub-families: thymidine kinase 1 (TK1) and non-

TK1. (Figure 1) 

The TK1 enzyme is very specialized and can only bind to two nucleosides: thymidine, 

deoxyuridine and their analogs while the other enzymes can bind to more nucluesides.  When 

nucleoside analogs are incorporated into the DNA it will terminate the DNA strand and 

prevent cell growth. This is a key role in chemotherapeutic treatment of cancer.  

My project 

In this project we wanted to see if we could enlarge the TK1 substrate specificity, that is, to 

see if it can bind to other nucleosides by inserting mutations to its gene which could possibly 

affect its binding site. Random mutations were introduced into the TK1 gene from bacteria 

and plant. Then the mutant library was screened for mutants with improved substrate 

specificity for several nucleoside analogs. By characterizing the favourable mutants we might 

be able to “map” the TK1 structure.  

 We were able to isolate mutants that showed 3 times elevated sensitivity towards deoxy 

cytidine and thymidne analogs compared to the non mutated TK1 Enzyme. Unfortunately, for 

the plant (AtTK1) mutants we had a contamination that was confirmed with screening. 

Selected mutants turned out to be the 

bacterial (PmTK) mutants.  

I was not able to change TK1 specificity 

effectively.  For further research on the 

favourable mutants it would be 

interesting to do another round of 

mutation to see if we can have more 

increase in sensitivity towards the 

analogs.  
Figure 1. The structure of the two dNKs families with their substrates. (a) DmdNK (insect TK2-like enzyme), 
with dT and sulfate ion (b) human TK1 with dTTP. Enzyme fold of the two dNKs family is very different. 
(Modified from Sandrini and Piskur, 2005 
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Abstract 
 
Deoxyribonucleoside kinases (dNKs) phosphorylate deoxyribonucleosides, a crucial reaction 
in the salvage of DNA precursors. These enzymes belong to two families: thymidine kinase 1 
(TK1) and non-TK1. TK1s have the most restricted substrate specificity and phosphorylate 
only thymidine, deoxyuridine and their analogs. In this project we mutagenized two genes 
coding for a bacterial (Pasteurella multocida) and a plant (Arabidopsis thaliana) TK1. We 
screened E. coli colonies carrying various mutant TK1 for their ability to phosphorylate 
thymidine and deoxycytydine analogs. The isolated mutants showed 3 times more sensitivity 
towards deoxycytidine and thymidine analogs compared to the wild type kinase.  
 
 


