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Conclusions

● Heterologous expression and 
purification of functional T. 
aquaticus UvrD was successful

● Native PAGE and FRET helicase 
assays demonstrate that at 
least at low [ATP], there is a 
positive correlation between 
ATP concentration and 
unwinding, indicating that 
UvrD has ATP-dependent 
helicase activity 

● Enzyme kinetics were 
determined by ATPase assay: 

Characterization Methods

Helicase Assays
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Abstract

Following heterologous expression and 
purification of recombinant Thermus 
aquaticus  UvrD in E. coli BL21,  T. aquaticus 
UvrD was characterized using helicase and 
ATPase assays. In doing so, we hoped to 
elucidate functional differences between 
this protein and its E. coli homolog to gain 
further insight into the eukaryotic MMR 
pathway.  

Future Directions

• Examine kinetics of 50 nM UvrD 
at higher ATP concentrations to 
truly reach V

max 
in 

Michaelis-Menten curve
• Shorten allowed reaction time 

to adhere to assumptions of  
Michaelis-Menten kinetics

• Test V
max 

 at various enzyme 
concentrations in an excess of 
substrate to more reliably 
calculate k

cat

Background

ATPase Assays

FRET Assay. Forster Resonance Energy Transfer  
assay monitored Taq UvrD’s DNA-unwinding activity 
at varying [ATP] in real time. At low [ATP], FRET 
signal decreases with time, signifying unwinding, but 
when [ATP] is high, FRET signal increases with time.

Native PAGE Assay. Helicase reactions were 
run at varying [ATP], and the fluorescent 
labelled ssDNA and dsDNA were separated 
and quantified on a fluorescence-imaged gel. 
As [ATP] increases, an increase in percent 
ssDNA was observed, indicating Taq UvrD’s 
DNA unwinding activity is ATP dependent. 

Figure 2. FRET Assay A) FRET assay data. Emission at 
670 ± 10 nm was measured over a 15-minute period. 
B) Graph depicting the relationship between the initial 
velocity of helicase activity vs. ATP concentration. C) 
Fluorescent image of 96-well microplate containing 
the FRET Assay (yellow=FRET, green=Cy3, red=Cy4)

ATPase Assay. Reaction velocity was approximated using rate of phosphate formation and measured at 50 
nM Taq UvrD and varying ATP concentrations.3 

● DNA mismatch repair (MMR) 
pathway is highly conserved in 
all living things1

● MMR pathway rectifies base 
pair mismatches, insertions or 
deletions in DNA replication2 

● Eukaryotic MMR is not  
well-studied but hypothesized 
to be similar  to prokaryotic 
MMR 

● T. aquaticus  MMR proteins 
have high thermostability and 
can be easily characterized in 
vitro

Figure 1. Taq UvrD 
(blue) and E. coli 
UvrD (yellow) 
overlayed

https://doi.org/10.1101/cshperspect.a012633
https://doi.org/10.1038/cr.2007.115

