The characterization of helicase activity and enzyme specificity of Tte-UvrD
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Introduction Results Conclusions

Background | | Figure 2. Native gel helicase assay Figure 5. Normalized FI (blunt end) Tte-UvrD is capable of unwinding 3'
 UvrD (helicase IlI), an essential enzyme in DNA Figure 1. MMR pathway comparisons 5 . P - - P FRET Emissions overhang DNA (43 bases) but is incapable

mlsmatch- repair 1(MMR), IS required in many p —\( Vs N 0 of unwinding blunt end DNA.
prokaryotic species. ( Ecoli )| ( Tag/Tte ) || Eukaryotes )

Although UvrD is required in the methyl-directed MMR o0 o i ' | Tte-UvrD consumes fewer ATP molecules
pathway in Escherichia coli (E. coli), it is unknown y X X ? f - E ? T ? ?C on a per enzyme basis than E. coli-UvrD

| | | I at their respective optimal temperatures.

UvrD present UvrD not present

Figure 2. TBE-PAGE of helicase reaction samples as described in Materials and - j Tte'Uer and E COIi‘Uer have

Methods and imaged using BioRad Gel Doc EZ System software. Lanes 1-4 depict 25 uM ATP

provide a hybrid model between eukaryotic and E. coli ~ Mut/MutLa
samples containing Tte-UvrD. Lanes 5-8 depict controls without Tte-UvrD. Lanes 1 B i COmparabIe affinities for ATP at their

MMR.?
. . - . MutH d5:25°C; L 2and 6:47°C; L 3and 7:65°C; L 4 and 8: 72°C. All i i .
UvrD from MutH-deficient thermophilic species such samples depict 0% umwound SSONA (100% JsDNA). Tl Lo umAe optimal temperatures, though Tte-UvrD

as Thermus aquaticus (Taq) and Thermoanaerobacter ~ UvrD/helicase | & I\ has a lower specificity and catalytic

tenqgconagensis Tte is readil accessible to _ _ _ _ - Figure 5. Normalized fluorescence intensities of samples containing blunt end DNA .
9 g ( ) y Figure 1. Comparisons of MMR pathways in E. coli, MutH-deficient gathered via FRET Assay. Fluorescence data was collected via a Biotek Synergy eff|C|ency_

characterize in vitro.? prokaryotes (most prokaryotes; Tte/Taq), and eukaryotes.? Figure 3. FRET efﬁciency (3’ Overhang) HTX plate reader.

Hypothesis FRET Efficiencies of Varying [ATP] Figure 6. Michaelis-Menten plot
The unwinding velocity and ATPase activity of Tte-UvrD is comparable to that of E. coli-UvrD at their corresponding il s B . " "
optimal temperatures (Tte: 65°C; E. coli: 37°C). s Michaelis-Menten (nonlin. reg.) F UtU re D | re Ctl O n S

50 mM ATP
100 mM ATP 0.05-

Findings ST Conkros 0.04- Chain length
We suggest that substrate length be varied in future

0.03 - experimentation to further investigate the translocation ability
and processivity of thermostable UvrD prior to dissociation.

whether helicases are required in eukaryotic MMR. MutS/MutSo v v 4
MutH-deficient prokaryotic organisms are theorized to v v
v ?
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« The native gel helicase assay unsuccessfully demonstrates the helicase activity of Tte-UvrD (0% unwound DNA)
(Figure 2).
Tte-UvrD successfully unwinds substrates with 43 base overhangs (3° end) (Figures 3 and 4). ATP
concentrations ranging from 25-100 uM result in comparable levels of FRET efficiency loss and fluorophore
distance gain over 10 minutes.
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Tte-UvrD is incapable of unwinding blunt end DNA, regardless of ATP concentration (Figure 5). 0.00-¥ We ﬁuggest bthtattcircglar. SSDtNA’t g'?uidﬁ’hplexesa a”td 5d
overhang substrates be investigated to further understan

Tte-UvrD was found to have a K, of 0.2761 uM and V., of 0.1551 uM/s (Figure 6). K_,, was determined to be = " " ” " - - " -0.01 - TATP] (M) possible limitations to thermophilic UvrD.

2.7304 s (Figure 7). Time (o]
Figure 6. Michaelis-Menten plot of ATPase assay samples (generated via Prism

Figure 3. FRET efficiency of containing 3’ overhang DNA and varying amounts of ATP Gra : :
. . , phPad). Enzyme concentration remained constant at 0.006024 uM and ATP =, . L
gathered via FRET Assay. Substrate control contains 3’ overhang DNA only. Fluorescence concentration varied (0, 20, 40, 60, 80, 100 uM). The correlation coefficient (R?) was ATPase act|V|ty inhibitors

Slgnlflca.r!ce . | - | data was collected via a Biotek Synergy HTX plate reader. 0.9860 with 10 degrees of freedom. Km= 276.1 uM, Vmax= 0.1551 uM/s, Kcat= 25.75 Investigating the inhibition of ATPase activity by SSB (or
Comparability, or lack thereof, of ATPase activity between E. coli-UvrD and Tte-UvrD aids in the understanding of s*'. Enzyme velocity was calculated using the linear regression of phosphate other proteins) is essential to create a comprehensive

. . . . . . . ‘g tandards t imate phosphat trati fter ATP hydrolysis (600
the role of helicases in eukaryotic MMR through the proposed hybrid model. Such information is critical to further ey € approximate phosphate concentrations after AT ydrolysis

- : , seconds) understanding of the role of thermophilic UvrD in its
research MMR deficiencies in humans. Figure 4. Fluorophore distance (3" overhang) respective MI?/IR pathway. P

. | . Figure 7. Determination of K
Distance Between Fluorophores with Varying [ATP] g Enzyme Concentration v Velocit;at Temperature dependence

M eth O d S = Further studies should be performed to determine whether
—— 100 mM ATP ' enzyme kinetics improve and/or helicase activity increases at
DTS Lot . higher or lower temperatures.

Transformation, Expression, and Purification (7ag-UvrD)
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7 phosphate concentrations after ATP hydrolysis (10 minutes) Kcat= 2.7304 s™.
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