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Figure 1. Schematic of FRET helicase enzyme assay.

Methods                   
Substrate Preparati
(5’Cy5-TAGTACCGC
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Cy5 fluorophore was 
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material was incubate
Cy7Q NHS-ester dye
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Figure 5. Imager versus PMT plate reader. Standard assays with (solid
lines) or without (dashed lines) 5mM ATP were run in parallel and
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0.05% sodium azide. Unwinding was initiated on t
addition of helicase enzyme. Assays (50µl) were run at
ambient temperature in black, opaque 384-well plates.
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on: Donor strand oligonucleotide
CACCCTCAGAACCTTTTTTTTT
ised using standard chemistries.
introduced during synthesis using
agent. Following deprotection
e at ambient temperature for 24
erial was purified by RP-HPLC.
onucleotide (5’GGTTCTGAGGGT

) was synthesised as above
modifier. Purified, amine modified
d with a 10-fold molar excess of

 in 0.1M sodium carbonate buffer
ter 18 hours, oligonucleotide was
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Figure 4. Dependence on ATP. Substrate and capture strand were
incubated with a range of concentrations of ATP in the presence (") or
absence  (!) of 150nM PcrA helicase enzyme as described. Fluorescence
was measured on LEADseeker after 60 minutes.

The helicase assay was run in duplicate plates and
fluorescence signals were monitored over time using
LEADseeker and a PMT-based plate reader. The
results showed that the LEADseeker compares
favourably with the plate reader (figure 5).
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Figure 2. Effect of enzyme concentration on level of DNA unwinding.
Substrate and capture strand (100nM) were incubated in assay buffer with
300 (!), 150 (!), 75 (!) or 37.5nM (!) PcrA enzyme or buffer only (!) as
described. Fluorescence signals were monitored over time on LEADseeker.
Each data point in this and subsequent figures is the mean (+/- SEM) of 3
replicates.

CONCLUSIONS
• We have measured helicase-mediated DNA unwinding

using a quenched DNA partial duplex substrate and
LEADseeker homogeneous imaging system.

• Assay signals were dependent upon the concentration of
ATP/MgCl2 and capture strand oligonucleotide.

• The generation of fluorescence signals could be inhibited
by the addition of ATP-γ-S.

• This assay format could be used for HTS of potential
helicase enzyme inhibitors.
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 assay employs a partial duplex
ed with Cy 5 fluorescent donor
t Cy7Q* acceptor (figure 1).  In
imal fluorescence output from the
 quenching by Cy7Q. Enzyme-
f substrate results in a significant
scence.
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fluorescence signals were monitored over time on LEADseeker (") and a
PMT-based reader (!).

The effect of adenosine 5’-O-(3-thiotriphosphate) (ATP-
γ-S), a non-hydrolysable form of ATP, on assay signals
was investigated (figure 6). Half maximal inhibition was
observed at an ATP-γ-S concentration of 1.5mM.
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Figure 6. Inhibition of unwinding with ATP-γγγγ-S.  Substrate and capture
strand were incubated with PcrA helicase in assay buffer containing 5mM
ATP and various concentrations ATP-γ-S. Fluorescence signals were
measured on LEADseeker after 60 minutes.
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Figure 3. Effects of capture strand concentration. Standard assays were
run in the presence of 100nM ("), 50nM (") or no (") capture strand with
(solid boxes) or without (hatched boxes) 150nM enzyme. Fluorescence
signals were measured on LEADseeker after 30 minutes.

In agreement with published studies, fluorescent signal
generation was dependent on ATP concentration
(figure 4). The concentration of MgCl2 was also critical
and a titration experiment showed that 5mM was
optimal.
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Fluorescence signals were monitored on LEADseeker
(-45oC camera, 635/10nm excitation and 690/10nm
emission, 15 second exposure time) and a PMT-based
reader.   
Enzyme: PcrA from B.sterothermophilus was used
throughout this work.  PcrA is a homologue of the PcrA
protein from S.aureas and shows considerable
homology to both E. coli UvrD and Rep. PcrA has been
shown to have 3’ → 5’ helicase activity (3).

Results
Fluorescence signal increase was proportional to
enzyme concentration (figure 2). A 16-fold signal
increase was observed following incubation of 20nM
substrate with 300nM PcrA helicase for 60 minutes. No
signal increase was observed in control wells.
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A Homogeneous Imaging Assay for DNA Helicase Activity usi
a Quenched DNA Duplex Substrate

ubiquitous enzymes involved in
 nucleic acid metabolism including
 repair (1). They couple the free
lysis to the unwinding of duplex
nt single strands. These enzymes

ive targets for drug development.

e activity has been monitored
ing chemical quenched flow

h more recently homogeneous

The effect of capture strand concentration on
fluorescence signals was investigated (figure 3). The
inclusion of 100nM capture strand was found to be
optimal giving a signal to background ratio (S/B) of
14:1. This compared with 11:1 in the presence of 50nM
capture strand, and 7:1 when capture strand was
absent.
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ethanol precipitated and labelled material was purified
by RP-HPLC.
To form substrate, labelled donor and acceptor strands
were annealed at a molar ratio of 1:1.2 in 50mM Tris-
HCL, pH 7.5. The solution was heated briefly to 90oC
and allowed to cool slowly to room temperature.

Assay Configuration: Substrate (20nM) and capture
strand (5’TAGTACCGCCACCCTCAGAACC) were
incubated in 30mM Tris-HCL pH 7.6 containing, 5mM
ATP, 5mM MgCl2, 0.075% (v/v) Triton X-100 and

####J. George, C.G. Norey, P.M. Baxendale and D.D. Burns. #### To whom all correspondence should be addressed
am Biosciences UK Limited, Amersham Place, Little Chalfont, Buckinghamshire HP7 9NA, U.K. Telephone: + 44 (0)29 2052 6445, Fax: +44 (0)29 2052 6230, e-mail: jeanette
20 U
nhe




