
Positioning the 5'-flap junction in the active site controls
the rate of flap endonuclease-1-catalyzed DNA cleavage

Item Type Article

Authors Song, Bo; Hamdan, Samir; Hingorani, Manju M

Citation Song B, Hamdan SM, Hingorani MM (2018) Positioning
the 5’-flap junction in the active site controls the rate of
flap endonuclease-1-catalyzed DNA cleavage. Journal of
Biological Chemistry: jbc.RA117.001137. Available: http://
dx.doi.org/10.1074/jbc.ra117.001137.

Eprint version Publisher's Version/PDF

DOI 10.1074/jbc.ra117.001137

Publisher American Society for Biochemistry & Molecular Biology (ASBMB)

Journal Journal of Biological Chemistry

Rights Archived with thanks to Journal of Biological Chemistry.
Published under license by The American Society for
Biochemistry and Molecular Biology, Inc.

Download date 23/05/2023 20:10:55

Item License http://www.jbc.org/site/misc/edpolicy.xhtml#copyright

Link to Item http://hdl.handle.net/10754/627124

http://dx.doi.org/10.1074/jbc.ra117.001137
http://www.jbc.org/site/misc/edpolicy.xhtml#copyright
http://hdl.handle.net/10754/627124


Slow DNA distortion in the active site controls flap cleavage	

	 1	

Positioning the 5'-flap junction in the active site controls the rate of flap endonuclease-1-catalyzed 
DNA cleavage 
 
Bo Song1, Samir Hamdan2 and Manju M. Hingorani1 
 
From the 1Department of Molecular Biology and Biochemistry, Wesleyan University, Middletown, 
Connecticut 06459, USA and the 2Division of Biological and Environmental Sciences and Engineering, 
King Abdullah University of Science and Technology, Thuwal 23955, Saudi Arabia. 
 
Supplemental figure legends 
 
Figure S1. Flap DNA substrates. A, non-equilibrating and equilibrating double-flap substrates labeled at 
various positions with fluorophores to monitor distinct steps in the hFEN1-catalyzed cleavage reaction. 
FRET substrate (DNAF-T): 5-fluorescein-dT and 5-TAMRA-dT in 3’-flap and template strands, 
respectively; 5’-flap/exo cleavage substrates (DNA5’F, DNA3’F): FAM at the 5’ or 3’ end of 5’-flap strand; 
junction distortion substrates (DNAAA, DNAA): 2-aminopurine at -1 and/or +1 position in 5’-flap strand. 
B, forward and reverse primers utilized for mutagenesis of hFEN1. 
 
Figure S2. hFEN1-DNA interactions reported by FRET. A, fluorescence spectra of donor- 
(fluorescein; DNAF), acceptor- (TAMRA; DNAT) and double-labeled (DNAF-T) flap DNA substrates 
(0.01 µM), excited at 490 nM in the absence and presence of hFEN1 (0.2 µM) and 10 mM CaCl2. The 
data show hFEN1-dependent FRET with double-labeled DNA, reported by a decrease in donor (lem = 519 
nm) and increase in acceptor emission (lem = 580 nm). B, the kinetics of DNA binding and bending in the 
presence of Mg2+ were measured by mixing DNAF-T with hFEN1 as described in Fig. 2 (final 
concentrations: 0.25 µM hFEN1, 0.025 µM DNA, 8 mM MgCl2). Both donor (510-530 nm) and acceptor 
(>570 nm) fluorescence signals are shown, and the data fit to a double exponential function yield kon-bend 
and kunbend (see Fig. 2). A control experiment in which DNA labeled with donor alone (DNAF) was mixed 
with hFEN1 showed no change in signal. C, Titration of DNAF-T (0.5 nM) with increasing concentrations 
of hFEN1 (0-20 nM) in the presence of 10 mM CaCl2 yields a binding isotherm with a Kd value of 0.08 ± 
0.01 nM, when fit with a quadratic equation (error bars indicate standard deviation of the mean). Note that 
the experiment was performed with DNAF-T concentration at the lower limit of detection, which may be 
significantly higher than the Kd; indeed the inflection point of the dotted lines indicates a stoichiometric 
binding isotherm that saturates at 1:1.2 ratio of DNA:hFEN1. 
 
Figure S3. Kinetics of 5’-flap cleavage by hFEN1 of a substrate with 5’ and 3’ equilibrating flaps. A, 
single turnover cleavage was measured by mixing 5’-flap strand FAM (5’ end)-labeled DNA (DNA5’F-EQ) 
with hFEN1 on a rapid quench-flow instrument, stopping the reaction with EDTA, followed by 
denaturing PAGE to resolve the products (final concentrations: 2.5 µM hFEN1, 0.25 µM DNA5’F-EQ, 8 
mM MgCl2). B, average 5’-flap product concentration from two replicates was plotted versus time and fit 
to a single exponential to yield cleavage rate ksto = 18 ± 0.4 s-1 for wild type (error bars indicate standard 
deviation of the mean ). The same experiment performed with hFEN1 mutants yielded a slow rate of 0.08 
± 0.002 s-1 for hFEN1Y40A and even slower or unmeasurable rates for the other mutants. 
 
Figure S4. Kinetics of flap junction distortion by hFEN1 with +1, -1 2-AP and +1 2-AP labeled 
substrates. A, hFEN1 effects on local DNA conformation at the flap junction were measured by mixing 
DNA, labeled on the 5’-flap strand with 2-aminopurine at both +1 and -1 positions (DNAAA) or just +1 
position (DNAA), with hFEN1 on a stopped-flow (final concentrations: 2.5 µM hFEN1, 0.25 µM DNAAA 
or DNAA, 8 mM MgCl2); the data were fit to single or double exponential functions. Initial rapid increase 
in 2-AP fluorescence indicates distortion/base unstacking at the junction at a rate of 19 ± 0.3 s-1 with 
DNAAA and 11 ± 0.3 s-1 with DNAA. B, at longer times scales, hFEN1 exonuclease activity is detected at a 
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rate of 0.008 s-1 by the release of 2-AP from -1 position of DNAAA following 5’-flap cleavage; this 
activity is not detected with the +1 2-AP-labeled DNAA substrate. 
 
Figure S5. Global fitting of kinetic data to a mechanism for hFEN1 activity. All kinetic data for wild 
type hFEN1 were fit simultaneously using KinTek Explorer (1) to the model shown in Scheme 1. The 
smooth lines overlaid on the data are fits generated by the model based on the kinetic parameters noted in 
Scheme 1. A, DNA binding, bending and cleavage by hFEN1 measured by changes in DNAF-T FRET (see 
Fig. 2). B, disruption of base stacking at the 5’-flap:template junction measured by increase in 2-AP 
fluorescence of DNAAA (see Fig. 4). C, 5’-flap cleavage measured by a single turnover experiment with 
DNA5’F (see Fig. 3). D, nicked product unbending and release measured by recovery of DNAF-T donor 
fluorescence in a chase experiment (see Fig. 2). 
 
1. Johnson, K. A. (2009) Fitting enzyme kinetic data with KinTek Global Kinetic Explorer. Methods 

Enzymol 467, 601-626 
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