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ABSTRACT. Mutagenic DNA adducts have been analyzed with respect to the rate of nucleotide insertion
opposite the modified base, extension from that “mispair”, and nucleotide insertion preference. To
complement and extend these studies we have investigated the long-range effects of DNA adducts on
DNA polymerase activity. To address this question, primer extension reactions were performed using
DNA polymerase |, Klenow fragment exo Templates containing 7,8-dihydro-8-oxoguanine, dG-C8-
aminofluorene, dG-C8-(acetylamino)fluorene, and the model abasic site, tetrahydrofuran, were used for
these studies, and the steady-state kinetics of correct nucleotide insertion were determined at positions
(—2), (1), (+1), (+2), (+3), and {5) with respect to the template lesion. The kinetics of primer extension

by Klenow fragment exo at template positions’ 3o the lesion showed only a small inhibitory effect,
<3-fold, even for the strongly blocking lesion, dG-C8-(acetylamino)fluorene, indicating that Klenow
fragment exo activity is not greatly affected by lesions in the single-stranded portion of the template-
primer. In contrast, a dramatic decrease in the frequency of primer extension was observed at template
sites 5 to the site of adduction. Inhibition of polymerase activity decreased as the distance from the
lesion increased; however, a relatively large effect was seen atreand (+3) positions for dG-C8-
(acetylamino)fluorene and tetrahydrofuran. For these blocking lesions, the effect on extension 5 bases
from the lesion was greatly reduced. We conclude from these studies that DNA damage at positions
remote from the site of the lesion affects DNA polymerase function.

DNA damage can be an initiating event in mutagenesis merases and many DNA lesions have been determined. In
and carcinogenesis; a wide variety of endogenously- andaddition, active sites of DNA polymerases are known to
exogenously-produced lesions have been detected in genomimteract with bases flanking the Brimer terminus in duplex
DNA (1). Some lesions block DNA replication and are and single-stranded DNA. Therefore, in addition to sequence
potentially lethal; others generate mutations that are associ-(nearest neighbor) effects and differences in individual
ated with carcinogenesis and cellular agigay (As an aid polymerases, it is important to study the effect of lesions on
toward understanding molecular mechanisms that promoteDNA polymerase synthesis at positions distant from the
mutagenesis, it is useful to characterize the processing ofprimer terminus.

DNA lesions by the different enzymes involved in DNA 14 5qqress the long-range effects of DNA adducts on DNA
metabolism. Much of what we know about the effects of 5\ymerase activity, primer extension reactions were per-

DNA adducts on translesion synthesis has been gained fromg, -4 using the exoKlenow fragment of DNA polymerase
the analysis of primer extension reactions catalyzed by DNA | (KF exo’).l Four different DNA lesions were used for
polymerases on site-specifically modified templates. this study: 7,8-dihydro-8-oxoguanine (8-0x0-dG), dG-C8-

DNA ad_duqts haye been a.nalyzed W't.h respect to the rat4 minofluorene (dG-AF), dG-C8-(acetylamino)fluorene (dG-
of nuclequde Insertion opp93|t¢ the modified bgse,. exter_15|onAAF), and tetrahydrofuran, a model abasic site. These
of the primer from the_ mispair, a_nd nucle_zotlde INsertion 65ions differ in their abilities to block DNA replicatioin
preference. Translesion synthesis also is dependent on o 8-Ox0-dG 0) and dG-AF 8, 6, 10, 1} have relatively
subtleties of neighboring sequence and properties of the DNA i "otfect on DNA synthesisn z’/itr'o t’he tetrahydrofuran
polymerase involved. For instance, there are several ex'moiety has a moderate inhibiting efféct on the procags-(
I14), and dG-AAF 8, 10, 11 strongly inhibits chain extension
from the 3 primer terminus. Using templates containing
these lesions, kinetic parameteks,{(andK) of nucleotide
insertion were determined in the absence of proofreading at
positions proximal £2) and (1) and distal 1), (+2),
(+3), and (5) to the template lesion.

shown to have a significant effect on the mutagenicity of a
DNA lesion 3—7). In addition, DNA polymerases differ

in their miscoding specificity and the rate of translesion
synthesis &, 9). The molecular basis for sequence context
effects and differences in DNA polymerase specificity is not
understood even though structures of several DNA poly-
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EXPERIMENTAL PROCEDURES

Materials. [y-3P]JATP was obtained from Amersham
Corp. The plasmid vector used for expression of Klenow

Biochemistry, Vol. 36, No. 49, 199715337

(-2)

10mer dATP

AGAGGAAAGTV
TCTCCTTTCATCXCTTCC-5"'

18mer

fragment exo was a gift from Dr. C. Joyce (Yale Univer- timer | 9GTP
sity). Cloned Klenow fragment exavas overexpressed and (-1) AGAGGAAAGTAY
purified as describedl6—17). T4 polynucleotide kinase was TCTCCTTTCATCXCTTCC-5"
purchased from U.S. Biochemical Corp. 18mer JGTP
i ifi i i i i 13mer
Synthesis and Purification of Oligonucleotide®ligode- AGAGGAAAGTAGNY

oxynucleotides were synthesized by solid-state methods using
an automated DNA synthesizer. DNA templates (18-mer)
containing a single dG-AAF or a single dG-AF were prepared
as described3 18, 19. Published methods were used for
the synthesis and purification of oligodeoxynucleotides
containing 8-oxoguanine0, 21 and the modified tetrahy-
drofuran moiety 13). Oligonucleotides were purified by
electrophoresis on a 20% polyacrylamide gel in the presence
of 7 M urea. DNA was eluted from gel slices passively and
desalted using a SEFPAK C18 cartridge. Oligonucleotides
were quantified byAeo using molar extinction coefficients.
Oligonucleotides were'Sadiolabeled with T4 polynucleotide
kinase and §#-32P]JATP according to the manufacturer's
protocol. Primefrtemplate substrates were prepared by
hybridizing B-radiolabeled primer to the complementary 18-
mer at a 1:1.2 molar ratio and heating to ®followed by
slow cooling.

Primer Extension ReactionsAn 18-mer template contain-
ing a single dG, 8-oxo0-dG, dG-AF, dG-AAF, or tetrahydro-
furan was annealed to d-%P - labeled primer. Oligonu-
cleotide sequences used for these experiments are listed in
Figure 1. The standard reaction (&0) contained 50 mM
Tris—HCI pH 7.5, 5 mM MgC}, 5-3?P -primer/template at
100 nM, and 6-500uM of the next correct INTP. KF exo
(0.1-310 nM) was diluted in a solution containing 50 mM
Tris—HCI, pH 7.5, 0.5 mg/mL BSA, and 10% glycerol.
Reactions were performed at 251 °C for 1-60 min and
guenched by addition of 26L of 100% ethanol. Samples
were driedin vacuo and resuspended in AL of 95%
formamide dye mixture (90% formamide, 0.001% xylene
cyanol, 0.001% bromphenol blue). Samples were heated at
100 °C for 3 min, and aliquots (L) were subjected to
electrophoresis on a 20% polyacrylamide denaturing gel. The
amounts of primer and product were quantified using a
Molecular Dynamics Phospholmager.

Data Analysis. Kinetic parameters were determined from

(+1)

(+2)

(+3)

(+5)

Where X is:

TCTCCTTTCATCXCTTCC-5'

18mer

14mer dATP

AGAGGAAAGTAGNGY
TCTCCTTTCATCXCTTCC-5'

18mer

15mer dATP

AGAGGAAAGTAGNGAV
TCTCCTTTCATCXCTTCC-5"

18mer

17mer dGTP

AGAGGAAAGTAGNGAAGYV
PCTCCTTTCATCXCTTCC-5"

18mer

° o
1 T
A\
HZNJ\q | > H ZNJNVI h
R drR
dG 8-ox0-dG
0

i 0

dG-AF
© 0

SIS

dG-AAF
—CH, o
O\

tetrahydrofuran

Ficure 1: Oligonucleotide substrates used for the single nucleotide

primer extension reactions. Values for the Michaelis extension experiments. The oligonucleotides used for these experi-
Menten constantim) and Vmax were obtained by least ments are shown at the top of the figure. The template oligonucle-

squares nonlinear regression to a rectangular hyperbola. Lesgtides (18mer) contain a lesion or dG at position X (for the 17/18
than 20% of the primer is extended under the steady statetemplate X= dG, tetrahydrofuran, or dG-AAF only). The chemical

conditions used in our kinetic studies, ensuring single hit structures of 8-oxo-dG, (7,8-dihydro-8-oxoguanosine), dG-AF, (
kinetics @2, 23 (deoxyguanosin-8-yl)-2-amino fluorene), dG-AAN-(deoxygua-

’ ' nosin-8-yl)-2-acetylamino)fluorene, and tetrahydrofuran (3-hydroxy-
2-(hydroxymethyl)tetrahydrofuran) used for these studies are
diagrammed. dR represents deoxyribose. The primer oligonucle-

RESULTS
_ ot otides varied from 10 to 17 nucleotides and differed at position N.
Steady-state kinetic parametern(and kea) for correct All possible template/primers were analyzed in this study (for the

nucleotide insertion were measured for the six template 17,19 template N= dA, dC only).
primers shown in Figure 1. To facilitate comparisorkaf
andke values for different positions on the template and respect to the DNA lesion, X. Positionsl and —2 are
for different DNA lesions, the relative extension frequency, located proxima| to the lesion; positioﬁsl, +2, 43, and
Fex; also is reported. +5 are distal to the lesion. The structures of the DNA lesions
— used in these studies, 8-oxo-dG, dG-AF, dG-AAF, and
Fer = (KealKiniesiod (KeafKmda contro @ tetrahydrofuran, are shown in Figure 1. The unmodified
The numbers {2), (—1), (+1), (+2), (+3), and ¢5) template has dG at position X. In experiments that measure
designate the position of nucleotide incorporation with incorporation distal to the lesion (positionsX), (+2), and
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Table 1: Kinetic Parameters for Nucleotide Insertion Catalyzed by KF ExtdPositions Proximal to the Lesion

position of primer terminus with respect to lesion site

(-2 -1

lesion Km (uM) Keat (Min~2) Fex? K v Keat (Min~2) Fext
daG 0.1244+ 0.068 11.6+1.3 1 0.118+ 0.009 40.6+ 0.91 1
8-0x0-dG 0.212+ 0.082 9.4+ 0.9 0.47 0.0475- 0.005 29.8-2.4 1.8
dG-AF 0.0944-0.04 13.3+1.4 15 0.103+ 0.04 13+ 1.1 0.37
dG-AAF 0.0587+ 0.03 6.7+ 0.66 1.2 0.059t 0.012 19.4+ 1.0 0.97
tetrahydrofuran 0.263 0.045 9.12+-0.48 0.37 0.045- 0.005 20.8+ 0.45 1.3

2 Feyt = (KealKm)lesion templat{KealKm)dG control tempiate. ® Standard error calculated from nonlinear regression.

107 L B I Table 2: Relative Nucleotide Insertion Frequencles;, for KF
E 3 Exo™ at Lesion Site
-6 E E
00T lesion Fext C:X® Fext A:X nucleotide preferenée
S F 8-0x0-dG 0.35 0.05 dc- dA
[ dG-AP 0.36 1.1x 10°° dc
r E ] dG-AAPP 6.6x 10°% 3.8x 10 dC> dA
w 1047 y tetrahydrofurah N.D.¢ 2.72x 102 dA

; a Data from ref 9.2 Data from ref 3.¢ Data from ref 1494 N.D.: not

f determined? Fext = (kca{Km)Iesion 1emplalé(kca{Km)dG control templalef Preferred

] nucleotide inserted under conditions where all four nucleotides are
3 provided.

103 [

102 |

107 position (0) and the preferred base inserted in the presence

of all four nucleotides has been establishedd, 14. These
data, summarized in Table 2 and Figure 2, show that 8-oxo-
3 dG and dG-AF are not serious impediments to nucleotide
O T o e e W e insertion compared to the tetrahydrofuran and dG-AAF
whereFy is decreased several orders of magnitude.

FIGURE 2: Relative extension frequencies for DNA lesions along DNA S.ynthESIS Distal .to the Le5|0nWe tested. the

the template. Some of the data from from Tables5lare hypothesis that not only insertion opposite the lesion and
summarized in this figure. The relative frequency of extenstag, extension from the primer terminus determines the amount
= (Keaf Km)iesion templatf{Keal Km)dG control template IS plotted versus the  of translesion synthesis but also synthesis more distal to the

Eg\sition oftin(t:otrp?]ragior; With.roefj%e“ to thte tggp}“"ﬁl‘i lis)iod.c): ( lesion plays a significant role in determining the impact of
opposite tetrahydrofuran opposite dG-AAF; L :
opposite 8-0x0-dG:¥) dA opposite 8-0x0-dG: 4) dC opposite DNA adducts on DNA synthesis vivo. To gddress thls '
dG-AF. All values are relative to the control dG template with the Proposal, we performed a systematic analysis of the kinetics
correctly paired primer. The data for primer extension at position Of nucleotide incorporation at positions{) (Table 3), ¢2)

(+5) are as follows: dG:d&./Km = 64.4 mimt M~%; tetrahy- (Table 4), and {3) (Table 5) (see also Figure 2). For
%gl‘;‘{aaé‘igﬁﬁcm/fm; 091'271-; foit\;ll.Fl ><_1(2r31 m'qfclrlv'*l? dG- nucleotide incorporation using the unmodified template (dG:

' afftm = D014 mim P et = St X ' dC) the K, keaw and specificity constantk£y/Kn,) were
(+3)), four different primers were used for each template. cOmparable. This result indicates a lack of sequence-specific
This strategy allowed determination of the kinetic constants €ffects of the template or end effects due to the primer

Relative Ext

10°

Position

for each of all four possible nucleotides & A, C, G, T) template itself even though synthesis-86§ occurs one base
opposite the DNA lesion. For incorporation at positiebj f_rom the template termin_us. .Data recorded for the unmodi-
only primers with N= A or C were used. fied template reflect the kinetic parameters for correct as well

Effect of DNA Lesions on DNA Synthesis Proximal to the @S mispair extension. A decreasekia is the major effect
Lesion. Initially, we measured the kinetic parameters for seen for synthesis on the damaged template and is largely
DNA synthesis 3to the lesion. In general, this effect was responsible for the observed differences in extension fre-

small (Table 1, Figure 2). Two bases proximal to the lesion guencies.Kp for dNTP is not greatly altered by the lesions.
(—2), we see little effect orkex and less than a 3-fold The data reported here were obtained using 100 nM primer

decrease on the relative incorporation efficienEyy, for template concentrations. To confirm that this concentration
any of the DNA lesions. Even one base before dG-AAF, a Of primer—template was saturating, several experiments were
bulky lesion k. is diminished only 2-fold. The maximum  performed at 200 nM, 500 nM, anduM primer—template
change irFex at this position (less than 3-fold) was observed concentrations (data not shown). From these experiments
with the dG-AF modified template. These data support a We conclude that the enzyme is saturated with DNA substrate
model for KF exo translesion synthesis whereby the even for the dG-AAF-modified templates.
polymerase is not affected by DNA lesions in the region of  The largest effect of the template lesion is seen at-1g (
the template 5to the primer terminus and suggest that the position. This observation is in agreement with previously
single-stranded template is not bound in the active site in a published reports that extension &tl() is more difficult than
precise conformation. base insertion opposite a lesioB, (9, 14. The single
DNA Synthesis Opposite the Lesidror the four lesions  exception to this rule is extension from the 8-oxo-dG:dA
used in this study, the relative insertion frequeni€y,, at primer—template, which is approximately as efficient as



KF Exo~ Activity Near Sites of DNA Damage

Biochemistry, Vol. 36, No. 49, 199715339

Table 3: Kinetic Parameters Determined for Chain Extension by KF

Exoe Base Distal to the Lesior-()

lesion base opposite Km Keas min—t KeaflKm Fext
dG A 12.1+0.88 0.14+ 0.0032 0.011 3.1% 104
dG C 5.6+ 2.5 203+ 23 36.34 1
dG G 17.2+ 4.6 0.63+ 0.06 0.036 x 1073
dG T 57+ 15 82.7+5.6 145 0.4
8-0x0-dG A 1.9+ 0.43 103t 4.5 53.74 1.5
8-0x0-dG C 7.0+ 1.7 33.9+ 2.2 4.83 0.13
8-ox0-dG G 174 1.8 0.47+ 0.017 0.025 7.0% 104
8-ox0-dG T 28.0+ 18 0.38+ 0.099 0.014 3.8 10
dG-AF A 74+15 0.019+ 0.001 0.0027 7.46c 1075
dG-AF C 6.8+ 0.2 8.1+ 0.08 1.18 0.032
dG-AF G 35.2+£ 374 1.4+ 0.63x 10 4x 10°°® 1.1x 1077
dG-AF T 23.7+ 13.9 8.8+ 2 x 10 3.71x 10°° 1.02x 10°®
dG-AAF A 19.7+11.7 144+2.8x 1074 7.05x 10°° 1.9x 10°°®
dG-AAF C 18.2+ 13.8 9.14+24x 104 497x 1075 1.4x 10
dG-AAF G N.D2 N.D. N.D. N.D.
dG-AAF T N.D. N.D. N.D. N.D.
tetrahydrofuran A 27.% 2.62 0.46+ 0.020 0.017 4.6< 104
tetrahydrofuran C 25.%5.4 69+ 5 x 104 23x 10 6.4x 1076
tetrahydrofuran G 149 3.6 144+1.1x 104 9.5x 107 2.6x 107
tetrahydrofuran T 2359 52+ 5.2x 10* 2.3x 10 6.3x 1076

aN.D.: no detectable extension.
Table 4: Kinetic Parameters Determined for Chain Extension by KF BHxwo Bases Distal to the Lesiont@)

lesion base opposite Km Kear, min~t Keal Km Fext
dG A 489+ 13.4 18.9+ 1.9 0.38 0.0048
dG C 22+1.2 174+ 19 79.9 1
dG G 66.7+ 24 26+ 3.8 0.39 0.0049
dG T 17.2+7.9 148+ 14 8.60 0.11
8-ox0-dG A 197+ 53 129+ 25 1.59 0.02
8-ox0-dG C 18.4-7.7 236+ 25 12.87 0.16
8-ox0-dG G 441 8.4 71.9+ 3.8 1.63 0.02
8-0x0-dG T 49.2+ 184 27.7+ 3.7 0.56 7x 1073
dG-AF A 83+ 10 18+ 1.3x 1073 2.3x10* 29x 108
dG-AF Cc 1.9+0.3 23.4+£ 0.7 12.33 0.15
dG-AF G 72.5+12.2 8.8+ 1.3 0.13 1.6x 1072
dG-AF T 42.3+ 4.1 0.68+ 0.018 0.016 10
dG-AAF A 99.8+21.8 32+ 4 x 1073 3.0x 10* 3.81x 10°®
dG-AAF C 48.6+ 7.9 38+ 2.6x 1078 8.9x 104 1.12x 10°°
dG-AAF G 66.8+ 14.8 0.30+ 0.02 4.5x 1078 5.66x 10°°
dG-AAF T 298+ 15.6 614+ 1.3x 104 2.0x 10°® 2.56x 1077
tetrahydrofuran A 35.8&5.5 2.5+ 0.16 0.070 8.% 104
tetrahydrofuran C 30.80.8 1.04+ 0.009 0.034 4.% 104
tetrahydrofuran G 37.%26.1 324+ 6.8x 1078 9.1x 104 1.13x 10°°
tetrahydrofuran T 46.% 4.9 0.92+ 0.027 0.020 2.5¢ 10

extension from the unmodified template and 20 times more are only minor differences in the extension efficiencies from

efficient than insertion of dA opposite 8-oxo-dG. The least
efficient synthesis ati1) occurs on the dG-AAF template.
For primer-templates containing dG-AAF:dG and dG-AAF:

either dC or dA opposite dG-AAF until positiont@).
Two bases beyond the template lesigi2( Table 4, Figure
2), the barriers to mispairing and lesion extension are still

dT, there was no detectable primer extension indicating high, except in the case of 8-oxo-dG. However, even purine/

values forFey of less than 1x 1077. At this position in the
template, it is clear that certain lesiebase pairs are more
easily extended by KF exo Discrimination between
extension of dG:dC and a mispair is as high a% aGimilar
range of discrimination is seen for the dG-AF lesion, where
dG-AF:dC extension is favored 3010°-fold over extension

of dG-AF positioned opposite the other bases (dG, dA, dT).
For the tetrahydrofuran:dA there is a 100-fold preference
above primer extension for tetrahydrofuran positioned op-
posite the other bases; both dG-AAF.dA and dG-AAF.dC
are extended equally poorly but at least 10-fold more
efficiently that dG-AAF:dG or dG-AAF:dT. The base found
opposite dG-AAF after translesion synthesis with all four
nucleotides present in the reaction is C or A, with only a
3-fold preference for C3). This preference probably reflects
the 10-fold difference in insertion frequency of dCMP

purine mispairs, the most difficult mispairs to extend, are
several orders of magnitude more efficiently extended than
a primer in which dA, dC, dG, or dT is positioned opposite
dG-AAF. The barrier to primer extension on dG-AAF-
modified templates is seen at8) and, although lower, is
also seen at{5) (Figure 2). dG-AAF and tetrahydrofuran
have been described as lesions that effectively block replica-
tion based orfins and Fex; Values 6-9 orders of magnitude
lower than a normal DNA base pai8,(14). From the data
presented here, it is clear that the barrier to extension from
dG-AAF:dN persists for five bases. This kinetic barrier
allows ample opportunity for proofreading or polymerase/
DNA disassembly, mechanisms that help to maintain the
fidelity of DNA synthesis. The tetrahydrofuran lesion is
most efficiently extended when dA is opposite the lesion.
This preference persists three bases away from the site of

opposite template dG-AAF (Table 2, Figure 2) because therethe lesion.
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Table 5: Kinetic Parameters Determined for Chain Extension by KF Bxoee Bases Distal to the Lesiofrd)

lesion base opposite Km Keay, min~t Keal Km Fext
dG A 9.8+ 4.6 4.5+ 0.43 0.46 0.0035
dG C 1.7+ 0.32 2244+ 9.6 132 1
dG G 6+1.3 85.8+ 4.7 14, 0.11
dG T 10.8+0.82 20.44+0.43 1.9 0.014
8-0x0-dG A 2.6+0.72 159+ 11 63 0.48
8-0x0-dG C 4.6+ 0.57 160+ 5.2 35 0.27
8-0x0-dG G 13.5+- 1.4 353+ 1.1 2.6 0.02
8-0x0-dG T 224+ 6.7 18+ 1.4 0.92 0.007
dG-AF A 339+ 124 2.6+ 0.38 0.076 5.8 1074
dG-AF C 3.1+ 0.52 66.8+ 2.8 215 0.16
dG-AF G 9.5+ 3.74 0.24+ 0.022 0.025 1.5 10
dG-AF T 38.2+ 1.0 0.94+ 0.0080 0.024 1.% 10
dG-AAF A 27.3+ 4.0 0.68+ 0.029 0.025 1.9 10
dG-AAF C 14.3+ 5.056 0.061+ 0.0064 59x 1074 4.49x 1075
dG-AAF G 36.1+ 3.8 0.13+ 0.0059 37x 10 2.85x 10°°
dG-AAF T 97.2+12.8 0.040+ 0.0030 4.4x 1074 3.35x 1076
tetrahydrofuran A 30.34.3 54,4+ 2.5 1.8 0.014
tetrahydrofuran C 23.66.5 0.85+ 0.079 0.036 2.% 10
tetrahydrofuran G 190.2 22.8 18.14+ 1.5 0.095 7.2 107
tetrahydrofuran T 30.2.028 1.21+ 0.082 0.041 3.k 10
Effect of Lesions on &rall Translesion SynthesisTo effects are small compared to those on DNA synthesis distal

illustrate the long-range effects of DNA lesions on poly- to the lesion.

merase efficiency, sele_cted_ data from our experim_ents are  second, strongly-blocking lesions in DNA templates affect
presented graphically in Figure 2. For each lesion, the pNA polymerase function at least five bases away from the
relative extension frequencyFex, is plotted versus the |esion. Even lesions that are easily bypassed (i.e., 8-0xo-
position with respect to the lesion:dNMP on the DNA Gy have as much as a 50-fold effect two bases from the
template. There is a very small effect &8« proximal t0 |esjon and 2- to 3-fold effect three bases from the lesion.
the template lesion and a relatively moderate effect oppositeThese experiments were performed with KF &xa poly-

the adduct. In all but one case (8-0x0-dG:dA), the largest nerase lacking proofreading35' exonuclease activity. The
effect is at positiont1). Itis clear from this analysis that  gecrease in the rate of polymerizatiok..j observed at
dG-AAF has the largest inhibitory effect on polymerase template sites three or more nucleotides away from the lesion
activity and that the decrease in activity is propagated alongyqyiqd allow for “correction” by a proofreading competent
template DNA at least five bases from the lesion. The effect pya polymerase. Since most replicative polymerases have
of the tetrahydrofuran is qualitatively similar, but the decrease 3.5 exonuclease activity, proofreading may have a large
in extension frequency is-23 orders of magnitude less for  effect on translesion synthesis vivo. The data presented

this lesion than for dG-AAF. However, by positiort§) in Table 2 show that the effect of several template lesions is
the effect of the tetrahydrofura.n lesion is small. The geyeral orders of magnitude greater than a mispair. This
increased activity for the 8-oxo-dG:A primer template-a1} long-range effect of template lesions has been observed for

is in agreement with data obtained by pre-steady-state other DNA polymerases. In pre-steady-state experiments

methods 24) where there is a dramatic difference in the rate using T7 DNA polymerase (exd and dG-AAF, it was

of extension 9f a 8-0x0-dG:A primer template compared t0 gpseryved that the rate of incorporation even two nucleotides

the 8-0x0-dG:C primer template. past the adduct was decreased in comparison to templates
without lesions 25). In an analysis performed using

DISCUSSION tetrahydrofuran or propanodG template lesions, DNA poly-

The data presented in this paper combined with results of Merasex showed decreased activity four or fewer bases from

previous studies provide a quantitative analysis of translesionthe lesion siteZ6, 27. We conclude that lesions that disrupt
synthesis by KF exa Several conclusions can be drawn Watson-Crick hydrogen bonding, for example, an abasic
from this study. First, KF exois not highly discriminatory ~ Site, or DNA adducts, such as dG-AAF and propanodG,
with respect to the single-stranded region of the template. inhibit DNA polymerization at least three or more bases after
This is evidenced by the small effect that even bulky lesions the initial translesion synthesis event. This effect has been
have on DNA synthesis preceding the DNA adduct. A Observed for all DNA polymerases examined to date;
similar finding has been reported for T7 DNA polymerase therefore, synthesis at these distal positions should be
(25). Translesion synthesis by T7 DNA polymerase on considered when analyzing translesion synthiasistro.
templates containing dG-AF and dG-AAF, investigated using A body of evidence obtained from thermodynamic studies
pre-steady-state methods, showed there was little effect ofindicates that DNA duplexes with and without a lesion may
these lesions on DNA synthesis proximal to the lesion. DNA show different thermodynamic stabilities even though they
synthesis proximal to the tetrahydrofuran or the exocyclic are structurally similar 28, 29. This may explain the
adduct, propanodeoxyguanosine (propanodG), by DNA poly- observed long-range effects of DNA lesions on polymerase
merasen. is stimulated 3-4-fold relative to the unmodified  activity since crystallographic and NMR studies of DNA
DNA primer template at positions4) and (3), respec- adducts do not show structural differences five base pairs
tively (26, 27). In the case of propanodG, results obtained away from the lesion. The only lesion that results in a
with KF at position (-3) were similar 27). However, these  dramatic alteration of the DNA structure is the (acetylamino)-
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fluorene modification of guanine, which induces a rotation
from anti to syn There may also be local denaturation of
the dG-AAF:dC base pair and insertion of the AAF moiety
into the helix (1, 30. Aminofluorene modification of
guanine (dG-AF) paired opposite dC results in two inter-
convertable conformation8{, 3. In one conformation,
dG-AF lies in the major groove of the helix and results in
only minor distortions. In the other, the AF moiety is stacked
within the duplex, disrupting base pairing between dG-AF
and dC and displacing the modified guanine base into the
minor groove and the cytosine into the major groo8é, (
32). A tetrahydrofuran moiety positioned opposite dA does
not disrupt the B-DNA structure3@). Both the unpaired

Biochemistry, Vol. 36, No. 49, 199715341

stranded leads to higher residence time in this binding site
(43). Perhaps, lesion base pairs also exhibit this tendency
to become single stranded. It would therefore be of interest
to study, in detail, the effect of3-5" exonuclease activity

on translesion synthesis.
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