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Lysines in the lyase active site of DNA polymerase 3
destabilize nonspecific DNA binding, facilitating searching

and DNA gap recognition
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DNA polymerase (pol) B catalyzes two reactions at DNA gaps
generated during base excision repair, gap-filling DNA synthe-
sis and lyase-dependent 5’-end deoxyribose phosphate removal.
The lyase domain of pol B has been proposed to function in
DNA gap recognition and to facilitate DNA scanning during
substrate search. However, the mechanisms and molecular
interactions used by pol 8 for substrate search and recognition
are not clear. To provide insight into this process, a comparison
was made of the DNA binding affinities of WT pol f3, pol A, and
pol p, and several variants of pol 3, for 1-nt-gap-containing and
undamaged DNA. Surprisingly, this analysis revealed that muta-
tion of three lysine residues in the lyase active site of pol f3, 35,
68, and 72, to alanine (pol 3 KA3A) increased the binding affin-
ity for nonspecific DNA ~11-fold compared with that of the
WT. WT pol u, lacking homologous lysines, displayed nonspe-
cific DNA binding behavior similar to that of pol B KA3A, in
line with previous data demonstrating both enzymes were defi-
cient in processive searching. In fluorescent microscopy experi-
ments using mouse fibroblasts deficient in PARP-1, the ability
of pol B KA3A to localize to sites of laser-induced DNA damage
was strongly decreased compared with that of WT pol . These
data suggest that the three lysines in the lyase active site destabi-
lize pol B when bound to DNA nonspecifically, promoting DNA
scanning and providing binding specificity for gapped DNA.

Small base lesions, nicks, gaps, and abasic sites are among the
most abundant forms of DNA damage, and these lesions are
repaired predominantly by the base excision repair (BER) path-
way (1). The canonical BER pathway is often initiated by a DNA
glycosylase that catalyzes the removal of a damaged base, gen-
erating an abasic site in dsDNA. The repair pathway is com-
pleted through abasic site cleavage by APE1, dRP removal and
gap-filling DNA synthesis by polymerase (pol) 8, and ligation
by ligase I or III (2). This multistep process has been hypothe-
sized to occur in a coordinated manner, where the previous
enzyme remains bound to its product DNA and is displaced by
the next enzyme in the pathway (3-5). This presumably mini-
mizes the time the reactive DNA repair intermediate is exposed
and decreases the likelihood of exacerbating the damage.
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Because DNA damage occurs throughout the 6 billion base-
pair human genome, DNA repair enzymes must search DNA
with incredible efficiency to find sites of damage. The mecha-
nisms that allow BER enzymes to efficiently search and find
damage among this vast excess of undamaged DNA and, within
a timely manner, remain an area of active investigation.

One mechanism employed by many BER enzymes to locate
DNA damage is known as processive searching (5). In proces-
sive searching, also known as facilitated diffusion, DNA repair
enzymes bind DNA nonspecifically and then scan in search of
damage (6, 7). This mechanism effectively increases the quan-
tity of DNA searched after one macromolecular DNA binding
event. Many BER enzymes are capable of such a mechanism,
and we previously examined the ability of gap-filing DNA poly-
merases to perform DNA scanning using a processive search
assay (8). Among the three gap-filling human pol X- family
members tested, pol 3 has the highest fraction processive value,
followed by pol A and then pol w (8). The fraction processive
value is the probability of the enzyme to locate and catalyze
product formation at two substrate sites on one DNA molecule
in a single binding event (9). Processive searching among the
pol X family members correlates with the positive charge of the
lyase domains, and this may reflect different strategies of how
the enzymes are localized to DNA damage (8).

The pol X-family members 3, A, and p are gap-filling poly-
merases that lack exonuclease domains (10). These pols are
defined by having at least two domains: the 31-kDa (31K) and
8-kDa (8K) domains. The 31-kDa pol domain catalyzes DNA
polymerization and is composed of the canonical pol subdo-
mains (11). The 8K domains in pols 8 and A have lyase activity
on 5’-dRP, the product of APE1 incision, generating a 5”-phos-
phate end suitable as a DNA ligase substrate (12, 13). The 8K
domain also is important for DNA gap recognition, in keeping
with specific interactions observed in crystal structures. These
interactions anchor the lyase domain to a 1-nt gap and occur
through lysine side chains interacting with the 5’-phosphate
group and base-stacking interactions. For pol S, the positively
charged 8K domain is important for processive searching and is
likely the first domain to specifically recognize the 1-nt-gap
substrate (14, 15).

During a processive search, an enzyme whose substrate is
embedded in DNA must first make nonspecific interactions
with undamaged DNA. To provide mechanistic insight into
substrate search and recognition, we determined binding
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Figure 1. A, representation of the DNA substrates used in this study. Substrates contain a fluorescein moiety (FL) covalently attached to the designated
thymine base. The 1-nt-gap dumbbell DNA substrate (used to evaluate specific binding) contains a 5°-phosphate (not shown). The undamaged DNA substrate
(used to evaluate nonspecific binding) was produced as described in Materials and methods. B, cartoon schematic of the DNA pol 8 domain organization (top)
and the crystal structure of pol 8 bound to 1-nt-gap DNA (PDB entry 3isb). DNA pol 8 comprises two domains: the 8-kDa (8K) N-terminal dRP lyase domain,
which catalyzes 5°-dRP removal, and the 31-kDa (31K) polymerase domain, which catalyzes gap-filling DNA polymerization during BER. The pol 8 mutations in
the 8K lyase domain studied here, K35, K68, and K72, are illustrated; these lysine side chains are proximal to the 5-phosphate in the 1-nt-gap.

affinities for specific and nonspecific DNA and uncovered a
correlation between processive searching ability and bind-
ing specificity among WT pol 8 and pol 8 mutants and also
for pol w and pol A. In vivo recruitment studies in living cells
demonstrated the importance of the dRP lyase lysines for
the direct localization of pol B to DNA damage.

Results

To examine specific gap binding and nonspecific DNA bind-
ing properties of pol B and several of its mutants, and to make
comparisons with pol p and pol A, model “dumbbell” DNA sub-
strates were used as DNA binding ligands (Fig. 14). These sub-
strates were used to exclude any end-binding effects and are
based on previous studies performed with pol 8 and PARP-1
(16, 17). Electrophoretic mobility shift assays (EMSAs) were
used to characterize the DNA binding properties of the purified
proteins. EMSAs are not considered ideal for measuring equi-
librium binding in solution, as the technique depends on sepa-
rating bound from unbound DNA during gel electrophoresis,
which may disrupt the binding equilibrium. However, the
EMSA allows for straightforward interpretation of multiple
proteins binding to DNA, and differing mobilities may infer dif-
ferent conformations of the DNA-protein binary complexes.

WT and mutant enzyme preparations of pol 3 were first
characterized for binding to a 1-nt-gap-containing DNA (i.e.
specific binding) and undamaged DNA (i.e. nonspecific bind-
ing). The WT and mutants included the full-length (FL)
enzyme, the KA3A mutant (with lyase active site lysines 35, 68,
and 72 mutated to alanine), the 8-kDa (8K) domain from the
WT enzyme and KA3A mutant, and the 31K domain (Fig. 1B).
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The KA3A mutation disrupts the interaction of the lyase do-
main with the 5"-phosphate group of a 1-nt-gap substrate (18).

Differing EMSA mobilities of pol B variants bound to specific
and nonspecific DNA

The native gel mobilities of these DNA-bound pol 8 mutants
differed significantly compared with the binding against 1-nt-
gap and undamaged DNA (Fig. 24). As expected, the binary
complex of the WT enzyme and 1-nt-gap DNA migrated
slower than the 8K domain binary complex bound to 1-nt-gap
DNA. However, the KA3A mutant complex migrated to a posi-
tion similar to that of the KA3A-8K construct. This behavior
was observed with nonspecific DNA as well. Nonspecific DNA
binding by both FL WT and 8K WT proteins showed mainly a
smear, suggesting that stable distinct complexes were not
formed under these conditions. However, testing the KA3A
mutation in both the FL enzyme and the 8K domain revealed a
discrete complex, and addition of more enzyme to the binding
incubation resulted in multiple distinct binding species resolv-
able in the gel, indicating up to six bound species (Fig. 2 and
Fig. S2 and S4).

Apparent binding affinities of pol B variants for specific and
nonspecific DNA

Examination of the apparent binding affinities of these var-
iants for 1-nt-gap and nonspecific DNA revealed two surprising
results (Fig. 2B and Fig. S1-4 and Table S1). First, the mutation
to KA3A within the full-length enzyme had a modest effect on
the apparent binding affinity for the 1-nt-gap DNA compared
with the WT. Second, the DNA binding affinity of the KA3A
mutant to nonspecific DNA was similar to that of the 1-nt-gap
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Figure 2. A, EMSA representing the different protein-DNA complex mobilities of WT pol 3, the WT 8K domain, and two corresponding mutant
enzymes, as designated, with 3 lysine to alanine substitutions (KA3A). The left panel represents mobilities of complexes bound to 1-nt-gap dumbbell
DNA, and the right panel represents mobilities of complexes bound to undamaged dumbbell DNA. The KA3A mutants used here included substitutions in full-
length (FL) WT and the 8K, as illustrated in red. The concentrations of proteins used were based on K; measurements, such that about one-half the DNA would
be bound: 20 nm FLWT, 1.5 um 31K, 20 nm 8K WT, 100 nm FL KA3A, and 1.5 um 8K KA3A for 1-nt-gap-containing DNA and 500 nm FL WT, 1.5 um 31K, 1.5 um 8K
WT, 100 nm FL KA3A, 1.25 um, 8K KA3A, and 5 um 8K KA3A for undamaged DNA. In panel A, FL+ and 8K+ indicate binding reactions where additional protein
was added. This was performed to illustrate that multiple distinct complexes can be detected with these mutants (up to 6 discrete bands [*] were detected by
EMSA). Gel quantification is reported in Table S3. B, apparent binding affinities as determined by EMSA for indicated protein and DNA. No binding was
observed for 31K with either DNA construct under the concentration range examined (K; > 3 um). See the supporting information for gel images and binding

isotherms. Data from 3 and 2 independent experiments are shown for FL WT and FL KA3A binding, respectively.

DNA binding affinity. This indicates that the KA3A mutant
was not able to distinguish between specific and nonspecific
DNA. Additionally, these data suggest that the three lysine resi-
dues (35, 68, and 72) in WT pol B are involved in destabilizing
nonspecific DNA binding, as their replacement with alanine
leads to an increase in DNA binding affinity for nonspecific
DNA.

Apparent binding affinities of pols B, 1, and A for specific and
nonspecific DNA

The ability of the X-family DNA pols 3, A, and p to perform a
processive search varies among the three enzymes (Table S2)
(8). To determine whether processive searching correlates with
binding affinities for specific or nonspecific DNA and to pro-
vide further insight into substrate recognition, we measured
the apparent binding affinities of pols 3, A, and p for the 1-nt-
gap dumbbell and undamaged DNA (Fig. 3 and Fig. S6). The
apparent binding affinities for 1-nt-gap DNA were comparable
among the three enzymes: 30, 90, and 40 nm for pols 3, A, and
W, respectively. However, the pattern of nonspecific DNA bind-
ing by pol p was different from that observed with pols 8 and A.
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Pol p bound nonspecific DNA with affinity similar to that of 1-
nt-gap DNA, suggesting this polymerase lacks specificity for
gapped DNA (Table S2). In contrast, pols B and A exhibited
much weaker binding to nonspecific DNA (apparent K, of
~500-700 wMm) than to the specific DNA.

Recruitment of WT pol 3-GFP and pol B KA3A-GFP to laser-
induced DNA damage in vivo

To determine whether the KA3A mutation has an effect on
substrate recognition in vivo, the ability of WT pol B-GFP and
lyase domain mutant pol B KA3A-GEFP to localize to laser-
induced DNA damage in living cells was examined. Previous
studies had demonstrated recruitment of GFP-tagged BER pro-
teins to sites of laser-induced damage (19, 20), for example,
recruitment of pol B-GFP in MEF cells. Using this system, WT
pol B-GFP and mutant pol 3 KA3A-GFP were separately trans-
fected into a pol B null mouse embryo fibroblast (MEF) cell
line, and then the ability of these two tagged enzymes to localize
to microirradiation-induced DNA damage was examined by
confocal fluorescence microscopy (Fig. 44).
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Figure 3. A, EMSA illustrating binding of pols v, 11, and 3 to 1-nt-gap (top) and undamaged (bottom) DNA. Experiments were performed as described in
Materials and methods. The asterisk in the reactions performed with pol 8 and undamaged DNA indicates a band that was not included in the quantification of
the gel. Its intensity remains about the same with increasing enzyme concentration and was not observed in other assays under similar conditions (Fig. 2B). B,
summary of apparent binding constants of pols to the 1-nt-gap DNA and undamaged DNA. Data in panel A were plotted and fit to a hyperbolic binding equa-

tion (Fig. S5 and Table S2).

Time courses for both recruitment and dissociation of these
tagged enzymes are shown in Fig. 4. No significant differences
were observed between the WT enzyme and the KA3A mutant
in pol B null MEFs (Fig. 4B). However, a major mode of recruit-
ment to laser-induced DNA damage may be through a PARP-1
dependent pathway (19, 21). In this case, PARylation and pro-
tein—protein interactions may be the dominant mode of local-
ization rather than a direct DNA and pol B interaction. To
investigate this possibility, we examined the ability of WT pol
B-GFP and pol B KA3A-GFP to localize to laser-induced DNA
damage in the presence of the PARP inhibitor veliparb (Fig.
S10). Cells treated with PARP inhibitor did not show recruit-
ment of GFP-pol 3 to laser-induced DNA damage (Fig. S10).
These data suggest that PARylation catalyzed by PARPs at sites
of laser-induced DNA damage is an important event for GFP-
pol B recruitment to damage.

To study the localization of pol B in the absence of PARP-1,
pol B-PARP-1 double null cells were used (Fig. 4C). In this cell
line, the recruitment of the GFP-tagged pol 8 KA3A mutant
was strongly reduced compared with that of GFP-tagged WT
pol B. These data suggest that, in the absence of PARP-1, robust
localization of pol B to DNA damage depends on lysines in the
lyase domain.

Discussion

Nonspecific DNA binding must occur for an enzyme to scan
DNA in search of its specific substrate target. Understanding
the interactions that are made between the enzyme and DNA
in the nonspecifically bound mode and substrate-bound mode
should provide insight into the mechanisms of searching and
substrate recognition. Use of pol B and its variants and the
other two pol X family members revealed that the 8K domain
of pol X family controls nonspecific DNA binding affinity.
These studies also suggest that the 8K lyase domain not only
stabilizes binding to 1-nt-gap DNA but also actively destabilizes
nonspecific DNA binding. Importantly, we hypothesize that
this destabilization is critical for processive searching, as it pro-
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motes microdissociation of the nonspecifically bound pol B
from DNA. We extended our mechanistic studies to live cells
and demonstrated the importance of processive searching for
substrate recognition in vivo by making use of a DNA damage
recruitment assay and a processive searching-deficient pol 3
mutant (pol B KA3A).

A surprising finding was that the KA3A mutation of pol 3
increases the binding affinity for nonspecific DNA ~11-fold
compared with the WT. The binding affinities between gap and
nonspecific DNA are comparable with this mutant. Although
the KA3A mutation has no effect on DNA binding affinity,
compared with the WT, the KA3A mutation in the 8K domain
alone does (Fig. 2B). This suggests that for DNA binding with
the full-length KA3A mutant, the 31K region of the enzyme sta-
bilizes the nonspecifically bound state (Fig. S7). Although WT
and KA3A have similar binding affinities for 1-nt-gapped DNA,
the mobilities of the bound complexes are strikingly different
(Fig. 2A). This result is consistent with the existence of two dif-
ferent binding modes for WT and 3AKA on 1-nt-gapped DNA.
Indeed, FRET studies of pol 8 binary complexes in the presence
and absence of a 5’-phosphate have different FRET efficiencies,
suggesting differential binding modes (22).

Pol p has DNA binding behavior similar to that of the pol B
KA3A mutant (Fig. 2 and 3). Interestingly, pol it has a relatively
neutral 8K domain and lacks the lysine interactions with the 5
“-phosphate in the gap compared with pol B (Fig. S8). The lack
of specificity in DNA binding with pol B8 KA3A and pol p corre-
lates with their lack of ability to perform a processive search
(Table S2). This suggests that, contrary to our previous hypoth-
esis, the positively charged lyase domain is important for elec-
trostatic interactions during the search process (15); the 8K
lyase domain actually destabilizes nonspecific binding. This
leads to a new model where the lysines in the 8K domain pro-
mote processive searching by encouraging microdissociation of
the nonspecifically bound state, allowing the polymerase to
search neighboring regions and providing binding specificity
for gapped DNA. Additionally, the affinity for undamaged
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Figure 4. In vivo recruitment of pol 3 to DNA damage. A, representative confocal fluorescent images of nuclear localized GFP-WT pol 8 expressed in MEFs
at time zero and 60 s after laser-induced DNA damage (gray arrow). B, recruitment of WT (n = 25) and the KA3A mutant (n = 17) to laser-induced DNA damage
in the cell background of pol B deficiency by virtue of pol B gene deletion. Error bars represent the standard error of the mean. The resulting observed rate
constants from a double exponential fit are kops; = 0.015 s~ ' and kops> = 0.005 s~ as well as kops; = 0.017 s~ " and kopsz = 0.006 s~ for WT and KA3A, respec-
tively. G, recruitment of WT (16 cells) and KA3A mutant (21 cells) to laser-induced DNA damage in the cell background of deficiency of both pol B and PARP-1.

Error bars represent the standard error of the mean. The resulting observed rate constants from a double exponential fit are kops; = 0.02 s~ " and kops> = 0.002
s~ " as well as kopsy = 0.02 57" and kops, = 0.004 s~ for WT and KA3A, respectively. D, working model explaining in vivo results on pol B8 localization to DNA
damage as shown in panel B. Pol B may localize to DNA damage through an indirect pathway that relies on PARP-1 recognition of the gap, PARylation, and
protein—protein interactions with such scaffolding factors as XRCC1; in this model, PARylation signals recruitment and binding of XRCC1, which in turn is a
binding partner of pol B, facilitating its recruitment. E, proposed model for results shown in panel C. In the direct model, pol 3 interacts directly with DNA. The
lyase domain lysines destabilize nonspecific DNA binding, allowing the polymerase to scan DNA for damage and provide binding specificity for gapped DNA.
The absence of these lysines (KA3A) leads to tight nonspecific DNA binding. The black circle on the DNA represents a 1-nt gap. WT pol B is shown in red and

KA3Ain yellow.

DNA is similar to that for damaged DNA, and there seems to
be no favorable interaction to promote gap binding over non-
specific binding, implying that Pol 8 KA3A and pol p have flat
DNA binding energetic landscapes. These results uncover the
complex nature of interpreting DNA binding mutations and
highlight the interplay between nonspecific and specific bind-
ing among processive searching enzymes.

To determine how the measured apparent binding affinities
might correlate with processive searching, the fraction proces-
sive was plotted versus the binding affinity for 1-nt-gap DNA
(Fig. S12), undamaged DNA (Fig. S12), and the discrimination
ratio (nonspecific divided by the specific affinity) (Fig. S12).
Processive searching ability (fraction processive) correlated
directly with the discrimination ratio, indicating that a balance
between specific and nonspecific DNA binding affinity is a key
component of processive searching.

The observation that the KA3A enzyme is deficient in proc-
essive searching and a lesser amount localizes to DNA damage

SASBMB

in pol B/PARP-1 null cells suggests that processive searching is
important for efficient substrate recognition in vivo. Based on
previous studies, we have hypothesized two main modes for the
recruitment of pol 3 to laser-induced DNA damage (Fig. 4, D
and E). The first, referred to as indirect, involves PARylation
catalyzed by PARP-1. In this pathway, PARP-1 binds DNA
strand breaks and catalyzes PARylation of itself and neighbor-
ing proteins. These PAR chains act as recruitment scaffolds for
other proteins that can specifically bind PAR. A binding partner
of pol B, XRCC1, has a PAR binding motif (23, 24). Therefore,
recruitment of XRCC1 to PAR enables the recruitment of pol B
(Fig. 4D). Because PARP-1 is responsible for the majority of
PARylation at strand breaks (25), a PARP-1 null cell line was
used to examine the other mode of pol B8 recruitment to DNA
damage, referred to as direct. In this direct mode, we hypothe-
sized that the recruitment of pol B to DNA damage would
depend on direct interactions of pol 8 with DNA. Accordingly,
any mutations that disrupt the ability of pol B to search and

J. Biol. Chem. (2020) 295(34) 12181-12187 12185
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scan DNA should disrupt recruitment to DNA damage sites.
Indeed, the ability of the KA3A mutant to accumulate at sites of
DNA damage was reduced compared with the WT in PARP-1
null cells. These data highlight the importance of the relation-
ship between nonspecific and specific DNA binding for in vivo
substrate search and recognition.

Materials and methods
Proteins

Human pols B, u, and A were prepared as described previ-
ously (8). The extinction coefficients used to calculate the con-
centration of the proteins are 23,380, 47,440, and 57,870 M !
cm ™! for pol B, pol w, and pol A, respectively. The 8K and 31K
domains contain amino acids 1-87 and 88-335, respectively,
and were prepared as previously described (26). Extinction
coefficients of 4470 and 19,000 M~ ‘cm ™! were used to quantify
the 8-kDa and 31-kDa domains, respectively. The purity of the
proteins was assessed by SDS-PAGE and visually determined to
be greater than 90%.

Substrates

Oligonucleotides were purchased from TriLink Biotechnolo-
gies and purified by PAGE and HPLC. DNA sequences are shown
in Fig. 2. The undamaged dumbbell DNA was produced by liga-
tion of a nick containing a dumbbell oligonucleotide and then gel
purified. To ensure proper folding of DNA dumbbells, oligonu-
cleotides were heated at 95°C for 1 min and then set at room
temperature for 15 min before use. Extinction coefficients pro-
vided by the supplier were used for determining the concentration.

EMSA

Binding reactions were prepared at room temperature in reac-
tion buffer: 50 mm Tris (pH 7.4 at 37°C), 100 mm KCL, 5 mm
MgCl,, 1 mm DTT, 0.1 mg/ml BSA, and 10% glycerol. Indicated
proteins were serially diluted 2-fold in reaction buffer before
addition of fluorescently labeled oligonucleotide to a final con-
centration of 10 nm. Reaction mixtures were incubated for ~5
min before loading onto a 10% native gel (acrylamide:bis-acryl-
amide, 37.5:1) at 4 °C. The gel was equilibrated and prerun at 4°C
for at least 30 min before samples were loaded. The gel dimen-
sions were 33 cm (width) by 10 cm (height) and 0.75 mm (thick).
The gel was run at 200 V for ~45 min in 0.5X TBE and scanned
on a typhoon gel imaging system. Images were quantified using
the rolling ball method in ImageQuant and fit to a hyperbolic
binding equation in Prism. The binding equation included a vari-
able for cooperativity, a Hill coefficient (n). The fitted binding pa-
rameters are reported in Tables S1 and S2. Reported error is from
least-squares fitting unless otherwise indicated.

In vivo recruitment

Cell lines—Pol B null MEFs have been described previously
(27). Spontaneously immortalized PARP1 ™'~ /pol 8 ~/~ double
knockout MEFs (28) were a kind gift from Dr. Robert W. Sobol
(University of Pittsburgh). Knockout of pol 8 and PARP-1 was
confirmed by Western blot analysis (Fig. S9). Cells were main-
tained in high-glucose DMEM (HyClone) supplemented with
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glutamine and 10% FBS (HyClone). All cells were routinely
tested and found to be free of mycoplasma contamination.
Transfection and laser-induced damage analysis—Human
C-terminal TurboGFP pol B (WT) was from Origene
(RG210765), and KA3A pol B-GFP was prepared by sequential
rounds of site-directed mutagenesis (29). All constructs were
confirmed by DNA sequencing (Genewiz). Recruitment of WT
and KA3A were assessed in pol 8 null MEF cells following tran-
sient transfection. Cells were transfected 24 h after plating
using Lipofectamine™ 2000 in medium supplemented with 10
uM 5-bromo-2’-deoxyuridine (BrdUrd) (Sigma-Aldrich). 24 h
after transfection, medium was changed to fresh room temper-
ature growth medium without BrdUrd. Only cells with similar
low to moderate fluorescence intensities were analyzed (Fig.
S11). DNA SSBs were introduced by microirradiation with a
fiber-coupled 355-nm coherent laser at maximum power (60
milliwatts, 100% output), with a one-pixel-width strip (0.45 pwm)
region of interest (ROI) per nucleus and an irradiation time of
200 us (100 scanning iterations), using the 40X C-Apochromat
NA 1.2 Korr FCS M27 water immersion objective coupled to a
Zeiss LSM780 confocal microscope (Carl Zeiss Microlmaging).
For image acquisition in live-cell experiments with GFP-
tagged reporters, a 488-nm laser was used at 1% intensity to
minimalize photobleaching. Fluorescence emission was
detected in the range of 491-580 nm using a pinhole of 40
um. Samples were imaged using the same 40X water immer-
sion objective coupled to a Zeiss LSM780 confocal micro-
scope. Three prebleach images were taken to establish a
baseline prior to damage induction. Images were acquired at
room temperature every 3 s after the bleaching event for 10
min. Relative recruitment of pol B-GFP was determined by
measuring the signal intensity of GFP at the induced damage
site using a manually drawn fixed 2.25-um-width ROI and
data were analyzed using GraphPad. Time-lapse recruit-
ment curves were corrected by subtracting the postbleach
signal intensity of the entire nucleus excluding the ROI.

Data availability

All data are contained within the manuscript.
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