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Abstract
The relative toxicity and mutagenicity of Me-lex, which selectively generates 3-methyladenine (3-
MeA), is dependent on the nature of the DNA repair background. Base Excision Repair (BER)
defective S. cerevisiae strains mag1 and apn1apn2 were both significantly more sensitive to Me-lex
toxicity, but only the latter is significantly more prone to Me-lex induced mutagenesis. To examine
the contribution of translesion synthesis (TLS) DNA polymerases in the bypass of Me-lex-induced
lesions, the REV3 and REV1 genes were independently deleted in the parental yeast strain and in
different DNA repair deficient derivatives: the Nucleotide Excision Repair (NER) deficient rad14,
and the BER deficient mag1 or apn1apn2 strains. The strains contained an integrated ADE2 reporter
gene under control of the transcription factor p53. A centromeric yeast expression vector containing
the wild-type p53 cDNA was treated in vitro with increasing concentrations of Me-lex and
transformed into the different yeast strains. The toxicity of Me-lex induced lesions was evaluated
based on the plasmid transformation efficiency compared to the untreated vector, while Me-lex
mutagenicity was assessed using the p53 reporter assay. In the present study, we demonstrate that
disruption of Polζ (through deletion of its catalytic subunit coded by REV3) or Rev1 (by REV1
deletion) increased Me-lex lethality and decreased Me-lex mutagenicity in both the NER defective
(rad14) and BER defective (mag1; apn1apn2) strains. Therefore, Polζ and Rev1 contribute to
resistance of the lethal effects of Me-lex induced lesions (3-MeA and derived AP sites) by bypassing
lesions and fixing some mutations.
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1.INTRODUCTION
Me-lex, {1-methyl-4-[1-methyl-4-(3-methoxysulfonylpropanamido)pyrrole-2-carboxamido]-
pyrrole-2-carboxamido}propane, is an alkylating agent that preferentially generates N3-
methyladenine (3-MeA) adducts in A-T rich regions of double-stranded DNA due to its minor
groove selectivity conferred by the lexitropsin dipeptide [1,2]. Me-lex toxicity and
mutagenicity are dependent on the DNA repair background. BER defective S. cerevisiae strains
that lack 3-methyladenine DNA glycosylase (mag1) or both AP endonucleases (apn1apn2) are
significantly and similarly more sensitive to Me-lex toxicity than the parental strain, but only
the removal of AP endonuclease activity resulted in a significant increase in mutagenicity.
Furthermore, the Me-lex induced mutation spectrum determined in a yeast-based functional
assay and the Me-lex induced methylation pattern determined in vitro in a human p53 cDNA
showed minimal overlap [1]. This is consistent with the hypothesis that 3-MeA is a cytotoxic
but weakly mutagenic lesion [1,2]. The mutation spectra induced by Me-lex were not affected
by the status of Mag1 activity (MAG1 vs mag1; p = 0.10, Cariello test) nor by defects in different
BER steps (mag1 vs apn1apn2; p = 0.84, Cariello test) [3]. It was also found that the
mag1rad14 double mutant showed a significantly enhanced Mutation Frequency (MF), while
the mag1 and rad14 single mutants had low MF similar to WT. It was suggested that the
formation of abasic (AP) sites via glycosylase mediated excision and non-enzymatic hydrolysis
may, in part, be repaired by different pathways, and that Rad14 plays a role in the repair of AP
sites formed by hydrolysis. In total, these observations suggested that 3-MeA mutagenicity
might be associated with the formation of an AP site through the enzymatic activity of Mag1
or spontaneous hydrolysis of the methylated purine or that the different lesions (3-MeA and
AP site) afford the same mutation specificity, i.e., the same nucleotide is inserted with similar
efficiency opposite both lesions during translesion synthesis (TLS).

The fixation of DNA damage into mutations depends on the activity of TLS DNA polymerases
that allow bypass of DNA lesions that stall replication forks. In general, TLS polymerases lack
3’→5’ proofreading exonuclease activity, support the bypass of damaged DNA in vitro, and,
when copying undamaged DNA, manifest both much lower fidelity and reduced processivity
compared to replicative DNA polymerases. In S. cerevisiae, there are three known TLS
polymerases: Polη and Rev1, which belong to the Y family of DNA polymerases, and Polζ,
which is a member of the B family [4].

In S. cerevisiae, Polζ is the TLS polymerase associated with the majority of spontaneous, as
well as damage induced mutagenesis [4]. Polζ is composed of two subunits, Rev3 and Rev7.
Rev3 is the catalytic subunit with DNA polymerase activity. The function of Rev7 is not well
understood, although it is thought to stimulate Rev3 activity. Polζ is not essential for cell
viability in yeast while disruption of REV3 in mice causes embryonic lethality [4]. In vitro,
Polζ acts mainly as a mispaired primer extender (frequency 10−1−10−2), although it can also
incorporate nucleotides opposite a DNA lesion.

Polζ requires the Rev1 protein, which is indispensable for UV mutagenesis [4-8] and for
mutagenesis resulting from TLS occurring through AP sites [9] and other damaged bases
[10]. Rev1 is a member of the Y family of DNA polymerases, and specifically incorporates C
opposite all template bases or AP sites [4,9].

In contrast to Polζ and Rev1, Polη suppresses UV mutagenicity due to its error free translesion
synthesis activity [11]. Polη is also able to bypass bulky lesions with relatively high fidelity.
Recently Zhao et al. proposed that Polη may also be involved in error prone translesion
synthesis of AP sites [12]. Overall it seems that DNA lesions that severely impinge upon the
minor groove block DNA synthesis by Polη [4].
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In order to examine which TLS polymerases are involved in the mutation fixation process of
Me-lex induced lesions, we have begun a systematic genetic analysis by deleting REV3 and
REV1 genes in the parental yeast strain and in NER defective (rad14) and BER defective
(mag1; apn1apn2) derivatives. In the present study, the toxicity and mutagenicity of Me-lex
induced lesions were evaluated using a p53 functional assay [13-15]. Our results are consistent
with an involvement of both Polζ and Rev1 in the mutation fixation process of Me-lex induced
lesions but with some subtle differences in their relative roles in protecting cells from toxicity
and inducing mutations.

2. Materials and Methods
2.1 Hazardous procedures

Me-lex should be considered as a toxic compound, and was handled accordingly.

2.2 Compounds
Reagents of the highest purity were purchased from Sigma (St. Louis, MO, USA) or Aldrich
(Milwaukee, WI, USA) unless otherwise stated. Me-lex was prepared as previously described
[16].

2.3 Vectors, strains and media
The yeast expression vector pTS76 harbours the human wild-type p53 cDNA under the control
of an ADH1 constitutive promoter and contains the TRP1 selectable marker. The haploid S.
cerevisiae strain yIG397 [17], and its isogenic BER or NER deficient derivatives (Table 1),
were used as recipients for pTS76. The p53-dependent reporter ADE2 gene allowed the
phenotypic selection of p53 mutants as its recombinant cyc1 promoter contains three copies of
the responsive element RGC [17]. Standard yeast manipulations were performed as previously
described [18].

2.4 DNA modification, analysis, and transformation
The experimental system is identical to that previously described [13]. The in vitro treatment
of pTS76 plasmid with Me-lex was performed as previously described [14,15]. Briefly, Me-
lex was dissolved in DMSO immediately before the plasmid pTS76 DNA (3.0 μg) was treated
with different Me-lex concentrations (up to 12 mM) in 10 mM Tris-HCl (pH 7.4), 1 mM EDTA,
50% EtOH for 1 h at 37 °C. DNA was purified by EtOH precipitation, washed with 70% EtOH,
and resuspended in sterile water. Damaged or undamaged plasmids were then transformed by
the LiOAc method into the same number of yeast cells (measured by OD600), using the same
growth conditions, and transformants were plated on selective synthetic medium plates specific
for each strain (see below and Table 1). After 3 days of incubation at 30 °C, the colour of the
colonies was evaluated. The selection for the plasmid marker (TRP1) allowed an indirect
determination of the lethal effect of the damaging treatment to be calculated as the number of
transformants scored in transfections with Me-lex treated plasmids relative to that obtained
with undamaged vector (hereafter indicated as plasmid survival). As transformation plates
contained a minimal amount of adenine, adenine auxotrophs produced small red colonies (an
Ade− phenotype). Considering spontaneous mutagenesis, Ade− phenotype can be due to either
inactivating mutations in the p53 cDNA or to mutations at the chromosomally located reporter
gene (ADE2), whose expression is under control of 3 copies of a p53 responsive element, in
the reporter strain. When induced mutagenesis is considered, since the damaging treatment is
performed in vitro and is confined to the plasmid, we assume that the Ade− phenotype is almost
exclusively due to plasmid targeted inactivating events (i.e. p53 cDNA targeted). This
assumption is consistent with our previous work [1,2,13,19-21]. The spontaneous or induced
MF (sMF or MF, respectively) was defined as the number of small red colonies with respect
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to the total number of transformants. For each strain and each Me-lex concentration, at least
10 experiments were performed. For MF the cumulative mutation frequencies observed in all
experiments are reported. Plasmid transformation efficiency of undamaged vector was
unaffected by deletion of the DNA repair genes. For each Me-lex concentration tested the
effects on mutagenicity and toxicity were normalized to those observed with the undamaged
plasmid in each strain.

2.5 Construction of rev1 and rev3 yeast strains
REV1 and REV3 disruption cassettes were obtained by PCR using as a template pCOREUH
plasmid [22] containing the selectable marker HYGROr (generous gift of Dr. Francesca Storici).
Primers have a sequence homology to the 5’ (or 3’) end of the gene to be disrupted (underlined)
and a sequence (in bold) that is complementary to the 5’ (or 3’) region of the HYGRO resistance
gene present in pCOREUH. Strains were transformed with the unpurified PCR product. The
deletion of the REV1 or REV3 genes was confirmed by phenotypic selection (resistance to
hygromycin B) and by yeast colony PCR.

The primers used for the creation of the disruption cassettes were: REV1-hygro dw (5’-atg ggt
gaa cat ggt ggt ctt gta gat tta ttg gac agc gat ttg gaa tac atc tgg gca gat gat gtc g-3’ (70 mer)
REV1-up: 5’-tca aac ttc aaa gtc cat gtc aag ttt acg cac agt ctg gta agt atg ttc cgc gcg ttg gcc gat
tca t-3’ (70 mer) for REV1; REV3-hygro dw: 5’-atg tcg agg gag tcg aac gac aca ata cag agc
gat acg gtt aga tca tcc atc tgg gca gat gat gtc g-3’ (70 mer); REV3-up: 5’-tta cca atc att tag
aga tat taa tgc ttc ttc cct ttg aac aga ttg atc cgc gcg ttg gcc gat tca t-3’ (70 mer) for REV3. The
PCR conditions were 95 °C for 40 s, 55 °C for 60 s and 72 °C for 90 s repeated for 35 cycles.

The primers for yeast colony PCR were: REV1−5’: 5’-ata cct ttt ggc ata gtc t-3’; REV1−3’:
5’-gaa gac aaa tag tgt aaa aa-3’ and HYGRO-3’ : 5’-gtt ttt tta tat tgt agt tgt tc-3’ for the genomic
confirmation of REV1 deletion; REV3−5’: 5’-cat ttt ttt gac gag tgc ag-3’; REV3−3’: 5’-cgt gtt
tat cat ctt ttt tcc-3’; and HYGRO-3’ : 5’-gtt ttt tta tat tgt agt tgt tc-3’ for the genomic confirmation
of REV3 deletion. The PCR conditions were 94 °C for 60 s, 55 °C for 60 s and 72 °C for 120
s repeated for 35 cycles; yeast colonies were heated at 94 °C for 8 min before starting.

3. RESULTS
3.1 Effects of the REV1 and REV3 deletions on spontaneous mutation frequency (sMF) in
different DNA repair backgrounds

In order to determine the role of Rev1 and Rev3 (Polζ) in the biological fate of Me-lex induced
lesions, the genes were deleted in the yIG397 parental strain and in NER and BER defective
derivatives (Table 1; see Materials and Methods for details). All strains contain the ADE2
reporter gene under transcriptional control of wild-type human p53.

To determine sMF, untreated plasmid pTS76, containing the wild-type p53 cDNA under the
control of the constitutive ADH1 promoter, was transformed into the panel of NER, BER and
TLS yeast mutant strains. Transformants were selected on plates lacking tryptophan but
containing sufficient adenine for adenine auxotrophs to grow and turn red. Compared to the
wild type strain, the deletion of RAD14 slightly increased sMF (p<0.03, Chi square test), the
deletion of MAG1 slightly decreased sMF and deletion of both APN1 and APN2 significantly
increased sMFs (p < 0.05 and p < 0.0001, Chi square test, respectively) (Table 2). These results
suggest that the AP sites are a major source of spontaneous mutagenesis, and that constitutive
Mag1 activity contributes to the sMF. This result is consistent with the observation that Mag1
activity is associated with a weak mutator phenotype, which is even more evident when the
protein is over-expressed [23,24].
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The deletion of REV1 decreased sMF by 2−3 fold in WT, rad14 and apn1apn2 backgrounds,
while the same deletion had no significant effect in the mag1 background. Similarly, the
deletion of REV3 was associated with a weaker, yet still significant, reduction in sMF (1.6−1.8
fold) in all backgrounds except mag1. Only in mag1 strain there is no significant difference in
sMF after deletion of REV1 or REV3.

3.2 Effect of REV1 and REV3 deletion on the survival of Me-lex damaged plasmid DNA
In order to evaluate the influence of Rev1 and Rev3 on the lethality of Me-lex induced lesions
in relation to the different DNA repair backgrounds, plasmid pTS76 was damaged in vitro by
exposure to increasing Me-lex concentrations and transformed into the appropriate yeast
strains. A general Me-lex concentration-dependent decrease in plasmid survival was observed
(Figure 1, upper panel, A-D). The deletion of REV1 or REV3 genes led to a reduction in plasmid
survival compared to the parental strains regardless of the DNA repair background, although
some quantitative differences were noted. The deletion of REV1 or REV3 in a WT background
had a similar impact (mean of the reduction observed at 6 mM and 12 mM Me-lex: ∼2.0-fold
reduction in plasmid survival), while in the NER deficient strain (rad14) the deletion of
REV1 had a stronger impact (mean of the reduction observed at 6 mM and 12 mM Me-lex:
2.9-fold and 1.5-fold, in rev1 and rev3, respectively). The deletion of REV3 exhibited a stronger
effect in the BER defective apn1 apn2 strain (mean of the reduction observed at 6 mM and 12
mM Me-lex: 3.4-fold and 1.4-fold, in rev1 and rev3, respectively). Finally, the largest
difference in plasmid survival (mean of the reduction observed at 6 mM and 12 mM Me-lex :
∼5-fold) was observed for the REV1 and REV3 deletion in a mag1 background. Together these
results indicate that both Rev1 and Rev3 (Polζ) are involved in the bypass of some Me-lex-
induced lesions and that they provide protection against Me-lex toxicity. Interestingly, when
AP sites accumulate (apn1apn2 strain) a protective effect appears to be more dependent on
REV3 than on REV1, while when 3-MeA adducts accumulate (mag1 strain) there is a similar
role for both TLS polymerases.

3.3 Effect of REV1 and REV3 deletion on Me-lex induced mutagenesis
We examined the impact of REV1 and REV3 deletions on the mutagenicity of Me-lex lesions
induced in the p53 cDNA exploiting the ADE2 reporter gene in different yeast strains (Figure
1, lower panels, A-D). The MF increased proportionally to the Me-lex concentration. Similar
to the effect on plasmid survival, deletion of REV1 or REV3 led to a significant decrease in
MF, regardless of the DNA repair background (see Tables 3 A, B for raw numbers and statistical
analyses). In the WT, as well as in the NER deficient rad14 strain, the deletion of REV1 or
REV3 decreased MF by 3 to 5-fold. In the apn1apn2 or mag1 strains, at the highest Me-lex
dose, the decrease in MF was more pronounced for the deletion of REV1 compared to that of
REV3. It should be noted that the increase in mutagenesis was much greater in the apn1apn2
than in the mag1 strain (Y-axis scale is different in Figure 1 lower, panel C vs panel D).

These results suggest that both Rev1 and Rev3 are involved in the bypass of Me-lex induced
lesions in all DNA repair backgrounds since their absence is associated with decreased Me-
lex mutagenicity.

4. DISCUSSION
Me-lex was designed to preferentially yield 3-MeA, a lesion that has been shown to be strongly
cytotoxic but only weakly mutagenic in WT cells. In S. cerevisiae, 3-MeA repair is initiated
by Mag1, followed by the action of AP endonucleases (Apn1, Apn2), DNA polymerase (δ,
ε), and DNA ligase (III). Using a genetic approach in yeast, we previously showed that the 3-
MeA lesion is critical in Me-lex induced cytotoxicity [1,15]. In contrast, its mutagenicity is
only somewhat elevated in the absence of Mag1 glycosylase activity, but significantly elevated
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in the absence of AP endonuclease activity. Mutation hotspots observed along the p53 cDNA
sequence did not always overlap with the most intense sites of methylation, but were highly
associated with the A/T rich regions targeted by Me-lex [1,15]. We also demonstrated that the
lethality of Me-lex induced lesions is counteracted by BER, mainly via Mag1 activity, while
the role of NER is appreciable only in the absence of BER [2]. Furthermore, the mutation
spectra induced by Me-lex in mag1, mag1rad14, and apn1apn2 backgrounds were
indistinguishable (p = 0.74, p = 0.85) [2]. Those results were consistent with: (i) unrepaired 3-
MeA and AP site in the template strand causing a similar misincorporation by DNA
polymerases; and/or (ii) a single common promutagenic lesion, i.e., an AP site, formed from
either the enzymatic (Mag1) or hydrolytic release of 3-MeA, being the origin of the mutation
[2,21].

TLS DNA polymerases are involved in the mutagenicity of lesions produced by endogenous
or exogenous DNA damaging processes [4]. These specialized DNA polymerases exhibit much
lower processivity and fidelity compared to replicative DNA polymerases and can insert
nucleotides opposite DNA lesions or extend from mispaired bases. A large degree of functional
divergence has occurred among TLS polymerases, rendering them highly specialized for the
roles they play in lesion bypass. Although some polymerases can carry out both steps of lesion
bypass (nucleotide incorporation opposite the DNA lesion and the subsequent extension from
the inserted nucleotide) in several cases one TLS polymerase inserts a nucleotide opposite a
lesion while another one performs the extension step. This two-polymerases mechanism of
lesion bypass is afforded by the high degree of structural and functional specificity of the
different Y-family polymerases [4].

In yeast S. cerevisiae, three TLS polymerases are known: Polζ, Rev1 and Polη. Polζ, comprised
of the Rev3 catalytic subunit and the Rev7 accessory subunit, is indispensable for UV and AP
site mutagenesis [5,9,25,26]. Polζ acts primarily by extending from the mispair [27-30] and,
for its role in TLS, requires the Rev1 protein. Despite the fact that Rev1 is indispensable for
most Polζ-dependent TLS [6], its DNA synthetic activity is not required for many lesion bypass
events [9,10,27,31,32]. This suggests that Rev1 plays a role in coordinating the assembly of
Polζ at the replication fork [27]. Yeast Polη can also play a structural role (similarly to Rev1),
as well as a functional role (as inserter or extender polymerase), in lesion bypass processes
[12].

As a validation for its structural role in TLS, Rev1 has recently been shown to be part of a tight
physical complex with Polζ in two independent studies [33,34]. It is likely that Rev1 interacts
with the intact Polζ complex, as the association of Rev1 with either Rev3 or Rev7 is disrupted
when either REV7 or REV3 is deleted. However, Acharya et al. [33] suggest that Rev1 interacts
separately with either Rev7 or Rev3, that Rev1-Rev7 and Rev3-Rev7 complexes do not
physically interact, and that the two complexes represent separate functional entities. In Polζ,
Rev7 is needed for Rev3 to express its DNA polymerase activity, whereas in the Rev1-Rev7
complex Rev7 has no significant effect upon Rev1 DNA synthetic activity. This raises the
possibility that in the Rev1- Rev7 complex, the role of Rev7 is to modulate protein-protein
interactions at the replication fork.

In the present study, we demonstrate that the disruption of Polζ (through deletion of its catalytic
subunit coded by REV3) or Rev1 caused an increase in lethality and a decrease in mutagenicity
induced by Me-lex. Thus, Polζ and Rev1 contribute to overcoming some of the lethal effects
of Me-lex induced lesions at the cost of creating mutations. The somewhat surprising
differences between the rev1 and rev3 mutants on Me-lex mutagenicity and lethality are
pointing towards independent functions in mutagenesis and/or survival in response to 3-MeA.
This is a subject of future investigations.
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The relative contribution of specialized TLS DNA polymerases to the toxicity and mutagenicity
after 12 mM Me-lex treatment, where the effects were exacerbated, is summarized in Table 4.
Relative to the parental strain, the decrease in plasmid survival (increase in Me-lex toxicity)
caused by BER defects is strongly enhanced by the combined presence of TLS defects. Either
rev1 or rev3 deficiency are synergistic with mag1 deficiency at increasing Me-lex toxicity
(∼50-fold), while, in an apn1apn2 background, rev1 deficiency is additive and rev3 deficiency
is synergistic. The anti-mutator effect of TLS deletions is retained in BER deficient
backgrounds with the exception of rev3mag1 background. In apn1apn2 cells, REV1 deletion
has an even stronger anti-mutator effect (10-fold reduction). The combined deletion of
MAG1 and REV1 results in a strong increase in Me-lex toxicity and in a small reduction in MF.
In total, these results suggest that the best therapeutic window (i.e. maximum killing with
minimal mutagenesis) for Me-lex, would be accomplished by inactivation of the MAG1 and
REV1 gene products.

Can we understand which Me-lex induced lesion(s) is (are) bypassed by Polζ or Rev1? The
two candidates are 3-MeA, which is directly formed, and AP sites, which are derived from
glycosylase excision or non-enzymatic hydrolysis of the labile 3-MeA base. The former is
highly cytotoxic and poorly mutagenic, while the latter is both cytotoxic and highly mutagenic.
In the absence of their repair (apn1apn2 background), AP sites are expected to accumulate. In
this situation deletion of REV1 has a more dramatic impact on the reduction of mutagenicity
than on Me-lex toxicity. On the other hand, the deletion of REV3 has a dramatic impact on Me-
lex toxicity. In the presence of 3-MeA accumulation (mag1 background), the deletion of
REV3 or REV1 has similar effect on 3-MeA toxicity, while mutagenicity decreases
substantially only when REV1 is deleted. The stronger dependency of AP site induced
mutagenesis on Rev1 rather than Polζ (Rev3) is consistent with the results reported by
Auerbach et al., [35] who found a similar phenomenon due to inactivation of Polζ via REV7
rather than REV3 deletion. These results suggest that both lesions are substrates for TLS bypass,
an hypothesis that could be tested in vivo or in vitro assays using single lesions introduced at
specific locations (work in progress). It is important to note, however, that AP sites can produce
secondary lesions (such as 3'-blocked single strand breaks with 3'-dRP termini), spontaneously
(via hydrolysis) or through the action of different enzymes, whose contribution to the end point
analyzed in the present work is unknown. Thus, we cannot exclude that the difference between
the mag1 and apn1apn2 may reflect differences in the composition of lesions present at the
replication fork.

In summary, by combining a chemical and genetic approach we have shown that in yeast both
Rev1 and Rev3 play an active role in mediating the biological effects (toxicity and
mutagenicity) of Me-lex induced lesions (3-MeA or AP site intermediate).
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Figure 1.
Influence of deletion of REV1 or REV3 on the lethality (upper panel) and mutagenicity (lower
panel) of Me-lex induced lesions in repair proficient and repair deficient yeast strains. Panel
A: WT; panel B: rad14 background; panel C: apn1apn2 background; panel D: mag1
background. Upper panel: * indicates a statistically significant decrease in plasmid survival
observed at 12mM Me-lex relative to the REV1, REV3 wild type strain (Student t test).
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Table 1
Yeast strains used in this study.

Name Genotype Phenotype Ref

yIG397 MATα ade2−1 leu2−3,112 trp1−1 his3−11,15
can1−100 ura3−1 URA3
3xRGC::pCYC1::ADE2

WT (Flaman 1995)

yPM2 same as yIG397, mag1::LEU2 (mag1) BER− (Monti 2002)
yPC2 same as yIG397, apn1::HIS3 apn2::KANR (apn1apn2) BER− (Monti 2002)
yPM4 same as yIG397, rad14:: KANR (rad14) NER− (Monti 2004)
yPM5 same as yIG397, rev1::HYGROR (rev1) TLS− this work
yPM6 same as yIG397 rev3::HYGROR (rev3) TLS− this work
yPM7 same as yPM2, rev1::HIGROR (mag1rev1) BER− TLS− this work
yPM8 same as yPM2, rev3::HIGROR (mag1rev3) BER− TLS− this work
yPM9 same as yPC2, rev1::HYGROR (apn1apn2rev1) BER− TLS− this work
yPM10 same as yPC2, rev3::HYGROR (apn1apn2rev3) BER− TLS− this work
yPM11 same as yPM4, rev1::HYGROR (rad14rev1) NER− TLS− this work
yPM12 same as yPM4, rev3::HYGROR (rad14rev3) NER− TLS− this work
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Table 2
Effects of REV1 or REV3 deletion on spontaneous p53 mutant frequencies in different DNA repair backgrounds.

DNA repair background p53 mutant frequency ×1000 (red colonies/
total)

relative fold decrease statistics

WT 0,91 1
(136/149.876)*§

rev1 0,3 3.0
(25/83.195)* *p<0.0001

rev3 0,55 1.6
(74/134.023)§   § p<0.0007

rad14 1,18 1 WT vs rad14: p<0.03
(154/130.183) *§

rad14rev1 0,61 1.9
(32/52.813) * * p<0.0006

rad14rev3 0,73 1.6
(39/53.562) §   § p<0.008

mag1 0,7 1 WT vs mag1: p<0.05
(131/186.585) *§

mag1rev1 0,58 1.2
(52/90.070) * *NS

mag1rev3 0,83 0.84
(33/39.799) §   §NS

apn1apn2 3,51 1 WT vs apn1,apn2: p<0.0001
(344/98.052) *§

apn1apn2rev1 1,52 2.3
(50/32.798) * * p<0.0001

apn1apn2rev3 1,92 1.8
(51/26.521) § § p<0.0001

NS: not significant
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Table 3A
Effects of REV1 or REV3 deletion on Me-lex induced p53 mutant frequencies in different DNA repair backgrounds
(6mM Me-lex).

DNA repair background p53 MF ×1000 (red colonies/total) relative fold
decrease

statistics

WT 7,0 1
(337/47.889)*§

rev1 1,4 5,0
(28/19.660)*^ *p<0.0001

rev3 2,1 3,3
  (51/24.300)§^   § p<0.0001; ^NS

rad14 10.3 1 WT vs rad14: p<0.0001
(415/40.407) *§

rad14 rev1 3,7 2,8
(36/9.820) *^ * p<0.0001

rad14rev3 3,2 3,2
  (47/14.792) §^   § p<0.0001; ^NS

mag1 12,7 1 WT vs mag1: p<0.0001
(259/20.458) *§

mag1 rev1 4,1 3,1
(18/4.399) *^ * p<0.0001

mag1 rev3 4,2 2,5
  (10/2.371) §^   § p<0.0005; ^NS

apn1 apn2 60,1 1 WT vs apn1,apn2: p<0.0001
(510/8.488) *§

apn1 apn2rev1 10,3 5,8
(14/1.355) *^ * p<0.0001

apn1 apn2rev3 8,2 7.3
(13/1.585) §^ § p<0.0001; ^NS

NS: not significant
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Table 3B
Effects of REV1 or REV3 deletion on Me-lex induced p53 mutant frequencies in different DNA repair backgrounds
(12mM Me-lex).

DNA repair Background p53 MF ×1000 (red colonies/total) relative fold
decrease

statistics

WT 18,9 1
(322/17.082)*§

rev1 4,8 3,9
(20/4.173)*^ *p<0.0001

rev3 5,8 3,3
  (33/5.651)§^   § p<0.0001; ^NS

rad14 29,8 1 WT vs rad14: p<0.0001
(374/12.553) *§

rad14rev1 11,7 2,5
(16/1.363) *^ * p<0.0002

rad14rev3 7,6 3,9
  (25/3.267) §^   §p<0.0001; ^NS

mag1 69,7 1 WT vs mag1: p<0.0001
(169/2.426) *§

mag1rev1 11,4 6,1
(7/616) *^ *p<0.0001

mag1rev3 44,8 1,6
  (6/134) §^   §NS; ^p<0.03

apn1apn2 412,3 1 WT vs apn1,apn2: p<0.0001
(557/1.351) *§

apn1apn2rev1 38,0 10,8
(7/184) *^ *p<0.0001

apn1apn2rev3 112,1 3,7
(24/214) §^ §p<0.0001; ^p<0.02

NS: not significant
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