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SUMMARY
" A DNA replication mutant of yeast, cdc8, was found to decrease UV-

induced reversion of lys2-1, arg4-17, tyrl and ural. This effect was observed

with all three alleles of cdc8 tested. Survival curves obtained following UV
irradiation in cdc8 rad double mutants show that cdc8 is epistatic to rad6, as

well as to radl; cdc8 radS1 double mutants seem to be more sensitive than the

single mutants. Since UV-induced reversion in cdc8 radl and cdc8 rad5] double

" mutants is like that of the cdc8 single mutants, we conclude that CDC8 plays a

direct role in error-prone repéir.‘ Tp test whether CDC8 codes for a DNA'poly-
merase, we have purified both'DNA-po]yﬁerase I and DNA polymerase II from cdc8
and CDC+ cells. The purified DNA polymerases from gggg.were no more heat

labile than.those from CDC+, suggesting that CDC8 1is not a structura]jgene,for

either enzyme.

INTRODUCTION

' Uitrévio]et light (UV)-induced mutatioﬁs in Escherichia coli result from
érrof—prone repair system(s) which may be constitutive and/or inducible (see
Bridges, 1977; Lehmann and Bridges, 197 ; Radman, 1975; Witkin, 1976, for
recent reviews). This error-prone repair activity is dependent on the lexA+

and recA+ functions.(Bridges, Law and Munson, 1968; Bridges and Mottershead,

1971; Miura and Tomizawa, 1968; Witkin, 1969), In addition, DNA polymerase

I1I, which is required for chain elongation, has also been implicated in
UV-induced mutations (Bridges, Mottershead and Sedgwick, 1976; Bridges and

Mottershead,. 1978).
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"In the yeast Saccharomyces éerevisiae, UV mutagenesis is dependent on
the RAD5 and REV3 genes. When these genes are mutant, no UV-induced mutations
afé-great1y reduced at a wide va}iety of loci tested (Lawrénce, et al, 1974; |
Lawrence and Christensen, 1976; Lemontt, 1971). The BﬂggAgene is not only
required for error-prone repair‘of UV damage, but also for.errof—pronelrepair
of damage induced by a wide variety of-diyersé»chemica] agents (Prakash,
1974). Strains with temperafure-sensitive DNA synthesis have been identified

“among the ce11~division cycle (cdc) mutants of yeast (Hartwe]], 1971, 1973). |

Mutants in the CDC4 and CDC7 gehes;ére blocked in initiation of DNA synthesis

while mutants in the CDC8 and CDCZI génés show cessation of DNA synthesis upon
incubation at the restrictive tempgrature.and these two mutants are therefore
classified as elongation mutants. -Thus far, these four genes are the only |
ones identified in S. cerevisiae which specifi- cally block DNA synthesis

- without affecting synthesis of other macromolecules. (CDC21 is now known to be
the structural gene for thymidylate synthetase (Bisson and Thorner, 1977,
Game, 1976). The cdc8 mutant is not defective in synthesis of
deoxyribonucleotide precuréors since no DNA synthesis is.observed even in
permeabilized ce]]s}he]d at the restrictive témperature and provided with
doxyribonuc]eotide triphosphates (Hereford énd Hartwell, 1971).

We wanted to determine whether gene functions required for DNA synthesis
also play a role in mutagenic repair of UV .damage in yeast. Our approach was
to determine the effect of these cdc mutants which éffect.DNA synthesis on
UV-induced mutations of nuclear genes. In this communication,'we report the

effect of cdc8 on UV-induced mutagenesis of nuclear genes in yeast.



METHODS
Strainé'

Stkains A364A (a adél adé2 1ys2-1 his7 tyrl gall ural CDC+), strain

198 (cdc8-1 derivative of A364A) and other cdc mutant derivatives of A354A

were.obtained from Dr. Lee Hartwell whereas the cdc8-2 and cdc8-3 alleles used

in this study were obtained from Dr. Dennis Livingston. Thefrédl and.rad6
mutants were obtained from Dr. Brian Cox and'the rads2 mutant from Dr. Michael
Resnick. |

| Markers desired were introduﬁed into the varﬁous strajns by standard
techniques of yeast genetics.

The following mediaAwere used:.YPD, 1% Bacto-yeast extract, 2%
Bacto-peptone, 2% dextrose, solidified with 2% Bacto-agar. Synthetic complete
(SC) medium, used for viability determinations, consisted of 0.67% Difco yeast
nitrogen‘base without amino acids, 2% dextrose, 2% Bacto-agar, adenine
sulfate, L-arginine HC1, L-histidine HC1, L-methionine, L-tryptophan and
uracil'af 20 ug/ml1, DL-homoserine at 100 pg/mf, L-isoleucine, L-leucine,
L-lysine HC1 and L-tyrosine at 30 ug/ml, L-valine at 150 ﬁg/m1 and
~ L-phenylalanine at 50 nug/ml. Omission media used to score for revertants
to prototrophy for érginine, lysine, tyrosiné or uracil, consisted of the
above constituents lacking one of the supplements at a time and were design-
ated SC minus arginine (SC - arg), SC minus/]ysine (SC - 1ys), SC minus tryo-
sine (SC - tyr) and SC mihus uracil (SC - ura), respectively.

Irradiation .

Survival curves: Cultures grown to stationary phase in liquid YPD

at the permissive temperature of 259 C wére washed and plated on YPD

plates.



Cells were irradiated with covers removed at a fluence rate of 0.1 and 1
Jm'zs-l. The radiation.source aﬁd its dosimetry are‘given in Lawrence, et
al., (1974). -Plates were incubéted in the dérk at 25° C for 3 to 6 days
befére counting surviVing co]onieé.

Mutation induction: cu]tures'grown to stationary phase in liquid
YPD at 25° C were washed and piated on SC for viability determfnationé and
on.various omission media for determining UV-induced reversion frequencies of
a particular marker. Cells were irradiated on the surface of plates as
' described above. ‘Plates were incubated at éSOC in the dark for 3 to 8 days

before counting revertant co]on1es

- Growth of cells and pur1f1cat1on of DNA polymerases

Cells of A364A (CDC+) and 198 (_c_dC_Si) were grown at 25° C to mid-
exponential.phase in 1 liter batches of YPD in 2.3 liter Fernbach flasks.
Cu1tures‘wére incubated with shaking at 36° ¢ for 1 hour just before harvest-
ing. A sample from each culture was withdrawn and spread on YPDbplates for
subsequent testing of the cdc phenotype. This was necessary to avoid cultures
where a rare CDC+ revertant might arise and Be selected for. Therefore, all
cultures were routinely teéted for reversion to the CDC+ phenotype. Cells
were washed in buffer containing 20 mM Tris,.pH 7.6 - i mM EDTA - 2 mM -
'Z-mercaptoethanol - 10% glycerol'— 0.25 M ménnito] - 0.05 mM PMSF and stored
at -70° ¢, | |

. DNA po]ymefases I and II were pUrified through the DEAE cellulose
step as described by Chang (1977) with the fo116wing minor modifications. The
cells were ruptured with glass beads in a Braun homogenizer as‘decribed by

Wintersberger and Wintersberger (1970) instead of in an Eaton press. After



centrifugation at 24,000 x g for 30 min, the extract was diluted to give an

260
Precipitation of nucleic acids was then carried out as described by Chang

A .~ = 140 (50 g of cells typically yielded 120 ml of extract).

using 0.12% instead of 0.2% protamine sulfate. After fractionation by

precipitation with ammonium sulfate and chromatography on phosphocellulose,

“the two DNA polymerases were separated by chromatography on DEAE cellulose.

Ffactions containing each DNA polymerase were pooled separately, concentrated
by precipitation with ammonium sulfate, and stored at ,-200 C in 20 mM
potassium phosphate buffer, pH-7.é tqntaining 0.1mM dithiothreitol and 50%
glycerol. Although DNA polymerase fI éppears as a minor component when
assayed using activated DNA, using'the synthetic template poly dA: oligo dT,
the two activities are present in nearly equal amounts. As described.by
Chang, we often observe fwo peaks of DNA polymerase I activity. Both of these
activities are inhibited by antibody (generously provided by Dr. Chang)

prepared against highly purified yeast DNA polymerase I.

RESULTS

Effect of cdc8 on UV-induced reversion

The effect of the cdc8 mutation on UV-induced reversion of various
loci was examined by defermining the frequency of revertants obtained at

different loci following UV irradiation. The fluence response curves for

reversion of lys2-1 to LYS+ in cdc8-1 and CDC+ haploid strains are given in
Figure 1A and the survival curves for the same strains are gi&en in Figure
1B. The frequency of revertants at all UV fluences is great1y reduced in the
cdc8-1 haploid LP859-38 compared.to the CDC+ strains, even at fluences where -

survival is sti]i around 10% in the. cdc8 strain. In order to ascertain that



-7-

the effect observed was in fact due to cde8-1 and not to modifiers in the
background of the strain, frequéﬁcies of UV-induced reversion were determined
at'fwo different fluences in sevefal different CDC+ and cdc8-1 segregants |
obtained from the same cross that generated the strains used in Figure 1.
Results of this segregation anaﬁysis are shown in Table 1. ReQersion :
frequencies in cdc8-1 strains are much lower than in the gggi strains.
Although the cdc8-1 strains are moderately UV-sensitive, reversion frequencies
~in CDC+ strains at a given survival level are higher than in cdc8-1 strains
irradiated at a UVAfluence resuitihéhin the same survival. For exampie, CDC+
(LP859-1C) irradiated at 50 J/m2 resu]téd‘in 33% survival and 143 LYS+
colonies per 107 sur&ivors whereas a'ggggll segregant from the same tetréd
(LP859—1B), Qhen irradiated with 25 J/m2 resulted. in 33% survival but the
frequency of reversion of lys2-1 is only 17 LYS+ colonies per 107

survivors., The data in Table 1 clearly show that the lowered reversion
frequency of lys2-1 observed is due to the cdc8-1 allele itself and not to any.

backgrouhd modifiers.

Other alleles of cdc8 were also tested for their effect on reversion of
lys2-1. F{gures 2 and 3 give the fluence response curves obtained for rever-
sion and survival in Eggg:g and cdc8-3 haploid strains, respectively. In
haploids containing either the cdc8-2 or the cdc8-3 alleles, as was observed
for cdc8-1 haploids, the.frequency of reversion of lxgg:l is reduced substan-
fial]y. At the highest UV fluence used in these'experiments, survival in tHe
' cdc8 haploids is still about 10%. A one hour pulse.at the restrictive tempera-

“ture of 36°C following UV irradiation with fluences of 25 J/m2 or less does

not appear to decrease the frequency of UV-induced reversion of lys2-1 or the



viability any further. Thus, all three alleles of cdc8 lower UV-induced
reversion of lys2-1 in haploid yeast.
Since lys2-1 is an ochke-suppressib]e allele, we checked whether the

cdc8 mutation affected reversion of other ochre-suppressible loci as wél].

UV-induced reversion frequencies at arg4-17 were determined in cdc8 and CDC+

strains. Mutation induction curves for reversion of arg4-17 to ARG+ and

survival curves following UV irradiation in cdc8 and CDC+ strains are given in

Figures 4A and 4B, respectively. At a fluence of 50 J/mZ, there are abdut
10 times as many revertants {n‘the'gggi haploids as there are in the cdc8
haploids. At very low UV fluences, thefe does not seem to be any difference
in reversion frequency in CDC+ and gggg strains. Nevertheless, even though
the data inaicate that there is some induction of ARG+ revertants in the\gggg
strains, the level of induction is greatly reduced compared to the CDC+
strains. A1though both lys2-1 and arg4-17 are ochre-SUppfessib]e, and spontan-
eous reversion of these alleles yields both suppressors as well as site revert-
ants, UVQinduced revertants are mainly site-revertants (Lemontt, 1971).

"The effect of the cdc8 mutation on UV-induced reversion extends to non-

suppressible markers as we]].' The induction curves for TYR+ revertants from

'txkl and the survival curves following UV irradiation in cdc8 and CDC+ strains

are given in Figures 5A and 58, respectively. The data show that reversion at
this locus is also greatly diminished in the cdc8 haploid. This reduction in
.UV-induced mutations also segregates with the cdc8 gene. Uv-induced reversion
of tyrl was substantially lowar in Five cdc8 segregants examined compared to
two CDC+ strains obtained from the samé_crqss (Table 2). Reversion of ural to

URA+, another non-suppressible éite, is also reduced in cdc8 haploid strains
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(Table 3). A1l of these data indicate thét the effect of the cdc8 mutation is
to_réduce UV-induced reversion at both the suppressible and non-suppressible

loci ‘tested.-

UV-inducéd reversion frequencies of lys2-1 and tyrl were determined in
other cell division cycle mutants that have a temperature sensitive defect in

DNA synthesis: cdc4-1, cdc7-4 and cdc21-1. The defect in cdcd4-1 and cdc7-4

is not known, except that both of these mutants appafent]y can carry out chain
elongation but not initiation of DNA synthesis at the restrictive température

(Hartwell, 1971); Reversion frequénties for lys2-1 and tyrl in cdcd4 and cdc/

haploids were essentially like those in CDC+ strains; reversion in the cdc2l
strain was only slightly reduced.

UV sensitivity and UV-induced reversion in-cdc8 rad strains

In yeast, the radiation sensitive (rad) mutants isolated in various
laboratories (Cox and Parry, 1968; Game and Mortimer, 19743 Resnick, 1969;
Snow, '1967), cdmprise 32 distinct genetic 10;1 and belong to three epistatic
groups (Cox and Game, 1974) of'péthwayé for repairing UV-induced damage in

DNA. One group consists of 9 genes involved in excision of UV-induced pyri-

midine dimers: .RAD1, RAD2, RAD3, RAD4 (Prakash, 1975, 1977a; Resnick and
Setlow, 1972; Unrau, Wheatcroft and Cox, 1971; Waters and Moustacchi, 1974),
RAD10, RAD16 (Prakash, 1977b), RAD7, RAD14 and MMS19 (Prakash and Prakash,

~unpublished results). The secondjepistatit group consists of at least seven

Toci involved in error-prone repair of UV-induced damage: RAD6, RAD8, RADS,

RAD18, REV1, REV2 and REV3. A1l of these mutants reduce UV mutability at

éome, if not all, loci tested (Lawrence and Christensen, 1976; Lemontt,

- 1971). The third epistatic group consists of the genes RADS0 to RADS7.
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Mutants at these loci were se]e;fed for sensitivity to X-rays and are only
moderately UV-sensitive (Game and Mortimer, 1974). However, in combination
wffh.a rad3 mutant, defective 16 excision repair, enhanced UV sensitivity is‘
observed (Cox and Game, 1974). A triple mutant hapfoid in which all three

pathways are blocked is as UV éensitive as the double mutant uvrA recA in E.

.coli. Thus far, all yeast mutants which show lowered UV-induced mutation

belong in the RAD6 error-prone repair epistatic group, and since the cdc8
mutant lowers UV-induced mutations at all the loci tested, we wanted to see
whether the cdc8 mutant be1ongéd tb'the previously identified epistatic group
involved in error-prone repafr'dr whéther it represented a mutation in another

mutagenic pathway. Double and single mutants of cdc8 RAD+, CDC+ rad6, CDC+

RAD+ and cdc8 rad6 were constructed by standard yeast genetic techniques and

survival curves Were obtained following UV irradiation by plating cells on YPD
medium and incubating the p]atés at 25° c. Figure 6 gives the results
obtained. Since the rad6 mutant is quite sensitive to killing by UV, lower UV
fluences than were used fdr mutéfion experiménts were employed in these
experiments. In‘this range of UV fluences, the cdc8 strains give survival
curves with somewhat steeper slopes than the'gggi strains. These survival

curves represent the results obtained from strains generated from two

different crosses. It can be seen that the sensitivity of the double mutant

of cdc8 radb is only somewhat greater than that of the radb single mutant only

at 10 J/mz, however, the standard errors are ldrge and the 95% confidence

interval for the mean survival of rad6 mutants overlaps the mean survival of

cdc8 radb. We conclude that the cdc8 mutant probably be]qngs to the same

epistatic group as radé.
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Since we noted that the sensitivity of cdc8 strains varied somewhat
depending on thé background, greét care was taken to use many different strains
to obtain the -data given in theAsurvival‘curves and to always use cdc8 haploids
obféined from segregants used in‘a particular cross, i.e., in each case, the |
cdc8 survival curve‘given is obtained from cdc8 haploids generated from the
particular cdc8 X rad cross. .

If the function provided by the CDC8 gene were required in more than one
pathway of repair, then fhe éggg mutant would be epistatic to more than one
group. In order-to detefmine whether this might be the case, cdc8 was crossed
to radl, a member of the group involved in excision of dimers, and to radsl, a
member of the third epistatic-gfdup iﬁ yeast. Survival curves obtained for

CDC+ RAD+; cdc8 RAD+, CDC+ radl and cdc8 radl strains are given in Figure 7.

Double mutants of cdc8 radl appear to be somewhat more sensitive than radl
single mutants.~ Hdwever, the 95% confidence- intervals of the meén survival of
radl mutants overlap the mean survival of the cdc8 radl mutants at all UV
doses... It seems as if cdc8 also belongs to the radl epistatic group. Double
mutants of cdc8 rad5l are more UV sensitive than the rad51 and cdc8 single
mutants and the interaction appears additive (Figure 8).~ Experiments in which
stationary cells of cdc8 haploids and ggggiggg strains were incubated in YPD
medium at 36°C for 1 hour prior to UV irradfation had no effect on the
survival curves obtained. |

The UV-induced reversion frequency of lys2-1 in cdc8 radl and cdc8 radsl '

'double mutants is like the frequency found in cdc8 single mutants (Table 4).

ONA polymerases in cdc8 mutants

Since cdc8 mutants show cessation of DNA synthesis at the restric-
tive temperature (Hartwell, 1971), we have investigated the possibility that

these mutants are defective in a DNA polymerase. Two DNA polymerases have
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been purified from extracts of S. cerevisiae (Wintersberger and Wintersberger,'
1970; Wintersberger, 1974; He]fmén, 1973; Chang, 1977).  Both enzymes are of
high molecular weight (> 100,000) but they show no immunological cross-
regctivity (Chang, 1977). In addition, the two enzymes can be distinguished.
on the basfsléf template specificity; DNA polymerase II is rélative]y‘inactive
with a standard "activated" DNA, but functions well using po]y'dA:oligo dT as
a substrate (Chang, 1977).

We have partially purified both.DNA polymerase I and DNA polymerase II
~ from cdc8-1 and from its parent strain. Cells were incubated for 1 hour at
the restrictive temperature just béfére harvesting to maximize the possibility
of detecting a defective enzymé;. HoweVer, we found no effect of the cdc8
mutation on the activity of either DNA polymerase I or DNA polymerase II. The
enzymes purffied from cdc8-1 had essentially the same activitity, assayed at
either 37°C or 45°C with eithef activated salmon sperm DNA or'po1y
dA:oligo dT, as the enzymes from CDC+ strains (Table 5). Furthermore, the
kinetics of heat inactivation of enzymes from the two strains was identical
(Figure 9). Thus, the half life at 45°¢ for.the enzyme from either cdc8-1
or COC+ was 1 minute for bNA polymerase I and and 6 minutés for DNA polymerase
IT. We tentatively conclude that the cdc8 mﬁtation does not affect the activ-

ity of either DNA polymerase I or DNA polymerase II.

DISCUSSION
| ~The results presented heré show that the cdc8 mutation resﬁ]ts in de-
creased frequencies of UV-induced mutations of both suppress%b]e and non-
suppressible loci. These effects of 1pwered UV-induced mutations are apparent
at th:z permissive temperature of 25° C, even though cdc8 is not defective in

DNA synthesis at this temperature. Spontaneous mutation is
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unaffected.in cdc8 haploids (Newlon, Ludescher and Water, 1979). The
redqétion in UV induced mutatioﬁ; observed in cdc8 may be due either to a
direct involvement of‘the CcDC8 geﬁe product in error-prone repair or to
.incfeased error-free repair. In yeast, UV damage can be repaired by an-error
free excision repair pathway controlled by RAD1 and severa]-otﬁer loci
(Lawrence and Christensen; 1976; Prakash, 1975), error-free recombinational
repair controlled by RAD51 and other loci (McKee and Lawrence, 1979; Prakash,

| et al., 1979), or ‘in an error-prone manner, controlled by RAD6, REV3 and
several other loci (Lawrence aﬁd‘CHristensen, 1976; Lemontt, 1971). Since the

cdc8 radl and cdc8 rad51 doubTe mutants show low UV-induced reversion frequen-

cies similar to cdc8 single mutants; we conclude that the CDC8 gene function
is inVo]ved in error-prone repair. Error-prone repair in yeast does not
appear to be a major repair pathway contributing to survival from UV damage
since cdc8 mutants are not particularly UV sensitive but show a large decrease
in UV induced reversion at all of the loci tested. The rad6 mutants, which
show no UV-induced reversipn are very UV sengitive (Figure 6). The increased
UV sensitivity of radb must derive from its largely error-free role in

repair. In E. coli, érrbr-prone repair may also nof contribute greatly to UV
survival since rom mutants of lexA are not very UV sensitive but show no UV
induced reversion (Volkeft, George and Witkin, 1976).

According to current ideas on UV mutagenesis in E. coli, most of the
photoproducts induced in DNA by UV irradiation are non-mutagenic (Bridges,
1977; Lehmann and Bridges, 197 ; Witkin, 1976). The lesions which are
potentially mutagenic for the cell represent a minor fraction of the total

photoproducts, and are thought to arise after DNA replication has occurred.

from templates cohtaining unexcised dimers. DNA which is replicated following
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UV irradiation contains gaps and most of the daughter strand gaps are repaired
in a recombinational manner (Rupp, et al., 1971). Recombinational repair

involving recA+, .polA+ or polC+ is thought to repair the potentially non-

mutégenic dahghter strand gaps in an error-free way while the potentially-
mutagenic daughter strand gaps can be repaired either in an error-free manner,

‘involving recA+, uvrA+, uvrB+, excision-dependent post-replication repair

(Green, et al., 1977) or in an error-prone manner, involving recA+, lexA+ and

© polC+ (see Bridges, 1977; Lehmann and Bridges, 197 ; Sedgwick, 1976). In an
excision-defective strain carryiné é temperature-sensitive polymerase III

mutation in E. coli, UV-induced revertants (suppressor mutations) to trp+ show

no loss of photoreversibility when ée]]s‘are held at the restrictive tempera- .
ture of 43° C while photoreversibility for mutations is lost at the permis-
sive temperature of 34° ¢ (Bridges, Mottershead'and Sedgwick, 1976),.thus
showing that polymerase III is involved in UV mutagenesis. Thus, DNA poly-

merases I and III, the products of the polA+ and polC+ (dnaE+) genes, respec-

tive1y,'p1ay,a role both in error-free and error-prone repair of UV damage.
Our results indicate that cdc8 mutants of yeast are not defective in

either DNA polymerase I or DNA polymerase II. It is possible that in these

mufants,'a DNA po]ymé?ése is defective in vivo but not in vitro. In E. coli,

some temperature-sensiti&e polC mutants produce a DNA polymerase III which is
~not thermolabile iﬂlxiggg. However, these mutants do not immediately stop DNA

- synthesis at the restrictive temperature (Gefter, et al., 1971;‘Kohrad,

1978). Since cdc8 is an immediate stop mutant (Hartwell, 1971), our finding

that neither polymerase I nor polymeraszs Il has increased thermolability

strongly suggests that cdc8 is not a structural gene for either of these
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enzymes. It is of course possfb]e that cdc8. codes for third, as yet
| unidentified, DNA polymerase which is involved in both DNA replication and

error-prone repair in yeast.
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FIGURE LEGENDS

(A) 1ys2-1 reversion fluence-response curves for CDC+
(A364A @ and 1P859-3A O ) and cdc8-1 (LP359-3B 3 )
strains following UV irradiation..

(B) Survival fluence-response curves for the same stra1ns
as in Figure 1A following UV irradiation. :

Each curve represents the average of two to three replicate
experiments for each strain.

(A) 1ys2-1 reversion fluence-response curve for CDC+
LPI21I2-9A ® ) and cdc8-2 strains (LP1212 30 )
“following UV irradiation.

(B) - Surviva]'f]uence-response curves for the same strains
©as in Figure'ZA following UV irradiation.

Each curves represents the average of two to three rep11cate
exper1ments for each strain.

(A) 1ys2-1 reversion fluence-response curves for CDC+
LP1210-11A @ ) and cdc8-3 (LP1210-1C O and
LP1210-2A B8 ) strains following UV irradiation.

(B) Survival fluence-response curves for the same strains
as in Figure 3A following UV irradiation.

Each curve represents the average of two to three replicate
experiments for each strain.

(A) arg4-17 reversion fluence-response curves for CDC+
-18 O and LP752-3D © ? and cdc8-1 (LP752-28 3O
and LP752-4C B ) strains following UV irradiation.

(B8) “Survival fluence-response curves for the same strains
as in Figure 4A following UV irradiation.

Each curve represents the average of two rep11cate experiments
for each strain,

(A) tyrl reversion fluence-response curves for CDC+
(LP752-30 O ) and cdc8-1 (LP752-3A @ ) strains
following UV irradiation.

(B8) Survival fluence-response curves for the same strains
as in Figure 5A following UV irradiation.
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.Figure.6. Survival curves following UV irradiation of CDC+ RAD+, B |
(three strains from the LP-1305 cross); cdc8 RAD+, O ,
(one strain from the LP-1211 cross and 4 strains ns from the
-LP-1305 cross). CDC+ rad6, B , (3 strain from the LP-1211
cross and 4 strains from t| the LP-1305 cross); and cdc8
rad6, ® , (3 strains from the LP-1211 cross and 2 strains
from the LP-1305 cross). Each curve represents the average
for the number of strains indicated. .

Figure 7. Survival curves f0110w1ng UV irradiation of CDC+ RAD+, E! .
' (one strain from the LP-1210 cross and one strains from the
LP-1211 cross); cdc8 RAD+, O , (3 strains from the LP-859
cross); CDC+ radl, O 13 strains from the LP-859 cross);
and cdc8 radl, & , (2 strains from the LP-859 cross).
Each curve represents the average for the number of strains
indicated.

Figure 8. Survival curves fo11ow1ng UV irradiation of CDC+ RAD+, B,
(2 strains from the LP-1210 cross); cdc8 RAD¥,O , (6
strains from the LP-1210 cross); CDC+ rad51, [ Ej , (3 -
strains from the LP-1210 cross); and cdc8 rad51 strains,® ,
(4 strains from the LP-1210 cross). Each curve represents_
the average for the number of strains indicated.

Figure 9. , Heat inactivation of yeast DNA polymerases.

DNA polymerases were diluted to about 1 mg/ml in 20mM Tris,
pH 7.5, 10mM 2-mercaptoethanol, 1 mg/ml bovine serum
albumin and incubated at 459C. At intervals, 5 ul

samples were removed and 1mmed1ate1y assayed for DNA
polymerase activity at 379 using poly dA:oligo dT as
described in Table 5. (CDC+: O,M; cdc8: @ ,@.
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TABLE 1

Revertants of 1y52-1 > LYS+ 107 survivors

in CDC+ and cdc8-1 haploids.

UV fluence (J/m2)

0 25
CDC+ strains
LP859-1C - 24(100) 71(67)
-1D : - 4(100) 64(65)
-2A 7(100) 68(85)
-28B 5(100) . 74(100)
3A "~ 4(100) 158(73)
3C 2(100) 189(53)
5B 4(100) . 63(82)
5D ©43(100) 150(100)
68 2(100) 35(67)
6D 3(100) 50(100)
cdc8-1 strains
LP859-1A* - 3(100) 18(18)
-1B* 4(100) 17(33)
-2C 2(100) 0(2)
-2D - 34(100) 51(8)
-38 5?1003 15213;
-5A 5 - 3(100 4(23
-5C : 0(X00) 14(2)
~-6A 7(100) 10(32)
-6C . 8(100) 54(36)

Percent survival is given in parenthesis,
*Average of two experiments.
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 TABLE 2

Revertants of tyrl + TYR+ per 107 survivors

in CDC+ and cdc8-1 haploids.

UV fluence (J/m2)

CDC+ strains — 0 ‘ 25
LP752-3D . © . 8(100) 75(82)
-108 o 3(100) 48(95)

cdc8-1 strains

LP752-2D 4(100) 5(4)
- -3A 3(100) 13(25)
-4D 3(100) 0(4)
-7D 3(100) 4(12)
-8A ~ 7(100) 5(10)

Percent survival is given in parenthesis.
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TABLE 3

Revertants of ural + URA+ per 107 survivors

- in CDC+ and cdc8-1 haploids.

UV fluence (J/m2)

0 25 .
CDC+ strains 4
LP859-1C 1(100) 9587)
-10 . 0(100) 25(65)
- =2A 0(100) 18(85)
-3A ‘ 1(100) 13(82)
-3C : 0(100) 14(53)
-5B 0(100) 21(82)
Edcs-l strains
LP859-1A 1(100) 0(11)
-1B 2(100) 0(17)
-2C 0(100) - 0(2)
-2D - : 1(100) 0(8)
-3B 0(100 0(13)
-5A - 0(100 0(23)
-6A ‘ 0(100) 0(32)
-6B 1(100) 1(36)

Percent survival is given in parenthesis

50
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TABLE 4

UV-induced reversion of 1ys2-1 (revertants/107 survivors)

in rad and cdc8 rad double mutants

Strain UV fluence (J/m2)

] 2 A4 6 8
radl 9 25 54 96 270
cdc8-2 radl 2 5 10 12 17

0 00 2 30 40 50
rad51 4 51 172 363 401 678
cd;8-3 rad51 0

6 "9 24 12 11
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TA§LE 5. Effect of temperature on the activity of yeast DNA polymerases.

DNA polymerase I and II were assayed using activated salmon sperm
DNA or poly dA:oligo dT as described by Chang (1977). Incubation
was for 15 minutes at 37°C or 45°C. One unit is defined as

1 nmole of total nucleotides polymerized per hour.

Enzyme N a . Assay Conditions
Salmon sperm . . poly dA:oligo dT
DNA S »
37 C 45 C 45 C/37 C 37 C 45 C 45 C/37 C
Units m/g ' Units/mg
pol 1 CDC+ 374 415 1.11 - 117 79 0.68
pol I c¢dc8 459 534 1.16 110 88 0.80
pol 11 CDC+ 170 202 1.72 401 411 1.02

pol II cdc8 237 420 1.81 ' 489 547 S 1,12






