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ABSTRACT

We have performed band-shift assays to identify
mismatch-binding proteins in cell extracts of
Schizosaccharomyces pombe. By testing heteroduplex
DNA containing either a T/G or a C/C mismatch, two
distinct band shifts were produced in the gels. A low
mobility complex was observed with the T/G substrate,
while a high mobility complex was present with C/C.
Further analysis of the mismatch - binding specificities
revealed that the T/G binding activity also binds to T/C,
¢, TmM, T/-, Al-, C/-, G/-, G/G, A/A, A/IC, A/G,
G/T, G/A, and C/A substrates with varying efficiencies,
but not binds to C/C. The C/C binding activity efficiently
binds to C/C, T/C, C/T, C/A, A/C, C/ -, and weakly also
to T/T, while all other mispairs are not recognized.
Protein extracts of a mutant strain, defective in the
mutS homologue swi4, displayed both mismatch-
binding activities. Thus, swi4 does not encode for
either one of the mismatch-binding proteins.

INTRODUCTION

Mismatch repair is an essential cellular process protecting the
genetic material against mutation. Mismatched bases arise by
replication errors, chemical base alterations and during genetic
recombination between homologous, but nonidentical DNA
strands. In the bacteria Escherichia coli and the closely related
Salmonella typhimurium several pathways for mismatch
correction have been distinguished (1). The methyl-directed
mutHLS pathway shows long repair tracts (about 1 kb) and
efficiently corrects single base additions/deletions and all
base —pair mismatches except C/C (1 —3). Repair by the mutHLS
pathway is dependent on the function of the mutS, mutL, and
mutH gene products and additionally requires MutU helicase II,
exonuclease I, exonuclease VII, RecJ, DNA polymerase III, SSB
(single-stranded DNA-binding protein), and DNA ligase (1,4,5).
The MutS protein binds to DNA mismatches (6), while MutH
binds at hemimethylated dam sites (7). MutL mediates the
interaction between MutS and MutH, leading to the incision of
the unmethylated strand by MutH (1,7,8). Mismatch repair then
occurs by excision of the nicked DNA strand towards the
mismatch and DNA resynthesis (1). A related pathway is the hex

system of Streptococcus pneumoniae (9,10). HexA is homologous
to MutS (11), while HexB is homologous to MutL (12).

The VSP (very short patch repair) and the MutY systems are
two additional mismatch-repair pathways of E. coli which differ
from the mutHLS system by their mismatch specificities and
length of repair tracts (1). Both the VSP and the MutY systems
mediate only the correction of a minor subset of base—pair
mismatches and show repair tracts of only about 10 bp (1,13).
The VSP system requires the Vsr endonuclease and in addition
MutS and MutL like the mutHLS pathway (14,15). In contrast
the MutY pathway is independent of MutS and MutL functions
(16). The VSP pathway exclusively restores the G=C match from
G/T mismatches in dem sites which arise spontaneously by
deamination of 5-meC (1,13,14,17). The MutY system is
responsible for the correction of G/A and A/C mismatches to
give a G=C match (16,18,19) and is additionally involved in
the repair of oxidative guanine damages (20).

Genetic and biochemical studies revealed eukaryotic mismatch-
repair systems that show common features to the mutHLS repair
pathway (21—29). MutS homologues have been identified in
human, hMSH2 (30) and Duc-1 (31), mouse, Rep-3 (32),
Schizosaccharomyces pombe, Swi4 (33), and Saccharomyces
cerevisiae, MSH1, MSH2 (34), MSH3 (35,36). Surprisingly,
three MutS homologues were found in budding yeast. MSH1 is
likely involved in the repair of mitochondrial DNA (37), while
the others possibly carry out different nuclear functions. The msh2
mutant shows a mitotic mutator phenotype and an increased rate
of postmeiotic segregation of genetic markers indicating a
fundamental role in mismatch repair (37). This is consistent with
the recent finding of a lack of a mismatch—binding activity in
nuclear extracts of msh2 mutants (38). Therefore, MSH2 might
represent the functional counterpart of the bacterial MutS. The
function of MSH3 is still unclear. The msh3 mutant exhibits only
a weak mutator phenotype and a slightly increased rate of
postmeiotic segregation (36). Since the mismatch—binding
activity is present (38), MSH3 seems to be a MutS homologue
involved in a process other than general mismatch repair.

Based on genetic analyses it was recently postulated that at least
two systems are responsible for mismatch correction in S.pombe
(26,27). A major and efficient pathway was suggested to correct
all mismatches, except C/C and might be the counterpart to the
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bacterial mutHLS pathway. Mismatch repair by this pathway is
accompanied by repair tracts of about 100 bp unidirectionally.
In contrast, a minor pathway is proposed to correct all mismatches
including C/C. This newly described pathway is less efficient
and shows short repair tracts of approximately 10 bp
unidirectionally.

We have used band shift assays to detect mismatch—binding
proteins in S.pombe and have determined their mismatch
specificities. This study provides further evidence for the
existence of at least two mismatch —repair systems in S.pombe.

MATERIALS AND METHODS
Preparation of protein extracts

The S.pombe strains 968 (h% wild type) and LH110 (A%
swid::ura4* ura4-D18) were propagated in 1 liter yeast extract
liquid medium (39) to a final cell density of approximately
1.2—1.4%x 108 cells per ml (stationary phase). The cells were
harvested by centrifugation, washed with 15 ml 25 mM HEPES
(pH 7.5), 0.5 M NaCl, 1 mM EDTA, 0.5 mM spermidine, 0.1
mM spermine, S mM S-mercaptoethanol, 0.1 mM PMSF, 1 mM
DTT and 1 g aliquots were resuspended in 2 ml of the same
buffer. The cells were shock frozen in liquid nitrogen and stored
at —80°C until further use. For preparation of native protein
extracts, 1 g cells were mixed with an equal volume of glass
beads (¢ = 0.5 mm) and disrupted in a mini bead-beater by ten
30 s intervals. Proteins were separated from cell debris and lipids
by two centrifugation steps (each 30 min, 13 000 r.p.m. at 4°C),
and then dialyzed two times for 2 h against 300 ml 25 mM

M13mp9

+ 5'=AGCTTGGCTGCAGGTXGACGGATCCCCGGGAATT-3"'
- 3'-TCGAACCGACGTCCAZCTGCCTAGGGGCCCTTAA-S'

C:G T:A C/C T/G
A/A A/C A/IG A/~ C/A CIT C-

G/A G/G GIT G/- T/IC TIT T/-

ade6

+ 5'-AATTGATGGATGACGTXAGCACATTGATGCATCA-3"'
- 3'-TTAACTACCTACTGCAZTCGTGTAACTACGTAGT-5'

G:C C/C GIT

Figure 1. Substrates used for the detection of mismatch-specific protein binding.
Two sets of double-stranded oligonucleotides were used. One set derives from
the polylinker of phage M13mp9 (42), the second derived from the ade6 gene
of S.pombe (43). In both cases the upper strand is designated as plus (+) strand,
the lower strand as minus (—) strand. The position containing a defined mismatch
is designated with X/Z and is marked by an arrow. The matches and mismatches
included in the two sets are given below the sequences.

Tris—HCI (pH 7.5), 0.1 M NaCl, 0.1 mM EDTA, 10% glycerol,
5 mM B-mercaptoethanol, 0.1 mM PMSF, 1 mM DTT. Protein
concentrations were measured as described by Bradford (40)
using the Bio-Rad reagent.

Preparation of DNA heteroduplexes

Single-stranded oligonucleotides were synthesized using a 381A
DNA Synthesizer (Applied Biosystems). Before annealing, the
‘plus’ strands (Fig. 1) were 5’ end-labeled by polynucleotide
kinase in the presence of [y-32P]ATP. 0.4 pmol of radiolabeled
plus strands were mixed with 1.6 pmol of the complementary
‘minus’ strands in 10 mM Tris—HCI (pH 8.0), 10 mM MgCl,,
80 mM NaCl. Annealing occurred by heating the mixtures for
5 min at 90°C and slow cooling to room temperature.

Mismatch binding assay

Binding of proteins to the DNA heteroduplexes was monitored
by band shift assays, which were carried out by a modified
protocol of Jiricny et al. (41). 200 ug protein extracts were
preincubated for 10 min at 4°C with unlabeled competitor DNA,
if present. After addition of 40 fmol radiolabeled oligonucleotides,
incubation was continued for 15 min. All reactions were carried
out in 25 mM Tris—HCl (pH 7.5), 0.5 mM DTT, 4 mM
spermidine, 0.5 mM EDTA, 10% glycerol, 25 mM NaCl, 25
mM KCl, 0.01 mM ZnCl,, 0.125 mM dATP, 0.125 mM
dCTP, 0.125 mM dGTP, 0.125 mM dTTP. Subsequently, the
reaction mixtures were separated by electrophoresis (100 V, 4°C)
on non-denaturing 6% polyacrylamide gels in 40 mM Tris—HCl
(pH 7.5), 0.5 mM EDTA. All band shift experiments were
carried out at least three times.

RESULTS

Detection of two mismatch-binding activities

To detect mismatch-binding activities in S.pombe, we have
carried out gel retardation assays as described in Materials and
Methods. Cell free extracts of the wild-type strain 968 were
incubated with radiolabeled oligonucleotides (34-mers) which
contain a defined mismatch and the reaction mixtures were
subsequently separated on non denaturing polyacrylamide gels.
Binding of a protein to the 34-mer retards its migration through
the gel and results in a shifted band. As probes for mismatch-
specific protein binding, two sets of double-stranded
oligonucleotides were used (Fig. 1). One set derives from the
M13mp9 polylinker region (42). With this type of probes all
possible single base-pair mismatches and the four single base
loops (extra A, C, G or T) were represented and assayed. To
distinguish between specific mismatch binding and general DNA
binding, the two homoduplexes T=A and C=G were used as
controls. The second set of substrates consists of 34-mers
representing the DNA sequence flanking the ade6-M387 mutation
of S.pombe (26,43). Within this sequence mismatch repair has
been quantified in vivo (26,27). This set includes the mismatches
G/T and C/C as well as the G=C homoduplex.

We first analyzed the M13mp9 derived substrates containing
either a T/G or a C/C mismatch. T/G is thought to be corrected
efficiently by a major repair system of S.pombe, while C/C
correction might be exclusively carried out by a postulated second
pathway (26,27). Incubation of radiolabeled T=A homoduplex
with protein extract, resulted in four distinct bands when no
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Lane 1 2 3 4 5 6 7 8
Substrate T:A T:A T/G T/IG T/G ssT T/IG TI/G

Competitor (20x)- T:A - TAA T/G T:AT:A TA

Extract + + + + + + - 729C/SDS

b
Lane 1 2 3 4 5 6 7 8
Substrate CG GG C/IC C/C CC ssC C/C CC

Competitor 80x)- CG - CG CC CGGCG CG

Extract + + o+ + + + - 72°0DS

B3 J

Figure 2. Detection of two mismatch-specific binding proteins. 40 fmol of
radiolabeled oligonucleotides were incubated with 200 pg native proteins from
extracts of the S.pombe wild-type strain 968. Subsequently, reaction mixtures
were separated on non denaturing polyacrylamide gels. Protein—oligonucleotide
complexes migrate more slowly than unbound oligonucleotides and are visualized
by autoradiography. The bands at the top of the gels represent complexes which
remained in the slots. (a) Detection of an activity, which specifically binds to
T/G mismatches (lanes 3 and 4). The position is marked with an arrow. Reactions
including extracts are designated with +, the reaction without extract is marked
by —. In lane 8, the extract was inactivated prior to addition to the reaction mixture.
Inactivation occurred by 15 min incubation at 72°C and subsequent addition of
SDS to a final concentration of 1%. Reactions either contain no competitor DNA
or a 20 fold excess of either unlabeled T:A homoduplex or unlabeled T/G
heteroduplex. (b) Identification of the C/C binding activity. Unlabeled C:G or
C/C containing oligonucleotides were used as competitors in an 80 fold excess
with respect to the substrate. A 20 fold excess of unlabeled C/C heteroduplex
does not drastically reduce specific binding to the C/C mismatch (data not shown).
Therefore, in these and the following experiments, we used an 80 fold excess
of competitor DNA for the analysis of the C/C binding activity.
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unlabeled homoduplex was used as competitor (Fig. 2a, lane 1).
When a 20 fold excess of unlabeled T=A was added to the
reaction, only one of the four bands remained (lane 2). This and
the other three activities (lane 1) reflect proteins that bind to the
DNA substrates independent of the presence of a mismatch. When
protein binding to the T/G heteroduplex was tested, an additional
band appeared in the top half of the gel (lanes 3 and 4). This
band is not detectable when single ‘plus’ strand (ssT) is used as
substrate (lane 6). To show that the low mobility complex is due
to mismatch binding, specific competition with a 20 fold excess
of unlabeled T/G heteroduplex was carried out (lane 5). The
protein—binding activity is sensitive to the T/G competitor (lane
5), but resistant to an equal amount of either homoduplex
competitor (lane 4) or single ‘plus’ (ssT) strand (data not shown).
This clearly indicates specificity for the T/G mismatch.

In the reaction mixture containing the C/C heteroduplex, a
mismatch-specific binding complex with distinct mobility
appeared in the bottom half of the gel (Fig. 2b, lanes 3 and 4).
This band shift is absent in the controls with C=G homoduplex
(lanes 1 and 2), and with single-stranded substrate (lane 6). The
formation of this band shift is abolished by specific competition
with unlabeled C/C heteroduplex (Fig. 2b, lane 5), but is
unaffected when homoduplex (Fig. 2b, lane 4) or single ‘plus’
(ssC) strand (data not shown) are used as competitors. Both
mismatch specific bands are absent when the reactions are carried
out either without extracts (Fig. 2a, lane 7 and Fig. 2b, lane 7)
or with inactivated extracts (Fig. 2a, lane 8 and Fig. 2b, lane
8). Thus, the two shifts are due to mismatch-specific binding of
proteins present in the extracts. Their different mobility in the
gels and their distinct binding specificities indicate that they might
represent different mismatch recognition proteins.

Lane 1 2 3 4 5 6 7 8 9 10
Substrate GG T/G C/C G:C G/T C/IC C/C GIT C/IC G/
Sequ. Con. mp9 ade6

Competitor 20x 20x 80x 20x 20x 80x 80x 20x 80x 20x
GG GG GG G:C GC G:C C/C G/IT CC TIG

Sequ. Con. mp9 ade6 mp9
— —
= - - »
TG
o - -

C/IC

Figure 3. Binding of the mismatch-specific proteins to substrates with different
sequence contexts (Sequ. Con.). Oligonucleotides derived from M13mp9 are
marked by mp9, those with the sequence from the ade6 gene are marked with
ade6 (Fig. 1). The origin of the competitor DNA is indicated by the same symbols.
The positions of the mismatch-specific bands are marked by arrows.
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The two activities also recognize heteroduplexes with another
sequence context

The initial experiments have revealed two mismatch-binding
activities, one recognizes the T/G mismatch but not C/C, the
second recognizes the C/C mismatch but not T/G (Fig. 2). To
test whether these types of mismatches are also recognized when
present in a different sequence context, we assayed the second
set of oligonucleotide duplexes representing sequences from the
ade6 gene (Fig. 1). As shown in Figure 3 both activities appear
in these assays. The activity binding to T/G (Fig. 2a; Fig. 3,
lane 2) also binds to the G/T containing substrate derived from
the ade6 sequence (Fig. 3, lane 5) but not to C/C from either
M13mp9 (lane 3) or ade6 (lane 6). The high mobility complex
found for the C/C mismatch within the M13mp9 sequence (Fig.
2b; Fig. 3, lane 3) is also present for the C/C substrate with the
ade6 context (lane 6) but is not formed with the G/T substrate
(lane 5). Both specific band shifts are absent for the G=C
homoduplex control (lane 4). The band shift found for the G/T
probe is sensitive to competition with unlabeled G/T heteroduplex
derived from ade6 (lane 8) as well as to competition with T/G
heteroduplex derived from the M13mp9 polylinker (lane 10).
Similarly, competition with unlabeled C/C heteroduplex derived
either from ade6 or from the M13mp9 polylinker prevents the
formation of the C/C specific band shift (lanes 7 and 9).

Specificity of the mismatch-binding activities

To further characterize the two activities, we determined their
spectrum of mismatch recognition. All single base-pair
mismatches and the four possible substrates containing a single
base loop were tested (Fig. 4). The activity binding to T/G (Fig.
4a, lane 2; marked by the arrow above) also shows high to
intermediate affinity to the mismatches T/C, T/—, A/—, G/—,
G/G (Fig. 4a, lanes 3—7), C/—, T/T and A/A (Fig. 4b, lanes
4-5, 7). Binding to C/A and G/A substrates might be weaker
(Fig. 4b, lanes 3 and 6), but there is no significant binding to
C/C (Figures 2 and 3; Fig. 4b, lane 2). The heteroduplexes G/T,

Lane 1 2 3 4 5 6 7 8 9

GIT T

T:A T/G T/IC T/- A/~ G/I- GIG

Substrate

C/T, A/C and A/G, exposing the inversed mismatches of T/G,
T/C, C/A and G/A, respectively, also show this specific band
shift. However, there are differences in the intensity of some
bands. G/T produces a weaker band shift than T/G (Fig. 4a, lanes
8 and 2), while A/G seems to be a better substrate (Fig. 4b, lane
9) than the inversed mismatch G/A (Fig. 4b, lane 6).

The band shift found for the C/C mismatch (Fig. 4b, lane 2;
marked by the arrow below) is also apparent with the T/C and
C/A heteroduplexes (Fig. 4a, lane 3 and Fig. 4b, lane 3) and
their inverse mismatches C/T (Fig. 4a, lane 9) and A/C (Fig.
4b, lane 8). In addition, the activity efficiently binds the C/—
heteroduplex (Fig. 4b, lane 4) but is not detectable for the other
three substrates containing either an unpaired T, G or A (Fig.
4a, lanes 4—6). A faint band shift might be present for the T/T
heteroduplex (Fig. 4b, lane 5), but all remaining mismatches are
not substrates.

The conclusions about mismatch specificity of the two binding
activities were strengthened by specific competition experiments.
The four heteroduplexes containing either a T/G, C/C, T/C or
G/A mismatch were used as competitors for the T/G and the C/C
substrates (Fig. 5). As already shown (Fig. 2 and 3) the low
mobility complex formed with the T/G substrate is not detectable
in the reaction containing a 20 fold excess of unlabeled T/G
heteroduplex (lane 2). An equal excess of T/C also abolishes the
formation of the specific band shift (lane 4). This result is
expected since T/C is a good substrate for this binding activity
(Fig. 4). Binding to the T/G mismatch is not significantly altered
by the C/C and G/A heteroduplexes (lanes 5 and 3, respectively).
This is consistent with the finding that these mismatches are not
or only poor substrates for the T/G binding protein (Fig. 4). The
competition experiments with the C/C heteroduplex as substrate
revealed that formation of the high mobility complex is sensitive
to an 80 fold excess of unlabeled C/C (lane 10) and T/C (lane
9). As already shown, T/C is like C/C a good substrate for the
C/C binding activity (Fig. 4). When either T/G or G/A
heteroduplex is added to the reaction (lanes 7 and 8), the C/C
band shift is as strong as in the reaction containing the C=G

b

Lane 1 2 3 4 5 6 7 8 9

Substrate CG COC CA C- TIT G/A AIA

Figure 4. Mismatch specificity of the two identified activities. All possible single base-base mismatches and the four substrates with one unpaired base in the plus
strand were tested. Reactions contained a 20 fold excess of unlabeled T:A homoduplex as competitor. (a) Substrates T:A, T/G, T/C, T/—, A/—, G/—, G/G, G/T
and C/T (lanes 1-9). (b) Substrates C:G, C/C, C/A, C/—, T/T, G/A, A/A, A/C and A/G (lanes 1—9). The arrow above indicates the position of the low mobility
complex, first detected for T/G; the arrow below indicates the position of the high mobility complex, first found for C/C (Fig. 2).



homoduplex as competitor (lane 6). This is consistent with the
observation that the high mobility complex is absent when either
T/G or G/A are used as substrates (Fig. 4).

The mismatch-specific activities are also present in crude
extracts of a swi4 mutant

In the mutHLS pathway of E. coli and S.typhimurium recognition
and binding to mismatches is carried out by the MutS protein
(1,3,4,6). In order to identify the genes encoding the mismatch-
binding activities in S.pombe extracts, we started a search for
mutants, in which one or both band shifts are abolished. One
candidate is swi4, which was recently identified as a MutS
homologue (33). Extracts of the swi4 disruption mutant LH110
were incubated with substrates containing either the mismatches
T/G, T/C, C/A or C/C and, as controls, with homoduplexes
(Materials and Methods). Both mismatch-specific band shifts were
found. With respect to wild type, no differences in gel mobility
of the complexes, and specificity for the tested mismatches were
detectable (data not shown). Thus swi4 function is not necessary
for formation of either of the two mismatch-specific complexes.
One explanation for this result is that swi4, although homologous
to MutS, is not involved in general mismatch repair.

DISCUSSION

The band shift assays have revealed the formation of two
mismatch dependent complexes upon incubation of oligo-
nucleotide heteroduplexes with protein extracts of S.pombe wild-
type cells. Both are not detectable with homoduplex or single-
stranded substrates (Fig. 2). In addition, competition with
unlabeled homoduplex or single-stranded oligonucleotides do not
prevent formation of the specific complexes. The two binding
activities show differences in gel mobility and mismatch
specificity. One activity, forming a low mobility complex, binds

Lane 1 2 3 4 5 6 7 8 9 10

Substrate T/IG c/C
Competitor 20 80x
CG T/G G/A TIC TUC CG T/G G/ATIC C/C
BT i e o -
. @ #

Figure 5. Specificity of the T/G and C/C binding activities determined by
competition with different heteroduplexes. As competitors the C:G homoduplex
(control) and heteroduplexes with one of the mismatches T/G, G/A, T/C or C/C
were analyzed. A 20 fold excess was given to the reactions containing the T/G
substrate (lanes 1—5), while an 80 fold excess was given to reactions with the
C/C substrate (lanes 6—10).
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with varying efficiencies to T/G, T/C, C/T, T/T, T/—, A/—,
C/—, G/—, G/G, A/A, A/C, A/G, G/T, G/A, and C/A
mismatches in oligonucleotide duplexes derived from the
M13mp9 sequence (Fig. 1). This activity does not bind to the
C/C mismatch (Fig. 4). The second activity, observed as high
mobility complex, strongly binds to C/C, T/C, C/T, C/A, A/C
and C/—. Weak binding is also observed for the T/T mismatch,
but no band shift is discernible with all other mismatches (Fig.
4). Thus this complex is preferentially formed with cytosine-
containing mismatches and represents the first activity reported
which is able to bind efficiently to C/C mismatches.

Both complexes were found with two different sets of
oligonucleotide substrates representing distinct DNA sequences
(Fig. 3). These data indicate that the mismatch-binding specificity
of the activities is independent of sequence context. However,
the intensity of the band formed by the low mobility complex
is sensitive to the inversion of some mismatches within the same
sequence context. In the M13mp9 sequence context, T/G and
A/G seem to be better substrates than G/T and G/A, respectively
(Fig. 4). These data suggest that the affinity of the respective
binding activity to the mismatches may be influenced by flanking
nucleotides.

The discovery of two mismatch specific band shift patterns
raises the following question. Do they represent distinct
complexes formed by the heteroduplex substrates and distinct,
mismatch specific factors or do identical proteins form different
complexes in a mismatch dependent fashion? Our data strongly
support the former possibility. The two complexes do not only
show different gel mobility but also clearly differ in mismatch
specificity (Fig. 4). This is best supported by the competition
experiment with several mismatch-containing oligonucleotides.
Formation of the low mobility complex is not abolished by
competition with C/C containing oligonucleotides, while the high
mobility complex is resistant to competition with T/G containing
oligonucleotides (Fig. 5).

The activity, forming the low mobility complex, seems to
depend on a general mismatch-binding protein, with a similar
recognition pattern as the bacterial MutS (1—3). Recently, a
protein with a similar mismatch specificity was detected in nuclear
extracts of S.cerevisiae (38). This activity is absent in extracts
of msh2 mutant cells, and might therefore be encoded by the MutS
homologue MSH2 (38). This finding is consistent with previous
studies (21,25,29,37), implying that S.cerevisiae contains a
mismatch-repair system which is similar to the bacterial mutHLS
pathway. An equivalent mismatch-repair system was postulated
for S.pombe. Based on tetrad data with various defined mutations,
it was calculated that all mismatches, except C/C, are repaired
by a major mismatch-repair system with an efficiency close to
100% (26,27). The mismatch specificity of the low mobility
complex is consistent with this model and may classify the
respective protein as a component of an S.pombe repair system
homologous to the bacterial mutHLS pathway (1—3) and its
related pathway in S.cerevisiae (25,29,37,38).

The genetic data also imply the presence of a second repair
system, which is less efficient but is able to correct C/C
mismatches (26,27). The high mobility complex is formed
efficiently with C/C mismatches, suggesting that it may contain
a component of the postulated minor pathway. While the tetrad
analyses revealed repair efficiencies of mismatches during meiotic
recombination, the band shift assays detected mismatch-binding
proteins in extracts of vegetatively grown cells. Although the two
approaches are quite different, they both indicate the existence
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of at least two mismatch-repair systems with different specificities
(most pronounced for the C/C mismatch).

While the mutHLS pathway of E.coli and its related pathway
in S.cerevisiae are not able to repair C/C mismatches
(1-3,21,25,44), there is evidence that S.cerevisiae has an
independent C/C correction system. In vitro assays revealed C/C
mismatch repair accompanied by repair tracts of only 10—20
nucleotides (45). Both, the capability to correct C/C mismatches
and the existence of short repair tracts are common with the
features of the minor repair system proposed for S.pombe (26,27).

Two mismatch-specific activities have been described in nuclear
extracts of humans. One protein, termed A/C binding activity,
specifically binds to the mismatches A/C, T/C, C/T, T/T and
weakly to C/C (46). Obviously, this human mismatch-binding
protein has a recognition pattern similar to that of the C/C binding
activity of S.pombe (Fig. 4). Both recognize a subset of
mismatches, with a preference to those containing a cytosine.
The second human binding activity first appeared to be specific
for G/T mismatches (41), but after purification it turned out to
bind also most of the other mismatches (24). Both human
mismatch-binding activities were tested for their presence in
mutant cell lines showing a mutator phenotype. While the A/C
binding activity is present as in wild type, the G/T binding activity
is not detectable (47). These results show a clear correlation
between the lack of a general mismatch-binding activity and a
mutator phenotype. It has been proposed that the G/T binding
activity represents a human MutS homologue (24). Two possible
candidates for this G/T binding activity are the proteins encoded
by the mutS homologous genes AMSH2 and Duc-1 (30,31). While
no function has been assigned to the Duc-I1 gene product, the
hMSH?2 gene product seems to be an important suppressor of
hereditary nonpolyposis colon cancer development (30,48,49).

The mutS homologue of S.pombe, swi4 (33), was identified
as a gene involved in mating-type switching (50,51). A swi4
disruption mutant (33) was tested for the presence of the two
mismatch-specific band shifts. Both activities were found as in
wild type. In addition, the swi4 mutant neither shows a mitotic
mutator phenotype, nor an increased level of postmeiotic
segregation of a genetic marker (P.Schér, O.Fleck and J.Kohli,
unpublished results), two characteristics displayed by mutants
defective in mismatch repair. The biochemical and genetic data
imply that Swi4 is a MutS homologue which is not involved in
general mismatch repair. With this aspect Swi4 resembles MSH3
of S.cerevisiae (36,38). MSH3 and Swi4 may be members of
a subgroup of MutS proteins, required for cellular processes other
than mismatch repair. Our data further suggest that, in analogy
to S.cerevisiae and humans, S.pombe may have more than one
MutS homologue.

Present work is directed to the isolation of additional MutS
homologues of S.pombe. Cell extracts of the respective mutants
can then be tested for the presence of the mismatch-specific
activities. On the other hand, purification of the second activity,
which preferentially binds to cytosine-containing mismatches
should allow the identification of the respective gene and further
characterization of the novel mismatch—repair pathway.
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