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ABSTRACT and restores a C/G base pair; the cytosine residue can subsequentl;
) ] be re-methylated. The constraints of sequence context that
Vsr DNA mismatch endonuclease is the key enzyme of identify a T-G mismatch as a target for VSP repair, are somewhat
very short patch (VSP) DNA mismatch repair and nicks relaxed. After a genetic analysis had identifiest, a gene
the T-containing strand at the site of a T-G mismatch overlappingdcm as essential for VSP repdii) (the Vsr product
in a sequence-dependent manner. MutS is part of the was isolated and characterized biochemically as a mismatch- and
mutHLS repair system and binds to diverse mismatches strand-specific DNA endonucleasd. (VSP repair, as characterized
in DNA. The function of the ~mutL gene product is by formal and molecular genetics, reflects in detail the enzymatic
currently unclear but mutations in the gene abolish properties of Vsr endonuclease, in particular its substrate
mutHLS -dependent repair. The absence of MutL severely recognition preference§<10).
reduces VSP repail’ but doe§ not ab0|!Sh it. Puﬂflecj VSP repair also depends on functiopalA gene l__’]_) and is
MutL appears to act catalytically to bind Vsr to its greatly reduced by mutations inactivating eithertL or mutS
substrate; one-hundredth of an equivalent of MutL is (12-14). MutL and MutS proteins are essential components of a
sufficient to bring about a significant effect. MutL DNA mismatch repair system which rectifies base-base and
enhances binding of MutS to its substrate 6-fold but insertion/deletion mismatches5) as well as those produced by
does so in a stoichiometric manner. Mutational studies genetic recombination and drug-induced adducti@ (n this
indicate that the MutL interaction region lies within the pathway, repair events are initiated by MutS binding to a
N-terminal 330 amino acids and that the MutL multi- mismatch {7,18); the role of MutL is much less well understood.
merization region is at the C-terminal end. MutL mutant These proteins are thought to interact with each other since MutL
monomeric forms can stimulate MutS binding. expands the footprint of MutS as determined by DNAse | protection
(19); MutS-mediated loop growth is stimulated 2-fold by MutL
INTRODUCTION (20); and in yeast the MutL homologue heterodimer, MIh1/Pms1,

can cause a ‘super-shift’ of the corresponding MutS homologue,

The hydrolytic deamination of 5-methylcytosine (5-meC), aMsh2-hDNA as measured by migration in non-denaturing poly-
minor DNA constituent of most organisms, produces DNAacrylamide gels{1). MutS and MutL are also required to activate
thymine residues mismatched opposite guanines. Failure to reghie latent endonuclease activity of MutH, a -GATC specific
such mismatches is believed to lead to an increased incidenceenflonuclease that introduces a nick in the unmethylated strand of
transition mutations associated with sites of cytosine methylatioa.hemimethylated duple2?). However, there is as yet no catalytic
Almost one-fourth of all cancer-associated mutations in thinction attributable to MutL. Numerous genes homologous to
human p53 tumor suppressor gene are C to T transitions Etoli mutSandmutL have been found in eukaryotic organisms
methylation target sites CpG)( In Escherichia coliK-12, the  and predisposition to certain types of hereditary and sporadic
inner cytosine residue of the sequence CCA/TGG -carriescancer have been linked to defects in these géfks (
5-methyl group that is introduced after replication by the Dcm Surprisingly, VSP repair is not only a mutation avoidance
DNA cytosine-C5-methyltransferas@) (and, indeed, several device but it interferes witmutHLSDNA mismatch repair with
Dcm methylation sites have been identified as hotspots of C~8e consequence of active, enzyme-driven mutagenesis, a process
to T-A transition mutation3j. that has left pronounced traces in the nucleotide sequence of the

Escherichia coliK-12 is equipped with an efficient DNA repair E.coli K-12 genome ,24,25). That is during replication T-G
system capable of counteracting the mutagenic effect of hydrolytmismatches resulting from erroneous incorporation of dGTP
5-meC deamination. Very short patch (VSP) repdiraCts on  opposite to T are converted by VSP repair to CHaus, the
T-G mismatches in the context of the Dcm methylation sequenegolutionary significance of VSP repair is still subject to
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speculation; but whatever its true selective advantage may belNikw England Biolabs. Following the reaction, labeled double-
seems to be available to other organisms sisiike genes have stranded hDNA was recovered after passage through a Qiaquick
been discovered ilaemophilus parainfluenza@6), Bacillus  (Qiagen) column.
subtilis (26,27), Arthrobacter luteus(27,28), Xanthomonas
oryzae(29), Norcardia aerocolonigeng80) andShigella(4). Preparation of Vsr DNA mismatch endonuclease

In the present study, we employ purified proteins to N ) )
experimentally address the possible influence of MutL on Vsr andst Was purified from cell extracts using Chelating Sepharose
MutS binding to heteroduplex DNA (hDNA). Fast Flow and heparin Sepharose (HiTrap, Pharmacia Biotech)

columns as described by Drotschmanil. (34).

MATERIALS AND METHODS _ Lo
Preparation of histidine-tagged MutL and MutS

Plasmid pMQ393 is a pACYC184 derivative containingigl

Escherichia colistrains: BL21 XDE3) ©mpT rg ntg) (31); gene with the T7 promoter and N-terminal polyhistidine sequence
BMH 71-18 [A(lac—proAB, thi, supE/ F' laclq, lacZAM15,  from pET15b and was constructed and provided by Dr T.-H. Wu
proA*B*], source: B. Muller-Hill 82); CC106 fra, A(lac—  (University of Massachusetts Medical School). To prepare
proB)xy / F lacl—, lacZ-, proB*] (33). Bacteria were grown in MutL-6H from uninduced cells, 1 liter dYT medium supplemented
either dYT medium (1% Bacto yeast extract, 1.6% Bactwith 25pug chloramphenicol/ml was inoculated with 30 ml of an
tryptone, 0.5% NacCl) or L broth (1% Bacto tryptone, 0.5% Bactovernight culture oE.coli strain CC106 harboring pMQ393 and
yeast extract, 1% NaCl/l). Bacto yeast extract and Bacto tryptoaerated by shaking at 26 overnight. Cells were harvested by
were from Difco. Ampicillin and chloramphenicol (Boehringer centrifugation, resuspended in 20 ml buffer A (20 mM HEPES-
Mannheim and Sigma) were added to media at 100 amgl2, ~ KOH, pH 7.6, 5 mMB-mercaptoethanol) and lysed by passage

Strains and media

respectively. through a French pressure cell (138 Mpa). Cell debris was
removed by centrifugation. The supernatant was subjected to
Preparation of oligonucleotide duplexes sonication (Branson sonifier) and re-centrifuged; subsequently it

) ] was applied to a 4 ml Chelating Sepharose Fast Flow (Pharmacia
100 pmol of the 30mer oligonucleotide KDUP2 (dTACTTGG-Bjotech) column loaded with nickel ion. The column was

CTTATCCTAGGAATCTGTCGCAG; NAPS, Gottingen, GmbH) extensively washed with buffer A. MutL was eluted with a step

was incubated for 1 h at 3C with 0.5ul [y-3PJATP (10 mCi, ~ gradient of imidazole (60300 mM, 4 ml each) in buffer A plus
5000 Ci/mmol, Hartmann Analytics) and 10 U T4 polynucleotid&soo mM NaCl. The 200 and 240 mM fractions contained the bulk
kinase (Epicentre Technologies) in kinase buffer [S0 mMpf MutL-6H; they were pooled and dialyzed against buffer A.
Tris—HCI, pH 7.5, 10 mM MgG| 5 mM DTT, 5% (v/v) glycerol]  MutL was at least 90% pure as determined by SDS—PAGE. The

in a total volume of 4Qll. The reaction was stopped by additionyie|d was’7 mg homogeneous MutL-6H as judged by;@fand
of phenol-saturated TE buffer (10 mM Tris—HCI, pH 8.0, 0.1 mMspS—PAGE.

EDTA). The oligonucleotide was separated from excess radioactiveaternatively MutL-6H was also prepared from induced cells.

ATP by passage through Sephadex G25 (2 ml bed volumgirain BL21 RDE3) was transformed with pET15b plasmids
Pharmacia/LKB) and was stored at <20 containing the wildtype and mutanttLgenes$5) by selection
The Vsr oligonucleotide substrate duplex, HD, was prepared Bygr ampicillin resistance. MutL protein was isolated from 40 ml
mixing radioactively labeled oligonucleotide KDUP2 (typically transformed cells induced at @dg =1 with 200uM IPTG and
100 pmol in 1 ml water), inXSSC (15 mM sodium citrate pH grown for 2 h at 27C. Cells were harvested and resuspended in

7.2, 150 mM NaC|) with five equivalents of the Unlabeledbinding buffer (20 mM Tris—HCI, pH 7.4, 200 mM NaCl, 5 mM
complementary strand KDLO2 (dTCTGCGACAGATTCCTGG- imidazole) and sonicated for 2—3 min followed by centrifugation

GATAAGCCAAGT; NAPS, Gattingen, GmbH). The mixture was at 39 000 r.p.m. for 30 min. Binding and elution of protein from

kept at 70C for 5 min, then slowly brought to room temperaturethe His.Bind (Novagen) resin was as recommended by the
and was stored in annealing buffer at2€0This duplex hDNA has  manufacturer except that the buffers contained 200 mM NaCl.

a G—T mismatch within a Dcm methylation sifef The column was washed with 80 mM imidazole and the MutL
Oligonucleotides MM181 (86mery)-8GGCGATATTCTAGA-  protein eluted with 200 mM imidazole and stored in this buffer.

CACAGGCGATGGTTTTGATAGAGCATCTTGGACGATTTG-  protein was used within 2 days and was storefi@uiiring this
TAACAACTCGGAGTTCATAGATCTCCCATTCG3  and  time. MutL protein was at least 90% pure as judged by
MM186 (92mer) SAGAGGATCCGCACTTTAACTTCCGTAT-  SpS-—PAGE. MutL yield wasb00ug. Protein concentration was
GCCTATGGAAGTCAGAGAGAAATTAAAATTCAGAGCGG-  assayed using the Bradford protein assay (Bio-Rad) using bovine
AGGCGAATGGGAGGTCTATGAACTCCG3 were Synthe' serum albumin as a standard.

sized by Dr Kendall Knight (University of Massachusetts Histidine-tagged MutL mutant proteins (MutL721, MutL723,
Medical School). The underlined bases are complementary agfltL 725 and MutL726) were prepared as described above. MutS
the mismatched bases are in bold. The DNA sequence of thgggtein was purified using both methods described above except

oligonucleotides is from the phage P@mt gene (5). The  that the cells were induced with 2081 IPTG for 2 h at 27C.
oligonucleotides were mixed, annealed in 20 mM Tris—HCI, pH

7.6,10 mM EDTA, 5 mM MgGlat 70°C for 10 min, then slowly Gel filtration

cooled to room temperaturé5). The single-stranded regions

were converted to duplex DNA in the presence of dNTPs andutL wildtype and mutant proteins were chromatographed through
[a-32P]JATP (800 Ci/mmol) and DNA Polymerase | Klenow a Sephacryl S300 (Pharmacia Biotech) columnx (80 cm)
fragment (New England Biolabs) in reaction buffer supplied bgquilibrated with 25 mM HEPES—-KOH (pH 7.4), 100 mM NaCl.
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Figure 2. Influence of MutL on hDNA-binding of Vsr endonuclease. Assays
were carried out as described under Materials and Methods. The reactions
contained 0.5 pmob2P-labeled duplex hDNA HD, 50 equivalents of Vsr
endonuclease and 100 equivalents of MutL. The reaction mixtures were
resolved on a 6% polyacrylamide gel followed by autoradiography.

e LI RESULTS
Purification of MutL and MutS

Figure 1. Purification of Hig-MutL (A) and Hig-MutS B) by immobilized ThemutL (pMQ393) andnutS(pMQ395) plasmids used in this
nickel affinity chromatography as monitored by SDS—-PAGE and Coomasiestudy completely complement the mismatch repair mutator

Brilliant Blue staining. (A and B) Lane 1, total soluble protein in the cell extract; phenotype ofmutLandmutSmutants £5,36). This indicates that
lane 2, flow-through fraction during charging of column with cell extract; lane Yy s

3, charged column wash fraction with buffer A; lanes 410, eluates with 100{h€ Polyhistidine-tag at the N-terminal end of these proteins
120, 140, 160, 180, 200 and 240 mM imidazole. Relevant molecular weighimparts no detectable interference with the normal action of the

marker is shown to the right of the gel in kDa. MutL and MutS proteins. Consequently it is unlikely that the
effects we describe below are a conseguence of the polyhistidine tag.
SDS-PAGE of protein samples from eluates obtained by
p-wise elution from chelating Sepharose columns is shown in
ure 1A for MutL and FigurelB for MutS. Most of the MutL
utes at 200 and 240 mM imidazole (Fig\) while the bulk of
utS elutes at 180 and 200 mM imidazole (E®). The proteins
were usually dialyzed and used without further purification although
dialysis was not necessary to obtain the effects described below.

The marker proteins in the eluate were monitored by measuri
the ODgp and wildtype and mutant MutL were detected b
western blotting using a MutL polyclonal antiserum as describ

previously 385).

Bind?r_lg of Vsr endonuclease to hDNA and gel electrophoretic
mobility shift assays Influence of MutL protein on Vsr binding

500 fmol radioactively labeled oligonucleotide duplex was mixe@jutations in eithemutLormutSgene severely impair VSP repair
with Vsr endonuclease with or without freshly-prepared Mutlajthough they do not block it completely2-14). Since all data
and competitor DNA in 20 mM HEPES-KOH, pH 7.6, 5 mMcollected so far pointed to target binding as the rate-limiting step
B-mercaptoethanol, 10 mM Mggand kept on ice for 30 min. in Vsr endonuclease actiod4), the possible influence of MutL
Glycerol was added to a final concentration of 5% and samples wejitein on this process was investigated by gel shift assays; to this
loaded onto a pre-cooled°@) 6% polyacrylamide/TB (89 mM end, essentially homogeneous MutL and Vsr were prepared as
Tris—HCI, 89 mM boric acid, pH 8.0) gel. Electrophoresis, carrie@diescribed under Materials and Methods.
out at a field strength of 1.3 mA/cm with 8.9B as the gel ~ MutL by itself does not produce a band shift with the 30mer
running buffer, was stopped when the bromophenol blue dye hadbstrate hDNA (Fig2). However, it markedly enhances Vsr
migratedl5-6 cm. Bands were visualized by autoradiography.hinding and it does so in a transient fashion since no ‘supershift
or intermediate bands were observed. Since the molecular weight
Binding of MutS to hDNA of Vsris 18 kDa and that of MutL is 78 kDa, a supershift should
have been easily detected if a stable complex was formed. Note
The MutS binding assay was performed essentially as describibat in Figure2 Vsr endonuclease is present in a 50-fold excess
previously (5). MutS was added to 200 fmol of the mismatchedver hDNA. Vsr has only a low binding affinity for the
DNA in 20 mM Tris—HCI, pH 7.6, 10 mM EDTA, 5 mM Mg&l corresponding homoduplex DNA&4).
and 0.1 mM DTT in a volume of 18. After incubation for 30 min If MutL indeed serves the function of a catalyst in the
at room temperature with or without freshly-prepared Muill, 3 Vsr/hDNA binding reaction, it could possibly be used to relieve
50% sucrose was added and the samples were loaded onto athéaequirement of a large protein excess. In the presence of MutL,
non-denaturing polyacrylamide gel. Electrophoresis and autdive equivalents of Vsr (relative to hDNA) are sufficient to bring
radiography were carried out as described above. aboutl’50% binding (Fig3), which is a 10-fold reduction of Vsr
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Figure 3. Titration of the MutL enhancing effect on Vsr binding to HD hDNA. y o

Vsr (35 equivalents relative to DNA) and the indicated number of equivalents } b o

of MutL (relative toVsr) were present in the assay mixtures. The marker (M)

HD hDNA without addition of protein is also shown.
Figure 5. MutS binding to heteroduplex DNA in the presence of MutL. Lane
1, 400 ng MutL; lanes 2—-4, 40 ng MutS with 100, 200 and 400 ng MutL.

MutS binds to hDNA in a concentration-dependent manner
(Fig. 4, lanes 2—7) and reaches its maximum at 80 ng/Hane 4)
for F2 hDNA. An increase in binding of F1 DNA to MutS occurs
at higher protein concentrations and may be the cause of a slower
migrating band (B2) above the major bound species4{Hignes
4-7). Inclusion of either ATP or AT2S abolishes apparent
binding (Fig.4, lanes 8 and 9).

Addition of MutL increases the binding of hDNA to 40 ng
MutS (compare Figt, lane 2 with Figur®, lane 2). Densitometric
scanning indicates a 3-fold enhancement. Doubling the MutL
concentration results in a concomitant doubling in hDNA bound

Figure 4. MutS binding to heteroduplex DNA and its inhibition by ATP. Lanes tO-MUIS o reach a maximal 6-fold enhancement at Saturation
1.and 10, heteroduplex DNA; lanes 27, MutS 40, 60, 80, 100, 120, 200 ng; lanf19: 5: 1anes 2-4). At these concentrations the molar ratio of
8, MutS (80 ng) with 2 mM ATP; lane 9, MutS (80 ng) with 2 mM AFB- utL to MutS is 3:1. Decreasing this ratio did not result in
enhanced binding unlike the situation for Vsr. The MutL
concentration-dependent stimulation is less apparent at high
amount, compared with the MutL-free binding reaction undeMutS concentrations presumably due to saturation (data not
otherwise identical conditions. At the same time, this result ruleghown).
out the possibility that a high percentage of the Vsr endonucleaséAt low concentrations of MutL, F2 hDNA is bound preferentially
preparation is enzymatically inactive. by MutS (Fig.5, lane 2) but at higher MutL concentrations F1

Since 50 equivalents of MutL relative to hDNA were used ifiDNA is also retarded (Fi§, lanes 3 and 4). MutL at twice the
the experiment, non-specific effects of either macromoleculdrighest concentration used in these experiments shows no
crowding or chemical protection of Vsr endonuclease could n@pparent binding to hDNA (Fi§, lane 1). No hDNA binding by
be excluded. Therefore, the amount of MutL required foMutS was detected in the presence of MutL plus ATP orABP-
stimulation of binding at a constant concentration of Vsfdata not shown). We have also found that MutL enhancement
(35 equivalents relative to hDNA) was also titrated. As shown iaccurs upon binding to MutS of a duplex 36mer containing a 1 base
Figure3, one-hundredth of an equivalent of MutL is sufficient toinsertion (data not shown). Stimulation of MutS binding by MutL
bring about a significant effect; the requirements for a trulyherefore is independent of the specific mismatches tested or on
catalytic process are thus fulfilled. In addition, the experimerihe length of hDNA.
was repeated with bovine serum albumin (BSA) substituting for Addition of MutL to the MutS binding reaction did not produce
MutL at the same molar concentrations. Only at the highegny detectable ‘supershifted’ or intermediate band in Figure
concentrations of BSA could some faint stimulation of binding b&uggesting a transient or unstable association of MutS—-hDNA-

observed (data not shown). MutL. This suggestion is supported by the preliminary observation
that the bound complexes such as those in Figuentained

Influence of MutL on MutS binding to hDNA MutS, but not MutL, as determined by western blotting (data not
shown).

The MutS hDNA substrate was prepared by annealing two synthetidn order to determine which part of the MutL protein was
oligonucleotides, which have complementary (except for a G—esponsible for MutS-enhanced binding we used nonsense
mismatch) overlapping sequences at tHeén8s and then filling in  fragments lacking various amounts of the C-terminal region of
the single stranded regions wifi#P-labeled ATP and DNA MutL. All four nonsense truncated MutL proteins (MutL721,
polymerase | Klenow fragment. This produces a 154 bp DNA witMutL723, MutL725 and MutL726) were able to stimulate MutS

a G—T mismatch centrally located at bp 76. Although a single duplénding to about the same degree as the wildtype protein (data not
hDNA product was expected from this reaction, two products wehown). The region in MutL responsible for MutS enhanced
routinely detected by agarose-gel electrophoresis (F1 and Hi#nding must, therefore, be located in the N-terminal 330 amino
Fig.4, lanes 1 and 10). acids.
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1000000 proven suggestion. Sancar and Heé&id8} have suggested that
MutL is an example of the ‘molecular matchmaker’ class of
proteins, which causes an ATP-dependent conformational change
in one or more DNA binding protein partners to promote
protein—-DNA interaction. Although this model may be correct,
the MutL matchmaking activity would not explain the observations
we have reported here with Vsr and MutS since these reactions
are transient and ATP-independent.

With the data presented here, we have identified a plausible role
for MutL in the molecular mechanism of VSP andtHL Srepair
in the sense of MutL mediating complex formation of Vsr
endonuclease or MutS with its substrate. MutL stimulation of Vsr
binding to hDNA is clearly catalytic and this represents the first
demonstration of such an activity for MutL. On the other hand,
the enhancement of MutS binding by MutL is not catalytic but
stoichiometric. The reason for this difference is unclear; perhaps
it is a reflection of the low concentration of Vsr in the cell relative
to MutS.

The function of MutL could be exerted by transient association
with one or the other binding partner prior to encounter of the
second. The notion of DNA-MutL complex formation as the first

10000 e 1a 1 e g step was suggested by Bende and GrafstBingnd this could
ViNo operate in a similar fashion in both VSP andtHLS repair.
However, we did not observe binding of MutL to hDNA (.
although similar concentrations of MutL were used and the 154 bp
Figure 6. Gel filtration analysis of MutL and mutant proteins. MutL wildtype hDNA substrate we used is longer than the minimum length
ggg mutant %roliﬁ:grsaggfja%tg%?%ﬁa ngggaé‘gaaphﬁitzf%%h e '\/?Eg*g”}‘bquired for binding37). The basis for the discrepancy between
White dots re;()qresent the following standards in ordérpof d.ec’reasing molecullat‘hese results is not l_(nown but could be due to dlffe_zrent MUtL
weight: Apoferritin (440 kDa), Amylase (200 kDa), Alcohol dehydrogenase and/or DNA preparations. If the DNA-MutL complex is the first
(150 kDay), Bovine serum albumin (66 kDa) and Ovalbumin (45 kDa). Vo is the step in the process, it must be that transient MutL—MutS or
void volume and Vr the retained volume. MutL—Vsr interaction is required to efficiently load MutS or Vsr
onto hDNA. A physical association of Vsr endonuclease with at
least one protein componentrmfitHL Srepair was also invoked
as the source of the recently discovered mutagenic effect of Vsr
overproduction §9).
MutL protein isolated as described in Materials and Methods Prollaet al.(40) detected a relatively stable physical interaction
elutes from a Sephacryl S-300 gel filtration column with arbetween the yeast MutL heterodimer, Mih1-Pmsl, and the
apparent molecular weight 8200 kDa (Fig6) which is about hDNA-bound MutS homologue, Msh2, by the appearance of a
three times that of the 68 kDa monomer. Anomalous behavior supershifted’ band on non-denaturing polyacrylamide gels. With
the protein upon gel filtration was also observed by Grédtegl.  E.coli MutL and MutS—hDNA, we did not detect such supershifting
(19. (Fig.5). Prollaet al.(40) did not report a stimulatory effect of the

In contrast, MutL721 and MutL723 nonsense protein fragmentglutL homologs. Whether these results indicate a fundamental
(35) elute as monomers (Fig). In partial denaturing SDS—poly- difference between the interaction of MutS and MutL proteins in
acrylamide gels, the wildtype MutL migrates as two bandghe two organisms remains to be resolved.
corresponding to apparent molecular weights of 210 and 66 kDaGrilley et al.(19) used DNAse | protection experiments to show
(data not shown). In contrast the MutL723 and MutL 725 proteingat E.coli MutL interacted with MutS—hDNA in an ATP (and
migrated as single bands with apparent molecular weights of #P-y-S)-dependent manner to enlarge the footprint obtained with
and 57 kDa, respectively (data not shown). These data indicaiitS alone. Alleret al.(20) found by electron microscopy that
that the MutL multimerization region is located in the C-terminaliutS and MutL are present at the base of ATP-induced loops
end of the prOtEin distal to residue 331 and includes or is distal éq}hough it is not known if they are associated. These results are

MutL multimerization region

residue 519. the only evidence irE.coli for MutL—MutS interaction. The
results shown in Figurg indicate a transient MutL interaction
DISCUSSION with MutS—hDNA, which is completely inhibited by ATP or

ATP-y-S. Although these experimental results appear to be
contradictory in their nucleotide requirements, the experiments
The biochemistry of MutL action imutHL Srepair action is much are measuring different end-points. A plausible explanation for
less well understood than that of MutS; its function as an interfat¢ie difference in the findings is the length of substrate DNA. The
between MutS and MutH.6) and participation in stimulating the experiments demonstrating loop formation used [&n kb
sequence-specific endonuclease activity of the latter by proteigubstrate DNA whereas the data reported here utilized a 30mer
protein contact}6) is an attractive but not yet unequivocally for Vsr and 154 bp oligonucleotide for MutS.

Mechanism of action of MutL
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Two mutant truncated MutL proteins, MutL723 and MutL725,Chemischen Industrie and by the National Science Foundation
were found to be monomeric in contrast with the wildtype proteifGrant MCB-9302889).

which was multimeric (Fig6). This result could mean that the
multimerization region is at the C-terminal end of MutL.
Alternatively, lack of C-terminal amino acids might alter the

folding of the truncated proteins such that multimers cannot forrkEFERENCES

The results of Pargf al.(21) would support the first alternative.
They found that the yeast Pms1-MIh1 heterodimer interaction
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C-terminus for MIh1l and in the final 212 amino acids for Pms1.2
These regions have no amino acid sequence homology with ead
other or withE.coli MutL suggesting that the location of the ,
multimerization domain in these MutL proteins may be mores
important than the amino acid sequepeese

The mutL723andmutL725nonsense mutations were isolated ©
as dominant-negative alleles showing elevated spontaneous
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which requires MutL and MutS to activate its latent activity. We areg
currently testing if MutL influences MutH binding and/or nicking
activity.

After submission of this manuscript, Habrakenal. (41)
reported enhanced yeast Msh2—Msh3 binding to hDNA by yeast
Mlh1-Pms1. Their results are qualitatively similar to those3
reported here for MutS and MutL. No supershifted bands we##
detected in non-denaturing gels to indicate formation of stab
Msh2—-Msh3-Mlh1-Pms1 complexes. Inclusion of either Mlh
or Pmsl antibody during incubation of the Msh2—Msh3 ands
MIh1-Pms1 proteins with hDNA resulted in the detection of
ternary complexes with retarded mobility. 27

In conclusion, it will be interesting to determine whether,g
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protein interaction is a general function of MutL and a commog9
denominator between VSP amditHLSrepair; it is, of course, 30
also possible that MutL serves more than one function and makes
different use of these in different pathways of DNA mismatch
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