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ABSTRACT: Yeast Mutla is a heterodimer of MLH1 and PMS1 that participates in a variety of DNA
transactions, including DNA mismatch repair. Formation of the Mutieterodimer requires that the
C-terminal domains of MLH1 and PMSL1 interact in a manner that is not yet fully understood. Here we
investigate the interactions involved in heterodimerization. Using protein surface modification and mass
spectrometry, we identify numerous lysine residues that are exposed to solvent in monomeric MLH1. A
corresponding analysis of the MLHPMS1 heterodimer reveals that three of these exposed residues,
K665, K675, and K704, are no longer solvent accessible in the heterodimer, suggesting that they are
within the dimer interface. We refine secondary structure predictions and sequence alignments of C-terminal
residues of seven eukaryotic MutL homologues and then develop homology models for the N- and
C-terminal domains of MLH1. On the basis of this information, we present a model for interaction of the
C-terminal domains of MLH1 and PMSL1.

Eukaryotic MutL proteins operate as molecular match- contain MLH1 in partnership with a second MutL protein.
makers to coordinate multiprotein pathways that repair DNA One MutL heterodimer with a particularly prominent role
replication errors [mismatch repair (MMR)]prevent re-  in MMR is MutLo (3). Yeast Mutlo. is comprised of the
combination between sequences with imperfect homology, ~g87 kbDa MLH1 protein and the 103 kDa PMS1 protein
modulate cell cycle arrest 5‘_”d_ apoptosi; in response to DNAtightIy associateddq = 86.9 nM @)] with a 1:1 stoichiom-
damage, and conduct meiotic recombination (recently re- o4 ‘|hitia| studies 5—7) demonstrated that formation of a

viewed in refsl and 2). Because defects in these cellular dfunctional yeast (or human MLHIPMS2) Mutla het-

processes result in genome instability, carcinogenesis, an erodimer requires interactions of the C-terminal residues of
infertility, it is interesting and important to understand exactly equire : . . :
both proteins (Figure 1). Insights into the residues required

how MutL proteins perform their many tasks. Eukaryotic ) )
genomes encode multiple MutL proteins, including MLHZ, for dimer formation also come from the crystal structure of

MLH2, MLH3, PMS1, and PMS2. These are homologous the C-terminal domain of the bacterial MutL homodim@&r (
to bacterial MutL, particularly for the 366400 amino-  9), which led to the proposal that helix C tscherichia
terminal residues that form a domain that can bind DNA coli MutL is particularly important for homodimerization.
and can bind and hydrolyze ATP to promote the conforma- Unfortunately, no structure for the C-terminus of eukaryotic
tional changes that coordinate various biological functions MutL proteins is available, and the C-terminal residues of
(recently reviewed in ref¢ and?2). MutL proteins are substantially more diverse than their
While bacterial MutL functions as a homodimer, the N-terminal residues, thereby complicating predictions based
eukaryotic MutL proteins function as heterodimers that on structure-based alignments. Thus, our current understand-
ing of the identity of residues involved in heterodimerization,
T This research was supported by the Intramural Research Programand the nature of the dimer interface in MutL complexes, is
of the National Institute of Environmental Health Sciences, National derived from a relatively small number of studies that have
Institutes of Health. mapped the general location of the interaction and implicated
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extracted ion chromatogram. dimer interface.
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Ficure 1: Schematic of yMLH1 and yPMS1 organization. The ATP binding domains are shown by homology to MutL. Purple bars

represent conserved ATP binding motifs. The MLH1 and PMS 1 interaction domains as determined by PaBy &wriette et al.7),
Kondo et al. ), Guarrieet al. @), and Kosinski et al.10) are colored green.

MATERIALS AND METHODS Mass SpectrometnAll matrix-assisted laser desorption

. e ionization (MALDI) mass spectra were obtained on an
Protein Purlfl_catlon.Full-lengt_h MLH1 an(_j the MLH1—_ Applied Biosystems (Framingham, MA) Voyager DE STR
I(:;Ll\{l)Sl heterodimer were purified as previously described i, ment. MALDI/MS analyses of acetylated proteolysis

) N . . . products were performed in reflector positive mode using
Chemical Modification of Lysine Residues and Proteolysis. 5, accelerating voltage of 20 kV, a grid voltage of 66%

Acetylation of lysine residues was performed in a buffer 5nq 3 delay time of 350 ns with a mass accuracy of 0.01%
containing 137 mM NacCl, 2.7 mM KCI, 4.3 mM NdPO,-

or better and a resolution at10000. All analyses were
7H0, and 1.47 mM KHPQ, at pH 7.2. Under these  norformed using a saturated solutionostyano-4-hydroxy-
conditions, MLH1 is a monomer at a concentration gf\ cinnamic acid in a 45:45:10 (v:v:v) water/ethanol/formic acid
and forms a stable heterodimer with PMS1. Aliquots iyt re as the matrix in a 1:1 ratio with the analyte solution.
containing 1uM protein in 200uL were modified with a External calibration was performed using the Applied Bio-
10090-, ZOOOQ-, 5000_0—, and lOQOOO-foId molar excess of systems calibration standards.
acetic anhydride (Aldrich, St. Louis, MO) at room temper- ,
ature for 30 min. MALDI/MS spectra of the resulting  MALDI/MS/MS analyses were performed using an Ap-
modified protein showed no change in the mass of the plled Biosystems 4700 proteomlcs_ analyzer in the posm_ve
acetylated protein (within experimental error of the MALDI 10N reflector mode. Acetylated peptides were analyzed using
measurement) with ratios below 50000:1. At higher ratios 33% Saturated.-cyanohydroxycinnamic acid in equal parts
of acetic anhydride, the mass increased rapidly and theWater with 0.1% formic acid and acetonitrile with 0.1%
compound began to precipitate. Therefore, the acetylationform'_c acid (v:v) as the matrix in a 11 ratlo_V\_nth the analyte
reactions were conducted at an acetic anhydride:protein ratioS0ution. For MS/MS experiments, the collision energy was
of 10000:1 where there was no evidence of protein unfolding. 1000 V and argon was used as the collision gas with a
This ratio has been used successfully in previous differential "écharge threshold set at 1:010°7 Torr. Calibration was
acetylation studies with no evidence of protein unfolding Performed externally using the Bruker Daltonics (Billerica,
(12—15). The pH was maintained at 7.0 during the 30 min MA) calibration mixture.
reaction time by adding sodium hydroxide as needed. The For the nano high-performance liquid chromatography
reaction was quenched with 2@Q of 1 M Tris (pH 10.1). (HPLC)/electrospray ionization (ESI)/MS analyses of acety-
A 50 uL aliquot of the modified protein was digested with lated peptides, HPLC separations were performed using an

1 ug of trypsin (Promega) or Arg-C (Roche) overnight at Agilent (Palo Alto, CA) 1100 Series nanoCapillary LC

37 °C or 1ug of Glu-C (Roche) or chymotrypsin (Roche) device or an Agilent 1100 Series Capillary LC device and a
overnight at 25°C.

15 cmx 75um (inside diameter) PepMap C18 column (LC
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Packings, San Francisco, CA) at a flow rate of 500 nL/min. molecular modeling. In differential chemical surface modi-

An 8 ulL aliquot of the proteolytic digest was injected. The fication, changes in the extent of chemical modification of

solvents used with this column were as follows: water and proteins when they are part of a complex and when they are
0.1% formic acid (A) and acetonitrile and 0.1% formic acid in the unbound state provide information about residues on
(B). The gradient used to elute the peptides began at 5% Bthe protein that become shielded in a complex, i.e., when
for 60 min and then ramped to 95% B over 60 min, followed they are part of the interaction surface. This approach
by a hold at 95% B for 10 min. compensates for differences in surface reactivity due to, for

All ESI spectra were recorded on a Q-Tof Ultima Global €Xxample, steric effects or the presence of salt bridges.
mass spectrometer (Waters/Micromass, Milford, MA), which Unfortunately, due to the instability of PMS1 in the absence
is equipped with a nanoflow z-spray source. The Q-Tof of MLH1, we could probe the surface reactivity of PMS1

Ultima Global mass spectrometer was operated at a fwhm©Nly when it was part of the MLHPMS1 heterodimer.
resolution of 10 000 in V mode and a mass accuracy of However, we could obtain information about PMS1 residues

0.008% or better. The full scan mass spectra were acquiredin the heterodimer that are relatively accessible or inacces-
in the positive ion mode over the mass rangemd 100— sible to chemical modification, which does provide structural

3000 with a source temperature of 8D, a capillary voltage ~ Information.

of 3.50 kV, a cone voltage of 70 V, a collision energy of  Acetylation of MLH1 and the MLH1PMS1 Heterodimer
10.0 V, and a scan time of 0.9 s. The collision gas was argonMLH1 alone and the MLH*PMS1 heterodimer were

at a gauge pressure of 25 psi. Tandem MS (MS/MS) analysesacetylated to identify lysine residues on the surface of
were performed on the Q-Tof Ultima Global instrument with these proteins. Acetylation was performed at a protein
parameters identical to those used in the MS mode exceptconcentration of 1uM. At this concentration, MLH1 is
that the collision energies (selected on the basis of mass andrimarily monomeric on the basis of a dissociation constant
charge state) ranged from 16 to 75 V. Peaks meeting aof 3.14 uM, while the MLH1-PMS1 heterodimer is
specified mass/charge state criteria, such @#8aon in the primarily dimeric on the basis of its dissociation constant of
mass range ofi'z 50—3000, and with a signal:noise ratio 87 nM (9). The modified proteins were digested with
greater than 20 were automatically selected for data- various proteases, and the resulting peptides were analyzed
dependent MS/MS acquisition. MS/MS spectra obtained from by MALDI/MS, MALDI/MS/MS, and ESI/MS/MS in
multiply charged precursors were transformed to singly determining which peptides were acetylated, verifying the
charged spectra using MaxEnt3 (Waters/Micromass, Altrin- peptide sequence, and confirming the site(s) of mod-
cham, U.K.). External calibration was performed using renin ification.

substrate tetradecapeptide (Sigma, St. Louis, MO). A representative of the MS/MS spectra obtained from
Sequence Alignments and Homology ModEte crystal proteolytic peptides from acetylated MLH1 alone is shown
structures of the N-terminal domains Bf coli MutL (PDB in Figure 2. This is the deconvoluted { charge state) MS/

entry 1KBN) (16), human PMS2 (PDB entry 1H7S}#), MS spectrum of the ion atwz 966.92 [(M + 2H)],

and yeast PMS1 (unpublished 2.1 A structure; L. C. Pedersencorresponding in mass to a chymotryptic peptide (cleavage
et al., manuscript in preparation) were used as templates toat Leu, a secondary cleavage site for chymotrypsin) from
generate a homology model for the N-terminal domain of MLH1 containing residues 672686 plus two acetylations.
yeast MLH1 using the Swiss Model first approach matig.( The observed b and y ion series provide sufficient sequence
A model for the C-terminal domain of MLH1 was generated coverage of the peptide to confirm that Lys 675 and Cys

in a similar manner using the fold suggested for Eheoli 685 of MLH1 are acetylated on the basis of the observation
MutL C-terminal domain ¢) and the secondary structural ©of a +42 Da mass shift, indicating acetylation, for b ions
elements predicted using PsiPred)( 4—13 and y ion 2.

Figure 3 shows two representative deconvolutedl (
RESULTS AND DISCUSSION charge state) ESI tandem mass spectra from the tryptic digest

_ . of the acetylated MLH1PMS1 heterodimer. Panel A shows
Mass spectrometry (MS) has been used to obtain tertiary ihe Ms/MS spectrum of the ion a¥z 842.03 [(M+ 2H)2],
structural information for a variety of applications, including \\hich corresponds in mass to tryptic peptide F&F from

mapping conformational and discontinuous epitofi&s20), MLH1 (residues 65%665) plus one acetylation. Panel B
studying protein folding and dynamic21), determining  ghows the MS/MS spectrum of the ionralz 811.88 [(M+
protein—protein interactions22—27), characterizing protein 2H)2], which corresponds in mass to tryptic peptide 86

nucleic acid interactionsl@, 28—30), and probing intérac- g7 from PMS1 (residues 67%91) plus one acetylation. The
tions in antibody-antigen complexes3(). MS offers b and y ion series present in each panel provides sufficient
advantages over other structural techniques because of th%equence coverage of each peptide to confirm that Lys 657
small sample amount required for the analysis, the ability to ot MLH1 and Lys 680 of PMSL are, in fact, acetylated by
identify posttranslational modifications, and the capability ihe observation of a mass difference of 170 Da betwgen y
of working thh inhomogeneous samples ano_l with high- g y (for Lys 657) and betweentand h (for Lys 680).
molecular weight samples?). Other methods of interrogat- £ this residue were not acetylated, the mass difference would
ing protein structure include molecular modeling and chemi- pe 128 Da. Additionally, y ions-913 and b ions 26 (Figure
cal surface modificationin combination with mass spectrometry 3a) and b ions 2-4 (Figure 3B) would correspond in mass
(12, 33, 34). to a peptide with no modification, and thus, the masses would
In our study, we have used the combination of differential not incorporate the-42 Da mass shift. The ion series also
chemical surface modification, mass spectrometry, and confirm that Lys 665 of MLH1 and Lys 691 of PMS1 are
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FIGURE 2: Transformed ESI tandem mass spectrum of the iom/at966.92 [(M + 2H)?] from the chymotryptic digest of acetylated
MLH1. The tandem mass spectrum shows this peptide to arise from an anomalous cleavage peptide corresponding to re€i86es 672
with acetylated Lys 675 and Cys 685 [(M 2H)? calcd 966.94].

unmodified because the mass of thégn in both spectrais  and 8 nonacetylated lysines among 78 total lysine residues
128 Da. (62% lysine coverage) from PMSL1 in the heterodimer (Table
Figure 4 shows the extracted ion chromatograms (EIC) 1, columns 3 and 4). The majority of the detected lysines
for Glu-C peptide A89-92 from MLH1 (residues 701716), were confirmed by MS/MS data. A number of lysines were
with and without modification of Lys 704. For the MLH1  not detected which may be due to the size of the proteolytic
monomer (Figure 4A where both EICs are normalized to peptide, or they may have been suppressed in the complex
456 counts), the upper EIC, corresponding in mass to Mixture even using chromatographic separation. Unmodified,
acetylated A89-92, exhibits a retention time of 85.0 min. but detected, lysine residues (3 of 44 from MLH1 monomer
The lower EIC (Figure 4A) which corresponds in mass to and 8 of 48 from PMS1) indicate that the lysine is not readily
unmodified A89-92 exhibits a retention time of 78.1 min. ~accessible to the reagent and/or that reactivity is reduced,
When the abundance of the EICs is normalized to that of possibly due to the presence of a salt bridge. Lysines that
the modified A89-92, these data clearly show a significantly are acetylated in the monomeric MLH1 or PMS1 but are
higher percent of modified peptide (96%) compared to observed nonacetylated in the heterodimer are considered
unmodified peptide (4%) for the monomer of MLH1. The to be protected in the heterodimer. There are three residues
EICs for the same peptide observed from the experimentsin MLH1, Lys 665, Lys 675, and Lys 704, which were
with the MLH1-PMS1 heterodimer (panel B where both confirmed by MS/MS to be acetylated in MLH1 alone, but
EICs are both normalized to 456 counts) show the samenot in the MLH1-PMS1 heterodimer. This protection from
retention times for the peptides with and without modifica- modification in the dimer suggests that these three lysine
tion. However, the abundance of these chromatograms clearlyresidues are at or near the dimer interface and implies that
shows a significantly higher percentage of unmodified they may perhaps contribute to dimerization. All three
peptide (97.8%) compared to modified peptide (2.2%) for residues are present within the large regions that have been
the heterodimer. These results indicate Lys 704 is modified previously implicated in dimerizatiorb(-7).
in the monomer of MLH1, but not in the MLHiIPMS1 Homology Model of the N-Terminal Domain of MLH1
heterodimer (Table 1). The lysine residues that were acetylated in MLH1 alone
The overall results using this approach identified 34 (Table 1) are predicted to be on the surface of the protein.
acetylated and 9 nonacetylated lysine residues (66% lysineTo test this prediction in the absence of a structure of MLH1,
coverage; Table 1, columns 1 and 2) among 65 total lysinewe generated homology models of the MLH1 N- and
residues in MLH1 alone. Also identified were 40 acetylated C-terminal domains. The homology model for the MLH1
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Ficure 3: Transformed ESI tandem mass spectra from the tryptic digest of the acetylated-NAMB1 heterodimer. (A) MS/MS of the
ion atmyz 842.03 of MLH1, T86-87 (residues 651665), with acetylated Lys 657 and unmodified Lys 665 [{V2H)? calcd 842.03]. (B)
MS/MS of the ion atm/z 811.88 [(M+ 2H)?] of PMS1, T86-87 [residues 679691; (M + 2H)? calcd 811.86], with acetylated Lys 680
and unmodified Lys 691. The b and y ion series are labeled and shown on the sequence of each peptide.

mass

N-terminal domain, which contains residues that are well residues in the N-terminus of MLH1, e.g., 657, 704, and
conserved among MutL homologue3,(is shown in Figure 717, are not shown in the model because they are located in
5A. In this model, all the lysine residues observed to be flexible loops and their side chains cannot be accurately
acetylated in MLH1 were found on the surface (residues modeled.

colored blue). Moreover, all the lysine residues observed to Relationship of Acetylation Data and Homology Models
be acetylated in the N-terminal domain of yeast PMS1 {5 the Model of Kosinski et aDn the basis of the crystal
present in the heterodimer (Table 1) were also found on the sirycture of theE. coli MutL C-terminal domaing), Kosinski
surface of the PMS1 N-terminal domain structure (L. C. et g, (1L0) recently proposed a model for the dimer interface
Pedersen et al., manuscript in preparation), just as predictedfgrmed by hydrophobic interactions involving residues in
These results are consistent with retention of the native L corresponding to residues 53876 and 696-769 in
structures under our acetylation conditions. yMLH1 and 706-735 and 885898 in yPMS1 in our

Model of the C-Terminal Domain of MLHAIthough the homology model (Figures 1 and 5B). The Kosinski model
C-terminal residues of MutL family members are much less is consistent with their elegant cross-linking data and with
conserved than the N-terminal residuey, (it has been the reduced MMR activity of a mutant in which C-terminal
suggested that secondary structural elements are conserverksidues 605615 were deleted. Pang et &) @lso reported
(9). Therefore, prior to generating a homology model for loss of MMR activity when the corresponding residues in
the C-terminus of yeast MLH1, we performed secondary yMLH1 were deleted. However, they also noted that deletion
structure predictions for C-terminal residues of seven eu- of these residues did not affect formation of the ML-H1
karyotic MutL proteins, yeast MLH1, MLH2, MLH3, and PMS1 dimer. In yeast MLH1, the region of residues 532
PMS1 and human MLH1, PMS1, and PMS2. This analysis 576 contains a lysine at position 556 that was not acetylated
suggested that most of tffiesheets (+8) anda-helices (A- in either the monomer or the heterodimer and the region of
G) found in the crystal structure of thE. coli MutL residues 696769 contains two lysines, K751 and K764,
C-terminal domaing) were present in the eukaryotic proteins both of which were acetylated in both the monomer and the
in the same order that was observedEincoli MutL. We heterodimer (Table 1). Thus, the results reported by Pang
used these predicted structural elements to create a refined5) and our surface modification results for the yMLH1
sequence alignment (Figure 5B) which, together with the fold PMS1 heterodimer are not consistent with Ehecoli MutL
suggested for thE. coli MutL C-terminal domaing), aided homodimer model. It is, of course, possible that the het-
development of a molecular model of the C-terminal domain erodimerization domain in yeast differs from the ho-
of MLH1 (Figure 5C). As predicted by this model, the lysine  modimerization domain itfE. coli. That homodimerization
residues in MLH1 that are acetylated (blue and pink in Figure of yeast proteins is less favored is indicated by the much
5C) are indeed surface exposed. A few acetylated lysine higherKq for the yeast MLH+-MLH1 homodimer (3.1«M)
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as compared to that of the yeast MLHEms1 heterodimer  in the loop following helix D, although any such interactions
(87 nM) @). cannot be accurately modeled. Arg 672 of MLH1 may form
Model for the Inolvement of C Helices of MLH1 and a salt bridge with Asp 815 of PMS1 and may also hydrogen
PMSL1 in HeterodimerizatiorHelix C in E. coli MutL is bond with Glu 818 of PMS1, thereby possibly stabilizing
strongly implicated in dimerization9j. On that basis, we  the MLH1-PMS1 interaction.
modeled the interaction of yeast MLH1 with yeast PMS1in  The yeast PMS1 residues implicated by the model in
the area of their C helices (Figure 6). In this model, the side Figure 6 are all encompassed by the mapping studies of the
chains of Lys 665 and Lys 675 of MLH1, which were dimerization interface by Pang et al. (in the yeast MEH1
protected from acetylation in the heterodimer but not the PMS1 heterodimer)5), Guerrette et al. (in the human
monomer (Table 1), both face toward PMS1. Lys 665 of MLH1—PMS2 heterodimer) 7), and Kondo et al. (in
MLH1 stacks with His 824 of PMS1, and it may also form hMLH1 heterodimers but not in interacting partners hMLH3,
a salt bridge or hydrogen bond with Glu 825 of PMS1. Lys hPMS1, and hPMS2)j, but not by Kosinski et al. for the
675 of MLH1 could potentially interact with residues located E. coli MutL homodimer (0). Note that Lys 824 of PMS1
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Table 1: Acetylation Profile of Lysine Residues in the MLHRMS1 Heterodimér

MLHI PMS1
N-terminal domain C-terminal domain N-terminal domain C-terminal domain
K6 K344 K14 K408
K15 K352 K17 K411
K30 K370 K19 K453
K49 K391 K27 K498
K54 K393 K60 K499
K67 K398 K79 K504
K81 K408 K106 K531
K84 K427 K111 K537
K115 K434 K114 K551
K117 K446 K120 K555
K131 K467 K139 K614
K137 K471 K150 K618
K142 K472 K153 K622
K172 K473 K165 K636
K185 K475 K172 K649
K192 K480 K190 K652
K193 K489 K194 K656
K204 K496 K197 K659
K219 K504 K202 K667
K232 K515 K218 K669
K244 K516 K227 K678
K253 K520 K229 K680
K254 K556 K230 K691
K286 K583 K244 K699
K311 K613 K271 K703
K325 K615 K277 K704
K619 K290 K721
K645 K294 K725
K648 K309 K739
K650 K318 K752
K657 K328 K755
K665 K335 K781
K675 K364 K785
K704 K380 K787
K717 K396 K799
K724 K807
K740 K824
K751 K838
K764 K856
K860
K861
K875
K900

aColors are as follows: brown for acetylated, blue for nonacetylated, green for seen acetylated but not confirmed by MS/MS, purple for unmodified
but not confirmed by MS/MS, black for no data, and red, underlined and highlighted in yellow for acetylated in MLH1 alone but unmodified in the
MLH1—PMS1 heterodimer.

is acetylated in the heterodimer. In the modeled dimer substitution, a substitution that results in loss of MMR
interface, this side chain is directed at an angle from the activity and hereditary nonpolyposis colon cancer in humans.
dimer interface and is therefore predicted to be surface- Implications for Formation of Other MutL Heterodimers.
exposed. The yeast MLH1 residues implicated by the model The sequence alignments and secondary structure predictions
in Figure 6 are all encompassed by the mapping studies ofin Figure 5 and the model in Figure 6 may be relevant to
the dimerization interface by Pang et &),(Guerrette etal. ~ formation of other MutL heterodimers. For example, residues
(7), and Kondo et al.) but not Kosinski et al. 10). The 662—677 of MLH1 may also interact with residues 642
model is further supported by the observation that yeast 656 of yeast MLH2 or residues 61526 of yeast MLH3.
PMSL1 fails to interact with MLH1 containing an R672P Similarly, residues 649664 of human MLH1 may interact
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5. cerevisiae MLH3 487 RSVLAKYEVINQVDKKFILIRCLDQSIHNCPLLVLVDQHACDERIRLEELF
8. cerevisiae PMS1 89 KNDFEKKMEVVGQFNLGFIIVTREVDNKY---DLFIVDQHASDEKYNFETLQ
H. Sapiens MLH1 B2 REMLHNHSFVGCV--NPQWALAQHQT----- KLYLLNTTELSEELFYQILI
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Ficure 5: (A) MLH1 N-terminal domain homology model with highlighted acetylated Lys residues (blue). Orange dgsitest and

yellow a-helix. (B) Secondary structure prediction and alignment for the C-terminal domain of selected members of the MutL family with
the structural elements numbered. Boxes with letters represkalices; arrows with numbers represgrgheets. The thick red line denotes

the E. coli homodimerization domain as proposed by Kosinski eti]).(The thick black line is the predicted heterodimerization domain
based on the work of Pang et &).((C) Model of the yeast MLH1 C-terminal domain. Lysine residues that were seen to be acetylated have
their side chains colored blue. Acetylated residues thought to be involved in DNA binding are colored pink. Arg 672 is colored purple.
Orange denoteg-sheet and yellova-helix. K30, K172, and K311 are on the obversed side of the model. No modification information was
obtained for K204 and K249. K67, not observed as modified although on the surface in the model, is in the proximity of Asp119 and may
be involved in a salt bridge.
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Ficure 6: Proposed MLHE+PMS1 heterodimer interaction inter-
face. The side chains of residues 665, 672, and 675 of MLH1 (blue)
and residues 815, 818, 821, 824, and 825 of PMS1 (orange) are 15
shown. Black letters correspond to the secondary structure predic-
tion: orange (MLH1) and blue (PMS1) far-helices and yellow
(MLH1) and green (PMS1) fof-sheets.

k. A

T

with residues 778793 of PMS2 or residues 84860 of
PMSL1. On the basis of sequence alignments (Figure 6), Arg
672 in yeast MLH1 corresponds to Arg 659 in human MLH1,
while both human PMS1 and PMS2 have an Asp (residue
849 in PMS1 and residue 782 in PMS2) and a Glu (residue
852 in PMS1 and residue 785 in PMS2) located in positions
corresponding to Asp 815 and Glu 818, respectively, in yeast
PMSL1. It is possible that these residues may contribute to ,,
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