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ARTICLE INFO ABSTRACT
Article history: The human DNA mismatch repair (MMR) protein MLH1 has essential roles in the correction
Received 19 August 2005 of replication errors and the activation of cell cycle checkpoints and cytotoxic responses to
Received in revised form 27 October DNA damage that contribute to suppression of cancer risk. MLH1 functions as a heterodimer
2005 with the PMS2 protein, and steady state levels of PMS2 are very low in MLH1-deficient cells.
Accepted 3 November 2005 Unique to MLH1 among MutL-homolog proteins, and conserved in identified eukaryotic
Available online 9 December 2005 MLH1 proteins, is the so-called C-terminal homology domain (CTH). The function of these
C-terminal 20-30 amino acids is not known. We investigated the effect of a C-terminal
Keywords: truncation of human MLH1 (MLH1-L749X) on mammalian MMR by testing its activity in
DNA mismatch repair MLH1-deficient cells. We found the CTH to be essential for suppression of spontaneous
MLH1 mutation, activation of a cytotoxic response to 6-thioguanine, and maintenance of normal
PMS2 steady state levels of PMS2. Co-expression in doubly mutant Mlh1~/~; Pms2~/~ fibroblasts
Heterodimer interaction showed that MLH1-L749X was unable to stabilize PMS2. Over-expression of MLH1-L749X

did not reduce stabilization of PMS2 mediated by wild-type MLH1, indicating that trunca-
tion of the CTH reduces the ability to compete with wild-type MLH1 for interaction with
PMS2. Lack of PMS2 stabilization also was observed with a previously reported pathogenic
truncation (MLH1-Y750X), but not with two different point mutations in the CTH. Biochem-
ical assays demonstrated that truncation of the CTH reduced the stability of heterodimers,
although MLH1-L749X retained significant capacity for interaction with PMS2. Thus, the CTH
of human MLH1 is necessary for error correction, checkpoint signaling, and for promoting
interaction with, and the stability of, PMS2. Analysis of the CTH role in stabilizing PMS2 was
facilitated by a novel intracellular assay for MLH1-PMS2 interaction. This assay should prove
useful for identifying additional amino acids in MLH1 and PMS2 necessary for interaction
in cells, and for determining the functional consequences of MLH1 mutations identified in
human cancers.
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1. Introduction

DNA mismatch repair (MMR) contributes to the mainte-
nance of genomic stability through the correction of replica-
tion errors the suppression of recombination between non-
identical, but homologous sequences, and the activation of
cell cycle arrest and apoptosis in response to DNA damage
[8,22,37]. Defects in DNA mismatch repair can greatly increase
cancer risk, exemplified by the autosomal dominant Lynch
Syndrome (also known as hereditary non-polyposis colorec-
tal cancer, HNPCC) [25,29] and an autosomal recessive child-
hood hematological malignancy [35,41,45]. Analyses of mice
in which MMR genes are deleted [8,14] show the tumor sup-
pressive functions of MMR proteins generally to be conserved
in mammals.

MMR-dependent correction of replication errors and
responses to DNA damage in eukaryotes requires het-
erodimeric complexes of the highly conserved MutS Homolog
(MSH) and MutL Homolog (MLH) families. MutS«a (MSH2/MSH6)
or MutSB (MSH2/MSH3) initially recognizes DNA mis-
matches [22,37], and MLH heterodimers, principally MutLa
(MLH1-PMS2), link mismatch recognition to identification and
subsequent excision of the nascent (error containing) DNA
strand [22,37]. Although less is known about MMR-dependent
responses to DNA damage, recognition and processing of mis-
pairs resulting from replication bypass of damaged bases may
result in persistent DNA strand breaks that can signal acti-
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vation of cellular checkpoints [26,39]. Alternatively, signaling
may be accomplished by direct interactions between MSH
and MLH proteins and the proteins that regulate cell cycle
progression [1,6,15,16,38,42,43]. Loss of either MLH1 or MSH2
completely inactivates the error correction and checkpoint-
activation functions of MMR [8,14,37]. Correspondingly, the
most common mutations identified in Lynch Syndrome are
in MSH2 or MLH1 [25,29].

The MLH1 protein (Fig. 1A) can be divided approximately
into a highly conserved amino-terminal domain (residues
1-350), necessary for ATP binding and hydrolysis, a linker
domain (residues 350-500) that includes a nuclear localization
sequence, and a carboxyl-terminal domain (residues 500-756),
necessary for MLH1-PMS2 interaction [18]. Interactions medi-
ated by the C-terminal domain additionally appear necessary
for recognition of the nuclear localization sequences in MLH1
and PMS2 [4,46]. Furthermore, PMS2 protein abundance is
greatly reduced in cells lacking MLH1 [7,9,11,13,47], suggest-
ing that PMS2 might be stabilized by interaction with MLH1.
Pathogenic mutations [12,30] along the length of the gene have
been reported (Fig. 1A), including more than 30 single amino
acid substitutions targeting the C-terminal domain. Predict-
ing the disease risk associated with such mutations requires a
thorough understanding of the structure and function of the
C-terminal domain of MLH]1, in particular the identification of
sequences necessary for interaction with PMS2.

Apparently unique to MLH1 is the so-called carboxy ter-
minal homology domain (CTH), identified in a comparison of
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Fig. 1 - Conservation of functional domains of MLH1. (A) A schematic representation of human MLH1 N-terminal, linker and
C-terminal domains (delineated approximately by the amino acid residues listed underneath the bar and drawn to scale) is
presented. White boxes indicate primary sequence well conserved with yeast (S. cerevisiae) MLH1, black boxes the
sequences necessary for ATP binding and hydrolysis, and the shaded box at the extreme C-terminus the CTH domain.
Vertical lines indicate the location of single amino acid substitutions identified as pathogenic mutations [12,30]. Mutations
of interest in the current study are labeled. (B) An alignment of the C-termimal sequences of 14 eukaryotic MLH1 proteins is
presented. Shading highlights the degree of conservation within the CTH; residues identical in at least 10 of the listed
sequences are shaded in black, residues identical in 7-10 sequences in dark grey and conserved residues in light grey.
Numbering indicates the position of the last amino acid in each protein.
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