Role of MutSy in Homologous Recombination:
A biophysical and biochemical study
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Introduction

MutSy or Msh4-Msh5 in yeast and humans plays a critical
role in meiotic recombination by promoting crossovers, and
facilitating proper assembly of the synaptonemal complex.
Failure to form crossovers leads to improper segregation of
chromosomes and aneuploidy.

MutSy, a member of the MutS family of proteins, has high
levels of sequence identity with MutS homologs involved in
repair, but does not bind mismatches or insertion/deletion
loops. MutSy does exhibit strong affinity for Holliday
Junctions and other intermediates involved in recombination.
To better understand how Yeast Msh4-Msh5 recognizes and
binds to these different intermediates, we have developed a
structural model of MutSy
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MutSy binds to DNA substrates resembling recombination
intermediates. Fluorescence spectroscopy measurements of
binding affinity demonstrate that Msh4-MshS exhibits some
affinity for most recombination intermediates (A) and binds to
them in a I:1 stoichiometry (B). Subnanomolar affinity is
observed for binding to the junction (Table 1). C) Protein binding
induces structural changes into the DNA as measured by FRET.
Generally, Msh4-Msh5 displaces the single strand in single-strand
containing subtrates and induces a stacked junction-like structure
for D-loop with invading strand, pre-Holliday junction and the
open junction.
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MD-Refined Homology-Modeled Structure of MutSy
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< Using the extensive homology of the MutS family, we
generated a structural model of the Msh4-MshS5 protein
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" ¢ Sc Msh4-Msh5 is structurally homologous to Msh2-

Msh3 and Msh2-Msh6, but functionally distinct.
< Dynamic cross-correlation maps

visualize correlated motions in the
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2. MD-Refined HJ and Duplex Docked Structures

3 main points of contact with the junction:
MshS5 clamp, Msh4 clamp and DBR

MutSy + dsDNA MutSy + HJ,

< Structures were generated by
docking model HJ and duplex Cﬁj )
structures into the MD refined
model of Msh4-MshS5.

« Docked structures were refined
by MD simulation. We ran four
parallel simulations of the Msh4- #

Msh5-HJ complex

59— Mshd-Nsh5 with HJ (150 mM NaCl)

| —— Msha4-Mshs with HJ (150 mM KCI - Run 1)
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3 +* Residues identified to be in H-
bonding range of the DNA 80%
of the time in at least 3 out of 4
simulations
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Average RMSD (4)

+«* RMSD from four simulations of MutSy-HJ
complex shows an RMSD of 1.8 A with
respect to the average MD structure.
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J <+ Msh4 DBR: Residues K33, R37, N38, Q39, K40
« Msh4 Clamp: N532, R534, K536, R489
¢ Msh5 Clamp: N477,Y480, Y517,
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A. Experimental Validation of model: Spectroscopic Study B. Experimental Validation of model: Mutational Study
[

o
Or o H. N N N\ Ciid
[ ] < N > P
g Hoy Ay~ NH NN So
NONTR R
H R

B

<% Site-specific Msh4-Msh5
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Summary

¢ The MD-refined homology-modelled apo and bound structures
reveal a putative DBR, in which MutSy makes asymmetric
contacts with the junction core and arms. Model is consistent
with our mutational and spectroscopic studies.

« Domain-domain interactions support presence of DBR and
potentially point to allosteric interactions

«¢ In structure docked with HJ, the protein makes three points of
contact with the DNA- through the MshS clamp and Msh4 DBR
and clamp.
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< Anisotropy measurements comparing WT and mutant Sc Msh4-Msh5
reveal that site specific dynamics with mutant protein resemble those
of free junction. Global rotational information confirms that mutant
and WT complexes are present.

< These results suggest that the protein residues identified in the MD
simulations do play a role in interacting with the junction.




