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DNA mismatch repair following DNA replication
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DNA mismatch repair following DNA replication
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MutS and MutL X-ray Crystallography

E coli:GT

Lamers Nature, 407, 711 (2000)
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All crystal structures of different

MutS homologues bound to at least

types of errors or damage all have
sharp DNA bends




Cancer-Associated Inherited
Mutations of MutS & MutL
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DNA Mismatch Repair : The Hands of a Genome Structure of the MutLa C-terminal domain reveals how Mih1 contributes to Pms1 endonuclease site
Guardian

Structure, Volume 8, Issue 12, 2000, R237 - R241 NSMB, 20 161 (2013)



AFM Imaging of MutS
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AFM Imaging of MutS

Wang, et al., PNAS, 100, 14822 (2003)
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Use Single molecule FRET for:
- DNA bending dynamics
- Conformational changes
within MutS
- MutS sliding on DNA

Nature, 407, 711 (2000)



Single molecules

Most samples have lots of molecules

*] ml, 1 mM samples have ~10!> molecules
10 ng plasmid DNA is ~ 10! molecules
*]1 pancreas cell has ~ 10°-107 ribosomes




Single molecules
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Watching one molecule allows you to see things that
are hidden when averaging over 10> molecules



Single molecules - No Averaging
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FRET - My Key Tool

Fluorescence Resonance Energy Transfer (FRET)
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FRET to study mismatch repair

Unbent
Low FRET

Specific dye labels
sites for donor &
acceptor spanning
the DNA mismatch

We use T. aquaticus MutS
(MMR more like eukaryotic than E coli)
- Taq has no MutH gene

- Taqg MutL endonuclease

Obmolova Nature, 407, 703 (2000)



How to measure FRET from single molecules
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Raw Data Example
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Raw FRET Data Example
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2 Single Molecules: Donor only
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Free DNA before protein

excitation

2500
2000
1500 - @® TAMRA

1000

Intensity

19 bp 4- mismatch
500 —

0_

1.0 -
y 31 bp<

0.8

0.6
0.4
0.2

FRET

& Biotin

0.0 -




MutS induced DNA bending at a GT mismatch
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Dye-labeled MutS protein i1s bound to
bent DNA
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Population analysis of many molecules
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DNA bending for different mismatches
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FRET

T-bulge
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T_bu ge GT DeRocco et al.,

Biochemistry, 53, 2043 (2014)
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DNA mismatch repair: Bending Model
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DNA mismatch repair: Bending Model
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Key questions:
- what are the intermediates at these steps
- what is the strand discrimination mechanism




Models of daughter strand identification
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Models of daughter strand signaling in eukaryotic DNA
mismatch repair
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Models of daughter strand signaling in eukaryotic DNA
mismatch repair
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Conformation of free MutS dimer
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FRET between DNA and MutS to

w
verify sliding clamp 8 Qe
! donor S
" MutS )
bition .
streptavidin
|\ 1 g ptav
Lipid Bilayer
surface
ADP ATP
no transition with transition
=5 150 —— donor = 100 —— donor 31500. — donor
<C e t —_— —— acceptor
< 1000 acceptor < 000l acceptor swoo-
2 2 2
500 500
z Z & 5004
2‘2 4] 2 04 9—4 0+
[ = c
- T T T - T T T T T - T T T T T
140 144 148 152 72 74 76 78 80 82 135 140 145 150 158
Time (s) Time (s) Time (s)
FRET =0.68 ] FRET =0.67 i 1697 © upon Muts binding
- 91 1 - 60 w 1204 m preceeding shiding clamp
c c c - @ shding clamp
3 404 3 40+ -
0 L ] o
vl V] v}
I L
0 T wn’ Al 0 T T T
05 00 05 1.0 15 05 0.0 05 10 15 05 0.0 05 10 15
FRET efficiency FRET efficiency FRET efficiency
304 ot1=416s
204
I 104
120 T=225s 80+ 1=222s o4
—
£ 1 £ 0 c ig:‘ mt=151s
S 80 3 3°
1) O 404 o 104
. Y - 2.15
) [.:1 =7 30 mTt=215s
o L L\l LJ 1 0- - ‘;\g
0 2 4 & 8 10 12 14 2 4 6 8 10 12 14 .
T T L T T T
dwell time (s) dwell time (s) 2 4 6 8§ 1 12 14 16
Tl dwell time (s)

Qiu et al., EMBO J, 31, 2528 (2012)



Same Kkinetics for FRET between DNA
binding domains and FRET to the DNA
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FRET between DNA and MutS to
verify sliding clamp
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Combined results of 3 experiments support a model

DNA bending MutS at mismatch MutS conformation
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Models of daughter strand signaling in eukaryotic DNA
mismatch repair

PCNA protein /MutSa

Mismatch Error

Parent Strand * 7 i g
Daughter Strand &

v

D + MutLa & ATP

v

Translocation DNA looping Polvmerization

V==




What about the next protein, MutL?

dwell time at mismatch
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MutL prevents ATP/mismatch triggered sliding clamp
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Analysis of intermediate states
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Analysis of intermediate states
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Summary of mismatch repair signaling interactions
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Method Summary: Single molecule FRET
reveals dynamics of DNA repair proteins
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Final Thought

« Single molecule FRET reveals dynamic structural rearrangements and
multi-molecular interactions during complex, multi-step phenomena
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