Supplementary Figure 1. Biochemical characterization of yeast Msh2-Msh3. (a) An
SDS-PAGE gel of purified Msh2-Msh3. (b) ATPase assays indicates that QD-conjugated
Msh2-Msh3 retains near-wild type ATPase activity in the absence of DNA (black), on a
+8 insertion/deletion loop (IDL, green), and with a 3’-ssDNA flap (blue). Empty
symbols: no QDs, filled symbols: conjugated to anti-HA QDs. Error bars are standard
deviation of at least three measurements. (c) Electrophoretic mobility shift assay (EMSA)
for Msh2-Msh3 on a 3’ ssDNA flap DNA substrate. QD- and antibody-conjugated and
wild type proteins retain affinity for 3’-ssDNA flap DNA. The DNA substrate was made
by annealing oligos LS1/LS3/LS16 (Supplementary Table 4). Additional details are
included in the supplementary methods.

Supplementary Figure 2. Quantitative analysis of Msh2-Msh3 diffusion. Panels (a)(d) summarize the net displacement of at least 50 Msh2-Msh3 molecules at the indicated
nucleotide concentration. The red line is a Gaussian fit through the data. The mean ± S.D.
are indicated in each panel. Zero net displacement is a signature of thermally driven 1Ddiffusive motion.

Supplementary Figure 3. Msh2-Msh6 dwell times are not sensitive to the addition of
competitor DNA. (a) Kymograph of Msh2-Msh6 on single-tethered DNA curtains (top)
and in the presence of the same competitor DNA as in Figure 3a (bottom). White
arrowheads represent dissociation from the middle of the DNA and the yellow arrowhead
shows dissociation from the free DNA end. The dashed vertical line defines when the
competitor DNA (or a mock injection) was introduced into the flowcell. (b)
Quantification of the Msh2-Msh6 survival probabilities with no competitor or (c)
homoduplex competitor DNA. The half-life  S.E. is included in each panel.
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Sup
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measurements. (c) EMSA characterization of Msh2-Msh6, Msh2-Msh6(3MBD), and
Msh2-Msh3 lesion affinity. In all assays, the DNA concentration was 1 nM. In lanes 2-9,
the protein concentration was: 10 nM, 20 nM, 40 nM, 80 nM, 100 nM, 150 nM, 200nM,
and 300nM, respectively. The lesion specificity of Msh2-Msh6(3MBD) is between those
reported for Msh2-Msh6 and Msh2-Msh3. These findings are consistent with previous
SPR results described by Dowen et. al. (ref. 3) (d) A kymograph of fluorescent Msh2Msh6(3MBD) diffusing on homoduplex DNA. (e) Net displacement of 50 Msh2Msh6(3MBD) trajectories. The red line is a Gaussian fit to the data with a mean of
0.21.1 µm (S.D.). (f) A linear fit through the mean squared displacements for five
representative trajectories. The slopes of the fits were used to obtain 1D diffusion
coefficients.
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(lanes 4 & 5). Cleavage efficiency is defined as the intensity of the 3.4 kb band divided
by the sum of intensities of the 3.4 and 4.2 kb bands. Cleavage efficiency was normalized
to untreated λ-DNA (lane 2). (d) Alkaline agarose gel (0.6%) of the substrates shown in
(c) shows efficient ligation of all 13 Nt.BspQI sites in our DNA substrate. As expected,
the flap-containing DNA strand resolves into 44 kb, 24 kb and 20kb bands (red asterisk).
When the reaction is carried out with a complementary homoduplex oligo (lane 3), we
only see a 44 kb band (both top and bottom strands). (e) We confirmed that the flap was
incorporated into the DNA by directly visualizing the flap-oligonucleotide in a singletethered DNA curtain. For these experiments, the flap oligonucleotide was terminated
with a 3’-digoxigenin (dig) and was labeled with anti-dig QDs (magenta). The DNA was
stained with YOYO-1 (green). A line of QDs was visible at the expected flap position
(top panel). Nearly all QDs retracted to the barrier when buffer flow was turned off
(bottom panel). (f) Probability distribution of flap-QD positions. The red line is a
Gaussian fit to the data (mean =19.0±2.4 kb; n=508; error values represent one standard
deviation of the fit).

Supplementary Table 1. Nucleotide-dependent Msh2-Msh3 diffusion coefficients
1D Diffusion  S.D.
(µm2 s-1)

Net
Displacement
 S.D. (µm)
-0.1±0.7
-0.2±1.0
-0.4±1.2
0.0±0.7
-0.1±0.9

Number of
Molecules

p-value
(relative to
ADP)

(2.5±2.1) x 10-2
72
ADP
-2
(2.0±2.0) x 10
71
1.3 x 10-1
ATP
-2
+2
(3.8±3.9) x 10
56
2.5 x 10-2
ATP-Mg
(5.3±5.8) x 10-2
50
1.4 x 10-4
AMP-PNP
-2
(3.7±3.5) x 10
55
1.2 x 10-2
No
nucleotide
Note: All data points were acquired in imaging buffer with 50 mM NaCl (total ionic
strength of 76 mM).

Supplementary Table 2. Sodium chloride-dependent Msh2-Msh3 diffusion
coefficients
Net
[NaCl]
Total
Number
p-value
1D Diffusion 
Displacement
(mM)
Ionic
of
(relative to 25
S.D.
Strength
Molecules
mM NaCl)
(µm2 s-1)
 S.D.
(mM)
(µm)
51
(3.1±2.7) x 10-2 -0.1±0.6
47
25 mM
-2
76
(2.5±2.1) x 10
-0.1±0.7
72
1.1 x 10-1
50 mM
101
(7.0±7.0) x 10-2 0.1±1.0
60
6.7 x 10-5
75 mM
-1
126
(1.0±0.8) x 10
0.0±1.4
52
5.8 x 10-10
100mM
176
(1.2±1.4) x 10-1 -0.1±1.7
49
7.5 x 10-7
150mM
Note: All data points were acquired in imaging buffer with 1 mM ADP.
Supplementary Table 3. Sodium chloride-dependent Msh2-Msh6(3MBD) diffusion
coefficients
Net
Number
Total
p-value
1D Diffusion 
2 -1
Displacement
of
Ionic
(relative
to 25
S.D. (µm s )
(µm)
Molecules
Strength
mM NaCl)
(mM)
51
(5.8±5.2) x 10-2 0.0±0.9
57
25 mM
76
(5.0±3.7) x 10-2 0.2±1.1
50
4.9 x 10-1
50 mM
-1
101
(1.2±1.4) x 10
-0.2±1.2
58
9.5 x 10-4
75mM
126
(1.0±0.9) x 10-1 -0.2±1.2
50
7.1 x 10-4
100mM
-1
176
(1.9±1.1) x 10
0.1±1.8
54
6.7 x 10-16
150mM
Note: All data points were acquired in imaging buffer with 1 mM ADP.

Supplementary Table 4. Oligonucleotides used in this study
Oligo.
ID

Sequence

IF003

/5Phos/AGG TCG CCG CCC/3BioTEG

IF004

/5Phos/GGG CGG CGA CCT/3Dig_N

MB32

/5Phos/TGC ATG CGG CCG CTC TTC CCA TGG TGC GAT CGC TCT
TCG

MB34

/5Phos/TGC ATG CGG CCG CTC TTC CTT TTT TTT TTT TTT TTT T

MB35

TGC GAT CGC TCT TCG

MB36

/5Phos/TGC ATG CGG CCG CTC TTC CTT TTT TTT TTT TTT TTT
T/3Dig_N/

LS1

CACGCTACCGAATTCTGACTTGCTAGGACATCTTTGCCCACGTTG
ACCC

LS2

GGGTCAACGTGGGCAAAGATGTCCTAGCAAGTCAGAATTCGGTA
GCGTG

LS6T

CACGCTACCGAATTCTGACTTGCTAGTGACATCTTTGCCCACGTT
GACCC

LS8

CACGCTACCGAATTCTGACTTGCTAGGTGTGTGTGACATCTTTG
CCCACGTTGACCC

LS3

TCGATAGTCTCTAGATAGCATGTCCTAGCAAGTCAGAATTCGGTA
GCGTG

LS16

GCTATCTAGAGACTATCGA
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