
















































Supplementary Table 1 
 
Oligonucleotide sequences of DNA substrates used in NMR, FA, EMSA, and DIC 
(* indicates FITC or Cy3 position for FA or EMSA) 
 

splayed-arm (Y14) 
a) 5’•CAGCGCTCGGTTTT•3’ 
b) 5’•TTTTCCGAGCGCTG•3’ 

single-stranded (ss10)   *5’•CAGCGCTCGG•3’ 

single-stranded (ss18)   *5’•GTGATGCGTCAACACTTC•3’ 

single-stranded (ss20)   *5’•GTTAACCCTAACCCTAAGAT•3’ 

single-stranded (ss49)   *5’•AGCTACCATGCCTGCACGAATTAAGCAATTCGTAATCATGGTCATAGCT•3’ 

double-stranded (ds10) 
a)*5’•CAGCGCTCGG•3’ 
b) 5’•CCGAGCGCTG•3’ 

double-stranded (ds40) 
a) 5’• CAAGGACGACGATGACAAGTAGGATTTGGATCTACTGGAC•3’ 
b)*5’• GTCCAGTAGATCCAAATCCTACTTGTCATCGTCGTCCTTG•3’ 

double-stranded (ds49) 
a)*5’•AGCTACCATGCCTGCACGAATTAAGCAATTCGTAATCATGGTCATAGCT•3’ 
b) 5’•AGCTATGACCATGATTACGAATTGCTTAATTCGTGCAGGCATGGTAGCT•3’ 

parallel G4 (T95-2T)    5’•TTGGGTGGGTGGGTGGGT•3’ 

hybrid G4 (HT)   *5’•TTGGGTTAGGGTTAGGGTTAGGGA•3’ 

parallel G4 (CEB1)   *5’•AGGGGGGAGGGAGGGTGG•3’ 

tetramolecular G4   *5’• ACTGTCGTACTTGATATTGGGGC•3’ (4×) 

 



Supplementary Table 2 
 
Chemical shift based secondary structure (SS) prediction of RSM free 
(as part of RECQ4 322-400) 
 
H = helix  E = strand  L = coil 
 

 NMR backbone chemical shifts measured TALOS prediction 
aa HA HN N CA CB C Phelix Pstrand Pcoil SS 

H348 — 8.270 119.9 — 30.42 — 0.063 0.088 0.849 L 
D349 4.618 8.266 121.5 54.39 41.44 176.3 0.173 0.035 0.792 L 
R350 4.318 8.322 121.2 56.60 30.66 177.0 0.356 0.069 0.575 L 
G351 3.907 8.392 108.8 45.66 — 174.0 0.084 0.011 0.905 L 

N352 4.675 8.171 118.6 53.41 38.96 175.0 0.004 0.036 0.960 L 
Y353 4.542 8.025 120.6 58.30 38.80 175.8 0.038 0.082 0.880 L 
V354 3.987 7.896 121.8 62.84 32.78 175.9 0.065 0.133 0.802 L 
R355 4.308 8.153 124.1 56.39 30.78 176.4 0.056 0.144 0.800 L 

L356 4.297 8.128 123.0 55.55 42.59 177.1 0.092 0.061 0.848 L 
N357 4.671 8.335 119.0 53.43 38.80 175.4 0.053 0.040 0.906 L 
M358 4.429 8.168 120.5 55.97 32.92 176.4 0.092 0.050 0.858 L 
K359 4.273 8.199 121.6 56.81 32.85 176.7 0.079 0.049 0.871 L 

Q360 4.282 8.157 120.7 56.07 29.64 176.0 0.067 0.056 0.877 L 
K361 — 8.213 122.1 56.67 33.10 176.3 0.066 0.046 0.888 L 
H362 — — — 56.00 30.70 174.7 0.043 0.059 0.898 L 
Y363 4.577 8.081 122.1 57.95 39.09 175.5 0.024 0.204 0.772 L 

V364 4.027 8.019 122.8 62.39 33.05 175.8 0.015 0.384 0.601 L 
R365 — 8.292 124.9 56.58 30.91 176.8 0.039 0.103 0.858 L 
G366 3.925 8.353 109.9 45.54 — 174.1 0.048 0.034 0.919 L 
R367 4.288 8.177 120.3 56.53 30.99 176.3 0.204 0.057 0.739 L 

A368 4.299 8.271 124.8 52.78 19.15 177.9 0.193 0.073 0.734 L 
L369 4.296 8.091 121.6 55.67 42.38 177.7 0.296 0.069 0.634 L 
R370 4.305 8.216 121.2 56.74 30.61 176.7 0.428 0.054 0.517 L 
S371 4.387 8.156 116.1 58.96 63.77 175.0 0.261 0.017 0.722 L 

R372 4.293 8.250 122.9 56.94 30.77 176.5 0.325 0.037 0.638 L 
L373 4.301 8.058 122.1 55.66 42.31 177.4 0.458 0.079 0.463 L 
L374 4.331 8.026 122.6 55.50 42.34 177.5 0.353 0.067 0.580 L 
R375 4.295 8.101 121.5 56.44 30.85 176.5 0.325 0.032 0.642 L 

K376 4.229 8.175 122.0 56.90 33.01 176.8 0.299 0.042 0.660 L 
Q377 4.217 8.252 120.9 56.18 29.36 176.0 0.276 0.037 0.687 L 
A378 4.257 8.189 124.8 53.02 19.18 177.7 0.156 0.032 0.812 L 
W379 4.595 7.943 119.8 57.66 29.49 176.4 0.320 0.073 0.607 L 

K380 4.099 7.801 122.1 56.75 33.05 176.4 0.305 0.071 0.624 L 
Q381 4.129 7.954 120.2 56.26 31.56 176.1 0.093 0.055 0.852 L 
K382 4.173 8.067 121.7 56.93 32.92 176.3 0.028 0.051 0.921 L 
W383 4.675 7.903 120.9 57.10 29.74 176.1 0.037 0.066 0.897 L 

R384 4.243 7.939 122.4 56.10 31.10 175.9 0.051 0.077 0.872 L 
K385 4.203 8.127 122.4 56.45 33.30 176.5 0.047 0.054 0.899 L 
K386 4.233 8.253 122.7 56.95 33.06 177.0 0.038 0.042 0.920 L 
G387 3.980 8.360 110.4 45.43 — 174.2 0.145 0.022 0.832 L 

E388 — 8.134 120.5 56.69 30.67 176.4 0.333 0.333 0.333 L 



Supplementary Table 3 
 
Chemical shift based secondary structure (SS) prediction RSM bound to ds10 DNA 
 
 
H = helix  E = strand  L = coil 
 

 NMR backbone chemical shifts measured TALOS prediction 
aa HA HN N CA CB C Phelix Pstrand Pcoil SS 

H348 4.587 8.355 117.6 55.22 29.77 174.4 0.333 0.333 0.333 L 
D349 4.542 8.293 121.2 53.92 41.44 176.2 0.060 0.066 0.874 L 
R350 4.247 8.374 121.6 56.11 30.61 176.9 0.042 0.049 0.910 L 
G351 3.851 8.425 108.8 45.19 — 173.9 0.020 0.045 0.936 L 

N352 4.602 8.186 118.5 52.87 38.91 174.8 0.011 0.052 0.937 L 
Y353 4.437 8.006 120.5 57.91 38.82 175.6 0.012 0.129 0.860 L 
V354 3.889 7.899 122.2 62.36 32.75 175.8 0.023 0.265 0.712 L 
R355 4.206 8.171 124.2 55.86 30.80 176.3 0.011 0.286 0.703 L 

L356 4.228 8.175 123.0 55.07 42.68 177.0 0.022 0.122 0.856 L 
N357 4.608 8.352 118.7 52.9 38.71 175.2 0.015 0.085 0.900 L 
M358 4.371 8.200 120.2 55.47 32.83 176.4 0.023 0.073 0.904 L 
K359 4.213 8.230 121.5 56.39 32.86 176.6 0.026 0.062 0.912 L 

Q360 4.215 8.209 120.6 55.54 29.66 175.9 0.026 0.069 0.905 L 
K361 4.146 8.261 122.1 56.17 33.15 176.0 0.012 0.102 0.886 L 
H362 4.600 8.343 119.4 55.04 29.98 174.1 0.022 0.252 0.726 L 
Y363 4.502 8.199 122.2 57.48 39.18 175.3 0.000 0.637 0.363 L 

V364 3.981 8.125 123.2 61.85 33.2 175.6 0.000 0.654 0.346 L 
R365 4.213 8.400 125.1 56.11 30.94 176.8 0.012 0.133 0.855 L 
G366 3.927 8.483 110.0 45.14 — 174.2 0.008 0.054 0.938 L 
R367 4.220 8.180 120.9 56.18 31.03 176.3 0.082 0.069 0.849 L 

A368 4.240 8.368 124.7 52.46 19.14 178.0 0.058 0.112 0.830 L 
L369 4.224 8.154 121.4 55.41 42.22 177.7 0.094 0.118 0.788 L 
R370 4.227 8.282 120.9 56.5 30.71 176.7 0.149 0.063 0.788 L 
S371 4.331 8.199 115.8 58.68 63.79 175.1 0.083 0.027 0.890 L 

R372 4.215 8.298 122.9 56.75 30.66 176.8 0.144 0.067 0.789 L 
L373 4.223 8.104 121.6 55.5 42.13 177.6 0.275 0.111 0.614 L 
L374 4.240 8.021 121.8 55.25 42.26 177.7 0.148 0.070 0.782 L 
R375 4.219 8.111 121.2 56.27 30.74 176.6 0.110 0.046 0.845 L 

K376 4.146 8.186 121.6 56.61 32.9 176.9 0.085 0.048 0.867 L 
Q377 4.145 8.245 120.3 55.87 29.24 176.1 0.070 0.047 0.883 L 
A378 4.173 8.190 124.2 52.79 19.14 177.9 0.061 0.061 0.878 L 
W379 4.457 7.940 119.6 57.4 29.49 176.4 0.122 0.111 0.767 L 

K380 3.967 7.765 121.7 56.42 33.03 176.4 0.079 0.068 0.853 L 
Q381 4.043 7.936 119.8 55.73 29.21 176.0 0.024 0.049 0.927 L 
K382 4.084 8.035 121.4 56.46 32.87 176.2 0.015 0.053 0.931 L 
W383 4.537 7.878 121.0 56.65 29.64 175.9 0.020 0.100 0.880 L 

R384 4.159 7.841 122.6 55.44 31.24 175.6 0.023 0.124 0.853 L 
K385 4.120 8.198 123.1 55.84 33.29 176.3 0.015 0.090 0.895 L 
K386 4.181 8.358 123.3 56.52 33.04 177.0 0.016 0.081 0.904 L 
G387 3.901 8.452 111.7 44.87 — 173.1 0.055 0.063 0.882 L 

E388 — 7.824 125.5 57.44 — — 0.333 0.333 0.333 L 



Supplementary Table 4 
 
Chemical shift based secondary structure (SS) prediction of RSM bound to RPA32C 
 
 
H = helix  E = strand  L = coil 
 

 NMR backbone chemical shifts measured TALOS prediction 
aa HA HN N CA CB C Phelix Pstrand Pcoil SS 

H348 4.539 8.302 117.8 55.64 29.63 174.5 0.333 0.333 0.333 L 
D349 4.497 8.240 121.2 54.31 41.29 176.3 0.287 0.007 0.706 L 
R350 4.211 8.323 121.5 56.50 30.47 176.9 0.081 0.016 0.904 L 
G351 3.804 8.376 108.8 45.56 0.000 174.0 0.023 0.038 0.939 L 

N352 4.564 8.141 118.5 53.32 38.74 174.9 0.034 0.030 0.935 L 
Y353 4.412 7.992 120.5 58.34 38.64 175.7 0.044 0.060 0.896 L 
V354 3.849 7.879 121.9 62.86 32.67 175.9 0.108 0.048 0.844 L 
R355 4.160 8.118 124.0 56.37 30.63 176.4 0.070 0.057 0.873 L 

L356 4.177 8.109 122.8 55.47 42.48 177.1 0.210 0.051 0.739 L 
N357 4.557 8.307 118.8 53.33 38.55 175.4 0.109 0.025 0.865 L 
M358 4.288 8.150 120.1 56.12 32.66 176.5 0.250 0.050 0.700 L 
K359 4.142 8.152 121.3 56.97 32.66 176.9 0.267 0.039 0.694 L 

Q360 4.159 8.128 120.4 56.17 29.42 176.2 0.147 0.023 0.830 L 
K361 4.074 8.198 121.8 56.90 32.89 176.5 0.167 0.036 0.797 L 
H362 4.522 8.231 119.1 55.86 29.85 174.7 0.094 0.035 0.871 L 
Y363 4.424 8.119 122.0 58.31 38.85 175.7 0.058 0.057 0.885 L 

V364 3.852 8.033 122.6 62.82 32.81 176.0 0.079 0.054 0.867 L 
R365 4.122 8.259 124.3 56.90 30.66 177.1 0.104 0.017 0.878 L 
G366 3.847 8.332 109.4 45.83 — 174.6 0.370 0.023 0.606 L 
R367 4.070 8.074 121.2 57.38 30.58 177.0 0.751 0.018 0.231 H 

A368 4.107 8.223 123.9 53.56 18.65 178.7 0.923 0.006 0.071 H 
L369 4.076 7.984 120.8 56.50 41.90 177.9 0.956 0.000 0.044 H 
R370 4.012 8.105 119.9 57.91 30.23 177.4 0.966 0.000 0.034 H 
S371 4.198 8.050 114.8 60.02 63.33 175.7 0.953 0.000 0.047 H 

R372 4.013 8.079 122.5 58.32 30.33 177.5 0.952 0.000 0.048 H 
L373 4.104 8.054 120.5 56.64 41.73 178.5 0.977 0.000 0.023 H 
L374 4.116 7.926 121.1 56.52 41.85 178.6 0.979 0.000 0.021 H 
R375 4.046 7.934 120.7 57.72 30.31 177.3 0.950 0.000 0.050 H 

K376 4.029 8.138 121.0 57.99 32.52 177.3 0.937 0.000 0.063 H 
Q377 4.027 8.103 119.3 57.06 28.84 176.8 0.915 0.000 0.085 H 
A378 4.078 7.990 123.2 53.77 18.59 178.9 0.895 0.000 0.105 H 
W379 4.398 7.920 119.4 58.70 29.12 177.2 0.924 0.005 0.070 H 

K380 3.957 7.857 120.4 57.54 32.69 177.4 0.830 0.007 0.163 H 
Q381 4.001 7.834 118.7 56.79 28.87 176.6 0.418 0.001 0.581 L 
K382 4.001 7.831 120.4 57.26 32.64 176.7 0.159 0.007 0.834 L 
W383 4.465 7.795 120.2 57.28 29.56 176.0 0.107 0.039 0.854 L 

R384 4.134 7.722 121.9 56.00 31.01 175.8 0.100 0.035 0.865 L 
K385 4.105 8.160 122.9 56.26 33.05 176.4 0.039 0.028 0.933 L 
K386 4.144 8.271 123.0 56.85 32.86 177.0 0.049 0.026 0.925 L 
G387 3.843 8.388 111.5 45.25 — 173.1 0.256 0.017 0.727 L 

E388 4.055 7.762 125.4 57.80 31.09 — 0.333 0.333 0.333 L 



Supplementary Table 5 
 
Primer sequences for the preparation of constructs used in this study 
Lowercase underlined denotes overhang 
Uppercase underlined denotes stop codon 
Lowercase bold denotes restriction enzyme sequence 
 

Construct Forward primer Reverse primer 

RPA70(1-120) aaaccatggTCGGCCAGCTGAGCGAGG ttaggatccTTATTCATTATAGGGCAC
TGG 

RPA32(172-270) aaaccatggCCAACAGCCAGCCCTCAG
C 

ttaggatccTTATTCTGCATCTGTGGA
TTTAAAATG 

RECQ4(1-400) aaatcatgaTGGAGCGGCTGCGGGACG
TG 

ttaggatccTCACTTGGTTGTGACTGT
GGCA 

RECQ4(1-150) ttaccatggAGCGGCTGCGGGACGTGC
GGGAG 

ttaggatccTCAGGAGGGGACAGGCCC
TGTACCTGGGGGC 

RECQ4(150-315) aaaccatggGCTCCTTTGCAGAAAAAG
TCAGTGATG 

ttaggatccTTACGATGGGCTGCTGCA
GGGCTGA 

RECQ4(322-400) ttaccatggGACTCAGCCCCTCCAGTC
A 

ttaggatccTCACTTGGTTGTGACTGT
GGCA 

RECQ4(348-388) ttaccatggCACATGACAGGGGCAATT
AC 

ttaggatccTCACTCCCCTTTCTTCCG
CCA 

RECQ4(348-388) 5E mutant CGTAGCAGGCTCCTCGAGGAGCAGGCA
TGGGAGCAGGAGTGGGAGAAGAAAGGG
GAG 

CTCCCCTTTCTTCTCCCACTCCTGCTC
CCATGCCTGCTCCTCGAGGAGCCTGCT
ACG 

RECQ4(348-388) 
W379A/W383A mutant 

CGCAAGCAGGCAGCGAAGCAGAAGGCG
CGGAAGAAA 

TTTCTTCCGCGCCTTCTGCTTCGCTGC
CTGCTTGCG 

C. elegans SLD2 
full-length 

ttaccatggAAGAGTGGAAAACGTCT ttaggatccTCAGTACTTCTTCTTGAA
CAT 

 



Supplementary Table 6 
 
Buffer and temperature of NMR experiments 
(all buffers contained 10% D2O for the lock) 
 

NMR data displayed in Buffer composition and temperature in Kelvin 

Fig. 2a,b 50 mM NaPO4, pH 6.0, 100 mM NaCl, 1 mM TCEP, 1 mM d6-EDTA, 298 K 

Fig. 3a,b 50 mM NaPO4, pH 6.0, 150 mM NaCl, 1 mM TCEP, 1 mM d6-EDTA, 5% d8-glycerol, 298 K 

Fig. 4a,b 50 mM NaPO4, pH 6.0, 150 mM NaCl, 1 mM TCEP, 1 mM d6-EDTA, 5% d8-glycerol, 298 K 

Fig. 5a,b 25 mM KPO4, pH 6.5, 70 mM KCl, 298 K 

Supplementary Fig. 3b 25 mM Hepes, pH 7.0, 120 mM NaCl, 2 mM BME, 0.25% d8-glycerol, 293 K 

Supplementary Fig. 3c,d 30 mM NaPO4, pH 6.0, 100 mM NaCl, 1 mM TCEP, 298 K 

Supplementary Fig. 4a 50 mM NaPO4, pH 6.0, 100 mM NaCl, 1 mM TCEP, 1 mM d6-EDTA, 298 K 

Supplementary Fig. 5c 25 mM KPO4, pH 6.5, 70 mM KCl, 80 mM NaCl, 5% d8-glycerol, 298 K 

Supplementary Fig. 6 50 mM NaPO4, pH 6.0, 100 mM NaCl, 1 mM TCEP, 298 K 

Supplementary Fig. 7a 20mM NaPO4, pH 6.0, 100mM NaCl, 2 mM BME, 278 K 

Supplementary Fig. 7d 50 mM NaPO4, pH 6.0, 150 mM NaCl, 1 mM d6-EDTA, 5% d8-glycerol, 298 K 

Supplementary Fig. 8 20 mM NaPO4, pH 6.0, 300 mM NaCl, 1 mM d6-EDTA, 5% d8-glycerol, 288 K 

Supplementary Fig. 9 50 mM NaPO4, pH 6.0, 150 mM NaCl, 1 mM TCEP, 1 mM d6-EDTA, 5% d8-glycerol, 298 K 

Supplementary Fig. 10 50 mM NaPO4, pH 6.0, 150 mM NaCl, 1 mM TCEP, 1 mM d6-EDTA, 5% d8-glycerol, 298 K 

Supplementary Fig. 13a,c 20 mM KPO4, pH 6.5, 70 mM KCl, 1 mM d6-EDTA, 298 K 

Supplementary Fig. 14e 20 mM KPO4, pH 6.5, 70 mM KCl, 1 mM d6-EDTA, 298 K 

Supplementary Fig. 15 25 mM KPO4, pH 6.5, 70 mM KCl, 298 K 

 



Supplementary Table 7 
 
The kinetic parameters and scaling factors obtained by global fit 
The best-fit estimates of the kinetic parameters and the signal scaling factors were obtained by 
nonlinear regression based on numerical integration of the rate equations derived from the input 
kinetic model (Fig. 6f). The standard error (± s.e.) was calculated from the covariance matrix 
during nonlinear regression. 
 

Parameter best-fit ± s.e. 
Scaling factors       

(replicate 1) 
best-fit ± s.e. 

Scaling factors       

(replicate 2) 
best-fit ± s.e. 

k1 μM-1.s-1  5.4 ± 0.2  
a265  0.98 ± 0.01  a265  1.37 ± 0.01  

a196 1.16 ± 0.06 a196 0.21 ± 0.03 

k-1 s-1  17.4 ± 0.9  
b196  0.55 ± 0.01  b196  0.76 ± 0.01  

aFI  0.0224 ± 0.0005  aFI  0.0179 ± 0.0003  

k2 μM-1.s-1 1.9 ± 0.1 
bFI  0.086 ± 0.001  bFI  0.055 ± 0.001  

aOD  0.0075 ± 0.0003  aOD  0.0051 ± 0.0002  

k-2 s-1  0.19 ± 0.01  
aLS (G4 fixed)  0.030 ± 0.001  aLS (G4 fixed)  0.042 ± 0.002  

aLS (sRSM fixed)  0.043 ± 0.002  aLS (sRSM fixed)  0.049 ± 0.002  

k3 μM-1.s-1  0.21 ± 0.01  
bn=3  3.3 ± 0.4  bn=3  3.3 ± 0.4  

bn=4  3.3 ± 1.1  bn=4  3.3 ± 1.1  

k-3 s-1  0.044 ± 0.004  
bn=5  6.2 ± 2.8  bn=5  6.2 ± 2.8  

bn=6  13.6 ± 2.3  bn=6  13.6 ± 2.3  
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