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ASF1Ay—P4 (8BV1)

Crystallization
conditions

Cryoprotection

Data collection

Space group

Cell dimensions
a, b, c(R)
a,B,v(°)

Za

Resolution (A)
Remeas ; Rmeas”

Rpim ; Rpim"

I/ol ; 1/al*
Completeness (%)
Completeness (%)*
Redundancy
Redundancy”
CC(1/2) ; CC(L/2)*

Refinement
Resolution (A)
No. unique reflections
Rwork / Rfree (%)
No. atoms
Protein
Heterogen
Water
B-factors
Protein
Heterogen
Water
R.m.s. deviations
Bond lengths (A)
Bond angles (°)
Molprobity
Ramachandran outliers
Ramachandran favored
C-beta deviations

[ASF1AN] = 7.1 mg/mL
[ASF1Ay):[P4] ratio = 1:1.5

0.1 M Tris pH 8.5

30% (w/v) PEG 400

12% (v/v) glycerol in mother liquor

P4;

123.89, 123.89, 179.31
90.0, 90.0, 90.0

6x ASF1 protein

6x inhibitor

49.37-2.83 (2.91-2.83)"
0.16 (2.38)%; 0.18 (4.93)"
0.04 (0.64)"; 0.05 (1.33)"
13.1(1.4)";19.3(0.7)"
88.8 (22.5)"

100 (100)*

14.3 (14.0)"

14.3 (13.6)"

1.00 (0.61)"; 1.00 (0.32)"

29.79 (2.834)"
56834
20.37/22.09

7901
234
148

99.89
89.69
76.59

0.008
0.910

0.00 %
99.36 %
0

*Values in parentheses are for highest-resolution shell
# Statistics after applying Staraniso

Supplementary Table S1 Data collection and statistical refinement of the crystal structures of ASF1Ay in complex with the
inhibitory peptide P4.
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Compound Kp (uM) N AH (kcal.mol?) -TAS (kcal.mol?)
P4 0.20 £ 0.09 1.0+0.1 -9.2+0.4 0.7+0.6
c3u_3 7.7+£2.0 13+0.1 -3.9+0.5 -29+0.7
c3u_4 185 2.1+0.3 -0.9+0.2 -55+04
c3u_5 40+0.2 1.7+0.1 -43+0.3 -3.0+0.3
c3u_6 8.0+0.3 1.0+0.1 -4.0+£0.2 -2.8+0.1
c3u_7 12+2 1.3+0.2 -3.5+0.1 -3.1+0.1
c3u_8 45+5 2.2+0.3 -2.7%0.2 -3.1+0.3
c4u 2.7+0.6 1.0+0.1 -2.2+0.1 -4.8+0.2

Supplementary Table S2. Binding affinities and thermodynamic parameters of peptides/chimeras for ASF1Ay as determined by ITC
measurements. All along the manuscript, c3u_i stands for chimera containing 3 ureas whereas c4u is a chimera containing four ureas
reported in a previous study. Results for c4u were previsously published. *
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C3u_i chemical shift lists

C3u_3 C3u_5 C3u_7
RESIDUE atom 283°K 293°K 303°K RESIDUE atom 283°K 293°K 303°K RESIDUE atom 283°K 293°K 303°K
CA 2451 24.56 24.59 CA 24.41 24.49 24.54 CA 24.518 24.635 24.573
Aco QA 2.07 2.07 2.07 ACO QA 2.06 2.06 2.057 Aco QA 2.1 2.099 2.087
CA 57.28 57.30 57.33 CA 57.08 57.109 57.246 CA 57.70 57.73 57.66
cB 30.21 30.19 30.23 CB 30.12 30.175 30.21 cB 30.03 30.14 30.11
CcG 36.25 36.27 36.32 CG 36.19 36.189  36.278 CcG 36.17 36.24 36.24
HA 414 414 415 HA 412 4118 4125 HA 413 414 414
E1 HN 8.51 8.45 8.38 E1 HN 8.51 8.442 8.366 E1 HG22 2.27 2.27 2.27
N 127.24 127.19 127.04 N 127.7 127.47 127.35 HG23 2.23 2.23 223
QB 1.94 1.95 1.95 QB 1.89 1.891 1.895 HN 8.55 8.476 8.419
QG 2.23 2.23 2.23 QG 221 2211 2.216 N 127.79 127.57 127.45
CA 57.53 57.50 57.48 CA 57.11 57.10 57.12 CA 57.71 57.68 57.60
CB 32.99 32.97 32.98 CcB 32.58 32.57 32.59 CB 32.46 32.56 32.48
cD 29.05 29.05 29.05 cD 29.00 29.01 29.01 CcD 29.14 29.18 29.09
CE 42.04 42.04 42.09 CE 42.05 42.03 42.03 CE 42.00 42.01 42.01
cG 24.91 24.88 24.86 CcG 24.68 24.63 24.64 CcG 24.78 24.78 24.68
HA 4.00 4.00 4.00 HA 4.06 4.06 4.05 HA 4.05 4.05 4.05
HB2 1.46 1.44 1.42 HB2 1.48 1.47 1.47 HB2 1.59 1.57 1.55
k2 HB3 1.39 1.38 1.37 k2 HB3 1.40 1.40 1.39 k2 HB3 1.50 1.48 1.47
HG2 1.18 1.16 1.15 HG2 1.13 1.12 1.11 HG2 1.19 117 1.15
HG3 1.01 1.00 1.00 HG3 1.01 1.00 1.01 HG3 1.069 1.052 1.04
HN 8.33 8.25 8.17 HN 8.45 8.37 8.30 HN 8.48 8.41 8.34
N 121.92 121.74 121.56 N 121.33 121.13 120.96 N 121.08 120.93 120.78
Qb 1.53 1.52 1.52 Qb 151 1.50 1.50 Qb 1.55 1.53 1.52
QE 2.86 2.86 2.86 QE 2.85 2.84 2.84 QE 2.85 2.85 2.85
CAl 53.25 53.27 53.33 CA 56.98 56.89 56.89 CA 58.08 58.04 57.75
CA2 46.68 46.69 46.73 cB 36.62 36.62 36.53 CB 36.35 36.35 36.31
CcB 37.56 37.50 37.47 HA 4.79 4.78 4.78 HA 4.66 4.68 4.68
HA 438 437 4.38 HB2 371 371 3.71 HB2 3.67 3.67 3.688
HA22 3.57 3.57 3.56 HB3 3.43 3.42 3.44 HB3 3.52 3.53 3.51
HA23 3.13 3.13 3.15 HN 8.12 8.05 7.99 HN 8.21 8.13 8.06
HB2 3.42 3.42 3.42 N 119.58 119.42 119.30 N 119.79 119.59 119.41
HB3 3.06 3.07 3.08
HN1 7.86 7.79 7.72
HN2 6.18 6.15 6.11
N1 124.62 124.52 124.44
N2 79.31 79.41 79.48
NaLU3 CcD1 130.38 Nal CcD1 130.56 Nl CcD1 130.58
CD3 129.24 CcDb3 129.44 D3 129.44
CE1 128.35 CE1 128.40 CE1l 128.46
CE3 128.73 CE3 128.92 CE3 12891
CG2 126.09 CG2 125.87 CG2 125.77
Ccz1 130.08 cz1 130.66 cz1 130.69
Cz2 131.62 Cz2 131.72 Cz2 131.71
HD1 7.38 HD1 7.40 HD1 7.42
HD3 7.59 HD3 7.62 HD3 7.62
HE1 7.45 HE1 7.46 HE1 7.48
HE3 7.56 HE3 7.58 HE3 7.57
HG2 8.11 HG2 8.11 HG2 8.09
HZ1 7.84 HzZ1 7.87 HZ1 7.87
HZ2 7.95 HZ2 7.97 HZ2 7.96
CA1 52.76 52.78 52.82 CA 53.28 53.25 53.24 CA 53.72 53.74 53.68
cA2 4734 4732 4733 cB 19.59 19.70 19.75 cB 18.84 18.97 18.90
CB 31.77 31.80 31.85 HA 4.20 4.20 4.20 HA 4.14 4.16 4.15
cD 43.59 43.59 43.59 HN 8.19 8.12 8.04 HN 8.20 8.14 8.09
cG 27.49 27.49 27.49 N 125.27 125.16 125.07 N 123.57 123.57 123.57
HA 3.74 3.73 3.73 QB 1.40 1.39 1.38 QB 1.433 1.43 1.42
RY4 HA22 3.30 3.30 3.29 A4 A4
HA23 2.77 2.81 2.82
HB2 1.49 1.50 1.50
HB3 1.33 133 133
HG2 1.65 1.65 1.65
HG3 1.55 1.55 1.55
HN1 6.00 5.96 5.92
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HN2 598 5.94 5.92
HNE  7.25
NI 9296 9303  93.05
N2 7989 79.92  79.92
NE 84.68
ap 3.15 3.14 3.14
CAl 5096  51.03 5113 CAl 5213 5217 5221 CcA 5718  57.16  57.08
CA2 4755 4746 4755 CA2 4665 4656 4659 cB 3044 3055 3055
B 4362 4366 4372 c8 3120 3124 3127 D 4326 4343 4337
1 2397 2392  23.99 CD 4356 4356 4356 G 2740 2745 27.39
02 2535 2532 2531 G 27.58 2756  27.56 HA 4.19 421 4.20
G 2688 2688  26.88 HA 3.94 3.92 391 HG2 1.68 168 167
HA 3.65 365 3.64 HA22 330 329 3.28 HG3 161 1.60 1.60
HA22 3.0 311 311 HA23 292 2.93 2.96 HN 812 8074 802
HA23 235 2.44 251 HB2 154 1.54 1.54 HNE 7383 734 7.34
L5 HG 1.50 150 150 RUS HB3 141 141 141 RS N 11849 11835  118.23
HNL 577 576 573 HG2 1.63 1.62 1.62 NE 8431 8452 8452
HN2  6.09 6.08 6.07 HG3 1.54 1.54 1.54 QB 1.84 1.85 185
NI 9412 9416 9416 HNL  7.82 7.74 7.67 ap 3.20 3.20 3.20
N2 82.02 8209  82.07 HN2 5.93 5.91 589
ol 1.04 1.0 1.06 HNE 731 7.26 7.26
i 077 077 077 N1 12508 12499  124.89
2 079 079 079 N2 7857 7868 7881
NE 8510 8498 8498
o} 3.16 3.16 3.16
CA 5322 5324 5326 CAl 5100 5115 5125 CA 5617  56.18  56.10
B 1995 1995  19.97 CA2 4778 4778 47.77 c8 4262 4270 4271
HA 2.06 207 207 c8 4353 4363 4364 cD1 2321 2335 2330
HN 6.48 6.44 6.41 CD1 2405 2411 2415 D2 2507 2512 2501
N 9124 9132 9137 CD2 2523 2526  25.27 HA 421 423 422
a8 1.29 129 129 G 2703 2703 27.03 HB2 1.65 1.64 1.63
HA 3.80 3.77 3.76 HB3 151 151 152
HA22 325 322 321 HN 8.01 7.95 7.89
A6 196 HA23 275 2.79 281 6 N 12160 12155  121.52
HG 1.59 1.59 159 QD1 0.84 0.84 0.83
HNL 590 5.85 5.81 QD2 085 0.85 0.85
HN2 603 6.01 5.97 G 2695 2695 2695
NI 9396 9406  94.13 HG 161 162 162
N2 8034 8052  80.57
QB 121 121 121
ap1 084 0.83 0.83
ap2 085 0.85 0.85
CA 5604 5603  56.03 CAl 5275 5281  52.84 CAl | 5162 5185  51.84
B 3057 3063 3066 CA2 4694 4693  46.98 CA2 | 4624 4633  46.28
D 4345 4345 4339 8 3097 3095 3091 cB 29.83 2993 2992
e 2731 2731 2731 G 3441 3441 3450 G 3406 3422 3416
HA 429 430 430 HA 3.66 3.65 3.66 HA 3.85 3.87 3.87
HB2 187 187 1.86 HA22 332 330 330 HA22 | 3.25 3.26 3.25
He3 176 176 175 HA23 2091 2.92 2.94 HA23 | 272 2.79 2.80
HG2 163 164 164 HB2 172 1731 1.73 HB2 1.65 1.69 1.69
R7 HG3 1.58 156 156 Q7 HB3 147 1.49 1.50 Q7 HB3 1.33 1.41 142
HN 8.44 837 831 HN1 591 5.88 5.85 HNL | 7.64 7.60 7.56
HNE 7.5 HN2 642 638 6.35 HN2 | 5.94 5.94 5.91
N 11847 11838 11821 HNE2  7.46 7.42 7.38 HNE2 | 7.38 7.34 7.30
NE 84.52 HNE3  6.75 6.72 6.69 HNE3 | 6.79 6.74 6.70
@ 317 316 318 NI 9179 9181 9184 N1 | 12430 12440 12447
N2 8202 8200  81.99 N2 7918 79.18  79.24
NE 11242 11214 11185 NE | 11231 11202 11172
QG 218 2.18 221 QG 211 2.15 215
CA 5633 5636 5636 CA 5714 5714  57.24 CAl | 5296 5304 5297
e 3079 3077 3074 c8 31.46 3148 3148 CA2 | 4727 4725 4718
D 4342 4342 4342 CD 4335 4334 4338 cB 3172 3184 3179
R8 G 2713 2743 2713 R8 G 2732 2732 2732 RUS o) 4346 4369 4365
HA 427 428 428 HA 412 4.11 412 G 2766 2766  27.62
HB2 1.82 183 184 HB2 175 175 175 HA 3.70 3.70 3.69
HB3 175 176 175 HB3 167 167 1.67 HA22 | 334 333 331
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HG2 161 161 161 HN 6.62 6.57 6.52 HA23 2.79 2.83 2.84
HG3 157 157 157 HNE 7.26 7.25 7.25 HB2 1.51 1.51 1.50
HN 8.43 2.39 2.32 N 88.19 88.23 88.29 HB3 131 133 1.32
HNE 724 NE 84.34 84.58 84.58 HG2 1.61 1.61 1.61
N 122.78 122.59 122.48 Qb 3.13 3.13 3.14 HG3 1.52 1.54 1.53
NE 84.65 QG 1.55 1.54 1.54 HN1 5.94 5.90 5.86
Qo 3.16 3.16 3.16 HN2 5.97 5.96 5.95
HNE 7.18 7.15 7.15

N 93.04 93.06 93.03

N2 79.72 79.72 79.64

NE 85.07 85.21 85.21
Qb 3.12 3.13 3.13

CcA 60.95 60.98 61.01 cA 61.01 61.03 61.05 cAL 56.83 57.05 57.04
B 38.82 38.86 38.90 cB 38.74 38.77 38.80 cA2 44.82 44.89 44.81
o) 12.81 12.81 12.86 D 12.87 12.85 12.89 D 13.41 13.41 13.44
cG1 27.21 27.20 27.21 CG1 27.30 27.32 27.32 cG1 27.48 27.48 27.47
G2 17.39 17.45 17.50 G2 17.49 17.48 17.52 G2 17.78 17.85 17.78
HA 4.16 4.16 4.16 HA 4.16 4.162 4.16 HA 3.60 3.59 3.58
HB 187 187 187 HB 1.89 1.89 1.89 HA22 3.47 3.45 3.43
HG12 1.48 147 147 HG12 1.47 1.46 1.46 HA23 2.80 2.85 2.85
19 HG13 118 118 118 19 HG13 118 1.18 118 19 HB12 1.43 1.43 1.42
HN 8.32 8.22 8.13 HN 8.23 8.16 8.09 HG13 1.09 1.09 1.08
N 12333 12291  122.54 N 12093 12062  120.36 HN1 5.97 5.94 5.91
ap 0.86 0.86 0.86 ap 0.86 0.86 0.86 HN2 6.15 6.13 6.10
QG2 0.92 0.92 0.91 QG2 0.92 0.91 0.91 N1 91.77 91.72 91.71
N2 81.27 81.36 81.45

ab 0.86 0.85 0.84
QG2 0.88 0.88 0.87

CcA 52.38 52.35 52.33 cA 52.42 52.34 52.32 cA 52,61 52.70 52.66
cB 19.42 19.48 19.55 cB 19.47 19.40 19.40 cB 20.17 20.27 20.22
HA 425 427 4.28 HA 4.25 4.25 427 HA 411 4.12 4.12
A10 HN 8.48 8.39 8.30 A10 HN 8.49 8.42 832 A10 HN 6.59 6.54 6.49
N 12924 12895  128.66 N 128.64 12817 12817 N 92.70 92.69 92.65
QB 1.39 1.39 1.39 QB 1.38 1.37 137 QB 1.33 1.34 1.33
HN2 7.62 HN2 7.57 7.50 7.44 HN2 7.90 7.82 7.75
AM11 HN3 7.11 AM11 HN3 7.12 7.06 7.00 AM11 HN3 7.12 7.05 6.99

N 106.95 N 106.74 10648  106.21 N 10641  106.16  105.90

Supplementary Table $3. Chemical shift assignments of c3u_3, c3u_5 and c3u_7. Chemical sifhts are referenced with DSS. Spectra
were recorded at 283°K, 293°K, 303°K in 10mM phosphate buffer pH 6. Atom names are indicated in Fig. S4E.
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c3u_3.
Residue i Intramolecular  (Pseudo)cyclic
Numberi Residuej H-atom Numberj
(O-atom) H-bond (i¢-j)  conformation
NAC 0 NalY HN2 3 1<4 Cis
Glu 1 NalY HN2 3 13 Cio
Lys 2 Arg! HN2 4 1¢3 Ci
Lys 2 LeuY HN1 5 1<4 Cus
NalY 3 LeuV HN2 5 143 Ci2
NalY 3 Ala HN 6 1<4 Cia
Arg! 4 Arg HN 7 1<4 Cio
LeuY 5 Arg HN 8 1«4 Cio
LeuY 5 lle HN 9 145 Ci3
Ala 6 lle HN 9 1<4 Cio
Ala 6 ALN HN1 10 1<5 Cis3
Arg 7 ALN HN2 10 1<4 Cis
Arg 8 ALN HN2 10 1<4 Cio
c3u_5.
Residue i Intramolecular  (Pseudo)cyclic
Numberi Residuej H-atom Numberj
(O-atom) H-bond (i<j) conformation
NAC 0 Nal HN 3 1<4 Cio
NAC 0 Ala HN 4 145 Ci3
Glu 1 Arg! HN1 5 145 Cis
Lys 2 Arg! HN1 5 1<4 Cio
Lys 2 ArgY HN2 5 1«4 Ci3
Nal 3 Arg HN2 5 143 Cio
Nal 3 LeuY HN1 6 1<4 Ciz
Ala 4 LeuY HN2 6 1<3 Ciz
Ala 4 GInY HN1 7 1<4 Cia
Arg! 5 GInY HN2 7 143 Ci2
ArgY 5 Arg HN 8 1<4 Cia
LeuV 6 lle HN 9 1<4 Ciz
GInY 7 ALN HN1 10 1<4 Cio
GInY 7 ALN HN2 10 1<4 Cis
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c3u_7.
Residue i Intramolecular  (Pseudo)cyclic
Numberi Residuej H-atom Number;j
(O-atom) H-bond (i¢j)  conformation
NAC 0 Nal HN 3 1<4 Cio
NAC 0 Ala HN 4 1<5 (GF)
Glu 1 Arg HN 5 1<5 Ci3
Lys 2 Arg HN 5 1¢4 Cuo
Lys 2 Leu HN 6 145 Ci3
Nal 3 Leu HN 6 1<4 Cio
Nal 3 GInY HN1 7 1<5 Ci3
Ala 4 GInY HN1 7 1<4 Cio
Ala 4 GInY HN2 7 1<4 Cis
Arg 5 GInY HN2 7 13 Cio
Arg 5 ArgY HN1 8 1«4 Ci
Leu 6 ArgY HN2 8 1¢3 Ci,
Leu 6 lleV HN1 9 1«4 Cis
GInY 7 lleY HN2 9 13 Ciz
GInY 7 ALN HN1 10 1<4 Cia

Supplementary Table S4. Intramolecular hydrogen-bond network within models of straigth helical c3u chimeras cu3_3, cu3_5 and
cu3_7. In helices formed exclusively by a-amino acid building blocks, two major types of conformations are populated: the Cyo
conformation (a 3.010-helix stabilized by 144 intramolecular H-bonds) and the C13 conformation (a 3.613- or a-helix stabilized by 1<5
intramolecular H-bonds). Standard N,N’-linked oligourea segment displays an intramolecular H-bonding pattern characterized by the
simultaneous presence of 12- and 14-membered pseudorings resulting from COj---HN/+2 and COij---HNi+3 connectivities, so 1¢-3 and
144 hydrogen bonds, respectively.
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ASF1Ay—c3u_3 (8CJ1)

ASF1Ay—c3u_5 (8CJ2)

ASF1Ay—c3u_7 (8CJ3)

Crystallization
conditions

Data collection

Space group

Cell dimensions
a, b, c(A)
a,B,v(°)

Za

Resolution (A)
Remeas ; Rmeas”

Rpim ; Rpim"

/ol ; I/ol?
Completeness (%)
Completeness (%)*
Redundancy
Redundancy*
CC(1/2) ; cC(1/2)"

Refinement
Resolution (A)
No. unique reflections
Rwork / Riree (%)
No. atoms
Protein
Heterogen
Water
B-factors
Protein
Heterogen
Water
R.m.s. deviations
Bond lengths (A)
Bond angles (°)
Molprobity
Ramachandran outliers
Ramachandran favored
C-beta deviations

[ASF1Ay] = 7.1 mg/mL
[ASF1Ay]:[u_3] ratio = 1:3
0.1 M MES pH 6.5

40% (w/v) PEG 200

P2,2:2;

91.56, 93.23, 227.68
90.0, 90.0, 90.0

8x ASF1 protein

4x inhibitor

88.27-2.56 (2.63-2.56)"
0.41(1.07)"; 0.68 (4.36)
0.11(0.49)"; 0.14 (0.94)
6.8(1.6)";5.6 (0.7)"
57.8 (2.5)"

98.8 (83.6)"

13.3 (14.1)"

24.7 (19.9)"

0.99 (0.32)"; 0.99 (0.32)"

*

*

27.88(2.52)
36876
22.51/27.99

10060
34
301

47.94
78.53
23.24

0.008
0.900

0.00 %
98.28 %
0

[ASF1AN] = 7.1 mg/mL
[ASF1Ay]:[u_5] ratio = 1:2
0.17 M ammonium sulfate
0.085 M NaOAc pH 4.6
25.5% PEG 2000 MME
15% (v/v) glycerol

P6;

98.67, 98.67, 168.56
90.0, 90.0, 120.0

4x ASF1 protein

4x inhibitor

49.34-2.13 (2.18-2.13)"
0.11(1.59)"; 0.11 (1.59)
0.02 (0.36)"; 0.02 (0.36)"
20.1(2.0)";19.6 (2.0)"
98.8 (96.8)"

99.8 (96.8)"

21.2 (18.8)°

21.2 (18.8)°

1.00 (0.77)"; 1.00 (0.75)"

*

24.41(2.13)
51870
19.33/21.50

5110
318
349

56.25
73.54
55.33

0.008
0.920

0.00 %
99.34 %
3

[ASF1AN] = 7.1 mg/mL
[ASF1AN]:[u_7] ratio = 1:3
0.2 M potassium fluoride
20% (w/v) PEG 3350

P64

133.91, 133.91, 63.43
90.0, 90.0, 120.0

1x ASF1 protein

1x inhibitor

46.05-3.00 (3.08-3.00)"
0.18(3.11)"; 0.23 (9.32)"
0.04 (0.66)" ; 0.05 (2.03)"
17.1(1.1)"; 13.3(0.3)"
80.1(24.6)"

99.9 (99.9)"

20.4 (21.9)°

20.3 (20.6)"

1.00 (0.57)"; 1.00 (0.40)"

29.61 (3.00)"
10553
20.27 / 21.69

1282
58
16

74.46
80.65
55.83

0.008
0.920

0.00 %
99.35%

#Statistics after applying Staraniso

*Values in parentheses are for highest-resolution shell

Supplementary Table S5. Data collection and statistical refinement of the crystal structures of ASF1Ay in complex with the
inhibitory chimeras ¢3_u3, c3u_5 and c3u_7.
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MS (ESI)
Chimeras Sequences Yield Calculated Found

[M+3H]3* [M+3H]3*
c3u_3 Ac-Glu-Lys-Nal'-ArgV-LeuY-Ala-Arg-Arg-lle-Ala-NH; 28% 479.9686 479.9150
c3u_4 Ac-Glu-Lys-Nal-AlaY-ArgY-LeuV-Arg-Arg-lle-Ala-NH; 57% 479.9686 479.9729
c3u_5 Ac-Glu-Lys-Nal-Ala-ArgY-LeuY-GInY-Arg-lle-Ala-NH, 19.6% 470.6211 470.6304
c3u_6 Ac-Glu-Lys-Nal-Ala-Arg-LeuV-GInY-ArgV-lle-Ala-NH, 22.7% 470.6211 470.6311
c3u_7 Ac-Glu-Lys-Nal-Ala-Arg-Leu-GInY-ArgU-lle¥-Ala-NH, 20.3% 470.6211 470.6288
c3u_8 Ac-Glu-Lys-Nal-Ala-Arg-Leu-Ala-GInY-Arg-lleY-NH, 43.3% 470.6211 470.6312

Supplementary Table S6. List of the 3-urea chimeras (c3u_i) synthesized and results of yield after purification and MS.
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Histone H3
Histone H4

Histone H3 B-domain binding
binding site site (non-specific)

Supplementary Figure S1. X-ray structure of the complex ASF1A\—P4. (A) Structure of the ternary complex hASF1A(1-154)-H3-H4
(PDB code: 2i05). ASF1Ay is represented in dark grey, histone H3 and H4 in blue and purple respectively. (B) left panel, global view
of the ASF1A\—P4 interface characterized by a 1:1 interaction. ASF1Ay is represented in dark grey, and P4 residues in green. Right
panel, zoomed view. Hotspots residues of P4 inhibitor (three letter code) as well as amino acids of ASF1Ay (one letter code) are
highlighted (representation in sticks and cartoon). (C) Details on intra- and intermolecular interactions. Hydrogen bonds are shown
with yellow dashed lines. (D) Chemical shift mapping after the addition of an excess of P4 inhibitor (ASF1:P4 ratio = 1:2). The chemical
shift variations per residue are coloured in green according to the following code: dark (A820.21 ppm), medium (0.14<A6<0.21 ppm),
light (0.07<A86<0.14 ppm), grey (A5<0.07 ppm) (representation in surface).
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Supplementary Figure S2. ITC thermograms and data fitting for the indicated peptides/chimera upon titration of ASF1Ay.

12



Perrin et al. Supplementary data

0.56
0.49 P4 A8<0.07ppm
— 0.42 0.07<A6<0.14ppm
& 0.28 m A5>0.21 ppm
N
o 0.21
J 0.4
0.07
0.00 t
- W = O = W =@ O = O =d O =« O =@ OV o OV «+d OV A YW =& O =" O =« O =" O 4 O
o NN O N NN O O NN 000000 O Hd A N NN NN
o el el el el el el el el e e -
0.56
0.49 - A8<0.07ppm
—~ o4 | CAU 0.07<A8<0.14ppm
g_ 035 - = 0.14<A6<0.21ppm
| m A6>0.21 ppm
Q2 028 pp
o 021 -
<l 0.14 -
0.07
0.w iIH%lIIHTIIIITHIIK;TTIIIIIHIIIHIIIIH! T I T
O = O = W = O = O =F O = O =@ O " O =&d OV A YW = O A O 4 O =4 O « O
4 A NN ®MmM®Mm T TN O ONNOG®WO®ONO O A=A N NMM T T 0 oA
= = H H H H H el Al Al
0.56
0.49 A8<0.07ppm
~ oam | €3u_3 0.07<A8<0.14ppm
Q o8 m A620.21 ppm
~— U.
K 0.21
< 0.14 -
0.07 i
Y e e AT TS ASTERISTL | 1l S [ TRV s 1 ESSSSSS——_— | s
= O = O =@ O = O =" O =4 O =& O =& O A O =" OV oA O = O = O = O =« O - O
- H NN O NN O O NN OO OO OO H AN NN S NN
L B R B B B B B B B I B |
0.56
0.49 - A8<0.07ppm
o osm | C3u_4 0.07<46<0.14ppm
E 0.35 - m 0.14<A6<0.21ppm
& 028 - = A620.21 ppm
N
0.21
@)
J 0.4
0.07
0.00 ; ;
T O = O =@ OV =@ O =" O o4 O =4 O =& O oA W oA OV oA O =« O =« O o4 O = O -« O
o H NN O NN O O NN O00 00000 H A N N 6O S S NN
L B R I B B I I K I = I B |

ASF1Ay residue number

13



Perrin et al. Supplementary data

0.98
8:3% 1 3u 5 A8<0.07ppm
Q77 C3u_ 0.07<A8<0.14ppm
—~ 0.63 - = 0.14<A8<0.21ppm
£ 031 u A60.21 ppm
2 g1 |
285
0 021
<] 0124 -
0.07 -
0.00
T O = O = O = O = O = O = O = O =1 O =" O A YW A O A O A O A O A O
- N N MO N N N O O NN 000 00O OO0 €W A N NN S NN
e el el el el el el el el el el -
0.56
0.49 - A6<0.07ppm
—~ 042 - c3u_6 0.07<A6<0.14ppm
E 035 - = 0.14<A8<0.21ppm
% 0.28 - m A6>0.21 ppm
N :
o 021
< 014 -
0.07 -
0.00 trrrrrH Bttt e 1R L[, | ML LT
- W = O AE W A4 O oA O =" OV o4 O =" W A O A O A YW = O = O = O = O - O
T - NN N NN O O NN 0000000 O H H NN S NN
L I B B B I I B B O I I |
0.56
—~ 0.49 - A8<0.07ppm
c o | €3u_7 0.07<A8<0.14ppm
2 035 | u 0.14<A8<0.21ppm
~ 028 - m A520.21 ppm
2 0.21 -
0.14 -
0.07 -
O-m rTl\IH:TIHHrTrT'ﬂHTIHYHTHHHlH;IT%HITIh
T O = O =E O =" O =F O " O " O =4 OV d O o OV o4 VW «# O " O «* O =+ O «d O
o NN N NN O O NDNOOOOO OO OO d A NN MO S NN
L I B B B B B B B B O B |
0.56
0.49 - . A6<0.07ppm
— 0.42 - C3u—7bls 0.07<A6<0.14ppm
€ o035 | = 0.14<A6<0.21ppm
& e o = A620.21 ppm
o 021
<l 014 -
0.07 - ,
0.00 Pttt 8L IRSTRRTRRRIRIIINE |
— O = O O =« O «+d O = O - O
- = N - N N O N < T NN
e el el el el el el e -
0.49
042 - A6<0.07ppm
=~ o5 c3u_8 0.07<A8<0.14ppm
E v  0.14<A8<0.21ppm
& il m A520.21 ppm
~ 021
2 0.14
0.07
0.00

O = O = O = O =+ O =+ O A O

- - O Hd VW d W A3 YO o
St T N N O O NNMNOOOWWOO OO O O d d N N O NN < < N
A A A H A H H H A

ASF1A\ residue number

156

Supplementary Figure S3A. NMR titration of ASF1Ay: chemical shift perturbations (CSP) observed after the addition of an excess of
the indicated peptide or chimera (ASF1Ay:inhibitor ratio = 1:2). Chemical shift changes of residues are highlighted with the following
colour code (in green for peptides and in magenta or orange for chimeras, respectively): dark colour A620.21 ppm, medium colour
0.14<A6<0.21 ppm, light colour 0.07<A6<0.14 ppm, grey A5<0.07 ppm.
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ASF1A\—P4

Histone H3 Histone H4 B-domain
binding site binding site binding site

ASF1A—c3u_3

ASF1A\—c3u_5

ASF1A,—c3u_7

Supplementary Figure S3B. Chemical shift mapping after the addition of an excess of peptide or chimera inhibitor. ASF1Ay is
represented in light grey and inhibitor residues as in Figure 2. ASF1:inhibitor ratio = 1:2. The chemical shift variations per residue are
coloured in purple according to the following code: dark (A620.21 ppm), medium (0.14<A6<0.21 ppm), light (0.07<A6<0.14 ppm),
grey (A6<0.07 ppm) (representation in surface).

15



Perrin et al. Supplementary data

A
Ca chemical shift index
0.2 ° PY
[
= 0.1 X ° L 2
g. L 4 % X c3u_3
o 0.1
Z X X %« X ec3u_5
a 00 X oc3u 7
X p4
-0.1
1 2 3 4 5 6 7 8 9 10
Residue number
B HN1 R | (”)
Xaal(Xu) —m \c|A1/|CA2\Nz/C\
HA1 HN2
40 35 30 25
4 : h i 4
g_ :2 c3u_3 RU4CA2-HA22 =~ ,NalU3CA2-HA23 :Z
Q \ RU4CA2-HA23
= A7 X X e a7
& 48 naluscaz-uaz2 2 /X - . X
< 49 LUSCA2-HA22 LUSCA2-HAZ3 49
50 50
40 35 30 1
H (ppm)
40 35 30 25
€ :Z RU5CA2-HA22 RUSCA2-HA23 jz
I8
o QUTCA2-HA22 mamm KO X QUTCA2-HA23 a7
o @ /X N e 48
o 49{c3u B Luecaz-uA22 LU6CA2-HAZ3 49
- 0 - 35 30 %0
'H (ppm)
40 35 30 25
,g 45 IU9CA2-HA22 »=JX j—m TUICA2-HA23 45
o 4 QU7CA2-HA22 s i) X QUTCA2-HA23 46
Q47 - 47
s RUBCA2-HA22 o K \ RUSCA2-HA23 48
é’ sic3u_7 49
50 50
40 35 30 1
H (ppm)
40 35 30 25
— sicdu NalU3CA2-HA23 45
£ QU6CA2-HA22 - - QU6CA2-HA23 f4g
8 /
o ¢ XX X a7
o 484 NalU3CA2-HA22 / 1X >Kpum(;xx‘z_m\23 48
o 49 RU4ACA2-HA22 # LuSCA2-HA22 49
T 50 50
40 35 30 1
H (ppm)
HA22-HA32 Ad (ppm) 283°K
1.0 E 293°K
=3 M 303°K
Q.
a 0.5
— c3u_3
w
L] m c3u_5
0.0 m c3u 7

1 2 3
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(A) chemical shift indexes (CSI) along the chimera sequences for a-amino acid residues? as measured in 10mM phosphate buffer pH
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6, at 283°K. (B) Zoom of the 13C HSQC spectra of chimera in the region corresponding to the diastereoisotopic HA22 and HA23 of
urea residues in 10mM phosphate buffer pH 6, at 303°K. (C) Measurement of the chemical shift difference between HA22 and
HA23 protons of the three c3u chimera at three temperatures.
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Supplementary Figure S4. NMR parameters supporting the helical conformation of P4, as well as c3u_3, ¢3_5 c3u_7 and c4u
chimera (D). Sequencial NOE correlations observed for the free chimeras in 10mM phosphate buffer pH 6, at 283°K and comparison
with those of C4u and peptide P4.
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Supplementary Figure S4. NMR parameters showing the helical conformation of peptide P4 and c3u_3, ¢3_5 c3u_7 and c4u
chimeras (E). Sofast HMQC spectra of chimera recorded at three different temperatures. The assighment was done according to
the atom names indicated in the lower right panel. Atom names of the side chains are identical to those of the corresponding

amino-acid.
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Supplementary Figure S5. Structure representation of in silico models for c3u_3, c3_5 and c3u_7 chimera inhibitors. Side views,
the oligourea segment is assumed to favour the transition from a "random coil" to a-helix, i.e. it increases the "propensity" of the
primary sequence to adopt a helical conformation. Top-views, a focus on the projections of side-chains in both helices. The number
of residues per helix turn is indicated at the top of the table.
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c3u_3

Supplementary Figure S6. In silico modelling of c3u_3, c3u_5 and ¢3_7 bound at the surface of the ASF1Ay—P4 complex. ASF1 is
coloured in grey. The chimera inhibitors are coloured according to Figure 2. A pair fitting of the in silico straight helix model of c3u_3,
c3u_5and c3_7 (see Fig. S4) was performed on the P4 helix. Residues that clash at the surface of ASF1 are indicated with black arrows
(representation in sticks and cartoon).
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Supplementary Figure S7. The chimera c3u_3 is structured as a B-strand upon binding to ASF1 that superimposes well with B
domains. Superimposition of X-ray crystal structure of c3u_3 bound to ASF1 with the structure of the peptide chain of Cac2 (light
red) bound to ASF1 (PDB code: 2Z3F). ASF1 is represented in grey surface. Residues are labelled in black, the chimera inhibitor is
coloured according to Figure 2 and Figure 3.
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A

ASF1,

symmetric

Histone H4
binding site

Supplementary Figure S8. X-ray structure of the complex ASF1Ay—c3u_5 (full complex). ASF1 is represented in grey (main chain)
and in salmon (symmetric), the chimera inhibitor is coloured according to Figure 2. Hydrogen bonds are shown with yellow dashed
lines. (A) Left panel, the chimera c3u_5 interacts with two chains of ASF1 in the crystal lattice. Right panel, zoomed view. Details on
intra- and intermolecular interactions. The a-amino acid residues of the symmetric chain are highlighted in dark pink. Hydrogen
bonds are shown with yellow dashed lines. Selected water molecules are shown with red spheres. (B) Views in the regions of the H4
binding pocket. (C) Binding mode similarities between ASF1Ay-c3u_5 and ASF1Ay-c4u complex x-ray crystal structures. The water
molecule bridging both inhibitors to the surface of ASF1 is depicted as a red sphere (representation in sticks and cartoon). Left panel,
ASF1An-c3u_5 complex. Right panel, ASF1Ay-c4u complex (PDB code: 6ZUF).
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Supplementary Figure S9. Comparison between the binding mode of ASF1Ay-c3u_7 and ASF1Ay-P4 to ASF1. ASF1 is coloured in
grey. The chimera inhibitors are coloured according to Figure 2 (representation in surface). Left panel, ASF1An-c3u_7 complex. Right
panel, ASF1AN-P4 complex. (A) View with the same orientation as in Fig. 5, ASF1 is shown as a surface. (B) View highlighting the salt

bridge of the peptide/chimera with ASF1 D>
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Chemical synthesis

Chemicals and general procedures

Commercially available reagents were used throughout without purification. THF, DCM were preliminary dried by
passing through solvent drying system (SPS 800 Manual from MBraun). DMF and DCM for solid phase synthesis were
purchased from Carlo ERBA. HPLC-grade quality acetonitrile (CHsCN) and MilliQ water were used for RP-HPLC analyses
and purification. N-protected amino acids were purchased from lIris Biotech, Fluorochem. Rink amide resin was

purchased from Sigma-Merck laboratories.

Thin layer chromatography (TLC) was performed on silica gel 60 F254 (Merck) with detection by UV light and stain with
1% w/w ninhydrin in ethanol followed by heating. Flash column chromatography was carried out on silica gel (40-63
um, Merck). *H NMR and *3C NMR spectra were recorded on an Avance Il NMR spectrometer (Bruker Biospin) with a
vertical 7.05T narrowbore/ ultrashield magnet operating at 300 MHz for H observation and 75 MHz for 13C observation
by means of a 5-mm direct BBO 1H/19F_XBB_H probe with Z gradient capabilities. Chemical shifts (3) are reported in
parts per million (ppm) relative to the *H or 13C residual signal of the deuterated solvent used. *H NMR splitting patterns
with observed first-order coupling are designated as singlet (s), broad signal (br), doublet (d), triplet (t), or quartet (q).
Not defined *H NMR splitting patterns are designated as multiplet (m). Coupling constants (J) are reported in hertz (Hz).
Electrospray high resolution mass spectrometry (ESI-HRMS) analyses were carried out on a Thermo Exactive with an ion
trap mass analyzer from the Mass Spectrometry Facility at the European Institute of Chemistry and Biology (UMS 3033

- IECB), Pessac, France.

Solid phase peptide synthesis with microwave irradiation was carried out on the LibertyBlue system, from CEM (CEM
UWaves S.A.S., Orsay, France). Solid phase oligourea synthesis with microwave irradiation was carried out on the
DiscoverBio system, from CEM (CEM pWaves S.A.S., Orsay, France). Analytical RP-HPLC analyses were performed on a
Dionex ultimate U3000SD using a Macherey-Nagel Nucleodur column (4.6 x 100 mm, 3 um) at a flow rate of 1 mL/min.
The mobile phase was composed of 0.1% (v/v) TFA in MilliQ water (Solvent A) and 0.1% TFA in CHsCN (Solvent B). The
detection was performed at 200 nm and the column temperature in the oven was 25 °C. Semi-preparative purifications
of oligomers were performed on a Dionex ultimate U3000SD using a Macherey-Nagel Nucleodur VP250/10 100-16
C18ec column (10 x 250 mm, 16 um) at a flow rate of 4 mL/min. Preparative purifications of oligomers were performed
on a Gilson GX-281 using a Macherey-Nagel Nucleodur VP250/21 100-5 C18ec column (21 x 250 mm, 5 pum) at a flow
rate of 20 mL/min. Column eluent was monitored by UV detection at 200, 214 and 254 nm. The purity of the analyzed
compounds was determined to be > 95% by using the data processing application of Chromoleon7 software. LC-MS

analyses were carried out on an Agilent G6230B TOF spectrometer coupled with an Agilent HPLC system.
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Structure of succinimidyl(2-azidoethyl)carbamate building blocks M1 — M7.

0 o
© o
M1 (N,;-AlaY-OSu) M2 (N,-lleY-OSu)
N o
Trt”
H o H O
N O~ N_ O
N oo N; 3N
o)
o}
0 o
M3 (N,-LeuY-OSu) M4 (N,-GInU-OSu)
H
LN
NH
9y o)
N_. O

N; T\N 00

o]
o
M5 (N5-ArgY-OSu) M6 (N5-NleU-OSu)
l o
N_ o
N3 \H/ °N

M7 (N;-NalY-OSu)

Supplementary Figure $10. Monomer M1 — M7 needed to prepare 3-urea chimeras.
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Building blocks M1 and M3 — M7

The synthesis of activated building blocks follows the previous described procedures for M1 and M3 — M7 35

Synthesis of M2 with lle side chain.

1) NMM, IBCF, THF PPh,, phthalimide
-20°C, 40 min DIAD, THF

2) NaBH,, H,O/THF 0°C-r.t, overnight
0°C, overnight

Boc._ Boc
96%
o]
M2a

1) TFA, r.t, 1h 1) N,H,, MeOH
2) N3SO,Im HCI, K,CO4 reflux, 3 h

CuSO,, MeCN/H,0 2)DscC, DCM

r.t, overnight 0°C-rt,3h 0

—_——
45% 85%
(o]

M2b
M2

Supplementary Figure S11. Synthetic route of monomer M2.

(S)-tert-butyl (1-hydroxy-3-methylpentan-2-yl)carbamate M2a

The N-Boc-lle-OH, 2H,0 (10.0 mmol, 2.7 g) was dissolved in anhydrous THF (50 mL) under N, atmosphere and cooled
down to -20 °C. After addition of isobutyl chloroformate (12 mmol, 1.6 mL) and NMM (1.2 equiv., 12 mmol, 1.3 mL), the
mixture was stirred at -20 °C for 40 min. The resulting white precipitate was filtered off and the filtrate was added at
0 °C to a solution of NaBH4 (12 mmol, 0.454 g) in water (10 mL). The reaction mixture was let to react overnight and
then quenched by addition of 1 M KHSO4 aqueous solution. The THF was removed under reduced pressure and the
aqueous solution was extracted 3 times with EtOAc. The organic layers were combined, washed two times with 1 M
KHSOQy4 solution, two times with saturated solution of NaHCOs, one time with brine, dried over Na,SO4 and concentrated
under reduced pressure. The crude residue was purified through silica gel flash chromatography (10 — 50 % EtOAc in
Cyclohexane) to give N-Boc protected amino alcohol M2a as colorless oil (2.16 g, yield 96%). *H NMR (300 MHz, CDCls)
6 4.65 (s, 1H), 3.75 = 3.55 (m, 2H), 3.50 (d, J = 4.7 Hz, 1H), 1.45 (s, 9H), 1.42 (s, 2H), 1.20 - 1.09 (m, 1H), 0.93 (d, /= 2.4
Hz, 3H), 0.91 (d, J = 1.9 Hz, 3H).

(S)-2-(2-azido-3-methylpentyl) isoindoline-1,3-dione M2b

In a round bottom flask, triphenylphosphine (12 mmol, 3.13 g) and phthalimide (12 mmol, 1.76 g) were dissolved in
anhydrous THF (60 mL) under N, atmosphere at 0 °C, followed by dropwise addition of DIAD (12 mmol, 2.4 mL). The
mixture was stirred at 0°C for 10 min. N-Boc protected amino alcohol M2a (10 mmol, 2.16 g) in THF (20 mL) was added.
The reaction mixture was allowed to warm-up to room temperature and stirred overnight. After concentration under

reduced pressure, the crude residue was used directly for next step without purification. The crude phthalimide
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derivative was dissolved in pure TFA (10 mL) and let to react for 1 h. TFA was removed under reduced pressure and to
the residue HCl solution in diethyl ether (2M) was added and the white solid was filtered and collected. After drying on
vacuum line, the crude product was engaged in the next step. To a solution of the crude product in CH3CN/H,0 (1:1 v/v,
200 mL) were added K,COs3 (27 mmol, 3.73g), imidazole-1-sulfonyl azide hydrochloride (N3SO2Im.HCl) (12 mmol, 2.52 g)
and CuS04.5H,0 (0.1 mmol, 25 mg). The mixture was stirred at room temperature overnight. After concentration under
reduced pressure, EtOAc was added. The organic phase was washed two times with 1 M KHSO4aqueous solution, once
with brine, dried over Na,SO4 and concentrated under reduced pressure. After silica gel flash chromatography, the
desired pure product was obtained as colorless oil (1.3 g, yield 47% over 3 steps). *H NMR (300 MHz, CDCl3) 6 7.98 —
7.33 (m, 4H), 3.64 (s, 1H), 2.27 (dd, J = 58.3, 15.9 Hz, 1H), 1.57 (s, 2H), 1.40 (d, J = 15.0 Hz, 2H), 1.18 = 1.00 (m, 3H), 0.98
—0.72 (m, 3H).

(S)-2,5-dioxopyrrolidin-1-yl (2-azido-3-methylpentyl) carbamate M2

To a solution of (S) - 2-(2-azido-3-methylpentyl) isoindoline-1,3-dione M2b (4.8 mmol, 1.3 g, ) in MeOH (50 mL),
hydrazine hydrate (14.4 mmol, 710 pL) was added. The reaction mixture was heat to reflux and maintained for 3 h under
stirring. The white precipitate was filtered off, washed with MeOH and the filtrate was concentrated under reduced
pressure. The crude residue was dissolved in EtOAc and filtered again. The filtrate was washed three times with 0.5 M
HCI solution. The combined aqueous phases were again washed with EtOAc and then neutralized by addition of K,CO3
until pH > 8. The aqueous phase was finally extracted with DCM and the combined organic layers were dried over
Na,S0O,, concentrated under reduced pressure but not until dryness. The resulting amine was directly used for next step
and added to a stirred suspension of disuccinimidyl carbonate (5.76 mmol, 1.48 g) in anhydrous DCM at 0 °C. The
reaction mixture was stirred 3 h at room temperature and was concentrated under reduced pressure. The crude residue
was dissolved in EtOAc and the organic phase was washed two times with 1 M KHSO,4 aqueous solution, one with brine
and dried over Na,S0,, followed by concentration under reduced pressure. The product was precipitated in a cold
mixture of pentane/Et,0 (3:7, v/v) giving the monomer M2 as white solid (1.16g, yield 85% for two steps). *H NMR (300
MHz, CDCls) 6 5.51 (s, 1H), 3.60 — 3.41 (m, 2H), 3.17 = 3.02 (m, 1H), 2.81 (s, 4H), 1.74-1.61 (m, 1H), 1.54 - 1.41 (m, 1H),
1.34 - 1.14 (m, 1H), 1.01 — 0.87 (m, 6H). 3C NMR (75 MHz, CDCl;) § 169.95, 151.64, 77.50, 77.08, 76.66, 66.62, 42.97,
37.18, 25.49, 25.46, 15.07, 11.39. HRMS (ESI-TOFMS) m/z calcd. for C;1H21N¢O4 [M+NH,4]* 301.1619, found 301.1618
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Supplementary Figure $12. 'H NMR spectrum of monomer M2.
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Oligomer synthesis

The peptide-urea-hybrid oligomers were synthesized on a 50 to 100 pumol scale. Polystyrene Rink amide MBHA resin
(100 — 200 mesh) was placed in the reaction vessel, and preswollen with DMF for 1 — 2 hours. All steps were performed
under inert atmosphere (N;) and microwave irradiation on either the discover Liberty Blue or Bio system (CEM). The
vessel was then placed inside the microwave oven. The temperature was maintained by modulation of power and

controlled with a fiber optic sensor.

General procedures for Fmoc deprotection and peptide coupling

Fmoc removal was carried out with 20% of piperidine in DMF under microwave irradiation (155 W, 75 °C, 15s + 30 W,
90 °C, 110 s). Fmoc-Xaa-OH (5 equiv., relative to the resin loading), DIC (5 equiv., relative to the resin loading) Oxyma (5
equiv., relative to the resin loading) were dissolved in DMF. The mixture was added into the reaction vessel (Liberty
Blue). The Fmoc-AA-OH (except Fmoc-Arg(Pbf)-OH) was coupled twice under microwave irradiation with standard
coupling method (170 W, 75 °C, 15 s + 30 W, 90 °C, 110 s). The coupling of Fmoc-Arg(Pbf)-OH was performed by
conventional peptide coupling (0 W, 25 °C, 25 min + 25 W, 75 °C, 120 s). The coupling procedure was repeated once as

well. The resin was then filtered off and washed with DMF twice.

General procedures for urea coupling and azide reduction

The azido protected monomer (N3-XaaV-OSu) (1.5 equiv., relative to the resin loading) and DIEA (3.0 equiv., relative to
the resin loading) were dissolved in DMF. This mixture was added into the reaction vessel (CEM) and bubbled with N,
gas for several seconds. The reaction vessel was then irradiated under microwave (Liberty Bio system) (70 °C, 30 W, 20
min). A double coupling was performed systematically. The resin was then filtered off, washed with DMF (3 mL x 3) and
with a mixture of 1,4-dioxane/H,0 (7:3, v/v, 4 mL x 3). The azido group was reduced via Staudinger reduction reaction
under microwave. The resin was swollen in 1,4-dioxane/H,0 mixture followed by addition of 1 M PMejs solution in THF
(10 equiv., relative to the resin loading). Then the reaction vessel was irradiated under microwave (50 °C, 30 W, 15 min).
The reduction process was performed systematically twice. The resin was then filtered off and washed with DMF (3 mL

x 4). These coupling and reduction steps were monitored with a chloranil test.

General procedure for acetyl capping and cleavage

Final acetylation was performed with a mixture of acetic anhydride (0.5 mL) and DIEA (10 equiv. relative to the resin
loading) in 2 mL DMF by shaking at room temperature for 1 hour. The resin was then filtered off and washed with DMF
(3 mL x 2) and CH,Cl; (3 mL x 2). To cleave the oligomer from the resin simultaneously with protecting group removal,
the resin was swollen in a mixture of TFA/TIS/H,0 (95:2.5:2.5, v/v/v) and let to react for 3 h under shaking, then filtered
off, washed with TFA (2 x 2 mL) and CH,Cl, (2 x 2 mL). The filtrate was evaporated under reduced pressure and
precipitated in cold Et,0. The crude oligomer was lyophilized, analyzed on RP-HPLC before to be purified by preparative

or semi-preparative RP-HPLC using an appropriate gradient to a final purity 295%.
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HPLC and LCMS of the foldamers c3u (for chimera containing 3 ureas)
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Supplementary Figure $14. Synthesis of c3u_3 chimera. Top, chemical sequence Ac-EK-{L-1Nal}"RVLYARRIA-NH,. Synthesis from 50
umol scale, after purification giving 20.2 mg, 28% yield. Middle, HPLC: 10-60% line B, 50 °C, 10 min, A =200 nm, tg=5.77 min. Bottom,
MS (ESI*): (m/z) = 360.1845 [M+4H]**; 479.9150 [M+3H]3".
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Chemical Formula: CgsH112N24013
Molecular Weight: 1437,7660
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Supplementary Figure S15. Synthesis of c3u_4 chimera. Top, chemical sequence Ac-EK{1Nal}AYRVLVRRIA-NH,, Synthesis from 70
umol scale, after purification giving 57 mg, 57% yield. Middle, HPLC: 10-60% line B, 25 °C, 10 min, A = 200 nm, tg= 5.36 min. Bottom,
MS (ESI*): (m/z) = 360.2318 [M+4H]*; 479.9729 [M+3H]3*; 719.4537 [M+2H]%".
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Chemical Formula: Cg4H10gN22014
Molecular Weight: 1409,7080
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Supplementary Figure S16. Synthesis of c3u_5 chimera. Top, chemical sequence Ac-EK{1Nal}ARYLYQURIA-NH,. Synthesis from 50
umol scale, after purification giving 10.3 mg, 19.6% yield. Middle, HPLC: 20-50% line B, 25 °C, 10 min, A = 200 nm, tg = 5.76 min.
Bottom, MS (ESI*): (m/z) = 470.6304 [M+3H]3* 705.4343 [M+2H]?*.
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Supplementary Figure S17. Synthesis of c3u_6 chimera. Top, chemical sequence Ac-EK{1Nal}ARLYQYRVYIA-NH,. Synthesis from 50
umol scale, after purification giving 16 mg, 22.7% yield. Middle, HPLC: 20-50% line B, 25 °C, 10 min, A = 200 nm, tz=4.20 min. Bottom,

MS (ESI*): (m/z) = 470.6311 [M+3H]3* 705.4347 [M+2H]?*.
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Supplementary Figure S18. Synthesis of c3u_7 chimera. Top, chemical sequence Ac-EK{1Nal}ARLQVRVIVA-NH,. Synthesis from 50
umol scale, after purification giving 14.4 mg, 20.3% yield. Middle, HPLC: 20-50% line B, 25 °C, 10 min, A = 200 nm, tg = 4.52 min.

Bottom, MS (ESI*): (m/z) = 470.6288 [M+3H]3*; 705.4315 [M+2H]?".
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Supplementary Figure S20. Synthesis of c3u_8 chimera. Top, chemical sequence Ac-EK{1Nal}ARLAQVRVIY-NH,, Synthesis from 75
pmol scale, after purification giving 43.5 mg, 43.3% yield. Middle, HPLC: 10-60% line B, 25 °C, 10 min, A = 200 nm, tg = 5.85 min.

Bottom, MS (ESI*): (m/z) = 470.6312 [M+3H]3*; 705.9317 [M+2H]?".
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Expression and purification of ASF1

Recombinant human ASF1 [hASF1A(1-156)] was purified as already described from expression in Escherichia coli of a
(His)s—glutathione S-transferase (GST)-TEV site—Asf1 fusion protein using the pETM30 plasmid. Briefly, soluble (His)e-
tagged GST fusion protein was purified on reduced glutathione agarose beads (Sigma-Aldrich). After cleavage with
recombinant (His)6-Tobacco Etch Virus Protease (TEV) protease at room temperature overnight, the (His)6-GST tag and
the protease were trapped in a nickel-charged nitrilotriacetic acid (NiNTA) chelate immobilized onto agarose column
(Macherey Nagel). The flow-through fraction containing ASF1 protein was further purified by anion exchange
chromatography using a Resource Q 6-ml column (GE Healthcare). ASF1 was then concentrated using an Amicon device
(Millipore), and the buffer was replaced with a 50 mM Tris-HCl pH 7.5 buffer. Unlabeled ASF1 used for ITC experiments
was purified from pellets of bacteria grown in LB medium and uniformly labeled ASF1 from bacteria grown in M9

minimal media supplemented with (**NH,)Cl (0.5 g/liter; Eurisotop) as the sole nitrogen source ©.

Isothermal titration calorimetry (ITC)

All ITC experiments were performed on a VP-ITC titration calorimeter (Microcal/Malvern) at 20°C, in a 50 mM Tris-HCl
(pH 7.5) buffer. Protein and peptides concentrations were set to values ranging from 10 to 580 uM. Each foldamer was
titrated with an optimal protein : peptide ratio, in order to get the optimal transition for minimizing the fitting errors.
Protein and peptide samples were prepared in the same buffer and degassed for 5 min by sonication or vacuum. After
equilibrating the cell at 293.15°K, the rotating syringe (310 rpm) injected at intervals of 180 s, 10 pL of aliquots (30
injections overall) of peptide solution into the ASF1 solution previously introduced in the sample cell, until saturation
was observed. Raw ITC data were processed with the Origin 7.0 Software (OriginLab, Malvern) using the One-Set of Sites
fitting model. All ITC experiments were performed at least in duplicate. One representative curve for each

peptide/chimera is shown in Figure S2.

Conformation of free chimera by NMR experiments and molecular modeling

NMR experiments were carried out on Bruker DRX-700 spectrometer. The chimera were concentrated at 1.5mM in the
buffer (10mM Phosphate pH 6, 0.1 mM EDTA, 0.1; mM DSS, 0.1;mM NaNs, 5% D,0). Complete assignment was obtained
at three temperatures (283°K, 293°K and 303°K) with homonuclear TOCSY (80 ms and 10 ms mixing times) and NOESY
(150 and 300ms mixing times) experiments and heteronuclear experiments with natural abundance of 3C and *°N
isotopes: sofast-HMQC and edited HSQC in the aliphatic and aromatic frequency ranges. Proton chemical shifts (in ppm)
were referenced relative to internal DSS and *°N and 3C references were set indirectly relative to DSS using frequency
ratios 7. NMR data were processed using Topspin (Bruker) and analyzed using Sparky (T.D. Goddard and D.G. Kneller,
UCSF). Values for random coiled chemical shifts used in the calculation of secondary Ca were taken from a study by %8,
Molecular models of the chimera were built according to the regular structure of urea helices and expected H-bond
network for transitions between the oligourea and peptide segments °. The complete set of hydrogen bonds is reported

in table S4.

Chemical shift mapping of ASF1 upon chimera binding

The binding mode of chimera was assessed using NMR spectroscopy following the amide chemical shifts of ASF1

residues. NMR experiments were performed at 293°K on Bruker Avance Il 600 MHz spectrometer equipped with a
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proton-optimized triple resonance NMR ‘inverse’ cryoprobe (TCl), (Bruker). Purified uniformly labeled >N hASF1A(1-
156) was concentrated to 50 uM and exchanged with the buffer [50 mM Tris-HCl (pH 7.5), 0.1 mM EDTA, 0.1 mM dextran
sulfate sodium (DSS), 0.1 mM NaNs, protease inhibitor cocktail (at the concentration recommended by the provider,
Roche), and 10% D,0]. Proton chemical shifts (in parts per million) were referenced relative to internal DSS, and °N
reference was set indirectly relative to DSS using frequency ratios. NMR data were processed using Topspin (Bruker)
and analyzed using Sparky (T. D. Goddard and D. G. Kneller, University of California San Francisco). Amide assighment
was taken from our previous assignment.® The titration experiments were performed by adding increasing amounts of
concentrated peptide or chimera to the ASF1 sample. At each new ASF1 : peptide ratio, a two dimensional *H->N
SOFAST HMQC (heteronuclear multiple-quantum coherence) spectrum was recorded. Changes in chemical shift were
measured for all resonances for all recorded spectra. Assignments were obtained by following progressive variations of

chemical shifts upon titration. Chemical shift variation was calculated with the following formula: AS =

J(G%N - 8£IN)2 + (0.17(8% — 8K))? where & represents measured chemical shift value. b or f refer to the bound or

free forms, respectively, HN or N to the amide proton or nitrogen, respectively. The factor 0.17 corresponds to the
scaling factors used to normalize the magnitude of the proton and nitrogen chemical shift changes (in parts per million)
710 At saturation of the peptide or chimera, the maximal chemical shift variation was plotted as a function of the residue
number for 138 residues of the 156 residues of hASF1A(1-156) (Fig. S3). This corresponds to 96% of the expected values,
considering the 12 prolines. The exchange rate between bound and free forms was rapid upon addition of all chimeras

c3u_i, and of the chimera c4u. Conversely, this exchange rate was slow upon the addition of P4 to ASF1y.

X-ray diffraction

ASF1Ay was concentrated as indicated in Table S1 and Table S5 in a buffer solution of 50 mM Tris-HCl pH 7.5. ASF1A\-
chimera were mixed at a given ratio to form the corresponding complex, as stated in Table S1 and Table S5. The final
volume of mixture solution included 10% of inhibitor protease cocktail at the concentration recommended by the
manufacturer (cOmplete, Roche). Crystals of complex were grown by sitting drop vapour diffusion at 17°C against their
own reservoir solution. If noticed, crystals were soaked in a cryoprotectant made of 12% glycerol in solution in the
corresponding reservoir solution, before being flash frozen in liquid nitrogen. Diffraction data were collected on the
PROXIMA-1 and PROXIMA-2 beamlines at the synchrotron SOLEIL (Saint Aubin, France) at a temperature of 100°K with
X-ray wavelength of 0.97857 A. Diffraction images recorded with PILATUS 6M detector were processed using the XDS
package.!! Structures of ASF1-foldamer complexes were solved by molecular replacement using PHENIX with the human
ASF1A structure (chain A of Protein Data Bank, PDB entry: 2105) as model probe. *2 Structure model and related mmCIF

files for unnatural monomers were generated on the Grade Web Server (http://grade.globalphasing.org). Model

building was performed manually with Coot version 0.8.9.1 > '#} and structure refinement was achieved with BUSTER
version 2.10.4. > ® The models were validated with MolProbity. The statistic tables for the ASF1y—P4 complex (Table
S1), and for the ASF1x—c3u_3, ASF1y—c3u_5, and ASF1x—c3u_7 complexes (Table S5) recapitulate the main parameters
of data collection and model refinement. Structure representations presented in all figures were drawn with PyMOL

software (Schrodinger).
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