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Figure S1. RMSD plots of designed peptides in complex with SARS-CoV-2-RBD. The RMSD
values of all atoms and backbone atoms are shown in black and grey, respectively.
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Figure S2. RMSD plots of designed peptides with predicted binding affinities to SARS-CoV-2-
RBD better than or similar to ACE2 in water. The RMSD values of all atoms and backbone atoms
are shown in black and grey respectively.
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Table S1. The binding free energies of ACE2, SBP1, SPB25 and all designed peptides to SARS-

CoV-2-RBD as calculated by Rosetta and MM-GBSA method.

System AAGhbind (Rosetta)® AGhbind (MM-GBSA) AAGbind (MM-GBSA)?
(REUV) (kcal/mol) (kcal/mol)
ACE2 - -71.2+04 -10.9+0.6
SBP1 - -55.1+04 5206
SPB25 0.0 -60.3+0.4 0.0+0.6
SPB25qsa 3.1 - -
SPB25q4p 8.4 - -
SPB25q4e 2.0 - -
SPB25q4H 3.4 - -
SPB25qai 0.8 - -
SPB25qaL 0.6 - -
SPB25qam 5.5 - -
SPB25qsr 3.1 - -
SPB25qas 3.9 - -
SPB25qs1 2.6 - -
SPB25q4v 1.4 - -
SPB25qaw 1.1 - -
SPB2577a 2.5 - -
SPB2577p 7.1 - -
SPB2577¢ 1.6 - -
SPB2517H 4.3 - -
SPB2517 -0.3 -59.2+0.3 1.1+£05
SPB2577L 0.1 - -
SPB2577m 2.3 - -
SPB25mn 7.1 - -
SPB2517q 6.4 - -
SPB2577r 4.4 - -
SPB2577s 8.1 - -
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AAGbind (Rosetta)® AGhbind (MM-GBSA) AAGbind (MM-GBSA)?

System (REU) (kcal/mol) (kcal/mol)
SPB25t7v -0.4 -50.9+0.3 9.4+05
SPB25t7w 2.7 - -
SPB25t7v 2.8 - -
SPB25p10a 3.5 - -
SPB25p10c 3.9 - -
SPB25p10e 2.5 - -
SPB25p10H 3.6 - -
SPB25p10 4.9 - -
SPB25p10k 5.7 - -
SPB25p10L 6.6 - -
SPB25p1om 6.9 - -
SPB25p1on 4.8 - -
SPB25p100 5.2 - -
SPB25p10r 54 - -
SPB25p10s 2.1 - -
SPB25p10t 7.3 - -
SPB25p10v 4.8 - -
SPB25p1ow 3.1 - -
SPB25p10y 4.9 - -
SPB25k11a 1.9 - -
SPB25k11€e 6.7 - -
SPB25ku11F -0.4 -71.6 £ 0.6 -11.3+£0.7
SPB25k11H 2.1 - -
SPB25k11 2.2 - -
SPB25k11m 0.8 - -
SPB25k11n 3.3 - -
SPB25k110 2.3 - -
SPB25k11r 2.4 - -

SPB25k11s 4.7 - -



AAGhind (Rosetta)?

AGhbind (MM-GBSA)

AAGbind (MM-GBSA)°

System (REU) (kcal/mol) (kcal/mol)
SPB25k11T 8.4 - -
SPB25k11w -2.2 -63.2+0.4 -29+0.6
SPB25k11y 0.3 - -
SPB25H14A 3.0 - -
SPB25H14c 2.7 - -
SPB25H14p 4.0 - -
SPB25H14e 4.6 - -
SPB25H14F 5.3 - -
SPB25Hu14 2.4 - -
SPB25H14k 5.2 - -
SPB25h14L 6.6 - -
SPB25H14m 51 - -
SPB25H14n 3.9 - -
SPB25H140 6.2 - -
SPB25H14r 5.8 - -
SPB25H14s 3.8 - -
SPB25H141 51 - -
SPB25H14v -0.1 -58.2+£05 2.1+0.6
SPB25H14w 4.9 - -
SPB25H14y 2.5 - -
SPB25e15A 0.7 - -
SPB25€15p 0.8 - -
SPB25€15F 1.5 - -
SPB25g15H 1.7 - -
SPB25€1s) 1.6 - -
SPB25g1sk 2.0 - -
SPB25g151 -0.9 -51.7 £04 8.6+0.6
SPB25g15m 1.2 - -
SPB25e1sn 1.3 - -
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AAGhind (Rosetta)?

AGhbind (MM-GBSA)

AAGbind (MM-GBSA)°

System (REU) (kcal/mol) (kcal/mol)
SPB25e150 2.1 - -
SPB25e15r 1.6 - -
SPB25€15s 1.0 - -
SPB25g1s7 1.4 - -
SPB25e15v 1.9 - -
SPB25e15w 0.8 - -
SPB25g15y 1.6 - -
SPB25g17a 0.5 - -
SPB25e17¢ 3.8 - -
SPB25g17F -0.9 -47.7 £04 126 £0.6
SPB25g17H 1.9 - -
SPB25€17 2.1 - -
SPB25e17k 2.6 - -
SPB25g171 1.3 - -
SPB25g17m 3.1 - -
SPB25g17n 6.2 - -
SPB25€170 2.6 - -
SPB25e17r 2.5 - -
SPB25k17s 3.1 - -
SPB25g177 2.3 - -
SPB25g17w -3.1 -57.8+0.5 25+0.6
SPB25g17y 0.6 - -
SPB25p1sa 7.1 - -
SPB25p1se -0.5 -554+04 49+0.6
SPB25p1sr 4.3 - -
SPB25p18H 2.5 - -
SPB25pys 2.0 - -
SPB25p1sL 1.1 - -
SPB25p1sm 4.5 - -
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AAGhind (Rosetta)?

AGhbind (MM-GBSA)

AAGbind (MM-GBSA)°

System (REU) (kcal/mol) (kcal/mol)
SPB25p1gN 4.3 - -
SPB25p18g 3.4 - -
SPB25p1sr 7.2 - -
SPB25p1gs 7.5 - -
SPB25p1sT 4.0 - -
SPB25p1gv 4.6 - -
SPB25p1sw 31 - -
SPB25p1sy 4.4 - -
SPB25vy21A 6.0 - -
SPB25vy21p 95 - -
SPB25v21e 5.2 - -
SPB25v21F 3.2 - -
SPB25y21H 5.9 - -
SPB25vy21) 7.0 - -
SPB25v21k 7.4 - -
SPB25y211 4.4 - -
SPB25y21N 7.9 - -
SPB25v210 6.6 - -
SPB25v21r 5.2 - -
SPB25v21s 7.3 - -
SPB25yo1T 51 - -
SPB25vy21v 6.2 - -
SPB25v21w 4.0 - -
SPB25022 24 - -
SPB25q220 4.3 - -
SPB25022¢ 2.8 - -
SPB25q22r 0.4 - -
SPB25q22n 3.7 - -
SPB25q22 2.0 - -
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AAGhind (Rosetta)?

AGhbind (MM-GBSA)

AAGbind (MM-GBSA)°

System (REU) (kcal/mol) (kcal/mol)
SPB25¢22k 3.4 - -
SPB25q221 0.7 - -
SPB25022m 27 ; ;
SPB25022n 15 - -
SPB25q22r -0.4 -75.3+£05 -15.0+0.6
SPB25q22s 3.5 - -
SPB25q22t 4.4 - -
SPB25022v 2.1 - -
SPB25¢2ow 2.6 - -

SPB25rsn/k11F -3.4 -56.8 + 0.4 35106
SPB25rsnik11w -6.6 -66.8 + 0.5 -6.5+0.6
SPB25rsNiQ22r -3.0 -58.0+0.3 23%0.5
SPB25rgr/k11F -4.9 -69.7 £ 0.5 -9.4+0.6
SPB25rgrik11w -5.6 -69.5+0.4 -9.2+0.6
SPB25rsriq22r -1.5 -63.9+0.3 -3.6+£0.5
SPB25k11FiQ22r -3.9 -53.7+0.6 6.6 0.7
SPB25k11F/1L25R -3.6 -63.1+0.5 -28+0.6
SPB25k11wig22r -4.0 -440+0.4 16.3+0.6
SPB25k11wit2sR -3.6 -64.3+0.4 -40+0.6
SPB25q22r/L25R -1.8 4771204 126+0.6
SPB25rsnik11FIQ22R -6.3 -48.5+0.6 11.8+0.7
SPB25rgn/k11F/L25R -3.9 -60.6 + 0.5 -0.3+£0.6
SPB25rsn/k11wiQ22r -5.8 -56.5+0.5 3.8+0.6
SPB25rsnik11wiL25R -3.8 -61.7+0.4 -1.4+£0.6
SPB25rsniQ22r/L25R -2.0 -58.1+0.4 22+0.6
SPB25rsr/k11F/Q22R -4.5 -59.3+0.4 1.0+0.6
SPB25kgr/k11F/L25R -2.4 -58.1+0.4 22%0.6
SPB25rsrik11wWiQ22r -3.6 -52.9+04 74+0.6
SPB25rsr/k11wWiL25R -5.1 -75.0+0.3 -147+0.5
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AAGbind (Rosetta)® AGhbind (MM-GBSA) AAGbind (MM-GBSA)?

System (REU) (kcal/mol) (kcal/mol)
SPB25FgriQ22r/L25R -0.2 -60.2+0.4 0.1+0.6
SPB25k11FiQ22r/L25R -2.5 -53.7+0.4 6.6 + 0.6
SPB25k11wiQ22riL25R -1.2 -67.8+0.5 -7.5+0.6

SPB25rsN/k11F/Q22R/L25R -6.8 -58.7+ 0.6 1.6+0.7
SPB25rsn/k11wWiQ22R/L25R -4.0 -60.2+0.4 0.1+0.6
SPB25rsr/k11F/Q22R/L25R -2.8 -72.2+04 -11.9+0.6
SPB25Fsr/k11W/iQ22R/IL25R -3.9 -67.4+0.4 -7.1+0.6

The difference between AGpind (Rosetta) OF a System and that of SPB25.
b The difference between AGuind (mm-cBsa) Of a system and that of SPB25.
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Table S2: Hydrogen bond occupations of ACE2, SBP1, SPB25 and designed peptides binding to

SARS-CoV-2-RBD.

Acceptor? DonorHa Donor? Hydrogen bond occupancy (%0)
ACE2% SBP1% SPB25% SPB25ku1r SPB25q22r SPB25rsrik11wW/L25R SPB25rsriK11F/Q22RIL25R
A4T5@0 S(19)@H S(19)@N 6.5 - - - - - -
A4T5@0 S(19)@HG S(19)@0G 59.3 - - - - - -
S477@0G 11(21)@H2 11(21)@N - - - - - 5.2 -
S477@0G 11(21)@H3 11(21)@N - - - - - 5.2 -
E2(22)@0 N487@HD21 N487@ND2 - - - 17.4 - - -
E2(22)@OE1 S477@H S477@N - - - 33.1 - - -
E2(22)@OE1 S4T7T@HG S477@0G - - - 16.6 - - -
E2(22)@OE1 T478@H T478@N - - - 6.5 - - -
E2(22)@OE1 T478@HG1 T478@0G1 - - - 8.2 - - -
E2(22)@OE2 S477@H S477@N - - - 25.7 - - -
E2(22)@OE2 S477@HG S477@0G - 0.1 - 130 - - -
E2(22)@OE2 T478@H T478@N - - - 15.7 - - -
E2(22)@OE2 T478@HG1 T478@0G1 - - - 15.9 - - -
E3(23)@OE1 Y473@HH Y473@OH - - - - 72 - -
E3(23)@0E2 S477@H S477@N - - 03 - - 25.7 0.1
E3(23)@OE2 Y473@HH Y473@O0H 0.1 - - - 74 - -
A4T5@0 Q4(24)@HE21 Q4(24)@NE2 - 57 113 18.8 8.3 3.0 -
A4T5@0 Q4(24)@HE22 Q4(24)@NE2 5.6 - 14 7.6 - - -
N487@ND2 Q4(24)@HE21 Q4(24)@NE2 - 0.8 0.4 1.8 6.1 0.4 -
N487@0D1 Q4(24)@H Q4(24)@N - - - 5.7 - - -
N487@0D1 Q4(24)@HE21 Q4(24)@NE2 - 0.8 0.7 7.1 24.4 0.3 -
Q4(24)@NE2 S477@H S477@N 05 20.7 42 0.1 29 14.8 56.9
Q4(24)@NE2 T478@HG1 T478@0G1 - 48 12 - 33 11.9 08
Q4(24)@0E1 N487@HD21 N487@ND2 54.1 74 11.3 5.7 2.6 41 18.8
Q4(24)@OE1 N487@HD22 N487@ND2 - 45 16 03 16 5.1 -
Q4(24)@OE1 T478@H T478@N - 435 7.7 - 275 58.0 88.7
Q4(24)@OE1 T478@HG1 T478@0G1 - 473 9.6 - 28.0 60.5 96.7
S477@0G Q4(24)@HE22 Q4(24)@NE2 - 33.1 57 0.8 101 20.2 72.2
T478@0G1 Q4(24)@HE21 Q4(24)@NE2 - 3.2 6.7 - - - -
T478@0G1 Q4(24)@HE22 Q4(24)@NE2 - 3.2 3.2 - 0.6 75 05
N487@0D1 R8(28)@HE R8(28)@NE - - - - - 5.4 26
N487@0D1 R8(28)@HH12 R8(28) @NH1 - - - - - 23 58.1
N487@0D1 R8(28)@HH21 R8(28) @NH2 - - - - - 24.2 39
N487@0D1 R8(28)@HH22 R8(28)@NH? - - - - - 85 15.2
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Hydrogen bond occupancy (%)

Acceptor? DonorH? Donor?
ACE2% SBP1% SPB25% SPB25ku1r SPB25q22r SPB25rsrik11wiL25R SPB25rsrik11F/Q22RIL25R
R8(28)@NH1 N487@HD22 N487@ND2 - - - - - - 8.0
Y489@OH R8(28)@HH11 R8(28) @NH1 - - - - - 8.9 -
D10(30)@0D1 K417@HZ1 K417@NZ 183 222 193 19.8 15.0 226 135
D10(30)@0D1 K417@HZ2 K417@NZ 18.0 27.2 289 107 201 17.4 208
D10(30)@0D1 K417@HZ3 K417@NZ 14.8 143 239 97 16.6 245 295
D10(30)@0D2 K417@HZ1 K417@NZ 24.2 24.8 16.6 233 14.8 20.1 14.0
D10(30)@0D2 K417@HZ2 K417@NZ 234 342 25.0 19.7 12.0 16.4 10.2
D10(30)@0D2 K417@HZ3 K417@NZ 16.4 197 214 17.0 17.1 26.0 11.9
Q493@OE1 K11(31)@HZ1 K11(31)@NZ 201 12.8 305 - 18 - -
Q493@OE1 K11(31)@HZ2 K11(31)@NZ 208 143 329 - 18 - -
Q493@OE1 K11(31)@HZ3 K11(31)@NZ 192 14.8 29.4 - 29 - -
H14(34)@0 Q493@HE21 Q493@NE2 9.1 6.8 5.7 0.1 08 0.1 -
H14(34)@0 Q493@HE22 Q493@NE2 0.2 17.9 0.1 23 535 67.2 772
Q493@NE2 H14(34)@HD1 H14(34)@ND1 - - - 202 - - -
E15(35)@0E1 Q493@HE22 Q493@NE2 38.6 286 54.4 - 42 - 0.2
E15(35)@O0E2 Q493@HE22 Q493@NE2 42.9 282 486 - 48 - 0.2
E17(37)@0 Y505@HH Y505@0H - - - - - - 8.9
E17(37)@OE1 Q493@HE22 Q493@NE2 - - - 74 - - -
E17(37)@OE1 R403@HH11 R403@NH1 0.1 - - 478 419 - -
E17(37)@OE1 R403@HH12 R403@NH1 - 64.4 - - - 60.7 415
E17(37)@OE1 R403@HH21 R403@NH2 - - - - - 424 294
E17(37)@OE1 R403@HH22 R403@NH2 - 44.4 - 21.7 21.8 - -
E17(37)@OE1 Y505@HH Y505@O0H 24.9 0.5 - 429 56.2 75.2 50.5
E17(37)@OE2 R403@HH11 R403@NH1 - - - 52.9 487 - -
E17(37)@OE2 R403@HH12 R403@NH1 - 27.4 - - - 38.6 58.1
E17(37)@OE2 R403@HH21 R403@NH2 - - - - - 265 407
E17(37)@OE2 R403@HH22 R403@NH2 - 2717 - 24.4 256 - -
E17(37)@OE2 Y505@HH Y505@O0H 121 1.0 - 51.7 52.8 82.6 53.8
D18(38)@0D1 Q493@HE21 Q493@NE2 - 6.8 - 48.9 19 36 4.9
D18(38)@0OD1 R403@HH12 R403@NH1 . - 312 - - - -
D18(38)@0D1 R403@HH22 R403@NH2 - - 36.1 - - - -
D18(38)@0D1 Y505@HH Y505@0H - - 54.6 - - - -
D18(38)@0D2 Q493@HE21 Q493@NE2 - 6.5 - 42.8 16 23 5.2
D18(38)@0D2 R403@HH12 R403@NH1 - - 49.6 - - - -
D18(38)@0D2 R403@HH22 R403@NH2 - - 734 - - - -
D18(38)@0D2 Y505@HH Y505@OH - - 19.7 - - - -
F20(40)@0 N501@HD21 N501@ND2 - - - - ; . 6.6
Y21(41)@0 G502@H G502@N - 99.7 - - - - -
Y21(41)@0 N501@HD21 N501@ND2 - - - 94.8 97.8 0.1 443
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Hydrogen bond occupancy (%)

Acceptor? DonorH? Donor?
ACE2% SBP1% SPB25% SPB25ku1r SPB25q22r SPB25rsrik11wiL25R SPB25rsrik11F/Q22RIL25R
Y21(41)@0 Q498@HE22 Q498@NE2 - - - 57.8 24.1 - -
Y21(41)@0H G502@H G502@N - - 84.4 - - - -
Y21(41)@0H N501@HD22 N501@ND2 175 - 5.3 - - - -
Y21(41)@OH Q498@HE21 Q498@NE2 55 - - - - - -
Y21(41)@0H T500@HG1 T500@0G1 195 - - - - - -
Y505@0 Y21(41)@HH Y21(41)@OH - - - 98.3 99.1 95.8 993
G446@0 Q22(42)@HE22 Q22(42)@NE2 3.0 - 22 15.8 - - -
G446@0 R22(42) @HH11 R22(42) @NH1 - - - - 217 - -
G496@0 Q22(42)@HE22 Q22(42)@NE2 - - 39.8 231 - - -
N448@0 R22(42) @HH12 R22(42) @NH1 - - - - 65.0 - -
N448@0 R22(42) @HH22 R22(42) @NH2 - - - - 27.1 - -
N501@ND2 Q22(42) @HE22 Q22(42)@NE2 - - 6.9 - - - -
N501@0D1 Q22(42)@HE22 Q22(42)@NE2 - - 242 - - - -
Q/R22(42)@0 Q498@HE21 Q498@NE2 - - 08 6.8 05 235 -
Q/R22(42)@0 Q498@HE22 Q498@NE2 - - 39.8 11 0.1 0.1 -
Q22(42)@NE2 N501@HD21 N501@ND2 - - 11.8 - - - -
Q22(42)@OE1 N501@HD21 N501@ND2 - - 69.1 - - - -
Q22(42)@OE1 Q498@HE21 Q498@NE2 05 - 27.1 57 - - -
Q22(42)@OE1 Y449@HH Y449@OH 26 - 6.1 - - - -
Q498@OE1L Q22(42)@HE21 Q22(42) @NE2 - - 16.7 - - 07 -
S494@0G R22(42) @HH22 R22(42) @NH2 - - - - 35.4 - -
Y449@O0H Q22(42)@HE21 Q22(42)@NE2 5.3 - 47 14 - - -
Y449@OH Q22(42) @HE22 Q22(42)@NE2 0.2 - 136 0.4 - - -
Y495@0 R22(42) @HH22 R22(42) @NH2 - - - - 55 - -
S23(43)@0 N501@HD22 N501@ND2 - - - 16.7 - - -
$23(43)@0 Q498@HE21 Q498@NE2 - - - 15.8 6.8 - -
$23(43)@0 Q498@HE22 Q498@NE2 - - - 17.1 85 - -
$23(43)@0 T500@HG1 T500@0G1 - - 0.1 6.5 - - -
$23(43)@0 Y505@HH Y505@0H - 56.2 - - - - -
$23(43)@OXT Y505@HH Y505@OH - 418 - - - - -
N501@0D1 S24(44)@HG S24(44)@0G - - - - - 5.8 5.7
Q498@OE1 S24(44)@HG S24(44)@0G - - - 0.4 6.2 - 16
S24(44)@0 G502@H G502@N - - - 0.1 - 203 -
S24(44)@0G G502@H G502@N - - - - - 94.8 -
S24(44)@0G N501@HD21 N501@ND2 - - - - - - 15.6
S24(44)@0G N501@HD22 N501@ND2 - - - - - - 176
S24(44)@0G T500@HG1 T500@0G1 - - 0.1 6.3 23 - 0.1
T500@0G1 S24(44)@HG S24(44)@0G - - - 6.7 58 - 29.7
G446@0 R25(45)@HE R25(45)@NE - - - - - - 10.5
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Hydrogen bond occupancy (%)

Acceptor? DonorH? Donor?
ACE2% SBP1% SPB25% SPB25ku1r SPB25q22r SPB25rsrik11wiL25R SPB25rsrik11F/Q22RIL25R

G446@0 R25(45)@HH21 R25(45) @NH2 - - - - - . 83
L/R25(45)@0 T500@HG1 T500@0G1 - - - - 8.9 - -

L/R25(45)@OXT T500@HG1 T500@0G1 - - 0.1 0.1 224 - 0.2
T500@0 L/R25(45)@H L/R25(45)@N - - - 247 - - -
T500@0 R25(45)@HH11 R25(45)@NH1 - - - - - 14.4 -
T500@0G1 L/R25(45)@H L/R25(45)@N - - - 2.0 202 - -
N487@0D1 Y(83)@HH Y(83)@OH 95.4 - - - - - -
T500@0 N(330)@HD21 N(330)@ND2 104 - - - - - -
G496@0 K(353)@HZ1 K(353)@NZ 13.8 - - - - - -
G496@0 K(353)@HZ2 K(353)@NZ 185 - - - - - -
G496@0 K(353)@HZ3 K(353)@NZ 24.4 - - - - - -
K(353)@0 G502@H G502@N 99.7 - - - - - -
Q498@OE1 K(353)@HZ1 K(353)@NZ 195 - - - - - -
Q498@OE1 K(353)@HZ2 K(353)@NZ 237 - - - - - -
Q498@OE1 K(353)@HZ3 K(353)@NZ 158 - - - - - -
D(355)@0D2 T500@HG1 T500@0G1 619 - - - - - -

2The residue number of ACE2 is in parenthesis.
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