Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2019

Supporting Information
Computational Analysis of Hot Spots and Binding Mechanism in the PD-1/PD-L1 Interaction

Dading Huang', Wei Wen!, Xiao Liu', Yang Li', John Z.H. Zhang'?3
IState Key Laboratory for Precision Spectroscopy, Shanghai Engineering Research Center of Molecular
Therapeutics & New Drug Development, School of Chemistry and Molecular Engineering, East China
Normal University, Shanghai 200062, China

’NYU-ECNU Center for Computational Chemistry at NYU Shanghai, Shanghai 200062, China
3Department of Chemistry, New York University, NY, NY 10003, USA

*To whom correspondence should be addressed: john.zhang@nyu.edu

Keywords: PPI, PD-1/PD-L1, Computational alanine scanning, Hot spots, Binding free energy,
MM/GBSA, Interaction entropy, Structural Biology, Immunotherapy

Table S1. Result of computational alanine scanning for the PD-1/PD-L1 interaction.

Mutation | AAEgw | AAEg | AAGu | AAG,, | AAH | SD1* | AAIE | SD2" | AAG | SD
(A) PD-1
Q75A 4.14 1077 | 848 | 034 | 678 | 027 ] -148 | 028 | 530 | 0.54
1134A 5.91 029 | 080 | 012 | 495 | 022 087 | 026 | 409 | 0.46
1126A 4.53 001 | -041 | -008 | 403|012 ] -0.60 | 003 [ 342 | 0.10
E84A 2.03 1158 | 862 | 009 | 508 | 014 | -2.08 | 0.18 | 3.01 | 0.24
K78A 2.98 433 | 293 | 007 | 446 | 017 | -158 | 007 | 288 [ 021
Y68A 1.80 523 | 374 | -008 [ 322|023 | -084 | 007 238|027
L128A 3.56 038 | 067 | 014 | 265|010 038 | 003|227 |0.12
N66A 139 305 | 206 | -0.06 | 242 | 0.04 | -038 | 0.03 [ 2.04 | 0.07
KI131A 1.69 731 | 743 | 019 [ 176 | 0.08 | -058 | 0.06 | 1.18 | 0.09
V64A 131 020 | 052 | -001 | 057|007 012 | 002 | 046 | 0.06
Q133A 1.01 174 | 215 | o010 | 070 [ 023 | 034 [0.10 | 036 [ 0.15
T76A 2.03 201 | 241 | 000 | 164 | 027 ] -136 | 009 | 027 | 0.32
L122A 0.55 012 | 011 | 003 | 029 | 007 ] -0.02 | 001 | 027 | 0.07
M70A 0.53 116 | 093 0.00 | 030 [ 023 ] -0.11 | 010 0.19 | 0.13
D77A 0.30 251 | -237 | 003 | 048 | 008 | -0.38 | 020 | 0.09 | 0.14
S127A 0.03 025 | 026 | 000 | 002 |001] 000 |000]| 001 |001
N74A 0.42 140 | 1.0 0.03 | 008 | 005 ] -0.12 | 0.02 | -0.05 | 0.03
R139A 0.34 279 | 243 0.03 | 001 [ 013 ] -020 | 003 | -0.19 | 0.11
Q88A 0.45 061 | 021 012 | 018 | 030 | -044 | 025 | -027 | 0.13
K135A 0.54 1061 | -1018 | 017 | 1.14 | 041 | -1.77 | 0.68 | -0.63 | 0.39
S73A -0.90 293 | 247 | o001 [-043]020] -090 | 041 [ -1.34 | 0.60
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E136A -1.19 1094 | 866 | 016 | 125 | 010 | -295 | 023 | -1.70 | 0.24
(B) PD-L1
Y123A 7.14 396 | 398 | 049 | 760 [ 050 [ -1.69 [0.11 [ 592 [ 046
Y56A 5.24 050 | 068 | 004 | 510 | 028 | -0.52 [ 004 | 459 [ 0.27
RI25A 4.64 221 | 150 | 055 | 448 [ 038 | -1.39 [ 0.10 | 3.09 | 041
MI15A 3.93 096 | 003 | 006 | 299 [012] -047 [004 ] 252 [ 0.10
R113A 2.59 048 | 062 | 030 | 399|072 -1.84 [ 010 ] 215 | 065
Q66A 2.25 306 | 292 | 004 | 253|003 -043 [ 004 [ 211 | 0.04
154A 1.88 008 | 038 | 013 | 155 [ 005 | -0.14 [ 000 | 141 | 0.04
K124A 3.02 321 | 356 | 034 | 301|011 ] -1.78 | 052 ] 1.23 | 059
E58A 0.87 1012 | 966 | 005 | 138 | 013 | -0.61 | 016 | 077 | 0.11
V76A 1.43 025 | -051 | 006 [ 072]009] 015 |0.00 ] 057 | 0.10
F19A 0.46 028 | 038 | 000 | 056 |o001| 001 |[005] 057|006
T20A 0.75 037 | 015 | 005 | 059 [ 004 | 005 [ 001 ] 054 [0.03
V23A 0.63 009 | 002 | -001 [ 055|012 003 [001] 053013
DI22A 0.32 934 | -765 | 001 | 201 [ 008 ] -149 | 013 | 053 | 0.17
D73A 0.13 639 | 602 | 000 | 050 | 001 | -0.6 | 0.02 | 034 | 0.03
1126A 0.20 001 | 012 | 000 | 032|001 | 000 [000] 032|001
N63A 0.87 063 | 012 | 010 | 047 [ 007 ]| -0.16 [ 003 ] 031 | 005
S117A 0.50 008 | 012 | 002 | 032004 -004 [000] 028 | 0.04
V68A 0.46 003 | 018 | 003 | 029 [ 004 | 001 [000] 027 [0.03
D26A -0.50 905 | -7.89 | 013 | 079 [ 016 | -1.80 | 046 | -1.01 | 051

aStandard deviation of AAH.
bStandard deviation of AAIE.
cStandard deviation of AAG.
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Figure S1. RMSDs of the C, atoms of the PD-1/PD-L1 complex of the 5 production runs relative to the initial
crystal structure in the final 2 ns..
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Figure S2. Energy components of the hot and warm spots predicted by the computational alanine scanning.
For each hot spot, AAG (red), AAH (blue), AAE,q, (black) and AAE . +AAGy, (pink) are displayed.



Figure S3. Hot spots (colored surface and labeled in yellow colors) in PD-1 (A) and PD-L1 (B) predicted by
over 50% of the methods as listed in Table 4



