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[ AL oEaT 2, 3 B TR RIS IRIR 3% /Ny
TR A B 1 R 2 20 B P | AR 1 A
Py PR R H IR HESEOLE, 1 PD-1/
PD-L1 #1258 0T — A A fR U 821-23],

H I 3E it 57 & (Bristol-Myers Squibb, BMS)
T 2015 FEATT T —FRINHEREIRA/ V3T,
XF PD-1/PD-L1 456 HA SRR A BELITI il 75 1 2,
Holak 1B\ 29 854238, BMS fb&¥58 14 5 PD-L1
itk H A R, LU Jr Ui PD-
1/PD-L1 M EAE. HeT 3k —HLHI, HoA 2w F
FAREBNIF R T — RIIA R BT EY,
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03762447)20 21 H 25,k /) IMMH-010 (NCT0434
3859)127281  FLAR 24V 1) MAX-10181 (NCT04122

339). Ul 35245 ) #9 BPL-371153 (NCT05341557).

HALZE ) ACS61 (NCT05287399) LA K % A=
YIEE 251 ABSK043 (NCT04964375) %:4k-44 H
HTE AR TG R B B, thF H i PD-L1 /)
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FEER T, W2 78T | 3R o T3l
J12% (molecular dynamics, MD) B4, 7E G AT 1
WF5E Rz W TR ) PD-L1 SRR/ N T
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L1 /NFAMfIFRIAH 0 37 RS A58 MR8 S0 &% 16 T
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ARFBARIFEAL S P % PD-L1 #0355 240
BARKEA—BIIE O, A SCAORGR T LAk
J# (half-maximal inhibitor concentration, I1Cs)
A8 bR B BRI ] 43 B (homogeneous time-
resolved fluorescence, HTRF) 15 gn%k .
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system, SMILES) F4F 5. 1Cs A F 1 pumol /L
AL S W SO BAYEREA (RIS PD-L1 B4 il
W), T 1y, &5 T 10 pmol /L LAY SCHBATE
A (BRI PD-L1 A B AMENE ), RN T
3 ST 1) T SR AR IO AN P, — U4
97K B9 25 38 1 0 % (high throughput screening,
HTS) 3L 512 5% (PubChem BioAssay AID: 2316)
(90 0 1 &R WA B = = N 9 = 1 = B
I1Cs50 DU (A T AR 2 Y0 T A S ik T [l A
RIREAREE T, 1C5, HXTEUR AR pICs,(RI-1gIC5)
VERFEAFRE .
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A 1099 A 5] I 455 B A A S 531 e A Ry 600 F
350 FPLAR B I TR 45 1) 1% 12 20 T 235 ) 1) e ot %
289 Murcko ‘B 22 B9, 70 FE 2 PL 2 NI REAE,
2048 hy ] A JE AL BIE Y 48 2L (extended-
connectivity finger print, ECFP)P j5 LIS
BRI L BRICHE B o 15 7 SO0 2 e
ECFP #1750 252K, HEREE H 5—20 ZAX N
I AERE R R B E , 5 SR ks SR N 732

FhEEHA TR R (K 1).
2.3 HOFFRAE

i ChemDraw 32| {L& %) SMILES 4+ 5
A =257 FiAFT (RDKit, PaDEL 1D&
2D, Mordred) fil =243 FF#5 40 (ECFP, MACCS,
PubChem) DAME RGP FRAE ] 5. FFE Java
B 14 PaDEL-Descriptor v2.0 F T il % PaDEL
1D&2D Hili B 45 871, MACCS 43 148 2 33 Fl Pub
Chem 43 - #8 & B7. RDKit $f§ it £ #l ECFP 43
FHe 80 B0 Fy A 2E (5 B AL BRIP40 RDKit %14k,
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Fig. 1. Dataset clustering: (a) 14 clusters of scaffolds of active compounds in the classification models; (b) 13 clusters of scaffolds of

compounds in the regression models. The colors of the circular dendrograms represent different clusters of scaffolds, and the closer

the colors are, the more similar the scaffolds are. The chemical structure diagrams on the side are the most representative scaffolds

of each cluster.

Hrp ECFP 43 T840 2048 4k, 158K L
P RT R R ESH  AEE S, ILAbh, ik
TR A Mordred ) #5 F T e Ji — 84 1E [ 1
(AL

2.4 HIE_ES]

S TR PLAR 2 > FE M PD-L1 /vy
TN 3 ST FIIN R 5 1C 50 T ] A A5 HY
Hrp 28I (logistic regression, LR) ., 4R iITH- %
(K-nearest neighbor, KNN), 37 £ [a] & #L (support
vector machine, SVM) ., FiHLAR#K (random forest,
RF) fIZ 2L (multilayer perceptron, MLP)
T 03 AT S5 AL A A, SVML, I (8] )5 (ridge
regression) . i rid 2 P15 (Gaussian process reg-
ression, GPR). RF Al MLP FfF [a] 94T 45 # A g
PSRRI B2 19 80% A IR B 4., 3 Ak
20% AR . AT o0 TR AT S o1 4R 80
FRIEEMIBR = B2 )5, T ZR4E 1T min-max

PREfRAb . 2 2 A B S B T Scikit-
learn A% 38 28 J7 1k 1) L 38 LEGIE (5-fold cross
validation) i€, MLt FEH, /AR DL S8 3 AH
K FREL (matthews correlation coefficient, MCC),
[ Y=Y ASE Y L) 5000 A P 1 44 48 X 9% 22 (mean abso-
lute error, MAE) i SEEBEPRUE.

2.5 IRENTMNIRAE

AR R R B (sensitivity, SE). #¥
5t (specificity, SP)., #Effi & (accuracy, ACC),
EHTHIC R AL (Matthews correlation coefficient,
MCC) #ATIZ AL, HATHAUT

SE = TPTFN’ W
SP= TNT—I;I FP’ @
ACC:TP—FEII\)I:?I:II—FFP’ ®)

|
TP x TN — FP x FN @

MCC =

Hrf) TP(true positive) o3 2RI Ry HAG D
il M HL S 5 45 SRR o B s P A A R
K, FP(false positive) Ao B g A HAA
S VAR S 0 45 R A B s PR A S R
KL, TN(true negative) A4 AR ALH] 5 A H
BRIk REE SRS e s ) Ny N = 1 R G S D A

/(TP +FP) x (TP + FN) x (TN + FP) x (TN + FN)’

\
G WIREAR KL, FN(false negative) 708 4]
AN B AT R {H S 0 45 5 S B A S P
B UIREAKL.

[P BE FH P32 % 1% 2% (mean absolute
error, MAE), ¥ /7 #i% 2% (root mean-square error,
RMSE) F1 3 % 22 % (correlation coefficient, R?)
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Horp, n g Il A TR PG B SRR AS L, YVine A
WG pICs FERMENE, Vorea A BIABIIS AL 5
Yy pICyo BT TH-{EL.

RP=1-

2.6 ZyYtEMU%ER ADMET #6356

AR SCHEOK [ ZINC15 B 4 B4 9 7400926
ANATRDEIESE (B E 2023 4F 2 A 24 H)  BFHER
WSk = AR S5 MR R SE25/Nr T A i L &)
e, A X 4y L iE i ZINC15 25 A )
PERG G, 5 T AR SCRR G e 1 1k B W0 B0 2 1 BTAH
HAE, %5000 25 W) A AL PE 98 5 (quantitative
estimate of drug-likeness, QED) & Z& /N H 140,
Kosugi A1 Ohuel") $& 7 —Fp 5 nid A F 41 %) &
F1J5% AH B A 4 500 9 8 1 25 W AR 0L 48 AR
(quantitative estimate index for compounds
targeting protein-protein interactions, QEPPI),
&Y QEPPI 38— T 0—1 Z [ HI1HE,
BB AR AL S W 10 25 1 BORH B 4 i 770 24
YIRS R, ARSCRL 0.7 Ry A = 25 24 PR A
=Y.

ADMET fRES W B (absorption). 43
Bt (distribution). G (metabolism). HE it (exc-
retion) FIFEME (toxicity) SFE 222G M i, 7651
2yt + oy E 2, ASCRHA] ADMETIab 2.0
LGP T ADMET fii i 42,

2.7 HFIE

BT 2 K0 1 355 TN 5 9 R 1 T A
A RS AME B, A SCGEERP) PD-L1 R AR5 #k
U8 T A S % PDB(ID: 7TDY7). A ik #%
PD-L1 R 45 G i X O RHESS & F 4%,
ETWTHH: 1) s RH PD-L1 Rk

HR A2 B S T XSO AR A W 25 4s A A i 18 44
2) 43T J B R /N AR X I 25 4 R A
pa i

I FREAI A AutoDock Vina #4741, Auto-
DockTools ¥ PD-L1 — & FE 1k A pdbat #% X,
SHEMAE TR R 40 Ax30 Ax40 A, Hue b
g (144.799 A, -9.364 A, 16.163 A). BAMEEW4
BEAL A AL 50 Fo e A TN B, AR X 4545 40 0k
FrHES , A EAS A3 0N T oL A 25 B G
HF T8 IR 5. LA, Bk
it bR RS B p A S Ve FIPLEZ 5 ST
NFRRFE 25 AR, A SCRIA LigPlot 55 /N +
5 PD-L1 SRR FHE AR F 10,

2.8 HTFHNFEEH

ARSI W ¥ 8) ) AUk 1T CHARMM
36 & i 13 WS LS W BCAR Y 01 3% 2 808
i1 CGenFF i 7 3k B 4750 A~ i3 X #2240 B
i 2 AL A W Fn A X BEAL A 9 (BMS202 L &
INCB086550) 5 PD-L1 ~RIKE & ARG HE T
10 nm x 10 nm x 10 nm & TN, H& FIETK D
I LA NaCl v fiTiAR 2 i far 5k, S5 dt i R
GROMACSPY T H gmx solvate il gmx genion 5
. A 15T ol 112 TAEY i GROMACS
2019.6 B ¥ ALia AT, AP KR 2.0 fs, RITHR
R (NPT) REE, ST KN 100 ns. BEHL&1E
ol y A 2k 3 A7 I B TE T AR R
S50, R H2E S 1 R ) Parrinello-Rahman? J5
EW ARG YEFRFTE 1 bar (1 bar = 10° Pa), [k
45 R BORE R 4.5x10°, st [E] A 5 ps. AR,
F 48 % H Nose-Hoover 54 451 7 : 44 B A4-25
2SRRI ARG, IR 4ERTE 310 K, 5t
AR 1 ps. KM B FEE A BAE F ] Particle-
Mesh Ewald (PME)P Jy ki 55, J i g i i A B
VE A 1E BE 251 % 4 1.2 nm, LINCS (LINear
constraint solver)P B vk H F 4 W& H R 1 19
HHC.

2.9 MM/PBSA && B HATHE

ACLL gmx MMPBSABT g T A5 71
SFIARN -3 IR %% 2 R TH AL (molecular mechanics
Poisson-Boltzmann surface area, MM /PBSA) 3k
A MNMEREIG 10 ns Ul 19-F 4454 H H e
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(AG), Hit@ AT
AG = G1complex - (Gprotein + Gligand) 5 (8)
/ﬂ\:qj GVcomplex ﬂyﬁejﬁ‘@a1$/§%%ﬁ@ E E‘Hﬁ%, Gprotein

ﬂ:ﬂ Gligand ﬁ%’]ﬂﬂﬁﬁlﬁ*ﬂ@ﬂﬁg% E E/‘J E Eﬁﬁg %gﬂ
SrE H BT AR LT

G= EMM + Gsol - TASv (9)
EMM = Evdw + Eelea (10)
G15‘.01 = EPB + ESA7 (11)

Horp B ASMES S RERE, B P8 FL H- T Evay
NI Eae ¥ ; Gool ML A HRE, HIE
Epg FAENE Bsa TR AL TAS oA, PRI
SENA R e HOR AL BERS 3 1 h BERORTIEE, AR SCRF
AR HBEATIHE

3 HREXR
3.1 SFEEBRIERE
30 P/ RpERLS> HI2EF LR, KNN, SVM, RF

1 MLP HF % 15 L) & RDKit, PaDEL 1D&2D,
Mordred 43 Ffiid 451 ECFP, PubChem, MACCS

ST FAREL 6 P T RAE T ey, B 2 A
R AT RE IR B A SRS R4 R
PERERIN, Hib Ll ECFP i A KNN 4 3
H I AETERE, SE(BHPEREAS T IE 62K ) = 0.9937,
SP(FAMAEATIN E4f %) = 0.9781, ACC(&#BF:
AT IEHTR) = 0.9859, MCC(ZEA P S ke
AT PEREFEAR) = 0.9720. % JE R/ F7 ek
ARSI FERT, [RIFF3RER 740 J7 42K
/NG T A S R T i TSR R R, TR,
R H LD ECFP R A T I 8209 53 250 k. O3
— 71, A% T LR F1 MLP izl KNN, SVM
F RF BEADG T 7] 5B E A W 5 25008 AT 55 BA A
WS, R, %8 KNN, SVM Fil RF 571
VR o S AT S PP L AR S
INGYF R TR R, WA E IZ AL 6T PD-L1 Hag
P .

3.2 SHEEDRE

H T R A ) i RRE 5 3 2 22 [
B AR D&k A SR TG P AR 36 Ak B =2 T Y
RDKit, PaDEL F Mordred =i iR 44 % 23 H7 3k
TR E P A A Y REF A AR f Y

[ RDKit [ PaDEL [ Mordred []ECFP [JPubChem []MACCS

(a) 1.00

ol gl e T

SE

LR KNN SVM RF MLP

Machine learning algorithm

il i E: I{PI

ACC

0.92 r

0.90

LR KNN SVM RF MLP

Machine learning algorithm

(b) 1.00 —
EIEEIE IEEEIE I_IEI II; I IIII :
0.98 1 = I

SP

LR KNN SVM RF MLP

Machine learning algorithm

0.92 |

0.90

LR KNN SVM RF MLP

Machine learning algorithm

K2 pRBIRITEREREL  (a) REUE; (b) B EE; (o) MERREE; (d) DM R
Fig. 2. Performance of binary models for classification tasks: (a) SE; (b) SP; (¢) ACC; (d) MCC.
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5 NS 43722 5 (W RNFEMRHET ST (online)).
A AL PR AR T 4047 2 4
S0, (L ph T4 T R A IR £ 2 DA RS,
AE AR AL P B BRIV B, OIS R
FL BL% o X, FRATTHG A R A B AE R
.

SHA G RIFIR, 5 TA550 ECFP 1 {21
SR R R A M AT AE AT AE, X MR 5 T
55 4.5 % PD-1/PD-L1 9 1) 15 ¥ 2 i1 5 5 2
S IBEE T HI-F B A & i L ] % s T
S PE A A I T 45 K R - B0 AL 24 L
BEE TR AL AW T4 (B 3). &G
M T PRGSO 7 5 PEAL & P B0 H R
LT AT AL AR A, X k2
S J BT RE XL A IEG PD-L1 035 PEAT 1E i)
Tk, A, ESEE L A s B R 65

(a) 2500
[ Active I
2000 5 _ [ Inactive \/ /\
M / ECFP1161
- 1500} ECFP253 —
3 \_7 |
[e]
© 1000 — ECFP985 H ECFP1723
HN ‘y\
500 b ECFP256 ||/§|
ECFP1350 N~
il
0 1 1 1 1 1 1 1 1 .
ECFP1040 ...
P g2 OS> 80 AW g o o H ==
QYT NP N0 (B0 AV a0 P\ y:
@Q@ @Q@ OQQ OQQ CQQ OQ?@QQ @O DS . ECFP1971
Fragment ECFP390 ECFP1453
(b) 2500 —8 —m— T
[ Active o H E
[ Inactive " ' /'\ A
2000 | / .
— \N . HO—
. 1500} ECFP315 ECFP1117 > <
% ECFP835
8 o ECFP1717
1000 | \i/ HO _—N/ /
H N\
) N
s00 ECFP611 ==\
2 ECFP1215 \i/
0 : £
H O D 0 o® At AN % H
ER U SN oo s SR PR SR SN S 9% .
I N g P A A N ECFP999 ECFP1860
@Q @Cﬁ @Cﬁ @Q @Q @Q@ @Q @Q@ @Q@ Q)O \ . A
Fragment ECFP680 ECFP1310
B 3 4y FaiiH BEFE AR AR TR 2E 5 (a) TEMEAL B T E0S R S50 B B () JAETE MRS Wi 805 i 2544 A B

FHING Wi st - B WGP A 1 1) BTk

H5 9 & 1%, ECFP985 il ECFP1161 A Bt
AR T AR, X2 BMS 1k
G B RZ O G5 R R AE 2 — 2458 i Ah ) R 3k
(ECFP253) . ithE (ECFP1453) IS KR AH 4 A ik
# (ECFP1971) % 77 T 24R ¥ PD-L1 )
TG E R /Ny AR . BT B TR A R
B, K ALRENS S5 PD-L1 B9 Ala121 Fil Met115 ;=4
5 ZU Y B 7K A ELAE PO Lu 4§ 199 % #8 PD-L1-
BMS202 &9, MLRERR i) 2+ F8 B R K
Z3 8], PRAAT TAE I 5B T — R 5 Y B,
DI R ECR I ES AR AT iz R B B
VI 22 F A7 A At T A R A5 e e e A48 i
e POSLO R BRARGE R, AR PRARGE R Y AR T
REt R AR O YA R 4y, b, DAk 2K
TCA S FLICH G AL G 2915 50%143.63-69],

g5 BEA O R T AR (U R D B M R T (O B, TR AR B T T U B (4 K

Fig. 3. Count difference of fragments of structures between active and inactive compounds: (a) Fragments in active compounds with
a proportion higher than inactive compounds; (b) fragments in active compounds with a proportion lower than inactive compounds.
The center atoms of substructure fragments are highlighted in blue; aromaticity atoms are colored in yellow and aliphatic hydrocar-

bon atoms are colored in gray.
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3.3  [EAEERI*EE 0.6375, GPR 5 #J ) MAE = 0.4557, RMSE =

30 F RS2 B35 F SVM, Ridge Regres. 0.6375 AYTERER B E 0 THARMIY. 18] 5 J&/R T
son. GPR. RF Al MLP % 50 1 14 % RDKit,  PUFMBUR(EVIZIE RO G A BEA 0 TS
PaDEL 1D&2D, Mordred 4+ 7 i /£ 75 F1 ECFP, Rz, HETCHEIr ) REAS A T i 2 76 41 315
PubChem, MACCS 4> 74840 6 Fi 4> T 21 77 50 W, LA ECFP M AR SVM AIIAERA Fipke 7
fradar. & 4 BB S TR | RiEES % R? = 0.782, L) ECFP N%i A GPR LRI 7L
B TR UEE ERgTERERIE, Hoh LI ECFP R PCE R R? = 0.787, PSS ARITN(E 1) F

J A SVM BLRI DL MAE = 0.4503, RMSE = YR A st b A9 PD-L1 S35 P e
[JRDKit [ PaDEL [] Mordred []ECFP [JPubChem []MACCS
(a) 0.8 (b) 1.0
0.7 { 09} {
0.6 { { m 0.8 { ] {
&3]
3 =
* o5l ooTh
0.4 1 0.6
0.3 . . . . 0.5 . . . .
SVM  Ridge GPR RF MLP SVM  Ridge GPR RF MLP
Machine learning algorithm Machine learning algorithm

Bl 4 BUHBARPERERI () FAXTRZE; (b) ¥Ior MRz
Fig. 4. Performance of continuous models for regression tasks: (a) MAE; (b) RMSE.
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12 3
(a) (b) Train R? =0.991
11 oL Test R2 = 0.782
10 |
E
T;E 9r P 1F
o 8r g
o] ° 0
5 7t 3
° ~
g 6r -1
o9
5 -
4t Train —2r Train
Test Test
3 . . . . . . . ) _3 A . A . . . . | L
3 4 5 6 7 8 9 10 11 12 3 4 5 6 7 8 9 10 11 12 8 16
Measured value Predicted value Distribution
Continuous ECFP GPR Continuous ECFP GPR
12 3
(c) (d) Train R% = 0.987
r oL Test R?=0.787
10
E
T§ 9r P 1F
- 8r g
9] T 0
g TH %
bS] ~
g 6 -1
[a
5 -
4k Train —2r Train
Test Test
3 I I I I I I I L -3 I I I L I I I L L L
3 4 5 6 7 8 9 10 11 12 3 4 5 6 7 8 9 10 11 12 8 16
Measured value Predicted value Distribution

K5 PR AETERE AR ISR (), (o) HEARPUME S FREAE A5 (b), (d) HEAS BT i 22
Fig. 5. Prediction results of two best-performing continuous models: (a), (c) Distribution of predicted values and label values;

(b), (d) prediction residuals.
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3.4  EHIIFIE

ZINC15 Hdl e v vk HISOR = 4E 25015 5
(1 25 25 W /N o3 F K BLAS SC Y Ak G B I
(7400926 >/NorF). FEAS PR e AT A B 4 A
P 1) FIRHE LD ECFP % AR KNN, SVM
I RF 4 3 B ity Forh 22 /047 2 Fiofil e 45 21
Xt PD-L1 & 1 EA P, Wk za 1 E
A I . 2) [\ EE A LD ECFP 2 i A Y
SVM il GPR. [u] 5 452 78 151 0] pIC50 i, W A 7Y
pIC50 HFEHE/NF 7 (IC50 > 100 nmol /L) 14k
HUHESIEE. 3) IHHE/ NP A YR QEPPI 4
B (WAPFEAELR S2 (online)), IR B QEPPI 1%
Syt 0.7 MR A Y. RAEPIGA TRt ik &
YItE ZINC15 HARHE Lipinski £ )50 66 g€ LA
B2k AW, (RIS P 4Tt /i) BE
ML A4 45 4 3 PD-L1 — B AR M40 B /E A1
U, EHEASAATR 25 A DA B A R

@ ey
\ 4

K6 M DL i O A

Fig. 6. Workflow of virtual screening.

ADMET

SC. 4) i ADMETIab 2.042 15 /N7 AD
MET £, Lhifk— 2 i B N IV RE A /N o3 7
(WLANFEHAHEFE S3 (online)). 2K, i i AN HE U
i e Re, 42 MEL S WHOA X PD-L1 A4
BRI GRS Rt R r 25 HITERE (1 6).

3.5 HFXTEE

R T G UF O 15 5 SR 1 3 T 4 A 1 Ty vkt
— U S ik &, FIA AutoDock
Vina 4 42 M E A P 2L K BMS202 F1 INCB-
086550 Xf1% %] PD-L1 —R{RK) IgV 25438 (PDB
ID:7DY7). HA A1 10 Fifb &80l
A W1 PD-L1 M5 4k S+ 2 5 530
(F 1), AT EME, 10 PSP xtiE
3 BCAAR TR R 11K 50 16 5 9 INCB086550
IR E, BRI TT LA A SE TR i 4325 Al 19
BRI vE PD-L1 /N F ISR A TR, 4
Br 12 ik 5915 PD-L1 AR EAEHI AT 0
(WM FE 44 KA S2 (online)), TYR56(A), TYRS56
(B), MET115(A), MET115(B), ALA121(A) il
TYRI123(A)(#EINH A 5 B 70513878 PD-L1 %
R Sk A o B) SFE SRR AL S I B iR
R T HSRIBKAHEAER, X SRS X /N1
Sh A BN SS AAAT RR AT Y. BEAR, BR T
ZINC000021874692 FI ZINC000021874694 33X — X
G A e AR, ARG W 24 22 S 35
K, FHALBERAR, R A AT Ay A R 14 S 36 i i
PRt E A ES A ) (WANFEATEHE] S3 (online)).

1 AR 10 AR A9 K BMS202 Al INCB086550 HYXT4#45
Table 1.  Docking results for the top 10 hits with BMS202 and INCB086550.

Fe wEY lla==rt iy X535/ (keal-mol 1)
Cl o NrN\
Hit 1 ZINC000021723762 @ »\O*Q 118
VoW
Hit 2 ZINC000021874692 S kff’;;)_(Q 107
- [e]
[}
S O
Hit 3 ZINCO00175468610 ({)‘4\]\(\@}:} 107
VA ’ o=\
Hit 4 ZINC000019770413 Q\,(fj@‘ 10,6
o
o
Hit 5 ZINC000021874694 m@ 10.6
Ve [e]
[}
¢ i S
Hit 6 ZINC000952973550 %j\l(\é/k\ 105
o
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R 1(ZE)  FARXHEIFIAY 10 P ik £ & BMS202 Fil INCBO8G550 FX 12454
Table 1 (continued). Docking results for the top 10 hits with BMS202 and INCB086550.

Fris EY LR X438/ (keal-mol 1)
D¢
Hit 7 ZINC000064987401 A -10.5
=N
o
Cl
Hit 8 ZINC000003908573 @f% 104
N A
H Nl*o
= (o}
Hit, 9 ZINC000020538424 @f i '\/H 104
ﬂ | /
o
Hit 10 ZINC000004063088 " Y -10.3
7 N\ s <
=\ Cl
Ctr 1 BMS202 oYY J ® 111
)l\u/\/N Z
I Q. g
LT
SN
Ctr 2 INCB086550 - -10.0

3.6 HDFEhhEEN
FEERLA 5 PD-L1 — B AR LS A R4 8 1k

FHELE, PR % RMSD ik ahi k. MKl 8 &M
J-FCAARZE A B R, A B DR AR A 2548 R Bt
L TPAE B Y — i, T 05— AR R T4

TR T 12 MEAE-EH RS 100 ns FakhE
FE RRABC N F T EAREREET
R ZE (root mean square deviation, RMSD)
(8 7). B AR 21 PD-L1 — B4 B 2R E 44 1)
RMSD 7E 50 ns 5 ¥F8EFE 0.8 nm LR, B0
TR F-, B A S RIS A RE . (AR
J&, LI INCBO086550 A il i 4> F KN T 5
LA ZINC000019770413 S 451 (1) 43 5 /N /N o3

S, BRI T HREOR, TR, HAe S
A BN 2, X E sy A, X
REAZHR AR/ IVr T H % RMSD i shARRT 3 R i) S

3.7 MM/PBSA && B HETE

Gy F 8 S AR B SR 10 ns BB g H T
MM/PBSA HHEUPHE LA/ Ny 55 PD-L1 %

— ZINC000021723762 —— ZINC000021874692 —— ZINCO000175468610
—— ZINC000019770413 —— ZINC000021874694 —— ZINC000952973550
—— ZINC000064987401 —— ZINC000003908573 —— ZINC000020538424
—— ZINC000004063088 —— BMS202 —— INCBO086550
1.2
g 1.0
a
g ! E 0.8
E ~ .
w~ i \} a
© ‘
< ‘ ) =
2 ‘ | 0\ “‘ ‘F}‘ A = 00
] R fU o
< | i L =
Q [, o | ‘| & 04rp
- ik 1 R
A V| 1R A ik =
A oy el 0.2
o
0 \ \ \ \
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Time/ns
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(a) PD-L1 R {&H 3 (b) Blfk

Fig. 7. RMSD: (a) Backbone of PD-L1 dimer; (b) ligand.
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# 2 A AmGETRAR

Table 2. Results of MMPBSA.

aw E, 4w /(kcal-mol ) Eee /(kcal-mol ) Epp /(kcal-mol ') Egp /(kcal-mol ) AG /(kcal-mol )
ZINC000021723762 —-58.86 £0.12 -8.76 £ 0.10 35.53 £ 0.09 —4.03 £ 0.00 -36.12£0.12
ZINC000021874692 -50.42 £0.11 -6.50 £0.14 35.65 £ 0.16 -4.50 £ 0.01 -25.78 +£0.12
ZINC000175468610 —42.46 £0.09 —-14.34 £0.08 36.20 £0.13 —4.02 £ 0.00 —24.61 £0.10
ZINC000019770413 —-47.31 £0.08 -3.45 £0.08 26.32 £0.07 -3.48 £0.00 -27.91 +£0.08
ZINC000021874694 -55.17 £0.09 -17.87 +£0.13 45.67 £0.14 —4.59 + 0.00 -31.97 £0.12
ZINC000952973550 -55.82 £0.08 -13.47 £0.11 45.83 £0.11 -4.19 +£0.00 -27.65 £0.11
ZINC000064987401 —48.50 £0.08 -14.71 +£0.12 38.59 £0.11 —4.06 = 0.00 —28.68 £0.12
ZINC000003908573 —-44.75 £0.07 4.59 £0.11 20.20 +0.13 -3.74 £ 0.00 -23.70 +£0.12
ZINC000020538424 —49.50 £0.09 -8.50 +£0.13 32.61 £0.16 -4.17+0.01 —29.57 £0.10
ZINC000004063088 —64.14 £0.09 -5.38 £0.11 36.75+0.10 -4.21 +£0.00 -36.98 +£0.10
BMS202 —-40.23 £0.08 -3.57 +£0.07 22.35 £0.10 -4.31+£0.01 —25.75£0.09
INCBO086550 —-50.65 £0.14 -9.87 +£0.17 44.44 +£0.27 -5.13 +£0.02 -21.22£0.15
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SPECIAL TOPIC—Machine learning in biomolecular simulations

Virtual screening of drugs targeting PD-L1 protein’
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Abstract

Monoclonal antibody inhibitors targeting PD-1/PD-L1 immune checkpoints are gradually entering the
market and have achieved certain positive effects in the treatments of various types of tumors. However, with
the expansion of application, the limitations of antibody drugs and problems such as excessive homogenization
of research gradually appear, making small-molecule inhibitors the new focus of researchers. This study aims to
use ligand-based and structure-based binding activity prediction methods to achieve virtual screening of small-
molecule inhibitors targeting PD-L1, thereby helping to accelerate the development of small molecule drugs. A
dataset of PD-L1 small-molecule inhibitory activity from relevant research literature and patents is collected
and activity judgment classification models with intensity prediction regression models are constructed based on
different molecular featurization methods and machine learning algorithms. The two types of models filter 68
candidate compounds with high PD-L1 inhibitory activity from a large drug-like small molecule screening pool
(ZINC15). Ten of these compounds not only have good drug similarities and pharmacokinetics, but also exhibit
comparable binding affinities and similar mechanisms of action with previous reported hotspot compounds in
molecular docking. This phenomenon is further verified in subsequent molecular dynamics simulation and the
estimation of binding free energy. In this study, a virtual screening workflow integrating ligand-based method
and structure-based method is developed, and potential PD-L1 small-molecule inhibitors are effectively screened
from large compound databases, which is expected to help accelerate the application and expansion of tumor

immunotherapy.
Keywords: PD-1/PD-L1, virtual screening, machine learning, molecular dynamics simulation
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