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GPU accelerated molecular docking method for virtual screening
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Abstract ; Virtual screening exploits computational platforms to simulate pre-screening in which molecules (ligands)
that can readily bind to receptors are identified, reducing the number of drug tests and improving the efficiency of
drug lead compounds discovery. Some commonly-used docking software have been applied to structure-based virtual
screening to find the proper binding conformations and affinities. Specifically, the scoring function is employed to
identify potential binders. However, the existing docking software such as AutoDock Vina are still time-consuming
and computationally expensive, especially for larger scale dockings where longer execution time compromises the
performance of the docking programs in the screening tasks. Hence, a GPU accelerated Molecular docking method
for Virtual screening, QVina2-GPU, is proposed to parallelize the efficient QVina2 docking software, which can
exploit the highly-parallel hardware architecture to speed up the process of molecule docking. Specifically, the
multi-threaded parallel execution of Monte-Carlo iterative local search is enhanced by increasing initial molecule
conformations. That is, the breadth of Monte-Carlo search is increased to reduce the depth of each Monte-Carlo
search. Meanwhile, the rule of Wolfe-Powell is applied to upgrade the local search for better docking accuracy,
which can further reduce the depth of Monte-Carlo search. Finally, QVina2-GPU was implemented with NVIDIA
Geforce RTX 3090 on the public ligand database, and the experimental results demonstrate that the proposed
QVina2-GPU can achieve an average acceleration of about 5.18 times and a maximum acceleration of up to 12.28
times compared to Qvina2 while guaranteeing desired docking accuracy.
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XoF L 9 o o D0 T XoF % 422 43 88 Score AT RMSD 19 5%
Mo, SEERZEF AN 4 Frn, Hb &l 4a 2R 140 AMAC
PR/NGYFAEWIAPUE N 28 T 19 Score, HoH Score 1)
BT keal/mol , Fon BFEE /R 4r F T fig i, (&1 4b
FEORPIFNE N 254 F 79 RMSD 545, 9 I8 &1 il 9\
AEFRFRFE T Armijo HEN I FE AR , B AL bR R B
Wolfe-Powell HENAYF8FR, B0 55 R B AR P i) R
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Fig.4 Comparison diagram of score and RMSD of the two criteria ( the smaller the score and RMSD, the better)

S5 BN EARE T 60.71% R AW T 4a
FXF 2k 15, 2 WId R Wolfe-Powell ¥ 45 31 1
X438 Score /NTF Armijo HENI Y Score, Bl Wolfe-
Powell HEMIPERENE T Armijo #EN ; 47 39.29% 5 &
Y T da B9XT AL L, I Wolfe-Powell £
1921 Score 5 Armijo #ENIAH[F] ; 2 T Wolfe-Powell
HEM B S5 R DR AIEA 63.5T% MR AT K 4b
e BT 2 A0 3 XS, 7R RMSD $8 45/ T
ZA( 107" m) A] g 537, 3T Armijo HENSERE
BHU R R 59.28% 4L T 18] 4b KPLL {6
FEZET J7 DI, T B4 52, SRR A T
QVina2 HAET Armijo HENSERER PR RE L, AT
$ 1 FET Wolfe-Powell HEN %) 558~ 2 8 Rk
A S XHEAE B  #E Score FT RMSD 48 #1134
W AR T 5T Armijo MEN SR B RAIE
3.4 QVina2-GPU BB H 7 FHIKHME TR

FE X 14 BE B 521

ANt IS0 B B T BE L R 8 A

E,QVina2 MBIIGIL > THIR B N FHERIRE D

R1 MHEUS FHREN 3t Score

Fie FE LB SO B I 2 S, QVina2-GPU (4 R
WHE D B8N 1 WAL T E0 N A 100 3K
8 000, i+ N AE L ST QVina2-GPU FY X 32 43 %X
Score . RMSD F 35422 st &) 1) 52 )

W 1-38 3 iR S a2 X i B i A2
POk R, 2R 1-3 2 W LLE BRI IR L TR 4
BN 800 Af DL AR UE QVina2-GPU #4 Score I
RMSD #8455 QVina2 AH>Y , 4R L34 A 46 1k 5314
ZHUN ,QVina2-GPU f4 Score £1 RMSD $8FRK 1 T
QVina2, £ 3 MALKLREMAAENMABLT
QVina2-GPU X AT QVina2 47 T # K KM%
i, 1M 5 QVina2-GPU X 422 i} [u] B 4 9] ih £k 43 14
SHCN (BEINTTE n , %F 52 2 5 A Wik A n iy
AT N . 0, T LA 8 4G s A
SECN AT LU R B A 1 A B (B[R] A
B TR R A . ZE B RTIR, b T AR RIS FE
(RS o s e O =i o1 I N TR s RS
QVina2-GPU YRR AL 73 T HI KL N B R 800,

9820 ( Score #i/NUEF , FRIER R BE X B F QVina2)

Table 1 Effect of initial molecular conformation number N on score

( The smaller the score, the better. The bold numbers mean that the performance reaches or exceeds QVina2)

Score/ keal + mol ™"

SYFAH QVina2-GPU QVina2
100 300 500 800 1.000 3 000 5 000 8 000

Stim =370 370 ~3.80 ~3.80 ~3.80 -3.80 -3.80 -3.80 -3.80
Laet ~3.90 -3.90 4.0 4.0 4.0 -4.0 -4.0 -4.0 -4.0
lac8 -3.90 -3.90 ~3.90 ~3.90 -3.90 -3.90 -3.90 -3.90 -3.90
lhvy -5.30 -8.50 -8.20 ~8.80 -8.80 ~10.00 -9.30 -9.40 -8.80
LosO -5.90 -6.00 ~7.10 ~7.80 -7.60 -7.50 -8.70 -8.00 -6.30
2er7 -4.30 -4.40 -5.10 -6.20 -6.50 ~6.00 ~6.60 -6.90 ~4.60
derd -5.30 -5.70 ~5.40 ~6.60 -6.80 -7.20 ~6.60 ~7.60 -5.80
3er -3.60 -4.40 -4.50 ~6.50 -7.10 -6.50 -7.00 -7.10 -6.30
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Table 2 Effect of initial molecular conformation number N on RMSD

( The smaller the RMSD, the better. The bold numbers indicate that the performance reaches or exceeds QVina2)

RMSD/A
ST QVina2-GPU QVina2
100 300 500 800 1 000 3 000 5 000 8 000
5tim 2.11 1.71 1.99 1.48 1.91 1.84 1.84 1.93 1.98
laet 1.73 1.49 1.74 1.49 1.49 1.49 1.49 1.49 1.50
lac8 2.50 2.48 2.49 2.33 2.45 2.49 2.49 0.15 2.69
1hvy 7.76 1.60 1.78 1.36 1.21 1.27 1.18 1.50 2.19
losO 3.07 1.61 1.61 2.36 2.24 1.34 4.28 1.41 6.64
2er7 13.65 6.35 8.67 5.81 8.33 5.10 5.92 5.49 9.89
4erd 10.98 8.53 4.85 5.95 5.88 5.27 5.26 6.79 7.17
3er5 18.72 7.66 8.67 7.58 6.49 6.62 6.47 6.85 8.12

R3 WBUSFHRKE N 3T 3R E R R0 (3R EE T, iR R R A BIS L T QVina2)

Table 3 Effect of initial molecular conformation number N on docking time

( The smaller the docking time, the better. The bold numbers indicate that the performance reaches or exceeds QVina2)

Run time/s
Sy QVina2-GPU QVina2
100 300 500 800 1 000 3 000 5 000 8 000

Stim 1.97 1.97 1.94 1.90 1.98 2.18 2.15 2.38 4.11
laet 2.55 2.56 2.47 2.52 2.57 2.74 2.68 2.81 4.69
lac8 3.04 2.96 3.10 3.07 3.25 3.46 3.24 3.61 4.38
Thvy 7.76 3.80 3.80 3.97 4.38 4.12 4.33 4.57 7.43
losO 3.67 3.08 3.29 3.21 3.31 3.29 3.43 3.78 18.12
2er7 3.09 5.93 5.95 6.14 7.55 7.38 7.53 8.95 24.67
4erd 6.40 5.70 5.73 5.88 6.01 6.80 7.30 7.66 32.80
3erS 5.83 6.91 7.32 7.75 7.80 8.71 9.16 9.43 25.13

TEMfE IR TRIGEN 5, BRATRHE R IR
BE D M 18R E] 30, %58 D X T QVina2-GPU [ %}
Bk RO R A 52, 3R 4-3% 6 W LLE X
TP SN Sum &5, BRI R D X} Score |
RMSE FIXTE2EE 6] () 52 i AR /s XF T 8 R 42 1 A
Wan 1hvy 55 B35 2R IREE D ¥4I, XA FE 48 05
Score A1 RMSE SA A5 Fris /b | 15 X6 $2 i 0] 2% 4 44
Xt FEIEAY 3ers & R REE D, %%

x4

KEFEFE % Score Al RMSE [RIFE S LA Brjdi 2>, 0%t
FAF (RIS AR PR, 25 FBAR K A i ) TF45

ZE LR, 0 T AR ARG B R RS S 4
TXF AT ], R R R B R IR D XM TFERE
BRI (] (45 e Ry B s, PR, B2 T ke Y S
5 FRATE B 4 140 DR AWMV L T4
BN BER 800, BRI D BEN 1, LUt /b Ay X2t
[ ARAE T 2 F XS

#ERE D 3t Score B4 ( Score #/N i EF , AR R RIEREA BT F QVina2)

Table 4 Effect of search depth D on score

( The smaller the score, the better. The bold numbers indicate that the performance reaches or exceeds QVina2)

Score/ keal + mol™!

QVina2-GPU

o S| QVina2
1 2 3 5 10 15 30
Stim -3.80 -3.80 -3.80 -3.80 -3.80 -3.80 -3.80 -3.80
laet -4.0 -4.00 -4.00 -4.00 -4.00 -4.00 -4.00 -4.00
lac8 -3.90 -3.90 -3.90 -3.90 -3.90 -3.90 -3.90 -3.90
Lhvy -8.80 -9.60 -9.30 -9.60 -9.20 -9.50 -9.30 -8.80
losO -7.80 -7.90 -8.40 -8.30 -8.20 -9.00 -8.60 -6.30
2er7 -6.20 -6.90 -5.90 -6.30 -6.10 -7.10 -8.00 -4.60
4erd -6.60 -6.60 -6.90 -7.10 -6.90 -6.90 -7.00 -5.80
3er5 -6.50 -6.10 -6.00 -6.40 -6.80 -7.90 -7.60 -6.30
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Table 5 Effect of search depth D on RMSD
( The smaller the RMSD, the better. The bold numbers indicate that the performance reaches or exceeds QVina2)

RMSD/A
QVina2-GPU
AR QVina2
1 2 3 5 10 15 30

5tim 1.48 1.28 1.84 1.58 2.08 2.08 1.48 1.98
laet 1.49 1.49 1.49 1.49 1.49 1.49 1.50 1.50
lac8 2.33 2.49 2.49 2.52 2.49 2.49 2.49 2.69
Thvy 1.36 1.49 1.18 0.97 0.95 0.79 1.33 2.19
losO 2.36 2.26 2.00 4.88 1.67 1.36 1.34 6.64
2er7 5.81 6.27 5.89 5.72 6.33 6.18 5.59 9.89
derd 5.95 7.32 4.88 6.54 8.16 4.78 4.88 7.17
3ers 7.58 7.87 6.59 6.17 7.45 6.29 6.56 8.12

6 HMERE D xtFx e iE (%00 (3R EEU NS , AR R R AR IR B T QVina2)
Table 6 Effect of Search Depth D on docking time

( The smaller the docking time, the better. The bold numbers indicate that the performance reaches or exceeds QVina2)

Run time/s

QVina2-GPU

TR QVina2
1 2 3 5 10 15 30

Stim 1.90 2.09 1.99 2.11 2.10 2.09 1.99 4.113
Laet 2.52 2.53 2.47 3.00 2.57 2.43 2.47 4.69
lac8 3.07 3.17 3.16 3.59 3.82 3.12 3.17 4.38
Thvy 3.97 4.09 4.22 5.76 4.61 4.61 4.69 7.43
losO 3.21 3.48 3.80 4.38 4.61 4.86 4.62 18.12
2er7 6.14 9.02 12.24 17.69 23.11 22.87 23.24 24.67
4derd 5.88 8.69 11.68 17.08 21.33 20.86 20.83 32.80
3ers 7.75 11.21 15.29 23.27 28.30 27.92 27.84 25.13

3.5 QVina2-GPU 5 QVina2 K EEXTLE

BT QVina2-GPU il QVina2 7£ 140 N2
E W) L HRHEATEL Score FII RMSD X #2545 FEF8 b, PR
R P DN AR AR 67 QVina2 HIMERETE bR , B AL AR 7R
QVina2-GPU MyMERETE bR, B8 45 3R FL A4 b (1 i
TH, B S DR BN R R FECH b 2 2 JTED
TR0 = R 5

XHESE Score L5 R 5a Fis , REBE S
GYATTERT AL Bl X422 53500 B2 IR AR ARG R ECH
0.914, FIRENTZ MAFAERR AR S, B QVina2-GPU
F1 QVina2 XJ441F Score IFRARIEA A ; K] 5b
INKEZHE BT ANLE T MK, QVina2 (K216
REZTR 7 XN ) Fl QVina2-GPU (3 BT 20 (5 e 48 T 7
XN ) 20 A 58.28% Fl 55% Fk) 52 45 40 1 T30 45
AR A7, A5 R I AR SCHRR B QVina2-GPU 141 4R
o FHIGECN Sy 800 FHERIREE D b 1 AT,

IEF T QVina2 HXTHERG B

T E A THE— T QVina2-GPU Fl QVina2 £ 140 4
EAAY LT [ e bR, 3 BLFRATTASE G 4 o) 422
Bsf ) A , X 42 B B0 0 8 L Ace RS R R %7 B [H)
B Ace, 8 LANTH .

qvina2 me

T

mc—gpu

Ace =

(10)

’ A(,‘Cd =
qvina2—gpu

A, T 72 QVina2 J3 X5 HETH 57 (4 X H2 ) ]
T inr-gpe 7% QVina2-GPU F3F X TS A X5 B[]
QVina2 5 QVina2-GPU iz 17, 55 R F AR
R R B AR B985y, T, T, 24 QVina2 H
BT CPU MR R B EWBiTNE, T, .~
QVina2-GPU WS FE-R BB 1T ], % 422 B [ Jonn ekt
F Ace FIZERER B I (B N33 b Ace, B0 8K, 16 B
FATHR 1Y QVina2-GPU AHX T QVina2 A = 1

LG, BTt A AHXS T QVina2 A 235 A0



553 1

IR0 | 25 T ) R UL BE B9 GPU NS il 401 W2 vk 215
L e o 100
; oo °®
N E. [ ] ® . ) 80
° | ®¢ f. '. ™ 60
e | .. >
e % &0, e 40
t?
L s o __.;:_.__‘_.._ ________
i.

® L0
ol = et
o/ o,
Po °
8 F %
© . %o
(o] ° (o]
g -10 ¢ ’ o“ g
o4 ° o4
ars L
-12 ¢+ § 4
/‘ [ J
14 L //, Pearson:0.914
I/ 1 1 1 1 1
-14 -12 -10 -8 -6
Qvina2-GPU
(a) Score (kcal/mol)

0 2 4 6 8

Qvina2-GPU
(b) RMSD(&)

5 QVina2-GPU 5 QVina2 #j Score 1 RMSD *$1Z#5EXttLE ( N = 800,D = 1)
Fig. 5 Comparison chart of score and RMSD docking accuracy between QVina2-GPU and QVina2( N = 800,D = 1)
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Table 7 Average time and average time acceleration ratio of three ligand complexities
QVina2 QVina2-GPU
e S I S A PSR REY YA R
ES RSSEITSS SEERE TR SR SR e oo T I
A IA] /s ]/ s A1) /s ] /s

AR AW 2.55 5.04 0.13 1.24 19.00 4.14
TR IEAY 4.98 7.69 0.21 1.38 22.91 5.66

BHREEW 8.52 10.94 0.82 1.95 13.18 5.71

PR ST 5.27 7.82 0.37 1.51 18.63 5.18

3.6 QVina2-GPU 5 Vina-GPU 1£8EXF L

4 T X 43 Vina-GPU" 1 QVina2-GPU Wi fli Jy
AEMEBE LA A], FATAN Vina-GPU & 3C L AR HCAT
PATRRT  ZEAE [ A B 7 5 SC B0 BB R, 6 B 3C 4z
FIRFEHL 8 N A WXt QVina2-GPU 5 Vina-GPU
(X553 8 Score FI RMSD X 42245 B 48 b 11 %k 425 i

B8], W3 8 I , S 2 B, X M B o0 R p A5 8 4%
53 F QVina2-GPU ] LATEXTHERE BE LA AR A A 15 L T
SN Vina-GPU , X} T & Z% 70+, AT T4 1 1Y QVina2-
GPU TEXHENG BEMG G T BRI 251 T, 84 TR ] A7 B
SEAE/D X T Vina-GPU BINNGE Hef KAl 1532.92,
O TS B2 P i e i LA AR 3

%8 Vina-GPU 5 QVina2-GPU M MEEEXTLE
Table 8 Performance comparison between Vina GPU and QVina2 GPU

Vina-GPU QVina2-GPU
. ot 2t ]
G Score/ Score/ .
Rmsd/A Run time/s Rmse/A Run time/s s e
(keal - mol™") (keal + mol™")
Stim -3.8 2.08 2.71 -3.8 1.48 1.9 1.43
laet -4 1.49 2.98 -4 1.49 2.52 1.18
lac8 -3.9 2.49 3.25 -3.9 2.33 3.07 1.06
lhvy -9.6 0.66 5.74 -8.8 1.36 3.97 1.45
losO -8.1 1.43 7.42 -7.8 2.36 3.21 2.31
2er7 -8.4 2.22 169.62 -6.2 5.81 6.14 27.63
derd -8.5 6.3 165.97 -6.6 5.95 5.88 28.23
3er5 -8.3 6.12 255.10 -6.5 7.58 7.75 32.92
J& QVina2 HYREI TH53 B4k, 2 —Fh 250 A X i ik
= N Lz S Tar=n
4 45 ik HRE AR A B A W TR S 30t h A7 TE 85 1Y

ARSCHR I T GPU I i 43 F Xt 8 R 9047
b 7785 QVina2-GPU , &1 % Quina2 78 K HY k2 DL 5004 14
Hh e V) Ao 1 17 0, 38 3k 3 46 Ak o TR 4
B JRSERE R Y R AR R R I AT
PR DD SRR B A R AL R R P4 E
FIFH Wolfe-Powell 75U Bt Joy B 48 5%, $ i 1%
PR 2B D SR R AL I R IR,
PR PR E A TR . FEA TR 25 bR
ZAR-BCR I S Y B 4R L IAIE T AN R R AL AT A
Yy L9 - BB 5 s ) fin s B RS 35 % B2 s )
M, 4558 2 W] QVina2-GPU 1£3k 3| Qvina2 4 F Xf
BERSRERY 200, M T QVina2 A 35 59 15 4%
. QVina2-GPU BYfCHS AT LITE https ://github. com/
DeltaGroupNJUPT/ QuickVina2—GPU 3845, Hiip 41
 ATPATRE YRR ol FH B O T RHE L S

H1 T QVina2-GPU T4 5 1) i 4 1 A 4K 1H

2t AR O A FE T B TR S i e i
A RS, ARk, TRATHY TAVEF 8 o B 58 87 19 fiE B
T R BRI E QVina2-GPU RYXHEEMEfE
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