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Bioinformatic and molecular docking analysis of monkeypox virus related protein A42R

WANG Dao', LIU Wenbin®, SONG Tian' (1. Department of Obstetrics and Gynecology sthe second Xiangya
Hospital of Central South University » Changsha » Hunan 410011, China ; 2. College of Life Sciences s Hunan Normal
University)

Objective Based on methods of molecular docking and bioinformatics, we aim to get insight into MPXV
related A42R protein structure, antigenic epitope and small molecular compounds. ~ Methods  Series of bioinformatic
methods and molecular docking technology such as NCBI ORF Finder,ClustalW2. 1,ProtParam,ProtScale, NetNGlycl. 0,
YinOYangl. 2, NetPhos3. 1Serve, SOPMA , SWISS-MODEL, IEDB, SYFPEITHI, Discovery Studio and Pymol were used
to analyze open reading frame, sequence homology and phylogeny, physicochemical properties, post-translational
modification sites,secondary/tertiary structures,B/T cells epitopes,ligand binding sites and small molecule compounds.
Results It showed the A42R protein was composed of 133 amino acids, with a molecular weight of 15. 003 42 ku and an
isoelectric point of 9. 36. It showed highest sequence identity with variola virus (98. 50%) , camelpox virus (99. 25%),
vaccinia virus (96. 99 %) ,cowpox virus (97. 74%) and had the closet evolutionary distance with variola virus. It was a
hydrophilic protein with 2 O-glycosylation site.1 N-glycosylation site and 14 phosphorylation sites.and 5 B-cell epitopes.
23 CLT-cell epitopes, 16 Th-cell epitopes, 6 antigenic determinant, 8 possible ligand-binding regions, 10 potential molecule
compounds (Nadide, Flavtin, Tannic acid, Pralmorelin hydrochloride, Nelfinavir, Ingenol dibenzoate, Trifolirhizin, Oleanolic
beta-D-glucopyranosyl ester,Daphnoretin, Hydnocarpin).  Conclusion The research provides a basis for exploring the
mechanism of monkeypox virus infection, and give a reference for the design of antiviral drugs and vaccines targeting
MPXV A42R.
MPXV; A42R protein; bioinformatics; molecular structure;antigen epitopes
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Table 1 Important bioinformatic databases and websites
2R g il
Name Websites
ProtParam http://web. expasy. org/protparam/
ProtScale http://expasy. org/tools/protscale. html/

SignalP 5.0

TMHMM 2.0

NCBI ORF
Finder Viewer

Prankweb

Cell-Ploc 2. 0

YinOYang 1. 2

NetNGlyc 1.0

NetPhos 3. 1 MEGALI.
0

1IEDB

SYFPEITHI
Immunomedicine

Group
SAVES v6. 0

SWISS-MODEL

SOPMA
NCBI Conserved

Domains
Discovery Studio 2020
Pymol

https://services. healthtech. dtu. dk/

service. php? SignalP-5. 0/

https://services. healthtech. dtu. dk/
service. php? TMHMM-2. 0/

https://www. ncbi. nlm. nih. gov/
orffinder/

https://www. prankweb, cz/

http://www. csbio. sjtu. edu. cn/bioinf/
Cell-Ploc/

https://services. healthtech. dtu. dk/
services/ YinOYang-1. 2/

https://services. healthtech. dtu. dk/
services/NetNGlyc-1. 0/

https://services. healthtech. dtu. dk/
services/NetPhos-3. 1/https://www.
megasoftware. net/

http://www. iedb. org/

http://www. syfpeithi. de/

http://imed. uecm. es/Tools/antigenic. pl/
https://saves. mbi. ucla. edu/

https://swissmodel. expasy. org/

https://npsa-prabi. ibep. fr/cgi-bin /

https://www. ncbi. nlm. nih. gov/
Structure/cdd/wrpsb. cgi/

https://discovery. 3ds. com/
https://pymol. org/2/
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Fig. 1 Open reading frame analysis of MPXV gp152 gene
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MHk 9 61 22 R ( Py D AR 2 b 20 R (Sec) (5 2) .,

iz [l ExPasy W ¥5 T ProtScale 73 #1 A42R & H
()35 / B K L K M K F 0 I IE B s, S5 K
N0 M AEGR N . SRR, B Y SR K E R 2
55 112 7Y 95 & R (Thr) 557K (B 8-2. 289 5 B 5if 1Y B
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Table 2 Amino acid composition of A42R protein

WREM W BAKGO  REm BE BAHOD

Amino acid Quantity Percentage Amino acid Quantity Percentage
Ala 12 9.00 Leu 9 6. 80
Arg 8 6.00 Lys 9 6. 80
Asn 10 7.50 Met 4 3. 00
Asp 6 4.50 Phe 4 3.00
Cys 2 1. 50 Pro 7 5. 30
Gln 1 0. 80 Ser 4 3.00
Glu 6 4.50 Thr 14 10. 50
Gly 5 3.80 Trp 1 0. 80
His 4 3.00 Tyr 5 3.80
Ile 14 10. 50 Val 8 6. 00
Pyl 0 0. 00 Sec 0 0. 00

ProtScale output for user_sequence
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Fig. 4 Hydropathicity/Hydrophobicity analysis of A42R
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Fig. 5 Signal peptide analysis of A42R
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Fig.7 Conserved domain analysis of A42R
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Fig. 8 Secondary structure analysis of A42R
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Fig.9 Tertiary structure protein of A42R protein
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A N-BEIEAL A7 5, A T4 37 LA & L (B 1) 4
L4 AW R AL A o5, AL FE 22 B8 (S) 7 s 3 A4S, IR AR
(T 7 559 AN R K & R (Y) 7 25 2 4, BB PKC,
UNSP.CKII. DNAPK, SRC. INSR,CDK5 ., P38 %%
iR Ak (B 12)

YinOYang 1.2: predicted O--GIcNAC sites in NP-536579.1
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Fig. 10  O-glycosylation sites analysis of A42R protein

NetNGlyc 1.0: predicted N-glycosylation sites in NP-536579.1
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Fig. 11 N-glycosylation sites analysis of A42R protein

NetPhos 3.1a: predicted phosphorylation sites in NP 536579.1

Threonine

Tyrosine
Threshold

potential

osphorylation

Ph
©

B 12 AR EAMBBUML SN
Fig. 12 Phosphorylation sites analysis of A42R protein
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A42R 1 B 4R 07 (BT R L BRI 1. 026, 25 R 1B
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Fig. 13 B-cell antigen epitopes analysis of A42R protein
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Table 3 Analysis of dominant epitopes of A42R in CTL cells
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Table 4 Analysis of dominant epitopes of A42R in Th cells

s IR L gl Fige
No. Start position Sequence Score
1 83 ELLTGYAPV 23
2 95 VIARTHTAL 22
3 61 LIGQKFCIV 21
4 50 PLITNHNIL 20
5 74 LMDENTYAM 20
6 6 KIIEDISKN 19
7 60 PLIGQKFCI 19
8 66 FCIVYTNSL 19
9 27 TTKNVLAAI 18
10 31 VLAAIPNRT 18
11 43 INPGEVIPL 18
12 57 ILKPLIGQK 18
13 73 SLMDENTYA 18
14 96 IARTHTALI 18
15 98 RTHTALIFL 18
16 94 IVIARTHTA 17
17 105 FLMGKPTTS 17
18 40 FAKINPGEV 16
19 42 KINPGEVIP 16
20 56 NILKPLIGQ 16
21 81 AMELLTGYA 16
22 87 GYAPVSPIV 16
23 102 ALFLMGKP 16

8 AR EHHMERER

12 | Immunomedicine Group M ¥4 % A42R & H
(R0 it e 0 AR AT T0I S 340 Sl P Ry 1. 0 214,
HHh 6 MU E R RN, EEAL T ZER T 5
18-25.28-34,44-54 ,56-71,81-106 ,117-127 {3 i , iX &

B R 51 S
No. Start position Sequence Score
1 72 NSLMDENTY 24
2 32 LAAIPNRTF 17
B 80 YAMELLTGY 17
4 116 DVYRTCRDH 17
5 68 IVYTNSLMD 16
6 101 TALIFLMGK 13
7 15 NKFEDAAIV 12
8 30 NVLAAIPNR 12
9 62 IGQKFCIVY 12
10 110 PTTSRRDVY 12
11 17 FEDAAIVDY 11
12 23 VDYKTTKNV 11
13 58 LKPLIGQKF 11
14 64 QKFCIVYTN 11
15 97 ARTHTALIF 11
16 103 LIFLMGKPT 11
s There are 6 antigenic determinants in your sequence:
n |Start Position Sequence End Position
1 18 EDAAIVDY 25
2 28 TKNVLAA 34
3 44 NPGEVIPLITN 54
4 56 NILKPLIGQKFCIVYT 71
5 81 AMELLTGYAPVSPIVIARTHTALIFL 106
6 17 VYRTCRDHATR 127

Bl 14 A42R EEHFEREHTN
Fig. 14 Prediction of A42R antigen epitopes

9 AR ZEEMBEHESM Mg FXEIHT

iz ] Prankweb W% il MPXV A42R & H B AL
WREE A A5 15, Hoh 7 7 80 o] M4k i 0
L 8 BRI 43 1) 4 2 00 49 2 1 o 11 4%
S5 K6 RS R TC A RE 25 G 0 T AE T B A6 DX B A5 A ]
MRAG S T rf 22 2R 1 26 Tt F RS [ 23060 3R 7R g A 11 4%
DX, R AR 2 7 M DX, R 8 6 TR 3R A 7 P
B %5 W, B XK (Pocket 1) 4843 E N 4. 06,
Rank A 1, K F Hw B X 380 1043 20 {6 HE 0 22 (5
DX 3852 5 A AT R Y AR 285 B DX 3, HLARE 3 T B 43 1EL
0,173, AEEMR IR ELECH Jy 10, PR5FHESMA 2. 680,

X SWISS-MODEL [a] J 4% ) A42R & 1 i i
4 b AT AL B, SR 5 R v £ G G S AR /N 4 R
Discovery Studio 2020 43 F# L84 H i) Libdock %
PR AT 43 % 422 Jg #0526 , #¢ B/ Score K/ AR 48 i
4R 43 (H B 2 3R W%/ o AR B W A42R FEE
9 FE B A R 55 %, 25 SR 15 8 Top20 /N Tk &
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B 15 AREAMEGEEGRSHT
Fig. 15 Analysis ligand binding sites of A42R

RS5 ARREAWREGEEGEXSN
Table 5 Ligand binding sites analysis of A42R

g AR R

B an S R R
Pocket  Pocket Probability Conservation Residues
rank  score score

A107.A 18.A 19, A 38,A 39,
A 65,A 88,A 89,A 90,A 92

A 0,A 1,A 101,A 133,A 24,A 27,
A_28,A_30,A_32,A 4

B 107,B 18,8 19,B 38,8 39,B 65,
B _88.B_89.B 90

1 4.06 0.173 10 2.680

2 3.73 0.150 10 2.006

3 3.57 0.138 9 2.780

A_10,A_120,A_123,A_124,A_127.B
100,B.126,B_129,B_130,B_77,B_
78,8 80

4 3.06 0.103 12 0.813

50299 0,099 6 2741 B.101,B.133.B 24,8 27.B 32.B 4
A 10,A 11,A_116,A_120,A 124,
A 127,A 14.A 16.A 17,8 78

A T15,A 118, A 119,A 122,A 123,
B 115,B 118,B.119,B.122,B 123

6 2.40 0.064 10 1.342

7 2.39 0.064 10 1.001

A100,A 126,A 129,A 77,A 78,A_

2. . 054 )
§ 200k Il 08T 1008 120.B,125.B_124.B_127

K6 ARREHN Tops BHUEY
Table 6 Top5 western medicine compounds of A42R

Siafe kEWIDE HFEE

ANAUAT DA Bl ) A% 4% 25 N2 o Al P el 4 fl L P i G
AR RSN NS S (o L N~ < )7 R 0 R T
5 R BRI R AERE T (0 M L, 2 b o R AL 1 # B
BT MPXV 8% 8 by i iR s e iy e s . H
JEARPE AN HEAE R h 32 A, R T
FENEE, N oy HAEHE It 85 % YA &4, H 1980
AR A FUE A AR BR R AR LUK TR S 1k 45 A R AL R 30
AR RIS 2 LT A ok (4 N, Bl B ] A RS A —
FE R RS . % T MPXV fEE R 82 L 13 4, 4%
WF5E R AR W {5 B 25 D5 ¥ % MPXV A42R #4750 07 s
b AL TF B B AE | B [ U 1 OB S Ak L R Ak A
VR S TR A PR R A L AR A A Xk DL KN Gy
THEWE,

R7T A2REAMK Tops FHLGELEY
Table 7 TopS natural compounds of A42R

A e 1 it AW IDE TR

Rank Ligand Affinity Pub‘chem Molecular
kcal/mol CID Weight g/mol
1 HY-137295 -7.3 162166 556. 6
2 HY-N0616 -6.9 442827 446. 4
3 HY-N7635 -6.9 14189384 618.8
4 HY-N0699 -6.8 5281406 352.3
5 HY-N7199 -6.7 5489114 464, 4

lszk Igaﬁid Affinity ~ Pubchem Molecular
an .igan
@ ea kcal/mol CID Weight g/mol
1 Nadide -7.1 5892 663. 4
2 Flavitan -7.1 643975 785.5
3 Tannic acid -6.9 16129778 1701. 2
4 Pralmorelin hydrochloride -6.6 9940988 890. 9
5 Nelfinavir -6.5 64143 567.8
) Ay
o

124 01k MPXV RAR sh ¥ i EAE AR KA BE L A7)
AHiE . fERRAZAEYH MPXV 1 3h ¥ 15 342
FEARHN B AL B AR B0/ B B ) LR A L
T RS U R IL T AR AR KK MPXV

(F)

©

. Y € T ®

U %,

A WiEEA B BEZR C FFT®m D HRENEK E &
EAHE F ZFEHER G =W EEET H FFEURM beta-DNL
AR RS 1 PEAER ] WRARRTER

B 16 AREEMUAGYHS FIIE

A Nadide B Flavtin C
hydrochloride  E Nelfinavir F
Trifolirhizin ~ H  Oleanolic acid beta-D-glucopyranosyl ester 1
Daphnoretin ] Hydnocarpin

Tannic acid D  Pralmorelin

Ingenol dibenzoate G

Fig. 16 Molecular docking of A42R and compounds
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MPXV A42R j&2—F 25 F-L 3 & 11 41 2 F1
T EI LB B 45 A B L A MPXV e J8 0 v i 4
WG A KBS X MPXV-2022, MPXV-Zaire,
VARV, VACV, CPXV, CMLV, ECTV, RCNV #I
SKPV #EAT7 )5 51 Lo % 43 #7 . 25 B W 7s 3X 9 A9 Fl ep
A42R H H B A B AR U H e MPXV-2022 #il
CPXV.,VACV,VARV,MPXV-Zaire, CMLV [ [f] Ji
P45 R 97, 74% . 96. 99% . 98. 50% . 100. 00% .
99.25% , % B Ad2R B —FhmfAsrE&E O, ol FifES
Wit b5 i & . H R, S5 R 2% E & PCR o H #L
PCR KSR 2K I A28 MPXV A4 14 1677 32 , #0035 A 5
& DNA Z B A (E9L) .DNA K #itk RNA £
Fh 18 P (RPO18) | 4 it S0 B 2 11 55 X (B6R) il
MMAZE A E A BCL) %Y, MR, R% & & LW
B MPXV-2022, MPXV-Zaire, VARV [a] &b 76 — 4>
Ko, R =ZFEE LRI, Wik, MPXV #
VARV 74 W24 e 25 450 Fn it Js vk 45 O i AT
R A ARIE . 1 MPXV b VARV B B2 /9 45
F AR LR 1 O — U5 4RGE L MPXV 8
KIAENE R Z AR,

MPXV P H KN 197 kb, A5 K2 190 A
oS 0 T B A SRS OK T 200 MR E BT, ASHESY
I3 MPXV gpl52 B& R4 2 3 > JF B 32 HE , ORF1
R A E AN, Ad2R EHP e EIL.
A42R B T PROF 8 5 . 32 2278 15 32 40 Jf i) 2
FifL 5 5 | % 4% 4E ] L (B Signal5. 0 il TMHMM2. 0 [
il 35 T N AE A 5 B 45 R RS S B, D L AR O
AN B0 ST ) A A0 R AT A RS RS B RN A 2
PR 0 2, A42R R A 133 A S R R A L .
PRI S HL g0 9. 36, J8 TR P 1 BT, 5 AT I H far
IR A H R Tl 0 L 80 E A — 30, A42R P
WA h ARRERBE N 27. 23, B TR EEH. 5
MPXV feHt T8 AL I HLAE 4 °CF o] K i ) £2 55
W SIHRE . A42R Ry 3 KM (L %8R 1 SR RN B
IRV FR T 23 W 5| KA 7K 41 T8 S ) B L DR 5%
HE AR LI E .

M MPXV A42R # F 458 LA #r, s i
TG 5 i T B ) 5 5 (3609 %) o F T G KLU 5
KB FE 8 1 A A5 25 M S5 00 25 5 R AR WUAE , 4%
i 5 T HH e/ TG WSS G . hiEOkiE
B = AR A B B i AT 5L 89. 90 M
FEMR IR I T e B R IR 20 401X, 10, 1% il 24 56 iR 5%
FA TR FRIRE AKX, ARXFFRAICEA A 2
FEZRREEH L, BRI — A 7T IRIFAT B A, S
Minasov 257 3R 1 f9 A42R 2K A7 5T 45 #4510 A0 —
ML Profilin A% 25 76 B0 40 B 9 6 75 & Y

WLBh & 1 3h 120 8 p R4 VE . AR BFSE 0 A42R
BEALATE 24 O-RE AL AL 2501 A N-BE L AL 47 5 A
14 AW R A6 AL 8, R 10 A7 OC T8 i A7 550 19 A 92 di
T, 3% SE B 7 a5 T R 23 Bl AR 2R T 4 A A T g L A
TiE— 2P 5,

MPXV I 5 (1 15 JRRE R — e 2 3R Y BR, — fB R
HZFRHEIT . B TR WA R R0 L . R AR S 2
NS WA 5 RGN R BE IR 20 mLE.,
A BB T BT I (0 2 BUR B BB R SR PR AL B
YA IR . RS X MPXV A42R & (1Y
BCARZE & AL F/N G F A B W 456 40 B 15 3] 8 A
ARG A XA 10 A AT RE R PE 245 R 25tk 5 1, Hovh 21
£ X 3 (Pocket 1) /2 A e M e K09, XK A R F 3 25
#wit. Cidofovir FK R Vistide, & —FPRiE 254y, 7F
A SN Sh Wy BRI 5 b R BE IR 9 DNA 2 58
it , X BT 96 6 A — SR BB B R B0
P Tecovirimat(ST-246, TPOXX) Yt 12 Fi F34
IT R AG B B 2590 © #5862 5 R 245 0 4 B
(food and drug administration, FDA) #tt i H T8 97 %
15 8 6] (1 . Brincidofovir(CMX-001) " J& —fh ik
K K Cidofovir &%, # Lt Cidofovir XJ B i 7% 14 4
/N EL IR B LA I e 1 M L S
¥k 2 [ (vaccinia immune globulin intravenous,
VIGIV) " & FDA i iy — Rl 254, 95 E 45 b
SV TE AR R 8] A 9T B EUE G TR IT R
BRI A OB IR T 51T

ST I T AR LT A42R R B 4 iR
FNHEAT T L 43 ) 07 % 5 AN de T BB A PR R A
Al B il SYFPEITHI W 3% 9l 23 4~ CTL 40 fi
B AR #2362 A 16 A Th 40 M A8 5 3= £, i JiF 52
AR A 0 A7 76 6 B IR Je 2 R A, ol R
MPXV S M 0F &3-S %, DI AR IE o 5
TEPEHT ACAM2000 LSS =R E R JYNNEOS,
ok ACAM2000° Ry G, HA B HlaEh A k4
Fs 0 N e o B W % T 1 I TN | B2 | T 17
JYNNEOS"™ 328 1 & —Fh &2 il B B 1 928 1, B T 22 K
10 I A 32k 36 I B G 22 A RA Rk

Spicknall 2 2 38 MOKE W A6t MPXV, K &
Wiz MPXV M BB FE kA S B i b3, Btk
MPXV £ 43K Qo 38 A8 1 A TE 2. S 1 B8 AT 68
L I R R AR RS B A YR B¢ THE
STHT T MPXV A42R B Z5 ) RRAE 000 T 24>
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