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Table 1 Amino-acid composition of the spike glycoprotein of

SARS-CoV-2

/:r:lgl:’ Number Fre(q;e;l < irzzlf Number Fre((;ef <
Ala (A) 79 6.2 Leu (L) 108 8.5
Arg (R) 42 3.3 Lys (K) 61 4.8
Asn (N) 88 6.9 Met (M) 14 1.1
Asp (D) 62 4.9 Phe (F) 77 6.0
Cys (C) 40 3.1 Pro (P) 58 4.6
Gln (Q) 62 4.9 Ser (S) 99 7.8
Glu (E) 48 3.8 Thr (T) 97 7.6
Gly (G) 82 6.4 Trp (W) 12 0.9
His (H) 17 1.3 Tyr (Y) 54 4.2
Ile (1) 76 6.0 Val (V) 97 7.6

T R (14, 21, 28) TG il 21 19 4> 4 il 182 € 45 14
(Score=>0.1) , 43 B T 5% 3 Q949~1993 v Fl 5%
V1176~1.1203 {7 (& 2) .
3 SEABERESHWRN

5 5 45 4 0 S 7, S B FAE AR — 5 IR E X
N T AR W1214 i ~T1273 7, Ktk S & 1 & — 4
PR (K 3) .

2 #EmE(SARS-CoV-2)S EH ML BIZHE S 4T
Figure 2 Coiled coil analysis of the spike glycoprotein of SARS-CoV-2
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Figure 3 Prediction of the transmembrane structures of the spike glycoprotein of SARS-
CoV-2

B4 #EHKEB(SARS-CoV-2)S EAMFHKMESHT
Figure 4 Hydrophilic/hydrophobic properties of the spike glycoprotein of SARS-CoV-2
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BoR,SHEARAE S KR A 0.9689, i & T 5
5 0.5, U IZE R W B (. BLAk 55
#4757 T C15 1 V16 Z 18] (SQC-VN) , HE K K
0.5353(K5).
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5 #HEHRE(SARS-CoV-2)S EHMESKFN
Figure 5 Signal-peptide prediction of the spike glycoprotein of SARS-CoV-2

*2 #EHEB(SARS-CoV-2)SEAMREM A
Table 2 Mutation sites of the spike glycoprotein of SARS-CoV-2

Mutation type Mutation sites Impact on functions Length
Point mutation N234Q, L452R, A475V, V483A  Increased resistance to neutralizing antibodies'*”’ 1
Point mutation ~ N331Q, N343Q Reduced viral infectivity' ' 1

Increased resistance to neutralizing antibodies and human covalescent sera

Point mutation ~ F490L (5] 1
neutralization' ™
Point mutation ~ Q493N/Y, N501T Reduced host ACE2-binding affinity in vitro™" 1
Point mutation ~ H519P Increased resistance to human covalescent sera neutralization ! 1
Point mutation  D614G Increase of pseudotyped VSV particle production ex vivo'' ¥ 1
Point mutation 679 ~ 684(NSPRRA- IL) About 5{)% strgnger e‘ntry efficien'cy in Vero E6[<f)§lls while 30% weaker 6
entry efficiency in hACE2-expressing BHK cells™
Point mutation 681 ~ 684(PRRA-RRRK) Optimized cleavage by host furin'*’ 4
Deletion 682 ~ 684(RRA) Complete loss of cleavage by host furin'"”’ 3

N616.N717 .N801,N1098 N1134 MIN1194(& 7),3
AN AE Y OBl 25 4k (7 50, 23 Bl 2 S673.T678 Al
S686,
9 SERFEWUESWN

ST R S AT 2 A B LIRS
g5 5, g3 B g ) 5 32 AR 45 G 45 B (Spike
receptor binding domain) #1 5 IR 5 B S2 #f & H
(Coronavirus S2 glycoprotein) 25 #38 (& 8) , ilf & i

T P330-E583, J5 & i T C671-1.1270, |58 37 K 2%
B AR (ST 4L ) i HMM g 212, E-value J 6.6e-
75,Bit score 2 251.5; 7 MR FE S2 A 1 (S2 W 5E)
B HMM & 605, E-value iy 1.4e-266, Bit score &
885.9.
10 SERHBREERSH
MEAERSHER,SEAS 194 AR s BUR
EAFEJCHEERCE Y, 452 E A5
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Figure 6 Phosphorylation sites of the spike glycoprotein of SARS-CoV-2

7 #HERE(SARS-CoV-2)S EAR N-#EE L L = HLill
Figure 7 Prediction of the N-glycosylation sites of the spike glycoprotein of SARS-CoV-2
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B8 #E/mE(SARS-CoV-2)SEHMEME D
Figure 8 Domain analysis of the spike glycoprotein of SARS-CoV-2
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REEM B F 10 5 A(CLCL10-2) , L FL B e K-
3(LEG3) ,F 7L EE 4 £ -8(LEGS) , H #I i 4 5 #
YLz & 1(HAVR) , C AU EE S 2 25/ 8 K % 10 1%
BUA(CLCL0) , MV R 45 & Tg FEBESE % 10(SIG10),
iK% B g 2 11 Z R (LDLR) , % 2 A K I F Z ik
(EGFR).

i 20 i H 2% B 52 1K 1(MRC1) , CD209 3 J&
(CD209) , = 7L W% 42 -7 DL B C %k 4 3 45 44 38
FE A M(CLC4AM) .
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SARS-CoV -2 S & 1 1 3Z K 45 & 45 1
(receptor-binding domain, RBD)fi ¥ 1.387-E516, 3
130 A4~ 5k 6 . A W58 1 5 X SARS-CoV -2 Al
SARS-CoV S M Y RBD #EA7 T 4 45+ i ) .
25BN R RBD A 9045 Mg 24 DL 00 5 i
F LW BIL S 5706 s Hok g2 A& , SARS-CoV-2 %
T SARS-CoV ; #5 2& RF5 /1, SARS-CoV g T+
SARS-CoV-2; M i e IR /Y /2 o BRT5E , — 35 AN 5
4%, MAKkEFH ,SARS-CoV-2 Fl SARS-CoV
RBD R 45 M H 22 5 A K (B 10) .
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Figure 9 Binary interaction of the spike glycoprotein of SARS-CoV-2

10 SARS-CoV-25 SARS-CoV iy RBD Z & 53 47
Figure 10  Secondary structure of the receptor-binding domains of SARS-CoV-2 and SARS-CoV

25 SARS-CoV By RBD ¥ 81| — B 5 , 52 4 A )
A FER HR JE (* R /R ) A 874, 5 RBD A% 3t Bis iy
67%
12 SEAFIIREMESH

Al FH UniProt ™ 3% ) BLAST I g #k ] 5
SARS-CoV-2 S 1P —F PR = (>70% ) 1) 12
AR EEE 1,43 942 SARS @R T S HE 1, U i
AR BE 279/2005 S 8 T, i 8 5 R 5 B Rp32004 S
B, W 0 e RO 7 HKUS S 28 1, W 0l 4 78 5ok
% % YNLF _31C S 7 1, SARS 58 IR 5§ # BtRI-

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

BetaCoV/JL2012 S % 1, SARS 7 Ik /i 7 BJ182-4
S #E 1, SARS TR % 7 Rs_672/2006 S 2 11, Ui i
R B BM48-31/BGR/2008 S # 1, SARS 4k
R WH20 S & 11, SARS &R 2 TIF S& 1, LU
K Wit g 5L R 6 % Rp/Shaanxi2011 S H . £ ¥4
ot 7R, S 8 1 SRR P AR SF AR 5, 134N 2R
1 2 1% 17 9 56 4 — B0 Rk (<3878 ) A 7481,
i 58.8 %0 , 4 Ji A il AH 3T Y A L R AR L (KR A
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11 SARS-CoV-25 SARS-CoV # RBD 5 5 73 #7
Figure 11  Sequence analysis of the receptor-binding domains of SARS-CoV-2 and SARS-CoV

— P B A R SARS IR R 7 L SARS R R
WH20 Fl i 05 76 4R 96 5 HKU3, ¥ 8 76 % 5 Hik &
SARS J& R A5 7 TIF, 79— Bk ik 75.9% , B k2
SARS &R % 7 BI182-4, JF 51— 2tk 75.8 % (&
12-1fE 12-2)
13 RG#HLDH

i I MEGA7.0 Xt f3 45 SARS-CoV-27E N 1) 13
AW EE S R FHEAT 27 51 E T I i R Sk
45 R WoR , W g e R 7 Rp32004 W 18 5 AR ik 7
HKUS3 . i 1% 56 R 95 35 279/2005 . SARS 5 Ik 5 75
Rs_672/2006 ., i 18 5e R 9% 7 Rp/Shaanxi2011 , B i
Ik #9555 R % # YNLF _31C Fl SARS & IR 5 7
BtR{-BetaCoV/JL2012 % Ry — 3¢ , & 15 & Ky 100, 13
W B AT 2 Ak b AR PR, W] RE SR R T R — #HL 56
SARS R 5\ SARS R B BJ182-4 \SARS i
R A WH20 Al SARS & AR 6 5 TIF B —2, &
15 B R 100, Ui B & i1t AT fE >k T W — 41k .
SARS-CoV-2 5 ik W 3 [a) J& — K3, Wi m AT Al
e A LW AL G o BEAN A S B, W U e BR
BM48-31/BGR/2008 5 I i ¥ 5 AH M #5 C , Bk
J—H(E13),
14 pET-22b-SE#ZRIEHEHE
14.1 pET-22b = # { f946 N K & ] 18 i

pET-22b %8 # AR K /N2y 5500 bp , 4814 & 1% 4n &
T4A, % H 3E 47 Ndel 8% Xhol ) B W 1 K Ndel Fil
Xhol {9 XU, 8K J5 FH 1.8 %6 B i 8 Je v, Uk A6 I
VIR 5 B B (18 14B) , R/NE 254 Wi .
142 #FHEBHFE(SARS-CoV-2)SELTERK KM
B Y158 iE R & % PCR

Xof 397 7 9 7 (SARS-CoV-2) S & [ L A - Bt ik
17 Ndel Fl Xhol () XU YI 55 F , 25 45 & w0 (&
15A) . # @& PCRY # SE KK IF 5, H

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

1.8 %6 S5t R Wl B8 e FL UK 2E A7 K 0 (1 15B) , K/MBLAF
e
14.3 EH B pET-22b-S ES Y16 E 5 &4k

W5 4 FORL UE 4T Ndel 1 Xhol By XL 41,
1.8%%0 T Ji A 5 e W UK R AT R TN, /N4 5 10 40 (&
16A) o Mg 41 R0 3% Ak K I AT 1R I8k 32 45 i i
ToplO, ¥ A LB # (Amp* ), 37 ‘CH; 3% 12 h( A
16B) . HkHCH 5 B J5 il 42 Bk, % ik BL21 &2 25
YR, 2 AR IR A E A (18 16C) .
15 SEAMBESRELM

P BT A~ BL21 B 5 B (21 (8 HE FN 3 (A 4E ) ,
IPTG S )5 A 12% ) SDS-PAGE K], 45 5 &
SR LA TS S 1A B B TR (45
T LUkiE 10 9kE & T 79kiE ) . b TS &
SRNECTE o 3 Lo N IR 71| DO 74 S 1 =i o N
FUCVE S B [ RS BLHEAT TR . 85 5% Bon
(EI17),SHEH EEAEVIVE LK (36 JKkiE , 9 Al
12 Pk 8 ) , PR 7 #E 47 2 1 2640 B O 5 2% 18 A DL €
4k,

W

B 5 il 4 2 1 R B PR 0GB A 3k DA S
SARS-CoV-2 Ay i 8 Al & 4iF 15 75 fi M Bk AR
AR T R R R R, SEHEAL =R
I K HEF 7E SARS-CoV -2 i 22 1 , %k 3 AR
T BN B H Y, R, S FRE AT
PN W7 1 DG B 5

B AL M B 4> Hr B s, SARS-CoV-2 S i H i
1273 1A FERA AN, 4y T 1 141.2 kD, 55 L 45, 6.24,,
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12-2 #HBEHRBZ(SARS-CoV-2) EEERSSEAN S F 3 L3
T :spP59594 : SARS Tl IR B 5 trBSQST7: SARS Tl IR I B BI182-4;1rQ692E4 : SARS Rk # TIF ; rQ5DICS : SARS eIk # WH20 5
spPODTC2: SARS SR T 2 7 5 spQ3I5T5 « iy i 7&K 75 Rp32004 5 spQ3LZX 1 - i i e 4R 5 7 HKU 35 spQOQ4ATS « i 5 5 R A5 75 279/2005 5
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rAOAOUTUY X4 : SARS 74K 1 BIR-BetaCoV /J1.2012; trEOXIZ3 « #fi i 76 K 9% 7 BM48-31/BGR/2008

Figure 12 Multiple sequence alignment of the spike glycoprotein between SARS-CoV-2 and other viruses.
Notes:spP59594: SARS-CoV; trB8QST7: SARS-CoV BJ182-4; trQ692E4: SARS-CoV TJF; trQ5DIC5: SARS-CoV WH20;

spPODTC2: SARS-CoV-2; spQ3I5J5: Bat coronavirus Rp3/2004; spQ3LZX1: Bat coronavirus HKU3; spQ0Q475: Bat coronavirus 279/
2005; trD2DJW4: SARS-CoV Rs_672/2006; trRIQTAO: Bat coronavirus Rp/Shaanxi2011; trAOAOK1Z074: Bat SARS-like coronavirus

YNLF _31C; trAOAOUIUYX4: BtR[-BetaCoV/JL.2012; trE0XIZ3: Bat coronavirus BM48-31/BGR/2008
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E13 ETHERFZ(SARS-CoV-2)SEHFIIMENFERE (SARS-CoV-2) EEERSH RS H LK
7 : Entry number [A] [ 12

Figure 13 Phylogenetic tree of SARS-CoV-2 and other viruses based on the amino-acid sequence of spike

glycoproteins

Notes: Entry numbers are the same as those in Figure 12
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Y] ,M: 2-log DNA marker

Figure 14 Detection and restriction endonuclease digestion of the pET-22b empty vector

Notes: A. Map of the pET-22b vector; B. Electrophoretic detection of the empty vector pET-22b by restriction endonuclease digestion; 1:

No restriction endonuclease digestion. 2: Ndel digestion. 3: Xhol digestion. 4 - 5: Ndel and Xhol digestion. M : 2-log DNA marker
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Figure 15 Restriction endonuclease digestion and colony PCR validation of S glyco-

protein gene fragments

Notes: A. Detection of double-restriction endonuclease digestion products of the S glycoprotein

coding gene by agarose gel electrophoresis; 1: double-restriction endonuclease digestion prod-

ucts of the S glycoprotein coding gene. M: 2-log DNA marker; B. Colony PCR validation; 1 -

6: Colony PCR products, among them, lane-3 and lane-6 were positive clones

E 16 T|HRKN pET-22b-S HEFHIIIESHEK
T AL HZ TR R U] 56 IE 5 1 s T AL TR R WY, 2 TR ALTOR U U], M : 2-log DNA marker; B. 8 41 ik 7 fk Top10 52 25
YA 5 C. H 20 POk % Ak BL21 83z 5 40 i

Figure 16  Verification and transformation of recombinant plasmids

Notes: A. Verification of recombinant plasmid by double-restriction endonuclease digestion; 1: No digestion, 2: Double restric-

tion endonuclease digestion, M: 2-log DNA marker; B. The recombinant plasmid was transformed into Top10 competent cells;

C. The recombinant plasmid was transformed into BL.21 competent cells
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Figure 17 Detection of induced expression of the S glycoprotein

Notes:M: Protein marker; 1 - 3: Whole-cell lysate, centrifugation supernatant and centrifugation precipitation before IPTG induction; 4

- 6: Whole-cell lysate, centrifugation supernatant and centrifugation precipitation after IPTG induction; 7 - 9: Whole-cell lysate, centrifu-

gation supernatant and centrifugation precipitation before IPTG induction; 10 - 12: Whole-cell lysate, centrifugation supernatant and cen-

trifugation precipitation after IPTG induction; The red and cyan boxes indicate the electrophoretic band position of S protein (141.2 kD)
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Bioinformatics Analysis on Structure and Function of the Spike Glycoprotein of
SARS-CoV-2 and Its Prokaryotic Expression

XU Benjin™", XUAN Yan", DU Miao”, LIU Ling"", WU Huiwen®, SONG Binyu’, HOU Yanxiang',
CHEN Lirong', LIU Xiaoliang®

(1. Department of Medical Laboratory, Fenyang College of Shanxi Medical University, Fenyang 032200, China; 2. Science and Technology
Centre, Fenyang College of Shanxi Medical University, Fenyang 032200, China)

Abstract: Severe acute respiratory syndrome-coronavirus 2 (SARS-CoV-2) is a highly pathogenic and rapidly
spreading pathogen. It can invade and infect cells by recognizing receptors on the surface of host cells with spike
(S) glycoprotein. Systematic bioinformatics analysis and prokaryotic expression of the S protein can aid
understanding of its function and clarify the molecular mechanism of viral infection mediated by this protein. The
physicochemical properties, subcellular localization, post - translational modifications and protein - interaction
network of the S protein were analyzed systematically using Protparam, Pfam, TMHMM, ExPASy -
ProtScale, PSORT 1I , SignalP, UniProt, NetPhos 3.1, NetNGlyc 1.0, NetOGlyc 4.0, BLAST and other
bioinformatics software and databases. In addition, Clustal X2 and MEGA7.0 were used to analyze the
homology and phylogeny of S glycoproteins based on amino-acid sequences. Finally, recombinant expression
vector of the S glycoprotein was constructed by molecular cloning technology and expressed in Escherichia coli.
Results showed that the S glycoprotein is composed of 1,273 amino acids, with a molecular weight of 141.2 kD
and an isoelectric point of 6.24. It had two coiled helical structures and one transmembrane helix region. It was a
hydrophobic protein, contained a spike receptor-binding domain and S2 glycoprotein domain. This protein was
distributed mainly in the endoplasmic-reticulum membrane (39.1% ) and cell membrane (21.7%) of host cells,
and contained 136 potential phosphorylation sites and 20 possible glycosylation sites. SARS-CoV, SARS-CoV
WH20 and bat coronavirus HKU3 showed the highest sequence identity with the spike-glycoprotein sequence of
SARS-CoV -2 (76%). SARS-CoV -2, SARS-CoV and bat coronavirus clustered into a large branch,
suggesting that they may have a common ancestor. The S protein was expressed mainly in the precipitate after
centrifugation of bacterial lysates, which lays a foundation for future structural analysis and vaccine
development. The S glycoprotein was highly conserved between SARS-CoV and bat coronavirus, suggesting
that this glycoprotein has a vital role in viral invasion into host cells. SARS-CoV-2 may have a common ancestor
with SARS-CoV and bat coronavirus. Our study provides an important data basis for expression, purification,
structural and functional analysis of the S glycoprotein of SARS-CoV -2. Our data may help to reveal the
biological functions of the S glycoprotein, and provide a scientific basis for the design and screening of new
antiviral drugs targeting this protein.

Key words: SARS-CoV-2;Spike glycoprotein; Bioinformatics analysis ; Prokaryotic expression
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