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Sructure and function of coronaviral S proteinsand their receptors
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Abstract: Coronaviruses are enveloped viruses carrying single stranded and positive RNA genome.
The viruses are important human and animal pathogens, causing acute or chronic symptoms in
respiratory, nerve, liver, gastrointestinal tract. From 2000, epidemics of SARS (Severe acute
respiratory syndrome) and MERS (Middle East respiratory syndrome) in human population and
worldwide epidemic of PEDV (Porcine epidemic diarrhea virus) in pig population have made
coronaviruses the focus of scientific research. Coronavirus S protein is the key protein involved in
receptor recognition and membrane fusion. The S protein plays an important role in virus tissue or
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host tropism and virulence. This article reviewed the recent studies on structure and function of
coronaviral S protein, and the interaction between the S proteins and their receptors, aiming to
provide more information for research on the viral invasion mechanism, reverse genetics as well as

the devel opment of receptor blocking drugs.

Keywords: Coronaviruses, S protein, Receptors, Structure, Function
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RGN BRI T e 20 8E Hb R 2B, ek
EEREECNNIE, AEERE, K/Nk 80-120 nm, 3
JEIRIZH M B . TEAE RNA, JERIZHAY 5/ A e
ghkty, HIFE 6-10 ASFFi b E24E (Open reading
frames, ORFs). HEHERH 2/3 15— BaliSeAE S
A G, LA U3 TEAgEMSHEN, —
B LT RE 1 (Spike, S). /MuFEHE [ (Envelope,
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MHV-A59

A4 E, Bla. B, y fIS. o @Ry AEUHE PEDV
N9 5 NL63 (Human coroanvirus, HCoV-NL63)
R 5eE AR5 75 (Canine coroanvirus, CCoV)LL K f4 Ytk
B W R 7 7 (Transmissible gastroenteritis virus,
TGEV)%; B JEdRisE6h SARS, MERS, RUIF
R B (Murine hepatitis virus, MHV)%; v J& ik
T T AL A X AL e P SRV R W7 (Avian infectious
bronchitis, 1BV); & J& bR a5 05 B9 mE el IRy 2
(Parrot coronavirus, PaCoV). ¥ & i{k 3% 7% (Porcine
deltacoronavirus, PDCoV)% ., AN[A]J& i) E £ [6—)&
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Figurel Thegenomic structure of four different coronaviruses®
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B w5 5 52 AR 85 G O 2 B A REAIE 55 D THT I F 5
MR, DI AH SR R RS2
1 mRw®E SEH

SRR SHE M 1 160-1 400 PR FERR AL AL,
f7% 21-35 4 N-HESEAb A . SER AL = RIkHIE
SRS B R AE BURRIR AL TS5 4L, bR 5 A I
Mt 4. S EATENE A0 ER I B0 /E R T w2 i
A S1 I S2 BaERAY, S1 B AE S5 1 A0
ZARGEG, S2 W HA - T -4 A L R At - 240 i
Al o AHEL S2 XIE AR Y S AR R ST, SL W
ARSI RAT 2, RIVE SR [F]—Fig 2 1 AN [R] 2 et
H—EZ5 . BIREIE I SL I S2 Z (a7 15 8 F 1
(R, (ORI FPE R 5 S IR RAE
e AV &S AR B R Y R N L S 2
AIBFFEIE B SRR 7 S 2 11 A AR TR AL 2 AR
BE 1 LI R 7y S e L
11 SEHMHME

S IR R IR L, —FiE SR
FITERR BEALE I R A 240, BITER BRI e
S B ATEIME IRE(Fuin/fE T SUS2 Z i k4
24, FRFER A T MM R RE A s 5
—FE SE AR R R Y R A 2R, R SEMATE
R AR R PR R A 2, H S TR I 2L AT
AR F A e R R IR

oy BB LIRS BE AT v B bR B S 2K
FUE T LA —FEOL, RIFER R4 e A 3
fift, G MHV, S EA7ER sE AR sk
I FIEAIRZS: , AT AT 96 74 I 2 o8 g
BE FLAETE AN, 3021t ol 200 6 - 40 e B Rl 75 AT
B4 Mk B4,

o JEIEDIRIGEELL N B R R SR Tk
TS —AMEDC, BITERaE R R AR 2%, SHEA
FEAR e R v (0 24 T DA B R A A P 1 2R
B T4, 0 o JB N\ SeERI% 2 229E (HCoV-229E)
(1 S EE FI7ERG BRI YL AT , w4 At N 1 2L 1
fifi L (Cathepsin L, CPL)ak H & 2 Pl kM,

SARS-CoV [FI#ERs T AL 4N ey CPL, {H S
FEER M B 521K ACE2 454 51& SEAWH
SRS S A RESE M. MHV-IL 1 S & e
YUBE I AN RER IR MR (IR, LRt R AR
S B SZEREEA LIS, Al 42U
EsE . S TR IR Y AR P BRI 5 — Py
OB P O IR, W o JB SR
H PEDV BfA4E R FE Rk Y S 8 (AN BEw 40 i 22 1
S PR N 1 B AR T AL, L S IR P 2
T LR E RS, WEEE(Trypsin), X A]
e PEDV I8 N J i 1 g it 45 2 11 il =F 5 1) Ik
P
1.2 PEDV S&H MRS BREgK#EIE

H#i, PEDV M4l IR R EAe sk
WSRO A DRI R T S B R R A
1 PEDV 45425, 1M H. S 2 MR 0Aa A %
HRT IR, AR PEDV # k(U
CV777) S FITESMEEHE T k2B 24 d ik, v]
VRGO B e AR BLAT B £ i A 2
¥ A ) PEDV B4k (40 DRI)Z KA A fu ks 57
LG, HAME AT AN, FohH S&E
FIREA S0, FILARRES SRS, PR AR
A TC LAY () G MUAARZERE o DRI X PEDV JRBHLCHS 73
FHLE B ST AAUA BT T #0920 8 10 22 2
P, AR TR A

JfEle PEDV RSN FR AR DR Y [R]85, L
5508 1k 7R A Y PEDV 2 BRI A Al A B N 38 A8
— IR TS A A IARER (I RRE FH LS,
A5G0 T LTk PEDV-S™C® (0 41 it 5 55 AN FE i
fitg A2 i, AR EE 2 B A AR AR R AIK, Xt it BA
Bl 3R PR B A P 5B 51K BE IS SR
PEDV £k 32 i otk i A . Fefi 1t
AN PEDV J MG 2EFse i B, SR ARER (1
VR FAASE 25,8 5 1A FEAS BEAE A I8 BRI A9 25 18 T B
DR E L PEDV Ftk, IAERERIEZERITE LT
5T IR 1 T PRI AS7 o5 ) 2 4 5 ke 1) A2 11
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A I CR kR B . 7E5 — s, AT
W) 4 B PEDV 41 i 1 Fe B i e 55 S 7B
1 600-900 2z KL i [l i E A~ Th g A 56 R &
FHE)
13 SEHHMEBKRFEENR

SRR B AT REME A B, e Bl A LR T
E 515 RN A2 ARG E, ARG A e
2R A E A . Rl T D R A A A
U MHV-IV (MHV-JHMV)™ | 4 1] D S 2 52 1A
SN AAEFIE BN 7 (Endosome), K 5 7E4H i A
RAPEERE S RS, 40 SARS, HCoV-229E,
AT PN AR AR B R A A BIL R 23 Bl iR MR 1 S 1
Ik A B P P B 5 e 2 1 Tl 3G )35 S A Bl
PHFRZEEL, 11 B MHV JRATRRSER, (R RR 5 st
LA SHE A KA MG R S 805w 7 S P9 A
G, SARS-Cov Jg 5 R, ARG CPL
AT RPN NG AL, SRS LSRG 1L SR 51k
RIS N AR ST 56T PEDV SRt 45k
B ALY B T ARTE R, (AR RS 0 ke
BRI T RE R N AIR AR, (HTERM IR 1
0 AT B S 5 A T A B AN
AR ARG T 5 22 S50 E A .

AR E I AR BE , SIS el As
i, tATRESMUART T . W SARS-CoV JifEf= e 7
W, 9 NS g A 2 53 v R P i (El Stase, B

FRIBEAKHG-E), fEXFPEEEA1ER T, SARS-CoV
AT DL A S Bttt WAk, iR EEsE
S i SRS E A IERCRE =, SARS AR
MLEIFATRE S b 2. BRULZ 4, MHV-II F
HCoV-229E LA IS . I WA B 58 Dk e AR
B AR IV 322 ) F R0 A% A F1 (Clathrin) -5 9 41 i
HTEEANERIER, NEMFESEOARZLAET S
B 7E L R b bl S A A R A A T A 3
fif, i ELARATT I AR — AN R A A TR U e
I3, T % AE A e S A e AR v s i Y B,
KF AR LR EE S 5 240 5 A 41 iy Uik
AEZ AR, 20 E BAEHR,
A I i B 5 22 A R 2RI T I B A DG UL
oy R S B 2R S Ak U i AE &2
AR AR A TER 1,
14 SEHNSHEMEERE
TR, A SEAS SR A R
fi A 2 TRy 6 M AR 1k, SEAMFET
SERLIR R, Ab T ARSI RS ERIRA; bl
J& . S 324618 (Receptor binding domain, rb)
SR Z RS A, e pH (TEAN R T A A
A1 L) B0 AR DA pH - Gl ARl A1 L)
(19375 & VE I (Fusion triggering) (K] 2A )46y & e
FiiACR & (Prehaipin intermediate), AR MERIREIG
Jik(Fusion peptide, FP)itx AZHIEAR (& 2B). FEMRIG

*1 HoERmE S EARME LR ERFESHANMAEIRE

Tablel Timeof Sprotein cleavage and way of cell enter of coronavirus strains

=S A MR AR S G S AL R 5 BB A
Strains of viruses Way of cell enter Time and trigger for S protein cleavage With cyncytia or not after infection
HCoV-229E Via endosome In assembly cell, CPL No
FIPV Viaendosome After binding to target cell, CPB No
PEDV Via endosome? After binding to target cell, low pH, CPL? No
SARS-CoV Viaendosome After binding to target cell, low pH, CPL No
MHV-II Via endosome After binding to target cell, low pH No
MHV-IV (JHMV)  Fusion with plasma membrane In assembly cell, furin Yes
MERS-CoV Fusion with plasma membrane In assembly cell, furin Yes
1BV Viaendosome In assembly cell, low pH, furin Yes

1: CPB AL MG B.
Note: CPB is Cathepsin B.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2456 e Y274 Microbiol. China 2017, Vol .44, No.10

Prehairpin Cluster of prehairpins
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Figure2 Thecommon trimer-of-hajrpins pathway of membrane fusion by S proteinl??

TE: SEATI PGSR AT ARG ERE S, HAL S 2G5 5 WAL (o) PR LA (F). 131 A B 05 25 64 53 S 7 1
W EJrAT 5. B A A rh, AR SR, EAMREIIZEEATERS 8 A 45 M A2 (L rh RS R SORALE , IXFEXT f IE5
PLREHHRIVE RS, AR TRG RS AT, 76 1 BIREH I 6 127 (6 Helix bundles, 6HBs)LAHU (Bundle)Fl =R ik JeryTE A
H }m[zz]_

Note: The depicted S protein is one that does not require any other viral surface proteins for fusion, it contains both a receptor binding
subunit (Iabeled rb) and a fusion subunit (labeled f). The target and viral membranes are, respectively, at the top and bottom of the images.
The receptor binding subunit (rb) is not shown beyond image A asits location at the later stages is not known; in all cases studied, however,
the rb subunit of this type of class | fusion protein must move out of the way, thus unclamping the fusion subunit in the metastable fusion
competent state and allowing fusion to proceed. For class | fusion proteins six helix bundles (6HBs) are seen in their bundle and
trimer-of-hairpins formg?.

TR IR A RlE 2 1A RSB DX A A Y &2 e
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2R 454 18 (Receptor binding domain, RBD).
MENh, SI-NTD 256232k, S1-CTD 454K
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FRAR = B4 % Je (K] 2D-F), I i8R (R S ik e
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HEES/NEEIL, BMEAERKMAEIL, RiFt
PP BB AL W) IO (A% AR 8 38 2o FE E A A0 5 T iR
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15 SEHZARESEM

H BT 5 0 ] T4 ek 8 S & 1 SL A7
K153 B 2 445 A 3 ——N K S 45 #4 38 (S1-NTD) Al C
K25 A I (S1-CTD) (K 2), 2 MIhRESERAENE Ny

2R 0 MHV 51 Dy RBIAS G 32 AR i AR =X o)
TS, H SI-NTD 456 8 H 2w I AH 4
M Z5BF 4> F 1 324K (Carcinoembryonic antigen-cell
adhension molecule, CEACAM1). Z4HifZ kik
AR L) MHV B A% AT DUR AR BRI R A M 324K,
HRES G MmN £ Z KW Thaeh S1-CTD K—if
5 S2 WA VE RSP R IR 8 S 1 E
B Jok 1) AN — B AT B 5 e R 1 AL R A P

HETRrsE B8, Bk o JE@ddomeish, Hith 3 4
FZE WA T Re IR 2 0] DU B PR 2 052552
AN 5 MR IR 2 ke S B
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S'UTR ORFla ORF1b S ORF3EMN 3UTR
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SP SI-NTD S1-CTD FP HR-N HR-C TM IC
00 Binds ACE2 NL63
a-genus ‘Binds APN TGEV
Binds APN PRCV
S
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Figure3 Schematic of coronavirus genome and itsreceptor binding pattern by Sprotein
W Kt FRRRERE B KM, SHEE; WiEf: [F9KSP); Wikt S1 IR N KimD)Re(SI-NTD); . S1
B C KumZhAel(S1-CTD); %6 MGk(FER); W LIKELTHIHRN Il HR-N); 6. BEETM); FE. BN

#(0).

Note: Gray: Genomes of the coronavirus; Light gray: S genes; Llight blue: Signal peptide (SP); Dark blue: N-terminal functional domain
of the S1 gene (S1-NTD); Light yellow: C-terminal functional domain of the S1 gene (S1-CTD); Purple part: Fusion peptide (FP); Dark
yellow: Heptad repeat (HR-N and HR-N); Orange: Transmembrane domain (TM); Cyan: Intracellular structure (1C).

2 ®RFEH S BAMRZE

TEERIR T ARG DRE T S HR PR AR SZ PR B i
SRR NaEE 518 FAE AR Z ARG A,
HEA Gy 18 R AN SE AR . BT, e
oA Z AT 25 B, Fc RS2 IR A 2=
TG MR A Z IR R 21k, SR 2R
i Z 8, W CEACAM1, &K N (Amino
peptidase N, APN) . Il & B3k K L il 2
(Angiotensin-converting enzyme 2, ACE2). 2% %
% [ (Dipeptidyl peptidase 4, DPP4)%%; £ Wiz
I LNER IR I 2 (Heparin sulfate) . M2 (Sidic acid)
G 2o —FFEEATREFI LRSI 3244, 4n
SARS-CoV . MHV; —F3z {4 mT gl LA #E A

A, W APN., MERERSE

21 EBHEFIK

211 CEACAM1: CEACAML J& MHV Y5214,
SRR SZ R e 2 BT . CEACAML &
| RIBSPREER [, JE Ak IO R s bR
Wb . CEACAML IAMX AL T 4 AN yle R AR 145
PN, AL, B & A2), 1 PESIESEFEA 1 1
KN, RSN g PRl CEACAML, 433l k
CEACAM1a il CEACAM1b, HRI{ER3ZK, {HAi
HIEEARCRE R

2.1.2 APN: APN ¥ Ff CD13, J&3ik TP iE 1
Jii bR AN Tiise A 1 RIS AR AR 1, N T
M RIAE R, SR, RIRE D BAE,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2458 e Y274 Microbiol. China

2017, Vol .44, No.10

®2 BRBEEREZHRER

Table2 Coronavirusgenusand receptor types

Z K27 Receptor type J& Genus Tl Species
Protein or ploypeptide APN Alpha-coronavirus FCoV
(CD13) CCoV
TGEV
HCoV-229E
PEDV
CEACAM1 Beta-coronavirus MHV-II
ACE2 Alpha-coronavirus HCoV-NL63
Beta-coronavirus SARS
DPP4 Beta-coronavirus MERS
Agglutinins Alpha-coronavirus FCoV
FIPV
Beta-coronavirus SARS
Gamma-coronavirus IBV
Polysaccharide Heparin sulfate Beta-coronavirus MHV
Sialic acid Alpha-coronavirus FIPV
Beta-coronavirus BCV
Alpha-coronavirus HCoV-NL63
Gamma-coronavirus IBV

JiE A AE A T R BE BT PR oS e &5 A iliE , 16
PERLS T4 R s R N sy skt ish &
THIE 255 8 AT 4 o APN 258 i SR 1T
SRR aEas &, 1 HX RS SRS APN
P TR Z R AR BRI RE

16 o JRERIEEEH, HCoV-229E, TGEV. Il
A 4R 95% 75 (Feline coronavirus, FCoV) P} CCoV
EOT IR H S 09 APN VE N2k, mH S
APN Z545 %R 1 STE R S1-CTD Hhfgk (i 2)9.,
AN E 20 APN FE7E R R 22 520, (0 A s 0
TS APN (FAPN)SS &, PRI 28 3 A T4 itk
& e B A b TR — MR R AT Ok, 9 H LR iR
fid R,
2.1.3 ACE2: ACE2 EiL4F kB kK B —Fh 48 2
I, J&T | RSB T, HARKERSE, 7
P70 B IRE LA S s il i R SRR . AR
ACE2 f4iia X I 2 AN IELH L, Hbere s
JUR T DX 35k T DA E—25 43 5% 2 A8 (0 A1), TER—
KR Z4E , IRSRRE TR e 2 A R
P, X fr S S & LA RBD AYIEH

fEAN, WIS SEAZEE,

SARS-CoV 1 S & R4S & Vero E6 4y
T ACE2, FIEMEIEM ACE2 REWSRH 11
SARS-CoV Xf Vero E6 AR, Hitkn] DL K
SARS-CoV % {kJ& ACE2; It 4 ACE2 Xf
SARS-CoV Y& A e, HCoV-NL63 )32
Mt ACE2® 5t sk SARS-CoV il HCoV-NL63
—# RBD 5 ACE2 4541 & & B, PRIk RBD
#BFEIZEE ACE2 1) K353 5%, X iiiH] SARS-CoV
il HCoV-NL63 #fii [l T45 & 2K E 11— e
) X35
2.1.4 DPP4: 20134, DPP4 /fly MERS-CoV
ZIRE AT, DPPA XFk CD26, Hy Il RS
JEMEEE, &8 776 MR, TEanMiiRm 2 —
IR, JE4k ACE2 I APN J5 & RN S = Fh e dR 0
BRSNS Z R . HLIARZLZIH Y DPPA 8 ¥ i o
SR A R - A s AR T A A HE M, FR
I A LA I A0 i g AR A R, (E SRR S 5 LA
DPP4 1E RSz AR R AS R LR E 1R, i
R HT 12 040 F B RN e N, X
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S AT IR B AR Y 235 .

2.15 gEZEE(Agglutining): FERGEEEE AT LAF]
FHANME R AN R F 2R 1) 3 (e 2R) 1 32 4k ik
A4iffL, U SARS-CoV . IBV Fil FCoV J&YL 4 fghst
AEPIVEEEE R (C BIBHER)N S . W9OIRGH
JHLF S 60 20 M RDORG i 2> T3-S A AR S R
(Dendritic  cell-specific  intercellular  adhesion
molecule-3-grabbing non-integrin, DC-SIGN)/& 5 I

S RS SR AR MU Rk 1 CHRIBESE 3R, L FR CD209,
FLAE U0 5 DL A e 5 A 40 B 1) v B H R M
AR, RS RERY S BB R S LAY,
Kt AT DA [l 5 FEBE4E %= DCIL-SIGN 45 & . &
DC-SIGN 241il, L-SIGN thj2—Fl C BIgEER, i@
W AR T SRR TN Bz 4R, A R 9T A L-SIGN
Ji: SARS-CoV il HCoV-229E f1)2% {40,

WAL e M B R 9% 5 (Feline infectious
peritonitis virus, FIPV)JET ARG R G R
B, RGP A A B A T e B =
{BAES) BT Lhidi ot Fak s MEE DC-SIGN Z2h
ShIE, T HL | BYAD 11 B FIPV #B#EM% 1L DC-SIGN 1
g FAPN (3[R Z e B3z 4£), DC-SIGN A
L-SIGN #Bfefe kL RURAnIExT 1BV /9 S8k, If
L LA R Ay 77 37
22 ZEEFIK

N 87 T2 R 1 P 2R el bR 5 FH ) 2 2
AR HERER X 44 N-C B =R, 2 Ui SR
Y, T AT e A S, A IR R
o MR RIBE IR ZHZRY R, E SR
TAT B3 240 JIE 4 1 358 o 2 AR 465 5 k) s 2 1 R 54
YizEohee. Wi s SEO S 2SS EY¥E

o ERLRIGEE FIPV 1) S AW LIRSS A0
RIFR TGN, J53C 2.4 HREGRGE . B Bk
e S A A MERIRITEYE, Fnlid BCV
HCoV-0C43%® | MHV Z4ifi 2L 5, H S&
F kA /D B R RR 57, W] 456 2 it 3% v ) At R i
ZVERZIAEPI ) B MHV LIAh, R EE S TR 45

AW 2 SI-NTD DhRkik. AWFTIER TGEV
BRLL APN Naziish, Bl A R IR, G
B 85 1 — 25 S5 5 I B R G 1 RS R R
B O T ELE s AR S IE] TGEV 454
MR R K SI-NTDMY, BT v B ik 2
IBV Beaudette #fil i W RN ZAERE RS T 5
TR R SRS AT, SRR T RE 5 i
WA Y A L B REL 1BV M4L
WRES AR AR 512 M 5 SR S1-NTD )
At
2.3 PEDV ik

AR, bfi% PEDV G MR L, XTHZk
MIRFE Z B2 6. RiHAIBEST A pAPN (F&
APN)J& PEDV &L —3Z 14, Li %26 pAPN ¥
ez PEDV [W3E Z) B R 4 fg (Madin darby
canine kidney, MDCK) & I, iZZH i REAS 25 1% pAPN
JFHetk PEDV 8y, RILHERT pAPN /& PEDV 13
REVEZAA; E it foe e e A P AR IA & Bl pAPN
HA/5 PEDV ZHiIfeE 1, pAPN 25 PEDV
SR ) S B LR X S A5 L E (1. PEDV T LA
P51 pAPN Fl hAPN, {H TGEV 5 hAPN 1454 fig
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