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Accessory proteins: a type of protein that cannot be neglected in
coronaviruses

SI Fusheng®'* JIANG Li*® YU Ruisong'? DONG Shijuan'? XIE Chunfang'~
CHEN Bingqing'? LI Zhen'"?
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Abstract: Coronaviruses (CoVs) are a group of positive-sense, single-stranded RNA viruses with the
largest genome, most of which can spread across species and infect humans. Some of the pathogens in the
group are causing major public health problems and seriously threatening human health. The full-length
genome of the viruses is about 25—31 kb in length, encoding multiple nonstructural, structural proteins (S,
E, M, and N) and accessory proteins. For most coronaviruses, their accessory proteins are not
indispensable for viral replication, but they are often involved in pathogenesis in hosts and act as
functional proteins. These accessory protein genes are located at the 3’ end of the viral genomes.
Expression of these genes can be regulated at transcription level by the transcription regulating sequence
(TRS) which locates at the beginning of the genes or at translation level by the codon usage bias of the
protein-coding sequences. The accessory proteins belong to trans-membrane protein and carry unique
protein transport motifs. These characters play decisive role for the formation of unique topological
structures and intracellular transport of the proteins, thus directly affect their functions. A summary of the
latest classification and genome structure of coronaviruses was made in the beginning of the article; then
roles, categorization, protein transport motifs, topological structures and codon usage bias of the accessory
proteins were discussed individually and prospects of research in the field were foreseen as well, aiming to
help understand the biological characteristics of this category of proteins.

Keywords: coronaviruses, accessory proteins, cellular transport, topology, codon usage bias
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566 MR 9% B (Coronaviruses, CoVs)f& 20 42
30 AR BRI — AT S A0 B IE £ RNA
WU, CoVs JTRZAEET AR, 2y
W P SR S 2, O A A B AL 1R A KURS: 2
X N 26 2l 0 A i A Bt R P — R D
TEAE] 20 AERYI A R FHI T 3 iy CoVvs
SR AR I NS B m i . 2002 4R 1 i Sk
K 2 51IE (Severe Acute Respiratory Syndrome,
SARS)., 2012 4E ) K FE I 254 fE (Middle East
Respiratory Syndrome, MERS)F1 2019 4= )87 il
5t AR fA B I R (Coronavirus Disease 2019 ,
COVID-19). iX 3 Fpgdi o3l ti A 7 S B v ek
PR B ——™ HE 2 NP 2R A AR SR 9 B (Severe
Acute Respiratory Syndrome
SARS-CoV) . H' 7R W W £ 5 1iE 56 IR i 5 (Mliddle

Coronavirus ,

East Respiratory Syndrome Coronavirus, MERS-CoV)
0 E 2RI 25 A AR el R B2 -2 (Severe Acute
Respiratory Syndrome Coronavirus 2, SARS-CoV-2)
51,

JEE AR B A LB T g 45 4 £ 1 AR S
HESN, I8 g — 2R R S 1 Y R R A
(Accessory Proteins). iXSE[ )& & FITEA [R] e Rps
BENEAE P B . AL E RN AR . BEE A
TR TR B 1 B AR BE A T I, ARk AT G
LR I 2 R BF RIS T — e gk, (Hib A A
G R RN, Ok B IR] E R X Y
PSRN B3 X [ — Fof e PR B B I 2 1 D BE AT 52
SERIBAAEM B E Ry, BRI, HA S M4
THT ML fifp R 2 1 AR e e, A RE B E— 0
I D SR g ) A2 1 ML AR AN B0 BIL T
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FT HBTAHR RO , A SCET X SR

BT RN AR | SN AL | R 1
FBIIRE . b LN BB T O e 2
T ) B R AT T VAN B A RIS, U
MRS,

1 SaRIp 3 B 432K

bt 55 B T B B H (Nidovirales) el R
2 F} (Coronaviridae) i Ik 5 B¢ J& (Coronavirus), J&
— R HA R P IEE RNA W, | IZAET
HAR TP g dph TR — A EARZ 100 nm
PBRIE R, ARTE— D RUZ B, BB
o 2 5 H (Spike Protein, S). 4 H (Membrane
Protein, M). fuf%# [1(Envelope Protein, E)FIf%
AKX5EFE 1 (Nucleocapsid Protein, N)F4) iR #54LFF)

gy, Hrp S PRl AR S, N EAY
FLRZH RNA ¥4 B2 M 25 11 (Ribonucleoprotein,
RNP)SL i Bk PR (1 1)

Seb PR B AT IR AR AN EAE N I Z AL 30
Y528, 5 2t 1 R I 0 A AL R gk
T, MU RI RSP A ORFlab 45 X LI 35274
AL R R 4 NE: ol Bl oy RS R
#P a R B SRR HE R RS, Ty
5 SebARN R T B T (B 2). MRAEJE i LR

B, a S RIEEE T30 2 AN B (a1 PR 02 )

a-1 EHFELHE R &R 5 (Canine Coronavirus,

CCoV), Jin Ik 5¢(Feline Coronavirus, FCoV),

ALYt E B 2 9% B (Transmissible Gastroenteritis
TGE V) Fl ¥ W1 38 58 IR %6 8 (Porcine
PRCV)%; -2 WAEELHG
% 3k U 5 eE R 5 32 HKU2 (Rhinolophus Bat
Coronavirus HKU2, Rh-BatCoV HKU2), 7K5H 4k
MCoV). A7k 5
229E (Human Coronavirus 229E, HCoV-229E). A
AR NL63 (Human Coronavirus NL63,

HCoV-NL63)FIAE A T V5 2 (Porcine Epidemic
Diarrhea Virus, PEDV)&, B %LiRIA #E A9 FEA 4 i
K. A5 A NEREA . B, CHRIDIERD™, Mo
NEMRRE: HKUD (Human Coronavirus HKUT,

HCoV-HKU1). AjetRi#E OC43 (Human Coronavirus
OC43, HCoV-OC43) ., % Ifil B ki 5 B8 4 i 2
(Porcine Hemagglutinating Encephalomyelitis,

PHEV). R 5E(Mouse Hepatitis Virus, MHV)
A= IR % 7 (Bovine Coronavirus, BCoV)% )&
F A #f; SARS-CoV. SARS-CoV-2 Fl3k b
g R 7 HKU3 (Rhinolophus Bat Coronavirus
HKU3, Rh-BatCoV HKU3)%JE T B W i#¥;

Virus,

Respiratory Coronavirus,

J% B (Mink Coronavirus,

Membrane glycoprotein (M)

Nucleocapsid protein (N) w

Spike protein (S) ——

)

/4.'
5 Jfl\/ )\ b 3 7
Lipid bilayer J

1 BRESNTFEETER

Figure 1 Schematic diagram of coronavirus structure

Envelope protein (E)

T S: BMREA; M: BREA; E: fBER; N BKCEA

Genome RNA

S-protein—Attachment to target cell
; M-protein—Creats round viral envelope
o
ﬂ E-protein—Required for virus release

N-protein—Binds to viron RNA forms nucleocapsid

‘j ) Genome RNA

Note: S: Spike protein; M: Membrane glycoprotein; E: Envelope protein; N: Nucleocapsid protein

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



3898 A2 AR

Microbiol. China

[ 5Bk F} Coronaviridae |
, { TEEIRIH BRIV FFCoronavirinae ]—L( il 7 I F Toronavirinae ]

\—( o el PRI B & Alphacoronavirus genus ]

Sub“g'rlo up) [ 2 R 5eE{RIp & Canine coronavirus (CCoV) *
» Sk IRk 7 Feline coronavirus (FCoV) » 11
» S AL YLk 8 W 4 95 Transmissible gastroenteritis virus (TGEV) « 11T
» JEIEIR B TERIR G R Porcine respiratory coronavirus (PRCV) 111

w7 FRIRIERE #EHK U2 Rh-BatCoV HKU2 + IV
» /KSR ARSI EEMink coronavirus (MCoV) * V
» JE AT IR Y5 BEPorcine epidemic diarrhea virus (PEDV) « 111
= R FE Human coronavirus 229E (HCoV-229E) « VI
= R FE Human coronavirus NL63 (HCoV-NL63) « VI

;( BRI /8 Betacoronavirus genus ]

b {ﬁoup » NIk #E Human coronavirus HKU1 (HCoV-HKUT1) ¢ VI
> ek #EHuman coronavirus OC43 (HCoV-OC43) * VI
e S IMEEE N B 48 #7 Porcine hemagglutinating encephalomyelitis (PHEV) « I11
» U4 9% #EMouse hepatitis virus (MHV) « VII
= 4 {RJ% #EBovine coronavirus (BCoV) « VIII

» 553k B LR % # R hinolophus bat coronavirus HKU3 (Rh-BatCoV HKU3) « IV
P MR R AR SR

Severe acute respiratory syndrome coronavirus (SARS-CoV) « VI
= P E MR R AT SRR -2

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) ¢ VI

- REIS BT SR

Middle east respiratory syndrome coronavirus (MERS-CoV) ¢ VI

» g g TR B Rousettus bat coronavirus HKU9 (Ro-BatCoV-HKU9) « IV

;{ v K97 5 JE Gamacoronavirus genus ]

» RGPS R4S 9899 B Infectious bronchitis virus (IBV) « IX
» KA LRI #E Turkey coronavirus (TCoV) « IX
~ 8557 7 Beluga whale coronavirus SW1 (BWCoV SW1) « X

%SﬂﬂﬁﬁﬁﬁDeltacoronavirus genus ]

» J5 8T R IR 7 Porcine deltacoronavirus (PDCoV) « 111

- W 5 RJR 7 Bulbul coronavirus HKU11 (BuCoV HKU11) « XII
» BB R 75 Wigeon coronavirusHKU20 (WiCoV HKU20) * XI
» JRAE IR B Sparrow coronavirus HKU17 (SpCoV HKU17) « XII
» 5K EE Thrush coronavirus HKU12 (ThCoV HKU12) « XII

B2 "BRESHNE. KRUESEKETERE
Figure 2 Classification, representative strains and the main host of coronaviruses
TE: 0TSO - XA BL1 1E F 5h

Note: The Latin numbers (I-XII) represent the corresponding host animals
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MERS-CoV J& T C WAtf; D REAT RIE & AR
# HKU9 (Rousettus Bat Coronavirus HKU9 ,
Ro-BatCoV-HKU9). vy Jel IR B T 245 A4 2 38 Al
KOG R R, AR AL ek R R R
(Infectious Bronchitis Virus, IBV)F1K A LR IH 75
(Turkey Coronavirus, TCoV), EA143515 | AEAGHIk
R ALYV A RANEIE, A, y EIRIR R
A H &R EE SW1 (Beluga Whale Coronavirus
SW1, BWCoV SW1). & JeltRypex i SR 45
FEAAFER & #tR%EE(Porcine Deltacoronavirus,
PDCoV). %% &RH57: HKU11 (Bulbul Coronavirus
HKU11, BuCoV HKU11), MERHG#H: HKU20
(Wigeon Coronavirus HKU20, WiCoV HKU20),
LR HE HKU17 (Sparrow Coronavirus HKU17,
SpCoV HKU17) F1 3¢ & 5 Ik #5 B HKU13 (Thrush
Coronavirus HKU13, ThCoV HKU13), FidSias ek
PRI EEA 7 F(E 2), 43bE: HCoV-229E,
HCoV-0C43 ., HCoV-NL63 . HCoV-HKUI .
SARS-CoV . MERS-CoV DA J 4 Hij 4= BR Ji 17 1
SARS-CoV-2", XL 402 o 5 B 7R 27 -

2 RN R F A s XA 5

SEER T Y B R 42— 24 25-31 kb [
JEIESE RNA LA, & —4 5umiE 254
—A> 3 ZH Poly(A)E . iR s AR 45t 8
(Nsp)Hy & Hl i 5. [N (ORF1a. ORFlab)5#% 7 3 A
HAKM2/3, £920kb, P4 10 kb A7 A3 K 4
i 4 Fh FEMZEE A S E. MATN)FIEE A E
Y DR S o 1 BN 157 Y VA R e S P 2 e
3w, Hb S HEAM M E USRI 2
M 1), S (150 kD 2247 — 5 opk
E, —HRRERERY S & LA B IR
PR, TE B S R A0 2 AT 2 S Bl = An i
SR Z R R, IR R . BRER O
Mty . HZVE N . BN 22 SRR AR 1 R I I TE
i 2 1 A AR S ORI 2 Ay A I R
(Subunit) S1 1 S22 ST 3F F 471 5% A4 5244

ghfy, S2 WIS PR EE AR M A,
A WS R S2 WAL P S 2 11 AR 11 WAt
e 0 DG R X R ST, M B 11(25-30 KD)TEN 2R
TR P RHEELEN, L&A 3 ANEBLSH
SO G A T P B R R A R
M. E E&H(8-12 kDY E—MEREN, LEF
I FBER, ZEARAEFEEEY, 25K
TR R AR N B 143-58 kD)
ME—fEETRARTE P IR SR, HAHS 1 BT
WHEAIEE, IS 5RE AR 2R AR
UEAh, N EARH 2 SIS, BN &K
Ui 45 #4 3(N-Terminal Domain, NTD)Fl C AKufiZ5#4
Jif(C-Terminal Domain, CTD), X 2 PghEHIARRE
TERSMES G RNA, AT ORY RNA AP . 38 5
THHLT N & (Al R R 8 RNA 25k
KIEAEATE . Woh, B bR B I 1 — L A
(Group A)KE K 41 i gt 3 A —Fh B 1 —— I BE R
fig i} (Hemagglutinin-Esterase, HE), %% [1%ih5
XALF ORFIb Tl S FEHZ A, HA £ NG S
PEPT RS A0 i e Ik R 2RSS, S
S AL FIVEHT, LASCBRIh RS- A dne 4 0 2 b
e,

B A48 b 3 DR Bl o i 35 IR £ B o SR 14
FE K 9 &% S )8 #2 )5 5 (Transcription Regulating
Sequence, TRS), B FIZRNGEEAT mRNAs i 1 A
LSRN A, X —d B2 3] TRS R,
TRS £ 5 —A~ = RS AY#%.0 7 %)) (Core Sequence,
CS), 59 B 3L AL (4 7 41 R 33 0 1 370k
MBS DR, & FE R % 5 1
TRS JFAI KA RAHF B, e o 7RI 1Y
5 SRR R 8 CUAAACY ), B btk 25 J& 14
4 NWREH A TRERY TRS J& CUAAAC, HAW
B0 TRS  ACGAACY); y SIRJw #EJm I
TRS & CUUAACAA, § 7iRIKBE/E A TRS A
ACACCAP?, Fek sttt fbid firp, HLL)E
PAGEER TRS AT RES I AEE R, W o &
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HCoV-NL63 [ TRS 25y CUMAAC (M & A &% C),

IeAh, —SERpJE N TRS SHAE M TRS A—L, X
M5 HAMFPJE %) TRS A, 9140, B JE HCoV-OC43
) TRS & UYYAAAC, H Y5 B IR 58
ACGAAC ZEEK, HRRT o IR EEE M

TRS (CUAAAC)>,
3 ARIE TSGR EB MR

AN TR A Jes B it R s 75 S S 00 A S 1 B e
1, B A7 R —Fh i A R R 2 0], H S
HEHMEBE DA AMFEE 3), I HIRES 7. W)

i HATAOIFIEIR S, SR o s 2 1 R 5 A4
Jr AR (GR 1.
(1) REREG U BRAL T, RIS E K

YER e XFMER FEAFTET o, B EARIN B2 IR
B E AP, e o R E # 8 H
HCoV-NL63 ) ff J& 25 F1 ORF3 7 41 it Py = 2252
TE N 5t ] - 5 % 3 7 [A] f& (ER-Golgi Intermediate
ERGIC)H, i o R 2 B 1
O B BZ I E E M HCoV-NL63 1y Ho At 45 4%
HEM HEA N O E HBTE A A ) 5 kL

Compartment,

Coronaviruses genome (bp)

[ I ] | I T |
0 5000 10 000 15 000 20 000 25 000 30 000
5'— ppla > ppIb S B-8)—ENp—— 3
Alphacoronavirus FIPV ‘l S Apb3b | SEENTTTMTN N7 [ 76
e
TGEV | S oS i B N —
3a
PEDV | S JTORESTDCE DT M) N
HCoV-229E | S > R CEMITN N
42
HCoV-NL63 | S S ORF3_ [ E) M N
Betacoronavirus
HCoV-0C43 [2aTHE S s EDTM O N
[
MHV S g S S 1 A S S N
SARS-CoV | S TS E M 6Ty s N
3b, B m
SARS-CoV-2 | S (3 ED ™ >:>z> _:10 >
7%> 7T
MERS-CoV | S B> [ S TE M [ N
4a>
Gammacoronavirus - S (IS0 oot v o > S A —
SaD @
Deltacoronavirus
PDCoV HKUI5 | S TEDTTTM @?
BUCoV HKUI1 | S [EDTTM[6) N le>| =)
[ Polyproteins E Structural proteins [ Accessory proteins

B3 ERFEENEREAEHEREER

Figure 3 Genomic structure and coded proteins of coronaviruses
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Table 1 Categories, subcellular localization and functions of the accessory proteins of various coronaviruses
Genus Virus species Accessory Subcellular location Features and functions References
proteins
o HCoV-229E 4a, 4b ER-Golgi Intermediate 4a: Forms an ion channel and promotes virus [26]
Compartment (ERGIC) replication
HCoV-NL63 ORF3 Plasma membrane and N-glycosylated at the N-terminus, incorporates [27]
ERGIC into virions and functions as structural protein
FIPV 3a, 3b, 3c, 7a, Golgi ORF3: Promotes virus replication; 7a: Functions  [28-29]
7b as type | interferon antagonists
PEDV ORF3 Plasma membrane and Forms an ion channel and promotes virus [30-34]
Golgi replication, causes autophagy, inhibits apoptosis
and type I interferon response
TGEV 3a, 3b, ORF7 N.A. ORF7: Attenuates virulence and inhibits apoptosis [35]
B HCoV-0C43 2a, HE (2b),  Plasma membrane and Inhibits host antiviral response elements, blocks  [25,36-37]
Sa (ns12.9), 4, cytoplasm the activation of antiviral signal pathway or has
7b ion channel activity to promote virus replication
MERS-CoV 3, 4a, 4b, 5, 4a: Cytoplasm and 4a and 4b: Functions as type I and III interferon  [38-42]
8b ERGIC; 4b: Nucleus antagonists; ORF5: Promote the type I interferon
production and reduce the virulence; 8b:
Functions as type I interferon antagonists and
inhibits the innate immune signaling pathway
MHV 2a, HE (2b), N.A. ORF2, 5a and 8b: Inhibit type I interferon response [43]
4, 5a
SARS-CoV 3a, 3b, 6, 7a, 3a: Plasma membrane and 3a: Forms an ion channel and promotes virus [44-49]
7b, 8a, 8b, 9b  Golgi; 3b: Nucleus; ORF6 replication, incorporates into virions and
and 7a: Endoplasmic functions as structural protein, promotes virus
Reticulum (ER) and replication; 3b: Inhibits type I interferon response;
ERGIC; 7b: Golgi; 8a: ER; ORF6: Incorporates into virions to enhance
8b: Cytoplasm and virulence; 7a and 9b: Incorporate into virions and
nucleus; 9b: Cytoplasm induce apoptosis; 8a: induces apoptosis; 8b:
Inhibits type I interferon response
SARS-CoV-2 3a, 3b, 6, 7a, 3a: Plasma membrane and 3a: Forms an ion channel and induces apoptosis;  [22,50-54]
7b, 8,9b, 9¢c,  Golgi; ORF6 and 7a: Golgi; 6, 8 and 9b: Functions as type I interferon
10 ORF9: Cytoplasm and antagonists; Function of other accessory proteins
nucleus; 7b, 8 and 10: ER  has not been reported
v IBV 3a, 3b, 5a,5b N.A. All: Not necessary for virus replication, but [55-57]
reduce the virulence after deletion; Specifically,
3a and Sa: Inhibit type I interferon response; 3b:
Involves in the pathogenesis
o PDCoV HKUI15 6,7, 7a ORF6: ER and ERGIC ORF6: Incorporates into virions, inhibits type I [58-62]
interferon response and promotes virus
replication; ORF7: Regulates host protein
expression; 7a: Inhibits IFN- production and the
host innate immune signaling pathway
BuCoV HKU11 6, 7a,7b,7c  N.A. N. A.

Note: N. A. means not available

T, RHIZEO WS 5RER TR R,
KA RS E A MPERT . Rk, B ERR
R SARS-CoV WMIEEE T 3a. 7a 1 9b LI K
& AR 75 JE Hh PDCoV 11 [} J& 2 1 ORF6 AR HY IE
SCREHEE A AL e R T, B S E AW

ET&[MAS,&]

(2) ReMREEE N, SRR B YA,
XEMERWFEEAIET a. p A6 TR EER 7R
srEtEE AT A0 o TR EEE T HCoV-229E
AR — B EN 4a, JHapEedigsH
SENAEANML ERGIC H, i8R 1A B B AN 52
HXT I ARG RE T, (RS R R RE 1 T
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[0 Xt TGEV M@ 1 ORF3 RIBFSE M, %E
PR X A 20 R P P A2 R i JE R (R
S B R AR E1Y, 5 TGEV 26481, FIPV
(B E & ORF3 B B AR N5 oA 1 52 il
ey, (HHEYLE A pofe ) B TIPS, I
L & PR #2192 /1) MERS-CoV ) ORFS5
BEEEA AR TR0 ER A A ORI Se R M b
PEE B FEURFEORAE S TR B AR IR
H1 SARS-CoV WIMHE T 3a WAl {E s EE
il 2T R BN F 2 1o B A T
FeszELEg 0 & ik A JE Hh PDCoV AR B 1
ORF6 S #1710 7= A ke A2 b 25
fi 42 710,

(3) HAT B FiEE i e s B 1, AR
TR EERLF R . X AR AR T
o A1 B PRI BB & T A0 o e R B IR
H HCoV-229E LR A S EEA 4a J2—1
3WEBIEN, HAME FEEEhE, E—2s
PR 38 A T LI R B A A
AR, PEDV KB4 ORF3 T HE st fe:
— AL B A T T R 2R s R |, Rl
TR T R A A | A RRE RO B
PRI B H HCoV-0C43 1 Sa 2 11 (L FR M ns12.9)
SRS A, EA S T R R
2 B - 3E A 1 P RO R BRI AR R, I
X975 BT B SE RS 7 A T I, AR PR 6 2 B
BRI TZ B 0 T 2R A /N B A S0 P SRR
FWZE AR R P esh, T
SARS-CoV Fll SARS-CoV-2 HA BT IIEL KR,
THMEE A 3a BINREMAEFE ARl ERAE 3 K
MEEE T, EAT ARl s, RERs IR Ak
Fi9 £ BT 7 O i 0

(4) MR . B AR T XRAE
F ESAFE T o A B bR 2R IR 2
i 0o ERIE EEE T PEDV ZwiS A ORF3 )&
FEERIER AR IR S B, A B XU
(Double-Membrane Vesicle, DMV)HTERL, MifiifE

HERGRE I AE Y BFSTIESE, 1% i R
ZJHEVE AT 1 78 (Glucose Regulated Protein 78kD),
GRP78)AIZE ik FIi % pERK-elF20 {5518 B& K filt
R AR PN J5 9 13 3B W (ER Stress); [A]I), ORF3
A A F AR A& T LC3-T [ LC3-11
(16 5 78 i 2 A i 9 e 1) AR T A g B O BIF 5
B], ORF3 &I MMHEREMSALHE PEDV 7 Vero 4 fiE
A T L AR HE % A0 S AR BT R, X
PEDV 5 S A 4 i T A B i /R, i —
AT UESE X B VE R 1 i 8 136l Caspase-3
(OB 0 35 Ak ke S R0 SR i AS ) g e R s 25 IR
B AN MR Ty T VR AR SE A AT, B bR
JR#EE, U SARS-CoV il SARS-CoV-2 [} & &
M 3a FEREU AN T 0 A, HAERIPLE &
WA PN A T8 1 Caspase-3/8/9 F11 tBid 11
ENEILG AR C (Cytochrome C)fn] 2Rk {A
AN, TR T/ IMRITE B, 55| i A1
PEHA AT v Ah, SARS-CoV 1Y 3a & [1ik
AAE p38 22 R4 AR B (p38MAPK) i 1%
WS LR AL T AR A R AN R T Y AT
(5) FhPuiE EPUREE R R g N, A 1A
TR A XV B , AT 4 45
R 2 I8 (B E B b o AN o el R B2 8 H FIPV
() 7a %1 PEDV (% ORF3 & 1%, MERS-CoV
f) 4a. 4b 1 8b [P AN, MERS-CoV
f) ORFS & A NFIR ,, %8 A el 1 A4 &R
(AR, M B 22 25 11 8500 B Rk 2R
' MERS-CoV ¥ 4a F1 8b & [17°%*") MHV iy ORF2
M 5a B ™! SARS-CoV 1 3b il 8b & [11*541)
K SARS-CoV-2 ) ORF6 ,ORF8 Fl 9b & [ 223%54
BT AN 1 R E R A y R R 1BV
A EE MY 3a, 3b. Sa Ml 5b, #F5%
T, XEEEIRES RSP I TR E A A4, 518
EHURTE R IR 7 1 R AFE R BRI, 5 ik
258 H PDCoV i NS6 (ORF6)HINS7 (ORF7)J&:Hx
JeME AR 2 ANHEE DY, BlE NSTa B E
W3k g, PDCoV [ 8 11 NS6 71k
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BB E LS W5 T 48K B (Interferon-B,
IEN-B) 77 £E FfE 55 K 7 IRF3 K NF-xB B3I
JF H NSe i i 5 4k W R 5 5 £ H (Retinoic
Acid-Inducible Gene, RIG)FIH {25 /rbAHCIE
5 (Melanoma Differentiation-Associated Gene 5,
MDASYH EAERRFEST IFN B7r=4:, ML E
fi15 W45 RNA (Double-Stranded RNA, dsRNA)FH
LEAT,

AT LU M SR 25 B 2 I D RESy B
Ba%, ANFDhReZ 0 A B %V R e, —FEM
A 1o 5 A —FP D RER S, DR, ARG
JBE R TIREHAT RGMENT, LR G R Z 5 )
R 2k A TR SR
4SRN R AR R
FEP)

TR EE AL 2 S L ARSI R T X
MR, R R s, XeeE
R TE M A AS TR, BE S A RS TR 4 AL il
5ia FAME A EAER], TEREEAR . E e
B YRR RE IR T R AR . Be b,
ARG BE 5 A 52 RSSO L R S, R
B 1 56 7E N T ) - 5 7K ] (ERGIC) N 1 %€
e ZEP FE MG AR R, AR LA N TN
(Endoplasmic Reticulum, ER)N& )5 FIH H &
Y T 1) 5% io {5 5 8 L P 1 ERGIC . & /K BE {4
(Golgi) FNAH /M %32 . 1 SARS-CoV 1Y S F [
SRR AN st A, HES—1 N K
WifE 5 P8, AR B A N BT s
FE PN 5T I P 8 11 R BT S I O R R K
L&Y, MEAZR S RIERE, KRE2H
5 H AR K Ak A W Bl TS R 2R i R
S EHAWNKEA —MNEMELE T S HATE
ERGIC FIE/RILRAARET, GBI R,
PEDV 1y S &1 C Ru/FTE Yxx@ (x ] L2 AR
RAHEMIRH, O BHABKGKYE . MIEEE KM
AR FH A KVHVQ (KxHxx)iX 2 iz it

P, Hr Yxx@ & A M (Endocytosis)f5 5, KxHxx
JENTNGE RS, PIEME R S EATE
AR Rk, 2 PEDV # 1 SCHER &
z—e,

[l FE L, X e bR =5 B I 2 11 ok i A7 7E
MMM NFZIEE S GEF), REia(55 2
PR e 2 1 AN ) 110 200 7 3 40 25 4 5 R
BB CHE . U0 SARS-CoV 3a &5 1 C RimA
2 MNEARIZIT . Yxx0 IR ML P
(ExD, x jBAE—ZEMRIRE), X 2 MEERET
FE 3a FE [ A0 2 I A 0B DL BE TR A
(Endocytosis) J7 i % ¥ = 2 /E U . 4,
SARS-CoV 3a fE 1K) Yxx@ HEFREVETY S HHAW
eI LR e g R w2kl 6a BAEA
YSEL (Z3EFR 49-52) MRt A LR 3Ly, Horp
YSEL J/PfEits 6a & AHEAEFAME A
b, TiRYEEILRRELT 5 T8 A 5 R4 7,
SARS-CoV 7a B4 KR 97117 EA @ Bk vk
HREEANAE, C Rumfs 5 LR (KRKTE)
TE A28 LA DY 5 3 B4 (5 5 (KK xx B, KxKxx, H:
H X AT — BRIk L) s 1% 57 N KRKTE %72
4 ERETE W}, 7a fEFIARES MLz RI R, H
RETE B R SR N R, B BOHAE & IR SR N 9 R
FIREH K AE Y, SARS-CoV 9b (W4 3k 46-54
L7 (LRLGSQLSL) & — ki i 55, CHIZA
BETR L Fr il 1 A i AR -1 (Exportin-1)/fif B RE i
P EHE ™Y, X SARS-CoV-2 i, Fff
JE R 3a M4 A s 2R Yxx@ Fil SDGPY,
WFoE R, B4R 3a 25 (I RENSTEANAR AR 360k,
H YxxQ FEFH 1 YA RAEFE 3a A A REI
ML AR W] Yxx0 25 3a B 0 40 A
iz . YL ITIRepsE R, BFAERY 3a W]
DI E A AMRA T kA, A YxxO il SDG
P YoA RAFE#H S/ID—A RASHAE B 2 PR
3a EAASFAEBET-RKE, £ EBEIERE
Jo e B T 2R A5 S A A T 2 R v A U AR G
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O FIPV B 7o EAITE R RAER, H
C-Uiif) KTEL Z MR AL ¥ 2 188 [ 7E i R B4R
HEE(ES, T-D RAJGHREM 7b 18P 5 Mgk
B AR BAXT PEDV [ JB & 1 ORF3 HIBFST 4%
RIRH], ORF3 HEHELFEPT Caspase-3 I YIETE
ekl PEDV %SR9 TP, BE—05
R, ZME R A AN 3T R Yxx0 Fl
ExD, 4 5%E M EZESE ORF3 & C K YxxO &
LRI (TOYLAT )0 ORF3 25 1 40 i P %
1B BT, It e AN MR E o 3kt
A& SARS-CoV-2 B 3a HIA NG5 57
(Yxx@ F1 SDG)¥H ¥ A o8 T () i B8R AAIT:
PEDV [f}J& & 1 ORF3 B9 41 it N % 12 FE 7 (Yxx @ Fll
ExD)2& %2 584 PEDV 7 & 40 M - Y it
7 ARNNZHE ST RN S SARS-CoV-2
(4 3a AT ? XEA N7 SR ik
TTIRARR .
5 R EHE ZEEHWRINESH

R R, REERIEE R EZE 2R
RN, RS INANRER T, 25
o EE LT 1AL IR, xR R I & i AR R
M. 4 SARS-CoV 3a £ 147 Mish N i 1A C i
ik, A 3 WIS, RRUSTE LU R ML
FFIARES T iE, V875 SARS-CoV Jig#Eki T
WO FE AT (% 1), PEDV iR &
1 ORF3 & —~ 4 RS, WARBHEIE iU R
IREER AN B Tl 1, 17 PEDV ki T2k
W EMRARGREY, HE 4 MEEREKX
(Transmembrane Domain, TMD) Yxx@ &R &
FECYLAI' ) YA A5 0] R E0H 8 7l i 1%
P RO FR AT BA B BT 5% 45 R i — A
52, AL (Y —A) A S5 ORF3 I ARBE M 41
JEEEZE ) PRI, Y170A PSSR (Try) 7 &
X B S IR E R R e MEVE AT, O HixE
W I B ORF3 & 1 1) 41 it 55 (4 55 55
SARS-CoV-2 ) 3a W E—A 3 RESILE A, %

BRSO S L IR N A R AR T 3 B 1 A
B R R AL T, ATt
BRI, A, WRFTIESE 3a B ITEIERRIY
AR 5 SARS-CoV-2 [ A BR A AR I mi ik
Yo R S TR AT S IR AS R W B 2 1
(R F A2 I RE A O, IR AR AT I
AR A5 R AT Sy B I 2 B 1 5 v R LA
EASE EEANHEAERREEZESE, IFh
A5 W el AR B 1) A B ] B it

6 bRy R 0 ST R
AR APPSR B AR rh R B A 1Y
i FRAT %6 8 A ) SRS - 1 B R N 2
{i F w2 P4 (Codon Usage Bias, CUB), X MYJn] X
PRSP R o FESEBR N R 38 AN [ A
1B~ S O] T B o R o 5 K 8 v o b1
FNIUE, A 0P b 7E 3R 308 2 1 Ao 38 5 S I % )3
%535 RNA (Transfer RNA, tRNA), LLTCikKH
B - ol Y O 2 e T A B0 S DR R 11 3R A AR
W) RSt e, ebAR S 2 ) 2 00 P O %
PETEAN R 1 32 Bk R85 v 32 30 [ 36 488 6 ) 1 5%
M. it MERS-CoV MY#F5E B, %05 B8tk A
4Rt N S b A A A TR SO -, st 58
AR H AR LB ) T MERS-CoV %5 14
T AR SARS-Cov-2 KA [RIRE A
RS ARG 1) 5 e P O 22 1, ok A AS W] I 5809
SARS-CoV-2 3 15k 1) %5 i~ ft AR =Xt s A7 A
], LA R {5 it SR 22 (40 Bat
Coronavirus RaTG13, BatCoV RaTG13)FH{I”, 3%
Tl B G2 A2 ph 3k 2 8 A8 R SR L IR e 114 o
EAFULII AR, IR RIS 0 X e bR s i A
K] 21 %% 0~ S Aol P A 22 Mk i i, B SRR 1Y
PR o O 2 T B 3 2 e K i B A
FAG 2 AR AE—E 22 5 o LB I 2 1 2% A1l
FH A 2 PR R Ui AR G i i 5 B AR 2D, B TR il 3
B, o bR 78 A 52 o PEDV B8 2 11 ORF3 (1)
N0 A B AN, X — R R ROR
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ORF3 LM Z A8 o i — 2 XL 4l il 5
A CR R P eIV EES v N i R
X} PEDV ORF3 & [ %65 iy fit R A e
Wi 5 HReE AT e B, FE RS T R M T, A
SRR 7 b 3o A 58728 FLA T I 35 S ) 5 I F A
W & B K S AR R g ORF3 &M
WG s TR RS N e 8 B R R, % F
459 & FF B2 PEDV W [E 435k ORF3 &
P RG 20 Fof FR R 2 1, R 75 e e i R At [
FHHIX PEDV FEtk ORF3 & [ 1Y% T 21k
R Rt — el B E AT, % R
X} PEDV ORF3 #1855 AR iR 4> T 19 43
Br, ASCZERXT ORF3 & 8k &M m b At
b e R 97 25 A TR 1 0 0 P e 2 P R i R
AHENS M.

7T FiES5RYE

FERE 25 20 AR A B A AR B E HBLT 7 b
P NR ARG, Hhads 2 f o e EE
HCoV-229E #1 HCoV-NL63; 5 Ff' B 5tk %5 &
HCoV-OC43, HCoV-HKU1, SARS-CoV. MERS-
CoV & SARS-CoV-2 ( 2). T ksaexs A
fe BRI RR SR, VRN T i RS B A
R I R 405 AR R TBCAER Sk 4 o 8 ot 4 o JHL 0
it Skt DA v e maFie KR
HERE Y,

H 2003 4 SARS 2 & LI, btk 8 i AH
KRR & EEM . JLHE 2019 I8
SARS-CoV-2 Wy BKiniAT1e#%, (Ml 2 E BN
AERBYGEIEHEAT R 2RO, 50 B E] AT
Xof e 2R 2 A B AL A B 25 A B R A )
LUIREF SR IR T W . SR, B A U
JE TAEMRS B HEE, —SRIFSE 0 LS00 T 4R 77
B, an e xR A A B s E AR S R
TIREMIAFFE £ /N AR 58 4= B WS 2 1 BOm LT . B
HWFFEITIE RS, — ST i R B g4 e
ok, ARHAH T RERIF S M AR5 R R B I FA . AT

S R G TR BE Y A A, X
Wi 25 1 B S RERAT W AR BT R S B . 2l 2
EIITTE, BRI e I8 R e
T—EREN T, EREAUKREERIER AR,
- ELAT R SEE DR 7 W a8 2 1 8 (AR S 3Rk AR i
FEAERERIRIMEDS, 0uF ik — 25 i AT ol b B 1
—E R, BEAh, AR T L R R R 2
BRI AE G Y, — S i 2 (1 %
PARF IR DY, RN
ZE AR AR B PN T i, AR A
WFTE AT R AR S A, X LA 8 i 22 1)
TRBART AR, —L8 kBRI 8 B A
SRR AN S A R AR S A S dE Y, X
AR I A o i U 2 R AR A A

ST LA EAFAE R IR, S& TR 7 R 2
AIAHSCHIETE R T ZE LR LA : (1) {8415
BSRESS 5% /113 REEE 7/ [ o s N oy S )
FLSEE , 7ELE DR B 2 B A At _E A 2015
BERIEEN TR T-Bedb AT e, Baub w4 2R ;
(2) Jnsi e £ 1 0 0 O = PR RO RIS, T
BN e RN K o S W 4311 o T I s
B R F R IMA R, IREFRIBICR, WU
] g ARSI 5 VR A S B SR (3) MR EE Y
E{TE AN 2l W T B o = I &4 AR TR DB~ i
i T REUABOR I R A5 45, W s
N2 A A TR AT (4) BB E R
1B HE PRSI A, AR TR AR s W R R P 1Y)
FLAfiE L VN5 R Y 22 S5 R O T AL
FLo BEE NI IS E A A S B AR L 4
5, ARME _BIRGUS S AW R, i i B T R R
HEERHEADTE, AADE R R R 2 BT
FB A R
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