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Assembly mechanisms of coronaviruses
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Coronaviruses (CoVs), which can be divided into two subfamily Coronavirus (CoV)
and Torovirus (ToV), are causative agents of respiratory, gastrointestinal and neurological diseases in
mammalian and avian species. Since CoV buds and assembles at the endoplasmic reticulum (ER)-Golgi
intermediate compartment (ERGIC), these structural proteins must be targeted and accumulated to the ERGIC
for efficient virion assembly. However, since the tar?eting and/or accumulation signals at ERGIC differ
among CoV genera or species, the mechanism is not well understood. In this study, we compared the
subcellular localization of S and N proteins between SARS-CoV(Coronavirus) and Bovine-ToV(Torovirus), and
identified their intracellular localization signals. We also showed that the intracellular signals of
SARS-CoV S proteins have an important role in virus assembly.



CoV
(SARS-CaV)
NL63 229E 2012
(MERS-CaV)
3
TGEV PEDV IBV
(MHV)
2013 -15
PEDV
CoV
CoV
(CoV)  CoV
(ToV) CoV
- (ERGIC)
ERGIC
SARS-CoV CoV
BTovV  ToV
2 S N
S
(D)

CcT

BToV

Virus like

particle:VLP

SARS-CoV S CcT

BToV S CT

BToV-N
SARS-CoV BToV  VLP

C0oSs7

eGFP

S 293T 35S

Pulse-chase

VLP
SARS-CoV BToV  VLP 4
S M N E 3
S MN) 293T

VLP VLP
35S SDS-PAGE
SDS-PAGE



SARS-CoV CoV BTov ToV
4 S M N E
(S M N HE)
3 S M N
S
N
2
SARS-CoV S CcT
CoV S CT 40
ER
ER retrieval signal:ERRS)
ERRS S
ER S
ERGIC
SARS-CoV S
ERRS S
VLP
ERRS Golgi S
Golgi
S ERGIC
PEDV S ERRS
CoV
ERRS

BToV S CT

ToV S CT 10
CoV
ToV CT
BToV-S
CT
BToV-S
CT
CT
BToV-S
CT
CoV S CT
ERGIC
BToV-S
CT
S
CT
BToV-N
CoV ( ) RNA
CoV SARS-CoV
N ToV BToV N
CoV N

BTov N



BToV-N
BToV-N
CoV ToV

MHV SARS-CoV BToV

1:CoVERDONERE XX ITHIEE~MEENHH, ToVE
HONBRERECRALBTTS

N
N 60
R
R
(Nuclear
Localization Signal :NLS)
NLS
N C
(Nuclear Export Signal : NES)
BToV-N
2 - NLS  NES-

NLS NES

B2 :NEHE ONFR T DO LHEG RS AERERGNLS EE
8D, —7A. CRIRADITHEEEMENESHEET 5.

SARS-CoV BToV  VLP

CoV VLP
M E
N
VLP
ToV E VLP
BToV
HE
BTov 3
S M N 293T
VLP
BToV  VLP
ToV VLP
CoV
6
1. Phylogenetic and antigenic
characterization of newly isolated

porcine epidemic diarrhea viruses in Japan
Islam T, Kubota T, Ujike M, Yahara Y and
Taguchi F.

Virus Research (in press) [ ]

2. The contribution of the cytoplasmic

retrieval signal of severe acute

respiratory syndrome coronavirus to
intracellular accumulation of S proteins
and incorporation of S protein into
virus-like particles.

Ujike M, Huang C, Shirato K, Makino S,
Taguchi F.

The Journal of general virology 2016 [

] doi: 10.1099/jgv.0.000494



3. ldentification of CCL2, RARRES2 and
EFNB2 as host cell factors that influence
the multistep replication of respiratory
syncytial virus.

Shirato K, Ujike M, Kawase M, Matsuyama S.
Virus research 210 213-226 2015 [ ]
doi: 10.1016/j.virusres.2015.08.006.

4. Incorporation of spike and membrane
glycoproteins into coronavirus virions.
Ujike M, Taguchi F.

Viruses 7(4) 1700-1725 2015 [
10.3390/v7041700.

] doi:

5. Host Adaptation and the Alteration of
Viral Properties of the First Influenza
A/HIN1pdm09 Virus lIsolated in Japan.
Ainai A, Hasegawa H, Obuchi M, Odagiri T,
Ujike M, Shirakura M, Nobusawa E, Tashiro
M, Asanuma H.

Pl1oS one 10(6) 0130208 2015 [
10.1371/ journal .pone.0130208

] doi:

6. Hemagglutination mediated by the spike
protein of cell-adapted bovine torovirus.
Shimabukuro K, Ujike M, Ito T, Tsunemitsu
H, Oshitani H, Taguchi F

Archives of virology 158(7) 1561-1566 2013
[ ] doi: 10.1007/s00705-013-1636-4.

12
1. Analysis of biological function of
Hemagglutinin-Esterase protein of bovine
torovirus.
Islaml T, Asahil M, Aita T, Tsunemitsu H,
Ujike M, TaguchiF.

63 2015

11 22 24

2 a -

63 2015
11 22 24
3. N

63 2015
11 22 24

4. Biological Characterization of
Hemagglutinin-Esterase Protein (HE) of
Bovine Torovirus

Islam T, Asahi M, RIchikawa R, Aita T,
Tsunemitsu H, Ujike M, Taguchi F.

The 14th Awaji International Forum on

Infection and Immunity 2015 9 8
11 ( )

5. Baculovirus Torovirus

Hemaggultinin-Esterase protein

62 2014
11 10 12 (
)
6. N
62 2014
11 10 12 (



157 2014 9
9 9 12
8 S

157 2014 9
9 9 12
9 S

61 2013
11 10 12 (

)

10. (SCoV)

ER retrieval signal

156 2013 9
20 9 2 ( )
11. -
HE HA
156 2013 9
20 9 2 ( )
12. BToV
156 2013 9
20 9 2 ( )

o 0
o 0
@

Ujike Makoto

50415478



