R HEOOFY AL RERE (COVID-19)
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1.3OF7A4IVXOER

&

B

TR R B R RE 2R
A ARB f  a

auF AN RIS OBWFEIZEG L, HFIZ,
X, ggF ANV AT Ry A VA BIZHH

W 238 5 WVITH LS IS 35 2 & TR T T
(S, BboagaF oAb A E—AI RO 5

WY ANVZAD—DTHbD., LeLAEAES, a0F 74 VA ) EERMI%ERT 2002 F£OEIEZ
PRI SE MR & 2012 4R O hBIEIR SHAEEREDSSE A L7z, Z LT, 2019 4R3I A b [ % 58

AR E LR EN IR L 72,
A-2TH5Ab.

FX :

g A RE, —fi%ICk MZBWTIEEIROJE R
ANAD—=DTHo72h, 4h 5K 20 451 O EE 2 EN
WBERERE (SARS) OHBUC XY Y swHEkE L<Toa
0 F 7 A VAT 554 OFB#PKRELEboT. Th
FTIZ, AL, SARS a0+ A VA% EDT, 3EOD
JUFTANVZADT T M T LA ZIZHEMBEL TWwh, SARS
DIEDH, #9510 %D 2012 F121FHHEIC BV THHIE
Wi gAE e (MERS) a0 4 VADIEAEY, 21T,
SBAFRELTWD, bW aHRlan 7 1 )V ADFA
TH5b.

2019 AE AN A E - REE A FSAER & L CHBE L 22 Rl
96600, 2002 4 B R L 7 O A R 0 2 o 0 B
(Severe acute respiratory syndrome: SARS) &7 U X 9 12
P ZOM RIZIER L Twa, 512, 3§ TIg,
SARS OO LM F TORREEREBIIHZ TWE. 20
2019 4F o 3 B Kl 25 @ 1F 2 %4 12 COVID-19 (Coronavirus
disease-2019) & & i S, ZDJERE Y 1 )V AL, SARS
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C OB J€1& COVID-19, € DR fAiL SARS I a7 A )L

aaF AV A 2 e ENTY. 4 H (2020/4/28) @
BT, HFRTH 300 HADBERSREESHE SN TS, &
E TS L b, A EICBVWTH5 A6 HET
BMEAHEESTT, TOYAIVADIKROBAEBIRL T
BRHIHT SN TN 5.

aAF7AIVADRE

a0FTANAGTANVAGEFEL, = R4 VZAHD
auF A NVARHIGEE NS (R1ZBE). ourvAg
WVARHE, E51CaaF T AV ATRE by AL ATER
s ns, aad A VAERHNL, TV T 7 (a), N—
¥ (B), Hiv= (y), V¥ (§) DADODBIZESIC
FHEEND. 72721, 2019 ICTV O3 HEMLET &
o2 IR, = R AV A HIZ 9o H 2> SRR S 11,
HRDOzaF 7L VARIETINVZFY A4V ZHH
(Cornidovirineae) \Z/3E &N 4. 2074 )V ARL,
L b A v AHE (Letovirinae) &4V hauF v A )L
2 iR (Orthocoronavirinae) (243 &, EiEd 45D
Basaud A VAHEHIGEINDLZ LIZh D, oY
ANAHZEHITH DA, FEFIHEIMA? L 2 Y EHDIE
WA RZHDICH T LTV BRI TH 5.

a0y AV AEOFFRIERIE) RNA Y A )VADFT
HEOTVANVAT ) 0K (26525 32kb) b 2oxT
NO—T A VATHLHEELAY. auFv A VA
K% R BEFBEOERK L LT, ZORVWERTFNIC
16 HOIFHERHE L 4 HOMEERAEZI— FLTW
b, WEEAEIIANA 7, X0 —7, < )y 7R
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Order Suborder Family SubFamily

__Abnidovirineae
Amidovirineae
Letovirinae
Cornidvirineae — Coronaviridae <|:
Mesnidovirineae
Nidovirales _d Monidovirineae
Nanidovirineae

Ronidovirineae

Roniviridae

L Tomidovirineae

Orthocoronavirinae -

(ANVA #870%

*
:J'[U

Genus Subgenus Speicies

—Alphacoronavirus —  Duvinacovirus 229E

et _1: Merbecovirus MERS-related coronavirus

Sarbecovirus SARS-related coronavirus

Deltacoronavirus

— Gammacoronavirus

* ANR—ADEE L. 229EESARS. MERSICD#H#&> TREHEL TS,
FULBICTVDOwebY o hTHRZSANULET .

K1 a8FIC4ILZADHE

EXTVLAATY FTOA NI TR SN, FOEE
80 72°5 160nm D7 A IV AFKLFMIZ30kb IZ2d BL A7 A
WA ) KNENaT 5.

dOF Y1 ILZADEEGFEE :

a0FIANADTAIVAY ) AEEL BBLZ
30kb DEHDT I A RNA %27 /oL L, ZD5 K
Wi F v v €0 gL 3 RKImICIER) AfEZ - T
AHZ(E2ZM) 5 k2o BEB L Z2/30MHEICIX
ORFla & b 22— F&NTwW5b, Z®ORFla & 1blx7

L—2AT7 Mok &Et 16 Mo SEEr g e 5 10
(E3&M). 72701, EBICIZ1IIFHOEXE (nspll)

37 XV BROEDIEMM L, BRMEOEAE TH L0
EADPRHTHDL, TANVADA YT ¥ —RNA LY
A WAS 7 5 RNA % mRNA-1 & LC, 5 Kl i@
#) 70 AEDP LM ALY 2 FEo% 7 - 7/ I v 7 mRNA 2%
BEENDL, 2Ly, 7 -4/ 3 v 27 mRNA IZ,
5 K HHINTVvo7z X9 % mRNA PIRG 252 L
7% b, Bl 21E, mRNA2 55 SEHEE»ES LD A,
Z O mRNA-2 121%, SHEETLED ORF & H %28, Sk
HEOADPFRENEZ L Lk b,

7, AU FIANVADOIOH} T - 77 I v 7 mRNA
DERIZIE, FNFND ORF @ LiilZd 5 transcription
regulatory sequence (TRS) 284 < FA5- L T 5 118 = o7
77 327 mRNA O&2lE, @ Leader primed transcription

mechanize &@ Discontinues (-) RNA synthesis @ 2 2 D3
DY, EHELAE LW EWo oL RIZ T ST
WRWEIIZEZ A28, WINIZL TS TRS & v ik
KONV EETH 5 DIFMENZ ., 52, aaFy
ANVATIZZ O TRS OEFNC L Y EEIZEB S NE T T
77 3y 7 mRNA QMBI SN Tn5, FEEIZ, —F
Y7y MIE RGN BIT ST A VAT A e
7473y mRNAR* RTAhDLENEAYZHEHT
% mRNA B—FL W2 L bbb,

—J, A NAT ) 5D ORFlab A0 BB L Z 1/3121F
S, M, E, NO@ELFHNIA—FRENLTBY, ThFho
7T Iy mRNADBAERENS. ZTbO@LT
DOENZIE, 7 A NVAOBEEINZVETR T 7 ) —#n
FHEARTI—FEN TS, BIESEAEL T 5b SARS-CoV-2

WA EDT 7 ) —@bfm ST 5. ORFlab 1
—Z’WDEW )T A v ELTRIEREN, 94V EY
V- TWL 7T 7 —XI2LD, a7z nsp EHE
Fed, YANAOEEIZWHETHY, TOZTehbHH
PIgF A VAEOHBEOENDO—2Th 5. JFfhEE
BHED9 b, nsp3 & nspd & nspb DA HEAEHIC XD
Double Membrane Vesicle (DMV) & F-IE 0 5 SR 4 70 A 1
AWESNE WO Z DMV OHFTY A VAT ) ADEHD
ﬁg&@%ﬁﬁbﬂém.:@DMV@&%@~0@,%
JaN D88 — 2 ZBERZ AR S kD DIZHFN T W
é&%i%ﬂfwé.%@u,&ﬁ®ﬁﬁﬁﬁwfh
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IEBEERE

|

DAVARY ) AOERICHE

T LAEKRADETRDEB L EDAIBEEZRT .
BH. BFRETOFEESNIBEFERBSHREDIAMRIEEHSD.

2 JOFJA4IVAOEGFEE (FTOEKXRKIE SARS 2OF 7 1L X 2 DEXE)

Gene1 Genes 2-9
— K -
Pplalb ORF1a : ORF1b —>\
1 2 3 4 5678 91('}1
12 13 14 15 16
Ll [ [ T TITT]
@* o t ° *@f°+ $4 444 L S
(6) (8)9)
mn @ ®o6®
Protein Function Protein  Function
nsp1  Shutoff, RNA cleavage nsp9 ssRNA binding protein
nsp2 ? nsp10 ?
nsp3 papain-like proteinase 2 nsp11 ?
nspd Transmembrane protein, nsp12 RNA-dependent
p form replication complex P RNA polymerase
nsp5  3C-like cysteine proteinase nsp13  Helicase
nsp6 Transmer_nbr?ne protein, nsp14  Exonuclease
form replication complex
nsp7  interact with nsp8 nsp15 endoRNase
nsp8 Primase nsp16  2’-O-methyltransferase

3 2079/ ILZADEBEERE



32 (WANVA HE0E H175,
Q@I IWARF ORI
®§Ef*&®ﬁ%¥
Wi @IIVYAP—R
®I>_F‘J—L\ g
HEF
@R L3
SEBEABOTHR RGI
Cap AAAAAAA
! A ©) ——
@@@@@@@@ ' Nonstructural protei " ® Q Ik
DOBBBBEH (PP C
fadk
®I1IVA
GLEIUIIN::-E ] @91 AMRNADE EEEOSH
(+) cao————nmaaamaa  (-)———
(-) —— (+) Cap——>AAAAAAA
(+) Cap——>AAAAAA
(-|-) Cap—> AAAAAAA
(+) Cap——> AAAAAAA

4 AOFTAIVADEER

-
—

nsp3 & nspd OMHANEHIZ DMV OFEICEETH Y,
NoOEAEOM MRS ERAIFAT L E T4 VA
HEDPEO SN0 o 72,

IOFIMILANEEE (K4S80) :

aaF A NVAE, YA NVARTFRTICH S SEHE
AR 2B B Z A LS LIBRICRAT S 19,
Z DZHERIZIE ACE2, DPP4, APN &\ 724 T-25F)H
Nz (R5&W). Bdotk, 77 AEOTANVAT )
A5 FETIHOICORFla & b2 — FETw b IERE
EEOAEVPEVER) 707 v e LCERREnS 210
A IWVAHFED 710577 —+ (nsp3 & 5\ 1E nspH) 12 L D
ZOR)TOT A TSR L -EBEEHE L R D, Bl
Z ¥, Nspl2 & RNA-dependent RNA polymerase i 14 %
Fohl RIRT LI, FNEFNOEEIMS TN
5. ZOH T, nspld & endonuclease itk FroTHY,
ROHZOBREEOERITDON O Bh o720, I,
DOEEFIGTED nspl2 OFERIEERRE 2 4 ) RIEBER & L
T ZEDPHLNE R > TS 1920 —jiglZ, RdRp
WBEBEZHEO 7 4 7)) 74 KR T —=2TAD R TV,
auF T A NVAREDOELETENEVZO, nspld 12X 5
BMIERETZOLI —HEZ T TWAIENELZLN
5.

T/, A DO 7NV —T1E nspl BEAE G EIIHIT S
Zk, E5IT, YANAE  AD 5 Ko IEFIRER L
BFROIEETHIEICL), YAV ADOBER ML C

-

-
—

WAHZEEHLPIZLTWS 22

RKITRT L9112, FEEEAEOZNZNOMREILHH
ENOOH BN, FNFNOEHERIIVF 7771
VTHDHIEREIEMII LN ENS, Sk, JFHEEE
HEO Y A ) A D L DA O S E I %
L. INSOMITIX, SHBROPLT AV ARSI EE R
MAARA LTINS L b,

aO0F 91 IL ZADRFERK :

S, E. MEETOV7 -7/ 3 v 27 mRNA 22 HEIER &
N \EE N, ANRED & TV U RICE B /M (ER-Golgi
Intermediate Compartment. ERGIC) T/&L, 7 A IVA
RFDERE NS, DF D, KT HFEFTIE ERGIC T
HHEEZLNTVE B AV AKTWNIZIE, 7/
24 RNA OHU) AARDLEETH 05, THIIENEHE L
MEHEMFECHEG LA, NEHERIEBREEGEN
BHTHO) A NVAT J L EFEA L Ribonucleoprotein. RNP
TS5 NEHEIX, MEAEOMBEN KA A~
LHEET A, 61, MEHEDS S E&HEOMIBEA K X
f U EETAIEICLD, ERGIC ECTER SN A
WARLFPINZ T A IWVAT ) ALY AL E. ERGIC N
THELETANVZRTIL, 7 VF A b= AL ) F
o F & LCRllsbN S s .

aOF74 IV ZAOHBEREAICESET 7 O077—+F -
aa AV AOMANE AL, SEAEIZEMLE R
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Receptor CoV

APN TGEV

APN fCoV

APN cCoV o- CoV
APN hCoV-229E

ACE2 hCoV-NL63

CECAM1 MHV

ACE2 SARS-CoV L B-cov
ACE2 SARS-CoV-2

DPP4 MERS-CoV

SEIR : fldfeline, clEcanine, hidhuman

X5 FA£IOFIMILAOZEGF

GL, ZUFYA =YK VY AT, MENTH
FIFY s EEOTO T T —BIZI WY RS A LTk
DERIST A EEZONTWS, — 5T, BEHMELY >~
7a 57 —¥Tdhb TMPRSS2 12 & 0 MR AEIZ S &
FED P TR AR EE2 5N Twh ., FEE
2, e TAENIERGENFEET COENFI O SARS 2 1+
AV A -2 O4rEEZIE, 2 o TMPRSS2 J8EL A1 A3 i
NTw5, ZoOBEMIEEH /-84 Tlk, SARS 205
TANALPNEL T2 EPRESNTNL,
%B, IuFT ANV AOMBBANRAIZE L TS o
BB 2 LEANTVDIDTEL L 2 BEIOT S

B aOFJA4ILR :

2002 4ELIREICHE L 72 SARS a0 F 7 L VA Z & T,
MERS 204 4 VA, &A1 SARS 2T 10+ £ )L A 214,
FTRT B auF oA VIHHESIND. b MIEREL, K
ELTEERMAZIIERITINLED3IDDT AV A
A, ED LTI B auF oA VAIZEBT L0 ? &
IDPRESERFT L2 TNRIE RS2 WiRETH L EBbR
5. SARS ZuF A LA L SARS 2 aF % 1L R -2 4,
ZOBMLTHEESELLTEBY, 4HoSARS 211 )7
AWV -2 b ACE2 225k LTHIT A2 EE s
T3 2129 —J%¢, MERS 20+ A )V A1 ACE2 & i
B0, DPPA 2 ZHEAKELTHATSY. ooy
ANABTHING 3DDYT A )V ADERGHKIZFE LT
HHW, TV —BETENRLZDLIEDN DS,
SARS 20+ A VAT INSEDT 7t —ilEnT
Z, RFICHI) AENDZ LR, 72, BRGIEZIZ S

DI L # 2 5N Tna 33 44 SARS am 4 A
WA 2THT 72T ) —#HETF I L CTORREDHAT S
NTWLE T ENTFHREIND.

aO0F Y4 ILZADBIEFIRER ;

aaF A NVADIGEL, 7 ABPERTH L7012
ANV ADBILFIAERABAFE S 72D 25 2000 4E12 7% - T
MO THAH, BfE, a0F 74 VATILHVSENTWS
BIETEERE, TAVHEARSL v OTV—T5R 4%
OFELLTHESINTVE IO 7Ry v—7
DFFNE, TANVAT ) L& TOEFEOWF o ENRE
NTFIAIPNIZa—=v 7L, 20O, HIEEEICTHE
EZFEWUOVHRL, 45— a3 I2X ) EED cDNA %
e84 2. ZOBE, 5 RIZTIR) AT —F¥O7aE—
FEH 2 A 2 & T, invitro TRNA 2 &1 5.
AL 72 RNA 2553l 8EA 252 L TR 2 Y 1 v
A% [ENTE 3.

—F, ARL COTIV—TOHFEZ, ME AT Gk
(Bacterial Artificial Chromosome: BAC) 127 4 VA L&
DDNAZR I/ U—=2 7T 5 5ETHD. TORIZE R
WHIY A M AT AT ANV ADTaE—FEY EZAINT 5 S
EC, REEMALIZE A L 72 BAC-DNA #*5 7 1 ) A RNA
AHIFBANCEB S, MLz 7 A VA FENT 5 2 ED5T
5.

ENENOHFEIZ—F—ErHLH. HlziX, 7T2A)HD
TN—TDIETIZF 30k DT LESELTCrO—=
YT LID, BT IAINEWESTLIENTEX D,
— BT, invitro TG4 —>avICkWE&EE2OLRES
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b L WL, ERICEGLD 0L S5, —HT,
ANRA DT IV—T DIk, F8 DNA O I8N
BAC i3 57290 ORI H. TH 525, £ 30kb
DIANRT ) ©eEEr s a—= v 73501385 2
HELV. Bsl, FEFEIWM GO EEZRL, BTRIZAN
A2DTNV—TDHFEERFATHEBEL T 2223738
BACOH D —FEEE4* 7u—= 7L CTLF2IE, #HT
LFReTWwEES . SBIE, X YEETLDFE L 30kb
U=V TEDLHLWHEZI) AT CRLEDS
HrEEbhs bL, 3uFI A VAOELETEIERE
L 72 \WIFZEE O 5138k 2 W 72 220 AU SRR i v
HITAZENTEETOCT, EFIEHK 2T UTER
Wi,

04971V ZDE1L :

4> SARS a4 )V A 21322 e LTk + ot
FUIBALTEZRDS, LlMonTnwpZ e LTid, b
baoro A VA0OC43 1%, JLidFaaF o A v Anie b
OWFICANAATZLDTHLEEZLNT S, T2,
O OWFETIEMERS 2057 A VAL haaF A
VA 220F B AV ADHR TH B L bHE SN T 05 Y,
o EMSbanF T AV AT NEILBEGYETH D &
EZBND.

EHIZ, ST ANV AGFE—MRICERL TEET S
R ZAANFET LS LA NTEBY, FlZiE 3
TJOFIANATIHIMATIIOF IS VAL IO A
a0 F T A NVAPEREGET B 2 LT, EENTHIEM
AZ DRI, A TIZEELRER (O afmgIER Y
A )VAFIPV) 5| & ZF A FIPVAEL L Z &
ARBENTWE Y ZoMFEMAEZ AT E BFEL W
B IEAHTH L5, ZOMEMAEZIZLY), YAV R
DAL T B W e T2 H 5.

—J7, aAUFIALINVADHFOTNE aaF 74 )VAILE
HEAHRETETHEENTWIZD, EEICHRY 78712
Bt HFNFaaF A VABHEBLTWwWLZ L, $77,
Fa OWFRRE T, 77 FATETH 7 A b ZEFEERIC
Tt MASROREME TLIZ 5 2 L2 SN T2 3,
X512, 2aauF A VAL NAEEOME T Z B 2
LARERLTWA Py b5 A, in vitro DRLEDOTLE
DIEPRIY ZTHOREHETE RV, Z0XH, &
FCHEHAOHETL2HIECE 2w EBbR Tz d O,
O TH RPN E2HET LI EEWHLNTHE. 202
Embd, AEOSARS 21 F 7 A )V A, MERS 21
YA NVA, SARSIEFTANA 2N/ TLHN—% 20
FIANALANTEH, 4%, b boMFIIB W TR T IR
530S IANVAORBIISH N IHELEEZBND.

R®EIC:

(VANVA ET0% 1%,

2019 4E 12384 L 72 COVID-19 13 2002 4£12 SARS £ 0 &
R EE L RITL TV DL DIREE) S, KR
2, SARS A LISE 20 sE 02, 3o aaF 7 1)L A
WEATEFI v HHVIIN Ty 7 EafikL Tw
. FEEICG 2012 F1C5E L7 MERS 204 A L A1
MBI CORBI 2RI T > T b A, HAED hH
TZ#DMERS 205 % 4 )VADFEDHFENT WS &
SNTIEEWIT 2w E B 204FEMIC3HDELRDOT, [
AINTITF I ANVADIETHEDLY TL x| LIFFED
Ez2HhVWERS . oA VRIS, Shb RS
BT FRELUEGE L IIEN D 7 A )V AR EIIIET 5 T
HAHH. ATEIY L RFALZ LI, HABE VY AL ADHF
78, T L CHRLTHITICINDI S Z & 7%  FEBERFFE % Hil )
TV ZEPEGE R ICIIEECH L EEZ D,

RFTTH 2019410 A L b, BHERKFESRIEER -
AR R CRE L CB ) T3, L) RENE
b b, TN SEREINC T T F 7 A )V ATFIE % F Al
SHLFETY. 20T T A INVAWRIZTEEDO D 5 FiE
FORFEFCTHEK LT NTERET. -H D)
TE¥WFE L -

ARNZBIE L, R S G SCIREEIZ & 5 2%
b EEA.

SEW

1) Drosten C, Gunther S, Preiser W, van der Werf S,
Brodt HR, Becker S, Rabenau H, Panning M, Kolesn-
ikova L, Fouchier RA, Berger A, Burguiere AM, Cinatl
J, Eickmann M, Escriou N, Grywna K, Kramme S,
Manuguerra JC, Muller S, Rickerts V, Sturmer M,
Vieth S, Klenk HD, Osterhaus AD, Schmitz H, Doerr
HW.2003. Identification of a novel coronavirus in
patients with severe acute respiratory syndrome. N
Engl ] Med 348:1967-76.

2 ) Ksiazek TG, Erdman D, Goldsmith CS, Zaki SR, Peret
T, Emery S, Tong S, Urbani C, Comer JA, Lim W, Roll-
in PE, Dowell SE, Ling AE, Humphrey CD, Shieh W],
Guarner J, Paddock CD, Rota P, Fields B, DeRisi ],
Yang JY, Cox N, Hughes JM, LeDuc JW, Bellini W],
Anderson L], Group SW.2003. A novel coronavirus
associated with severe acute respiratory syndrome. N
Engl ] Med 348:1953-66.

3) Poutanen SM, Low DE, Henry B, Finkelstein S, Rose
D, Green K, Tellier R, Draker R, Adachi D, Ayers M,
Chan AK, Skowronski DM, Salit I, Simor AE, Slutsky
AS, Doyle PW, Krajden M, Petric M, Brunham RC,
McGeer AJ, National Microbiology Laboratory C,
Canadian Severe Acute Respiratory Syndrome Study
T.2003. Identification of severe acute respiratory syn-
drome in Canada. N Engl ] Med 348:1995-2005.

4) Tsang KW, Ho PL, Ooi GC, Yee WK, Wang T, Chan-
Yeung M, Lam WK, Seto WH, Yam LY, Cheung TM,
Wong PC, Lam B, Ip MS, Chan ], Yuen KY, Lai



pp.29-36, 2020)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

KN.2003. A cluster of cases of severe acute respirato-
ry syndrome in Hong Kong. N Engl ] Med 348:1977-85.
Zaki AM, van Boheemen S, Bestebroer TM, Osterhaus
AD, Fouchier RA.2012. Isolation of a novel coronavi-
rus from a man with pneumonia in Saudi Arabia. N
Engl ] Med 367:1814-20.

Wu E, Zhao S, Yu B, Chen YM, Wang W, Song ZG, Hu
Y, Tao ZW, Tian JH, Pei YY, Yuan ML, Zhang YL, Dai
FH, Liu Y, Wang QM, Zheng JJ, Xu L, Holmes EC,
Zhang YZ.2020. A new coronavirus associated with
human respiratory disease in China. Nature 579:265-
269.

Zhu N, Zhang D, Wang W, Li X, Yang B, Song ], Zhao
X, Huang B, Shi W, Lu R, Niu P, Zhan F, Ma X, Wang D,
Xu W, Wu G, Gao GE Tan W, China Novel Coronavirus
I, Research T.2020. A Novel Coronavirus from
Patients with Pneumonia in China, 2019. N Engl ] Med
382:727-733.

Coronaviridae Study Group of the International Com-
mittee on Taxonomy of V.2020. The species Severe
acute respiratory syndrome-related coronavirus: clas-
sifying 2019-nCoV and naming it SARS-CoV-2. Nat
Microbiol 5:536-544.

Woo PC, Huang Y, Lau SK, Yuen KY.2010. Coronavirus
genomics and bioinformatics analysis. Viruses 2:1804-
20.

Prentice E, McAuliffe J, Lu X, Subbarao K, Denison
MR.2004. Identification and characterization of severe
acute respiratory syndrome coronavirus replicase
proteins. J Virol 78:9977-86.

Lai MM.1986. Coronavirus leader-RNA-primed tran-
scription: an alternative mechanism to RNA splicing.
Bioessays 5:257-60.

Lai MM, Cavanagh D.1997. The molecular biology of
coronaviruses. Adv Virus Res 48:1-100.

Sethna PB, Hung SL, Brian DA.1989. Coronavirus
subgenomic minus-strand RNAs and the potential for
mRNA replicons. Proc Natl Acad Sci U S A 86:5626-
30.

Kanjanahaluethai A, Chen Z, Jukneliene D, Baker
SC.2007. Membrane topology of murine coronavirus
replicase nonstructural protein 3. Virology 361:391-
401.

Oostra M, Hagemeijer MC, van Gent M, Bekker CP, te
Lintelo EG, Rottier PJ, de Haan CA.2008. Topology and
membrane anchoring of the coronavirus replication
complex: not all hydrophobic domains of nsp3 and
nspb are membrane spanning. J Virol 82:12392-405.
Ratia K, Pegan S, Takayama J, Sleeman K, Coughlin
M, Baliji S, Chaudhuri R, Fu W, Prabhakar BS, John-
son ME, Baker SC, Ghosh AK, Mesecar AD.2008. A
noncovalent class of papain-like protease/deubiquitin-
ase inhibitors blocks SARS virus replication. Proc
Natl Acad Sci U S A 105:16119-24.

Hagemeijer MC, Monastyrska I, Griffith J, van der
Sluijs P, Voortman J, van Bergen en Henegouwen PM,
Vonk AM, Rottier PJ, Reggiori F, de Haan CA.2014.
Membrane rearrangements mediated by coronavirus
nonstructural proteins 3 and 4. Virology 458-459:125-

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

35

35.

Li F2016. Structure, Function, and Evolution of Coro-
navirus Spike Proteins. Annu Rev Virol 3:237-261.
Eckerle LD, Becker MM, Halpin RA, Li K, Venter E,
Lu X, Scherbakova S, Graham RL, Baric RS, Stockwell
TB, Spiro DJ, Denison MR.2010. Infidelity of SARS-
CoV Nspl4-exonuclease mutant virus replication is
revealed by complete genome sequencing. PLoS Pat-
hog 6:1000896.

Graepel KW, Lu X, Case JB, Sexton NR, Smith EC,
Denison MR.2017. Proofreading-Deficient Coronavi-
ruses Adapt for Increased Fitness over Long-Term
Passage without Reversion of Exoribonuclease-Inacti-
vating Mutations. mBio 8.

Tanaka T, Kamitani W, DeDiego ML, Enjuanes L, Mat-
suura Y.2012. Severe acute respiratory syndrome
coronavirus nspl facilitates efficient propagation in
cells through a specific translational shutoff of host
mRNA. J Virol 86:11128-37.

Terada Y, Kawachi K, Matsuura Y, Kamitani W.2017.
MERS coronavirus nspl participates in an efficient
propagation through a specific interaction with viral
RNA. Virology 511:95-105.

Masters PS.2006. The molecular biology of coronavi-
ruses. Adv Virus Res 66:193-292.

Tooze ], Tooze S, Warren (G.1984. Replication of coro-
navirus MHV-A59 in sac- cells. determination of the
first site of budding of progeny virions. Eur J Cell Biol
33:281-93.

Taguchi F, Matsuyama S.2009. [Cell entry mecha-
nisms of coronaviruses). Uirusu 59:215-22.
Matsuyama S.2011. [Protease-dependent cell entry
mechanism of coronaviruses]. Uirusu 61:109-16.

Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W,
Si HR, Zhu Y, Li B, Huang CL, Chen HD, Chen ], Luo
Y, Guo H, Jiang RD, Liu MQ, Chen Y, Shen XR, Wang
X, Zheng XS, Zhao K, Chen QJ, Deng E, Liu LL, Yan B,
Zhan FX, Wang YY, Xiao GE, Shi ZL.2020. A pneumo-
nia outbreak associated with a new coronavirus of
probable bat origin. Nature 579:270-273.

Wan Y, Shang ], Graham R, Baric RS, Li E.2020. Recep-
tor Recognition by the Novel Coronavirus from
Wuhan: an Analysis Based on Decade-Long Structural
Studies of SARS Coronavirus. J Virol %4.

Hoffmann M, Kleine-Weber H, Schroeder S, Kruger N,
Herrler T, Erichsen S, Schiergens TS, Herrler G, Wu
NH, Nitsche A, Muller MA, Drosten C, Pohlmann
S.2020. SARS-CoV-2 Cell Entry Depends on ACE2 and
TMPRSS? and Is Blocked by a Clinically Proven Pro-
tease Inhibitor. Cell 181:271-280 e8.

Raj VS, Mou H, Smits SL, Dekkers DH, Muller MA,
Dijkman R, Muth D, Demmers JA, Zaki A, Fouchier
RA, Thiel V, Drosten C, Rottier PJ, Osterhaus AD,
Bosch BJ, Haagmans BL.2013. Dipeptidyl peptidase 4
is a functional receptor for the emerging human coro-
navirus-EMC. Nature 495:251-4.

Narayanan K, Huang C, Makino S.2008. SARS corona-
virus accessory proteins. Virus Res 133:113-21.

Ito N, Mossel EC, Narayanan K, Popov VL, Huang C,



36

33)

34)

35)

36)

Inoue T, Peters CJ, Makino S.2005. Severe acute respi-
ratory syndrome coronavirus 3a protein is a viral
structural protein. J Virol 79:3182-6.

Huang C, Ito N, Tseng CT, Makino S.2006. Severe
acute respiratory syndrome coronavirus 7a accessory
protein is a viral structural protein. J Virol 80:7287-94.
Almazan E, Gonzalez JM, Penzes Z, Izeta A, Calvo E,
Plana-Duran ], Enjuanes L.2000. Engineering the larg-
est RNA virus genome as an infectious bacterial artifi-
cial chromosome. Proc Natl Acad Sci U S A 97:5516-
21.

Yount B, Curtis KM, Fritz EA, Hensley LE, Jahrling
PB, Prentice E, Denison MR, Geisbert TW, Baric
RS.2003. Reverse genetics with a full-length infectious
cDNA of severe acute respiratory syndrome coronavi-
rus. Proc Natl Acad Sci U S A 100:12995-3000.
Donaldson EF, Sims AC, Baric RS.2008. Systematic
assembly and genetic manipulation of the mouse hepa-

37)

38)

39)

40)

(WA IR

titis virus A59 genome. Methods Mol Biol 454:293-315.
Suzuki T, Terada Y, Enjuanes L, Ohashi S, Kamitani
W.2018. S1 Subunit of Spike Protein from a Current
Highly Virulent Porcine Epidemic Diarrhea Virus Is
an Important Determinant of Virulence in Piglets.
Viruses 10.

Terada Y, Kuroda Y, Morikawa S, Matsuura Y, Maeda
K, Kamitani W.2019. Establishment of a Virulent Full-
Length ¢cDNA Clone for Type I Feline Coronavirus
Strain C3663. J Virol 93.

Corman VM, Eckerle I, Memish ZA, Liljander AM,
Dijkman R, Jonsdottir H, Juma Ngeiywa KJ, Kamau E,
Younan M, Al Masri M, Assiri A, Gluecks I, Musa BE,
Meyer B, Muller MA, Hilali M, Bornstein S, Wernery
U, Thiel V, Jores ], Drexler JE, Drosten C.2016. Link of
a ubiquitous human coronavirus to dromedary camels.
Proc Natl Acad Sci U S A 113:9864-9.

Terada Y, Matsui N, Noguchi K, Kuwata R, Shimoda
H, Soma T, Mochizuki M, Maeda K.2014. Emergence
of pathogenic coronaviruses in cats by homologous
recombination between feline and canine coronavirus-
es. PLoS One 9:e106534.

570% %1%, pp.29-36, 2020)

Basic information of Coronavirus

Wataru KAMITANI

Gunma University, Graduate school of medicine,
Department of Infectious diseases and host defense.

Coronaviruses are pathogens that infect many of animals, resulting in respiratory or enteric
diseases. Coronaviruses constitute Nidovirales together with Arteriviridae. Most of human coronavi-
ruses are known to cause mild illness and common cold. However, an epidemic of severe acute respi-
ratory syndrome (SARS) occurred in 2002, ten years after SARS epidemic Middle East respiratory
syndrome (MERS) emerged in 2012. Now, we face on a novel coronavirus which emerges in end of
2019. This novel coronavirus is named as SARS-CoV-2. SARS-CoV-2 is spread to worldwide within
one to two months and causes coronavirus disease 2019 (COVID-19), respiratory illness.
Coronaviruses are enveloped viruses possessing a positive-sense and large single stranded RNA
genomes. The 5' two-thirds of the CoV genome consists of two overlapping open reading frames
(ORFs la and 1b) that encode non-structural proteins (nsps). The other one-third of the genome con-
sists of ORFs encoding structural proteins, including spike (S), membrane (M), envelope (E) and
nucleocapsid (N) proteins, and accessory proteins. Upon infection of CoV into host cells, the transla-
tion of two precursor polyproteins, ppla and pplab, occurs and these polyproteins are cleaved into 16
nsps by viral proteases. Structural proteins assemble to the vesicles located from ER to Golgi (ER
Golgiintermediate compartment) and virions bud into the vesicles. Virions are released from infected-
cells via exocytosis.



