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Advances of Studies on Remdesivir Against Coronavirus including SARS-CoV-2
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ABSTRACT: Since December 2019, patients with "pneumonia of unknown cause" characterized by fever, fatigue,
dry cough, and progressive respiratory failure have appeared in Wuhan, Hubei province. After isolation and
identification, the pathogen was confirmed to be a new coronavirus (CoV), and was temporarily named 2019-nCoV

by the World Health Organization (WHO). Subsequently, the coronavirus study group (CSG) of the international

"severe acute

committee on taxonomy of viruses proposed to rename the new coronavirus from "2019-nCoV" to
respiratory syndrome coronavirus 2 (SARS-CoV-2)". The WHO officially named the disease caused by SARS-CoV-
2 as coronavirus disease—19 (COVID-19). Due to the rapid spread of COVID-19 to most parts of China and other

countries in the world, coronavirus has once again become the great concern globally. Antiviral research on

coronaviruses including SARS-CoV-2 has also been continuously progressed. This article briefly reviews the current

status of remdesivir’s antiviral research on coronaviruses including SARS-CoV-2.
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nsps Functions Reference
nspl cellular mRNA degradation, inhibiting IFN signaling [11-12]
nsp2 unknown [13-14]
nsp3 PLP, polypeptides cleaving, blocking host innate immune response, promoting cytokine expression [15-16]
nsp4 DMV formation [17-18]
nspS 3CLpro, Mpro, polypeptides cleaving, inhibiting IFN signaling [19-21]
nspb restricting autophagosome expansion, DMV formation [22-23]
nsp7 cofactor with nsp8 and nsp12 [24-25]
nsp8 cofactor with nsp7 and nsp12, primase [24-26]
nsp9 dimerization and RNA binding [27-28]
nspl0 scaffold protein for nspl4 and nsp16 [29-32]
nspll unknown [33]
nspl2° primer dependent RARp [24,34-35]
nspl3 RNA helicase, 5’ triphosphatase [36-38]
nspl4* exoribonuclease, N7-MTase [39-42]
nspl5 endoribonuclease, evasion of dsRNA sensors [43-45]
nspl6 2’ —0-MTase; avoiding MDAS recognition, negatively regulating innate immunity [30-31,46]

VE: T RARAEGERIEL T 12 (asp12) RNA AKH6PE RNA R4 (RARp) 5 # RIS MBI 14 Gaspl D BEHEIZ IR S MITEE (ExoND .

2 RDV R imES A ERHLE

RDV 52/ T IR 2R (GS-441524) (1) IR Ik
BAE E AN B 2,

R AR OLE 1, T

PER) = 1R £5 (TP , LA R 1 AF 9T o, O 22 Al
RNA % 25 W13 {575 5 (EBOV) , 5 /R £, MERS-CoV,
SARS-CoV, PFFIRIE 7 i 28 (RSV) , J& 11973 ¢ (NiV) Al
Hendra J5 25 | LA RS MNU BE 15 PR,

E 1 RDV Hy%EH


http://www.lcyxyj.com

B 5 W3 www.leyxyj.com S

2020 F

BHART leyxyjysj

i K B 5 B 55K B

R CoV HA WM Z FEVE, BB A1 I [R] ) OBt
SR ITE, K TT X TR I ) & L AT
DHY . 5 S TR EEAE 1 a/b (ORF1 a/b) 4 A4 (1 £ ik
ppla Al pplab, PR 2 2 i ¥ d TR, B PLpro 1
3CLpro, A1 L pc AR 4544 8 = (NSP), Wl RdRp 1 ExoN,
2 5005 75 IR e SRV, VR 22 1 6 I 26 8 1 i 1)
B FLE A A B BT CoV iE M, PR A IV B (9 g AE
# H A (PLpro) . 3C #f 45 H #§ (3CLpro) \nsp12-RdRp.
nspl4 ExoN S5 BLVF 0] ik 5 ) 454G 9T CoV AR .
nspl2-RdRp 71 CoV Z [F][¥) 3 KT 20 P s BE AR vy, A
JCAELE ) 1% HT CoV 29HEEFR, RDV T CoV L
AT e S 4% #F RARp S 20 88 RNA #E 5 ik
gl WS eAh, WEFUIE R I, RDV X CoV AT
ExoN WA 1EH. Hit, RDV Hi CoV FIHLEIRT BE 2
I3 15 2R O B RS X A DAL BRI A 43 11915
2.1 RDV #*+ RdRp #94EA

11 Agostini®EEHFFTH, K RDV HIl GS-441524
HBAAR T A [ 1) AT 25 B M ) = R . (TP, (H
GS-441524 ] 2L TR B BEVE [, DRIk 4 GS-
441524 AT W . 1F GS—441524 W RN F,
AT B AR (WD /N BUFF 20 8 (MHV, —F13))
Ytk RNA R I =Mk R . L piME R A B
71 WA AR 995 B 40 I3 A2 2808 (CPED TR m, 543731
FEAEAR 17 (p17) F1 20 (p20) Z J5 i e o — ANl RAE
FEAR 23 (p23) )i » MBI 1% 0% R AE GS-441524 A7{E N
SHIRE SN, X e 9 CPE (W34 I i vl i (1)« p23
JpiTE RNA A6 RZ10 3 BoR 4 AN AW 6 A
AL AR : nsp13 fif HERGE (A335V) vns2 27,5 R —
Fi B (Q67HD S Bl &5 (1 (A34V F1 1924T) Fl nspl2 -
RdRp (F476L 11 V5531) .« MHV RdRp [¥] 537455 5L Fii il
F476 F1 V553 B FEHA T RARp 1157 1047 T 45 /) 11 45
WA & F476L 8¢ V553L [N E 4] MHV X RDV
PEURMEAL T WT MHV. 5 WT MHV AL, F476L %%
B0 RDV K HLH 2.4 510 BT e, T V553L ik 75 4}
RDV RILH 5 50 tE, A G 5484 F 1% RDV
PPLrESE 5.6 5. RDV 3 HirER BH T RdRp ik
BN RAE (FAT6L F V553L) , K W] RDV XfixX— 41
MEMEH .

2.2 RDV #f CoV #9484} ExoN #94F A

CoV 1] nspl4 ExoN FLA 1 MURR A2 X 68 7, A
JLEHIE AR 5 304 RNA R EEAR LG, CRICEESG N2 0k
20 1%, nspl14—ExoN i HEAE CoV X 1F 2 A% 1 R UM
FER EL A AR (RBV) R 5S-G R e (5-FU) | 2L A mbu ik

156581, JE 4 38 , Bt = ExoN[ExoN (—) 1B 4HE 1 (1) MHV
H1 SARS-CoV ¥k, % RBV Ml 5-FU 5 &5, s T
ExoN 5 RS i PR 1% 28 2 4 o (o bEeT, Jk e gt
R, EEROINE] CoV, ALK 75 22 B e
il ExoNo 7EAFH] MHV A58 E 47 51256 1 & B ExoN (—)
MHV L& WT MHV Xt RDV 877 U8, Zab Lk,
RDV #4 Hi8% ExoN U1, {H 2 ExoN % 1 A & LA P
1EHA AN E] CoV A, Ik RDV G4 H A7 56 3%
RN I e () e PR B

3 RDV 7E{FHMNRSE RS M FARYTT BTN

3.1 RDV #4444 347 CoV 71

RDV A i 46ll 2 B 30 v v & 4y N1 CoV
(SARS-CoV Fll MERS-CoV) 7E NI I Jz 41 i h i) &2
#ille RDV AT LA 20 Z Rl CoV, fdE HAE ] sk gt
NZEM CoVe N &L CoV L KIRATHIIMA &
L CoV[47]. Sheahan SF DAL T HLAE S ANl b Kz 4
fikk Calu-3 2B4 2B4) K i AR NIl 1 B2 (HAE) 41 i
B2 h %t SARS—CoV Al MERS—CoV 4095 25 0 1,
SRR, CoV WAL HIHE I AN HI . Wang S5 FT4L
PE LW, RDV 1E 2019-nCoV JE 42 K] A4 VeroE6 4 il
A PUREENE, FIRAEXT 2019-nCoV U A 41
e 22 N Huh=7 4080 1, RDV 1A 25406 T 9%
BRI . LA EWFSEIES], RDV B T i B e R 45 0
PE, [AlF RDV 7EARSME B8 8030 2019-nCoV G
3.2 RDV 89 sh A AL 340 CoV H ik

RDV Bl 25 25 v 985 CoV 5 R 5 o 75 K G
SARS-CoV K]/ f AR A (Cesle—/—mice) 1, RDV [1] ¥
Bi7 P &5 24 0 5 B AR Il s 15 i . S I T i DL L
SARS-CoV #J FRE IR, 7E % MERS-CoV /)N i
17 (Cesle—/-hDPP4) /1, RDV (1) ¥l B 11 25 24 v 310046
MERS—-CoV ¥y 52 il o 3 AW I o3 5 48 &« B S 9 2 Jits 1
i LA S gk A% e i 45 (ALD 9, RDV Y897 P45 2454
Al YIRS CoV PR o {EIK Y SARS-CoV (1) /) 58 Y
(Cesle—/—mice) 11, W TE SARS-CoV 52 il Fl< i
B A5 5 R0 2 /T, BTG 9T R4S RDV, AT S0 il 2
fE 9D 15 2K R T IR R K G MERS-CoV
(19 /)N B 8 (Cesle—/—~hDPP4) 11, RDV 497 1t 45 24 7]
RN o = 1IN e L s N o 3 T D & R
ALIBY, [5tt, RDV TS5 2 Rl V6 T PR 4 2535 mT et s g
CoV 1/ EUI T e~ kb il 75 28 o S 92 Ml 0 9 2

AL, 7F — TG MERS-CoV 1I9E N2B R K35

_3_


http://www.lcyxyj.com

B Mk www.leyxyj.com
B AMRS :leyxyjysj

I R 5 5 B 55K B

2020 F

YRR PR A S AT FEREMNET 24 h FFAR TR Pk
{fi il RDV 5¢ 41l T MERS-CoV 5| i i PR 9%
BE I T R R G MERS-CoV [, IR 1T
W3 TS s RS 12 h FREE VA7 HEEH RDV %
I B S 1R I PR 2 A, B Il PR AARAE sk 2, I 5 5 5
ST D LA e s 9 2 14D S T 7 R i

4 RDV &7 COVID-19 BI#F IGFRITH

Holshue 551U 18 T 5[5 & 461 i 12 97 284 et R o 5
fili 98 KB B IVA AR . % 35 % B, T E
EOERSE T 2020 4 1 H 15 HIR 156 [ AL g M,
119 FIRIRZmR A 4 d T HE Rt ) S0 o 2B KA B,
B2, 1 20 H S 3 A1 ps o (CDC)
T Ik R S I 30 R Sk I OR A  BE R U T 9% GRT -
PCR) , Kl 1) 1% 37 S5 L7 AT R 9K~ 2019-nCoV
SERONPHME . R RS 6 H CRMEEE 10 FD, 5 4
UAT B S AR 2 A 2 B XU il 4 2R B 5% 5 XU F
SRR . R B A GRS R IR
TS ZAFEAR 2019-nCoV RNA #5745 B M 45 &,
R R AR TR 28, R I A 15 ik — sk 56 P o
B2 (RDV) W Z B H AT TR 2. ERBEEE 7 H
CRIRHE 11 FD W, 1% 8354852 RDV ik, F 25
I EA R RN fEAERESE 8 HCRFEHE 12 HD, &
11 VMR 23RS A S B, AE S R A
DUATY R BHAE o I ARRE AR A3 21 L5038, XU T v & 1 2k
AR, I TR T2 Bt ot A1, TG LA RS IR o

S5EESRE

Vi Ky — Fl BT A4 25 4, RDV 7] fg 38 o 40 50 % 75
RdRp #9952 52, 0 H 57 O A 2 Rk sk & 20 1 it
5% % W] RDV XJ 1 % SARS -CoV, MERS -CoV #
SARS-CoV-2 ZE NI Z Fh CoV S FiHI/EH . ks
S U P R B, A8 e R 5 A FE SARS-CoV A
MERS-CoV /2 4¢ 5 TBs M F1¥E 7 PE A RDV nJ %03
TS Sy 68 5 952 Ml s 74 4 et B el A0 Ml 50 9 3L e AR, [
Iy, WHE IR Y], 5 LPV/RTV-IFN-B A Lt , RDV 7
PRSNRIAR Y 5 MERS-CoV FLAT 58 4 (R v v itk
A0, RDV 2 B BT 0 16— 1 5% 225 gk 42 58 93 BE o4 A
(TG ST 25958 . 76 55 [ o 0 12 0 L el bR s 53 1l 4% 28
R T T, DR R I DR 250 S A T AR A
F RDV Jig 580 5 U e, (EZ 3897 7 AU A1, 1
Haz B N 7 ek 7, s = 55 3R ) R dE
TR TIR9T SARS—CoV -2 YL g mh— &

_4_

AR BEATT IR RFEA . 2 b 0E BEHL . AiTHE
PE BRI 50K 58 i 1% 25 9 )3 H 118 97 SARS-CoV -2
e B I AV R . 2 A S H ERHE R E R
PAgEZ. WEARREZ I CFFET, PUREAY
RDV 058 J i R R 58 PR3 Y o 40 A%, 55— Hemi ol A
HITAE A . B HE SARS-CoV -2 YL il & FhE
BFE2H6 HisHz Mz . HutZy Mgk A&
SERTIHAE A TAE ©5¢ 8. RDV GRS b H A U Is
Bt v ] = 2 B2 B 24 ik 0 P 2 Sk, W 0K A 0T
RV I Bt 45 22 R M PR — e 12 0 B ek R B R 4
i 98 B R Be BT, UL 761 B3, RAIBE
Ble X 2R ISR, A EHU i RDV X
SARS-CoV -2 &H 5|2 [f] COVID-19 37 1EH , [H
N 3 T b I R R 6 753 31 B K 2 AN T SCRE L #% K B
P MR XTI ORI 1K) 2 2 5 H A & B R 2 FEAR
, U HEE RDV ZENR RN FH AR 0 oT . T H
Py b, FEIRIRF R R, RDV BRXS T D B 2 w4k,
SR VT o SEETEEAT I T W SRR G I
I IR I 1, FEAT T 3~225 mg i ik B 7] ek
PRI, A W% B FI R B A G 1) B3 M LA B R,
A RN 1 e 2 9. 150 mg/d #f ki 5 &
By T~14 d BWEITH, 2l #0252 (1), %A W
SR 3 Rk 4 HA RN . 7EJLNZRE g ny
W1 a2 FA RN, R A A TN 2 g B A
S W T, SIHZE IR BRI . B BR A R
A o I 2R S0 PR THI IR 25 A8 A FRATTV %
PR RDV it CoV HIEH], 5 RDV it SARS-CoV-
2HM BB KERIT R, BRI P 1E R, (R 2
WA RACKE LG0T, R e R A e A .
R, KT RDV N BIAS R 8 4 aE £, K RDV H
T-H1 SARS-CoV-2 [ e A FEdE— P H ik .
SEH
[1] ALEXANDER EG,BAKER SC,BARIC RS,et al.Severe acute
respiratory syndrome —related coronavirus: the species and its
viruses — a statement of the coronavirus study group[J].bioRxiv
preprint,2010.doi: https://doi.org/10.1101/2020.02.07.937862.
(2] B DA BEZS AP AT 07 T T IR 5 7 K 4 1 i 48 2 97 77
Z ORATH LBR[EB/OL] Jbxit: BR BAMEZRIAT.
(2020 -02 —04) [2020 —-02 —16].http://www.nhc.gov.cn/yzygj/
s7653p/202002/3b09b894ac9b4204a79db5b8912d4440.shtml.
[3] WEISS SR,NAVAS-MARTIN S.Coronavirus pathogenesis and
the emerging pathogen severe acute respiratory syndrome coro—
navirus[J].Microbiol Mol Biol Rev,2005,69(4):635-664.
[4] SU S,WONG G,SHI W,et al.Epidemiology,genetic recombina —

tion,and pathogenesis of coronaviruses [J].Trends Microbiol,


http://www.lcyxyj.com
https://doi.org/10.1101/2020.02.07.937862
http://www.nhc.gov.cn/yzygj/

BT M3 s www.leyxyj.com
B ARG :leyxyjysj

2020 F

i K B 5 B 55K B

2016,24(6):490-502.

[5] CUT J,LI F,SHI ZL.Origin and evolution of pathogenic coron—
aviruses|J].Nat Rev Microbiol,2019,17(3):181-192.

[6] ZHU N,ZHANG DY,WANG WL,et al.A novel coronavirus from
patients with pneumonia in China 2019 [J].N Engl J Med,
2020,382:727-733.

[7] LU RJ,ZHAO X,LI J,et al.Genomic characterisation and epi—
demiology of 2019 novel coronavirus:implications for virus ori—
gins and receptor binding [J].Lancet,2020:published online Jan
29.https://doi.org/10.1016/S0140-6736(20)30251-8.

[8] MASTERS PS.The molecular biology of coronaviruses [J].Adv
Virus Res,2006,66:193-292.

[9] ZIEBUHR J,SNIJDER EJ,GORBALENYA AE.Virus —encoded
proteinases and proteolytic processing in the Nidovirales[J].J
Gen Virol,2000,81(Pt 4):853-879.

[10] CHEN Y,LIU Q,GUO DY.Emerging coronaviruses: genome

structure, replication, and pathogenesis[J].J Med Virol,2020.

[11] HUANG C,LOKUGAMAGE KG,ROZOVICS JM,et al.SARS
coronavirus nspl protein induces template —dependent en—
donucleolytic cleavage of mRNAs: viral mRNAs are resistant
to nspl—induced RNA cleavage [J].PLoS Pathog,2011,7(12):
€1002433.

[12] TANAKA T,KAMITANI W,DEDIEGO ML,et al.Severe acute
respiratory syndrome coronavirus nspl facilitates efficient
propagation in cells through a specific translational shutoff of
host mRNA([J].J Virol,2012,86(20):11128-11137.

[13] GRAHAM RL,SIMS AC,BROCKWAY SM,et al.The nsp2
replicase proteins of murine hepatitis virus and severe acute
respiratory syndrome coronavirus are dispensable for viral
replication[J].J Virol,2005,79(21):13399-13411.

[14] GADLAGE MJ,GRAHAM RL,DENISON MR.Murine coron—
aviruses encoding nsp2 at different genomic loci have altered
replication, protein expression, and localization [J].J Virol,
2008,82(23):11964-11969.

[15] LEI J,KUSOV Y,HILGENFELD R.Nsp3 of coronaviruses:
structures and functions of a large multi—domain protein[J].
Antiviral Res,2018,149:58-74.

[16] SERRANO P, JOHNSON MA,CHATTERJEEA,et al.Nuclear
magnetic resonance structure of the nucleic acid—binding do-
main of severe acute respiratory syndrome coronavirus non—
structural protein 3[J].J Virol,2009,83(24):12998-13008.

[17] BEACHBOARD DC,ANDERSON -DANIELS JM,DENISON
MR.Mutations across murine hepatitis virus nsp4 alter virus
fitness and membrane modifications [J].J Virol,2015,89 (4):
2080-2089.

[18] GADLAGE MJ,SPARKS JS,BEACHBOARD DC,et al.Murine
hepatitis virus nonstructural protein 4 regulates virus—induced
membrane modifications and replication complex function[J].J
Virol,2010,84(1):280-290.

[19] STOBART CC,SEXTON NR,MUNJAL H.et al.Chimeric ex—

change of coronavirus nsp5 proteases (3CLpro) identifies

common and divergent regulatory determinants of protease ac—
tivity[J].J Virol,2013,87(23):12611-12618.

[20] ZHU X,FANG L,WANG D,et al.Porcine deltacoronavirus nsp5
inhibits interferon —beta production through the cleavage of
NEMO[J].Virology,2017,502:33-38.

[21] ZHU X,WANG D,ZHOU J,et al.Porcine deltacoronavirus nsp5
antagonizes type | interferon signaling by cleaving STAT2[J].]
Virol,2017,91(10):e00003-e00017.

[22] ANGELINI MM,AKHLAGHPOUR M,NEUMAN BW.et al.Se—
vere acute respiratory syndrome coronavirus nonstructural
proteins 3,4and 6 induce double—membrane vesicles[J].mBio,
2013,4(4):e00524-13.

[23] COTTAM EM,WHELBAND MC,WILEMAN T.Coronavirus
NSP6 autophagosome
2014,10(8):1426-1441.

[24] KIRCHDOERFER RN,WARD AB.Structure of the SARS-CoV
nspl2 polymerase bound to nsp7 and nsp8 co—factors[J].Nat
Commun,2019,10(1):2342.

[25] ZHAT Y,SUN F,LI X,et al.Insights into SARS—CoV transcrip—
tion and replication from the structure of the nsp7-nsp8 hex—
adecamer[J].Nat Struct Mol Biol,2005,12(11):980-986.

[26] TE VELTHUIS AJ,VAN DEN WORM SH.SNIJDER EJ.The

SARS—coronavirus nsp7+nsp8 complex is a unique multimer—

restricts expansion [J].Autophagy,

ic RNA polymerase capable of both de novo initiation and
primer extension[J].Nucleic Acids Res,2012,40(4):1737-1747.

[27] EGOLFF MP,FERRON F,CAMPANACCI Vet al.The severe
acute respiratory syndrome —coronavirus replicative protein
nsp9 is a single —stranded RNA —binding subunit unique in
the RNA virus world[J].Proc Natl Acad Sci U S A,2004,101
(11):3792-3796.

[28] ZENG Z,DENG F,SHI K,et al.Dimerization of coronavirus
nsp9 with diverse modes enhances its nucleic acid binding
affinity[J].J Virol,2018,92(17):e00692-18.

[29] BOUVET M,LUGARI A,POSTHUMA CC,et al.Coronavirus
nspl0,a critical co—factor for activation of multiple replicative
enzymes|[J].] Biol Chem,2014,289(37):25783-25796.

[30] CHEN Y,SU C,KE M,et al.Biochemical and structural insights
into the mechanisms of SARS coronavirus RNA ribose 2°-0-
methylation by nsp16/nspl0 protein complex[J].PLoS Pathog,
2011,7(10):e1002294.

[31] DECROLY E,DEBARNOT C,FERRON F,et al.Crystal struc—
ture and functional analysis of the SARS —coronavirus RNA
cap 2° -0 —methyltransferase nsp10/nspl6 complex [J].PLoS
Pathog,2011,7(5):e1002059.

[32] Ma Y,WU L,SHAW N,et al.Structural basis and functional
analysis of the SARS coronavirus nspl4 -nspl0 complex[J].
Proc Natl Acad Sci U S A,2015,112(30):9436-9441.

[33] FANG SG,SHEN H,WANG J,et al.Proteolytic processing of
polyproteins la and lab between non-—structural proteins 10
and 11/12 of Coronavirus infectious bronchitis virus is dis—

pensable for viral replication in cultured cells [J].Virology,

_5_


http://www.lcyxyj.com
https://doi.org/10.1016/S0140-6736(20)30251-8

B 7 Mk s www.leyxyj.com
B ARG :leyxyjysj

i K B 585K B

2020

2008,379(2):175-180.

[34] AHN DG,CHOI JK,TAYLOR DR,et al.Biochemical characteri—
zation of a recombinant SARS coronavirus nspl2 RNA —-de—
pendent RNA polymerase capable of copying viral RNA tem—
plates[J].Arch Virol,2012,157(11):2095-2104.

[35] TE Velthuis AJ,ARNOLD JJ,CAMERON CE,et al.The RNA
polymerase activity of SARS—coronavirus nspl2 is primer de—
pendent[J].Nucleic Acids Res,2010,38(1):203-214.

[36] ADEDEJI AO,LAZARUS H.Biochemical characterization of
middle east respiratory syndrome coronavirus helicase [J].
mSphere,2016,1(5):e00235-16.

[37] HAO W,WOJDYLA JA,ZHAO R.et al.Crystal structure of
Middle East respiratory syndrome coronavirus helicase [J].
PLoS Pathog,2017,13(6):e1006474.

[38] JIA Z,YAN L,REN Z,et al.Delicate structural coordination of
the severe acute respiratory syndrome coronavirus nspl3 upon
ATP hydrolysis[J].Nucleic Acids Res,2019,47(12):6538-6550.

[39] ECKERLE LD,BECKER MM,HALPIN RA,et al.Infidelity of
SARS —CoV Nspl4 —exonuclease mutant virus replication is
revealed by complete genome sequencing [J].PLoS Pathog,
2010,6(5):e1000896.

[40] BOUVET M,IMBER ISUBISSI L,et al. RNA 3"—end mismatch
excision by the severe acute respiratory syndrome coronavirus
nonstructural protein nspl0/nspl4 exoribonuclease complex[]].
Proc Natl Acad Sci U S A,2012,109(24):9372-9377.

[41] CHEN Y,CAI H,PAN J,et al.Functional screen reveals SARS
coronavirus nonstructural protein nspl4 as a novel cap N7
methyltransferase [J].Proc Natl Acad Sci U S A,2009,106(9):
3484-3489.

[42] MINSKAIA E,HERTZIG T,GORBALENYA AE,et al.Discovery
of an RNA virus 3°->5" exoribonuclease that is critically in-
volved in coronavirus RNA synthesis[J].Proc Natl Acad Sci U
S A,2006,103(13):5108-5113.

[43] BHARDWAJ K,SUN J,HOLZENBURG A,et al. RNA recogni—
tion and cleavage by the SARS coronavirus endoribonuclease
[J].J Mol Biol,2006,361(2):243-256.

[44] DENG X,HACKBART M,METTELMAN RC,et al.Coronavirus
nonstructural protein 15 mediates evasion of dsRNA sensors
and limits apoptosis in macrophages|[J].Proc Natl Acad Sci U
S A,2017,114(21):E4251-E4260.

[45] ZHANG L,LI L,YAN L,et al.Structural and biochemical char—
acterization of endoribonuclease nspl5 encoded by middle
east respiratory syndrome coronavirus[J].J Virol,2018,92(22):
00893-18.

[46] SHI P,SU Y,LI R,et al.PEDV nspl6 negatively regulates in—
nate immunity to promote viral proliferation [J].Virus Res,
2019,265:57-66.

[47] SHEAHAN TP,SIMS AC,GRANHAM RL.et al.Broad —spec—
trum antiviral GS—-5734 inhibits both epidemic and zoonotic
coronaviruses[J].Sci Transl Med,2017,9(396):eaal3653.

[48] LO MK,JORDAN R,ARVEY A.et al.GS-5734 and its parent

nucleoside analog inhibit filo—,pneumo—,and paramyxoviruses

_6_

[J]-Sei Rep,2017,7:43395.

[49] WARREN TK,JORDAN R,LO MK,et al.Therapeutic efficacy
of the small molecule GS-5734 against Ebola virus in rhesus
monkeys|[J].Nature,2016,531(7594):381-385.

[50] ZUMLA A,CHAN JF,AZHAR El,et al.Coronaviruses —drug
discovery and therapeutic options [J].Nat Rev Drug Discov,
2016,15(5):327-347.

[51] CHO A,SAUNDERS OL,BUTLER T,et al.Synthesis and an-—
tiviral activity of a series of 1”7 —substituted 4 -aza -7,9 —
dideazaadenosine C —nucleosides [J].Bioorg Med Chem Lett,
2012,22(8):2705-2707.

[52] SHEAHAN TP,SIME AC,LEIST SR,et al.Comparative thera—
peutic efficacy of remdesivir and combination lopinavir, riton—
avir, and interferon beta against MERS-CoV[J].Nat Commun,
2020,11(1):222.

[53] JORDAN PC,LIU C,RAYNAUD P,et al.Initiation, extension,
and termination of RNA synthesis by a paramyxovirus poly—
merase [J].PLoS Pathog,2018,14(2):e1006889.

[54] TCHESNOKOV EP,FENG JY,PORTER DP,et al.Mechanism
of inhibition of ebola virus RNA-dependent RNA polymerase
by remdesivir[J].Viruses,2019,11(4):E326.

[55] AGOSTINI ML,ANDRES EL,SIMS AC,et al.Coronavirus sus—

(GS-5734) is mediated
by the viral polymerase and the proofreading exoribonuclease
[J]-MBi0,2018,9(2):e00221-18.

[56] ECKERLE LD,LU X,SPERRY SM,et al.High fifidelity of
murine hepatitis virus replication is decreased in nspl4 ex—
oribonuclease mutants[J].J Virol,2007,81(22):12135-12144.

[57] SMITH EC,BLANC H,SURDEL MC,et al.Coronaviruses lack—

ing exoribonuclease activity are susceptible to lethal mutagen—

ceptibility to the antiviral remdesivir

esis: evidence for proofreading and potential therapeutics[J].
PLoS Pathog,2013,9(8):¢1003565.

[58] FERRON F,SUBISSI L,SILVEIRA DE MORAIS AT,et al.
Structural and molecular basis of mismatch correction and
ribavirin excision from coronavirus RNA [J].Proc Natl Acad
Sei U S A,2018,115(2):E162-E171.

[59] WANG M,CAO R,ZHANG L,et al.Remdesivir and chloroquine
effectively inhibit the recently emerged novel coronavirus
(2019-nCoV) in vitro [J].Cell Res,2020.doi:10.1038/s41422 -
020-0282-0.

[60] DE WIT E,FELDMANN F,CRONIN J,et al.Prophylactic and

(GS -5734) treatment in the rhesus
macaque model of MERS—-CoV infection [J].Proc Natl Acad
Sei U S A,2020.doi:10.1073/pnas.1922083117.

[61] HOLSHUE ML,DEBOLT C,LINDQUIST S,et al.First case of
2019 novel coronavirus in the united state[J].N Engl ] Med,
2020.doi:10.1056/NEJM0a2001191.

[62] WHO.WHO r&d blueprint - ad —hoc expert consultation on
clinical trials for ebola therapeutics [EB/OL].Geneva, WHO,
2018 (2018-10-11)[2020-02-16].https://www.who.int/ebola/
drc—2018/summaries—of —evidence —experimental —therapeutics.
pdf?ua=1.

therapeutic remdesivir


http://www.lcyxyj.com
https://www.who.int/ebola/



