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Expression and characterization of RNA polymerase of the
norovirus recombinant GII.P12/GII.3 strain isolated in China

CAI Shuzhen#, GAO Junshan#, XUE Liang*, CHENG Tong, WANG Linping,

LIANG Yanhui, ZHANG Jumei, WU Qingping"

Key Laboratory of Agricultural Microbiomics and Precision Application, Ministry of Agriculture and Rural Affairs,
Guangdong Provincial Key Laboratory of Microbial Safety and Health, State Key Laboratory of Applied
Microbiology Southern China, Institute of Microbiology, Guangdong Academy of Sciences, Guangzhou 510070,
Guangdong, China

Abstract: [Background] Norovirus is the primary foodborne pathogen causing acute gastroenteritis in
humans. There are currently no licensed vaccines and drugs available for this virus. RNA-dependent
RNA polymerase (RdRp) of norovirus is a major target for the development of antivirals. [Objective]
This study intended to express the RdRp of norovirus recombinant GII.P12/GII.3 and systematically
study its replication characteristics. [Methods] The high-purity soluble RdRp of GIIL.P12/GIL.3 was
expressed and purified in Escherichia coli. The effects of temperature, template, substrate, and salt
concentration on the function of RdRp were determined by in vitro RNA synthesis experiments.
[Results] The RdRp of GII.P12/GII.3 showed the highest activity at 30 °C and 1 mmol/L MnCl,. The K,
values of RdRp binding substrate GTP and template polyC were 79.0 pmol/L and 10.6 pg/mL,
respectively. In vitro inhibitory assays indicated that ribavirin, favipiravir, and NF023 in the micromolar
range inhibited RdRp, with half-maximal inhibitory concentrations of 23 pmol/L, 59 pmol/L, and
11 pumol/L, respectively. [Conclusion] This study firstly reported the RdRp properties of norovirus
recombinant genotype GII.P12/GIIL.3. Fluorescence-based enzyme activity tests showed that RdRp had
catalytic activity in vitro, which provided technical and theoretical support for the screening of norovirus

RdRp inhibitors and the treatment of norovirus infections.

Keywords: norovirus; RNA-dependent RNA polymerase; GII.P12/GII.3; inhibitors
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GIL4 R RN T Ff T 5L R RIS (HT 404
WREEIRA TR AR A T 24k, A AR R A
A e Ak PR R f%) i 2 9 5 1) AR A T 3 ik
fRiE, W GILP16/GIL4" A GILP16/GIL2M", &
BUT 3RAS B RARp FEPK7E 1 A 2 AL AN
i E AR

WA EE RARp 4544 R RE M AT A B T
T I R E RN EOR LT, I 0] LIS A TN
BEAYIMIT R . HETE ORI X 400 5 RdRp
HABAEMGIE RS 20 W T
AP CRI A i 51 2-C-H L 7T
FIAERZAF MR UG R . NFO23 . NIC02 #
NICO4"™ ), A H 2Bl B VE FAAIL I 2 38 2 5 95
B RNA RA BTG PEOLS TE P PR LS A R BH LW
B 52 il o SR T I S a5 P 1R B AR M A A T 2
LTI R BT T R A R o R XU A
RdRp WPUR BT IEIARZ , (H H Al JCIG IR
HEE BT W /N Bl JHorp— kb
6 A 115 A0V DR DA 0 S 10 o B 1015230 B ATy
SR8 V)T BT R T AR 2 PR P2 259

GIL3 B im a5 i WA I Z —, K5¢
HE M RARp FLR 2 (B py 3L N [l EE A #fE sl T
GIL3 AUpr g s Ak, Bom T 8tfe ZAE A
WERPERY S GILP12 SR A dE VS i 191 Hh 2
R R A LR, I B SS GIL3 B
FCER 1R R AR FE A AR AR A BA 2 0 A i A 2
W, R M b DX A R GILP12/GIL3™,
S A Xt A 32 DR TR G R G 42T A R
AR RS RIS o T4 B R B T a0
g HEAL A B X, DT RdRp & iRk i f
FAH #5522 0CE ., Hrf GILP12/GIL3 FE4R!
& H AT B RS A D3 R R 2 — ) SR
H R4 A WL E 20 GILP12/GIL3 RdRp F45PEK)
MCHIE . i, ABF5ERR T M GILP12/

GIL3 U AR I R A, X LS P 138
E X H ) R AT Rk, A T M E Al
GIL.P12/GIL.3 /) RdRp M= f etk K o HIL

WEERE

1.1 BFNHEESHK

#2 GILP12/GIL3 i Ui e MR IR T 45
“} GZ2013-L20 (Hu/Guangzhou/GZ2013-L20/CHN/
2013) fA) IIfG IR 28 f BE A%, GenBank % 5t 5 H
KY3486971252,
1.2 EFZERXFI LR

PrimeScript™ II 1st Strand cDNA Synthesis
Kit, PrimeSTAR Max DNA Polymerase A1 i

YENVIBF(BamH 1. Not 1), FAY TREARA
Fl; BAfE RNA it polyC, Sigma A FRAF]; JE
¥ GTP . X 4HE RNA % J6 4t Bl PicoGreen
Quantitation Reagent, | M g EHEYIERHE A B
Hl. ZIREMMY, RS ARAR; AKTA
JZMr4ifkiL, GE Healthcare.
1.3 ZFIILMNFRZELE S

M NCBI GenBank %0#& /% T 2 r 5 v dnk
K GILP12 REMIEHTY], WiGEAsEH
Y GILP12/GIL3 itk 1 MEGA
7.0.21 BAXTEATHAT T, SRR KSR IE
RS LTW.
14 FRIEHIKREIEE

GILP12/GIL3 #5 Qi & FH PR 2 i A A 45
BIR — ZBE(DEPC)AL B /KRR B A, 10% 1)
TR, IR IR EE A RNA SRR 6 2 &
TFRP R BUR R 5 RNA, {#F PrimeScript™ 11
Ist Strand cDNA Synthesis Kit A ST U B
GIL.P12/GIL3 %itid /75 H4MY 4K cDNA. H4E
GILP12/GIL3 % RdRp XK BEi T4 14514, L.
N5 95 551 A BamH 1, Not 1 EEYINL &5
(# 1), L PCR il 5 41 cDNA Hi”
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Table 1 Primer sequences for construction of expression vectors

CIEEA S Elk 2l LAY
Primer name Primer sequence (5'—3") Restriction site
GII.P12/GII.3 Forward CGGGATCCGGTGGTGACAATAAAGGA BamH 1
GII.P12/GIL.3 Reverse ATTTGCGGCCGCTTCGACGCCATCTTCA Not 1

TE MRS N BRAIVEREYIAL AL, T RIZE 3 P DT 43R5 (67 45

Note: The bold part is the restriction enzyme site, the underlined is the recognition site of the incision enzyme.

¥ RdRp #wtIX . ffi HH A GST tnZ&H
pGEX-4T-1 ik # /A RdRp Bk Rk ik .
Fl QuickCut BamH 1 F1 Not T PR XN fig 1)
pGEX-4T-1 FBHAK KLY Y. /] DNA
Ligation Mix {7 &# RdRp H BOid £ 2| L1k
Bk
1.5 GIL.P12/GIL.3 RdRp By RiEF 4k 1k

¥ 1.4 A B LR KR BL21
AU, WRARJS HETTIAVE PCR A7 55
E. TEFEPHPERTE Y REE IG5 TRk, IR
TR E AT PBS It 7 e . 10 000xg
B0 15 min BB, A 0.22 pm JERELEE
B, i AKTA R4i4lifk GST-RdRp @48
1. ¥4k GST-RARp i i & I i (thrombin)
22 °C 4b¥ 16 h YI#E GST #5345 F ] SDS-PAGE
HLUKXTAAL Y RdRp 25 1 T8N, i1l BCA
A R S 2 4l Ak i RdRp R TR B, 4
BIRAF T80 °C VKA -
1.6 RdRp ;&M E

FIH MK RNA & 5 20 GILP12/GIL3
RdRp HJ B 36 PE " . B dsRNA  2¢ )l 4 b
PicoGreen 8 il ) s v 1 & ¥+ &0 4k RdRp 1614,
YRS dsRNA Fr g5 A0 B il AR
25 pL, f7 40 pug/mL polyC. 0.5 mmol/L
GTP. 2.5 mmol/L MnCl,. 5 mmol/L JC RNase
THAVBEEE(DTT). 20 mmol/L Tris-HCI (pH 7.5)
12 pg/mL RdRp. JXWTE 30 °C FHFH 1h, Z
Je ¥ VAR A Y 2 A8 96 FLART, InAH
pH 7.5 TE Z& Wi B (1:200, AARFLEL)AY 175 ul

BEEYLR BLART 200 pl. 7EBEG AT B
WEE S min J5, {8 Z D REREHR O 2t
(RPN S5 31 485 nm Al 520 nm)™,
T AW A o P9 AF R 9 SR A I (0 2 25 1
X BE (ARSI RARp)JA B398 6 1H .

Tt M ERHRE (0-10 mmol/L) . IEY)
GTP ¥ ¥ (0-2.0 mmol/L) . # it polyC ¥k
J#(0-100 pg/mL). RdRp HYMIMA & (0-5 pg/mL)
FIS I I (4-60 °C), #fi € fiefd: RdRp T A0 4%
4. 7E GraphPad Prism V8.0.1 #fhrp i s JE £k itk
[ 1 43+ B 22 1] 5 g 3 B 5 TP ) RS A ik 32 114 56
F, WE RN EARS 128
1.7 {Kk4M RARp #0#)iK 36

WX 2 PRI A 2 F5 AR A 4 hr
SERYWS SN UE S Y e/ Pi N oAl X (7]
NF023, DAVEAGENTXAS RARp TG VER 52
RdRp MHRRIGTES A 25 uL W IRGWIF 65 L
B YL Bl PicoGreen HIEE(A 96 LA
AU PRGN S I8 AR SV AR B2 AL 7 1 png/mL
RdRp. 20 pg/mL polyC. 0.05 mmol/L GTP,
5 mmol/L DTT, 1 mmol/L MnCl,. 20 mmol/L
Tris-HC1 (pH 7.5)FIA [m) e B2 (1) b ik ik ik &
Yo FEFFIRIVZHT, 4% 1 pg RdRp 5l ik B
FIR AL A I7E 30 °C T 10 min, {fEEAIHD
A AR, [RIEH s e B ORI )
PR R NR AP B HE E 9 RdRp 5 #041
fe&Y, IF1E 30 °C TRV 1 h, SRJ5 I
PAX (B e A R S 43 5 R 485 nm Al
520 nm)ME S EIREE . 8] GraphPad Prism #X
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AT AE P LI 43 A LA 2 A [R5 4 2
B KA BE (ICs0)

2 BREM

2.1 ETFiEWFE GILP12 RdRp FFI8Y
RERBEN

GILP12 W70 RdRp FEK 44K 1 530 bp,
Gt 510 PEIEIR o F H 5 FOAAS ] 35 R Y (1 iy

W EE RARp PN TN, MEBRGE K EW.
ZEHFH], RdARp J& NoV DK 2H v (il i< K I,
PP EE ST AR LRE S 94.6% , Hirp R 5T 07 5
78.6%. FTAHFHIAI LIS R 5 AN, X A
FLRE [ VP 454 FE GIL3, GIL4, GIL13,
GIL10 il GIL12 (& 1), HH A GILP12/GIL3
FHk RdRp N5 GILP12/GIL13 Fil GILP12/
GIL2 HFIA AL B AR (A 0R 90.3%F1 90.2%),

88 @ GILP12[GIL3|CN]2013 (KY348697)
63 {GII.PIZ\GII.3|CN|2OI4(KY348698)
GILP12|GIL3|AUJ2016 (KY905334)
80 WE(;]I.P]2\(}11.3|US\2017 (MH260494)
— GILPI2/GIL3|CN]2018 (MG601446)
100 95 GILP12/GIL3|CN]2018 (MG601447) GIL.3
88 100 GILP12/GIL3|US]2016 (MK073886)
GILP12|GIL3[KR[2014 (MN199033)
100 GILP12|GIL3|CN[2009 (GU991355)
———GILPI2/GIL3KR[2006 (GU980585)
L GILPI12|GIL3|CN[2013 (KF306213)
100 ——GILP12/GIL4-Sydney2012[IP2017 (LC421227)
L GILPI2|GIL4-Sydney2012|JP[2017 (LC421228)
T GILP12|GIL4-Asia-2003JP2009 (AB933728)
97 GILP12|GIL4-Asia-2003|JP|2005 (AB220922) [ GI1.4
100 {GII.P12\(}11.4-Asia-2()()3|JP|2()()5 (AB220923)
100 — GILPI2/GIL4-Asia-2003|JP|2006 (AB447448)
GILP12|GI14-Asia-2003(JP|2005 (AB220921)
{GII.P12\GII.4-Asia-2003|CN\2004 (DQ369797)
100 GILP12|GIL13[KR[2007 (KC662537) GIL13
100 {GII.PIZ\GII.BUHZOOZ (KJ196276)
GILP12|GIL2JP]2004 (LC209435) ] 12
100 100 ———GILP12|GIL10[VN[2000 (AF504671) I GIL10
L GILP12|GIL10[TH|2000 (AY237415)
89 GILP12|GIL12/JP|1997 (AB039775)
100 100 {GII.PIZ\GII.IZUP\1996 (AB045603)
GILP12|GIL12/JP|2000 (KJ196294) i
0 ﬂ‘:(m.mz\(;n. 12/JP|1999 (AB044366)
GILP12|GIL12/JP|1999 (NC029646)
100 GILP12|GIL12/JP|2001 (KJ196282)
WCGH.PQ\GH.lzup\zom (KJ196299)

1 GILP12 ERIFNMHFEHRMRERE ST

Figure 1

Phylogenetic analysis of GII.P12 recombinant norovirus strains.
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M5 GILP12/GIL4 Z[A] i) 64 % R R CF- A
IR 96.1%).
2.2 GILP12/GIL3 RdRp RIFRIAFI4E{k
MR RIRRGE 025 L W@ Ry
AR 1-2 mg (9 GST-RdRp &[T, KB4
GST-RdRp 2 I LA A ¥ PETE 2017 75 F 40 16 24
Yy BT (E 24), K/N2)0k 80 kDa. 48 GST
FEAi A e 45 2] B R R/NVE (K] 2B). 3
158 I K f 2B GST #R&)a, (i GST #Eift
—A4ifk RdRp, FR1G T HiHAS T8 4°4 57 kDa
) RdRp & 1 (&l 2C).
2.3 GILP12/GIL3 izWm SRS
FAE
J T iPAE GILP12/GIL3 RARp HIAEALIEPE,
PEAT T T polyC &SN RNA & Lo HT. B
JEITAS BER FE X RARp 16 MERISEI . 240 RdRp
B AR A B 9G5S, Ml A RdRp & 141,

dsRNA fJ4 W5 0-3 pg/mL B BE S LR 1 56
#, BlE BT RRIN0-3 ng/mL)X (5 5%
Wik hn, B RdRp AT LML dsRNA T Y,
4lifb A5 RdRp & R A TE M (& 3A). 765
BtV BT TE AN TR I, T RE R B T = 2
). HRIGELIEARFRER) RdRp T IGHH o
Fe(® 3A). 4{# 1 ug/mL RdRp B, 2GR
7E 120 min P22 RF(E 3B),

T RARp 16 M de A RO 251, D
T 50 GILP12/GIL3 RdRp G PER &I N &K . fifi
F 0—~10 mmol/L MgCl, 1 MnCl, #f % —frEh e &
%t RARp TGRSR, FEAR MR Mg™ 7778
T ARKIE] RARp 1 (& 3C). 7E MnCl, 5 h
1 mmol/L BRI Feflidivh, XL LK
RdRp (75158 BT Mn® B FIFFA7E. 7E
4-60 °C FUFLIHE N L4 RARp fiEfbIG T, 25 %
B RdRp #EfLTE AL dsRNA AYd5eHE 5 0 i

Al 23 4 M kDa B1 23 4M kDa Ckba M1 2 3456 78
180 Lt U 180 180 _
—130 —— 130 130 —
@ w—100 w— 100 100 — =
=870 ¥ e 70 —
: - - ey - A —
- —55 = 'i—55 55 — -
- == 0 - e Y 40 —
¥ - e 35 o
- —35 - ‘ 35

2 GILP12/GIL3 RdRp ZE4 L TIEREM LB SDS-PAGE Bk9 4T A: i1 7 RdRp 18 K E i3
B, 1. RHIPTG S E AN 2. IPTG Wa M S M2 3. WIIAZURN LW 4. WIIAZURITNE.
B: GST-RdRp #y2lifk, 1: GST FEIZF M 2. 4: GST AEVEUEM: 3: 4ifbr) RAdRp MG HE M. C: BEMAFLEEREL
RdRp ) GST ¥rZs, 1. RAEEIMFEAIER 4L GST-RdRp; 2: BEIMEHALFS ) GST-RARp; 3-7: F#IG GST
A kE4ifbiy RdRp; 8: VRN GST 454, A, B ZLEH N GST-RARp f %, C HLLEARTSH RdRp 17 &

Figure 2 SDS-PAGE analysis of GII.P12/GII.3 recombinant RdRp at different stages of the purification process. A:
Expression of norovirus RdRp in E. coli; 1: Total cell lysate without induction with IPTG; 2: Total cell lysate after
induction with IPTG; 3: The supernatant of the cell lysates; 4: The pellet of the cell lysates. B: Purification of GST-RdRp; 1:
GST column flow-through fraction; 2, 4: GST column elution fraction; 3: Purified RdRp fusion protein. C: Recombinant
RdRp was treated with thrombin for removal of the GST tag; 1: SDS-PAGE of purified GST-RdRp without thrombin

treatment; 2: GST-RdRp digested by thrombin; 3—7: RdRp purified by GST column after digestion; 8: GST tag eluted from
the GST column. GST-RdRp (A, B) and RdRp (C) of the correct size is marked with a solid red arrow.
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A B
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51600 g
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r:% 40
800 — Heat-inactivated §

GIL.P12/GII.3-RdRp 20

0 . ' SO 0
0 1 2 3 4 5 0 30 60 90 120
RdRp (ug/mL) ¢ (min)
C D
100 — T
—_ . 80
g g _
> >
z z =
5 A . L
: S0 )
[ [
20+
0 |
0 2 4 6 8 10 4 20 30 35 40 50 60
Salt concentration (mmol/L) Temperature (°C)
E F
100 —
[ ]
80—
2z 60 F
2 2
g g
40
2 2
& &
20
0@ | | | | 0 | | | | |
0.0 0.5 1.0 1.5 2.0 0 30 40 60 80 100
GTP (mmol/L) polyC (ng/mL)

3 @ GILP12/GIL3 i540f%E RARp iEMHRIAE M EZERIRIE A 1 h NEFREEXT RdRp 1E MR ; B:
1 ug/mL RdRp 7 2 h WHEALG A dsRNA FTEHERIL; C: #hIREEXT RdRp HEALTEMERYSENT; D: JREEXS RARp
TPERISE ;. B I XT GILP12/GIL3 RARp fE PRI ; F. Mk GILP12/GIL3 RdRp LRI
Figure 3 Characterization of biochemical factors influencing the activity of GIIL.P12/GIL.3 norovirus
RNA-dependent RNA polymerase (RdRp). A: Effect of enzyme concentration on de novo RdRp activity over
1 h; B: Synthesis of dsRNA catalyzed by 1 pg/mL RdRp over 2 h; C: The effects of salt concentration on the

catalytic activity of RdRp; D: The effects of temperature on RdRp activity; E: The effects of substrate
concentration on RdRp activity; F: The effects of template concentration on RdRp activity.
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30 °C (&l 3D). 4 &S T 40°C B, 2.4  RdRp ##] 5 89303

RdRp A A6 Pk 2 BRI . e RO 9 Wk B2 FETHOCHIASS RdRp T PRI E FH T % &
(0-0.5 mmol/L)[E# T, RdRp & M 2 3, RdRp A B R RO - 20 5 HAS T4
W T 0.5 mmol/L (0.5-2.0 mmol/L)f, FAERZFE 3659 % GIIP12/GIL.3 RARp i P HY 5%
Wit AE J 0 R R E , AT 3E), RdRp M. (RZMMEATE T, RdRp A9 Mk & BGiE H
WERE S polyC ¥R EFRYIE N MG, FZgwr  TERUEIRVEEE N Al LI T hk . 45 A
KEE G W& 3F). SR R MR % NF023 A3 %M, 2B S A ik B 251k 23
%54 Michaelis-Menten B, ¥ GTP ) 59 A1 11 pumol/L (Kl 4A—4C), 5ik4EHi=H A
Kn Bl 79.0 umol/L. Hitk polyC By K, flik  EHEMAHLL, NF023 X} RdRp FRILH B o5& A4

10.6 pg/mL. il ¥ FH (&l 4D).
A B
100 - 100 —
80 80k
z 60 | 2 60 @ IC,: 59 umol/L
= 2
5 S
S 40 S 40
% £
3
&2 20 o 20 .
0 | | | J 0 | | | |
-1 0 1 2 3 -1 0 1 2 3
Log,, ribavirin (umol/L) Log,, favipiravir (umol/L)
¢ 100 D 100 —
ICyy: 11 I/L b
—_ | 5: umo — .. .
9 80 E 0 S 80 mm Favipiravir
ES = 1 £ Ribavirin
G z BN NF023
Q Q
o 40 - o 40
& &
E E
20 - 20
0 | | | 0 L1 L1
—4 -2 0 2 4 0 0.3 10.0 100.0
Log,, NF023 (upmol/L) Inhibitors (pmol/L)

4 BEMAEAZE LROHIFIXENF S GILP12/GIL3 BEEEMHMFME A, B, C: KNFEWKE
R T AR(A) . PedEhiT (B) M NF023 (C)%f GILP12/GIL3 RdRp MkiGPERSENT; D: FIEFhk. 24k
Fi745 1 NF023 X+ RdRp A9 il /E FH L

Figure 4 Inhibition of norovirus GII.P12/GII.3 polymerase activity by selected nucleoside and nonnucleoside
analogs. A, B, C: The effects of ribavirin (A), favipiravir (B), and NF023 (C) at different concentrations on the

de novo activity of GII.P12/GIL.3 RdRp; D: Comparison of the inhibition effects of ribavirin, favipiravir, and
NF023.
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GIL.P12 1 GIL3 J& 2 Fl 73 5112 F RdRp 437!
A VPL 43 B 0 DL W e S R R, TR A T
WEI et e S E AR . 5 RMATHY GIL4A
PRAH I, GIL3 B aigaE A MOE RO YE S
RAJLEBIE M EZEH . A 2010 Lk, K
23 GIL3 HEAMP YL E N GILP12/GIL3 Fl
GIL.P21/GIL.3 iX 2 FhEE 4RI A 53 41 % 5
R E A U A B SR R U SRS, IR RS
HIFAE T GILP12/GIL3 %! RdRp Ay A4, 5F
G A T DA RR VR FHASCR

RNA EABRIBIGE H 252 2 wMPY, T
FEF TRA TS5 AL O e g A1 ] 550 1 Ay s B30,
Ak, GILP4, GILP7, GILP21 %451 RdRp Y
S TR B R SRR R 2 3k
37 GILP16 % RdRp AYEEZLEE 1 AL, H R
weEE RARp A& FECR FIFALRIAA R,
AR EKIFEZRIIMER RS RdRp #AH
BRSNS 2 R R R RPY (B AR
BRIG A GST FRIAR IR RS & S EA (A4
MALTEPERY . AT FR pGEX-AT-1 FikEhik,
4ifb 5K GST-RdRp #n&bIbk. BLAbh, JFAZ3k
R HAZFRIRR RS R RS 8 5 1
BLH_EAAEASIR], SR HATZO ) TAERHRIE5R
B B, FEARSE TARH A LEIREARIE AR
IR R IR IR RNA RATHHICHTS .

ARG KB UK RdRp AR IMiELL TG
BT Mn® B FIOAATE, T H Mn® 8 T E
4 1 mmol/L i GILP12/GIL.3 RdRp H.A H i
fRiEdE . X5 Z Ao RANE, Bull %8P
K BUAE pH 7.0 F1 MnCl, ¥ &4 2.5 mmol/L f) 4%
4~ GILP21/GIL3 RdRp B4 fcfE b6, X
Al RE S i 0 22 54 56 . GILP12/GIL3 RdRp
£ 30 °C N RILP ARG, X 5ZAiiE M A

JEH A% 2 GI1.4 Sydney 2012 RdRp 7E 35 °C 3%
B S TS AR RO X AT RE S T AT A R
friwseid e 22 A ¢, 28 GIL4 Sydney 2012
TR AR P S5 P U T 230 1 I B AR IR 2 (37 °C)
AN GILP12/GIL3 RdRp JiE ¥ AR AR F B
J17 £ 454 Michaelis-Menten F5 7

VAN BT A A B S T AR K .
PdRIE, A AMGE AR Y GTP Ry
T 2 35 DR 201 190 2 725 SR o s G 4 Ay A2 Y,
B KA RO 2K 40 pmol/LIY, 3:4E471
PIERAAER P B 2 il AR s | R E R R AR, OF
VER R 5 R A W G s e P 5 A
LK ¥ oo s A U O NF023 U REASHm il A
VR R BRUUE e EE Y R A T, BT R
EA YrPoe s A T 3 ath , AT — 205 T
fiT%} GILP12/GIL3 RdRp FRIEEM , A58 45 SR 4
BY, FIEFAR . R4 35 0 NF023 DI K
P A R 2R A BTG, 1Cso FERUEE RV ]
P T HL ICso IR FHRE H GL1 B % # RdRp
HHe R, FRHIXT GILP12/GIL3 RdRp &M HA ¥
SEEERIS] . BEAh, SRIE SR NF023 AHLE,
e h AR S

i ERTR,, AR E IR R G MR T I
GILP12/GIL3 if W %5 2 % | 4 & K A
GILP12/GIL3 FkkH) RNA BEHHE, e T
RdRp T Fe R S b 454, AR A4 il 56 3% )
NF023 Z4t%F GILP12/GIL3 VU 25 B it
I3 B 25 W TT R TS TR o AR TAE R AT LU
FHARSN RARp I8 P 534 Sfe i) Gl s Qi 8 36 G il
PR PR | S — 25 e X i Anoi 2 3R A5 g ol
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