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FINSPS & 17 LA I A 3 2 3%, M43 7 B i o 10 #1123 ku, NSP12 I L] 38 1k & 1B 3005, MW 20 T B &
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Abstract: The non-structure protein (NSP) 12 of feline infectious peritonitis virus (FIPV) serves as
the catalytic core component of the RNA-dependent RNA polymerase (RdRp). However, the
molecular mechanisms regulating its interactions with NSP7 and NSPS8, as well as the enzymatic
activity and function of the RdRp complex, remain to be fully elucidated. This study aims to
investigate the molecular characteristics of NSP12, explore its interaction with NSP7 and NSP§, and
verify the enzymatic activity of the RdRp complex. Firstly, the physicochemical properties and
structural features of NSP12 were predicted by bioinformatics analysis. To investigate the interaction
between NSP7, NSP8 and NSP12 in the FIPV RdRp complex, pcDNA3. 1-Flag-NSP7, pcDNA3. 1-
HA-NSPS8 and pcDNA3. 1-Myc-NSP12 plasmids were constructed and expressed in 293T cells. The
protein interactions and co-localization were detected using co-immunoprecipitation (Co-IP) , pull-
down, and indirect immunofluorescence assay (IFA). Secondly, the NSP7, NSP8 and NSPI12
genes of FIPV were amplified by PCR and homologously recombined into the pET-30a vector to
construct prokaryotic expression recombinant plasmids. The induced expression conditions were
further optimized, and the proteins were purified by nickel column affinity chromatography and
concentrated using an ultrafiltration tube to obtain the RdRp complex. Finally, an in vitro RNA
elongation system for FIPV RdRp was established, and the enzymatic activity of the RdRp complexes
obtained above was tested using the gel method. Bioinformatics analysis showed that NSP12 was a
stable hydrophilic protein, containing 43.51% «a helices, 45.02% random coils and 90 potential
phosphorylation sites. The Co-IP, pull-down, and IFA assays confirmed the interaction and co-
localization of NSP7, NSP8 and NSP12 in 293T cells. NSP7 and NSP8 were expressed as inclusion
bodies, with molecular masses of 10 and 23 ku, respectively. In contrast, NSP12 was expressed as a
soluble protein, with a molecular mass of 105 ku. The results of the enzyme activity assay
demonstrated that the RdRp complex exhibited the capacity to extend the RNA template strand.
Conversely, NSP12 alone exhibited no such activity. In this study, the FIPV RdRp complex was
purified by prokaryotic expression and an enzyme activity detection system was established in vitro. It
was confirmed for the first time that NSP12 from the FIPV-DF2 strain requires the formation of a
complex with NSP7 and NSPS to exert its RdRp function. This study lays the foundation for further
exploring the biological function of FIPV RdRp and developing antiviral drugs targeting RdRp.
Keywords: feline infectious peritonitis virus; RNA-dependent RNA polymerase; NSP7; NSPS;
NSP12; enzyme activity

* Corresponding author: TANG Youzhi, E-mail: youzhitang@scau. edu. cn

WAL Ye Pk G J 4% 9% 2% (feline infectious peritonitis
virus, FIPV) & 4 5 IR %5 # (feline coronavirus,
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1 JC B Xt FIP B A S5 A 70 28 24 ) e 200 v
RIAIFA LA SRR I6 R B RO AR, L IRA

WE5E FIPV S il AL, I I v 42 4 5C B 25 9 1 T
SRS FIP By 45 DR B R 5l 49y fidt e S5l ik 15 A
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UE B, 7 Hoe 56RO 3 (W SARS-CoV -2, SARS-
CoV) " ,NSP12 7% 54 B -+ NSP7 .NSP8 45 5 JE
B AR LR e oA 4 01 300 RARp T fE7 . 4R
I, 76 FIPV-DF2 8% F ,NSP12 5 NSP7 NSP8 Z
Iv1) f9 AF B A 2 e RARp 52 45 1% 1 T B 45 4k i ok
WG . R B B 55 4GB FIPV-NSP12 /) 2 7 7
HNVRRAES R LR 0T 4 43 1R 1 Cln 285 4 e 1
B PR S A8 M 7 1) B H: 5 %0 Bl R 1 B [D AL o 475 g
T ARG, AN, 5 X FIPV-RARp A A4 2 B
WF ¢ 52 IR 2 A 0 M 0 52 A R R & B B AS
TR XA A 2 i Ak S LR ST . R,
NSP12 43 F 4 AE 56 3F H 5 NSP7/NSPS ) 5 .4E
X F, IF d ar HOA IS M A9 RARp & A IR 1R A1 #y
T3, X5 R FIPV &AL i K JF 8 2 B i 7 3R
W ELA T X

ARWFFE LA FIPV-DF2 8 0k X 42, 15 J il iof 24k
YIE B2 P18 % NSP12 R B K M e e 2 (i )
SEHRAE . RS ORI B R IK R G I UE NSP7/8/
1278 293 T il h W BAE S ER CHR . NIk
AETE RARp & G, AR AAL T JEAZ R IXE R, 41
2R 0 8 AR 4l fk (NSP7/8) Fi Al % 1 % ik
(NSP12) 5 W 3k f5 4l fb & ([, JF i D) 41 %% 5 RdRp
AW B2, A T 56 TIE 58 NSP12 75 4K
#iNSP7/8 i B A i & # RNA RA M IIfE . AHF
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RdARp # 5 09 50056 75 25 W IF & i 3h 17 27 BF 5% 4 43t
TORHBE R, R EE N E M ME S N

i3 o
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1.1 RS . ERFMEE

FIPV-DF2 (GenBank accession number AFH55129. 1)
BRI A ATCC; E. coli DH5a Ml E. coli BL21
(DE3) & Z 54 [ B4y TRA RS A
pcDNA3. 1 fl pET-30a A& H i B A=Y A B
NEEI S
1.2 FERXA

PCR 7= ¥ 4l {50 & ok /N2 3K 7] & . DNA
B MG A & A TN R TRA R A
RNA 2B & A Bl A HE ARG RA A
J i s N &l A R AR AE AL BB A BR A A 52X
Hieff Canace® PCR Master Mix /5 {4 E. lif 15 & W .

Ni-NTA B s b 2 AL gl 3 7 22 4= YR A RS
) 5 A U5 2 I A R A R I A PR
AT DNA BRI PEN DI IPTG PMSF P % 17
YA A TP(100 mmol-L 1) \RNA B ] 5]
Protein A+G Agarose (Fast Flow, for IP) AE# %
P AR 10 i F & (Biotin-LC-NHS) \24E ¥ R bpid &
1 Pull-Down i 7] & ( Agarose Resin) ) H 21 = K 4=
W ARG R E s HA-Tag % 504000 [ 2 19 %% va 4k
WA F] s Myc-Tag B PT I Flag-Tag U411
H 3E b H R A 1 B 25 45 BR 2 W] 5 biotin S SR 4T W H
Cell Signaling Technology 2\ 7 o
1.3 FEARRERF

Buffer A: 50 mmol-L ' NaH,PO,, 500 mmol-L !
NaCl, 40 mmol-L "Bk , I 26 7K %5 i 5 8 55 pH 2
7.4,4:0. 22 pm P8 BT 8 25 s Bulfer B:50 mmol-1 !
NaH,PO,, 500 mmol-L ! NaCl, 500 mmol-L "' Bk
W 4l K e IS R pH 2= 7.4, 45 0. 22 pm JE i
o 345 ) ; Buffer C:8 mol- L' JR &, 100 mmol- 1.~
NaH,PO,, 100 mmol-L "' Tris-HCI, i 4l /K i fit J5
P9 pH 2 7.4, £ 0. 22 pum JE B 1 38 % FH 5 Buffer
D:100 mmol-L ' NaH,PO,,100 mmol-L ! Tris*HCI,
FHAE K 5 VA7 pH 2 7. 4,48 0. 22 pm JE B €
£ H s Buffer E: 100 mmol-1.~ ' NaH,PO,, 100 mmol-L.~*
Tris-HCI, 500 mmol-1 "Bk me | B ol 7K 3 i 5 98
pHZ 4.5,20.22 pm JE R g4 1 .
1.4 NSPREREYREREZESH

M NCBIECHE IR B FIPV -DF2 8 8k NSP12 )
B IR F 9 (GenBank: AFH55129. 1:4029-4952) ,
¥ % 7 ¥ b & & Expasy PortParam . SOPMA |
SWISS MODEL . NetPhos 3.1 Server, TMHMM
2.0 Fi1 SignalP 6. 0 7£ £ M i, %F A T 4544
TR A A7 o1, B8 I X 45 3 3k A7 0
1.5 #ERFMSIWE M

56 B 1 | T A 50k % 0 DL R il O M it 50
JIT T 1 RNA B4R A5, 39 o K — i 2k (R R 4
AWRA R G, BARF LR 1.
1.6 EARNMBE

¥ FIPV-DF2 5 4k &% 4t CRFK 241 Mg , 15 20 M
PR o5 7 i M AR 1 RNA $2 BRUI 771 4 12 BB
RNA, Ff 3 i | % sl 7l & 7 3 cDNA. DLix
cDNA gt , F e O Bl AR S 5 1 (3R 1)
P E R A . PCR NS G By 8 7= ik 17
1% BhORG W B8 e vy UK %8 2, I R P 8 ¢ [l it 0] &
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Table 1 List of sequences
2 J741(5'—>3")
Name Sequence
pcDNA3. 1-NSP7-F CTATAGGGAGACCCAAGCTGGCTAGCATGGATTACAAGGACGACGATGACAAGTC-
TAAGCTGACCGAGATGA
pcDNA3. 1-NSP7-R GATCCGAGCTCGGTACCAAGCTTCTGCAGAATGGTGG
pcDNA3. 1-NSP8&-F CTATAGGGAGACCCAAGCTGGCTAGCATGTACCCTTATGATGTGCCCGACTATGC-
CAGCGTGGCCAGC
pcDNA3. 1-NSP8-R GATCCGAGCTCGGTACCAAGCTTCTGCAGCTTGGTAG
pcDNA3. 1-NSP12-F CTATAGGGAGACCCAAGCTGGCTAGCATGGAGCAAAAGCTCATTTCTGAAGAGGA-
CTTGCAGAGCTACCTGAACGAATGC
pcDNA3. 1-NSP12-R GTTTAAACGGGCCCTCTAGACTCGAGCTGCAGCACGGTGGAT
pcDNA3. 13 5| ¥ -F ATGGTGATGCGGTTTTGG
pcDNA3. 1ili 5 ¥ -R TGGCAACTAGAAGGCACAG

pET-30a-NSP7-F
pET-30a-NSP7-R

pET-30a-NSP8-F
pET-30a-NSP8-R

pET-30a-NSP12-F
pET-30a-NSP12-R
pET-30q il 151 ¥ -F
pET-30a:8 H 5191 -R
RNA #E4R

RNA 5

TTTAACTTTAAGAAGGAGATATACATATGTCTAAGCTGACCGAGATGAAGTGTAC
GTGGTGGTGGTGGTGCTCGAGTTAATGGTGATGGTGATGATGCTGCAGAATGGT -

GGTGTTCTC

TTTAACTTTAAGAAGGAGATATACATATGAGCGTGGCCAGCG
GTGGTGGTGGTGGTGCTCGAGTTAATGGTGATGGTGATGATGCTGCAGCTTGGT -

AGTGCG

TTTAACTTTAAGAAGGAGATATACATATGCAGAGCTACCTGAACGAATGC
GTGGTGGTGGTGGTGCTCGAGTTAATGGTGATGGTGATGATGCTGC
AGTAGTAGGTTGAGGCCGT
CCCCTCAAGACCCGTTT
UUUUUUUUUUAUAACUUAAUCUCACAUAGC
FAM’-GCUAUGUGAGAUUAAGUUAU

Bl B A3 R BE, W2 DNA W . 8 25 38 mkn
T 37°CHEAT AUEEYIZ IE 15 min, [ 7™ 4 28 %6 1 L
VK A2 I I e M AL 44, 72 DNA MR EE o [mlili
4 L 2 ERT R A 2 0% 35 X L R A, A () R
A MET 37 ‘CR 30 min, B S & T 4 CIRAER
1.7 EAFMRHRUMETE

B 10 pl | 3R W) 8 5 41 7= % i A & DH,, 5%
BL21(DE3) &3 25 40 Ml b, 52 55038 29, vKif 30 min,
42 Ca B HI AS s, 157K 3 min; JTA 900 uLL LB
W gk 37 CHR % 5 9% 1 h, U100 pl B R 4 A T A1
T M B LB AR M, 5] 4 3% 12~16 he BRECE
M b AR B e B TR 7K AT PCRJEE (B WK 1),
H 58 R BAPE R TR VR % T AR ) TR A B w1
1.8 4% £ 71 E (co-inmunoprecipitation, Co-IP)
ﬁhm

0 K E IE 5 19 pcDNAS3. 1-Flag-NSP7,
pcDNA3. 1-HA-NSP8 Hl pcDNA3. 1-Myc-NSP12

JFORE 5% e 22 293T 4, 24 h 7 W 4 40 i, TP 4 i
WAL I B O R . U > B INA SDS-PAGE
L REGR L, B AE N Input BEAS ; 4% L5 I ACH
N A 25 B TP — i (40 Bt Flag . HA . Myc Bt & | #
1: 100 % B¢ ) , 4 CiE & 2 &, ¥k H FILA Protein A+
G Agarose 4 CI¥H 4 h. WHE L HJE,2 500 r-min
2.0 5 min, YLUE A PBS Y% 5K, & 5 il A SDS-
PAGE EAEZE P, B Wb AE N IPREAR  HEA T B
F—20 ‘CLR-AFH T )5 22 SDS-PAGE HL UK R
1.9 [EHEERE R IRE (indirect immunofluorescence
assay,IFA)

K 293T 20 M Bl T 24 FL AR, 7% 4% AH L 19 5Tk
24 hJG 3 b, A PBSTEME 1K ;4% 2R H
B = 1 F % 20 min, PBS % ¥k 3 ¥ ; 0.4% Triton
X-1003% % 5 min, PBST§ £ 31552 BSA =R IFH
2 h, PBS ¥ 3 W Im AR A — i (1:1 000 Flag.,
HA Myc)4 CIE R 7%, PBS ¥ Uk 3 U 5 AR I 9
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PRI E 2 h, PBS I UE 3K DAPT L (IR I &
5 min, PBS 1 Uk 31K 5 5 Je {1 FH 28 O 1 B8 WL 4 2R
SRS VAR

1.10 ZEBREINE S (pull-down )ik I

it I A= 9 & b i i ) & % 464k S 9 NSPS F
NSP12 & H#FThril , KBRS AV R 5 W% E A
W2 0.5~2.0 mg-mL "% . 50 pl. ¥ % %
L BB IS L £ Binding Buffer SR IR G , 5
50 pL AE W) ZE bR i & & I F 30 min, B0 IUE
W RE I Bk % 5 A 250 pL. Biotin Blocking Solution
F P 8 min, 5 ] Binding Buffer ¥ % 3 WK ; 4 B A
200 pl %% Yt Flag-NSP7 Hl Myc-NSP12 Jfi i iy
293T 20 Ml 24/ W , 4 °C% B 1 h, 4 Wash Buffer PE %
SWEBRKREE G, Ve BAE A Input FEAS 5 5 )5 H
Elution Buffer $% 37 & Bt 10 min, W 52 9 I Wk , 57 Bl 4%
10: 1 el m A v R 22 i, 7 8 Pull-down A A4 .
FEAR B T —20 CLRAFE M T )5 28 SDS-PAGE H ik
iRl
1.11 ZFEBRHEEITIE (Western blot) i &

# Co-1P Al Pull-down i % 3% B (1) A% iF 17
15% SDS-PAGE % fig (1H £ 150 V) ; 7 H & 1 4
R4 4T B, 8 A 2 T CIE R 150 mA, B
60 min) ¥ 15 B 2 NC 3 75 I8 45 0005 5% it
i 25473 2 8 P 2 hs i A 22— PR BRIRR R 1 — T
(1:2 000 Flag . HA .Myc fil 1:1 000 biotin)4 ‘CH##¢ &
B, TBST BE ¥ 3 (454X 10 min) , Al AAH I HRP
FRiC ZHiE IR E 1 h, TBST ¥R 3R & Jm fdi J1
ECLAb 2= k6 B W, T &R R G R 4%
(CRE
1.12 RARp E&YIMIRIEFI 4L

B 1E 8 19 pET -30a-HIS-NSP7, pET-30a-
HIS-NSP8 il pET-30a-HIS-NSP12 & £ Jii ki 11t %
Wt o BT /DR B 3Rk B R R T R
Fie 1:504EF 2= S AR BT A R 2 mL LB B3R 5k,
225 rmin 'PE % 55 F& 4~5 h(ODyynn=0.6~0.8) ,
A1 mmol-L ™" IPTG, 435l & F 37 °C, 220 r*min '
K3 2M4h,25°C,220 r-min ' }F: 6 h, LA K& 16 °C,
180 remin” '#5 5% 16 ho WA WA, I JCTE PBS B %
TR AR : PBS=10: 1 T &, ¥ 75 0% % 2 1
BT L6 000 remin "B .0 5 min, B H, B
FULTE 1T SDS-PAGE 430 M7 o MR 4 &5 S ok 48 fe 1
V53 S A HEAT KBS 3 35k AR R A4, o e il
1 J5 M B3 BT TE T — 80 CLR A7 .

NSP12 8 [ aife " F B b3 4 0. 22 pm J§
R ok, 4 CHRAE . 1 AKTA & A 4l ik R Gtk 17
E LAk, 5 209 20 A4l K R Uk R
WHEWMM A 2 mLmin 'y ZREH FEANE L
SR SRR ELAY 20% £ B 4K | Buffer
ACFAMEREF R E W # N 2 mLomin ' H E B4 OF
R K uE 5 A LS REAR N A UERE IR B TR E N
ImL-min™', EHEZREH A E T Buffer Ap, o
Ve, H R LR A S T Buffer A, B H
T Buffer B, #% & Buffer B & # 0% ~100% £ 1 3%
JBE L BF 1] 20 min, 3% 2 mL-min ', R 48 UV 280 i {#
WA R B L AR S B RE AR B T 4 CCURAR s IR
545 A K B 1Y Buffer B Buffer A 4li /K #1 20% & B
PR e R I

NSP7 HINSP8 25 (4 4l fb ) g 5 14 I v
AT 8mol-L REP , FRIEAIEE 1 he HUA FHR
HEH Buffer C % B, B 0% & 5 A UTTE 10 000 r-min
4 °CE 0> 10 min, 1T 5 8 H 3L W F 30 min, fifi
EHSBEHER LA P AKTA U8 Mm%
BERAAE R |, 2R )5 F Buffer CSEAAE T FIEEA RS , 1%
EWEN1I mL-min 'HERELFE ;L1 mLmin !
(1% R JBE 6 B 2 1 200 min, Hop A B LA Buffer C i
W, B & LA Buffer DIEW %, 1% B Buffer D & &
0%~100% 5 74§ & 1 B J¥ 45 3, LA 100% Buffer D
1 mL min "B EE T — BB, B ERL A
EH T Buffer E,B4 B T Buffer D,iX & Buffer D &=
100 % ~0% £ PEPEE , B:F 8] 20 min, i3 2 mL-min~ ',
HRAE UV 280 W A Wie 4 e I 25 11, W4 I I HEAS B 1
4 CUKH o ¥ 2liAb 5 (28 11 R B 8 45 VR 46 Rg AT
I H BCA 377 5 5 R

RARp & A W) 48 19 O 44k 1) NSP7 \NSPS8
FINSP12 DL 1:2: 1 WY BE/R L AE 4 “CFE 4 h, R E H
100 ku 8 U84 PEAT VR 45 , & T — 80 CA H .

1.13 EFEEK A ENE RIRp B iE 1%

RARp BTG PR 22 SCHR[15-16 ] B 5 i
RNA 5| ¥y RS A 43 51 5 i T 2% o g (25 mmol- L
KCI, 2.5 mmol-L. ' EDTA, 10 mmol-L. ' Tris-HCI,
pH 8.0) H, 29k i 60 pmol-L ' B B A A1 5] 4
1: 1R 4,95 CAE P 5 min, B 1 pL AR -51 IR &
W ,1 pL ATP(100 mmol-L ') ,4.0 pL. RdRp & &
W (125 ng- pLL7") A1 4.0 pL. RdRp & I %% b ¥
[40 mmol-L™" Tris (pH 8.0) , 50 mmol-L™" KCI,
10 mmol-L ' MgCl,,2 mmol- L' DTT,0. 1 mg-mL™!
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BSA,1.5U-pL ' RNase il ##] it i 10 pL. RdRp

il 15 PE RN AR R, 37 CHEE 1 he KNS5 H s A

2XUrea-TBE FAEZE 0P, 95 “ChN#A 1 min, B J5 -

FE2 20% Urea-PAGE 8 M JE, 150 VHLIK 1.5 h, 78

B AR b AT A5

2 &F B

2.1 FIPV-DR2EHHINSPRELEMEREST
FIPV-DF2 & ¥ () NSP12 3£ [H 4 K K /N K

2772 bp, 415 923 M4 FE R . Expasy PortParam i

25 5L 7R, NSP12 (A X 4 3 52 104. 954 ku,

BEERLALRE

Phosphorylation potential o

A3 Hydropath./Kyte Doolittle
2 | ‘I
il i
© 4 fto Al T N A THO  JRT
8 Y ‘ dr W
? 0 I I ,,[,:"‘J[ |‘11|‘ M U“H M' A f-‘l'"‘; 1'1‘ '\!\fr'l‘!» AL
i L[ | W M (OB LT J [l
o LI 0™ T
4;'1"1 |r‘["|1 i ”‘il LJI“‘V BB 1]' I;‘ ‘
LR LRk '
. J - H : ‘ ]
-3
0 100 200 300 400 500 600 700 800 900
& L& /aa Position
E
1.2
>
= 1
Q0
T 0.8
206
04
fu'\l:".' lransmembren‘ce e
e 02 e —
0

100 200 300 400 500 600 700 800 900
{iz&/aa Position

2T A ConrHiis NiogO 150586, 25 HL 5 K 5. 69, g [l
ZHBN 78.35, 11 L A H (280 nm) 4 133 910, A fa
JERECH 30,51, B K PE R —0. 179( I 1A) , 3R
B R 12— PP AR E 19 R K MR 1. SOPMA il
NSP12 () e 5 AL 45 43. 51% A9 « BB5E (11.47%
SIE A 55 FD 45.02% 1Y JC M 45 il (& 1B) . SWISS
MODEL il il NSP12 ) = Z¢ 45 ¥4 an /1€ fros , H
4= R ALY 5 i 4% 1 (global model quality estimate,
GMQE) 24 0. 88, 5 ¥ £ A fig it 43 7 (qualitative
model energy analysis, QMEAN) & — 2. 36, it B T
WA = 2 25 A ERR PR 48 =y HLIR 2288/ NetPhos 3. 1

S [ R b (O T O R
"0 R WY T T A P

100 200 300 400 500 600 700 800 900

100 200 300 400 500 600 700 800 900
L& /aa Position

.........
Tyrosine
Threshold

n Ll
LA ECEEA

100 200 300 400 500 600 700 800 900
firE/aa Position

—

o

0

S ST UNECGV VLD ERCNGTDRONVSRAFD I YNKOVAC GKFLETNCSRFRNLDKHDAYYVVKACTESY
0 10 20 30 40 50 60 70
FF%l|/aa Protein sequence

A. NSPI12# [/ GiKPE 3 s B. NSP12 8 11 &5 Ul ; C. NSP12 8 1 =& B0 ; D. NSP12 45 1 B iR Ak A2 s 9l

M E. NSP12 8 [ B B4 #i s F. NSP12 8 A5 5 Ik #i

A. Hydrophilic/hydrophobic analysis of NSP12 protein; B. Secondary structure prediction of NSP12 protein; C. Tertiary structure

prediction of NSP12 protein; D. Phosphorylation sites prediction of NSP12 protein; E. Transmembrane structure prediction of

NSP12 protein; F. Signal peptide prediction of NSP12 protein
El1 FIPV-DF2E# NSPI2 EBHEWERFE D

Fig. 1 Bioinformatics analysis of NSP12 protein from the FIPV-DF2 strain
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Server Tl i 75 , NSP12 L4 90 A~ 2 fb v 5., 49
W 324 22 & iR (serine) |, 26 ™ i 4 R (tyrosine ) il
3275 & W (threonine) (K 1D) . TMHMM 2. 0 il
SignalP 6.0 il ¢ B , NSP12 & 1 0 3k 5 15 & (A
(K1E) B 5K 1F ),
2.2 NSP7.NSP8#1NSP12E HRAHE K KL

b #E5% NSP7  NSP8 il NSP12 2 [i] ) A . 1
Mo, AWF 98 & e M 8 T pcDNAS. 1-Flag-NSP7
(1 2A) .pcDNA3. 1-HA-NSP8([& 2B) FlpcDNA3. 1-
Myc-NSP12( & 2C) 5 21 Jii ki o B 25 28 M 45 d 4 T
W e e 2 293T 40 M P, 24 b Yl 4 40, il ot
Western blot f | & H R A E M . SR BN, A E
A 5k ¥R AL T, I B A R IR AR N H AR B
NSP7 & K/ R 10 ku( B 2D) ,NSP8 & H K/ K
23 ku([® 2E) ,NSP12 4 K/ A 105 ku( E 2F) .
2.3 NSP7.NSPSFINSP12Z B 7FEHEER

J AR 98 NSP7 . NSP8 #1 NSP12 2 [a] () #f
HAE R R O E AL R g g 2 293 T 4, 24 h
JE YR FEARBEAT Co-TP IR B0 . 2455 Won , Sy Ui e
NSP12 NSP7 fI NSP8 7K - B & 7t (& 3A) 5 f %2
JLIE NSPS NSP7 il NSP12 /K - W] i 725 (K 3B ) 5
[ kE , F B8 UL IE NSP7 \NSP8 A1 NSP12 /K F B & 7t
= (E13C) . Pull-down i 5 25 5 & B, biotin R it /Y
NSP12 a] 45 5 ¥ T i€ NSP7 (& 3D) ; biotin 45 i 1)
NSPS8 A] 5 5 1 UL i NSP12 Al NSP7 (& 3E~F) .,
i — 2038 3 TFA 2 5% W %8 NSP7 . NSP8 il NSP12
) 40 Jf 52 57 1 450, 445 5 R, NSPS8 FlI NSP12 = Zi7E
20 B 5 P 20K T NSP7 FE 40 A 5 RN 40 i i A
Pk, = H Z A AFAE I e i A (B 3G~1)
PL gt AL E R, NSP7 NSPS Al NSP12 2 [] £
TE A H AR
2.4 NSP7.NSPSFINSPI2 B#ZRIEEAR A
BREE

AW 58 B UESE FIPV-DF2 7 ¥k (9 NSP7 . NSP8
FINSP12 # H Z A A GAER . ik — 2 0 H
T RdRp i 3 P #F 55, 43 )l #4 @ NSP7. NSP8 Al
NSPI12 ()5 A% 2R ik H 20 BokL . 8 56, i 4 S 5
Y%} FIPV-DF2 # ¥k i) NSP7 .NSP8 il NSP12 #: X
#EAT PCRY™ 1S, v BE K /N3 51 2 249 bp (K 4A) |
585 bp (& 4B) f12 772 bp(E 4C) , Y5 A WA . ¥4
AR S A R By Ol B & pET-30a-HIS #14 , £
PCR %€ 5 W ¥ 5k, B 20 # 8 NSP7 (& 4D) |
NSPS([F 4E) M1 NSP12( & 4F ) % Fe ik 4R A .

2.5 NSP7.NSPSFINSPI2EHFSRIER4L

g 3545 a4k 1) NSP7 NSPS MINSP12 & M, i
JE XS 5 T R IR A HEAT AL o K DU E 5 Y DA
eIk 1 20 BTORLRL AL 2 O AT T, AR A [ I R A (]
s R IR RS o W A L B AT
VE , #F47 SDS-PAGE HLUk 43 BT o &5 8 & , NSP7
I NSPS7E 37 “CE5 2.4 h fl 25 “Ci& 5 6 h 443 1
e ek, Horh 25 °CiE 2 6 h WAL TR K h 45 1 3R
R E BB AR ER TGS aifb, R iR
KEFAE 1 mmol-L ' IPTG,25°C,6 h& i S
F 3K NSP7 fINSPS( &K 5A . B) . NSP127£ 37 Cifs
F 2.4 h#25°CiES 6 h kiR &Ik, 76 16 “Cifs
T 15 hiW 1E h 3Rk, 5 IR B4 1A 7R 2l 4k nT g 2 52
Wi 2 F 9 1, AR IE IS 22 RARp i 35 1k B Fa o, e
761 mmol-L "IPTG,16 ‘C,15 h &M F i S £ ik
NSP12(E 5C) . & FiRiAb &t 1715 5 25 I
I B A 25 2 BT 433l 446 NSP7 .NSP8 FlI NSP12
# 1. SDS-PAGE %5 % & 78 , NSP7., NSP8 il
NSP12 8 1R /N3 5120 10,23 #1105 ku( & 5D) , 1
H5HWM -8, RWEMEAC R4k, hikE
RdRp & &% , # 4l fk J5 1) NSP7 . NSP8 il NSP12
BB LR, 152 100 ku M8 984 W 4R, e
LG ETAHIFEAMASH RIRp E AW (K 5D) .
2.6 FIPV-DF2-RdRp E§iE 14 ik 16

3k RARp & & W) 1 Bl 0 v, AR F s e 1
LT BE B WA T 7 AR B SE i RNA S B2 AR
FMEIE R R . 25 R B, ) NSP12 8 ik
SV TG PR L RS ) RNA ZE {1 5% 5 T i1 NSP7.,
NSP8 Fl NSP12 3 [f] 41 1 i RdRp & A 9 W] BE A3 2%
FEMH RNABE(E 6) o LL g5 0 A B 9% 3 1 Ji
¥ 3k &R G Y gl Ak 1 B A g S P RdRp B
RN

RO o B

FIPV E ) FCoV Y fm BOE A8 5tk , 2 51 &
FIP M — 5 JEA . FIPV BB AL &2 2%,
i 35 Jey PR R e AR /I AT i A BE T S R AR
(4 3c KL KB S B AR ) B DI AR OCT L R,
HA .o &2 RHLE, L H R NSP12 54 Bh K+ NSP7/
NSP8 1t b 7] 75 FH A< 300 K o i B, 7™ 50 24 T P
BRI K. AR EIRFR G817 FIPV-DF2
Bk NSP12 53+ Fi % H 5 NSP7/NSP8 iy #H .
YEIREEC, A e RARp &2 & 9 09 D) 6E AR 1 PE | Sy $E [n]
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A Flag-NSP7 + - - + - + B Flag-NSP7 + - - + - + C Flag-NSP7 + - - + + +
HANNSP8 - + - - + + HA-NSP8 - + - + + + HA-NSP8 - + - + - +
Myc-NSP12 - - + + + + Myc-NSP12 - - + - + + Myc-NSP12 - - + - + +
Anti-Myc ——— Anti-Myc - Anti-Myc - -
IP:Myc| Anti-HA -_— IP:HA| Anti-HA - — i IP:Flag| Anti-HA — -_—
Anti-Flag - - Anti-Flag - - Anti-Flag [ —— -
Anti-Myc -~-"‘M| Anti-Myc — ——— Anti-Myc .y Ssee-
i i - =
gl Anti-HA = "~I Input Anti-HA - - e Input Anti-HA| = w-— —
Anti-Flag [ e Anti-Flag | aem - Anti-Flag [ JE—
GAPDH --—---’| GAPDH l.—_—-—-—b—-ﬂ GAPDH [T — —=———
D biotin-NSP12 -+ vetor-Myc  + + s 8
Flag-NSP7 + + vetor-HA  + s * =
Anti-iotin[ == NSNP;PZQMF{Z - N * I
Pull-down | i Flag [T e i . .
o
Anti-biotin o g
Input| Anti-Flag s s
GAPDH | === Q
=
E - F .
biotin-NSP8 - + biotin-NSP8 -+ <
Flag-NSP7 _+ + Myc-NSP12_+ + T
Anti-biotin - Bl Anti-biotin -
o ull-down : N
Pull-down Anti-Flag - Antl—Myc—u— o
5]
Anti-biotin -— Anti-biotin - =
Input| Anti-Flag [*% ™8 Input| Anti-Myc |~ B
GAPDH | == GAPDH | == 5
- ©
=
H vetor-Myc & + - - I vetor-Flag + + - -
vetor-Flag + - + vetor-HA + - + -
NSP12-Myc - - + + NSP7-Flag - - + +
NSP7-Flag - + - + NSP8-HA - + - +

Flag  DAPI

HA

Magnified Merge

o
2
o}
=
-
@
=
=
o
T
=

A. Co-IP#&ill NSP12 5 NSP7 NSP8HYFH HAE T s B. Co-IP 4l NSP8 5 NSP7 NSP12 HYHH HAET;C. Co-IP 4l NSP7 5
NSP8.NSP12 AR BAEH] ;D. Pull-down il NSP7 #I NSP12 ¥y B4 FAE H  E. Pull-down £l NSP7 Fl NSP8 11y H #2410 H.
YE s F. Pull-down & Il NSP8 Fl NSP12 iy B #2 A H.AE FH s G. IFA & ] NSP8 Fl NSP12 iy 4k 5 {7 ; H. IFA £ il NSP7 1
NSP12 (3t E A7 ;1. IFA KD NSP7 MINSPS (3L E 7 o B G~TH 45 1-4 4743 AR )L =500 pum, 45 54743 A5 R =100 pm

A. The interaction between NSP12 and NSP7 or NSP8 was evaluated by Co-IP; B. The interaction between NSP8 and NSP7 or
NSP12 was evaluated by Co-1P; C. The interaction between NSP7 and NSP8 or NSP12 was evaluated by Co-IP; D. The direct
interaction between NSP7 and NSP12 was evaluated by Pull-down; E. The direct interaction between NSP7 and NSP8 was
evaluated by Pull-down; F. The direct interaction between NSP8 and NSP12 was evaluated by Pull-down; G. The
colocalization of NSP8 and NSP12 was evaluated by IFA; H. The colocalization of NSP7 and NSP12 was evaluated by IFA;
1. The colocalization of NSP7 and NSP8 was evaluated by IFA. In Figures G to I, the scale bar for the first four rows is 500 pm,
and the scale bar for the fifth row is 100 pm

B3 NSP7.NSP8#1NSP12 2 [8 K E1E

Fig.3 Interactions of NSP7, NSP8, and NSP12
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2 3 N 2 3 N 2 3 N
NSPs (2172 o
NSP7 (585 bp) P)
(249 bp)

12 3 4 5 6 7 N 12 3 45 6 7 N 12 3 4 56 7

2000 zooo 1066 by 5200 125300
730 bp 9 3988
288 %88

A. NSP7 IR Beyr 3 (1~3. NSP7 3 A BE) 3 B. NSP8 N ) By 4% (1~3. NSP8 N )i Bt ) s C. NSP12 3: 4 i B 4
(1~3. NSP12 %[N Jv BE) ;D. NSP7 B 41 B Y 18 7% PCR ¥ E (1~7. NSP7 Bk ) s E. NSP8 5 241 Fki () 14 % PCR %4
(1~7. NSPSIPEFCEE ) s F. NSP12 H 41 JFOki 19 14 7% PCR %252 (1~7. NSP12 FHYE S ) s M. DNA Z» 7 Ft i b o s N B 1k
PO

A. Amplification of the NSP7 gene fragment (1-3. NSP7 gene fragment) ; B. Amplification of the NSP8 gene fragment (1-3.
NSPS8 gene fragment) ; C. Amplification of the NSP12 gene fragment (1-3. NSP12 gene fragment) ; D. Colony PCR
identification of the NSP7 recombinant plasmid (1-7. NSP7 positive clones) ; E. Colony PCR identification of the NSP8

recombinant plasmid (1-7. NSP8 positive clones) ; F. Colony PCR identification of the NSP12 recombinant plasmid (1-7.
NSP12 positive clones) ; M. DNA marker; N. Negative control

4 NSP7.NSP8#INSP12E [H ¥ i & BHRAH 2

Fig. 4 Amplification of NSP7, NSP8 and NSP12 genes and construction of recombinant plasmids

ZEAY LY T IS 5 R OR A ez B E 4B e . AR R, BR

AYE B 2E TR FIPV-DF2 NSP12 % fknl il i 9815 RARp 930 41 A 7 47 3 52 & A 241 8 %40
TE I SE KM 1, T REE R L o BB iE (43,51 %) Fl R W B A BN B R NS AR (1Y
JC R i (45.02%) A E , 5 SARS-CoV-2  BEERALME MG AT 3G 5 H 5 5 =N TR0 4 A, g e oE
NSP12 {00 &5 4 41 1, $275 Ho e RARp AR A% & il 52 & 8 ™ . e Ak, 15 3 BB (0 PKR
D FHE R SHBIN TS S M INK) ] f a3 # R 1k NSP12 2 5 bk 75 18 3% 1Y
BB, NetPhos B 25 3 WoR X E A& A 90 #0& . Ban, % i A7 vEIE 75 9% & NSP12 1] 5 45 &
MHERRAAL 8L (324 Ser 324 Thr 26 1> Tyr), B3 E31Z R &40 RNF7 A EAEH], Hiz R A& i n] 41
% T HoAth 5& R 3 (1 SARS-CoV-2-NSP12 4 & il # A . Ik, FIPV NSP12 ff B & 19 £ 4~
79 AW R AL AL A5 B R FIPV NSP12 9 1% % nf W 1 Ak o7 A5 TT 8 38 1 25 L PIL ) 9 #72 RdRp 36 M, 5%

A M1 2 345 67 8 910 1112 B M1 2345 67 8 91011 12

(B5 Fig.5)
(#T% Carried forward)
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(% B 5 Continued)

K
P Q;Q’ Qg@/
C M1 23 45 67 8 910 11 12 D & FF
. p = m!!—NSPIZ
NSP12 s -
(105 ku) o T -
™ R -

A RS 40T NSPT 8 (1R B, RIRE S &0 T NSPS #1355 C. AIFIE R &M T NSP128 (13%3ik;D. SDS-
PAGE i ill NSP7 \NSP8 NSPI2 I RARp B W& H . M. EHAMX B ARE; 1~3. 37 °C,2 0,220 rrmin " 3R IKE W4
WL LV DDUE ;4~6. 37 °C,4 h,220 remin "iE SRR LR LU UUE;7~9. 25°C,6h,220 remin” R REF LR | L
W UUHE ;10~12. 16 °C,15 h, 180 r-min i &K 5 AW . L3 DUUTE

A. Expression of NSP7 protein under different induction conditions; B. Expression of NSP8 protein under different induction
conditions; C. Expression of NSP12 protein under different induction conditions; D. Detection of NSP7, NSP8, NSP12 and
RdRp complex proteins by SDS-PAGE; M. Protein marker; 1-3. Samples of whole-cell lysate, supernatant, and pellet fractions
collected after induction at 37 °C for 2 h (220 r=min~") ; 4-6. Samples of whole-cell lysate, supernatant, and pellet fractions
collected after induction at 37 ‘C for 4 h (220 r*min ') ; 7-9. Samples of whole-cell lysate, supernatant, and pellet fractions
collected after induction at 25 °C for 6 h (220 r=min~') ; 10-12. Samples of whole-cell lysate, supernatant, and pellet fractions
collected after induction at 16 °C for 15 h (180 r-min™")

5 NSP7.NSP8.NSP12F1RdARp EFME A4

Fig. 5 Purification of NSP7, NSP8, NSP12 and RdRp complex proteins

A 5-FAM- GCUAUGUGAGAUUAAGUUAU
3 CGAUACACUCUAAUUCAAUAUUUUUUUUUU

50 nt
45 nt
40 nt
35nt

30 nt

—— FEfi RNA
—— AR RNA

25 nt
—— 514 RNA

20 nt

15 nt

10 nt

AL B -BAR R RARp & A W E 7R 38 8 s B 28 RNA RS RNA SEMEE s B A7 . 526K I RNA JEAE ; 1. 403 514 - B4R 5
2. 519 -BAR M RARp Z A5 3. 51W)-#EAR AT NSP12 &

A. Schematic diagram of primer-template extension by the RdRp complex; B left. Detection of RNA extension products by RNA
dye staining; B right. Fluorescence-based detection of RNA extension products; 1. Only primer-template; 2. Primer-template
and RdRp complex; 3. Primer-template and NSP12 protein

6 RdRp fiE MK 10

Fig. 6 RdRp enzyme activity assay
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A AR U RS S IV R RS A

A WF 98 3 3 Co-1P ., Pull-down 1 IFA i % JiF
5, FIPV NSP12 5 NSP7 NSPS8 7£ 293T 4if g i fig
Wt EZ A, B =% E 8 E 0 T 400 5% .
45 R 5 SARS-CoV-2 . SARS-CoV H iy Ml S iF 58
—FO7T NSP7 Ml NSPS8 il it 1 5 NSP12 (1) # b 4%
BREN SRS A AR T, B E R T RARp 16 . 14K
Hb TS 5 i — 20 R W], (Y NSP7.NSP8 5
NSP12 W fE7E I, & 5 Y A B 4 RNA # 2 fif g
71, BB NSP12 JC i 4k 6 M . X 5 R RO
RdRp (9 1E F AL AH AT, B NSP7 F1 NSP81E 2 43+
PEAR, AT 1 A E NSP12 B A5 T 45 0 dul 5 1 A
B -5 RS 11 fige i, DA T 980 L SR A T g
SR, FIPV RdRp X 4 B P 14 4 36 14 7T 56 07 5
SARS-CoV-2 NSP12 7 4 &k v] 3¢ 3t AR /K F- 19
A A PE', T AS BF 5T o FIPV NSP12 8 77 78 i)
A I 2 1% PR R AT g 5 FIPV NSP7 F1 NSPS
A B AT JE N = R AR O AE R A SR — E T Pk
FEP

AHIF 5E W ) 38 L JRAZ Gk R G A T alifk
NSP7 NSP8 #l NSP12 % 1, - F F 8 0 vk 45 1 4K
BMTEHAENGEMNRIRp E AW . HMATEWNE,
NSP7 Fl NSP8 7E Jii #% 3% 35 i 32 22 LU A 1 RO X 77
P, T AR R A BRI AT Al Ak . AR A Y TR e
HOGHE EEK X OB R A e A
S UNSP7 A NSPS 1 Ay 56l IR 9 85 5 il 52 A
i Bh T, TR & AT K BT, 3T K S NSP12
9 AH BVE R DL 4 FF L R AR M % o il 4, SARS-
CoV-2 ) NSP7 Al NSP8 7£ 5.7l 3% ik i b 5 JE il £
TR A7)0 B L T 1 e K T B NSP12 (4 B . A
2 NSP12 ZE AR5 5 45 40 T AT S2 38R 43 v] %
PERIE X AT e H AR K PESR , A P o 1R
JiE 5 TR A i o S WD T B K A O Y 2 R R
AR 04T 2 A, NSP12 v w5 i 0 HL ) 45
ot L 451 A, 165 o AL 52 R TR M AN IR 5 T 0 A e 2% 2R
1A B R il 1 88 2 P X 3% 40 3 B, DA bt 4
P e o SR A T o e R0

4 & it

AW RS WY T FIPV-DF2 NSP12 4 4 +
B E & H 5 NSP7/NSPS i A T AE ML, B 3h #
T HA WM RARp & &Y, JF 52 T AR 1
TRAMEG IS M AR R o 45 R R NSP12 A B AR

AL IS, RA 16 5 NSP7 Al NSPS 3 [l 41 i &
AW, A e & RARp Tk . X 28 & B (IR 1k
T X FIPV & Sl AL Y B , o FF & § 7] RARp (1)
U FIP 25935858 T QB LAl .

% 2% Lk (References) :

[1] WANG Y T, HSIEH L E, DAI Y R, et al
Polymorphisms in the feline TNFA and CD209 genes
are associated with the outcome of feline coronavirus
infection[ J]. Vet Res,2014,45(1):123.

[ 2] IZES A M, YU J,NORRIS J M, et al. Current status
on treatment options for feline infectious peritonitis and
SARS-CoV-2 positive cats [J]. Vet Quart, 2020, 40
(1):322-330.

[ 3] YAN L,GE J,ZHENG L, et al. Cryo-EM Structure
of an extended SARS-CoV-2 replication and
transcription complex reveals an intermediate state in
cap synthesis[ J]. Cell,2021,184(1) : 184-193.

[ 4] PATHANIA S, RAWAL R K, SINGH P K. RdRp
(RNA-dependent RNA polymerase) : a key target
providing anti-virals for the management of various
viral diseases[ J]. Mol Struct,2022,1250:131756.

[5] JIANG Y, YIN W, XU H E. RNA-dependent RNA
polymerase: structure, mechanism, and drug discovery
for COVID-19 [J]. Biochem Biophys Res Commun,
2021,538:47-53.

[ 6] SINGHD,KUSHWAHA T,KULANDAISAMY R,
et al. Redefining NSP12 activity in SARS-CoV-2 and
its regulation by NSP8 and NSP7 [J]. Mol Ther
Nucleic Acids,2025,36(1):102452.

[ 7] KIRCHDOERFER R N, WARD A B. Structure of
the SARS-CoV nspl2 polymerase bound to nsp7 and
nsp8 co-factors[J]. Nat Commun,2019,10(1) : 2342.

[ 8] XIA H,LIX,ZHAO W, et al. Adaptive evolution of
feline coronavirus genes based on selection analysis
[J]. Biomed Res Int,2020,2020:9089768.

(9] Jsts, 0 5,8 %% . 4 SZF{K 0580 5 (K C iy
T A Y IR A R IR KR W 2 DI RE R B A A [T]. &
PR, 2023,54(7) :2991-3001.

JING T T, YIN H, HUANG R, et al. Prokaryotic
expression and biological function analysis of Mycoplasma
bovis 0580 gene C-terminal truncated [J]. Acta Veterinaria
et Zootechnica Sinica, 2023, 54 (7) : 2991-3001. (in

Chinese)



2 M LA AR Y I 56 9 2 RARp &2 AW Y 38 3 4l 1k K i 3% 1 50 E 977
[10] & . AU a9 8 RNA R4 B & 6 7 Pl & on pathogenesis, diagnostics, and treatment [J]. Vet
PUG 3 45 2B RO ST (D). P9 BRI R R Clin N Am-small,2020,50(5) :1001-1011.
2021. (19] Bk AT E B0 CRAEAE % . B AU AR 2 RDRP #Y
CHENG T. Study of the replication molecular mechanism JRHE R IK 2 TR PUR S % KA AR B T].
and antiviral probiotics screening of human norovirus s IR AR e 4= 8, 2022,17(1) :9-13.
RNA polymerase [D]. Xi’ an: Shaanxi University of CHEN K, YAN S, SONG T H, et al. Prokaryotic
Science & Technology,2021. (in Chinese) expression, polyclonal antibody preparation, and
(111 Ao A . B K FTF 0 25 AR 25 ) 2 1 Y 2 1k bioinformatic analysis of the SARS-CoV-2 RNA-
Saifb e [D]. R BRI TR, 2017. dependent RNA polymerase [J]. Journal of Pathogen
HE W. Study on the renaturation and purification of Biology,2022,17(1):9-13. (in Chinese)
pharmaceutical protein expressed as inclusion body in [20] JAKUBIEC A, TOURNIER V,DRUGEON G, et al.
recombinant E. coli [D]. Shanghai: East China University Phosphorylation of viral RNA-dependent RNA
of Science and Technology,2017. (in Chinese) polymerase and its role in replication of a plus-strand
(2] R B . JBOR SF FA 3 oo 28 2k 3 23 S 1 b 3l 4 RNA virus[J]. J Biol Chem, 2006, 281 (30) : 21236~
HA M E A A RT-QuIC AR D] dbst. b [ g 21249.
o T B 4 1l v Oy, 2021 [21] DUFLOS C,MICHIELS T. Regulation of viral RNA-
WU J X. Analysis of prion protein genes in tibetan dependent RNA polymerases by phosphorylation
antelope and blue sheep, and the application of [J/OL]. Front Virol, 2023 (3) : fviro-03-1176840.
recombinant prion proteins from five animal species in [2025-11-21]. https://www. frontiersin. org/journals/
RT-QuIC [D]. Beijing: Chinese Center for Disease virology/articles/10. 3389/ fviro. 2023. 1176840/ full.
Control and Prevention, 2021. (in Chinese) [22] NOPPAKUNMONGKOLCHAI W,POYOMTIP T,
[13] PODADERA A, CAMPO L, REHMAN F, et al. JNTTAWUTTIPOKA T, et al. Inhibition of protein
Optimized recombinant expression and purification of kinase C promotes dengue virus replication [J]. J
the SARS-CoV-2 polymerase complex [J]. Curr Virol,2016,13:35.
Protoc,2024,4(3) :¢1007. [23] ZHEHR. HRATHEEERSE Nspl2 BAER AWM EC
[14] Z=SCHE. M HE 1) RNA MRHE A RNA B4 B 3% 40 LAER A D] dbat: b = R BF B, 2018.
il e ARG B ML PEIE (D], b s o E Ak BB, LI H C. Identification and functional analysis of
2023. proteins interacting with porcine epidemic diarrhea
LI W K. Mechanism of gossypol inhibiting coronaviruses virus' Nspl2 [D]. Beijing: Chinese Academy of
by targeting RNA-dependent RNA polymerase [D]. Agricultural Sciences, 2018. (in Chinese)
Beijing: Chinese Academy of Agricultural Sciences, [24] SAVILLE J] W,BEREZUK A M, SRIVASTAVA S
2023. (in Chinese) S, et al. Three-dimensional visualization of viral
[15] YIN W, LUAN X, LI Z, et al. Structural basis for structure, entry, and replication underlying the spread
inhibition of the SARS-CoV-2 RNA polymerase by of SARS-CoV-2 [J]. Chem Rev, 2022, 122 (17) :
suramin [J]. Nat Struct Mol Biol, 2021, 28 (3) : 14066-14084.
319-25. [25] XIAO Y, MA Q, RESTLE T, et al. Nonstructural
[16] MATYUGINA E, PETUSHKOV I, SURZHIKOV proteins 7 and 8 of feline coronavirus form a 2: 1
S, et al. Nucleoside analogs that inhibit SARS-CoV-2 heterotrimer that exhibits primer-independent RNA
replication by blocking interaction of virus polymerase polymerase activity [J]. J Virol, 2012, 86 (8) : 4444-
with RNA[J]. Int J Mol Sci, 2023 ,24(4) :3361. 4454,
[17] TEKES G, THIEL H J. Feline coronaviruses: [26] DYSON M R, SHADBOLT S P, VINCENT K J,
pathogenesis of feline infectious peritonitis [J]. Adv et al. Production of soluble mammalian proteins in
Virus Res,2016,96:193-218. Escherichia coli: identification of protein features that
[18] KENNEDY M A. Feline infectious peritonitis : update correlate  with successful expression [J]. BMC



J78 BN R % 57 %
Biotechnol,2004,4:32. ultrasound on the functional properties and structural
[27] GRABARZF,LOPES AP Y,BARBOSAF F,etal. changes of chicken liver insoluble proteins isolated by
Strategies for the production of soluble interferon-alpha isoelectric  solubilization/precipitation [J]. Ultrason
consensus and potential application in arboviruses and Sonochem ,2025,112:107165.
SARS-CoV-2[J]. Life-Basel,2021,11(6) : 460. [30] KIM M J, PARK H S, SEO K H, et al. Complete
[28] WILAMOWSKI M, HAMMEL M, LEITE W, et al. solubilization and purification of recombinant human

[29]

Transient and stabilized complexes of Nsp7, Nsp8, and
Nspl2 in SARS-CoV-2 replication [J]. Biophys J,
2021,120(15) :3152-3165.

MAO R, XIONG G, ZHENG H, et al. Effect of

growth hormone produced in Escherichia coli [J].
PLo0S One,2013,8(2) :e56168.
(i HKF)



