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Expression and purification of porcine epidemic diarrhea virus helicase
Nsp13 and verification of its RNA unwinding activity
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(College of Veterinary Medicine, Nanjing Agricultural University, Nanjing 210095, China)

Abstract ;: The aim of this study was to obtain soluble expressed and purified porcine epidemic diarrhea virus (PEDV) helicase Nsp13, and
the RNA unwinding activity of the purified PEDV Nspl3 was verified. The recombinant plasmid pET28a (+) —-PEDV Nspl3 was trans-
formed into Transetta ( DE3) , and 0. 5 mmol/L IPTG was used to induce the cells at 18 °C for 16 h. The induced bacteria were ultrasonically
crushed and the supernatant was collected. The purified PEDV Nspl13 was obtained by nickel affinity chromatography. Next, we established
an in vitro unwinding reaction system to verify the RNA unwinding activity of the protein, and its RNA unwinding activity was further verified
by exploring the RNA unwinding activity of PEDV nsp13 under the condition of different temperatures. In summary, PEDV Nspl3 at a con-
centration of 0. 9 mg/mL was solubly expressed and purified in the E. coli system, and it was verified that PEDV Nsp13 protein had ATP~-de-
pendent RNA helicase activity through in vitro unwinding assay. Besides, it was found that the RNA helicase unwinding activity of PEDV
Nspl3 increased when the temperature rose within a certain range. This study laid the foundation for further study of the RNA unwinding

mechanism of PEDV Nspl3.
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R {H PEDV Nspl3 & 85 A7 16 DL b 4E 5 i 15 1
%%, Ren %58 BFSEIESE T PEDV Nspl3 Y 5'—3' XUk
DNA F1 RNA fif et Pk, H7ERINGT XUEE DNA A i
BEBE ) = FWLEE RNA, SR1Ma2 4~ 1k, £ %) PEDV
Nspl3 A AT PE R Ik 4lifk B FL RNA fif e 0 14 ) i 52
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AR K IAFE R GEXF PEDV Nspl3 #4715
PEFRIL, IR R ERUZ TR AR % 8 A iE T alifh
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1 #MR5FE

1.1 iXgasry
L1.1 RES5EH

%% GenBank LAY PEDV (JX188454.1)
Nsp13 SEHPH, ZICHMAHAEY (ZH0) BhARA
AT, G, pET28a (+) #IAK
AR SZ 8 = 47, TransSa 5 Transetta (DE3) J&3%
A gk X EAEWEARA AR,

1.1.2 RNA ¥#4%

%% Ren %% 55 Shu 45"/ X RNA JK¥I YK IT,
JEXT RNA 85 P 7E M BEAE 15 1% A & BANT 51 X A
HIP ST IR, RNAL ¥4, 5'- (Cy5) CAUAC-
AGUACAGGGAUCACCUCAGUUCGACUAUCGAGUAAUC -
3', RNA2 J¥%1. 5'-~GAUUACUCGAUAGUCGAA-CU-
GAGG-3', trap RNA J¥%1]. 5" - CCUCAGUUCGAC-
UAUCGAGUAAUC-3", b ¥ 5134 i i w2 R A )
BHE A BRAF A L
1.1.3 EZKHA

1 Marker (180 kDa) 5 ECL fb2% %t i A
W A U ME R AR R Ry A IRA R, RN -B-
D-AREFLEFE (IPTG) Wy H BRI AR A
FRZA ], BeyoGold™ His—tag Purification Resin ( i 4%
PEFIEL) 5 xEE A LA . BCA B FIVR I 3k
F & . RNase M5, ATP MEIEWHIG 1 G2 =

KEYFARGIRAF, BPr His PLIAE [ Proteintech
vd], HRP-EHUER 1o 1 A 550N SRR A PR
Al, TEMREF4EZR (NC) JRIA H Cytiva AH], #EHr4E
(#FA 311 14 kDa) W H LS E YR A RRA
Al ZHRIERE (DTT) MW HACE R ERHCA R A
A], DEPC W H bl T A AL B B A A BR 28 7
NaCl 5 MgCL W [ E 254 A LA BR/A ], Spectra™
ZE5EIEHEE A FEARER H Thermo Fisher 23 Al
1.1.4 EENE

NanoDrop One #7173 OGEE T, W24
IR FE IR S fE R S F2 46 04 Thermo Fisher 23 7], 15
B LS R BEHR 32 U F Eppendorf A ], 1 H
WAL A Bio-Rad A F], ¥EMUA H i KAERHEA
FRAF, ZIREREILS Typhoon Z HIREROEIIHEYL
WA Cytiva 227, HIGUA F Epson A A, fHREEIR
WA F Crystal 2 &), A8 75 I 40 IR 65 {0 F e ol B BR
ACAR ) 1 A B2 , Z IR MR AU H Tecan 2\ A s
THIR GBI H FEKR GRS A RA R,
B A At s — A Y RHE A R A
1.2 PEDV Nspl13 EAREFRHHILEE

¥ pET28a (+) —-PEDV Nspl3 20 i ki A K
JAFT IR TransSoc JBSZ SN, SRR T RIS
RPN LB FARF-# b, 37 CIEER =M T
R, PRI vE P TR VR B P 21 R IR B R PUERY LB A
B bbb, 37 CHERER TR, ¥Rk Z2EHAY
(LB B ABRAFEDN Y, HIWF45 RS GenBank
i PEDV (JX188454.1) Y Nspl3 &5 4T HEXT
1.3 PEDV Nspl13 EHWAAMERIE

¥ pET28a (+) -PEDV Nspl3 5 20 Ji ki A K
JAAF A Transetta (DE3) JBAZ AN, Bl 5K B4
B Transetta (DE3) /pET28a (+) —-PEDV Nspl3 {%
FhFRIBE RPitEm LB MR 373, 37 °C 200
v/minfRF IR R, WH, L1100 =
200 mL RAREE Z Pk LB MR F= 3, 37 °C 200
v/min ¥5 328 0D [HiEF] 0.6 ~0. 8 B, ALK E
9 0.5 mmol/L 1) IPTG, 18 “C#55 16 h. 8 000 r/min
B0 15 min BEEREA, 20 mL A9 20 mmol/L Tris—
HCl v S WA S, S T A e (350 W, T
E3s, K6 s), ZREMWEIH. 8 000 r/min .1
15 min, 35000 B S U00E, B—F LIS W&
0.45 pm JEMRETEIE, LA EFESLHEAT 10% SDS-PAGE
ST I RIBE
1.4 PEDV Nspl13 EQ4L R &GHL

HEYRAd ] ddH, O 1 20 mmol/L Tris—HCI 2% #hii
THURE R RUZNTHE, J KRB N PEDV Nspl3 &
FRPE FE W A R s E A, & 0, 10, 20, 50,
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A 20 mmol/L Tris—HCl 2% R AR ¥R e it 2= 5 , B¢
J&, MYKJH 200, 300, 500 mmol/L Tris—HCI 2% i
Ve H B9 1, SR 10% SDS-PAGE 43 #r H: 4l fk
RO .
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1.7 SDS-PAGE X Western blot X7

¥4 35 Transetta (DE3) /pET28a (+) F4ifk
BTG I RE A 48 10% SDS-PAGE 708, &% 4
Wrsa i g o S B 65 AT R g B IR 22 10%
SDS-PAGE 73 B354 EN &= NC i, BiJ5 FH 5% s 5
F 37 CHM 1 hy; PBST ¥Ev 5 Wk, IR His Prik
(1:20 000 #iks) 4 CHFF LA ; PBST BEU 51K,
HRP—FEHi Bl [gG (1 : 10 000 Fi#%) ZEIEMFHE 1 h;
PBST PEi% 5 K, fa, A ECL b2 &t B e it
iri e, fiH 2 D a8 R AURE, M % iE PEDV
Nspl13 [ IERFRIAFI4lifl
1.8 RNA E¥WHiZIT5H&

Beit 1 X HsE RNA 751 (RNAL/RNA2), #4
&4 RNA B K& % : 10 mmol/L Tris, 20 mmol/L
NaCl, pH=7.5, RNA1 5 RNA2 7EM A R T 24 )8
%95 CIFE S min FIREEZER, RNAL FFHIA]
DAAT RNA2 488 )7 5138 ok O XWUEE, JE R A 5 -
overhang G5 f4 I ALEE RNA |, Cy5 a6+,

Sy AR T I AUEE RNA (RNAL/RNA2) [ 3hiB
KOAREE , ARBFFE T 1 B trap RNA 731, %7 51
5 RNA2 JF¥8 I Ia) B AR, W] 559FRIEH RNAT 525+
%54 RNA2 J371,

1.9 PEDV Nspl3 f#iEiE 1L E
Pl A S0 il T S W AR & (10 L) @ 30 mmol/L

Tris (pH=7.5), 0.1 mg/mL BSA, 1% H i, 3
mmol/L MgCl,, 2 mmol/L DTT, 4 U/pL RNase il i
7, 4 nmol/L dsRNA, 8 nmol/L trap RNA, 3 mmol/L
ATP, 60 nmol/L PEDV Nspl3, ¥ iREIKIRS )G &
F 16 CINL 10 min, HEAEA 2xZ L bl (50
mmol/L EDTA - Na, - 2H,0. 1% SDS. 10% H7i) &
ABIEETKLE, £10%IE% % PAGE ik 3 h J5, H
Typhoon Z DI REFOCIAFA L 5HT
1.10 REXTREREE AT

FRAE 1. 9 TAEARIMAIRE R DR R, ¥ AR
WIRA G 9E T 16, 25 F137 °C W 10 min, 5%
TRFUR 2x 2 B p R A TR BTk b, 4 10%3E4%
PE PAGE 4347 3 h J&, JH Typhoon £ S BEOGFIFEY
WA, IR Tmage J A X6 figk Jie e 8 64 7 5 f:
581, FIF GraphPad #4214,
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ZHEY AT, P45 RS GenBank H PEDV
(JX188454. 1) 1Y Nspl3 J@al AT Ibxt, HEHR T
yl5ea —3, KUIEHFA pET28a (+) -PEDV
Nspl3 PR,

Wik 10% SDS-PAGE Bk & R IBIE O, 45
R, & pET28a (+) —PEDV Nspl3 B 2H ki 1 K
JAFF B Transetta (DE3) it IPTG 554 70 kDa 4b
AUlRAAN, KNS EMEREARA %, HEHRSD
H B o, AR Z0A S 10 5 24 s e AL TG
B (B 1), BRAEKESERIEFMNT, PEDV
Nsp13 )ik Bl iR ah SR 584y

M. A AR AESh; 1. 5 SR Transetta (DE3) Wik, 2. S5
Transetta (DE3) B{A; 3. iS5 Transetta (DE3) i (iuER) ;
4. PF)5 Transetta (DE3) FiEW (iHUE)5); 5. ¥ FJ5 Transetta
(DE3) ¥,

1 pET28a (+) -PEDV Nspl3 EARHAFRE
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X EIE W KR A8 PEDV Nspl3 25 H R TR
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FHWEA S EE, BMEAREDE (K2), el (K3), X—TEERK T HYEE His r
alifb AN — Ak 2 SR RUZ ML R SS AR, AR T HAE A

10% SDS-PAGE Z5 5 Won, FHBEMILT 1 His RS SHEE TSSO, NMTEGED 55|
min/mL, ZifLJ57E 70 kDa ffHE AR H 54, H  WEESWEHNEA,

M. ZEERES; 1. 75580 Transetta (DE3) HiA; 2. 555 Transetta (DE3) H&; 3. %S )5 Transetta (DE3) ULIE; 4. 555 Transetta
(DE3) LiEW; 5. B LHERZE; 6~9. DRMEBEBIR IS /5129 0, 10, 20 F150 mmol/L; 10~13. BRMEZEMEREEER Jy 100 mmol/L; 14~ 16.
IR A 3 JBE Y0 ¥ B2 241 200 mmol/ Ly 17 ~19. BRIBYZEBEBVR BE 34k 300 mmol/L; 20. BRIEPEME IR & >4 500 mmol/L,,

2 PEDV Nspl3 SRFEMEWNANUER (LBFREHRE)

M. AR ; 1. 5507 Transetta (DE3) HA; 2. 5535 Transetta (DE3) K, 3. 555 Transetta (DE3) FIEW; 4. 555 Transetta
(DE3) VLiE; 5. HEE RS ; 6~8. WKIRSEIR R IE 430 0, 10 120 mmol/L; 9~10. BRMELEBI R BE A 50 mmol/L; 11~12. BRIESEE
WA E L 100 mmol/L; 13~ 16. 1K W V% JI5 8 #k B2 147 4 200 mmol/ Ly 17 ~20. B M 3% I 8 ¥ 2 44 2 300 mmol/L; 21, K B 5 it 9% ¥4 B8 K 500
mmol/L,

B3 PEDV Nspl3 SREMEMANLLER (LFRAREA 1 mL/min)

2.3 PEDV Nspl3 it £F KR ENE
W4k 53 PEDV Nspl3 & F1H#EHT3B 0T, M
FBRLAG TR A ki, DLk e DR sk 5% BA X6} 5 52 it TiE ik
YR, KBTI AR B B A RE S, A BCA
P R0 R e AT R I, D gl Ak R Y
PEDV Nspl3 2 W E N 0.9 mg/mL, XFiBE 5 W sE
F & 31T SDS-PAGE il Western blot 258, 4%
WoR, 7670 kDa Fff 35 A — W] 5 B R 5 vk 45l (]
4), RO AT, MEAE T IIEERAR
PEDV Nspl3 &M,
Zi b, W KRG R G By AT s Sl M. HEb S 1 TR Transetta (DE3) /pET28a (+); 2. 45
W PE AL, #3257 %05 4% 19 PEDV Nspl3 25 TRHI PEDV NspI3.

, WEH 0.9 mg/mL,
H, WEH 0.9 mg/m B4 PEDV Nspl3 B3 SDS-PAGE (A) 7

Western blot £ (B) (&KkiEZEHLHE8.56 pg)
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2.4 PEDV Nspl3 RNA fEEiE R EE

X FE ik atifk I &S Y PEDV Nspl3 & H JEF T i
BEIGTEYERE . 22 95 CAFRJF B XUE RNA 278k A
H RNA, HA ATP 5 H45 PEDV Nspl3 Bk & A fiE
PR S, AR o, [FIRFEA ATP A1 PEDV
Nspl3 FIIRRTE 16 CHFE 10 min BT REW £
HEESE (5), FRWIAA ST AT i Pk R ik alifb 15 3
) PEDV Nsp13 B A ATP #K#i i RNA fi g sk

1. 95 CAbHEXTHR; 2. 4 ATP JC PEDV Nspl3 Xt1f; 3. & PEDV
Nspl3 JC ATP X8, 4. # ATP A PEDV Nspl3; M0k B KR RNA
B AR S,

5 PEDV RNA f#iE R HI8E

2.5 BEX RNA fRIEI R M

AT T AN FERREE S5/ S XF PEDV Nspl3 fif
TR HR ST . {4 1] Tmage J 243 500 XoF A i s
o0, RN, EMERHEET, —aEEE N
AR T ERSH2 T PEDV Nspl3 BIfEIENRE (K 6) .

A. AR PAGE 255, kil 1 95 CALBEXTHR, 2 A ATP
JG PEDV Nsp13 XJ 88, 3 7 PEDV Nspl3 JG ATP ¥[8, 4 HFH ATP A
PEDV Nspl3 (16 °C), 5 & ATP & PEDV Nspl3 (25 °C), 6 A
ATP 45 PEDV Nspl3 (37 C), MRELBFR/R RNA #, fLMAEMRE
Cy5; B. flelm e,

B 6 AREIRET PEDV Nspl3 RNA R0 R EL B

3 it

3.1 PEDV Nsp13 AliAMERES LU D

AR AR T w5 R e % PEDV Nspl3 #E47
AIER IS, KIGHF R R ARG B A R A
ik, #aAEMIfE, RAEmEFIA, EEARIRTH
M7k —" AR AR KB AT R R A
WRAEERARE, WHRAFER, JoEE %
PR, Fralifesd i T EARVE A RE VA R, RIS
(8K v Wi R s = D s R P N R O LN g = B
ARG B KRGS M e B A Y Dise,
PEDV Nspl13 HH/ER —F g, 76 iyl
T AR BB A% ol AR e 3k o A vk B P A58 1 25 ]
—YEGERL MR G T X A e S PR S

BORFRMTHEARAE y—Fpri R A aife R,
HFHE IR R B T 5 B & A Y His br28fE7E
Fem M EAEN, M4 G )E, AR S E A
BT His i e P81, il B i & 1 pk vk
B TMTESERR AR, BTN SR R R T
FEAE—E ARRE R LS G, HEGHCR TR T H
M His P28 S EF 1R RS G, B R HIBK
A EE VR 5K, (B A R S A4 TE AR R EE
BRI R g e, AT SEEE H A9 2 S 28 8 R S
B, ARURAEECERZENT ATy, B ENER
FIRAE IS WAEE IVERT A s s 2, Jf
AT B2 381 v e B8 R4 7 K s e B A FE RO, e ARk
JBEVR R AR B A B B AR R AR
AL, BAAERE 1 mL/min BT R T, 1EEIRK
HRARE] TR B, Ix DA L R 8 ik
R HMNEASSRE FEA R, &SRB NEAN
Bk, WRBMEEEGRLS G, SR AR R R
PEZE G RCR M 8, i b5 B AR S e R R
K,

ARS8 i K AT TR e 3k 3R G R 2% 2 B B
A, 2t 10% SDS-PAGE , Western blot K i B2
UE T iz AT MR IR A T R B IS5 5 0.9 mg/mL
B4 PEDV Nspl3 &, DM RIEZHA .
3.2 PEDV Nspl3 figigtEn#r

ARG T 1 41558 RNA Y, T Cys
P ThRiC Hd 1 45 RNA 8% IR K5 REETE i
5'—overhang &5, it 10%E4E 1 PAGE 41 B Huk
RNA 535 RNA, I H Typhoon 2 D BB Hli
PEREAFS IR . 1 TZOhRC P eE RNA HiR K
TE B A8 D CARIC I BUE RNA B AH XS 70 F B A
A, FEAHRIE ] N EA R F R IR, vl LA R
PLEAXUEE RNA NS, JF&5 S8R, BEITR
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LR s e A R PR T e 0 0 R P A AR LA
RNA e 53T H shiB K IE o, X 56 B 1 i
ARG, AR BT T 1 4 TE0OEARIC I tap
RNA, AEMESE & & CPOLPRICH) RNA2NY ) HAEY
M 2 ' BB 1) AR &5

FIH A 58 0 %5 1 e ik 4lifk 1) PEDV Nspl3 &
FI, 454 1 41 RNA JRYETT I 1 BRI iE
TRZMEST, &P PEDV Nspl3 25 [ REAS e A 5%
W18 K 5’ —overhang RNA JIEY), BOIE T AT
Fikaifb i) PEDV Nspl3 2 (1 HA RNA f# €6 1,
JFHIEGUE T PEDV Nspl3 ) 5'—3' ) RNA fif et 4,
5 Ren 28 BSR4 R —3L,

AL, ARBFSEIERT PEDV Nspl3 25 15 XU RNA
JEYIRIELE 16, 25 FI1 37 C IR T MEEs ol #-4T 145
5o GEREH, £ 10 min KW [E] N, PEDV Nspl3
[ RNA fif i 35 P B L 0 T s i T, — 25 I
T AW E K 4ifL 15 2] PEDV Nspl3 i RNA fi# JiE
itE, T PEDV Nspl3 J&—Fhfi e i, 1 i 250 %
TEH R IR T 2 AR ETE Pk, oL nT L
PEDV f# Jig i Nsp13 15 RNA fi# Jig 3= 75 v i) S oy 1 JiE
A H A A MR R, FH RIS ) PN ) i R B, A
TIOWLAR B2 25 1, R RS 1 T (A5 S ) 3 iz sl
PR, PR T B ] A AR T R A, I HLRRRE RS
R s A TR, AR R R, S —A>
P AR T ACE A [ BsF TV PR A e i 8 22 o 1) S A

4 #FHig

AHIRFE A FH KA AT R Fe 1k R G vl Vs P ek 4tk
3] THRE ] 0.9 mg/mL AU E 24 PEDV Nspl3
H, JFiEad 141 RNA JRPIIE TR K 1 RSN lie
RV RS, BF T R A 4ifk 5 2 4 PEDV
Nspl13 Z& 119 RNA ff e BG4, 7ELIEml -, it
XA B[] Y 16, 25 i1 37 °CHRJE Z4F T RNA fiffjig
ORI L, &P PEDV Nspl3 &[4 RNA fift i il 1%
PR E — S 915 ] P T U 8 ) T v T R

S

[1]  SONG D, MOON H, KANG B. Porcine epidemic diarrhea: a review
of current epidemiology and available vaccines [ J]. Clin Exp

Vaccine Res, 2015, 4 (2): 166-176.

(2]

[3]

[7]

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

RIS A T M TS 0 25 (9 SR R TR AE B — AR
ARAEAZIHORE RS [D]. BB il R, 2017.
STEVENSON G W, HOANG H, SCHWARTZ K J, et al. Emergence
of porcine epidemic diarrhea virus in the United States: clinical
signs, lesions, and viral genomic sequences [ J]. J Vet Diagn
Invest, 2013, 25 (5): 649-654.

LUO Y, ZHANG J, DENG X, et al. Complete genome sequence of a
highly prevalent isolate of porcine epidemic diarrhea virus in South
China [J]. J Virol, 2012, 86 (17): 9551.

CAVANAGH D. Nidovirales: a new order comprising Coronaviridae
and Arteriviridae [ J]. Arch Virol, 1997, 142 (3) . 629-633.
KOCHERHANS R, BRIDGEN A, ACKERMANN M, et al. Comple-
tion of the porcine epidemic diarrhoea coronavirus (PEDV) genome
sequence [ J]. Virus Genes, 2001, 23 (2). 137-144.
VLASOVA A N, MARTHALER D, WANG Q, et al. Distinct char-
acteristics and complex evolution of PEDV strains, North America,
May 2013-February 2014 []]. Emerg Infect Dis, 2014, 20 (10):
1620-1628.

REN J, DING Z, FANG P, et al. ATPase and helicase activities of
porcine epidemic diarrhea virus nspl13 [ J]. Vet Microbiol, 2021,
257 109074.

FRICK D N. The hepatitis C virus NS3 protein: a model RNA heli-
case and potential drug target [ J]. Curr Issues Mol Biol, 2007, 9
(1): 1-20.

WILKINS C, GALE M Jr. Recognition of viruses by cytoplasmic sen-
sors [J]. Curr Opin Immunol, 2010, 22 (1) 41-47.

KWONG A D, RAO B G, JEANG K T. Viral and cellular RNA heli-
cases as antiviral targets [ J]. Nat Rev Drug Discov, 2005, 4
(10) . 845-853.

SHU T, HUANG M, WU D, et al. SARS-Coronavirus—2 Nspl3
possesses NTPase and RNA helicase activities that can be inhibited
by bismuth salts [ ]J]. Virologica Sinica, 2020, 35 321-329.
HAYAT S M G, FARAHANI N, GOLICHENARI B, et al. Recom-
binant protein expression in Escherichia coli (E. coli): what we
need to know [J]. Curr Pharm Des, 2018, 24 (6). 718-725.
HAL, Edik, EYL, % MILERRREMLRE 2 EHEAFS
FIRMAEAL AR [T]. M RURL R % %4, 2019, 42
(2): 316-321.

F Mg, B, EEE, A AS Cu/Zn SOD JFU T M RIK %
et fe (1], KREDBEZDRE¥HR, 2018, 34 (4):
669-672.

WA, B3, wE, % KIBFTE R SLA-3 H A5 1B
HLIRWZ O [J]. BAEY ¥R, 2017, 44 (2):
394-401.

PUTNAM A, JANKOWSKY E. Analysis of duplex unwinding by
RNA helicases using stopped —flow fluorescence spectroscopy [ J].

Methods Enzymol, 2012, 511 1-27.



