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A Frmey s RN E M &L E A R NSP5-pGEX-6P-1 1 & #% % ik i &t NSP5-pFLAG-CMV-3, & # NSP5-pFLAG-

CMV-3 # % 4}l J5 8 1= Western Blow’ru Al 9% 7 Kk Wl NSP5 78 2937 40 jf B By 5% 35 fn 2 L ; NSP5-pGEX-6P-1 £ # 1,
E.coli BL2I(DE3) JE A IPTG R E VIR E R FI A E 3 AN F BHEE B RAANE S E G R LM, L GST 3¢l 48 4 g 4 1L
& & B SDS-PAGE #1 Western Blot #4175 %, &8 #ﬁ&%?;ﬁﬁ% # & NSP5-pFLAG-CMV-3 #1 & # % 3k # & NSP5-
pGEX-6P-1, % NSP5-pFLAG-CMV-3 % % & B 293T 48 2 3 it Western Blot 3 iF NSP5 & & 78 40 Ji b & 3h & 1k . Bl 3 % %
AN EF EHAEAEABA T EE, 37 C.8 h.0.4 mmol/L IPTG % % % NSP5-pGEX-6P-1 E G (k& & 4, LU &
R R RAE K F# 4T R %K, SDS-PAGE #1 Western Blot K HE A E A4 3y, &% Ry ME NSPs 4 %4 &
SLRWMNT NSPs EEF S RAMAHAMNLES.
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Cloning, identification, expression and optimization of

induction of rotavirus NSP5

LIN Jia-feng, TAO Xiao-li, LU Heng-zhang, YU Mei-ling, LI Ting-ting,
LI Teng-fei, CHENG Mei-hui, L1 Yong-gang

(Department of Pathogenic Biology, School of Basic Medical Sciences ,
Jinzhou Medical University ,Jinzhou 121000, China)

Abstract: We aimed to lay a foundation for the development of NSP5 polyclonal antibodies and follow-up studies on the
function of NSP5 and its role in rotavirus replication. Molecular recombination technology was used to construct the recombi-
nant plasmids NSP5-pGEX-6P-1 and NSP5-pFLAG-CMV-3. Subsequently, NSP5-pFLLAG-CMV-3 was transfected into cells.
Western blotting was used to detect NSP5 expression, and cellular localization tests were rapidly performed with IFA. NSP5-
pGEX-6P-1 was transformed into E. coli BL.21 (DE3). and the prokaryotic expression conditions were optimized in terms of
IPTG concentration, temperature and induction time. We purified the protein with GST Sefinose resin and identified it by SDS-
PAGE and western blotting. Finally, NSP5-pFLAG-CMV-3 and NSP5-pGEX-6P-1 were constructed. NSP5 was found to be
highly expressed in cells, and fluorescence microscopy indicated that it was mainly concentrated in the cytoplasm. After several
optimization tests, the optimal induction conditions for prokaryotic expression of NSP5-pGEX-6P-1 were determined to be 37
C, 8 hand 0.4 mmol/L IPTG after transformation of E. coli BL.21 (DE3). In addition. the protein was found primarily in in-
clusion bodies in the pellet. SDS-PAGE and western blotting showed that the recombinant protein was successfully purified. In
short, an NSP5 recombinant system was successfully developed, and the optimized conditions for inducing expression of NSP5
enabled successful protein purification.

Keywords: Rotavirus; NSP5; gene recombination; protein expression; protein purification

T HBA T A S E (NoJYTQN201925) Supported by the Education Youth Nursery Project of Liaoning
BRAEA : # AR Email: lygjo@hotmail.com; Provincial Department (No.J YTQN201925)

ORCID: 0000-0002-3600-2994
EEBRGHBMNEM AL LABEF KRR LD FATE, &N
121000

Corresponding author: Li Yong-gang, Email: lygjo@ hotmail.com



704 BOEON B L RO IR

2021,37(8)

R 95 75 (Rotavirus, RV) & BE W5 AKX 1 3h
Y| — R 50 1k 3R Go e IR 0 5 L9 5 AT AR B/
Jon B T HL B 35 € S 20 A T A0 I R K Y fE
F, H5H A RNAJEREM L. © 5 5% 6 fd
1 (VP1, VP2, VP3, VP4, VP6,VP7) K 6 ik
45Ky % 1 (NSP1, NSP2, NSP3, NSP4, NSP5,
NSP6) . % 75 (4 3 58 N BUW A & B2 AW ¥ &
XY RV KL -1 R R i B TN
BRIE— MBS P RE R e AL fr . AR SR E A T
EAPTE IR E  A~C HEEW S BN LMY IR
5. D~G HHRRREEYIET . £ 9 K& & B
A At BREAA AR I 0 — R R ] R R
G REAE L% R G BAR R, ™ 5 # PR
ABZR R T N N A R 2 | (19 = W5 1N i VR =
72000 T 2 WA R 24 i B0 L I AN O 7 S5 1
=[] 9 FAE HIL A EOm HLELE A Ry — 2 A 5T .

YE—Fh 2 A AR 4549 85 1 . NSPs B & i
WERR Ak 1Y D fE , e 7 40 i T PN 3R 5k AR e 1 4500 7
S AU R I, PR R, B R 2 R E A
B S0 NSPS 1] 5 NSP2, VP2 LI K VP6 i H
] g 1l 1 ST AAS T 7 BT A SR 1 A I
B, — ke ik /N T RNA7 (MicroR-
NA-7 ) F ] NSP5 1y 23k . Wi 52 i 95 2 F1 44
AT JIF 0 RV &Y, kel WL, NSP5 78 9%
BRI R B LAY E TP R EE EENEN.,
8 B AR A AT 5, AW 58 R FH 43 F 5 B 0 J7 1%
FEE A 41 RV-NSP5 5 21 2 A 28 1A ke 46 H e 20 ffg
I 2R3, I A% 3R Gk 1 A5 A A T AR AR 43 A, 1
FilVE A R R AR T — P RS B bk RV
NSP5 T 15 34 58 H B A 0 09 45 H S [ B o8 5 22 2
B B2 AH 5 T390 0 1 25 e 1L 52 00 BR A

1 MBE5RE

1.1 EEAE S5

L1 REE MG R ARSI A 4 RV
I FE AR 20 B A O O T A R R B — BB LS A
as 293T 20 M W T A6 5T B AL ES 22 Be 40 0
pGEX-6P-1 J5i 1% % 3k # Akl pFLAG-CMV-3 K #%
IR A TR 5 M BE R R S A ) 2 S R AR AT

1.1.2 X# KOD-PLus-Neo PCR " i 7 & 1
KT HA TOYOBO 22wl 5 R E N Y B EcoR 1
Wi Xho 1 . Xba 1 i .DNA % £ i F 5 5% 12571
S SETF K% TaKaRa /A Al ; TRIzol Reagent LS
3% F Ambion 28 &) s DNA &8 B Bt ) & L JookL
DNA 53 ) & #8936 T 56 [F Axyprep 24 0l 5 ¥
i DNA 7 ¥y a4k 125 & W 36 T b 5t RAR A= AL BF 4
A BR/A T s DH5a, BL21 (DE3) 8% 57 45 40 Ml | 2% v
FRAN (Ampicilin, Amp) | 5 P 3574 2 FUH T (Tso-
propyl B-D-Thiogalactoside, IPTG) B L3 By | ik
HERER I 3K T AL 5 2Ok F R A R 2 7l s DMEM
By IR I MR B LW #RIA K T Gibeo 24 W] BCA HH
B I R & W 3K T m RAE Y HOR A | GST
IR A AL AL BRI 3K T B A T4 Rl 9T FLAG H#
ol PL AR SE T Sigma 2 Al Mouse Anti-B-actin
mAb 1 Mouse Anti-GST mAb 3L Tt 5t h #2 4
Mr A W) R A BR 2y 7] 5 Alexa Flour 594 goat anti-
mouse IgG (H+ L) #1 HRP-goat anti-mouse IgG
(H+L) #BWEF 3£ E Invitrogen 23 A 5,

1.2 NSP5 J5UR% K A 38 3 A 1 1 7

1.2.1 51356 MR I 8 A 1S 60 B AR
VAT S T 5 4 BLAST K il 45 5 % | ) 3 A
HER T . LK 1,

F1 BRFE NP5 B RERRIESY

Tab.1 Rotavirus NSP5 prokaryotic and eukaryotic expression primers

g 3 I L 4% Fe 5 Fi Al 8 P9 D) il PR /bp
NSP5-pGEX-6P-1 F: TAAGGAATTCATGTCTCTCAGCATTGACGTAAC EcoR 1 605
R:ATTACTCGAGTTACAAATCTTCGATCAATTGCA Xho |
NSP5-pFLAG-CMV-3  F: TAAGGAATTCATGTCTCTCAGCATTGACGTAAC EcoR 1 605
R:CTCGTCTAGATTACAAATCTTCGATCAATTGC Xba |

T T 2B 3 D D)7 A3

1.2.2 #HU RV RNA & PCR §"# NSP5 M RV
6 7 B BRI B RNA, 2853 I 5% 5% \PCR JZ v #6145
RS NSPS JEH . 2 b AR R K43 : KOD-PLus-

Neo [ 1 pL,cDNA 1 puL,dNTP 5 pl, MgSO, 3
pL,10 X PCR Buffer 5 pL, E F##5I44 1 pl. &
Ji H ddH, O M2 2 50 pLs 241 F .94 CHpLE 2



8 HA WRE,F IR mFE NSPS 5% 57 ki RE LKA 705

min; 98 °C 454k 10 5,58 ‘CFF4E 30 5,68 °C £54:
30 s, 4k 35 MER ;&5 68 C F54E 7 min, HLIKG .
4 NSP5 H #4547 Ui It H 4l 4k mfic, 0 5 354k
1.2.3  NSP5-pGEX-6P-1 fil NSP5-pFLAG-CMV-3
A A% XFalifb i) NSP5 R B 1 4s 344k XU
I, B U1 5 0 AR & 43 ) A pGEX-6P-1 5 NSP5
2.5 pg EcoR T 1 pl., Xho I 1 puL,10 X H Buffer
5 pl, ddH,O #b 2 & 50 pL; pFLAG-CMV-3 1§
NSP5 2.5 pg. EcoR 11 pl, Xba I 1 pl,10X M
Buffer 5 x1..0.1% BSA 5 pL.ddH,O %M &£ % 50 pl,
kR 37 TR 3 h, DNA AR 44k 7 [0, 28 H
TR UE FEE IS /N AH A B fE A R B DL R B
Betle 1+ 5 Wil AR 10 pl EAT M B, 0 A
10 pL,16 “C RN 1 h, 54k DHSo 32 240, 56 2
d 36 40 A 8 R A L AR IR B R A A e B TR
1T % PCR 0120 B0 UE . 500 PHAE 2, Bl AT o 42
Kr BB UE . T A5 TR 2% T O 4 0 G AR R
oA B E 5

1.3 NSP5-pFLAG-CMV-3 E ¥ 40 i %; 4 K A1 5=
iRl

1.3.1 293T 40 RG = S e gt 293T 4 Ml ¥ iR 4
fL6X10" BRI E 6 fLoh R E R ., HFK
F] 60 ~70% By B, B AL 240 pL Opti-MEM
Fike 10 pL PEL B RSV 2R G . ZREF 5
min; R J5 240 pL Opti-MEM # B 4 pg NSP5-
pFLAG-CMV-3 H 41 i ki, F [5 ¥ 09 77 ik W B
pFLAG-CMV-3 =5 8 K, 8 b 3R 6 B W 20 ) 22 18
RAVZRME 20 min, fJa . AT FL 5 5% 40
Jil 48 h, Fl T Western Blot Fl[a] 3 4 32 5 Gk
1.3.2  Western blot £l NSP5-pFLAG-CMV-3
UL IS W W WA, BN FLINA 250 pL 1Y NP-
40,780 B, —20 CHRAF, EAMERE 10%
SDS-PAGE 43 %, 15V £ % 12 min, PVDF 47
AR, 5% Bl Wk B A 2.5 he RE.H
HPAW 12 2 000 Ffi B B BT Bractin UK. 1 = 5 000
() EL 9 s B SR T FLAG BifAk .12 PVDF i 4 C it
o 1XPBST ¥ 10 min X 3 ¥ ; 91 HRP-goat
anti-mouse IgG (H4L)£: 1 = 3 000 H B J5 85 B 14
A L E 1 ho ¥ 10 min X 3 . ECL &
WL K NSP5-pFLAG-CMV-3 & H 76 41 il K °F |
ik,

1.3.3 (R s ek O A0 B SR A E T
FRT . AREAEFER AN ZRPEHE 1 b,
500 pL PBS Pk 3 . i 200 pL 0.1% Triton X-
100 #+# 15 min, 500 L. PBS % 3 ¥k, 1% BSA

FHE 1 h.PBS YEJE. N 1 ¢ 200 Fb AR B A R BT
FLAG.37 CHEA h# & 1 h, W —3i.500 pl
PBS i 3 I, HEJEIREE FANA 1 2 500 LG B 1)
FEPUR N P, 37 CIR AL 1 h, Wi BT,
PBS ¥k )5, ia 1190 B i B R A .
1.4 NSP5-pGEX-6P-1 JF % # ik f s F 1 ik
1.4.1 NSP5-pGEX-6P-1 7£ K Ji AT Bt 1 J5 b 32 3k
NSP5-pGEX-6P-1 #4k %] E.coli BL21(DE3) i1, &
FEAN B S FRA AR KR . B O A A Y TR R
FERPE 150 mL Fr&EAY LB B3R (1 = 1 000 By H 4
T Amp)  EFHIRFE R 5 55, B 2 H A W 1A OD
BN E] 0.6~0.8 B, 3% ¥ A [a] 48 15 X fe i 8 15 5
TR AT R IPTG W (0,0.2,0.4,0.6,
0.8.1.0.1.2 mmol/L) i S (28 “CH1 37 “CHLL
K% Smf A (2.,4.6.8,10,12 h),
1.4.2 NSP5-pGEX-6P-1 A %Pt £ ik alifb % E
BB R AF A AR S 2 5 S AR R L vk
Wi R TAE 5 s k10 s, B A 99 . A&
J& B AR I L UKV SR T 400 L PBS BT
WEMRITIIA), & W 50 pl [ g M vE A8 v B0 R
i SRE L #E AT S 8 SDS-PAGE 208, & KBRS
FIB e L DUUE B 11 B 50 R Y 28 M 22 vh i 5t 43 %
fife 4 CHERIIR . R H AW A & $h R I &2 1
S VRO U B A LRV B . MR GST Bl b
2l A B N U B A5 L 5 A R A R L 5 4l Ak BT
RHMEAMWKE, M5 ik EAEAERE
% PVDF JE,Mouse Anti-GST mAb &—¥$i.HRP-
goat anti-mouse 1gG (H+L) b —Hi,. 25 LI 1 ¢
2 0001 1 ¢ 3 000 Fii B¢, 34T Western Blot &l ,

2 % B

2.1 RV-NSP5 HH ¥ H RV cDNA £ & Xf
NSP5 (4F 5 5| Wy #EAT R b 15, vk 45 R R 1,
605 bp A& 47 Bl — B 5 45 . 5 WU BE K/ — 3K
(1, W45 R ik — 20 3R W, RV-NSP5 LA 41
ALY

2.2 EHBENEEREE PR Y&
DNA J§ [l gl B U] 75 264k B R B i 422 , i Ak 5]
DH5a 1, $2& B BT A% J5 43 51 i FH EcoR1/Xhol #il
EcoRI/Xba | #E47 XUEG Y56 UE 15 3 ) 4 5 PR
F/NHFF (R 2.3) . LW 745 RAE , i3 7 51 5
NSP5 3 [ J5 51 A — 2, % B NSP5-pGEX-6P-1 #ll
NSP5-pFLAG-CM V-3 # 41 [ ki #4 8 5l 2h (& 4,
5.
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4500 bp 4500 PFLAG-CMV-3
3000 3500 pGEX-6P-1 3000
2000 3000 2000
1200 2000 —
800 1200 -
500 800 RV-NSP5 RV-NSP5
500 500
200 200

14 RV-NSP5 H# A B 1 2y NSP5-pGEX-6P-1 Jit 4

B 1 RV-NSP5 & PCR 7= #) B ik 2 NSP5-pGEX-6P-1 W Egt] 4 E
# R Fig.2 Double restriction digestion
Fig.1 RV-NSP5 gene PCR product identification of NSP5-pGEX-

electrophoresis results 6P-1

200

1 4 NSP5-pFLAG-CMV-3 Jii i

E 3 NSP5-pFLAG-CMV-3 W Egt]] & E

Fig.3 Double restriction digestion
identification of NSP5-pFLAG-
CMV-3

B 4 NSP5-pGEX-6P-1 Hill FF ¥ E B (5 & E )
Fig.4 Sequencing identification map of NSP5-pGEX-6P-1 (partial screenshot)

TTGTTGGAGCTGCAGTTGC TGACTACAAAG

ACGATG

ACGACAAGCTTGCGGBGCCEGECGE AAT

\
\
0 160

110

5

B 5 NSP5-pFLAG-CMV-3 Kyl F & EE (35 8 )
Fig.5 Sequencing identification map of NSP5-pFLAG-CMV-3 (partial screenshot)

2.3 Western blot 38 il NSP5-pFLAG-CMV-3 7£
M Ay %35 NSP5-pFLAG-CMV-3 % it &
293T 4}, 431 NSP5 76 240 M K 7 b iy k15 00 .
1 & I 78, NSP5-pFLAG-CMV-3 % ¢ J5 16 2 25 kD
EIRE A, Y A S KV, I pFLAG-CMV-3
23 BRI G T A B Akl (L 6) .

2.4 ]2 4 B8 9L K I NSP5-pFLAG-CMV-3 7E
ML 4r A NSP5-pFLAG-CMV-3 §% 4 %8 293T
M2 5 A 37 CHNME G FR 48 h G % 48 h, IFA 4554
FH, ¥ Y NSP5-pFLAG-CMV-3 [ 41 i fig % Wi %<

BN 9O F B A AR A M BT b A ML A% T A SO #
B¢ pFLAG-CMV-3 75 8K A 2 30 45 5 PR 2¢O
(B 7D,

2.5 NSP5-pGEX-6P-1 fifb ik difb % £
B SEAME i E NSP5-pGEX-6P-1 il i 5 4
4 37 °C .8 h IPTG 0.4 mmol/L, # 75 B 7 3K 15
VW UOVE B, F T LUK S — 2P g 8 S BT
GERLR W], AE BE E HE S & T, NSP5-pGEX-
6P-1 KB4 2 AL I AR TE 5 5 4 T D0 TE Hh 335, i
A L B AR R A T LR (B 8A) . AL IR R
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1 2

s NSP5-pFLAG-CMV-3

W s [-actin

1 MY pFLAG-CMV-3 ki ; 2 b 4 NSP5-pFLAG-CMV-3

B 6 NSP5-pFLAG-CMV-3 % 3t 293T 4§ il 9 Western
Blot #: il

Fig.6 NSP5-pFLAG-CMV-3 transfected 293T cells detec-
ted by western blotting

A B e T 2 BUORL NSPS-pFLAG-CMV-3; B Jy ¥ e 25 45 f&
pFLAG-CMV-3 Jfi ki

7 NSP5-pFLAG-CMV-3 # 8 #% f2 & 5 S 4 U (50 X )
Fig.7 Indirect immunofluorescence detection of NSP5-

pFLAG-CMV-3 (50X )

HAEARE V22 5 . 4 GST Biis i 5 ok A2 AT
VR . 24k BT AR 1 B R E O 0.92 mg/mL(K 8B) .,
2 Western Blot £l , i fb (%) @il & 8 (1 RE 9L HT GST
BAGURES R HAE 48 kD A A b AT — SR Rk
ZH A BUWR/IN (8 80D

3 it it

MRS ERE KNS I B A —,
249 95 % W B4 LAE 5 % i 32 b Il e, e A 45 B
Ap A B B R T — AR R BT R
BE AL B AL &2 4% . & ] 19 58 T 8 43 R RN s s 7 19
O T, 48 TER ok TR R s e . 2 4B
T P R RE U RE A i T A AR 25 W B i 5 AT
BT RS L O IR 25 1 BE DR o AT %
B MR ML 35 0 X K 5 1 3 8 B AR HLER E AT
TRAMESE . AT iy fizp 3 26 5 B 1 4G 00 0 ¥ o7 42 43t
WAL,

NSP5 J& W 2 56 R4 11 B BEgm % 09 & 1 i, &
KA 22 AR 90 AR ZFh B E R B AL, S
5 RV BPE 5 18 K T4 B 6 5 5 & i JE
MEARBSHEGERELERENMEH . KT R
] 15 4% 22 HOR 1 2458 B4 K 2% 1™ 42 NSPS iy

2 1
kD
B 250
- = i 2. 1 M kD
- 70 250
- S5 150
100
| Bl F
kD-
25 30 T
20 37kD-
37 !
;q _ 15
25
- 0
20
A B C

A:NSP5-pGEX-6P-1 T A s 5 1 44 Mg J5 43 Hr . 1 M 2R 5 1Y 1
B 2y 2L 5 0 DT UE BB B: NSP5-pGEX-6P-1 4l fk & 1
SDS-PAGE 43 #r: 1 #1 2 Jy 2l fk 7 15 i & 4 4 11 C: NSP5-
pGEX-6P-1 £lifk7& 1111 Western Blot 4 Wl : 1 Jy 4li fb iF 14 ity T
HEN
E 8 NSP5-pGEX-6P-1 A AN RiE S 4k
Fig.8 Expression and purification of soluble NSP5-pGEX-
6P-1

FE B AN R G LS E NSP5 8748 % RV ik 2 Bk 1Y
SO, 25 5 % B NSPS 2o i il 11 1k 2 %€ e [ JE o B¢
JRM R SCHEE B I H 2 T NSP5 19 C A i J& B
1E B 52 W BE T s B TR At AR p Y G B AR
FHE ) B S . Buttafuoco 28007 % B NSP5 & 31k
VIR R BB il & 5 NSP2. VP2 45 & ¥ il
IS5, Y A T URE AR 1 S A e A v R A
MER XA & A AR e D ReER AL T
MG . Hh It SR WL NSPS R 25 4 2 11 A 7 A
il R R 3 g R R B Al R AR L B DL NSPS 2
] fin b 15 R e i 32 0 EL Db B 0k ok A s WK 2
JE NIRRT — KR,

A YR 5T 30 A b A R B NSPS B I 5 %
FIK RYGe, — 77 8 o i Y FUAZ 20 ok B 5 4
BLTE ALK | (1 223515 B, M IR AR 98 NSP5 1)
i6e 5 Bom AL R AL TR B 5 — L S T E
A A S L R R DR TR A O T R L IR R
ML R 0 B T AL A & SR DU
5 AW B IE T Buttafuoco 838 35 19 W &4, I
HB A2l fk NSP5 2 11, 3% 8 ifF il Z et 7 — %
(18 17 30 i A

FlamME: L

SIAAXER Mm% Hra, FEE, £ %
RmEHF NSPS m g h o Rkt REAHMHRMLIT] +
B A B4 A% ¥ 41,2021,37(8):703-708. DOI: 10.
3969/7.issn.1002—2694.2021.00.092
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