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W OE WRIESIE KT B Mythimna separate (Walker) JHip V-ATPase A V.4 (VHA-A) £ K (VAT-
PA) TN =4 454 A gt g s I E . FIH Swiss— Model ZELL T VHA-A =2 4544 , i & 58 &
A8 AT & PCR(Overlap-PCR) £ AR 44 58 42 Sk [N I 8 J 8 & 51 pET-22b () 280K b, 15 1) 5 241 okr
pET-22b(+) —TSCA. % AR FF 1 BL21 Hh 3R 3k . i J5 38 o 25 A1 2 A7 40 Ak £ 06 1 8 7 B O 947 33 B &2 1k .
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RESES Q786 NEIRESD A

WA ATP [ (V-ATPase) J& i 14 AR []
W HEZH B B SR AR R R KRR Z 4 A T A
MR 2 g ', V-ATPase F] 1K fit ATP Bk
REEK H ' iz 2 30 sl ffa Ab , NI 445 i 57 pH
() 1A 5 T B 0855 S W, b 2 S B2 A A VS Bl Y T
AT B e AR Y 5 ds 4 it AN ] b
& . R B P, V-ATPase /7 7£ T F %
PARRAE 200 JHL o 2 e — 19 5 3 R Bl A R R
B e FiEi . V-ATPase UBLA &7
FOR B AR AL AR T AR Ok
Z U2 F NG V-ATP AR O 25 Y 8 A5 R i 2
C A% A Western F¢ 58 F1 5 1% 55 J5 15 %5 €
M MR R B V-ATP J A WX LIS =
& F T B [ Bacillus thuringiensis (Bt) |3 2 4%
B o FRTIIIREC 38 Sk R 1] R G R K L TG AR 4 28 AR
Wk WO W E Kk M [ Ostrinia  furnacalis
(Guenée) 4l H Il R 2% i %% (Brush border mem-
brane vesicles, BBMV ) iy V-ATP Ff A i} 3 &
CrylAb.CrylAc.CrylAh.Crylle & 1 09 45 & 13
s V-ATPase A IV Jk J2& @& B {R <F 1 £k IF
HUOBF 5 28 A W walker A motif
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R AT V-ATPase A WA 232 i 22 % iR 5275
RN ETR 5 235 95 2 PR 58 78 Oy 22 IR e W6 I
ik ADP SCU5 40 i, $12 o 4= W 10 vs 0 . B,
V-ATPase A W3 1) 5 41 3R ik © A SCHk iz 8 , n
AT 0 0 SO R R A 3 R AR A K AT 1R v 3k
Tk A Rl A WA, B R SCEk! B
7N R FEIAM V-ATPase A Wi AE KB FF & &
BRI XA A H B R G RAEA
AN By Bt A B 538 1 4 AT AR 7 KGR [ My~
thimna separata (Walker) JH fip V-ATP fil§ A ¥
FEAZ R 25 6 X 3, i 18 v AB 4 = B % 0 i e Sk
LR AT BE R A 9 AR  3E ao JR A 2 A AL A
M A5 7 AR AR K R P R O R k2B
FEAR TR AR 45 K 5 D e B Sl B R
A KA1 1t 50 A9 T 2K R 3 3 A 24 B9 SRl
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A g £ 11 0T 45 AR T 9 98 0 A DR AT 5 v R 2RI
pMD 19-T-Simple I H TaKaRa 2 ] ; Fiki pET-
22b(++)-VATPA i PHILACHMBIE R -2 A2 B4R AHE
1.1.2 =& A WKKXA Tag DNA Polymerase,
T, DNA Ligase R NV EE Nde 1 . Hind Il .
DNA Marker . ¥ fig fifi ¥ Wy J+ TaKaRa 2 &) ; Pfu
DNA Polymerase. 25 [ it Markers I F Thermo
O8] s B I R &L ) RS AR Markers 1 T R
Syt 20 28 ) s Bradford 55 & W F K AR A= fb B
AR T s Ni-NTA agarose 1 F GE 2\ #]; H
b AH 5 350 X Oy [ 7 00 B A, W B AR = Ak

h ok,
1.2 7 &
1.2.1 REAZEAGHELEEZ DIEBHRAT

Wi (Thermus thermophiles ,PDB:3GQ) A W %t &
LR Py 4 Be H AR MK TSSA S #di . A1 Al NCBI
Blast 8 fF . 5K I fi fih i V-ATPase fif A I
B PP O A i 8 AR TR b i V-ATPase A
FRGEAR L p . MR Rk 1Y R AR A C254 RAE N
A254,T257 58745 g S257, 51 UNE #4r h
RALNL B IETR R BT (R D

®1 ZHHEPCR5IUFT

Table 1 Primers for Overlap-PCR

IR/ B FlFES (5'—>3")

Primer Sequence
F (1(%(IATAT(}‘A‘(}(‘,AAAAAAGATCAGCTGAf
AGAAGATCG
RM GAGATGACgctCTTGCCegcACCGAAGG
FM CCTTCGGTgegGGCAAGageGTCATCTC
R GCAAGCTTGTCCTCCAGGTTACGGAAGG

F| H overlap PCR 5 ¥k #) 7 52 5 58 48 #
P LA pET-22b (+)-VATPA KL N B AR . 5
¥ F.RM,FM R #17 PCR ¥ #, 4> %938 1 |-
TR B AB LLE R AB LA BN, 519
F.R #17 PCR ¥ #4J: [llic,  [mIAY PCR 7=
m A EJE 5 pMD19-T-Simple # #2, ¥ {k 2
E. coli Turbo, &SR, 44 H 4 i ki 5 pET-22b
(B AR AT Nde 1 . Hind [l BUEE VI IF 1%
BRNFKIRFBAIK pET-22b(+)-TSCA, ¥ A E. coli
Turbo, BKELER 7 e T PCR S0 J5 I )7
1.2.2 BeyFRa#HFRE BNTFEERIER
1) F iR AR E E. coli BL21(DE3) &2 4 41
JfL, IR R A T 5 AN 5 (Amp) [ LB FAR,
SR SR, PREBURH M R S B T 5 mL % 100
mg/L Amp B LB ¥ 32 37 Cid 7.
WHEL 1% #EMEEMZE 50 mL & 100 mg/L

Amp fJ LB 5553 ,37 CH 32 & ODgo = 0. 6
B KI5 Y UL 5 mL 03T 4 AT 15
mL EP & v, 23 5 i A 5 79 5w AR 2 3B
(IPTG) B ¥ N 0.1.,0.2.0.5 A 1 mmol/L,
F 37 CiES A 4 h, 6 000 r/min, 4 C &L
5 min YA B 1A, F PBS 2% v i 5 B . 8 7 B
F 12 000 r/min.4 C &0 30 min, 4 HH 37 C
S L MU #E T SDS-PAGE & .

1.2.3 EaRAKS%i ZMBICE[13],7F
37 C M F LA 0.2 mmol/L iy IPTG £k & K
HiES (1 L Wik LB B % 3) pET-22b (+)-
TSCATE KA AP BL21 Rk 5 h, B0 WA
i Al Lysis buffer (20 mmol/L Tris-HCI , 150
mmol/L NaCl pH 7. 0) & &. il i# i f £ 150
pg/mL, VK& 30 min, 8 HBERE, A 0. 5 £ AR
% 15 g/L Triton X-100 A4 %% % (100 mmol/L
Tris-HCI,150 mmol/L NaCl,pH 7. 0)#ii LR 4],
12 000 r/min.4 C B.0» 30 min. # L& . B ULE
A 35 mL % 5 g/L Triton X-100 M U6 4 & & .
AU 15 min, 12 000 r/min. 4 C &0
30 min, # 35 . FHIAS & Triton X-100 A9 P %
HE ERL TR 2 k. V%S R T
35 mLE A (100 mmol/L Tris-HCIl,1 mmol/L
DTT,8 mol/L JRZ.pH 8. ), =&k 2~
3 h,12 000 r/min,4 CE.> 30 min, 8L &, H
0.22 pm 8 2 98 J5 9 W RD A AL TR R B
pET-22b(+) KIXWR & HE A C i & A —1 His-
tag, A] ff F Ni-NTA 2% 12 87 4l A 48 P 5 60 18 4
HEH. H% A% M (100 mmol/L Tris-HCI,
1 mmol/L DTT, 8 mol/L JR &, pH 8. 0) F i
Ni-NTARH A, W5 E B AR S pH 2 8.0, LU
1.5 mL/min Ji 3 b A, A8 % 22 b i (100
mmol/L Tris-HCl, 1 mmol/L DTT,8 mol/L JR
F.pH=6. 3) ¥ L 24 8 1, FH Uk B 22 ool (100
mmol/L Tris-HCl,1 mmol/L DTT,8 mol/L JR
F.pH 4.5 WM H B & E . WA /Y BE B
Bradford 127 & &5 A B B & Wk 5 T —80 C
HAE . BUE YR Ni-NTA gifb )5 & 5k &
JH T i e O B R AR R 100 mL, 2 o i R I
0.1~0.2 mg/mL, B 5 0 &E A B T 52 M
ZEh 1 (1 mol/L L % 8, 1 mmol/L DTT,
50 mmol/L TrissHCIl, pH 8. 0)4 Ci&#r 24 h,
12 000 r/min,4 CE.0> 30 min, |14k FH & 1
Zmp i 11 (20 mmol/L Tris-sHCI, 150 mmol/L
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NaCl,1 mmol/L DTT, 1 mmol/L ZK H K, pH
7.3) M 12 h, 3 pn % W 1 4k 22 5% Hr. 12 000
r/min,4 CE.L> 30 min, VG AEERIIAEA K.

2 HREAM

2.1 RIREHMRIETAAMIERE

V5 — 97 9 A LR e (— Btk
65.24%) H B 344 3D {45/ i B2 1 V-ATP
fitf A V3 PBD:3J9T ) A B, F ] Swiss —
Model ( http://swissmodel. expasy. org/interac-
tive ) B4R HEAT ) PR A A, AR A AR D7 K duh i V-
ATPase A W3 = g5 pi Al (& 1,

B1 FRAMBEBE V-ATPase A T H = 4 £ HERE
Fig. 1 Simulative tertiary structure of

Mythimna separata subunit A
2.2 BERREFBENHESELEE
FRICE 41 Ok pET-22b(+)-TSCA % A E.
coli Turbo J& . & HCBH 1 v [ I 4 ks . 2 47
PCR B3Ik » HL 9K 26417 5 B R/ — B0 (| 2) . B
KL P 45 2R IE B E 4L BORL pET-22b (+)-TSCA
IR

2000 bp
1000 bp

M. DM 2000 DNA marker;1. pET-22b(+)-TSCA f{ PCR
% Result of pET-22b(+)-TSCA gene by PCR
E 2 PCR W&IE pET-22b(+)-TSCA F ik & &
Fig. 2 Identification of pET-22b(+)-TSCA

expression vector by PCR

2.3 BEEBMRIE

H4 00 5650 1E 5 (9 pET-22b (+)-TSCA %
KR A BL21(DE3) Ik E#k . 78 37 CR
[ IPTG Ak EIFEFIZE A RIL . A EA
FIREMISMHEA N 69.7 ke, HWE RS %
FA b o He X 455 A7 B E AR (B 3) . LA [ 5541
WP T o TR AR 7R R S R VR R B
() H B2, DLTE R A R0 B IR H &0 . X
TG R ZH W EOUSWEEXfFE. B
IPTG ¥ ¥ % 0. 2 mmol/L BHTIES H & A

R,
M1 2 3 456 7 89

90 ku 69.7 ku
66 ku

M. A FEFUES T Hi & Protein molecular weight mark-
er; 1. K& IPTG ¥ 5 M 40 M &R (%
without induced by TPTG;2-9: A [F ¥ fE IPTG ¥ % J5 1ty L5 W
FYLHE . IPTG W & 43 5124 0. 1 mmol/L.0. 2 mmol/L.0. 5 mmol/
L Al 1 mmol/L.  Supernatant and pellet induced by IPTG,and the

Total cell proteins

inducer concentrations were 0. 1 mmol/L, 0. 2 mmol/L, 0. 5

mmol/L and 1 mmol/L
3 W CTAAREIPIGREFEANLTE
Fig. 3  Identification of TSCA expression at
37 C under different IPTG concentration

2.4 gREHAELEEY

4 i 24 A% S B A A AR & 1 B A Triton X-100
AbEE, BRI H] NiENTA JZMrkEgife, B R JS HuE
AR AW LR 24 8 (K 4-A4-B), BT
BTG B B G s s i, &
102 SDS-PAGE il Jy — 48 . HL A% o 5 B
WHTFRE—HE 4-C), A H 8 mmol/L
IR ZVE R )G F bradford 32 57 & 100 ML 85 (B A
ai s HE BT B VR O 4. 13 mg/mL, (KLY Sy 35
mL, EMIHEH K4 Bradlord 8 H F A8 E &
TR A I A BT R B 2 R 48 pg/mL, KRR 2R
110 mL, — IR EHERHEL 53% . Kigk 1 L Fiki
ARG LLE 1 RL67 mg,
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90 ku
66 ku

A

90 ku

90k
66 ku u

66 ku

B C

A. pET-22b(+)-TSCA Fli& % H #3508 Analysis of the expression of pET-22b(+)-TSCA (M. & {1 i fr#E 4> T+ Protein
molecular weight marker ; 1. £Z IPTG S S EEHF  Total cell proteins without induced by IPTG ; 2. IPTG 755 i) 41 ifd & 7

[1Jf Total cell proteins induced by IPTG ; 3. 40l 4 5 L&

Supernatant proteins of cell disruption ; 4. 4L 2R J5 ULTE  Pellet of

cell disruption;5. PE¥% )5 fL 1K Washed inclusion bodies) ; B. H ()45 H AU 4li b #:  SDS-PAGE of the purified proteins (M. & H i b5
#E4rF & Protein molecular weight marker ; 1. Ni-NTA #ifkJ5# 4 /i Recombinant protein purified by Ni-NTA ); C. & V8 H R AY
i Analysis of the refolded proteins (M. % [ i fr #fi 2> T 12  Protein molecular weight marker ; 1. & HE I Refolded pro-

teins)

B4 TSCAFSRESHMLEN

Fig. 4 SDS-PAGE analysis of the expression and the purification of recombinant proteins

3 ZwEiti

V-ATPase " {Z fF 16 T FAZ 40 ML 09 N B & 52
b AR V1 G5 BB R IR Y VO S5
AR, VI A~H 8 AW RA . BA
ATP KfAVEA s VO B acd.e.c Al ¢/ 3L 4L AL, ft
TR TS . MRS 1 BN o T
I BLAZ A ) A A AN R T AcdstY
V-ATPase A W.FEJE AL W JE L 4 A 45 4 dag
AN Y B AR S A B, A B A Al [ R 4
F 3l s Pl 1 o/ B BB C S S5 M I . C i
25 1 1 & Walker A motif, Walker B motif,
Walker A motif 5% MR45 44 %, 1M Walker B
motif 5 KA &A1 Mg*™ R A7 K,

AR Y 8 o T V-ATPase A W38 A i
= HYEEEH [R5 L X A E 58 A8 A R R over-lap
PCR 57> FAEW) S HORM R 8 TR . TERT
W55 IR AR IPTG ¥R BE kA7 3%, )
B E W EEE A HS R AN
4 R 2 B LA AR E A AE . 7T RE 2 P o I
Kk FRGH = 5] T2 WIEF AT & 10 TR EcE
P RERLE AR A B T & R A R
PERIIAE e & LA AR TS AP e . Al i &
P i B AR A rT A M B L E R B Al il
T MR IR ] pET-22b () #y g R iR 3
TR BT BT pH 8. 0L B I8 ik

4 1 mol/L iy LA 202 - 2R 15 = Wi 38 14 vl i
BAN., AW 1 L ERRATEHE 67 mg £ 4
AT R A R AR R 5300, M &
WFgx V-ATP BiE v A W3 A9 D g Fn s 44 . R
ZEAR A TSCA fifiide ATP il il 57 $2 (1 4% F .
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Prokaryotic Expression, Refolding and Purification of V-ATPase
Subunit A Mutant TSCA in the Midgut of Mythimna separate

HOU Wensi', LI Yujie', WANG Yuanyuan® and TAO Hu'

(1. College of Science, Northwest A&F University, Yangling Shaanxi 712100, China;
2. College of Life Sciences, Northwest A&F University, Yangling Shaanxi 712100, China)

Abstract Based on V-ATPase A subunit gene(VATPA) in the midgut of Mythimna separate , three-
dimensional structure was predicted, site-directed mutant was built and recombinant protein was ob-
tained after renaturing. The protein structure of VHA-A was analyzed, three-dimensional structure
was predicted by Swiss-Model online,and the mutation site was designed. The mutant gene was con-
structed with overlap PCR, and inserted into pET-22b(+) vector. The recombinant plasmid pET-22b
(+)-TSCA was transformed into E. coli BL21(DE3) for expression. After purified by Ni-NTA col-
umn, the inclusion body was renatured. The results showed the recombinant plasmid was successfully
built, the fusion proteins were expressed as inclusion bodies, and the soluble proteins were successful-
ly obtained in large scale. The study will facilitate the investigation of structure and function of V-AT-
Pase subunit A and creation of environmental friendly pesticides.

Key words V-ATPase subunit A; Designated mutation; Protein prokaryotic expression; Refolding of

inclusion body

Received  2016-05-29 Returned 2016-06-15

Foundation item Special Talent Recruitment Fund of Northwest A&F University(No. Z111021101) ;
the National Natural Science Foundation of China(No. 21403168 )

First author HOU Wensi, female, master student. Research area: protein expression and purifica-
tion. E-mail:956850986(@qq. com

Corresponding author TAO Hu, male, professor, master supervisor. Research area: protein-protein

interaction and structural resolution. E-mail:taochu@nwsuaf. edu. cn
(EREHIE .FH#HFE Responsible editor: GUO Baishou)



