BA8E 1M AR MBI K EZH A AFEHO Vol. 48 No. 1
2020 4F 1 H Journal of Northwest A&.F University(Nat. Sci. Ed.) Jan. 2020

% 2% H4 BB} A : 2019-07-10  10:35 DOI:10. 13207/j. cnki. jnwafu. 2020. 01. 007
[ 2% o IR A - http: //kns. enki. net/kems/detail/61. 1390. S. 20190710. 1033. 014. html

BELMB B RFS spike EAEMBKMEZRIE

FRENERE A AP IR R A F A
(1 FFFFIRIRRFE a Ao firBhof A bR Be . b IF RS #2h) T AL B OB VL 55 55 /R 1610065
2 RIETLA UERE N TR 5 AR ) S FE PR P G S 0 %, R T SR Y IR K 161006)
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Abstract; [Objective) Prokaryotic expression of affinity peptides to spike protein of transmissible gas-
troenteritis virus (TGEV) and analysis of viral affinity activity were conducted to provide basis for estab-
lishment of TGEV diagnostic methods. [Method] In this study,a tandem gene containing the TGEV spike
protein affinity peptide was synthesized. After sub-cloning, the gene was inserted into prokaryotic expres-
sion vectors of pET-32a and pGEX-6p-1 to obtain recombinant plasmids pET-32a-SQHT and pGEX-6p-
SQHT. The recombinant plasmids were identified by single enzyme digestion of BamH [ ,double enzyme

digestion of BamH | /Xho I and sequencing. Then, the recombinant plasmids were transformed into E.
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coli Rosetta (DE3) and induced by IPTG to obtain the expression of recombinant protein. Finally,the bio-
logical activity of expression products was measured. [Result] A gene about 150 bp of TGEV spike protein
affinity peptide was obtained by sub-cloning. Two recombinant plasmids, pET-32a-SQHT and pGEX-6p-
SQHT ., were constructed and expressed by induction successfully. The molecular weights of the two recom-
binant proteins were 25 and 31 ku, respectively. Western blot analysis showed that the two recombinant
proteins had good affinity with TGEV virions. Dot-ELISA analysis showed that the minimum binding titer
of the two recombinant proteins binding to the TGEV virions was TCID;, 5X10* mL ', Specificity experi-
ments showed that the recombinant proteins TRX-SQHT and GST-SQHT did not bind to PEDV or PoRV.

[ Conclusion) The affinity peptides to spike protein of TGEV were successfully expressed using prokaryotic

cells and the two recombinant proteins had good specificity affinity to TGEV.
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tis, TGE) & H 1% et B W 48 995 3 (transmissible
gastroenteritis virus of swine, TGEV) 5| #Z A9 3 fitk
e ALYt i R . TGEV YLk I bz 4
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R ke RS DR

L1 # #

Ji % 2R IR K pET-32a Fl pGEX-6P-1, K T
DH5¢« Hl Rosetta(DE3) \TGEV H #4121 41 ity 5
FERHUR Y B (TCID;, ) A 1X10° mL ', fy 555504
IR AR i BE 22 5 R R 2 B 2l W) o 9 2 52 0 =
£7 s TGEV FHVEMLIE A& AT I 75 7 3 (PEDV) FH
PE 10375 F1RE %6 R 95 5 (PoR V) FEPE I35 , W [ o [ 24
B2 24 i WE SR BT s R o SR AL P i (HRP) #r i His A
s REBUR R HRP A7ic GST A5 %5 B v B S 4
1 H Thermo Fisher 23 7] ; HRP 5 ic £ 5T Pk
WEI R P &l EYHARARA A TGEV,
PEDV 5 PoRV =I5 i 5 v (LR SR AR 3 B I 4 =
TG 2 ) WA B 5 AR b A= il i ey A R 2

SN RS E LB (IPTG) . DNA #r ke, T4
DNA #4220 . BamH 1 #1 Xho 1 FR ¥ N ¥ B, W
F TaKaRa 23 7 5 & f 2 KOF Tagq [iff . ANTP mix
4 F-1-Z8 T (4-CND L Il [ W IR T 4 0 2E ) R 4 &
A RS w5 JBORL 4 BGER)  Be mo R &L W T B
WL EARA A A0 TR WA
Thermo Fisher 23 &) 5 H 4 5 B0 7 Sy B 7= 43 #r 4l
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FRE A RGN R spike 2152 AR AY B 3R 3K 51

FTEE .2 Fhor IR Z B A linker C(AAAKD) 3% 42, 3k
7 spike & FHIEMR . A8 K AT B O 22 % 5% %
spike 25 IR FIKAZ 1 B2 )3 9 AT U0 AR IS« 58 HH PG 7R
VAL A ) HeR A BR A R AT A R A
spike & [ 5 Ak (SQHT) H: K 4% A 3 pUCS7 itk
3% 5L 44 S pUCS57-SQHT, pUC57-SQHT
TR 28 7K T 1+ 10 000 # B, 44 PCR %
B .
1.2.2 spike ZG FMKEARG T LE RIS K
) SQHT #:H 7% , F| F§ Primer Premier 5. 0 #{4i%
1. EiES18 PU.S-CGCGGATCC GAAT-
GCATCAAGATCAAT-3', FiEs ¥ PL.5-GGGC-
CGCTCGAGTTAATCCGATATTGG -3', PU J¥ %]
FRIZR B4y Jid A BamH 1 §i ¥ {7 &5, PL 551
H R RIZR B4 A A Xho 1 BEEI0I S . S H
IRETAL A B A R RIS 8. 5| v B 7 B
50 pmol/puL, —20 CRAF%&H .

PCR §"$# K AR R By 25 pl. 12X Taq [ FR
W (fd & Buffer. dNTP) 12. 5 pL.PU 0.5 pL (25
pmol/pL) ,PL 0.5 x1.(25 pmol/ul) .84z 0.5 pl.,
ddH,0 10.5 pL,KOF [ 0.5 pL. PCR #FF it -
94 °C 90 s;94 C 30 8,40 C 305,72 C 1 min,30 4>
E¥F:72 °C 7 min, 4 CAEAFE. W E & L ddH, O f}
B sg A BE O B X I, PCR =44 1.2%
TN W S s P DA U
1.2.3 FaRZEMAGHE B SQHT KN )7
H A% 38 AR pET-32a F1 pGEX-6p-1 43 Ji| H]
BamH | 1 Xho 1 #47 WLEG Y B EG U™~ . 4%
By SQHT 3 R BeJr il 5 pET-32a 8 pGEX-
6p-1 3% B2, 554k KW #F B DHS o & 32 25 40 M8, U A
LB 4R (& &% % % (Amp) 100 pg/ml) .37 C
RS H PR R 28 100 pg/mL
Amp A LB 1,37 “Cad s B 77 . $8 WUsoks , k47
BamH T BEGYI M BamH T /Xho T XA % & &
Ko 5 W) B pET-32a F1 pGEX-6p-1 =5 % {£
BamH T BB U)X IE B 28 V)W) 25 %6 78 1E 1 19
L i XoF I 1 e B R A P IR T AL AR )RR BR Y
A HEAT NI AE o 05 % 2 TE A 1) T 4SO 43 ) i
%% pET-32a-SQHT Hl pGEX-6p-SQHT,
1.2.4 Z@akawiFEsiid KEARK pET-
32a-SQHT Ml pGEX-6p-SQHT 75 5l % 1k K s 7 14
Rosetta ( DE3), % i LB ¥ #k (& Amp 100
pg/mL) 3G SR - PRI TR V% L 3R AT A bk
VA R LB R 52 55,37 CHIRG R R i 1

SR G LA 106 L M1l B 32 3 B 1) LB AR B 75 3k, 37 °C
PRz SR 2~3 h Ja . M M AE 600 nm &b i1 W S iE
(ODg0) 35 0. 5~0. 6 B, it A IPTG AW 1. 0
mmol/L.37 ‘Ci#S 1.2,3 f1 4 h J5HFE, #4T SDS-
PAGE Wk 43 . 418 H 7 %l 4 4 4 TRX-
SQHT #1 GST-SQHT. BandScan 5. 0 % {443 #7 &
HEHRIEEL.

1.2.5 #@EgesiBR AT (Daifk, fHE
(14 SDS-PAGE H k5, 4 “CH¥ 1 0. 3 mol/L
KClL gy 5 min, YN & H 08 B 0%
JA PBS H B BEKE . ) S VRl 3 K12 000 g Bl 5
min, B FiE W . K Bradford # Wl i 43 5 %) H 20
HE 1 TRX-SQHT 1 GST-SQHT & & #4710 & .

(2) %5, difbny &4 E B4 SDS-PAGE J5,

BEEN B IR AT 4E R (NCO) i | ,50 g/L Bifig 3l 4 °C
7% s PBST ¥k 3 ¥ (10 min/¥) 1@ A 1 ¢ 100
M B ) HRP 4530 19 His b5 %5 5w B 1 (K 50 HRP
FRic i) GST #r & g BEHiik . 37 CAEA 2 h,
PBST % 3 G M 4-CN B4,
1.2.6 WX BEEELEFAM (1) Western blot
WoE . itk E A E 1 TRX-SQHT (i TRX Fr %
FE N B GST-SQHT (% GST Fr % & 19 % i)
2 SDS-PAGE J5 . 56 F1 % NC i I, H 50 g/L i fig
FLo4 CEHMA IR PBST ¥ 3 (10 min/¥K. T D,
3 A TGEV H #: (TCID;, & 1X10° mL ™) # Bk
H1,37 CHEAT 2 hs PBST ¥k 3 K. 12 A PBS i B 11
JRE W E N 1 mg/mL W EHHE A GST-SQHT &
TRX-SQHT & | AEH 2 h; PBST %% 3 K. 12
A 11000 # B9 HRP #59c GST #5255 w FE Bt
&8 HRP #ric His br28 B se B fu ik, = RAEH 1
h; PBST W% 3 %, ] 4-CN .7,

(2) Dot-ELISA %5, &M LLT 23R i#17T Dot~
ELISA #:4/E. 78 NC JRFE W X 4 mm X4 mm /NJF
& Jef NC BRAE 28 7K iR i 10 min, UK & T
FWOET . HMEB RS 1 pL 1 mg/mL B
HHEH TRX-SQHT 5 GST-SQHT, 55 F /N5 ¥ 1
Erp e BT ERE T AR R A 50 g/L
JBiRE 7L . 37 “CEH ] 60 min 5 HH . PBST % 3
W5 min/, T RED . E BT BB R &5 8/
R SRR A BT 96 FLEF AR AR LY . M A 100 L
PBS %t # B (TCIDs, 4> %/ 1 X 10°, 5 X 107,
2.5X10%,1.25X10° mLL- ") TGEV H #th, 37
C 60 min; FLANA 150 pL PBST ¥k 2 ¥ . F
PBS YEi% 1 M A 100 pL 1 mg/mL M HE 4 HH
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GST-SQHT = TRX-SQHT 1,37 “C 60 min; 3 %
FAHEH . HFLIA 150 uL PBST %k 2 ¥, F A
TOWERR £ 22 vP W R 1 WK B AL A 100 pL 1 ¢
1 0007 B 9 HRP #3130 GST 5 25 58 v [ B 1A 5§
HRP #ric His #RZ5 TR PTA .37 *CAEM 30 min;
FAMAR UM AL A 150 L PBST 0 3E 2 K,
T30 PBS Ve 1 G BALINA 100 pL A7 .37 °C
WG, 5 min 5SS FE AW L BEFLINA 150
pL BB FKMEYE 3 A min/¥O T 5 B B A
TR

1.2.7 Spike G F ke FrHET KEH
E I 4 A S TGEV B I . PEDV [
PEILE A PoRV PRI 4 CHEM R, 12 000 g
2.0 30 min, B . Dot-ELISA 3 £ Il BH Wi 4%
Ho R AL B FAR T HEAT . HE 1. 2.6 1 (2)
HITIAR Y Dot-ELISA J7 1k 43 73l %t oA BH Wt 4b 21 119 4%
B S BE T  TGEV B9 5 i 46 = 605
FEW PEDV BH W95 B 3 56 = B0 28 1 . PoRV FiL
W 0 4% 1 5 =BG % B L PEDV 1 PoRV BH W (19
18 VA S IETE R R 3 R EE 4 B BELORT A 5% R
A8 I R EAT R, 5 L R A IO

2 AR5

spike EAF MK EER PCR 15

DA 2 ok pUCS7-SQHT g # iz, PCR 37 1y
SQHT L& 1345 T 150 bp A B ()& 1. 51
IS5 RARTT

2.1

2000 bp

1000 bp
750 bp
500 bp
250 bp

100 bp 150 bp

M. DNA Marker DL2000; 1. [ X} 1 ;2. PCR 7= 4
M. DNA Marker DL2000; 1. Negative control;2. PCR product

K1 TGEV spike & F 5% M KI5 PCR 444
Fig.1 PCR amplification of affinity peptide gene to

TGEV spike protein
EHFRIKEHME pET-32a-SQHT #1 pGEX-6p-
SQHT W¥E
Fg g Y E 41 % 36 KL pET-32a-SQHT Hi
pGEX-6p-SQHT 43 4 # 47 BamH 1 H.[i§ Y] F1
BamH T /Xho 1 XUEGYI . % B G Wi B e w8 3k 4G 00

2.2

ZEI (K 2) %W, pET-32a-SQHT % BamH 1 L[
Y134+ T 6 050 bp ) DNA %47, & BamH [/
Xho I WEGYIRAF T 5 900 bp B Fr BRI 150 bp
1 H 1 2541 s pEGX-6p-SQHT £ BamH | HJif Y] 3K
157 5140 bp By DNA &4, 4 BamH 1 /Xho I R
filg V) 3RA% 1 4 990 bp (& 7 Be A 150 bp By H 1)
G, BREEYI S5 A5 WU — 20 D0 A5 R e,
SQHT & [A 4l A7 5 55 20 5k 1 B 152 AE 1 1E 6

MI 1 2 3 4 5 6 M2

——
N O
SUNOO

2000 bp

1000 bp 1000 bp
750 bp
500 bp
250 bp 250 bp
100 bp

M1. DNA Marker DL15000; 1, pET-32a 25 # /& BamH [
BARGEY) 7Y 5 2. pET-32a-SQHT BamH | 8§74
3. pET-32a-SQHT BamH T /Xho T M) 741 ;

4. pGEX-6p-1 28 #i & BamH | HRFY] =4 ;5. pGEX-6p-SQHT
BamH | HY) 724 ;6. pGEX-6p-SQHT BamH [ /Xho |
KEFEY] =4 s M2, DNA Marker DI1.2000
MI1. DNA Marker DLL15000; 1. The product of pET-32a digested
by BamH | ;2. The product of pET-32a-SQHT digested by
BamH | ;3. The product of pET-32a-SQHT digested by
BamH T /Xho T ;4. The product of pGEX-6p-1 digested by
BamH | ;5. The product of pGEX-6p-SQHT digested by
BamH | ;6. The product of pGEX-6p-SQHT digested by
BamH T /Xho T ;M2. DNA Marker DL2000
Kl 2 Em4lFKFHN pET-32a-SQHT F
pGEX-6p-SQHT fy i 1] % &

Fig. 2 Restriction enzyme digestion identification of
recombinant expression vectors pET-32a-SQHT and
pGEX-6p-SQHT
2.3 EHEH TRX-SQHT #1 GST-SQHT WiHE S

xRk

B8 41Tk pET-32a-SQHT 1 pGEX-6p-SQHT
Ay 5S4 K W AF B Rosetta (DE3) , A 1. 0 mmol/L
IPTG #4715 % 435, SDS-PAGE 46 4= 1 4 41 Jfa it
VELZE AR (B 3) KRB RG T EAEH TRX-SQHT
A GST-SQHT, Hr F &4 3k 25 1 31 ku, 5
T 25 FAH4F . BandScan 5. 0 K 4F 40 7 45 £ B,
37 C# % 3 hy HAHEH TRX-SQHT M GST-
SQHT 43k i 5 » 73 51 56. 9 %0 50. 4%,



%1 TR LY B W 20T spike 2 R FI K9 SR A% 3R 36 53
M 1 nm m v v v v

170 ku
170 ku 130 ku
130 ku 100 ku
100 ku 70 ku
70 ku 55ku
55 ku 40 ku

40 ku
35ku

35 ku
25 ku 25 ku

25 ku
15 ku 15 ku

A

B

M. 8 A 7 RERR s 1. B ST AY pET-32a 25 380445 2. % 4 h Y pET-32a 53 #/4 5 3. K5 T pET-32a-SQHT;
A~T 43 HREES 1,2,3,4 h iy pET-32a-SQHT. 1 .iEFHIM pGEX-6p-1 53 2f4; I1. 5% 4 h i) pGEX-6p-1 75 2 f4;
M. AE2H pGEX-6p-SQHT; IV~ V. 43514155 1,2.3.4 h i) pGEX-6p-SQHT
M. Protein Marker; 1. pET-32a before induction;2. pET-32a induced for 4 h;3. pET-32a-SQHT before induction;
4—17. pET-32a-SQHT induced for 1,2.3.4 h.respectively.

1. pGEX-6p-1 before induction; II . pGEX-6p-1 induced for 4 h; ll. pPGEX-6p-SQHT before induction;

V—VW. pGEX-6p-SQHT induced for 1.2.3,4 h.respectively.

K3 BmAHEMA TRX-SQHT(A) il GST-SQHT(B) ) SDS-PAGE 43 #f
Fig. 3 SDS-PAGE analysis of recombinant proteins TRX-SQHT(A)and GST-SQHT(B)

2.4 BHEH TRX-SQHT 1 GST-SQHT 4k,
REE
A E AV IR aife 45 2R (K 4-A) B, TRX-
SQHT #1 GST-SQHT 9 4fi 1k & K R 4, SDS-
PAGE JoH i 24 85 (1 4547 . Bradford 5 € 2l fL 5

A
M. % 154 T bR dE s 1. TRX-SQHT; 2. GST-SQHT; 3. TRX k% % 54, GST fr&H A
M. Protein Marker;1. TRX-SQHT;2. GST-SQHT;3. TRX;4. GST
M4 FHBEA TRX-SQHT Fl GST-SQHT Hy4lifk (A) % % 7 (B)
Fig. 4 Purification(A)and identification(B)of recombinant proteins TRX-SQHT and GST-SQHT

2.5 EHEH TRX-SQHT # GST-SQHT &&=
MEMEE

2.5.1 Western blot 5% 4ifbiE4HHEH TRX-
SQHT = GST-SQHT # Ei & NC i | )5, 5
TGEV Ji# R T E. B 5 EHHE A GST-SQHT
5t TRX-SQHT W6 , 5 HHt GST 5¢ His Fyi ik
ATA I 25 5L (B 5) R, 2 FhE 418 R 4k
PR i %t B8 TRX fil GST bREEHER I 054 H BE .

2.5.2 Dot-ELISA % & fgaifbmE4HEH

i) TRX-SQHT Il GST-SQHT #& [ it i ¥k & 41 5]
1. 78F1 1. 94 mg/mL, HRP brid His Fr2s 8o
FEHLIRFT HRP FRic GST A7 2 B on B 1K % o 45
H(E 4-B)FEH, TRX-SQHT F1 GST-SQHT #f 52
HEAHMEN.

ol

TRX-SQHT = GST-SQHT fu# & NC & 5.5
TGEV jH# kL7 &, 5 E4 H H GST-SQHT
B TRX-SQHT W & . i Jo FI¥L GST 5 His Hyi ik
FrG i, 25 5 (| 6) Wos .2 41K (39 4 TCID;,
331X 10° F1 52X 10% mL i & 7 H BH 1 52
M 7E TCIDs, 2y 2. 5X10° mL~" B RLF if o W BH A B
B, FL 2 R4 (AR TGEV [ A B2 G i
P2
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1. TRX-SQHT;2. TRX #5328 3. GST-SQHT ;4. GST #r2sE A
1. TRX-SQHT;2. TRX;3. GST-SQHT;4. GST
K5 EHEM TRX-SQHT Al GST-SQHT TGEV A Western blot %%
Fig. 5 Western blot identification of the affinity of recombinant proteins TRX—SQHT and GST-SQHT to TGEV

1. TCID;, =1X10° mL~1;2. TCID; =5 X102 mL~!;3. TCIDs; =2. 5X 102 mL~!;4. TCIDso=1. 25X 10* mL ™!

K6 ®EmHEH TRX-SQHT(A) Al GST-SQHT(B) TGEV 3 flt4: ) Dot-ELISA % &
Fig. 6 Dot-ELISA identification of the affinity of recombinant proteins TRX-SQHT(A) and GST-SQHT(B) to TGEV

2.6 Spike ERFMIKEF R 4 H A =B i  PEDV F1 PoRV BH T 945 B
I Dot-ELISA J5 3 7r S % R BT B0 3% B 4 JAe IS B2 w0 3 Ao 2 42 S BELIBT 1) 48 18 I 4 =
SHE R TGEV W A9 8% B 48 = HRIE By, BOIGBEd EE AT AR . 4R ANIE 7 PR .

PEDV Bﬁ%ﬁﬁﬁ%%mi" Ef(ﬁ ZF 15 - PoRV BH Wt 1)

1. S BLIT A8 001 4 19 6 =000 02 152, TGEN BLIS A 4 19 o 66 = 10600 22 153, PEDV WLIG 0934 19 o 6 = 1035 2 1
4. PRV LI 9 1 ¥4 =6V 0 4+ 5. PEDV 1 PoRY LI 5% 1 i 46 = 63 9% 6. TGEV PEDV Al PoR JHLIS 1) 4 B ¥ = 154528
1. Swine TGEV,PEDV and PoRV live vaccine without blocking;2. Swine TGEV,PEDV and PoRV live vaccine with TGEV blocking;

3. Swine TGEV,PEDV and PoRV live vaccine with PEDV blocking;4. Swine TGEV,PEDV and PoRV live vaccine with PoRV blocking;
5. Swine TGEV,PEDV and PoRYV vaccine live with PEDV and PoRV blocking;6. Swine TGEV,PEDV and PoRV live vaccine with
TGEV,PEDV and PoRV blocking
B 7 HEAHEA TRX-SQHT(A)Fil GST-SQHT (B) iy 47 57 M %5 8
Fig. 7 Specificity identification of recombinant proteins TRX-SQHT(A) and GST-SQHT(B)




%1 FRE A LY

P8 W 2 a7 spike 2 R K IR X 55

ME 7 LAE B, B4 EH TRX-SQHT fI
GST-SQHT 1] 55 5 BH Wy &b B 1) 5 18 ik 6 — 16 1% 9%
Hi \PEDV FH B 5% B i 48 =BG 2 1 . PoRV FH W
(%% A =B TE B L PEDV F1 PoRV BH. K 19 5%
B VA IR R A P RO L IS TGEV BH G
(4% 8 T HE = R TE R T AN 3 s 1 A BELIT 1 4
TS I TE LT O PR RO . KB 2 M E AR Y

A5 TGEV A F w45 &, i A 5 PEDV M
PoRV %54,

3T

Kl TGEV (1% # B J5 5 Q09 B 43 15 L F % %
AR | F A A Y A RE N 2R L O HLWE B4
BEMFERANG., BWMCHE T —RH T RT-
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