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[ H iy )G B 5% Rk 8k pET-30a/1tB-porB , I 3Rk HAH Rl G B 11 LTB- PorB, S i iR 428 fo i
WEPE BALB/ ¢ /NER, 4347 55 2H Rl 2 1 B9 S e 6 1, S T S0 ks 2 e d AR Se e Ak BE . [Pk IR
WakT R AN #8782 B WA (LTB) 5pkek & 4L 2 11 B (PorB) fill & 5L K J% LTB  PorB HJL[H pET-30a
JFAZ TR HA FE BT BL21 th IR E R 5 SR AR S e MEVE BALB/ ¢ /N B, 60 I A4k fu 922 R 200 L £
PEK o [ E553R ]ERIAAT I BL21 RIS S ek W S 4L 85 1 s e B il %/ NRUS , EE 4 il S & LTB-PorB
A B T R A 1 PorB R A sIgA ARV Bl A e i ] 52 [ a3, 5 42 R A5 fH 36 0. 66, W I w5 X 21
(P <0.01) , %Mk 101280 L3 o™ A= 1 PorB 4¢ 71k TeG 2 28 Kk, Ay [H4 0. 60, B 5 /5 T LTB
FER I (Solution Buffer) XFARZH (P <0.01) , &4 =ik 1:2560,{H 5 PorB X} FRZH 113 1gG 7K (A, :
0.57) T 255 (P >0.05) , LTB-PorB 41 Ik &= 4H g il 3345 %5 BH & %5 F LTB Al Solution Buffer X} I 41 (P
<0.05) {FAG bk LM AR5 A 19 TFN-y KPS X B B 22 5+ (P >0.05) . [45i8] EAlm & & A LTB-
PorB 38 i3 5 (AR 12 e e MiEME BALB/ ¢ /NS, BEVS 7™ A= R KT MRV S e Al — 2 K R 4 I e e . IR
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PorB H 4 fill 5 8 1 1 o S 1] i 42 S i BALB/ ¢ /)
B, PRV BRI ) LTB BE 5 444 PorB 5 = A
BB R REE S5, R BT k) s S5 T it o 2 1 8 i 4 At

1 MR &

L1 ##
L1.1  BEARASEE 3h ). pET-30a X 1K, E. coli
IM109 \E. coli BL21 Bk WHO Frifi bk E RAIK
kTR H44815 B th A 2 (/17 ; SPF 9 4 — 6 w Mk
BALB/c /NI [ m AR S 30 3 )58 o
L 1.2 FEECHES: THEEZEE A MBI AW
Ni-NTA6 x His 5 FEHraif il &0 A Qiagen 2
Al s — P R PTIRBR A T R P E LI 3 R
(CT) M35 73 54 A Abcam F1 Sigma 24 &5 —4i:
HRP #ric 2E 41 Bl 1eG Al slgA 43 5| H Abcam il
Sigma 23 F) ; HRP ARiC i £ 400 1eC W H B/ = KA
7] ; Detoxi-Gel ™ N F Z LB [ Thermo Scientific
O8] I 0 RE i R & B T 4R 4 ] BCA
AR VR PN a2 1R & 0 28w RS )5 TFN-y Al
A& A R EY A A, PCR Y, Eppendof 74
A BERC R 31T R G0, B2\ w) 5 AR e i B0 AIL,
Hettich A %],
1.2 HEKEMKBITEAREREEE DNA B &
I3 ARG IR T WHO FRifERR E AR SR T i
H44815 PRI, 250, 7 L3, LA DNA $2HU& , 72
SHRAT, AW, B RN, - 20°C IR .
1.3 1tB,porB E[F X 1tB-porB i & ERE Ry 18
P& GenBank iz & (1 porB ( gi; 6643971 )  ItB
(gi:145830) &% H W JF 5, FI M primerS. 0 B {1 it
ItB F1 porB LA B 47 S M e 51 Wy, 1B BEA 514
4. EiF L1 (BamH 1) :5'-GCCGGATCCATGG
CTCCTCAGTCTATTACAGAACTATG-3', T JiF 12
(Hind M ): 5 - TCGCAAGCTTCTAGTTTTCCAT
ACTGAT-3', porB J: K 5| ¥ % %) EiF P1 ( BamH
I ): 5'-CGGGATCCATGCTGTACGGCACCATCAAA
G-3', Ff P2(Hind 1) :5'-CCCAAGCTTCTAACCG
CCGACAGTCGCTAC-3', 1tB F11 porB Jz W & %
50 wL, PCR Sz W Z %(:94°C, 5 min; 94°C, 45 s;
53%C ,45 s(1tB)/65°C ,45 s(porB) ;72°C ,45 s(1tB)/
1 min( porB) , 3+ 30 MEFF;72°C ,10 min, #3gy=
W2 1% B RRARBE S H Uk 43 B o 1tB-porB Fil 5 5 A
VB2 B AN Bl A L R P 1 05 15, 1 1B (Y
R porB {1 E i[RI S| A— B i b 6 > E LR

( Asp-Pro-Arg-Val-Pro-Ser ) B9 4% 3k % H % /¥ %
(GATCCGAGAGTACCGAGC) , PCR §" 15 3| ItB-
Linker( 1tB-L) #1 Linker-porB ( L-porB) , 1tB-L fj 5]
Y 5. EiE L1 (BamH 1) 5'-GCCGGATCCAT
GGCTCCTCAGTCTATTACAGAACTATG-3", F ijif 1.3
5'-GCTCGGTACTCTCGGATCGTTTTCCATACTGATT
GCC-3', L-porB 1) 51 ¥ J¥ 5. I ¥i% P3:5"-GAT
CCGAGAGTACCGAGCATGCTGTACGGCACCATCAA
AG-3', T P2 (Hind 1) : 5'-CCCAAGCTTCTAACC
GCCGACAGTCGCTAC-3", ItB-L, L-porB fJ PCR {4
F NS ZHIR] B porB . 155 & alifk o Wi
tB-L L-porB Jf- 8 W & 2 4k, W35 B 51 9 5.
MR T 3G 4R A5 Al A R LiB-porB 2 B K R
50 wL. PCR 2 i 2 %%. 94°C, 5 min; 94°C , 45 s;
65°C ,45 s;72°C, 1 min, 3L 15 4~ 1§ 5F; 72°C
10 min, P37 Y2 1% SEREWEEER B IK 5317 -
1.4 [E#%FRiE B pET-30a/1tB, pET-30a/porB .,
pET-30a/1tB-porB pyf9E K L E

M E. coli IM109 #2£H ki pET-30a, ¥ PCR y=
Yy 1tB .porB  1tB-porB Fl ik pET-30a £ BamH [ 5
Hind WX BV, 2l Ak 00 b A wig D) 7= 9 91 3% $ ad
WK R P AR A E. coli IM109, 75K IR
FEPUMERY LB P B HER 14 - 18 h JE ki Wk AT
PCR %57 Ko £ HRUJT0R: XU U] %5 7, i 156 FH A 38 7% o
P B PR A T i 1 1R 5 R 0Tk B AR TR,
M F45 %5 GenBank ) porB ( gi:6643971) 1tB(gi:
145830) ¥ H i J¥ #I4E Blast 7347,
1.5 EHAZEARH &K Western blot 5317

W Iz AR A AFRIRTA E. coli BL21 § 4
BR R i B IPTG N [B) 45155 5 22 38 5 1 iF AT &
IR AL , R EiF SR AI SRR R ED,
Ni-NTA SEHZ M 4L AE pH A Uk IR vk 4l Ak 2
I R BB M R EHEANFERE
W £ v B2 O 8 2R kR Oy 1000 pg/mL, T
—T0°C {17 X H 41 4 PorB I LTB-PorB (1) 46l
PR RPTME BR T 08 o — P, X EHHE E LTB
LTB-PorB g 25 HI G4t CT 1finds (LT 5 CT BAY
80% LA b (1 a5t H s 27 ot -+ 3 AR R0, 7T FH B
i CT AR S LT i3 ) —4i; HRP 45ic
FHitR IegG o =P, #SCHR[ 6 ] #524F , Western blot 43
D[R SE NN G
1.6 kR

60 H 4 -6 w BALB/c Mtk /N FENL K 4
4H: LTB-PorB 5C %5 2H | PorB | LTB il 25 [ % fift W
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(Solution Buffer) Xf R 2, &R0 15 H, i N M 1]
1w Ja  HEAEA LSRR % BALB/c /MR,
B HARU 50 wg, 10,14 28 d Hefyie 3 1k,
1.7 GZE/NMNRIRAHEE

T 014,28 .42 d Y £E /N B A 5 18 E VR W
100 wL; Wi/ B Bk i 50 — 80 WL, 43 5 IfiL 775,
FTABRA T - 20°C IR A7
1.8 BEBAZEAMEEEMENE

AR A PE 7K TR DN < B/ N B A= B 3 T 0 R
MY , LAt BB bR =505 K U PorB 5 57 Pk
sIgA 1 IgG /K-, Z BESCHR [ 6 ] 40 o 9 7K - K
W< FH PorB 25 1 il 4 fo 5 /I BRI 5% G 40 L, MTT L,
A DN I U T8 440 i 7 3 4 S 10, AR Hf R R e AR
(SI) /N W s e AR BE, ST = B 4 V34 Ay 1/
X HRZE V-84 Ao {8 s HI PorB i 11 8 A28 /N BRUBS 5
25 A= TFN-y, ] 42 ELISA yA A IFN-y 7= 4=
K, S HESCHR[T ] .
1.9 SitFEaE

iz JH SPSS16. 0 BT 43T . BUi K B4
PR B S AR R 1K DL x5 3RO, L] 348K
I LR FH T 22038, L P < 0. 05 FRon 22 S A Si it

2 %X

2.1 HWEER PCR i

T DR AETR PR T B DNA 64T PCR, 31
H B porB Fll 1tB-porB, £ 1% Lt Jig Al &8 e H UK 43
Br, 9738 7 Be K/ 5 i W1 (1B 352 bp, porB
894 bp,ltB-porB 1264 bp) —%,
2.2 [RiEEHRKRK PCRONEEVIRNEFEE

S5 0L R . PCROFIAUEG VI 4 e 5 20 B0 H /Y 5%
i, UEH H A BE PR ) 5 R 28 pET-30a A% Rk £
fRrp (1) o X DNA U J7 25 5 1647 Blast X} 43
BT, U S 2H AR BE DR TC AR An] 2 - 2k 5 5 A8 | 1520
HE IEAf , B DK 9] [R5 ol 100% . B IA 3R 45 pET-
30a/1tB , pET-30a/porB , pET-30a/1tB-porB 4% %35
SN
2.3 Z=HZEH LTB,PorB,LTB-PorB & ix, 4k
584

Z— RN FEFRILFMBEE, PorB LTB,
LTB-PorB LT IATE KA, Rk =¥y alifb 52 1k
J5 % SDS-PAGE 434 (81 2) , k4% T S04 11 LTB
(14.4 kDa) .PorB(33 kDa) .LTB-PorB(47. 4 kDa) f
TH Rl

1 FEZEAFER PCR FEYI £ E EiE

Fig.1 PCR of Prokaryotic vector and digested products with BamH
I and HindIll. 1 -3. The PCR products of pET-30a/1tB, pET-
30a/porB, pET-30a/1tB-porB;4 —7. The digested products of pET-
30a, pET-30a/1tB-porB, pET-30a/porB, pET-30a/1tB with BamH
[ and Hind Il ;M,, M,. DNA ladder.

2 LTB,PorB,LTB-PorB = /A % 5 ) SDS-PAGE
T

Fig. 2 SDS-PAGE analysis of LTB, PorB, LTB-PorB proteins. 1,
3, 5. Supernatant of broken from Escherichia coli B121with pET-
30a/1tB, pET-30a/porB, pET-30a/1tB-porB induced by IPTG; 2,
4, 6. Precipitation of broken from Escherichia coli BL21with pET-
30a/1iB, pET-30a/porB, pET-30a/1tB-porB induced by IPTG; 7,

8, 9. Renatured protein LTB, PorB, LTB-PorB ;
Marker.

M. Protein

2.4 EZ4FEFH PorB,LTB,LTB-PorB i1 /& %
S

Western blot 455 i 7 , B 4H ook 22 ik 44k r=9)
ERA BT e AR S SO, A AE T A S B
—FESPE H ST 100 ST BE 2 D0 38 A e e 45
i (E3),
2.5 INRAFEEMES PorB #5514 sIgA B4l

PorB 4 A g ks FH 470 I, £, 9 ELISA #iz, [H]
$2 ELISA YEX] 0,14 .28 42 d B Y /) Bl A= 5 1 7
VR slgA BEATAGIN 45 2R WoR - 78 3 YA [A] I
] () G, LTB-PorB 4 sIgA /K5 b Fh#a #, 5
42 K Ao fHIK 0. 66, sIgA 7K B 5 F PorB (A :
0.36) .LTB (A, :0. 15) . Solution Buffer(A,,:0. 14)
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kDa
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3 E=HAZ AR Western blot £7E

Fig.3  Analysis of proteins by Western blot. A:PorB, LTB-PorB ;
B:LTB, LTB-PorB. A:1. pET-30a; 2. LTB-PorB(47.4 kDa); 3.
PorB(33 kDa) ;M . EasySee Western Protein Marker. B; 1. pET-
30a; 2. LTB(14.4 kDa) ; 3. LTB-PorB(47.4 kDa) ; M. EasySee

Western Protein Marker.

1.0
—e— Solution Buffer
—o— LTB
08k —v— PorB
' —— LTB-PorB

A5, of specifice sIgA in genital tract

0 14 28 42
Days post inoculation

4 BR/NRAETEEEERT PorB 45714 sIgA /K

Fig.4 SlgA levels of PorB in four intranasally immunized groups.
XTHRZA (P <0.01, /81 4) 2 fr ik 1: 1280,
2.6 /NRIMiEH PorB R4 IgG A9

PorB & [/ Rk B, (9% ELISA #iz, 1]

$£ ELISA 7LXT 0,14 28 (42 d Wi 4E iy /)N BRI i
IgG FEATHRGI . 45 R oK : 76 3 AN [] B [a] Y 0 05
o, LTB-PorB 4 1gG 7K~V 28 K ik, Ay (HH
0.60, 8 i 5T LTB X B2 (A, :0. 21, P <0.01) Al
Solution Buffer Xf #fi4H (A,5,:0. 15,P <0.01) , %M 5
ik 1:2560; {H LTB-PorB 241 5 PorB X} HRZ4H (A,s :

0.57) 1fii 1eG K25 4= L (P >0.05) ,
TLIES

1.0 -
—e— Solution Buffer
—-o— LTB

0.8 F —v— PorB
—— LTB-PorB

A, of specifice sIgA in genital tract

0 14 28 42
Days post inoculation

Bs5 Kf/NRMmiES PorB f514 1gG fikkFE

Fig.5 1IgG levels of PorB in four intranasally immunized groups.

2.7 MTT Lk &% 40 B bk B 40 AR A 18 58 I BZ
7INERU IR 2L 440 i 25 PorB 28 1 8 1) 485 5 32
] : LTB-PorB 21 38 45 £ & & F LTB A1 Solution
Buffer X #8120 (P <0. 05 ) ;{8 LTB-PorB 25 PorB Xf
MR 2z [a) Jo o 22 7 (P >0.05,58 1),
1 /R E MRS (ST)
R iEF £iE IFN-y 28/ (pg/mL)

Table 1  Stimulation index and IFN-y( pg/mL) in cultured
supernatant of spleen cells from immunized mice/ ( pg/mL)
Group SI(X £9) IFN-y(X =S)
LTB-PorB 1.64 + 0.25" 44.75 £1.54°
PorB 1.58 + 0.24 44.75 +£1.05
LTB 1.06 + 0.15 43.48 £1.75
Solution Buffer 1.10 = 0.12 47.28 +1.91

a; compared with LTB, Solution Buffer controls (P <0.05) ; b:compared
with PorB control (P >0.05) ; c:compared with PorB, LTB, Solution
Buffer controls (P >0.05).

2.8 GEINRMHERMEEST EED IFNy 58
gl

RIS 37 TFN-y bR o5 R, 2 A ofE iy
2. KIMSE R /R : LTB-PorB 21 5 % 41 2 1] JC &
HHEZF(P>0.05,581),
3t

RS SR A N LR DL 1 5 — T8 o Bt , 7R 41K
DUBO R R R T A R A o IRER R
E B i NS PR A SR IR ARG AR 2% 1
TH o AR RS B ] 7 R e LU 21 R4 P
X T BT I R e TR

LTB & H Bif e i 2L v ) iRk A 7 2 — , i
o SR RN F AT (¥ GM Wi 28715 R 45 45 1 A 45
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KA RIVE . ¥ LTB 5 H it iR & sUE K T
H AP, 3 3k s i) | AE TR ARG I S e iR 42 ez 3
Yy, AT ARG RS T 5 AT ) S, T A L
PR BT IR IR G 8 R, R 0 R I A R
Sanchez 25"V 4t LTB 14 B kL 244 pltB 4 g —
Tl fz P RE R A7), 55 ik HPVIGLL i) DNA £ 1 —
AR HTE/IN B, 76/ BB 35053 DA 400 R 2 A 0 R v A
2| 7R B T HPVIGLL (1 sIgA, LTB [a] A 1 )&
— PR AR S, 5P e s e SR A G, Y
e AR S IR 2 A VR G 75 R 20 L 928 1V 2 . TR
I, DL LTB AR A Rl B4R 351, 412 2 9252 1 e Dl ™ A= A 0
FAPR R G928 o7 225 , 2 BT o) SR % e o DL AR 928 1 1)
gz —

A, BE B A A A e B aE R+ o 2
Weiyan Zhu 25" bk Bk B &0 I 448 340 BE 30 3k 8
AR g BALB/ ¢ /INER, & AT AE /)N BRUAE 5 3 T
PRI ARSI 1) A g KO B R S sTgA i S A B
A FE VPP R T G I B 4 S 1gG . Arko R 5
4 PorB 28/NERLE IR SR 5 , AT %5 5 7 AR A R I K TR
PorB [ R Gt Sy F A FHIE JRy BB S8 o RG] DL, o
BT 2R BRI AR 9% REAT 5075 T Al T 0 8 o 25 o
BRGS0y vk F 2R H i s A FEIE
&o S RRE R RE G T I I TR A R BRI
R IR " R (o (S AT T ) 12 R o

AU ERTE PorB 2 FAE N S8 5, 4 2
DIAS B4 7] LTB, 28 4l B i 72 (B ) ) H 73 i
BALB/ ¢ /NER, FRI A B AR A A1) LTB-PorB H2H
il 25 75 T 0 IR 28 B A B 38 /KO-, e 2
R sTgA 7KSF . 455 R . LTB-PorB 4 sIgA fil I1gG
K- Bt B g2 Isf T S22 T e e 3, SR8 S 55 42 R Boitkak
PorB 1 1§ 5 P slgA A fH 15 0. 66, B & & F
PorB .LTB #1 Solution Buffer % B8 2H (P <0.01) ;45
28 %q%jafllﬁ IgG A450 {Eﬁ 0.60, Eﬁﬁ%ﬂ: LTB i
Solution Buffer XfFEZH (P <0.01) ,{H5 PorB X HE2H
M2 Toge i X (P >0.05) , U8 LTB G4 %L
A/ PorB E KGR = Az e S M sIgA HGHF S 1l
THRERE 1gG 7= A A E AR W]

KRER R, A RES R A Th2 £
AU By oy 28, AR L5 5 ) 0 A 9 Y 28 R R
U OB T E AT T A% LTB-PorB T 4 il
B I SRR AT R B R AT T 4 A fe e K
SRR, 45 5 7 LTB-PorB 21 /)N BRUIGLIAR EX4 240 e el
B 5.5 F LTB F1 Solution Buffer X R4 (P <
0.05) ,{H 5 PorB X 2 [a] Jo I & 25 5 (P >0.05) ,

LTB-PorB £ /N FU I Ik B 40 Jf 75 A5 9 TFN-y 7K 5
SHEATLHE2ZR(P>0.05), FiRgHEEH
LTB-PorB fili 5 2 [ RE AR 1 /)N BRUIL bk 2 240 ff 14 5, (HL
BE TFN-y (VR A B 8, 3 4535 3k A Ry 1) A0 A
FAE A EE#ES MHC-T X0 TR RIS FS
PRI G RE A = 175 3 A 40 B B0 8 1 25 S AN A2 1Y)
i A,

L5 LTRSS T R ER TR porB AR
FAFT B 1B il 3L R J A 2 iR 3 A4, I RE A ik
ikflA L F LTB-PorB; 91254805 T Rl 2 11 ) s
WM AlA 8 O P A B ) LTB BB A 244 PorB
FE /N BB BH B RG BE 75 5 7 AR R AKOT R R S slgA
LTB-PorB fili 52 [ BE 5 5 7 A= i 7K 1 ) I 75 4
SHE TeG A — 2 7K - 0 200 J 93, 3k B 2% IR Sl 1 —
AR R AP I B 11928 B B TR A S IR AK

%% LR
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Abstract ; [ Objective ] To construct prokaryotic fusion gene expression vector pET-30a/1tB-porB, express the recombinant
fusion protein LTB-PorB and analyze the immunocompetence of the recombinant fusion protein in female BALB/c mice
through intranasally immunization. [ Methods] B subunit of Escherichia coli heat-labile enterotoxin (LTB) and Neisseria
gonorrhoeae Porin B (PorB) fusion gene, LTB gene and PorB gene were cloned into prokaryotic vector pET-30a. The
recombinants were identified by Polymerase Chain Reaction (PCR), enzyme digestion and DNA sequencing, and then
expressed efficiently in Escherichia coli BL21 in the form of inclusion bodies. The renatured recombinant proteins had
antigenicity, which was confirmed by Western blot. Female BALB/¢ mice were inoculated with renatured recombinant
proteins without endotoxin through intranasally immunization at the days 0, 14, 28. Next, humoral immunoresponse and
cellullar immunologic response were detected in female BALB/c mice by enzyme linked immunosorbent assay (ELISA) and
methyl thiazolyl tetrazolium( MTT) colorimetric assay. [ Results] The level of PorB specific slgA in genital tract and IgG
in serum shown upward trend along with the days post innoculation in LTB-PorB group, A5, 0f sIgA in LTB-PorB group was
0. 66 at the day 42, which was significantly higher than controls (P <0.01), and the titer was up to 1:1280. A, of
serum IgG in LTB-PorB group was 0. 60 at the day 28, which was significantly higher than the LTB and the Solution Buffer
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controls (P <0.01), and the titer was up to 1: 2560. However, the IgG between LTB-PorB group and PorB control (A,
0. 57) had no significant difference (P >0.05). Stimulation index of the splenic lymphocyte in LTB-PorB group was
significantly higher than the LTB and the Solution Buffer controls (P <0.05). But the level of IFN-vy induced by splenic
lymphocyte between LTB-PorB group and controls had no significant difference ( P > 0.05). [ Conclusion] The
recombinant fusion protein LTB-PorB could induce high level of humoral immunoresponse and slightly cellullar
immunologic response in female BALB/c mice through intranasally immunization. For the first time to our knowledge, the
mucosal adjuvant LTB could assist PorB to induce high level of mucosal immune response in the genital tract mucosa of
mice.

Keywords ; Neisseria gonorrhoeae; Porin B; B subunit of Escherichia coli heat-labile enterotoxin; gene fusion; prokaryotic

expression; Immunocompetence
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