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HWHH IgE, %R  PCR BIY ML 194 bp 19 OprI 005 g 5 He 8 5 X Y) . PCR RN T UESE Oprl HH B3 50
% A pGEX-1AT . 3¢ H pGEX-OprI B I 54k Bb, # 8 F Bb-pGEX-Oprl # 1 ; SDS-PAGE & 7k Bb-pGEX-Oprl
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B T EALEE T Bb-pGEX-Opr I, HoAE /N AT Pa Jgk Y o A2 v BT 7 A5 75 R0 1R VR 0 98 N 255

[A] HISEAME MR &l %%

Study on Construction of Recombinant Bb-pGEX-Oprl Vaccine of Pseudomonas aeruginosa and Its Protection Effect
LIU Xiao, LI Wen-gui® , LUO Guang-zu. Institute of Infectious and Parasitic Diseases, the First Af filiated
Hospital , Chongqing Medical University, Chongqing 400016, China
/\ Corresponding author, E-mail: cqliwengui@163. com

[ Abstract] Objective To construct the recombinant Bb-pGEX-OprI vaccine of Pseudomonas aeruginosa (Pa)
outer membrane protein I (OprD) and study its protection effect in mice against Pa. Methods The Oprl gene was
amplified by PCR, and cloned into pGEX-1AT to generate pGEX-OprI. The pGEX-Oprl was transformed into
Bi fidobacterium bifidum (Bb) to construct recombinant Bb-pGEX-Oprl vaccine by electroporation. After
identification with double enzyme digestion, PCR and sequencing, the vaccine was then induced with IPTG, and its
expression was analyzed and identified by SDS-PAGE and Western blot respectively. Twenty-one mice were
randomly divided into 3 groups and vaccinated by intragastric administration with Bb-pGEX-OprI, Bb-pGEX-1AT
and Bb respectively. All mice were challenged with PAO1 strain at 4 weeks after the first vaccination. At 2 weeks
after the challenge, mice were sacrificed to separate their lungs, and the numbers of bacterial colonies in lungs were
counted. Venous blood was collected before vaccination, at 4 weeks after the first vaccination and 2 weeks after the
challenge of PAO1 strain. The serum IgG, IgG subclasses and IgE were detected by routine ELISA. Results The
OprlI gene of 194 bp was successfully amplified by PCR. Double enzyme digestion, PCR and sequencing confirmed
that the Oprl gene was successfully cloned into pGEX-1AT and pGEX-OprI was successfully transformed into Bb,
constructing the Bb-pGEX-OprI vaccine. SDS-PAGE indicated that Bb-pGEX-OprI vaccine expressed an Oprl-GST
fusion protein with the relative molecular mass of approximately 32 X 10°. Western blot verified that the fusion
protein could be specifically identified by the sera of mice infected with Pa. The number of bacterial colonies in lung
of Bb-pGEX-OprI vaccine group was lower than that of Bb-pGEX-1AT or Bb control (P<C0. 01). The levels of
serum IgG, IgG2b, IgG3 and IgE in Bb-pGEX-OprI vaccine group rose at 4 weeks after the first vaccination and 2
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weeks after the challenge successively. The levels of serum antibodies in Bb-pGEX-OprI vaccine group were higher

than those in Bb-pGEX-1AT or Bb control at the same time point (P <C0. 01 or P<C0.05). Conclusion The

recombinant Bb-pGEX-Oprl vaccine was successfully constructed and produced an effective humoral immune

response against the Pa infection.
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L11 & A AME  DNA ZEGLH & kL
FEPGUA T & PCR IR & L 57 4 k-p-D- AL 2 7L b
(PTG, Eifg/E TA R ; 8 1 Marker (P4 [H
AT sBamH 1 .EcoR 1 .DNA marker, T4 DNA
JE H2 1 (Fermentas) ; HRP #rid £ 1 Bl 1gG.1gGl.
1gG2a.1gG2b. 1gG3 F1 IgE (Southern Biotech); Pa
PUEL Pa 2% G 1 BLILTE HY A4S % il 4 . PCR L (M]
Research) ; L Ik A% . BE B T84 70 #7 AL (Bio-Rad) . i
#R4Y (Thermo Scientific) ,

1.1.2 maEA#HAF PAOL FrifErk b & PKERR
SRR L B B BE A B bk 247 B BL21 (pGEX-
INT) A Bb B fb h A< 2 fRAF

1.1.3 %34 bk BALB/c /MR 21 HL (R JR
i 20~25 g, W T HEIRER R AL S .

1.2 F#i&

1.2.1 Oprl AR & ¥ ¥ A% T # DNA $#2HHL
M & Ul 52 L Pa JL 41 DNA, OprI 5|49 P1.

Bi fidobacterium bi fidum
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5" - GCGGATTCTGAGCAGCCACTCCAAAGAA
ACGAAGCT-3" CF RIZ3#6 434 BamH T [ Y1 {3
A5, P2 5-GCGAATTCCTATTACTTGCGGCT
GGC TTTTTCC-3" CFRIZH 4> K EcoR T VI
SO R B 194 bp gl B BilEA T AR A
. 50 ‘uLfi@Mi,%;ZXPCR Master 25 pL, F.F
W51 45 2 pL, DNA Bid 3 pl, K 258 K
18 pL. 4. 94 °C. 2 min; 3£ 35 DMFIF (94 C,
30 s355 °C+30 $;72 °C,30 $);72 “C,2 min, 12 g/L
BN R I P VK S R T
1.2.2 F4@ 5% pGEX-Oprl th# & % BL21
(PGEX-IND A Z 2N 5 55 = (Amp, JTi W %
50 pg/mL) LB AR £ HH,37 °C 200 r/min $#
JR¥E IR 48 ~ 72 h, 22 B okL 4 Bk R & 1 B 4 R
pGEX-1AT. ¥ Oprl ¥ PCR 7= fil pGEX-1AT
A BamH 1 1 EcoR T #7473 EE Y, BV IA R 1K
60 pL:42 pL § 44 ek ik.1. 3 pL BamH T,
1.3 plL EcoR T ,6 pLlL 10 X Tango Buffer,9. 4 pL
K EEFK. 37 CHEY) 2 h, ik EED) ™= 4
AL 20 pl ERKR R HERE 4 pL, 84K B
12 pL.,10 X T4 Buffer 2 L, T4 DNA % 2 L.
4 CHEZEK.
1.2.3 #41% % BbpGEX-Oprl 69 i B K 7
1.2.3.1 pGEX-OprlI Jihi v 58 fL#% 1L &% 52 % Bb
Bb & FfF % 0.5 mol/L HEKEAY MRS i {4 35 77 3
B, 37 C IR A 5 7 48 ~ 72 h, Ui £ W K.
100 mL/LH il &Rz 8. HnA 3 WH . &k
RS H 7R R A1 )5 B0 10 min ICE R A, 1
WA BUR Yl 50,25 FI 10 mL, 850 55 K Rl
3 000.,2 000.1 500 r/min, HJGHMA 1.5 mL Him,
AT AL, S8 B E 800~2 500 V, I}
1] 5 ms, FLZEFL 1~5 K. HEFEMA MRS K57
55,150 r/min 3% 2 h, BOE &8 R LS 2 S
Amp ) MRS §ii 86 ¥4 137 CHF IR 48~72 h,
1.2.3.2 HAFLHMWEYIM PCR %2 Phik i
TEF-Ai B B Pk R S R AT IO R A B R v
R PRI 2 TR, B 3R B U)K R PR T XL D)
YEE o DA IO T A SR O BN L #i B] 1R PCR
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FH 1 o 2 B 35 R R OB (ADE 0. 5~0. 8, Il
AT, HAREIIMA 1 mmol/L IPTG, 45
F1.2.3.4.5 16 d BWEEAK. 20 pL/FLINFE, LA
100 g/ LAy B R F A7 LUk . pGEX-1AT i kL & 4 4%
o H IOk % RS il P (GST) » Opr T JE PR AR i 7T
#ikH Oprl-GST @& H H .

1.2.5 Western blot £ @& %8 Lo # K4l
Xf B8, SDS-PAGE 431 )5 » 2F TIE 6 B o FL 7 1k &
MR, —HUBE A Pa SO Y BRLIMLYE (1 ¢ 100D, —
P HRP pric F40 M 1gG(1 = 1 000D, HIBLECHY —
G IR i i 0 T AR

1.2.6 s ek Ak NI 3 4,555
T R Bb-pGEX-Oprl £ 1 | %5 3 1K 2 B (Bb-
pGEX-1AT) Al Bb X} f, &40 7 H,5X 10" CFU %
Wi E AT 100 pL MRS Br 3R, @ 20470 3 J4 . 1
HELAERN 3 d. Wk 4 8 5X10° CFU 1y
PAOL BREE & T 10 pL LB AR IR, B — 1k
PEIEFP HEAT BT

1.2.7 Magrmiti WhE 2 HLse/NR T
DRI AL 0, 51 B e TR L, 37 “C ¥ 5% 2 d, b 4T
FVE T

1.2.8 ELISA #&m fe i 404k G581 e UK e g
Ja 4 JE /N BUR R BRI . PAOL MRIACE 5 2 8 475 BR
MR SR BB T, 4 LT R A7 25 . R ELTSA K Ht
1 pg/fL Pa B AL /N BRIMLTE 1+ 100 #5 B
HRP Fric i 290 Bl 1gG . 1gG1.1gG2a, 1gG2b 1gG3
I IGE #4141 2 6 000 H5 B B bR A Ao {H o
1.2.9 st ik B o£s £ow. Mgt
B g (CFU/mL) R . il 2 07 25 55 1 FE &5 4
() K545 22 2H 18] bo A8 ok B8 TR 3R 7 22 93 B s PR LG ¢
K T SNK-q 5 56 5 AN 2 7 26 75 1k 50 25 1 28l
FAIESEAT, P<<0.05 WESHGIT¥E XL,
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2.1 Oprl EFAHK PCR LR

Proagh L& 1, 3815 29 194 bp () Oprl A
R B,
2.2 EHABREMXEYIF PCR EE

MEAT Amp $ i) F 4 R B Y R 2 ROk 42
BV G 7 A 249 4 947 bp {9 pGEX-1AT 2 A4k [ B FI
194 bp B OprI F K F BE (& 2) . L)L 20 J50kr by A5 AR
PCR 4" #1124 194 bp 1Y Oprl 56 A B, & Bl T

2% mN IR S AR e Be S BT R A1 — 2K
M 1 2 3 4
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B 1 Oprl EEK PCR ¥ EER
Fig 1 PCR result of OprI gene
M. DNA marker; 1-4: PCR products of OprI gene
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B 2 pGEX-Oprl MEGHIEE
Fig 2 Identification of pGEX-OprlI with double enzyme digestion
M. DNA marker; 1, 2. pGEX-1AT; 3, 4. pGEX-Oprl
digested with BamH [ and EcoR [

2.3 SDS-PAGE 4} #f

Bb-pGEX-Oprl #£ #l X} 43 F Jit & 24 32 X 10°
(Oprl:6X10° ,GST:26 X 10%) &b H4 B 5 5 11 A1 745 114 4
Sk OprI-GST il &8 1 470 (& 3) . BERE A BT B
I3 dg RBIERBEE KBS EAY S FE K
(M, %10 M 1

L (M, % 10%)
117 (-

32

3 Bb-pGEX-Oprl % i% % M i SDS-PAGE 4 #7
Fig 3 SDS-PAGE of expressed proteins of Bb-pGEX-Oprl
M. Protein marker; 1: Expressed proteins of Bb-pGEX-OprI
without induction; 2-7. Expressed proteins of Bb-pGEX-OprI
induced for 1, 2, 3, 4, 5 and 6 d respectively
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2.4 Western blot £7F

Bb-pGEX-OprI $£ i 323K 1) fill & 2 H 7] 4 Pa J&
e 1) BRE P FEARRT 43— 1] BT 5 29 32X 10° 4k i
f%%ﬁ‘@fiﬂj%%»ﬁéﬁﬁlﬂﬂﬁjﬁﬁt%%(@ 4),

2. M 2

(M, X107 (M, X107
117
85
49
34
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25
Bl 4 Bb-pGEX-Oprl 3}k i% E BB Western blot £ &

Fig 4 Western blot of expressed protein of Bb-pGEX-OprlI
M: Protein marker; 1. Control; 2. Oprl-GST protein

2.5 MALNEREEEL

/N B 2 2 T R VK T B 2 R, Bb-pGEX-
Oprl FEP4H (7. 65340. 082) lg CFU/mLI K F
Bb-pGEX-1AT 410(8. 730+0. 062) lg CFU/mLJ Al
Bb 41 ((8. 788 4 0. 065) lg CFU/mLJ (P # <
0.01) ,Bb-pGEX-1AT 4 1 Bb 4 = [ 2% R L5 112

B X (P>0.05),
2.6 /IRIME IgG BREIZKFN IgE 7k F
1gG1.1gG2a 7€ it A 4 i A B i ¥ Rk th o Al
ZH N AS [E] ) TR i 8, 3 A/ BB E Je 4 8] AN s
J& 2 JER 1gG . 1gG2b  1gG3 Fil IgE /K-F- X B & & T
FREFT (P ¥ <<0.01),3 X5 2 AW 1gG.
IgG2b Al IgE B/ W f5 4 A JHm (P ¥ <
0.01),Bb-pGEX-OprI M & /5 2 1 1gG3
KR R G 5 4 R FHE (P<<0.05), ULt3E.
(7] — B ] gt A ) 4 1) B S S 2 i 1gG L\ 1gG2b,
IgG3 Fl IgE K78 3 M iy 22 S B o ge it 2r i X
(P3¥>0.05), HikH®¥EE 4 &, Bb-pGEX-Oprl
PEHAL 1gG K8 T 25 R 41 il Bb 41 (P ¥ <
0.01),25 8K 2H & T Bb 2H (P<C0. 05) , Bb-pGEX-
Opr P i 20 Fzs AR 4 1 1gE 7KF-#W] i & F Bb
41 (P #<20. 01), Bb-pGEX-OprI HEH 41 & F 25 %
R (P <C0. 05), X HEXAEERE 4 81 1gG2b,
1eG3 LkXig 2 M 1gG.1gG2b. 1gG3 Hil IgE 7K
SEEAT =4 R T R LA, &2 B Bb-pGEX-Oprl %
AR ZS 2R 43 & F Bb 41, Bb-pGEX-Oprl %
Wi Tas R (P <0, 01>, LR .

MR BEERER PAOL HRIEE/NR ME HU R

Table Detection on antibodies in sera of mice immunized with vaccine and challenged with PA01 strain

Time Group 1gG 1gG1 1gG2a 1gG2b 1gG3 IgE

BV A 0.03040.002 0 0 0.005=+0.001 0.00540.002 0.006=+0.001
B 0.03040.002 0 0 0.006=+0.002 0.00540.002 0.006=+0.001
C 0.030%0.002 0 0 0.006=+0.001 0.00540.002 0.006=+0.001

FViw A 0.06940.003 * * -aa-bb 0 0 0.028+0.002* * - aa:bb 0.02240.002* * - aa:bb 0.02640.002* * - aa:b
B 0.05640.002* *a 0 0 0.0192+0.002* * - aa 0.016+0.002* - aa 0.02440.002* * - aa
C 0.05240. 004 * * 0 0 0.015=0.001 * * 0.01040.002* * 0.02040.001 * *

Cow A 0.10040. 006 * * - # % aa.bb 0 0 0.046+0.003* * - ##.aa.bb (0 02540, 003 * * - % . aa.bb 0.039740.002 % * +# % .aa.bb
B 0.08140.004* *-% = 0 0 0.041+£0.002* * %= 0.01940.002* *-= 0.03540.002* *-# =
C 0.070£0.002* *-# = 0 0 0.037=x0.002* * %= 0.01440.002* *-= % 0.02940.002* *-# =

BV: Before vaccination; FViy: 4 weeks after first vaccination; Caw: 2 weeks after challenge; A: Bb-pGEX-OprI; B: Bb-pGEX-1AT; C: Bb. * P<0.05,
% % P<C0.01, vs. BV in the same group; # P<C0.05, # # P<(0.01, vs. FVy, in the same group; a P<C0. 05, aa P<C0.01, vs. C group at the same time point;
b P<C0.05, bb P<C0.01, vs. B group at the same time point
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MIZUNO 27 8 ) 43 85 Pa ) Oprl £ H . 4
XAy F I 8 X107, LAM 41 & Bl 248 ¢ Pa
SR R A 3l W 1T B9 PR 3 TR B Oprl. 2 1
Oprl B AT B4 0 S 52 U« 38 & 0 — o i ek 32k
48 F . LOOTS 42 L B Oprl nf 6 B T 48 <048 2
RS A /N Bz AN 55 e D B S A0 M AN R 4 i Y
Toll # 32 & 4 45 1 i 4l 1t JT I A% $ L. 1X % Oprl
Rh R w0 A B

A58 48FAY FOoR. pGEX-1AT %45 R 30 tac
JA 8T mRNA B8 FOKFI R85 54 Kip

Rl £ 2835 TG I Al 2R T AR . R R
F pGEX-1AT {#i Pa 9 OprF & [ 7 Bb J IE# %
Ko AREE T pGEX-Oprl, 345 H L 2 fLF 1k
Bb, i 5 Rk g5 R ARIR Oprl 3 HFE Bb 3K 15
Ko BER AT AE R R FRIA MR A SR
FI 620,75 3 d J5 ik ik K @K R 1% 0%
HREE 35 OprI-GST #H [1. Western blot 5t i
ARG E B AT Pa G 1 BUIMLTE & A2 RN $ R
Rl E B R

JE 0 AT AH oz BR 2% R @ 41 Bb-Eg95-
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Y, F LR TSN B A — AR T
AT R I E W RIE T 4 JREE W2 I 1eG
Fhi .5 ZHANG " SaE AR L. FR AT R
£ J5 H 4L Bb 1 76 /N B 3 A O Ak R e R
ik Oprl FLJi . 2 5 38 IR [CAE & ik EL /NS5 i M2
LB UG 32 25 e D 4 2 AN TS K B R 0 4
T 4 . 28 1 f 43 f6 o8 Th 4. Th 41 i % Bh B
20 160 431 R SR A0 B 7 A B AR 3 e PR BR AR AR EA
I3 s fof L35 R BT AR T . TG Rl sk A R T RN
20 M 75 1 B (ADCO) 2834 72 X 3E Pa.
AT KB RS Ja 4 T 1 AL/ BT
IgG2b A1 1gG3 Bl W FH &, 5 DUNKLEY &80 45 11
HARL, 3278 TgG2b Al 1gG3 S5 LR 4 1E A &, #HEW
#£ Th1 #1 Th2 41 i 5 W 18 T P8 -y ML b E K
T-B AN 7 VR R 2 A i = A A 2 ) 1gG3
M 1gG2b, 1gG2b F1 1gG3 AT 3 i 3 16 #h 4 75 B
Pa,Pa 1) I 3 7 Wi AF 7% 28 40 0K [ 4 ) 2
C3b*),1gG2b  1gG3 FAMA Sy 5 45 & B Wik 40 ffy 1 vh
PR 1 Fo 52 1A RURM A 32 1R & #3508 35 A
FH A 2E 3k e 241 Jif Xt Pa B AR 19 25 W . TgG3 38 7] 45
& NK 41 %) Fe &4 ADCC R {j; Pa,
TN R A KA B ipaB B M E
41 Bb e Z R E e /R B K s 4
JA s Ha gz UL YE TgE THim . ASHEIE SR B IR e 5
4 J e B I VE TeE T, 4RI 22 K G IS P
Fik W Oprl HLIEH B 41 i 53 W5 5 5 1 IgE 3 £ Jf:
A5 JIES DK 200 . g ke A 40 R o R e A 4 i T A
UKL K P AR 9 E A F T AR Pa iYL,
BRIDGE 25" % Bl 49 %35 Pa O PR A E 4L
T IC B 28 1. JF F PAL03 & 20 di (9 /s B i 7
IeG B ARG 27 d W & Fi ik i SR &
Wi AR . AW KB PAOL #kBGE )5 2 A
Mg 1gG K IL WA IgE ¥ i Ik g a 4 J& T+
15 » 28 W T R AT UAE B2 R ) 51 o A ik T
1 I FLBE ™ A BT I Y S 10 s B FZ e B 1
WHEE g 5 . 5 B 40 id et B 4l i,
PAOT #k I 5 )5 -0 2Pk B 240 M P V45 fih 3] Pa i 14
FEM Oprl HUI, B MR B T 1 &, 7= 2 1 1R T
G 8 I 25 T R SR S N R ORI R
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