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Prokaryotic expression, polyclonal antibody preparation and immunoprotection potential of Pseudomonas

aeruginosa outer membrane protein OprH

LIU Xiang*
Department of Biochemistry and Molecular Biology, College of Biological Sciences and Engineering, Shaanxi University of
Technology, Hanzhong 723001, Shaanxi, China

[ Abstract ] Objective To lay a foundation for the industrial fermentation and vaccine development of Pseudomonas
aeruginosa (P. oeruginosa) outer membrane protein OprH. Methods The OprH expression strain was obtained by molecular
cloning. The culture condition and optimal expression of the experiment was obtained by the method of orthogonal design.
OprH was purified by gel slice strategy and was used to immunize mice to prepare the polyclonal antibody. The antibody titer
and specificity were detected by ELISA and Western blotting analysis, respectively. Mice were immunized by OprH protein and
infected with P. aeruginosa, and the immune protection of OprH was detected. Results OprH recombinant vector were
digested and sequenced, and the results confirmed the correct construction; and OprH expression and purification of strip size
agreed with the prediction. The optimal culture condition was as follows: rotation rate was 230 r/min, glucose concentration
was 0%, and the medium volume was 50 mL. The optimal inducing expression condition of OprH was as follows: isopropy-g-D-
thiogalactoside final concentration was 0. 3 mmol/L, strain Dsy value was 0. 8, inducing temperature was 32°C, and inducing
time was 3 h. The OprH antibody titer was 1 ¢ 1 600 as detected by ELISA, and Western blotting analysis proved that the
antiserum had good specificity. Mice specific immune was activated by OprH, and immune protection rate for mice against P.
aeruginosa infection was 46. 15 %, which had significant differences compared with the control (P<C0. 05). Conclusion We
have successfully cloned OprH expression vector, purified OprH, prepared the polyclonal antibodies of OprH. It is confirmed
that OprH protein has significant immune protection against P. aeruginosa, and the culture and induction conditions of the
recombinant OprH have been obtained.
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2R BRI T ( Pseudomonas aeruginosa) s XFREE
AT TR » o — b A5 B0 B 78 1 A B I
N8 S AT A e B e A SRR 1Y) = 5 L T
Z—o UHUARHLHT ) T R E RGN B | S B b
VAR A03 JE A s A e o 7 S I ] S OB A A
YRR o AT IR R AT T i R
PUAER ARAFAEMT 25 PEA B B 2 B TRl R At AAT T —
BAETHRA R B VA X R  T 0 2 o i T
AMIEZE 1 (outer membrance protein, Opr) g 20 £ fir,
Hov G 93 5V 5 19 47 OprHL, OprF 1 Oprl 3 Fif,
OprH HA7 1 8 4> B JZZH U5 AR IR 4 A i 4 A
RANAZERI ML AN ER 5 B8 20 Bl A1 4 B AR B AT
-5 20 R AP RS 0 B E M R AR 2 2 1 A O
OprH $8 7™ A T T 55 AN ] TR P il o A1 B
TR A R S P ) R S 2 I HC AT R — T R 1Y
TP BUE  AERE R A ARG N R

AL T 1 AR A SR B R OprH 8 1 A
B Ek . 2lifk OprH A . fil %/ ) OprH $it
LY » R JGR/NER e OprH E H » T i 2r 5L
. 5% OprH WS RE R DI RE. FF R I IE QB
ftik OprH il A5 95 5 75 R K &1 O OprH
TP AR AR = R I SR VT B A

1 ##7E

L1 #H 2k R PAOLLE. coli DHSa
PR E. coli BL21,pET-32a JFURL¥4 i Bk VG £ T 2% B
AAL 5 53T TR O PR A s 51 BRI e ph ALt
Pl A= P BORAT B W 58 80 B W /0N B P 08 22 58 3 R
L h R AL B AR IE S SCXK (B 2010~
001; Taq B, T4 DNA JZEHRE  FRAE N VIE BamH
15 Xho 1 .DNA Marker 55 Protein Marker g T
AR ) 5 TR B B R0 4 0 [ i i R)
W T PU 2R IR AR A I BORAT BR S W) 5 I RS ) L3R
(AR 5 7 D 1R FLBEF Cisopropy-g-D-
thiogalactoside, IPTG) Il F3E[E MP /3 H] .

1.2 OprH Za##keg M iKY NCBI 2 A (14
RN PAOL OprH B 51, i ] Primer 4%
s . 514 1. 5-ACA GGA TCC ATG
AAA GCA CTC AAG ACT-3', 5% 2. 5-ACT
CTC GAG TTA GAA CTT GTA GTT GGC-3', F
RIZ ANV BamHIFD Xhol FIBEYIN 5. PCR ML

KRR BSEM SEE TR —3 ¥ PCR =5
pET-32a JFURL UG V), 28 3% 42 B3 7% 4% )5, e fb E. coli
DH5q [ # A s F 41 OprH SO bk, Bis 41
PR BG4 T o P28 2t L) B 5 e
JG Ak E. coli BL21 [k 235845 OprH Rk Rbk.
1.3 OprH & @ kA b g 54 FRFEMHE
B AH T 3R 16 ho B4R FR 2 Dao 29 0. 8 h T AGE
I IPTG i 1595 7 h )5 PR R T
LRI, 7 A 0 E A 6 3R 5, K RE 3% OprH
R o R BRI T L 235 B ) P UK DD i, i BR AR
HRTII R 7 % OprH 8 (R 4k
1.4 OprH & & R AKFHeimik  FIAH LI
(34) IEA IR B T vE Bk OprH Beid Ky 9% 4%
M 5iFESERB M. OprH Bk 35 5040 1R 56
FEOL B WA TEE A LB B 32 W0, {555 16 h
JeaPA T s 100 SRR A & LB B3R 5611 250 mL
BrFE R e BROE A3 B T 019 SR AR A T
B SR A0 RIS P BRIV Deoo (. OprH T 75 5
FER A IE A IR ES T BBy AR OprF B #k 1)
Fil R A B 5 TR RO B2 2 R[] Do {H 5 FF
i BROE A 30 B A0 1) 5K In A [k B2 1 TPTG
VB AR DUTE IIAGE 2 (1 86 (1 BEGE ol i IF e
10 pL E17 2R IR KRR TN . o) 5 2R A5 1 Ha Ik 1
Tk 2% Phoretix 1D 344347 OprH &1 D {4,
L5 v OprH % St kbl & BEHEERT) 5
IYHEPEEL BN 15 H 4 BREE BT ADE SR 0 k™ ik
1 OprH ZE /N R e B H/N BB 2850 pgs
efigie 3 K. BJEIRARIBUM AKAS OprH BT ig .
1.6 ELISA #2%& & JR #7 i ik 4@ OprH 3 e i 3
M h 4 Kaifbny OprH M 25 pe/pl.
TEXTR 1 96 FLALF A 100 (L 7 K45, 37°C %
H 3 hy {123 WA, PBS Yk IAGE B P 7853
WEE 2 hsRJE AL 100 pL ARIFFRERE R OprH Hit
My, = EME 1 h PR35 A 100 pL =4
(1:3000),={/IFE 1 h, g, B EARKE 10 mn
J& AL L L 8, 450 nm AbEEL D,

i A 8 T ER S A OprH. Bt i 7 5 57
PE BB 4 OprH B WM #1T SDS-PAGE, %
NC %, & B 5 - F OprH S g i &, 3t
A0, fieJ5 DAB {4,
1.7 F4 OprH B @ sb ) Rey B Ry £ 5K
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Ph 10X 10" CFU FA 1 5 2 AR HR i T 1647 70N BRI
MRS e S /NRIBE T B O . ARG 22 A4
RV = (1—LEAIET R/ BEALIET ) X
100%6, 3158 OprH & 1 1) e ey E T

1.8 Zeitabs N SPSS 13 0 B T4 244
BT s MG IR A5 R 5 SRR RS 6% B (B E 28
SR EE LA 2 s R AL IE] FL R B 2R O 2248
Bro THECRRLR A o Kudi. KRBk HE (e k0. 05,

2 # R

2.1 OprH T RkegME  LIFREUYH SR
Jitl P BRI 20 DNA R #E4T PCR ¢4, &8 1A
78 PCR 3153 5 WU R /N —30h H A2 B R B
¥ PCR KAGHY OprH He[F %4 A pET-32a JitfiL.
At E. coli DHSa WPk $&US0REL, JH BamH 1 #1
Xho 1 W) 2 Fuki 4545 603 bp Jy B (&l 1B),
5 OprH JEHK/N—30, I 1 5100 5 25 57
5 NCBI A OprH FERAHE .
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Fig 1 Construction of recombinant plasmid

B

of P. aeruginosa OprH gene
A: OprH gene by PCR; B: OprH recombinant plasmid testing.
OprH: Outer membrane protein H; P. aeruginosa: Pseudomonas
aeruginosa; M: DNA marker; 1. OprH gene 2: Recombinant
plasmid of OprH gene; 3: OprH recombinant plasmid digested with

BamH | and Xho [

2.2 OprHZ&waw Ak b5 BEUFELE
W2 IPTG 53 5, 4815 K/ 42 000 19 4541
OprH (21 574) , pET-32a Jit i 5 [ hR 25 (20 400),
OprH H 24128 W RIA 45 R 5 U — 20, Jfad &
H K U2l eqs OprH B 1 (8 2).
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Fig 2 Expression (A) and purification (B) of
P. aeruginosa OprH protein
OprH: Outer membrane protein H; P. aeruginosa: Pseudomonas

aeruginosa; IPTG: Isopropy--D-thiogalactoside. M: Protein

marker; 1: Not induced; 2: IPTG induced; 3: OprH protein

purification

2.3 OprH & & %k &4 09 thAt

2.3.1 OprH R#x EHREFFLH MK LY
(34) TEACSIR I 4/ 1F OprH Fik bk B 55 451
ASEER A R IR 1. 5 n] 45 IR R X R R 4601
MR I C> AZ> B 4 4 Wi e FE 2 o e 3¢
W R X 35 SR A ) B A St L
(F=26. 404, P<C0. 01; F=10. 512, P<C0. 01; F=
70.916,P<C0.01), i b 1 P3R5 R K1,K2
K3 BRI 5 3k 45 OprH 235 W bk e RE
FRANF AL A AIB3CL . RIVES 35 3 Hh 4 7 1 vk 1 N
0,55 230 r/min, K E 50 mL,

2.3.2 OprH XA WHIF 44 HELIELKE
Wit 454 SDS-PAGE & HHLIKE I OprH 143k
MO0, 3 I, K15 OprH 4 1R B K5 585 F
i Phoretix 1D 3453 #r 8 F 454 . 3845 OprH
A R LI AR (2. RIS W&
XF OprH FiB KR H>G>E>F;
R IE IPTG ifs 5 20k B 5 IR S5 T[] 4
AN E X OprH KB m ¥ LA Gt 228 X
(F=72.354,P<C0. 01; F=40. 721, P<<0. 01; F=
79.707,P<C0. 01; F=229. 273, P<0. 01),

T R 2 AR KT K2 Fi K3 A48
4 HAF OprH efEif R IR 5 E2F2G1H2,
BUTR W Do fH 0. 8, IPTG i § & ¥ T N
0. 3 mmol/L,ESmE] 3 h,isSIRE 32°C.,
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x1 AFBBEME OprH EAFEKEFEMHRE
Tab 1 Culturing condition of P. aeruginosa

OprH recombinant strain

Number A(%) B(emin') CV/mL  Dspo value s
1 0 180 50 1. 88540. 010
2 0 200 75 1. 73140. 019
3 0 230 100 1. 76940. 006
4 0.4 180 75 1. 692-+0. 007
5 0.4 200 100 1. 71940. 013
6 0.4 230 50 1. 84440. 004
7 1 180 100 1. 63040. 008
8 1 200 50 1. 76640. 003
9 1 230 75 1. 73640. 005
K1 1. 795 1. 736 1. 832

K2 1.752 1. 739 1. 720

K3 1. 711 1. 783 1. 706

R 0. 084 0. 047 0. 126

OprH: Outer membrane protein H; P. aeruginosa: Pseudomonas
aeruginosa. A: Glucose concentration; B: Rotation rate; C.
Medium volume

=2 EFXBPEME OprH RiXFSEKMG
Tab 2 Inducing condition of

P. aeruginosa OprH expression

F G H OprH expression
Number E
cp/mmol « L™ ¢/h 6/°C (X10Y), 7+
1 0.5 0.1 3 28 1. 58140. 081
2 0.5 0.3 8 32 3.86940. 044
0.5 0.5 12 37 4. 249+0. 268
4 0.8 0.1 8 37 3.93240. 279
5 0.8 0.3 12 28 3.600%0. 228
6 0.8 0.5 3 32 6.79940. 436
7 1 0.1 12 32 3.566+0. 591
8 1 0.3 3 37 5.587+0.128
9 1 0.5 8 28 0.541%0. 086
K1 3.238 3. 026 4.659 1.911
K2 4,781 4.353 2.784  4.740
K3 3. 225 3. 865 3.801 4.593
R 1. 556 1. 327 1.875 2.829

OprH: Outer membrane protein H; P. aeruginosa: Pseudomonas
aeruginosa; IPTG: Isopropy-f-D-thiogalacto side. E: Strain Deoo

value; F: IPTG final concentration; G: Inducing time; H: Inducing

2.4 OprH 4t 7 2 5 45 5F 52l JigHE
P& OprH HUIME RN IL 12 1 600CE 3), FIH]
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1.4} N v— Negative control
1.2 \\-\
2 LOF S
ERY I
Qo06f \\
04F \\
TSN
02 =
0.0 e e — — —

1:100 1:200 1:400 1:8001:16001 :3200
Dilution multiple
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Fig 3 Identification of P. aeruginosa OprH antiserum titer
OprH: Outer membrane protein H; P. aeruginosa: Pseudomonas

aeruginosa
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4 $ASEEE OprH Hi B4 1R
EHRENTERE T

Fig 4 Identification of the specificity of P. aeruginosa

control

OprH antiserum by Western blotting analysis
OprH: Outer membrane protein H; P. aeruginosa: Pseudomonas

aeruginosa

2.5 OprH & é&a# etk xR /RS 3K
OprH HH S )5 B ak AT W BUR . LB 48 h
NI A eSS = PERCEY B3 IS SV 8¢ -3 /AN SE<CPii
34 d g /NRIET R R, 451 8K, OprH
B/ IN B 05 S M SR BE X /I Bl s e AT T e e 1Y)
PRk F 46,15 Y0, S BAM K ZER A%
e L (P<<0. 05,5 3),

temperature
®3 MREEFEFRERERE OprH RIFAFKRARMARFER
Tab 3 Immunity of P. aeruginosa OprH and challenging P. aeruginosa pathogenic bacteria in mice
N=15
Death of mice after toxin attack n
Group Alive n Death rate (%) Protective rate (%)
0-48 h 48-96 h 96-120 h 120-360 h
Control 8 4 1 2 86. 67 -
OprH 4 2 1 8 46. 67 46,157

OprH: Outer membrane protein H; P. aeruginosa: Pseudomonas aeruginosa. * P< 0. 05 vs control group
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OprH 248 B 5 i 7 1) E B MR A, AT
ARSI A S S F 9 e B o A o T R e R
' OprH B il B A w4 Nk OprH
F1 OprF #4 g2 fh G 8 1, A% W HTILE AT 5 A [F]
S 2 M PR M TR A R S T T A SR Sk 98 Y F
FEBLE IR . ARSI /N g OprH 1, /)
AR KRS Lol kA i, RIHE A E A
XN BRI B FEAE AR . il 1) OprH /N2 wi &
PUARBAIRE] 1+ 1 600, SN WAL, nT BB R/ B
G PESAT BN 2R . LR hE SE OprH 2
F T 7N B 2 {1 B M B e LA S e R AP E T R
OprH #& |1 2= DI Re i e S Bk

YF OprH 2/ Ty 2 DI RE . A 0 B8 5 5
N TRTFBRG & Rs ) TR . AR
FIEASIR S B i 5 vk AT 2 R M i OprH 2R
FI R0 JEAZ Ik A 5T 45 S UESE OprH 2635 B Ak e i
BR IR 55 Ry - B SR W TC T U N W B 230 1/
min, $i i 50 mL; it OprH B 35448
IPTG B W Do 5 0. 8, IPTG i S & W BE 0. 3
mmol/L, S0} 8] 3 h, FE-HEE 32°C, f5LmA
P = R ] R R S B RS R T
PR A AR T AR S G DA kg B e 5 R R B
FITHERA K, AR B a7 S ol 3 3 i
B AR FK BB S0 R AR 7 A . PR
SEPR AR P R AE A S )Y IPTG A
YRR EEME AR T IR AR 3R AR ™ R R v
JEIPTG 5. MRIRIESA 36 & A, WAl
TR ATE R s G A58 45 SR — 30, A P v R
PRI S, BT, OprH TR 15 8 11 & B2 vl #%
AAEHEAT : (D IPTG 5 S0, S 53 0 55 97 W %
L, T4 o B AR K B 5 (2 TPTG 5 i,
BB AR B K 5 = AR IRVR B TPTG i %,
L EPEIE Y75 1]
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