H43% 1 1
20244F 1/

ok ok R o R

Journal of Huazhong Agricultural University

Vol.43 No.l
Jan. 2024 ,203~209

XUF5 6 IR, A5, 45 AMIEAR F Omp A 7ERETOR ROV 75 H B S0 P B9 S RELT]. A el K244, 2024, 43(1) :203-209.

DOI:10.13300/j.cnki.hnlkxb.2024.01.023

SMREH OmpA R AR /RFAMSEE
R 1 R EY T E

MNFERE,AmE, A5, EXE, T FHE, BEX
e R K FK T FIR/ B KA DB EG I LRRRAR P/
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H

WE  WIIEIMER 1 A(outer membrane protein A, OmpA ) %K R AV B BOm 1 520, Lk
K IR AFIE 5 8 FL 160902 Sl o3 % 4, 3 ok [6] Y 3 2 I A 2 Omp A BRI KE A ompA |, FEEE e A% FNEF A R 1)
AR AW ROY CRE T T IILTE A5A03 R 7 X 4 I ) 285 B e 0 LA SO ik B BOw PR 25 5 o S5 ROR : AompA
A RE I R IS R A BE T S5 B A AR T 10 3 22 5 (L S P A RAH 1L, A ompA B AP IETE e 138 1 66 %,
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TRET 67%, LT UL, OmpA 5200 20 1 %) 18 32 1 %k
BiE IR ZE R, b TR e L O Y S R ST
W& (Acinetobacter baumannii) ) OmpA RE -5 1 £ %k
PRI A ¥ HAS G BT S FEAMA R GE 0 55 B iR A%,
2 T 0k e 1 A S R M T AR AR N R i A,
SRS HRT, OmpA 78K R BHIE 75 1 3 B0%
IR DIRE AT R o ASHIESE LR IR IR O 0
I FL160902 S F 5 % 42, 1) T [a] 5 Ei 4 30k Ay 2t
OmpA SRR AN ompA , 53 1 AN ompA B )2 R 1k
Kot LUHH BT Omp A 76K K BHE ¥4 1 1 20
PER RS DIRE , S A AT K ORGP P 1 R Y SO BIL R 2
SE LA, A Ay ek S TR S 7 4 2 ) N BRI Y
WEEFEAL IR
1 MHBEFE
1.1 BE¥RJRALRHE R

K IR 75 11 B FL160902 ¥k kA< #F 52 Bt i 7
A BB RE (wild type strain, W), i1 25 % B 76 52 56
FARAE . KIGFF R S17-1 \pir 852 75 20 i Wy 1 e
AT L A AR pREL12 i v [ RE 4 B K Az A=
VIR BT PRI 5T 51 EE | R pSAM-Spe-Amp-
RpsLpro f A8 Rl K27 J5 41 v Bl B S . /N
Fii LA P B2 20 M bEnd. 3 4 BifL R F 2B 4 T e SE B ==
PRAFIFAEAR
1.2 {FF54%

TR PR 2H DNA $2 Bl & | ok 4 a0 &
W B 5 A 22 A= )RR BR 2 W) s PCR ™ 4 [l ik
A & W A 2 B Omage 28 Al ; 26X A8 FastHiFi PCR
MasterMix 14 F b 5t SCE 3 A= Yy RHE A RS W] 5 BRI
P NI Sac 1 . Xba | F1 DNA marker #11 B 5/
P T (R ) A FR 2 7 5 Uniclone One Step Seam-
less Cloning Kit g H bt 4 W AEWIRHE A R A A 5 G
1L (FBS) #l DMEM K5 37 561 [ Gibeo 24 /) 3 4
NHE R (Amp) WA R (Spe) &R (Cm) , 1
4 F Biosharp 23 A 5 Jii 0y W 85 77 356 (BHD i [ 28 [
OXOID 22w ; Bg ¥y 1 A #81% Biofroxx A . 514
(D) R DCERA IR PR A A5
1.3 RRFWTEHERKEK \ompARIIE

Z MSCHR 16 138 1 57k , 2 7% GenBank 2k
R PY R P5 A B FL160902 K 4 2 4l (NZ.
CP040516.1) J 41, LK R GV 75 F 1 F1.160902
FEHZH DNA BN, 9715 ompA (gene-3180) J: K 22
£ 6, LLSURE pSAM-Spe-Amp-RpsLpro A 15

x1 5MER

Table 1 Primers information

%W@z% J¥31(5'-3") Sequence
Primers
 CATGAATTCCCGGGAGAGCTCCATTCCG-
ompA-left-F . o
GTTGCAGCTGTT
Adeiig | CAGAAGACGGCATACGAACTCCTGAGCT-
ompAie GTTGATAC
iy AGAGTAGGGAACTGCCAGGCGAAGAA-
ompATIg CAGAAGGGTAG
viong | COATCCCAAGCTTCTTCTAGAAT-
ompATIE CAAATCCTGGGAACTGC
ompA-F GTTTCCTTACCTGAATCCG
ompA-R GCAGCCAAAGGATTATCC

ompA-check-F TCTGAACGATATATGCC

ompA-check-R  GAAATCGGTATAGCAACG

Spc-F TTCGTATGCCGTCTTCTG
Spc-R CTGGCAGTTCCCTACTCT
ureG-F TCTGGAAAACGTGCTGCTAA
ureG-R TGTGGGTTCTGGTAAAACTGC
PNGase F-F GACAGGATCTGGGTCTGGTA
PNGase F-R CTTTGGCTGCTTCCTTCC

M, P Bt WA R KL K (Spe) B BE, P51 Wrtn k1.
W ompA Fe H A2 A7 TR U5 FDH: O 25 28 3L ) R B i
) A A kL pREL12, 7 46 2 K W #F 3 S17-1 Apire
VB A BRI R AT B S17-1 Apir 1F R LA TR,
KRB U FL160902 VE R 324K T , 1 TH 4 1%
o ELARBAEQS OFf HER TR RN 32 AR T 43 001 35 5 &
XA, IR A5 H 10 mmol/L MgSO, %4 3
KK IR A TRV T WA S PR 41 4k 22 1B 1) BHIF- A,
37 CHEF5 18~24 h)m , H BHUW AR BE 35 56 vk T I
M &, WA T 100 pg/mL Spe. 100 pg/ml Amp Fl
34 pg/mL Cm ) BHI P-4 , 37 “CH5 5% 36~48 h, #k
HOEMr b AP VR T BHUR AR B F2 BA5 10 i A
F10% EEA A BHI P L, 37 ‘CH5 3% 36~48 h, X}
M b I B Y5 31T PCRERIIE
1.4 FFHEkE/ \ompAE£KeE HHNE

P EF AR A omp A HeFp T BHUB AR RS 372 3L b
37 °C 200 r/min & 3% 15 952 1L, VA 45 RN ODgoo M
0.8 2547, B LA 1: 100 4270 28 BHI W IA$S 72, W ié
TR0 200 TR 2 0 W, B 200 1L 41 T 2 7 VN A B 7K
[ 96 FLAR H , F AR P AR K i 24 A sh kil R 48
FLUOstar Omega & , % B 87 IR 37 °C, 4L
¥, 8 1 hilliE 11K ODgy, #EEERGF7 24 he BRANFEGL 3
ASAT G 7 A 3K
1.5 EF4E#RE/\ompA £ FEF R AE 1R E

Z: W SCHR [ 17 11538 19 7% 6 B AR AR D A omp A
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S3EERD T BHLWR A 32, 37 °C 200 r/min 2%
BRI, R4S TR ODgoo M 1.0 2247 o TR 4393l
Fi¢ 1:100 4570 T BHIW A5 52 58, W 200 pl 40 56
BIFWNA 96 FLAN M RG SRR, B F 37 “CIa R 55 3746
MG IR A8 ho LN TR W 5, I JC T PBS Y% 3
UK, 0.5%6 45 i BV T Y4 €4 30 min, 1A T PBS
VRV 3UC, Wil N K, B e BEALANAC 100 pL 952 &
1, 2 HREBFFR AU E ODsgoo B EER 5ASFEAT,
HHE 3.
1.6 BE#MKES A\ompAHliERGeE HHINE

2 HESCHiR [ 18 45 3R 11 ik, DA ARE 5 e oo I Ak >R
I, M AE 4 CA T #3020 B
0.22 pm JE FEBR B , RIS 1E % I3 (nornal serum,
NS)., HUNSE T 56 ‘C/K i 30 min LA AMAS, B Ay
KK IMTE (heat-inactived serum, HS) o R HEF A= pR A
/N ompA TH R HEE R 1<10° CFU/mL, 43 5] B 100
pL NS HTHS A #] 1.5 mL &0 4 o, A 100 pl
PR TR AT AT s AR FR A B0h 5000 KR G B T
37 CH A FRERFE 1 h )5 B T vk L 10 min & 1k %
N, TGP PBS £ LL A6 BEIR & IS B 1o 1
BHIF-Hit , 37 ‘CHE R G L K VR 8L FAiG =
NS H1 7736 1) B 7% 850/ HS A7 36 1Y T8 V8 800<100%%
R EHE 3K
1.7 BE#kE/\ompA st g RpHRIE

Zx HESCHR [ 19 T4 38 19 5 325, K /0N B 4320 a6 P9
B2 4 bEnd. 3 F 37 °C 5% CO, Hl 21 i 55 52 46 o 1%
I 2 A B R A HOR U 6 FLA s 770, T
P4 & 59 DMEM ¥k % bEnd. 3 40 g 3 ¥k 5 5 71 . 14
T HF A MR AN omp A We E R 1X10° CFU/mL, U100
L 45 B A PBS (FF A BAPE X B8 2351 i A 6 FL.4i A
Koot , 37 C&AF FIEE 1.5 h, HHICH ) PBS V& Uk
3~4 K, EALATA 1 mL 1% Triton X-100 2% 41 g,
4% 30 min J7 , ¥ 40 ML R 10 A543 LU AR RS )5 U1
M, 37 “CHi 3% 24~36 h, Z J5 HATHRE T, BEHE
R E 2 AL, R E R 3K
1.8 Bk A TRELKE

TG T H PR I 0 19 9 A 48 VT R R ek R A
o, BREEREAMA TR N (30+40.5) g, B 7= A4
VR EFIR A K P A B 2 B AL 2 P R R oG . B
7 1A Ja I in N TGS 5, B AE AR AL A omp A T
Y PRBE A I, o 31000 S P T e 11 21 4 AR B R RN AT
R AT I Rk 3, 430 S M AR AR

NompA L FXT HRZ PBS 41, 4 15 Hdk:, Wigag 12
T RS IUPR VS, YRR T A5 TR B 1 1< 10°
CFU/mL, #4824 200 pl. 37 5 d )5 , &4 bt AL
B3 HUR I, 72 TR A5 A T BEAT A DO JIE A il
S YA, ik kM [) J i %) AR P R0 2 28, 45 v
25 A BRGAR) S AT 4L 2V I 20 DNA $2 3, DL
IR 45 AL 8L TR 41 DNA S SEAR , 44 BREE 35 BT 76 55 5%
AT ST B R IR IR 95 1 RT-qPCR A2 it 4 I
AT BT R AR AT SR R . BT
A7 D0 5 6 R RE 4 o0 3 24 (P A= R A . A\ ompA
41 . PBSHL) B i m) b IR SRR g 14 d il
S RAEBET (1
1.9 HEHW

00 B 24 R R P (£ A 1fE 22 (meant
SD) , 2k ] GraphPad Prism 84 X g #5471 40 B, F]
F e K 55 i 47 G 3k 2 4 B, P<<0.05 #on 1 B F
Z5.

2 FHRE5HMH

2.1 KRFWHEERER\ ompARIIESIIE
WE 1R 5 ANompA 347 PCREEE , H ompA
FEHF WGP CompA-F/R)#EAT PCRY 1S, AompA
TCVEARAF Y1 7= ), B 2 R R4S 29 800 bp 749 5 H
Spe A 519 (Spe-F/R) #:47 PCRY 1 , AompA 3k
13291 200 bp =¥y, B A= bRk TCVE AR ST 1S 7 05 M
ompA FEHHMRG1¥) CompA-check-F/R)# 17 PCRY”
4, AN ompA FRAT R 3E 7 Y) 5 B A bR A 22 29 300

M 1 2 3 4 5 6 7 8

bp
2000
1000

750
500

250
100

M: DL2 000 DNA marker; 1.3.5.7: IR 745 2.4
6.8 : BFLERRY I 72 W 5 1~2: ompA FE AR 51 1) ompA-F/R B
JIE 5 3~4 : Spe F& 5| ¥ Spe-F/R B AlE 5 5~6 : ompA F K 4h 5|
W) ompA-check-F/R B8 3IF 5 7~8 : K /R 4 i ¥ A 7 W 8 PCR %
7 . M:DL2 000 DNA marker; 1, 3, 5, 7: Amplified products
of the mutant; 2, 4, 6, 8: Amplified products of wild-type strain;
1-2: Primers of ompA-F/R; 3-4:Primers of Spc-F/R; 5-6: Primers
of ompA-check-F/R; 7-8: Primers of duplex PCR of E. miricola.

E1 #hEkAompAKIPCREE

Fig.1 Identification of the ompA mutant strain by PCR
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bp; FIAH PCR 514 ureG-F/R .PNGase F-F /R #4757
P18 NompA B4 250 F1 1 200 bp 7=, B HE RN
BHPE XT B UE B A\ ompA SR KRB 95 I, B iR
PCR =W 745 5K 168 . 4 AompA 78 BHIF-H -
B2 1048, H E 3R 51 9% 1Ak 26 BR 4T PCR
Y R RN 5 FIREE R R, SR bR A
ompA TR
2.2 ompAEREFREITE k4K EE SRR
W 2 iR 78 37 ‘CHAF T B AERR AT A ompA
W6 h A AT BRI, 17 h e ik AR KR
EW, AN ompA WA K TR 55 0 AR R HE TG 3 2
(P=>0.05) , & W] ompA e PRl R AN S K IR e 45
B AE KRR

20r ewr
- AompA

.0
0 2 4 6 8 101214 16 18 20 22 24
Ita)/h Time

B2 EFERRFAELRER\ ompA I 1K 2k
Fig.2 Growth curve of the wild-type
strain and mutant strain AompA
2.3 ompA E E R 5K 3 B k& W RE T B BE 1 Y
A
I 3o 45 i 5 Gl TR I S DK IR PR 905 1 R A A
A WAL, ODAEANR S (LAY OB AR, OD {E
o, WP, R Y (O A W I R . RT3 T
UL, 7E 48 hi , B AE BRA1IY ODyg, 1 47 0.21520.001,
ANompA 2 ODso fH R 0.63840.038, AompA 1)
P ITE 1 RE T B Y AR R IE N T 66 26, W] OmpA 2
5 RHEK IR AP P R AR AT 8

0.8r
:
0.6F
S oaf
o
().2 | -
0.0
’ WT A ompA
PAKE Strains
ok, P<0.001.

B3 EBFARRFRERR KA\ ompA B & M BE T B BE 1
Fig.3 Biofilm formation capacities of the wild-type
strain and mutant strain A ompA

24 ompAEREBRAIMEMKIMMERGEEIN
=AU

WA 4 FE7R 78 50 %0 WL VR G, B AR vk
1715 FH (84.52+4.95)% , /N ompA WIAF 1% R N
(79.5546.01) % , /N ompA HITE % ZE WA T 15 B 7=
PR ETE B3 22 5 (P>>0.05) , 26 ompA FEH B AR
WO KSR AP A 1R AL I3 2R 45 e

100 ns

N T

60F

401

TR %
Survival rate

201

0 WT AompA
Ptk Strains
B4 BFA#RFNERKMKR A\ ompATE 50% i R TF & BE
Fig.4 Survival rate of the wild-type strain and mutant
strain AAompA in 50% serum
2.5 ompAEEER % X & ik 4 B 5 bR AR RO 2 i
W& 5 BE7R , BB bEnd. 3 4 i 4 B A Bk LA om-
PA B JE 43 ] R (7.33X10°40.67X10%) | (2.83X
10'40.60X10") CFU/mL, A ompA Zi it bEnd. 3 40
HIBE 1AL B A BR TR T 61 % , 20 ompA FLN Bk S
FOKRIR IR 5 L A0 A RE R RE ) B35 T RE

1x10°F . —
/_\U) 1
JF 8x10'f
g =
i € f
55 6x10'F
==
O.g y
=5 4x10'fF
® 3
FRK 2x10'f
0
WT A ompA
TARE Strains

*x, P<0.01.
B 5 EFAERRFAELER#R A\ ompAFhE bEnd.3 ZHREEE 1
Fig.5 Adherence abilities of the wild-type
strain and mutant strain /AompA

2.6 ompAE FE &5 X3 Bk B 711 220

FHEF AR AN omp A JE G SR , 46 J8 SRE e 1)
HABE TG A SRR 6 s B e 5 d s,
S A R T R e L Y AR A 2 v ) 2 O )
R (3.47X10°£0.06 X 10%) | (3.47X10°40.06 X 10°)
FN(7.72X10°40.14X10°) copies/g, /N ompA 7r A BE
e ALV LRI G 2 2 9 28 T A 4001y (315X 10°+
0.09<10%) | (2.11X10°4+0.07 X 10%) 1 (6.61 X 10°+
0.16X10%) copies/g, /\ompA 7& B BKEe [ 4 45 41 21
B 2R A e R AR bR B T (P<20.05) . W 7 B
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NG 14 d 5 B AERR AT AN omp A Kt BB i 114 EAE
FOMINT5% M 37% ., LRGSR E I ompA FeH

SRBEAR T R IR N Y 1 PR E SRR ek 28 21 v ) 2 B g
I3, B A\ omp A X HEBEAE: B0 1 8 2508055 .

B &

ok 1x 107 .
8x 107

6% 10°

4 x10°
2% 10°

Bacterial loads

0

HBi 4 21 3T =/ (copies/g)

WT
THE Strains

WT A ompA AompA

THBE Strains

#, P<C0.05; %% P<C0.01 ; %%, P<C0.001.
E6 BAEEMENRKA . EBFMARCHHEES
Fig.6 Bacterial loads in blood (A), spleen (B) and brain (C) of infected frogs

A
E 0 4x10° * 2 ax10
7 —— 2
L @« [72]
2% 3x10° &% 3x10
S22 Le
HE 2% 10° WS 2x10
=5 =5
@9 1x10° S 1x10
g E‘:;Sm
g 0 = 0
WT AompA i
AP Strains
© 100 . — WT
] |--._ == AompA
= 80 ' -
2 -
Z 60F '
= *
wv
T
ﬁl 20+
0 2 4 6 8 10 12 14
FH)/d Time
*. P<Z0.05.

7 ZEpidEARARNERERAompARHEER
Fig.7 Survival rate of frogs infected with the wild-type
strain and mutant strain A ompA

3 i i
ARG LI T e PE K AR BN 75 B OmpA
BRRAR AN ompA | IFHET HAWIARTE T OmpA 72K 2K
PrEm v BRI RE . AR B OmpA A
M K J5 BP9 1 A ) A R R HIE R TR AR AR R R
2550 I 2 Omp A S50 D) AT 5% 25 AL 10 52 1l
KRBT P 1 TR B P A W R, Bt 3 e R o A
F, B A PR AR TP R 2 W R e R R
PR35 11 R EOR P 0 3 EAR B2 SR, HRGTE
P A W EOE LR AL i AT A . A s, &
1T B ompA F& PRI T BOK RGP 945 14 71 A ) s
W IHE 138N T 6626, 3X R W] OmpA $ 451 # (1)
AW EIE B, 3% 5 K AT B Omp A 3800 T8 Bk 2B )
FEIE B RE 7 B 28 SRR 2 o FRATTHEIN R IR D AR 95
P Y OmpA AT 8 2% I8 5 92 T8 A W) IR 1l A DG Bk
A AT AR o B AR R G R R R R W A )

K IR DR V5 1 2ok B 1 T 20 M 5 A SR e A9 5
— b R E SHALAR , AT R 4% OV A i

P BFSEIESE (e A AR YL ), OmpA e BB 4n
BR300 3t AN ] A1) 52 A BT i SR 4R n K kT
(1 OmpA 38 52 25 G i 35 Ik G000 487 P B 48 B 19 52 4
Ecgp, /- FANR M BEBHEH = ABFge b AR A
/N B AR IALAE P B2 28 bEnd . 3 P OmpA 2K /R
BRI 5 11 B G B 8 7 A5 ), 25 SR R, ompA BE I
R 2R 5 35T AR R 40 P R REBE RE D R R T 6100, H
i, OmpA 25 5 P8 42 K J P 945 11 T 26 B RE T 9 HL
A A, FRATHEN 3% R 19 OmpA AT BEAVE A —Fh i
TE R RGBS A, S8 1 1 2 20 R 2 AR R L, R
sk g e e RS TTEEA Voae

FRAT 30 3ok B e R e Y — 2 PE AL T Om-
PA XK IR B I By . 25 R oK,
HF AR R AN omp A SR BREBERE IS, AN ompA FE R TE
e IV DG 2L 2 Y g R A R W R R
H A ompA Xt BBEREBOILA D 0T B A bR, X %
TR K ORGSO i B, ompA & TR Bk 2%
R TIZ R 7E 18 ER N E e 71, S 80X B0R
PSS o AT IS4 R 5 B IR H OmpA 1 4F
FELE AL, TE RN MR, ompA K& K BRR ARAE
/NS 25 P A 2 R 0 R R, HLX /N R P St 3
BE AR SR, R i ORI P T A
A [l MAR 2R, TE 3R B0 UE OmpA 19 EOW JE #5475 H, %
OmpA FUg P 45 HL 6 19 B 58 38 75 2F — 25 32 4
Uiaiioes

25 L ARSI R ST T OmpA 78K IR 95
B 0% P P DI EE , & B8 OmpA i # #28 K Z- i
5B AR P B B, AN AR B P I T R A RE
S ABES 5 T MM EE 1, T H S0
£, R W] OmpA Sy KR PN 95 11 0 B2 1 5 1 K+,
X HETZE T AR R R T AR A
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Function of outer membrane protein A in pathogenicity of
Elizabethkingia miricola from frog

LIU Fangyuan, HU Ruixue, YU Fang, HOU Jiahao, YU Zirun, GU Zemao

College of Fisheries, Huazhong Agricultural University/ Hubei Engineering Technology
Research Center for Aquatic Animal Diseases Control and Prevention/
National Aquatic Animal Diseases Para-Reference Laboratory (HZAU), Wuhan 430070, China

Abstract To study the role of outer membrane protein A (OmpA) in the pathogenicity of Elizabeth-
kingia miricola, the ompA gene mutant strain ( /\ompA) was constructed via homologous recombination
using E. miricola F1.L160902 as the wild type strain. Subsequently, the growth characteristics, biofilm for-
mation, serum survival ability, adhesion ability, bacterial colonization of the wild strain and A\ ompA , as
well as their pathogenicity to frogs were analyzed. The results showed that there was no significant differ-
ence in growth characteristics and survive ability in frog serum between A\ompA and wild strain. However,
compared with the wild strain, the biofilm formation capacity of /AompA increased by 66% , and the adhe-
sion capacity of AompA to bEnd.3 cells decreased by 61%. The results of animal experiment showed that
the average bacterial load of /\ompA in the blood, spleen and brain of infected frogs were (3.15X10°+
0.09<X10%), (2.11X10°4£0.07X10°) and (6.61><10°40.16 X10%) copies/g, respectively, which were sig-
nificantly lower than that of the wild strain infected frogs (P<<0.05), and the lethality rate of frogs infected
with AompA was 37% , which was significantly lower than that of the wild strain (75% ). The results indi-
cated that ompA deletion did not change the antiserum killing ability of E. miricola, but increased the bio-
film forming ability of E. miricola, reduced its adhesion ability and decreased its pathogenicity to frogs.

Keywords FElizabethkingia miricola; gene deletion; outer membrane protein A ; pathogenicity
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