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W OE: BW USRI MRS R SMEE 1 5 - T BRI (S -nucleotidase, S*-NT)I st . Ak R
AEVEBFITESH S -NT WP HIERSFIE . Z5H0 RBTR R AT 810 B -A Wik =02 1 (polymerase chain reaction,
PCR)wMEIZILH, W pET-28a(+) 5 5°-NT £ nued WA TR A RBIF R TS RE, 8- KAE=2
R SRR FZ BT A I sl Ko BE i b MR AR s e S 2 A 1 R /SRR SR e S0 | K B e I P |
G B | AMAA T4 175 A B S S pOC LR R R, RGEM R AR R . Uy &
SR E R S A . GER 5 -NT 7RG R HA B R P S ORSF I i 1 5°-NT S Fok:, il i
TR iR maiEEA ST E . EH 5-NT 5 R0 MR 20 e Mgk 1:81k, H
ARMFEGENE, HH 5-NT LEEMIFXT 5-NT HEEHBMTE 1:81k, XTEIE MAEINERMTE 1:3k, 5HABITE)E
KREAFAERMET S SO, H A I35 (XA 358 A AMARCIF R BTG P (1:4) . Se EDIER ], 5°-NT % L5 iE
X RIS A A I S A I T 4 B AR 1 P AR R AR o e SO IR A U 0 A AR B T A 5°-NT iz
MLIE RERS 5 RV AR & AR R e 2 G, WLz E I BA R R, &8 Al MEINE 5°-NT A
A SRR P ST PR AR T AR BR P RRAE, (R BT AY S I A% 0 I BR R 1 L SR IR iRk R R AR, R 1
FAUSE S T BRI BT R N T, S ST A 2 B S R M A A A BV IR B B A v AN . At
AR T R AR E SR 1 5°-NT AR IR ERE . s SR Is O i, A mI il 9K B 2 Wi JsE F
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Recombinant expression and immunogenicity study of the outer membrane
protein 5’-nucleotidase of Vibrio parahaemolyticus

WANG Qi, LI Wen, ZHU Wen-Tao, HUANG Xi-Ran, WANG Wen-Bin"

(College of Marine Food and Bioengineering, Jiangsu Ocean University, Lianyungang 222005, China)

ABSTRACT: Objective To study the immunogenicity of the novel outer membrane protein 5’-nucleotidase

(5’-NT) from Vibrio parahaemolyticus. Methods Bioinformatics methods were used to analyze the sequence
conservation, structure and B-cell epitopes of 5°-NT; the gene was cloned by polymerase chain reaction (PCR) and
the recombinant plasmid pET-28a(+)-nutd was constructed and transformed into Escherichia coli for induced
expression. The soluble recombinant protein was obtained by nickel-chelated nitrilotriacetic acid agarose affinity
chromatography purification and gradient dialysis refolding; mice immunization, enzyme-linked immunosorbent
assay, Western blotting, complement-mediated serum bactericidal assay and immunofluorescence confocal
microscopy were used to systematically evaluate the protein’s surface exposure, immunological titer, cross-reactivity
and immunoprotective effect. Results The results showed that 5’-NT had high sequence conservation in the genus
Vibrio. The recombinant plasmid of 5’-NT was successfully constructed and the high-purity recombinant 5’-NT was
obtained through induced expression and purification. The antibody titer of 5’-NT against the whole-cell immune
serum of Vibrio parahaemolyticus was 1:81k, which confirmed the surface exposure of this protein. The titer of
5’-NT immune serum against 5’-NT protein was 1:81k, and 1:3k against Vibrio parahaemolyticus. It had weak
cross-reactivity with most other Vibrio species and the immune serum exhibited weak complement-dependent
bactericidal activity (1:4). Western blot analysis demonstrated that the immune serum against recombinant 5’-NT
could generate specific bands with whole-cell proteins of Vibrio parahaemolyticus and other Vibrio species. Confocal
immunofluorescence microscopy analysis further confirmed that the recombinant 5’-NT immune serum specifically
bound to Vibrio parahaemolyticus which also indicated that this protein possesses surface-exposed characteristics.
Conclusion  Although 5°-NT of Vibrio parahaemolyticus exhibits Vibrio-conserved and surface-exposed
characteristics, its relatively low immune serum titer indicates limited exposure, immunogenicity, or expression
abundance. This limits its application as a standalone vaccine or detection antigen. In subsequent studies,
combination strategies can be adopted to explore its value in the prevention and control of Vibrio parahaemolyticus.
This study reveals the surface exposure, immunogenicity, and serum protectivity of the outer membrane protein
5’-NT from Vibrio parahaemolyticus, providing a reference for the development of diagnostic antigens and subunit
vaccines against this pathogen.

KEY WORDS: Vibrio parahaemolyticus; 5’-nucleotidase; outer membrane protein; prokaryotic expression;

immunogenicity
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BRI E IR (Vibrio parahaemolyticus)VE R —Fii UL
Y 22 QB PE R SR PRI, |2 A4 TR IoK . IR TT
FRL B ity il T, 4 SR Bl N R R VS AN vk i
REEIOREZ —, BB R E 25K R YTz
Wb & TR, B P S SR T, R R R
et P, P E . RESERCY EEEEEEUR
BRC 1, R P S B IS W S B DU ST v L PRkt
PERTIN T B ) S, AT B A Ik B R R A B A

PR VA I (thermotolerant direct hemolysin, TDH)P! | i
PSR 1L Z (tdh-related hemolysin, TRH) | T/ 5
4t (type 11 secretion system, T3SS)M4E, X 463 1 A7
[l BTk o B A A A AE B 5 22 1800 Sl AE e, MBS (A N
TEME 22 QB R R TR T2 5040 . S5 AR R ST M A 5 4
AR . R28 . B IR L T RE A ) G, ik
MHERPER M EZR ., HRTCUESL/MNEEN U (outer
membrane protein U, OmpU) ., #MEHE [T A (outer membrane
protein A, OmpA). M H K (outer membrane protein K,
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FH1TE

OmpK) %5 i) i & 15 S v gapg sow 0,

TE R3S M0 PE IR BE A 2 AR A rh, 50- A% 0T R T
(5>-nucleotidase, 5’-NT)&—FlHA IR 7K fif B 1 1 S
SGEN, A S TRARTR . SHRS N
PR A K A, A5 BUHE R R AR . B 90 W, 1%
TEAM R REE AT . 5 FRIREC Sk bt i 32 Ho s B AR o i v
RBEEGAEM: — 5, AR P02 o] 4 4 B R oR)
F, AER SR AR SR e B R Z 0 1E E R
K 7T, RGP REE A T e B AP TR
K, SZURAE 5 G 20 L CAn W 2 | P A ) 3 £k
RN R 74306, DA 5 B 40 57 0k b e 2 v B 1), 7L
IR R, S°-NT 38 12 18 15 0 290 i AR T R &4 e g g 47 i
W A% =W R (adenosine triphosphate, ATP)/K -, 1% P2Z
(P2X7)32 A, T A WA MO AT, 5 B b 15 = B gt oL,
FHRRFFTEWN 5-NT 2HAERTTE T Mi(regulatory T
cells, Tregs)BFEALTIH & HEHT B S B O A,
B A R S ACE  JRT S A MR, SHIRYT
Tregs AHIC SRR HIRILAL T HHLHI FEIE! T 5°-NT R K
wg AT B Rk N2 —, R HAE R
PEIRPEPE W A & B VSR R R AT S . B ATIE R A ol
R RIE MAEIRE 5°-NT A G IR s e R ik,
PE YRI5 Je ik B A R I R B I R 1 AT ST 4R ok
HES%

AR A TR RME AP AR, RETHE
R A IR o S BB RN R 1 5> -NTRO, B el
o F R AR EHRRRE, HRRBLRE
AR 5-NT EAE N, BT/ N, 1 ek
e & W K X 3% (enzyme-linked immunosorbent assay,
ELISA). FREENT . #MAOR I i 75 Rl S e fis o e dk
REEDMEE, PR EN 5-NT & AR R
st . IERY . 3 X B O IV AR B IE T, N
FE IR Y RIS it P I B Ay e B e e v B R RS

1 MR5R%

1.1 RS

A5 T A J5 A% 2 iR 3k pET-28a(+) . KIAFF
DH5a., Rosetta (DE3). Rl IR CICC 21618 ALPS[E
CICC 21618 i @i B T HIdE, R K g £ W
(lipopolysaccharide, LPS)FR M58 £k (AL =4 H), J5
SCHEFR ALPS]. @l¥%s MR E CICC 21618 ACPS[7E CICC
21618 Ktk FRikR T kpsD kpsM .kpsT K1l kpsE fif)i%4E DNA
B, FIW NI Z B (capsular polysaccharide, CPS)Z %
TR (AR SE B E M ), J SCRATRR ACPSIH AL =
A7 HAb R A e T 25 0 3 T ok Ry DA R T AR
£ 5% 4 # 7.0 (China Center of Industrial Culture

Collection, CICC). " [E % 38 1 25 ¥ o Bl L7 98 4 28 v o0
(China General Microbiological Culture Collection Center,
CGMCC) . H [ ¥ 7 25 U vl Fl 7 788 45 38 v 0> (Maarine
Culture Collection of China, MCCC)Z3k15, Mtk Balb/c /)
U T R B B~ B

JBAR IR . EEREERIRY . BRI =99%) . R
£(20000 Da), ZHRHEECGHTAL), IRE G =99.0%)( 1
HEBTRL T AACRHR A A R A Wl ) BamHIRIEG . XhoIth
VIl . A TE LR 41 DNA PR S I0aG0 & . EZ-10 Ak
/NI & . SanPrep A3 DNA Ji& BRI & . DNA
S F it Marker, W@ TG A [ Marker, + e 3L AR R
- BN OB OBt MG BE R W WK (sodium  dodecyl
sulfate-polyacrylamide gel electrophoresis, SDS-PAGE) 77
WA . 5 WO R A BD- 2 A B AR (isopropyl
p-D-1-thiogalactopyranoside, IPTG) . #-K & # = 2 R
(nickel-nitrilotriacetic acid, Ni-NTA)BAE B L RAS . /N
BT 6X His Tag P TaFEPIIAR[4 T A9 TR EI) B E RRA
Al R E R A % 0V (polymerase  chain reaction,
PCR)i PrimeSTAR® Max [F H EA Y+ AL )A R
]]; ClonExpress®II— 3 v Beik 77l £ (7 mUiEMERE 4= M1 B3
B ATBR A W), o IR SE e Rl (e L M) . Atk
(G pezEL FS) | A4 13 H (bovine serum albumin, BSA,
4l =98%) (3 [ Sigma 24 H]); FRETFHT TR ERE
H G (immunoglobulin G, IgG)(3& Jackson Immuno
Research 24 wl); JRBUILTE RMAO)ER T (L st R R
PR D), AALB(AEE =99.5%) . LKA R —fh(aliE
=98.0%) . —KAHERR —EUHN (LI = 99.0%)(FE 254k 1 fk
FRA R A,
12 HF5RE

QYSH-6 LR IR /K 1 575 (L TG 2 (i (R AT PR 2>
F]); XQC-100A 1 Fe 7% V5 K 1 4% (1 ¥ W2 ALAR A /D),
GL1241-1SCN H, T RF-C ¥ 0.1 mg, F4[F Sartorius /A A);
HZQ-X100 fH iR WS4 (L iHE L S A AR AT BR 2 w]);
1300 R AL A2 BIA M) % 445 . Multiskan SkyHigh 43
KEEARAL[FEIR G R ERI A R )], KH22R 3%
RS D ALGHI R R IR A F); TY93-TIN i A
WAL F g —E R 2R A PR W), T100™5 G 5E 0
%, PowerPac™ii F HL Pk X AL . Mini-PROTEAN® Tetra F
VKRS . /MBS Mini Trans-Blot™% 1k . GelDoc Go BER %
Z 45 (3 E BIO-RAD 23 #)); WIX-midiDNA 22 ik 7K S B ik
R e R (AL RO A PR W 1 DY Y-6C HLIKAXHL IR (JE 5t
AR )o
L3 WA
1.3.1 5-NT 89 A 413 8504

Il 7% P O B A B EE (1 S°-NT (NP_797127.1 B
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WP_005481350.1) Y 2 F 2 Fr 51 M\ 26 [ | R AW HARAE B
rH.0>(National Center for Biotechnology Information, NCBI)
HAE EVEAR FE 3R, SR DNAMAN 6.0 34X A 53 Hh
B 5°-NT S35 5 51 F1 NCBI HoAth 1 5 i S 5L 18 551 kA T
FEA SR HE X 48 2% T H.(basic local alignment search tool,
BLAST) X434 . FIH MEGA 6.0 S4B B R S
KB, bootstrap 7T E MR ECH 1000 WK o 2 H i = 4E4h
Pl trRosettal® Vi vk 10 £ A W £ 2 W sl R A TAREALL,
FIF Pymol 1.8.2.2 B4 ThRiC A543 47 . R Protean 7.1.0
AN 5> -NT ST AE Y5 B2
132 5-NTAB® LK, F4H5 44

HR 4 pET-28a(H) BTk I Z b A af, HEHAER 2 4>
FEYIN LR IR YIAL S 4 38 BamHURT Xhol, Ff:
Fie B — 25 s R AR G BB AE R A B IR R 3 34 5 | i
570 51 A CER 1 b R R K i R 3 4, 3@ 3 Primer
Premier 5.0 BT TP 1 5°-NT galB i nud #1951
Y. EW5I% N 5-CAGCAAATGGGTCGCGGATCCGG
AAAAAAAATGAATCAGCGTC-3', Filf51#15 5-GTGGT
GGTGGTGGTGCTCGAGCAAACTCTATTGATTGACCA
CAT-3', $RECRIA MM E CCIC 21618 HYRE R LA M JAsidR,
5°-NT F:[K PCR 2404 98 °C 3 min, 98 °C 10's, 63.5°C 5 s,
72 °C 1.5 min, 33 MG, )7 ZEMHZE 72 °C 5 min, pET-28a(+)
HEAT BamH1 F1 Xhol XY . ByhR Wi R A L Yk 36 T1E 7 9] o
5°-NT KL A1 pET-28a(-+) X i) 5 77 ¥ FH ClonExpress®II—
BN L, BRI EENEARRGA N
pET-28a(+)-nutd . ¥ H 4 ik pET-28a(+)-nutd FHALE| K
FFRE DHSo Hh, SRk B va b, FIXUEEUI L fZ 4 TR
YT RE (B A PR S W) DNA U7 AT % o B S e I
Wi pET-28a(+)-nutd ¥ AL F KA EH Rosetta (DE3).
133 5-NT&&kik5it

HARB 5 S % 3CHR[22], B A BT
PR pET-28a(+)-nutd FXJHFFE Rosetta (DE3)
REFEI LA 1% LA £ 50 mg/L 5RER R IRE £ 10 LB Ik
TR (1 %BEE A . 0.5%BERHREY) . 1% L8+,
37 °C . 180 r/min 3537 & ODggo 24 0.6 15}, fiIA 0.8 mmol/L
19 IPTG, 43 HIAREEBET 12 hy vk B S B il 25 G 22w
(20 mmol/L £/K & MR E 4N . 20 mmol/L — /K-SR
AN, 0.5 mol/L kAN, 10 mmol/L BKME, 5 T i iB
aliKJ5H pH £ 7.4, EXZE 1L, 0.22 pm 5 0.45 pm 333§
PREDE R WM, MEEHRREREME R 6. 4. 2. 1,
0 mol/L, RFUGEHT 4 by WRAF(HHBNTASGR 43 F i 3.5 kDa)
FIZRZ (20000 Da)if 48
1.3.4  5-NT & @ R &R0

i ot T4 5-#% B2 B (recombinant  5’-nucleotidase,
5> -NT) 5 & R 4 B LTS A9 1RI 32 ELISA, PR 5°-NT 7E Rl
MM CICC 21618 FMiAY#FEME, [H]4% ELISA 451

SCHR[23], TR0 A5 PrR & . alifb i 28 1 PR R 6 28 il
(carbonate buffer solution, CBS, pH 47 9.6)# 5% 10 pg/mL,
WY 96 FLEEARAR H; —Ho/Is B 3 {6 i o B
CICC 21618 &M . ALPS 2 HIME . ACPS & I
Iz (ML, 1000 546G, 3 fABREERRE 6 DR, FEHIM
FRWAERA T IR BB 4000 F5 AR 1 S AL Pt
(horseradish peroxidase, HRP)Fric £t il IgG (0.5 pg/mL).
1.3.5  15-NT % & o 7 69 5 0% 2 A B 3SR M3

NSRS IRSCHR 23], S2002H fa e 3 (A FLAL Y
r5°-NT, %5 14 /0N BB 328 9 FC A4 70 2L Ak 1) 95 6 2% oh il
(phosphate buffered saline, PBS, pH & 7.2), % 3 W5
— JAXE /N R T R IR BRI, RAT MG I T—20 °CIRf7, i@
if 4% ELISA P& FA i 5 r5°-NT Seii s e #
LN, 1813 BLISA #:4EF 1.3.4, i CBS $A Rt
AR EERR B E 10° CFU/mML, AR REARA, —BT N 15°-NT
GRE M, 1000 5T 4R, 3 5B 6 A, IR
ARSI IR, 470 Jg 5 B 4000 1359 HRP ARC -0 Bl 1gG
(0.5 pg/mL), L BRI E S HE A oS -NT FREIMTEHY
B REENIE, PEAT r5°-NT Hufsf ML 37 AR St 45 -6 AN A8 XU,
SR ENIE 7 1L S SCHR[22], T4 S T . —Hih
5 -NT S SRR (R R 1000 55850, —Hi TR 4000
1859 HRP FRicFPi i 1gG (0.5 pg/mL),
1.3.6  AMEA-F89 15°-NT %98 o i 5 B X3

ALY S SR [24-25]0 TZE RN, 15 -NT GpE Il
HEMEE/KEHR T 56 °C/KiE 30 min KIEEMA, 1] 35 uL
LI A 35 uL (# PBS, MR 2 5F6 8 7 BRRE, FEINA
EE TAEEREWE N 10° CFU/ML)FIR BURMA (& i
H10%). WK RAMA M R oL AR R LB ik kS, T
37 °C. 100 r/min #5357 1 h, &A>EE 4R A 6y Mg 158 4k
P HERFN K G AMA IR IR E R IR A RIS T LB
SEMR A, 37 °CEI B IR 12 h, R H XHE S E PR
1.3.7 5-NT A @1%E 6 ok KR B RHE S

S ICHR[26], T4 % . B2 mL ODgg N
0.6 ZeA45 WY EIVA MmN CICC 21618 i, 5000xg, 10 min
BT B, 4% RWREREE; —PihRBE 1000 549
5’ -NT GIZINE; — B hH R 500 £511 iF555-Tyramide 5
B ILEERT MR 1gG.
1.4 HIELIE

TR BRI B 3 YOS M E S L8, A b FI Yy
w3 MEOREE . TS8R ] SPSS 27, Origin 2018
SEML HABRE MR PN (E(FEPEMTE ODys fH/48
FIXFHE ODyso (), LA PIN=2.1 B 1) S e i R FEEAE S LY %
fr; 2R RIS B 22 5ok B R R 7 200, I LLECR:
 Duncan £ ik, BEMKFEEE RN P<0.05, FE
A DUR R REAR IO A R B 3 25 5 o RMACRIS I 75 7 BT e
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B 24 iR AR I 2 4l

FH1TE

Fe AR EAF TG R
PR A7 2R/ Yo= (FE 7S TR 5 T B B, 50/ 4 MAR ) TR 7%
TE R EAALEL) < 100% )]
VIS 2N T AT 50%H) 8 o A R A TE T, At
TR 2 SR ST AR A ¢ K56

2 HER5SH

21 S-NT HEYEREDH
AR AT 45 SRR (E 1A), 5°-NT 5HAIEE
G —BETE 80% LA b, RUIZEE 1 H AT A i ar 4,
5RICHFF R T 5 —ETE 73%~77%, 4T —A-Hf
X858 v 0K OF, (HARXT T 9N 0 s o i — B A, 300
2R I TE IR J& AR G B s 22 T8) A B I 00 91 22 5
R T % A B R . I E ARG
W27~ (8 1B), Vibrio parahaemolyticus . Vibrio sp. 2089
Vibrio sp. Vb1554 L) 86,100 fi¥ 15 Bootstrap {E 58—, il
BIX 3 NTHBREY 5°-NT S5 K R %/ 3 Vibrio
natriegens . Vibrio azureus %£LJ 83. 97 Wi X FpR it —F
R, U BT I R N R — A BB S Vibrio

diazotrophicus % K% —3, 35 4 Bootstrap {H N 92, 74,
85, CRPRMARET, DLW ENTRINEIE NI — K
BE. Photobacterium damselae B y—32, 5 HAM L EAT
WY R i R, KRR EHEED R R —K .

trRosetta £ 25 HEHLE R (B 1C), BRI 5°-NT 45
I Tm{EK 0917, KF 0.5, BHEAZLHEE R EA
PSSR 1 o MBE (R 1C, PRLL ()5S, C imab iR
MREESIRYIE(E 1C, ¥, 365~560), N Ssith il i
TR TR(E 1C, Wi, 23~345)", N £ &R
(Ser)- 5 4 R (Lew)- N 24 2 (Ala)- T 2 B2 (Gly)- > It & IR
(Cys)(Fl 1C, £1fn, 18~22)554K > [ [ R g & {5 501
7 25 A 51 7 & R (Leu)- 52 &R (Lew)- TN & R (Ala)- H
SR (Gly)-F Bt 202 (Cys) Fp F1AE 7 AR, 0032 i3 o0 A
R E AR AMEET S & 1D, Fif Al BEE T i £k,
150~400 AR, RNZX NIRRT TRmE, o7
A 2% R PR AR 35 P TS B A PR 36 4 v X3
PUFFEEAE 150~350 v A7 B G5 g g, € FH 3k 28 X ol 2
PEACR, U B X DI R R T A AR, AT R A
P, JEBTE PR RN .

36 WP 0054813501 Vibrio parahaemolyticus
AN
4 IRl E P 100 WP 318139194.1 Vibrio sp. 2089
T 5] 6] 7] 8] o 0] 12] 3] 4] 15] 16 B o o
A 7 1184.1[ 833 83.4] 83.1(82.982.1| 76.1[ 76. 4.0]74.0]73. \ WP 318183608.1 Vibrio sp.Vb1554
. 1.1{71.3[72.1]70.2] 69.7]69.9]69.2 | 64.8] 64. 1 8 . .
: 102 s a2 eR 86 1164 1l 6a: 7 WP 065296446.1 Vibrio natriegens
4 [12.9]T08] 10 3[81.0) 5[80.7]75. . WP 033004280.1 Vibrio azureus
T7.0[ T4.6[ 17.6] 18. 84.5]79. —
18.2[ 132 16.2] 20. 82.2]79. WP 269349211.1 Vibrio diazotrophicus
7.
i E1RIINPKI LR : e — WP 274678016.1 Vibrio aestuarianus
% 5[168 20.0 . SR 92 WP 371730350.1 Vibrio cortegadensis
i B[ 179] 19.8 2 70, 74
e 2e sz 6005 4126 42023 3154 7121524 5 WP 434068052.1 Vibrio vulnificus
HL 2 S Fae O g 2 e e Jedlins 20 85— WP 2483312911 Vibrio sinaloensis
4 [29.5[26.2]27.3] 30 -0]29.8] 27.7[29.2[28. [ WP 107208865.1 Photobacterium damselae
9.9]28.0{27.9/31.8/28.3/ 29.1] 28. 7.8126.2130.
6 [31.0]28.0] 28.9(29.6[25.7] 26.8|27.5] 29.1]27.0[28.1 WP 027253827.1 Photobactcrium halotolerans
0
1121314157161 718109 100 85 WP 239410308.1 Photobacterium sp. OFAV2-7
1: WP_005481350.1; NC_004603.1 Vibrio parahaemolyticus 9: WP_371730350.1; NZ_JBGOOT010000006.1 Vibrio cortegadensis 42 WP 007470704.1 Photobacterium marinum
2: WP_318183608.1; NZ_JAWPOJ010000177.1 Vibrio sp.Vb1554  10: WP_269349211.1; NZ_JAPWHI010000004.1 Vibrio diazotrophicus P )
3: WP_318139194.1; NZ_JAWOVA010000083.1 Vibrio sp. 2089 11: WP_239410308.1; NZ_JAKRFQO010000039.1 Photobacterium sp. OFAV2 WP 047881118.1 Photobacterium aquae
4: WP_065296446.1; NZ_JAPQMX010000002.1 Vibri natriegens ~ 12: WP_107208865.1; NZ_PYOE01000023.1 Photobacterium damselae 35 WP047873821.1 Photobacterium aphoticum
5: WP_434068052.1; NZ_IBIIMWO010000028.1 Vibrio vulnificus  13: WP_047881118.1; NZ_LDOT01000054.1 Photobacterium aquae
6: WP_033004280.1; NZ_CPO18616.1 Vibrio azureus 14: WP_027253827.1; NZ_WXWV01000344.1 Photobacterium halotoler
7: WP_248331291.1; NZ_CP096199.1 Vibrio sinaloensis 15: WP_047873821.1; NZ_JBHLZK010000017.1 Photobacterium aphoticum
8: WP_274678016.1; NZ_JAKNYQO10000001.1 Vibrio aestuarianus 16: WP_007470704.1; NZ_CAWLIY010000041.1 Photobacterium marinum
50 100 150 200 250 300 350 400 450 500 550
D T T T T T T T T T T T
A W Alpha, Regions-Garnier-Robson
A == m3H . " = 11 ] M Alpha, Regions-Chou-Fasman
B BWBeta, Regions-Garnier-Robson
B -85 — 8 —Era H— M Beta, Regions-Chou-Fasman
T +—#—H—"++—F—8—F—H—F—F+—F—+—+HHH—H—  BTum, Regions-Gamier-Robson
T vt B S HHE HE 3 HHH HE 3B B 3 3 B Tum, Regions-Chou-Fasman
C —un # i} { { } +———H———F—+  OCoil, Regions-Garnier-Robson
4.5
0 EHydrophilicity Plot-Kyte-Doolittle
4.5
H-H— B - HEHB S HEEH-HH-SEBH-H-H—8—8—8 B Alpha, Amphipathic Regions-Eisenberg
S HE— - H— B IR H—HEHES - — B Beta, Amphipathic Regions-Eisenberg
F —io00 o0+ - 00 - 00— O EHD - HEEHH- B BHESHEHH- B Flexible Regions-Karplus-Schulz
1.7
0 B Antigenic Index-Jameson-Wolf
-1.7
6
1 O Surface Probability Plot-Emini

TE: A BEIUPFIRIEME T B. REABE W C. B =445 T0N; D. & r)F 5 MR B0
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22 5-NTEEWZE., REMELDAWL

WE 2A, JkiE 1 FFs, PCR ZRAGHYIER F BeAfe
1500 bp £ 2000 bp Z [6], i PCR F=¥) a5 5°-NT 3
R (1683 bp) . Wi 3 [ U1 A2 (B 12 bp) A1 3 7] P55 (3L
30 bp), — 4L 1725 bp, Wi FH K/ Y., WE 24,
pET-28a(-)(Wkili 2)7E A EFYIJG (PkiE 3)3R 15 it R 47 i %
o H I SE R 5 Y RS o) % 4%, % A DHSa. A DHSa
PO A ok, WY AL ok, £33 2 4545 2B,
PKIE 3), 95 U R A B (1R 2B, YkiE D)FIH
B3 LR & o B (] 2B, kG 2)H IR P4 o, B4
ORI IE A 5°-NT L5 21618 JE 4 Ay 35 F 58 42—
B, XS 2 AL ) 2 B F 2 SRR ) -

FYLTRI AL A SR8, 4 Ni-NTA BigFab /b
JE4lifk 3515 r5°-NT, SDS-PAGE 4373 B 1% 5 11 WAL 14,
K/NZyHy 68 kDa(Idl 2C, kil 5), S5HiIZER—5.25 kDa
M1 35 kDa Z[AH —&EB N BB, 23 6xHis tag B
G PE EIl 48 (B 2D, VkiE 1), bR AW A 6xHis
tag, HENH HWE OB Y. BOLifb)E 2L
Pk, AR ], VR )E AR R 1.4 mg/mL.
23 5-NT REFZEMHITMER

DL r5°-NT f F g ghrbR, [H4% ELISA J5 il 4
Hrmli M ERE CICC 21618 2T M . ALPS 4B I i |
ACPS £ M2 (I IMLE, W 3A, r5°-NT & (4 ALPS 45

A bp M 1 2 3
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3000 -
2000 -
1500 -
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1ML 75 1Y S 25 0 % BE % 1 (1.961), HiRJE: ACPS (1.448) %0
CICC 21618 (1.123), %5 [ LI WOt Fefik(0.333), AN[F4
() £7 A 2 M 22 5 (P<0.05). W& 3B, CICC 21618 2T I
HXF 152 -NT 8 A 1:27k, BIRhSEAERR MG AT r5°-NT i
h 1:81k. YA 5>-NT HA KRR, EAMWREEZH]
RIZZHEMN, B8 Z B e 2 1 Sz A R
P T BSA X 3 i i 1 P OB AR 0.132~0.227 Z
], VAT MG 5 15 -NT BIZ5 4 R4 Sk SO

24 r5-NT REMBENREIN . XXREERR
EIRIPHIENER

N 4A FiR, o5 -NT RREMIE XS r5°-NT (21)FIKH
U8 O157:H7 S50 F- B G IH AL R (2.464~2.540), Rl
VS I DICERT 45 (1~4) FIR GO ERT 45 90 J (S~ 1 D -4 ok
HEAK(0.577~0.715), =5 A MLIERT KGFHEE 0157:H7 1
e BN TR A5 2% T 1 T BT (B 95 (0.979~1.193), 55
TR IO P G 5 (1 ~4) R ER IR S8 9 B (S~ 1 1) IR S 2
FeAE#AK(0.205~0.534) . WA 4B FIR, r5°-NT G I %F
r5°-NT AN R ik 1:8 1k, 171 X 9 A A 40 T AR B3k A1
KREAUHR 1k~3k, FHZS FAMEXS r5°-NT . R i 5
(1~4)FIEK M N E B (5~ 1 DA R = A 101k, &k
WA, WHARREIRESIET o5-NT MPUk, {HimE
STARIIIERES . B 4C 2B, 15°-NT S IiE-S 5 tRel
VIMAPES G AR 7 MR AT ER A4 4 B 2 (I 7 50~70 kDa HEERED
W4, 5 5°-NT (68 kDa)srFEK/N—B, Z&H

2 3

(WS ET-28a(+)

35 -
25 -

58

T AL SERY B R XA YT [M: DNA 43 FHEFRHE 5000 bp; 1: 5-NT P PCRy™=4); 2: Ji pET-28a(+) ki 3: WGV pET-28a(+)Fiki];
B. pET-28a(+)-nutd WYY E [M: DNA 7 F bR 5000 bp; 1: XWEEYIG pET-28a(+)JFikr; 2: 5°-NT 3 [H PCR =#; 3: pET-28a(+)-nutd
X EFYI=H)]; C. SDS-PAGE /i 15 4tk (M: B 4> Fimbnifl 250 kDa; 1, 2: SRIFES B . UUIE; 3, 40 BSJA BiF . UIUE; 5: 4lifk
WeARIn EAL); D. e Bl % B (1 4lifb(M: B F bR iE 250 kDa; 10 glifb/5 EALE ).
K2 S5-NTHEFEMFkE . Rt S5EALL

Fig.2 Cloning, expression and protein purification of the 5 -NT gene
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C1=A [C_1ACPS
& 19kt g
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c b d-2 1:1k b
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Foo BRAREEOR BN IR Y 7 R A R 2 1 7E AN [R) LT 22 [R) WO JE A7 7t 25 1 2% 5 (P<0.05).
Pl 3[4 ELISA BEINE 3 Fh 4B 8 1 S L1 T r5™-NT A0
Fig.3 Determination of the titer of 3 kinds of whole bacterial protein immune sera against r5’-NT by indirect ELISA
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[1 SDS-PAGE [&; M: ZE 143 FathriE 250 kDa; 1: VP CICC 21618; 2: VP CICC 21619; 3: VP CICC 1.1616; 4: VP CGMCC 21528;
5: IRIRINEA; 6: WA TRIIRIA; 7: FEIOHS HLSRRR IR, 8: SULASTINEA; 9: BEVLINTA; 10: AFSmRINA; 11: 4F 1 BUEALINA; 12 KA
O157:H7; 13: RIGHFIA BL21; 14: KIGAFIH DHSa; 15: FIRIBAFIR; 16: SEAMREAT I 17: XGE MR, 18: SR H I,
19: B RMIIA; 20: 4 B @ AF BRI, 21: 157-NT.
Pl 4 [A]4% ELISA (A~B). S8 B3l (C~D)FIZE T 752 Wi Y (75 (B) 43T 15 -N'T Su e i 8 %o il v ot B 17 458 D00 € 2 e iy U310 SR:
Fig.4 Analysis of the Recognition effect of r5’-NT immune serum on Vibrio parahaemolyticus and other test strains by indirect ELISA (A-B),
western blot (C-D) and Coomassie Brilliant blue staining (E)
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2.5 IMENEH r-NT REMEREIREER

TERTHITSEIR S, 10% A9 K FRAMAHR BE 2 DLk #8541
B G ML 1 TR R T RE o RS T B A i s
F| r5°-NT S MG AR BT R 104, Rk B AP
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XTREZH 5 L A VR A AR IR B 50%(K] 5), LiR%h
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-2 IR He M| W (4°,6-diamidino-2-phenylindole, DAPI)/ )
Yeft,, 7E r5°-NT IMiEALFRZE A, Merge 88 B /R 2L (656 %
(iF555-tyramide ARICHY R D) X SIS &
FEVCIC (] 6), P r5°-NT Gy L% BE A5 5wl v I 4 5K

B 100

80 -
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#
40
xR
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Fig.5 Colony count and bactericidal rate of r5’-NT immune serum under different dilution gradients
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Fig.6 Confocal single-label immunofluorescence imaging of Vibrio parahaemolyticus CICC 21618 with r5°-NT immune serum and
blank serum
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