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Gram-negative bacteria that are produced by controlled expression of the phage PhiX174 lysisE
gene. BGs have higher biological safety, which can induce good systemic and mucosal immune
response in a similar way of live bacteria. [Objective] To identify the pathogenic strain 16-3 isolated
from the liver of large yellow croaker (Pseudosciaena crocea) with ulcerative disease and to generate
bacterial ghosts from this strain by the temperature-controlled expression of cloned bacteriophage
PhiX174 lysis gene E. This study will provide an effective means to prevent and control the infection
of Vibrio alginolyticus in aquaculture fish species. [Methods] Strain 16-3 was identified by
morphological, physiological and biochemical characteristics and 16S rRNA gene sequence analysis.
Temperature-controlled lysis plasmid pBV220-LysisE was constructed and then electroporated into
V. alginolyticus strain 16-3 to form recombinant strain 16-3(pBV220-LysisE). Different initial
concentration cultures of recombinant strain 16-3(pBV220-LysisE) were induced at 42 °C to
compare the differences of lysis kinetics curves and lysis rate among them. V. alginolyticus strain
16-3 ghosts were generated under the optimum condition, and then their morphology and structure
were observed by electronic microscope, and the viable cell counts in the lyophilized ghosts were
measured using a pour plate method. [Results] The pathogenic strain 16-3 was identified as V.
alginolyticus according to morphological features, physiological and biochemical characteristics and
16S rRNA gene phylogenetic analysis. The temperature-controlled lysis plasmid pBV220-LysisE and
recombinant V. alginolyticus strain 16-3(pBV220-LysisE) were constructed, respectively. The
optimum conditions for V. alginolyticus strain 16-3 ghosts generation were as follows: the induction
was carried out by selecting the initial concentration of cultures reached an ODgy of 0.3. The
bacterial ghosts could be harvested after induced for 3 h and the lysis rate of strain 16-3 ghosts was
96.9%. However, there was no residual bacteria found on plates with lyophilized 16-3 ghosts
inoculation. Electron micrographs clearly showed that no gross alterations in cellular morphology
compared to unlysed cells except for the obvious lysis pore on the cell surface and cell shrinkage due
to the loss of cytoplasmic materials. [Conclusion] V. alginolyticus strain 16-3 ghosts were generated
in this study, which provided a basis for the further use as a vaccine or vaccine delivery vector.
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WL IR E L T W R IRRIE S S Y
ORrE . TN 24 M, SR s T
SR T WA TR S5
1.2.2 A IBAEHHENE

fi 22 [RE AT PR 4 8 4% ID32 GN Rl
) ATB > B sl % (0 E bk 16-3 YA FRAE AR
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KSR R G LB W, JEE Lt [ 285 B il
ITEFEERN, A2EdR%EHR 1000 K.
1.3 ZRERA LysisE A9 PCR 1

Hi4lE PhiX174 RF 1 DNA Hf LysisE JE R i1 5]
Y. 5-CCGGAATTCATGGTACGCTGGACTTTGTG
GGATACC-3' (EcoR 1); 5-TGCACTGCAGTCACT
CCTTCCGCACGTAATT-3' (Pst I). L) PhiX174 RF
I DNA J#f, PCR §71 LysisE. PCR A%
(25 puL): 10xPCR Buffer 2.5 uL, MgCl, (25 mmol/L)
1.5 uL, dNTPs (10 mmol/L) 0.5 pL, Taqfif#(5 U/uL)
0.5 uL, F. TI514(10 umol/L)4% 1.0 pL, ik
1.0 pL, ddH,O 17.0 pL. PCR JZJi /4. 95 °C
5min; 95°C30s, 60°C30s, 72°C50s, 30 M
¥F; 72 °C 10 min, PCR P=#14: 1.0%3 e eI FL
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# 4K pBV220 HE17 EcoR 1 H1 Pst T WY, [mlfic4l
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1.5 AEINEESAH &
151 FJHBFEIMEEH 16-3(pBV220-LysisE)AY
¥R
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WEVE. #% 1.3 1.4 Wik T PCR FIALERY)

1.5.2 EHAFFIMEFEKE 16-3 FHRMBEGHL

UK IERAI L ARR 16-3(pBV220-LysisE)%
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28 °C. 180 r/min 75T IKH, % 1:100 %%
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FRTAE S 0 R e B TR B0 257 7T PR T
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1.6.1 FHEBEUE
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2 ZFR5454
2.1 E#R 16-3 S SRS (AFE

mE PR, J6iE B T R 16-3 = IR
AR TR . w0k . HESIASKEI ;. B8 T
EIOY iR, K/h29°4(0.50-0.85) pmx

(1.40-2.65) pm; FEHFHEE T o] WX HA €,
ToFERE . WEMZIM, MAEY ATB “FHZNEE R
G g5 B (R ) BN % R H R T S
(Vibrio alginolyticus), 7EFIZKF b %@ 45 RNAT G
Rk 92.7%.

1tk 16-3 MRS 54
Figure 1 Morphology and structure of the strain 16-3

TE: A: JEBEHRT(1000x); B: FHFHEIM (30 000%); C: iBHfHBIIUT (6 000%), HiknHiE.
Note: A: Light micrograph (1 000x); B: Scanning electron micrograph (30 000%); C: Transmission electron micrograph (6 000x), arrow

shows flagellum.

= 1 THE%k 16-3 BY ATB expression RHLEEHER

Table 1 Identification results of the strain 16-3 by ATB expression system

W VI

W E T itk 16-3 ATCC 33787 S5 T H Witk 16-3 ATCC 33787

Characteristics Strain 16-3 V. alginolyticus Characteristics Strain 16-3 V. alginolyticus

ATCC 33787 ATCC 33787
L-fl2 8 RHA + + | D-H#&m MAN +

N-Z BRI NAG + + | DM GLU

D-# RIB + + L Kb% SAL - -
JLAEE INO - - . D-ZE_HF MEL - -
R SAC - - L LA FUC - -
D-Z %8 MAL 4 4 . D-ILIFLEE SOR = =
AHERRARFIfL TTA - - L LBTRAHE ARA - -
= _fRhlR{k SUB - - | NEMFL MNT = =
WEELIFfE PROP - - BRI VALT - -
Z Wtk ACE - - L REERFE CAP - -
DI-FLAREL L LAT + + TRt + +
AL ALA - - L gIERIFE HIS + +
S-HSL- AR SKG - - D - EERREE 2KG - -
MR GLYG - - | 3-%3L-TEih 30BU - -
3-¥2JE- A iR MOBE = = L 4-RSEEHER 4pOBE = =
2Rk SER - - | &R PRO . +

e b BEE; - BAME

Note: +: Positive; —: Negative.
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2.2 E#k 16-3 B9 16S rRNA EEFII5 RS54
Both

D45 R SR T R 16-3 B 16S tRNA JE[K 751
KR 1508 bp. MAHHEN RS0 K B (& 2)T H1,
FRE 16-3 573 NH S Lk CPVA110 (GenBank
BT R IN645057.1) AR RN —3, AZHTE
fBGEEHR 97%, —BESHr BRI H HA 99.6%17
FUFIME

LAWK 16-3 B . A BA LI 16S rRNA
FPHNRRAIE, B BAPR 16-3 i sealiaE
2.3 RIFZMRRFL pBV220-LysisE BIEE

PCR Y"1 LysisE BB IF IS4, W H 5 1R
FR kL pBV220 3% 42, H A I 4R 2R TR
pBV220-LysisE, £ PCR % k1H T —4K/hg
276 bp 1) LysisE JE K Bt ; EcoR I/Pst I XU 4 &
AT T WIS K/NR 3 667 bp (pBV220 JFTkL) Al

97

73
68

78
58

100

276 bp (LysisE H: )iy B 5L 7 Be(#l 3), B
P 544 ki pBV220-LysisE H8 K 3) .
2.4 REINE 16-3 B Hl FHRERY

WA [) R e B2 R BRI PR 16-3(pBV220-LysisE)
TR TR A B AT R S, X b L T 30 il 2k A
SRR, WA 4 iR, SEBGERL ODeoo [H4
BWHR02. 03, 0.4F050F, HHTHESE 1.5,
3.0, 4.5%15.0 hisk ODgoo fH I 25 A%, /5 ODeoo
HET R, WREE R, miEtadfd, 28 °C
REFRAM T EBONE @k 16-3 A KIEHR,
ODgoo fEMRH TR 5 #a T TG FITH A R 8
7N, ALlA ODgoo fE M 0.2, 0.3, 0.4 F1 0.5 A
VR RTA IS E R B 3107, 2x10°%, 3x10°,
3.95x10° CFU/mL, ¥ /5 B3E @550 5 N
3.6x107, 6.2x10°, 2.2x107, 4.8x10" CFU/mL,
PR AR 1.5.2 )5 H 2R 51N

Vibrio alginolyticus (IN645056.1)
Strain 16-3 (MG645335)

Vibrio alginolyticus (IN645057.1)

Vibrio cholerae (NR_074816.1)
Vibrio cholerae (JQ307150.1)
Vibrio albensis (NR_112229.1)

Vibrio cholerae (NR_115936.1)
Vibrio mimicus (NR_029259.1)

Vibrio mimicus (KJ604709.1)
93! Vibrio mimicus (KP713400.1)

Vibrio alginolyticus (TX74690.1)
0 ﬂ Vibrio alginolyticus (JF431422.1)

100 |~ Vibrio alginolyticus (1X221044.1)
71 Vibrio alginolyticus (JX913856.1)

Aeromonas sobria (GQ232759.1)
100! Aeromonas culicicola (AY347680.1)

0.005

2 BHE 16-3 B9 16S rRNA EE FFIHME R R g kit

100 Aeromonas punctata (EU770300.1)
87‘|7_K4eromonas hydrophila (EU770277.1)

94 Aeromonas hydrophila (AY987754.1)

Figure 2 Phylogenetic tree based on 16S rRNA gene sequence of the strain 16-3
TE: 338 BT ORI R G 1000 YOI BGZT S 43 He s 455 Th i) S AR E BRI GenBank &5t % 5 43R 0.005

32 0.5%01 168 rRNA JLFF 5 ik 22 5.

Note: The bootstrap values (%) presented at the branches were calculated from 1 000 replications; The sequence number in the bracket
means the GenBank accession number of the strain; The scale bar 0.005 means 0.5% 16S rRNA gene sequence difference.
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1 000
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250
100

El3 BiEZfRERI pBV220-LysisE £ PCR FINES ] L F
Figure 3 Identification of temperature-controlled lysis
plasmid pBV220-LysisE by PCR and restriction enzyme
digestion with ECOR I and Pst I

E: Ml: DL2000 /> THFpifE; M2: DL10000 73 T-HbnifE; 1.
LysisE A% PCR 74 ;2: pBV220-LysisE % EcoR 1 #l Pst |
WHEEYI=H; 3. IS Z24# kL pBV220-LysisE.

Note: M1: DL2000 DNA Marker; M2: DL10000 DNA Marker; 1:
PCR product of LysisE gene; 2: The product of pBV220-LysisE
double-digested ~ with  EcoR I and  Pst I, 3
Temperature-controlled lysis plasmid pBV220-LysisE.

88.0%. 96.9%. 92.7%H1 87.9%. 45 FF M EEIN
B 16-3 TR W ] £ 014 doe AF 2% 1 2 R R R 0 Wk
ODgoo M 0.3 MBI TS, 55 3 h J5RIATlk
AR DA EA T VR AL 3R o SR M A A X A e 5%
F T W8 VR T T AT IS TR, R BLETR
FPAE,

25 REIMEEK16-3 BN S5 %M

S bk 16-3 BIES . S5 H (A
1B. C), Witk 16-3 BBLZEFIH B T A AIEE
SRS TCH AR, F7E 20 B 9 o ok
PEARA T 40.3—-132.0 nm (BS54 TR FLIE , 4
RABAT(E SA); EFHBMEL R TR, FH
TREE T SE R AT A, FL 48 I P 25 0 ik 2k )
(% 5B).
3 wwhEsgw

0 AT 1 S T 1 AR R T A R Ay st
e M o 2T S 3 ol A 2 4 TR S RN
20 TR A BHAE AR B 0 L A2t g A
A AR PRI T BB e, HET 28 TRl Ak
(TR S5 08 RS, AN [ AR WAy B A IR AE P
API I ATB 4(¥)H sh%E Rt rhudis e,
RR, ke 22 40 02 3 4l 0 76 AR K BRI
T 7= AR 0 A A B N A T S Y, LS
SEMEE RN, 285 5% BIAS [F)$5 3% 200 1 4 i fif
WOEE PR S . B 16S rRNA FE 0 7
MO LA S A e B DRz 0 T A R st
2 M 38 PV DR 3 F A TR 2 0F 58 . SR, X T

1.8
1.6
1.4 |
12 L O0—0O Strain 16-3 at 28 °C
A—A Recombinant strain 16-3(pBV220-LysisE) at 42 °C (OD,,,=0.2)
2 1.0+ /A—/\Recombinant strain 16-3(pBV220-LysisE) at 42 °C (OD,,;=0.3)
% @—@ Recombinant strain 16-3(pBV220-LysisE) at 42 °C (OD,,=0.4)
0.8 - 0—0 Recombinant strain 16-3(pBV220-LysisE) at 42 °C (OD,,,=0.5)
0.6 . o °
0.4
0.2
0.0 ! J

B4 ARIMEEK 16-3 BE KM &R AR E ZLE 16-3(pBV220-LysisE)4Z 42 °C 5 S GRS ARt 4
Figure 4 Growth curve of V. alginolyticus strain 16-3 and lysis curves of recombinant strain 16-3(pBV220-LysisE) at

different initial concentration induced at 42 °C
e 0 h AFESIFRI .

Note: Induction occurred at time zero.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



136 (P ESTE

Microbiol. China

B 5 AEIMEE16-3 BiAEERE

Figure 5 Electron micrograph of V. alginolyticus strain 16-3 ghosts
TE: A BEFR 16-3 BB (30 000x), ik U MESHIAHLIE; B: Wk 16-3 BBKEST B A (4 000%).

Note: A: Scanning electron micrograph of the strain 16-3 ghosts (30 000%), arrow indicates transmenbrane lysis tunnels; B: Transmission

electron micrograph of the strain 16-3 ghosts (4 000x%).

FGRRBOEMER S, HAPEA 16S rRNA 3
R S AR A i, B0 KT 4858 1 4 BE RN
Wo XTUL, AHFIER R ILE E o T (L4 %
FEARGE G 7 VR XS 3 B B K8 #1507 9 00 i T T
Bk 16-3 BT AR PR AR AR R e 2 R BN T
PR 16-3 )8 T ENE, ok BEE g 1T E
FH 92.7%; 16S rRNA K FH R G LT
SR BRI 16-3 STEBONE S % H ik CPVAL10
AR —H, BEERSE 97%. LGGRMEE
MorFistfe 2 SE 8 R, ek 16-3 AT EEIN
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