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AT 5 K5 ) Je 114 5 A 25 e i e A1 1 T gt L 7 A
T A R 5% % A AR [C TR B AR, il &R % =1l
FEICTE R, BFRHLRRROR | il 5tt, hitt—
Y A A5 TR B T B St
1 MRS
1.1 E#kS R

R ZAEAECH A AnGHO080301') | K #F
I/ DHS50 ARSI %8 R AF o KIGAT AT PhiX 174 Wi TR
& DNA M2 5% >% /5 ] (New England BioLabs Inc.,
USAISE, FafE#iA pMD18-T Vector i TaKaRa 2
FIP R JEREFRIRTRL pBV220 FHASSEIR ER-AT
1.2 PhiX174 HfEEEEREEE

Z: M GenBank T8 SR KMAFF A PhiX174 15
IR 2L B 5L R (Lysis E)F818c3t5(4): Phi-F: 5'-
ATGGTACGCTGGACTTTGTG-3'Fll Phi-R: 5'-AC
ATTACATCACTCCTTCCG-3', 1 Fifg4: T4
TRRHE AR A RA FG B R PhiX174
FE [ ZH DNA WA, F Phi-F Al Phi-R 5| ¥ E4T
PCR 43, 50 uL AR & %A 10<PCR Buffer 5 pL,
10 mmol/L. dNTP(each) 1 pL, Phi-F(20 pmol/L)2 pL,
Phi-R(20 pmol/L)2 uL, Taq (5 U/uL)0.5 uL, DNA 1
pLo JONZcMER 95 °C 1At 2 min; 95 C ARME:
30's, 55 ‘CiB2k 30s, 72 ‘CHEMf 1 min, 30 MEFE;
72 “CHEfH, 7 min, HL 5 pL PCR P24, 1%Bi gkt
JiE HRL KA PCR 36 45 1R

PCR 7*#)% DNA Gel Extraction Kit 4fifk)7,
5 pMDI8-T Vector fi] T, DNA &2l %E1337% o
AL R IAFF R DHSo, #5 ABETiE A 1. i L
A TR TR AR R 5 AT BRZA wl il o
1.3 BRI FAL pBVLysis E 193

BWITIFA T 1 X514 gE-F: 5GCGAATTC
ATGGTACGCTG3'Hl gE-R: 5GCGGATCCTTATC
ACTCCTTC 3" (FXRIZ/~ EcoR 1 . BamH I )i
A1), i1t PCR %) Lysis E R[4 mum el Tk,
EcoR [ 1 BamH I 235l zk ik pBV220 Fldiit
1LY Lysis EZEH, 4lifb )5 FH T4 DNA & HE B 500
W, BAL KT DHSo JBZ 5400, 15575 4R
JRLHEA TG U) S
1.4 KT EBEBH &R RBIERNE

55 78 R BRI K AT 7 DHSa(pBVLysis E)
FERRAZEFI T 3 mL(Amp &9 E 50 ug/mL)) LB &

PREEFRIE, 30 CHEIEFEIR, 200 r/min B5 583 . IR
FOBR S R 92 W2 1 2 100 80T 100 mL(Amp 4
W 50 pg/mL)AY LB W IARE S5 3E, 200 r/min 5K
K77 2 ODg9=0.4~0.5, i THE 2 42 CHA T T,
V)5 L h INEERR 15 20 BRI, 1 h 5 RERE 20 234h
WURE, W ODgoo W GAEL, [RIEHIAS & pBVLysis E
JRL R IAAT I DHSo /X B 23 BIEGF T | 17
FIEHYREIK 100 puL, & YRS TR T LB(Amp 2
WHE 50 pg/mL) P4, 37 CHEEEFE 12 h, THEUE
HEU(CFU), RURRCR(%)=(1-24# 2 11 CFU /i
JHiRE CFU) x 100, BMEE 5 AFA7, BOFAIE
1.5 REZELERE R GH &R EFUERNE

Z BRI T i 4 R 5% B AR IR
AnGHO080301 HL i JEaZ A5 M, 1) 882 A5 40 B v
ATk pBVLysis E 2 pL(100 ng/uL), #EF7H
AL (T Z50N 25 uF, 200, 1.8 kV), $Hdi 48
%% A 1.5 mL A0, 28 'CH IR 2 h, B 100
pL RS S 10 545 LR RS, IR 15 5% T BHI(Amp
LHPE 50 pg/mL) -4, 28 CIHEER;FE 24 h, ik
PR seRE, B 7 I R i R AR et 7
/ug DNA), FEifiikss 2] (R %% R fE4E KA AnGH-
080301(pBVLysis E)#F T 4 mL BHI(Amp &
50 ug/mL)}EFRIEH, 28 °C | 220 r/min SR IEESE, K
H% 1 : 100 %42%] 100 mL BHI(Amp &M 50
pg/mL)F, 28 C . 220 r/min }535 % ODgy=0.4, ik
THIRZ 42 CilF1TI5T, HZE ODg [ T A, 2
fRLE . ZERACRME R 1.4,
1.6 REZEERERGH&EGRL

TRESEANEHRE~WE N iR 27
Z1HAE G AnGHO080301(pBVLysis E)#7 T4 mL
LB(Amp &HE 50 pg/mL)iEFEHF, 28 'C. 220
r/min 85350, WCH 1 ¢ 100 #5425 29 100 mL
LB(Amp ¥ 50 ug/mL)H, 28 °C . 220 r/min #%
IREEFE, B ODgoo [ 51 2 0.4 F1 0.6 ZEATHS, W
I ZE 42 CHATE5, HE0R 30 2 BhIBORe,
W ODgoo WOGME, ERIFARBOGIEE TP R Ik,
LRI 1.4 TR T

FRZEFEXN BB L[ PR 2% %
4B [ AnGHO080301(pBVLysis E)Z> Hl 3 Fh T
LB. BHI. EFHAZ(NB)3 FiEFih(Amp ki
5% 50 pg/mL), 28 ‘C. 220 r/min iF K IEIE, K H
Fi2 11 100 F4%5) 100 mL AV A AMP Bk 555k
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H1, 28 “C 220 r/min 5577 % ODgo [N 0.4 £iA7, i
IR A 42 CHA T, B 30 /- Bh O, M
W ODgoo MOGAH, EEIGIEE TP, 28k
Fie 1.4 POTIRIE T
1.7 EEME

3 5K B S AT TR | 3R % 2 A PG A A i
4 4 000 x g .4 ‘CES.C> 15 min, JH 0.01 mol/L PBS
Ve 3K, F2.5% % "4 CR@E24 h A E, &
Z 0 CREWLK, VI K S5 25 A 35 R
BEEATIEE, [RINEREERIAHF I |« IR Z 8L IR
YR Xt BE
2 4
2.1 ZUREEEFEERER ERRIA A &

L PhiX174 WETH & DNA Wiz, PCR #44
— 45 HIY R BoR/MEFF) DNA B (1 1), ik
% pMDI8-T #ik, WP 255 on B 5 K K/
276 bp, %4 Blast LXT4HT, #5115 GenBank % 5%
R RAFF R PhiX174 I B (A4 A i3 R e 47— 35
B ks 5 Lysis B 3[R o B 2 IR 2% 8 3k
pBV220 t, HEEE LTk, £ EcoR 11 BamH I
ity U % 22 K W Py 43 A, B b e TR A
PhiX174 ZL@HEEL Lysis E (LR, Mgl
pBVLysis E(&] 2),

4000 bp ——|

1000 bp

400 bp

200 bp

Bl 1 PhiX 174 BEE{F Lysis E Z[F R PCR ¥ 1
M. DL200 43 FHibric; 1. Lysis E JEFE P #7=4) .
Fig. 1 PCR amplification of Lysis E gene of Phi X 174
M.DL200 bp DNA marker; 1.product of Lysis E gene.

2.2 KA E DHSo BHiMERAREINNE

5 pBVLysis E Tk KT 1A DH50 45 42 °C
PiFE, 30 min B} ODgoo JTUA N KE, RUIANREIT4A
2%, 3 h J5 ODgoo B TFH2, ANTH R HEASE
(F 3), BB RIR, 2R 5 0RO

FRIEAYN LA, 20 0 2 17 R A 400 7 9 25 9 3 2R
1M A B R A 34, I e 21 o W00 240 M1 A9 o 7
FLAE, VA TR LA O T 40 M B (1 4, 53k s
VTR AL) IR AT BRI R, KIS Bk T
M-SR 8.81x10° CFU/mL F F& &5 S5 11 2.5%
10 CFU/mL, Zf#EBEN 99.999 7%, 25,
Pk pBV Lysis E FURLRERNS A R4 15 KM AT i v
R 2RISR, HREAR0AE S R iR 24, T
DA IR 3R 42 % e FC R 1T 050 PR AL 2

M1 1 2 M2

4361 bp
3660 bp

500 bp

292 bp
250 bp

2 ELAF pBVLysis E BEJ L E
ML. A-Hind III digest 43 FitAric; M2.DL20004 FiEbRic;

1. EcoR T FiBamH T M) T 20 JFiki; 2. Lysis EFE[A

Fig. 2 The restriction mapping analysis of the
recombinant plasmids pBVLysis E
M1.A-Hind III digest marker; M2.DL2000 marker;
1: pBVLysisE/ EcoR I and BamH I ; 2. Lysis E gene.

2.3 REZEELRKE AnGHO080301 FHiHE KA
Bz

Bk pBVLysis E #AbRZZIELRE, 1L
RE Ny 3.27x10° HAk F/ug DNA. #:4k pBVLysis E
JERE R 25 2 AR G AnGHO80301 28 42°CHAFH
T, 1 h IR ODgo FFE, 4N URZ4#%, 5 h J5
ODgoo BT F-F2, AP 2R ILATE (K] 5). i
SRR, IRERMEAR RN ORI AN, 5I1EH
{1 200 A AH b, R 20 6 P P 2 1 3 Ak T B
B AR ARTE, BRI A A RS T L B A SR A L,
T oA P 2 R A TR FU S s (B 6, Sk T
TNHREROLE) IR AT FETE TR, IRE R BRI
5 HWE B SR 4.69%x10° CFU/mL FFE 215
SR HY 5.7x10* CFU/mL, 2SR 99.99% .
T 5 B A B IR AR AR, AR TG, L
NGRS AT A A WA B AR (B 7).
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2.5
o FKIHFT I R4 £ coli ghost
s 2 K KT native E.coli

Q8
=215
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A S S S . S WP P

T30 60 90 120 150 180 210
[ [E)/min time
E 3 42 CiHESEABHFTE DH5a(pBVLysis E)
E KRR
E.coli ghost: 72 itk pBVLysis E B KB H# DH5q; native
E.coli: K47 DH5a.
Fig.3 Growth and lysis curves of
E.coli DH5a(pBVLysis E) by temperature

induction of gene E expression
At time zero, the cultures were shifted from 28 ‘C to 42 °C.E.coli

ghost: E.coli DH5a (pBVLysis E); native E.coli: native E.coli.

24 REZHELRFREBEEEEML
FRFSESNBEH=ENEE 550
R Z AL H AnGH080301(pBVLysis)i% 75 &
ODgoo 4 0.4 F1 0.6 B A 75 458, W I 8l J1 24 5L
4k BB IR, ODgoo M 0.6 RG-S 2 h J5,
WA TR TR, % ODgoo M 0.4 Y HEIR 30 min, 1M
LR ) B TR 2 SR R A B W) i 2
A, 755 24 h G TR A TG T (B 8),
TRZBFEXNEE = EN I 519 % H

BHI. NB. LB 3 3R b ifil 25 1R 22 2 fE AR [
DAL, TEARIRIZROE TS a0, T 050 S A i T 2
et Ia) A7 e B B 22 50 (& 9), 7E BHI Hi% S 30 min
JEWCAE T A 238 R, 2 h )5 FRESBERIE, 5 h
JERA TR, 75 NB s 1 h 5O R
IS TR, 10hGREE 02 £4; ZELBHFIES 1.5h
JETF RIS TR, 7 h J5REE 0.2 224 . IRGERfHlE
R EA WARTE BHI, NB. LB 3 bk 246
8 h J&, WHE A THEE 0, 29x10°, 65x10°
CFUML, 2YFFCRMHIN 100% . 99.99% . 99.999
9%, 755 24 h J543BIH 100 pL R RS 10 £579%
1T LB(:% AMP50 pg/mL), BHI F1 LB “F-H 3% 55 Y
PRVBCARRSE G TR, NB 3557 0 R RAT /D 5t 1 TR A
(2x10* CFU/mL), 35545 R @R, BHI B 555
rh T AR L AR (2 500 nm), 22 4 BILLE T 15 41
Mo RO, A 2 5 T, AR R £
1M LB NB 3% 35 55 37 10 T 050 41 i ) e e 4, 34
fEFLIESE/N100 nm A2 45), 22 HBLFE4N I miAs,
H LB 5 7755 0 40 e B B B (1 10). 255 DL
EER, 3 R R 2K BHI>LB>NB, 24i#
FZUFEEE . BHI>NB>LB, 40 il 5¢ % 14:: LB=NB>
BHI, ik, DL LB 1 kiR 28 %2 Ak 1 B v 0o il 2%
1) 5% 7% FE B B I8 21 4 o I IR AR, L HAA BT
B A 5 He e, S ol 4% 3R 2% 2 A 1 1A TR I 1 e
(BT

4 KBA4THE DHSa R AR R
(a) IEH KT DHSa; (b) KIGHTE DHSo R, 73k i7n 2L Ll
Fig. 4 Evaluation of E.coli(DH5a) ghosts by SEM
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(a) Native E.coli(DH5a); (b) ghosts of E.coli(DH5a), Arrow shows the trans-membrane lysis tunnel.
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AnGHO080301(pBVLysis E)4E & & Z g ih 4%
E.tarda ghost: % %# 5k pBVLysis E (#3825 & 4L [C R
AnGH080301; E.tarda: IFE#iR%Z 4G AnGHO080301,
Fig. 5 Growth and lysis curves of E.tarda (pBVLysis E)
by temperature induction of gene E expression
At time zero, the cultures were shifted from 28 C to

42 °C.E.tarda ghost: E.tarda(pBVLysis E) ghost; E.tarda:
native E.tarda.
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Fig. 6 Evaluation of E.tarda ghosts by SEM
(a) Native E.tarda; (b) E.tarda ghosts, Arrow shows the trans-membrane lysis tunnel.
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() VT E.tarda B (b) TR E.tarda W, ik B8 b 24 fLIE .
Fig. 7 SEM of E.tarda ghosts and E.tarda ghosts by lyophilization
(a) E.tarda ghost; (b) E.tarda ghosts by lyophilization, Arrow shows the trans-membrane lysis tunnel.
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e ld E.tarda ghost (2) 4~
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AnGHO080301 Bt 4 < K R R 2%

E.tarda ghost(1). E.tarda ghost(2)/3#F&/REH R AL K 2 ODgg0.4
0.6 BI#EATES; Etarda F/RBEZMAETE AnGH080301
(pBVLysis E)7E 28 C 4 N AEK £k .
Fig. 8 Growth and lysis curves of E.tarda AnGH080301

(pBVLysis) by temperature induction of

gene E expression at different growth points

At time zero, the cultures were shifted from 28 C to 42 'C

except E.tarda. E.tarda ghost(1), E.tarda ghost(2) represent
E.tarda AnGH080301 (pBVLysis E)induction at ODg00.4 or 0.6;
E.tarda represents AnGH080301(pBVLysis E)growth in LB me-
dium at 28 C.
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X i

Fig. 9 Growth and lysis curves of E.tarda AnGH080301

(pBVLysis E) in three different medium

At time zero, the cultures were shifted from 28 “C to 42 C

except C. BHLLB,NB represent E.tarda AnGH080301(pBVLysis
E)growth in BHLLB,NB media respectively; C represents An-
GH080301 (pBVLysis E)growth in LB medium at 28°C as a control.
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SR, ORI, (AR R Z, mE
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JEVER 24 h 5, NB PBRERINEE TE, LB Ik
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B R OB SR . A IRERT,
B SR 5L 0 B VRS F5 PR 85 R B W ) R, i
TS F5 5 v Mg e B T A R T it i S g L,
FERLINAEHE B LA 7E AKT B3R5 30 CREFRIA
FIRESLINE # B A (TCP), [MifE BHIH1 37 CH
Fr A AR 2 TCP 2K (1 k" 28 FFTid, LB
BRI A 0 R A A R | R T A, A
IR S A TR TR 1) Fe L B 7 2 AR A T
J A3 %o TR ML 8 A R ) R LA FHALEE | SR it i
BT B ARAE R A o i — 2L ISR
33 e

TR I8 A Sy — o o] 4 S5 PR & R R A 7 1R 1 B T
H M R RFE A BIE POk, THBE
BT AT DNA KR, BIE e ik A gl
PIR N 5 3k K R B I KU /D, Ho A 58 K 3G
FET (5 20T 40 A DNA)HEA 0w 2B e bk
PR ST I A ) AR AE KA AT TR RS T RS Y
FUERBOR, B REBRMMRCET AR 100%, HE
Wk UAE K I FF T 24 R I A A8 bk A=, g
Witz E EOAN PR, AR EREZ
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£t 36 &

AT RS 1 T AR A S PhiX 174 4
FEEREE,  Panthel MBS, AT
TR R BB TE'S 1 h I ODgoo (A
TG, BAM TR0 min FFE TR, £

3

JRURE SR RE 3 118 2% 7 P8 AR TR PP HUAE R T
HR s, 3 AT BB T IR A R A T A B X R A T
HA E BUBEBMRR Sk . BRI AR 52 %

(GY]

E 10 AREFEFZHIEEZSELIKRE AnGH080301 F I35 R 52
(a) 1E% E.tarda AnGHO080301; (b) E.tarda AnGH080301(pBVLysis E)7E BHI 1% 5% 5 i il 4 i 5 ; (c) E.tarda AnGH080301(pBVLysis
E){E LB 577 B il 18 5 ; (d) E.tarda AnGHO80301(pBVLysis E)7E NB 5537 5 il £ (1 1 5

Fig. 10 Evaluation of E.tarda AnGHO080301 and E.tarda AnGH080301 ghosts
growth in different media by SEM
Native E.tarda AnGH080301; (b) E.tarda AnGH080301(pBVLysis) ghosts growth in BHI medium; (c) E.tarda AnGH080301(pBVLysis) ghosts
growth in LB medium; (d) E.tarda AnGH080301(pBVLysis) ghosts growth in NB medium.
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Construction of Edwardsiella tarda ghosts from eel and
their optimization of preparation conditions

LI Ning-qiu, YU Lu-jun, FU Xiao-zhe, LIU Li-hui, LIN Qiang,
CHANG Ou-qin, SHI Cun-bin, HUANG Zhi-bin, WU Shu—qin*

(Key Laboratory of Fishery Drug Development, Ministry of Agriculture, Key Laboratory of Aquatic Animal Immune Technology,
Guangdong Province, Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380, China)

Abstract: Edwardsiellosis caused by Edwardsiella tarda is one of the most serious diseases in the eel cul-
ture industry. Bacterial ghosts, which have native surface antigenic structures and can induce humoral and
cellular immune response, have become candidate of vaccine development. To explore the feasibility of E.
tarda ghost vaccine in eel, E. tarda ghosts were generated by the thermal controlled expression of the
PhiX174 lysis gene E in present study. At the same time the morphology, lysis kinetics, lysis efficiency and
preparation conditions were also studied. Holes were observed in Escherichia coli and E. tarda ghosts by
scanning electron microscopy and the bacteria become withered due to the loss of bacterial content. The
lysis kinetics in E. tarda were also compared with those in E.coli. Generation of ghosts in the transfor-
mants of E. coli and E. tarda carrying plasmid pBVlysisE was performed successfully by increasing the
incubation temperature up to 42°C. Compared to E. coli, in which lysis was observed within 30 min and
was completed 3 h after induction of E gene expression, onset of E. tarda lysis occurred 1 h after tempera-
ture elevation and the lysis process was completed 5 h after induction. At the end of the lysis process, the
efficiency of ghost induction in non-lyophilized E. tarda was 99.99%, as the results of 5 replicate experi-
ments showed. However, no bacterial growth was detected in lyophilized E. tarda and there is no obvious
difference in bacterial morphology before and after lyophilization. The lysis kinetics and lysis efficiency
had no difference between beginning of induction at ODgpp=0.4 and 0.6. Among LB, BHI and NB medium,
LB medium is the best for preparation of E. tarda because in this medium the ghosts are more integrated
and lysed completely. In the study we successfully constructed E. tarda ghosts and optimized their preparation
conditions, which will provide the foundation for development of vaccine against edwardsiellosis in eel.
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