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WE i EF AT (Bacillus subtilis) 2 — A = 1 4 W, R ITE I AE B ARE W e SR, K
B 55 F BT A 9 2 | A% 0k 4T (Flavobacterium columnare)f# #1471 & 2£ H lip, 5 pBE2R # 1k
EHE, R RN EF AT H WB800 #, ## 7 & 4 ¥ % WB800 (pBE2R-lip), KK
Bt fie v i e B 9 SR 36 R A, AR F AT WBS00 (pBE2R-lip)ét & lip &8, EAoFEAN
32 kDa, #| f & ¥ 3 #4F H WBS800 (pBE2R-lip) 1 fii #, 7% # # (Ctenopharyngodon idellus) & , i if B
BRI RS20, X A E # i E AN B A R RN B, EATRE LS, AFES
W RZERPEN 524%, A REN, AASZFATE R ARREARETEW lip £2H, UH
18y 0 R v B T AR A e AR R R AR

XM  HREAE; MEFRATE; ££; OREE

FESES S917  XEKARIREE A XEHRS  2095-9869(2021)06-0151-07

WY S W R G I N VAY S € VA NN NG N
ANBRR AR L (H T A e RO AN I K 7 57 5
He P e AR /D4 FH (Adelmann et al, 2008; Vandenberg,
2004) . $U )5 T BT AL B TR B R A Ak R SR A
R SR 5 e A BE R AP ASOR 1 3 2 R Z — (Ells,
1998). b T MRz IR, 38 00 ¥ B R R R £ ik
SR 2 R AR TR L0k, B BB E R

ANRIRIE, AF A 2 K8 T i S W, DT 8 e 5 4
MaW e, SRR R, UK g% N 2 (Vervarcke et al,
2002; Joosten et al, 1997; Romalde et al, 2004), X F 5
AR BEA O B R A AL BT BT R A B IR, H 1A
s 1,2 DR 356 S ) A A BEL RS DL A IR A, A T 52 i 9728
R (Lillehaug, 1989), W6Ah, AHXF FHEFLIWM F ,
R s R M, SEE YT IE A
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TERETR . 2R AR 2K s A g5 A2 T
(S 2021; MishESE, 2020), JTAER, FlH XL
A A Ay 28 AR 3% 35 9 I %) P A e Dot e TR R il %
025 O R T ks 5T N R R E . Lin %
(2020)F) FH e RE B 3 15 961929 5 (Cyprinid  herpesvirus
3) ORF13L A, il &l 1 ARPE T, BeAdiH s iA) 5]
kWi, 45 @8 (Cyprinus carpio var. Jian)4& it
53.33%~66.67% M S B -4 %, /N 4 (2016)FI ]
Be R £ (Pichia pastoris) il Zh &5 T HBR 255
fES%HE VP28 Fll VP26 FE 1, ¥ il & 295 1 3
Tith o ) JF ARG 5 27 6T 1 (Bacillus subtilis) & 38 11 BE 25 &
TERGEE VP28 FRFIRT R, PR R VP28
FE A A 21 15 FL 4K 5 X U (Litopenaeus  vannamei ) f
TR, JEHOE X IR e R RIE RS, %
3154 80.06% (Fu et al, 2011; PL3CHESE, 2012), L
FIIH vp28 J: PR ] A A% TR A 1 EL A T /oy 1) SR s DR AP
RO, 2012), Tiang 25(2019)F FHIAY B 2 AT
WRIAFE AR VP4 851 25 B IRPE T
3% 41,71 111 (Ctenopharyngodon idellus) ) iz & 1 ifi 375 H
SR MEPUARRAA BE AR T, IR EAT 47% 0 B R
Ho Yao SF(2019)F FHANRLZFAUAT IR Ik T o FLEERK
I# (Streptococcus agalactiae)iy Sip 2 1, il 25 Bl 1 ik
REW, KB PE W g A ik 5 % 9E £ (Oreochromis
niloticus) i 72 4t e 558 I 225 A B e 2 oy 285, I 4 At
41. 7% S PE AP ROR |

FIR BT B (Flavobacterium columnare) 2 ff 28 4l
PRI A2 S AR D, IR i YRz, AT AR R
A3 B3R K 1 (DeClercq et al, 2013), fERTHIAFFE H,
AT 0 1 BUAR BECHFT R A ORI BT SR A lip, HO
W3RN BB B i S e 25, R 64% 19 f
FER PR (Luo et al, 2016) . ASHFSEFI AR #E 28 04T
PR EARZRIE lip JEH, £ Bl 1 IR PE Y e e R fa
W HA e R AP 8RB TE by 0 2 4 TR 2 S 1) T
B7 B4 HE A

1 MRS
1.1 E. BRH. AL sE

FEAREFT T Gy R E B2 Bk AR AR P i 0 i
AR SE B e . pBE2R KL AN A BE 4 A AT
B. subtilis WB800 i #f i A 286 % AR A7 . SRbiiiik i
FFH lip 8 H 2 s EPUAZFE R 0t & It E YR A
MR F 45 . A Optimum Antigen™ #00F, F0+:
REHFFH lip R H PR S, PR MR R IR

Bf CIDLDLNKIKKNLKA #1784 1, 5 MBI a4k 5
(U5 7R ) KLH)EE 5 % 9ve 2 e b r e, 2 s
ARG 1 IR RIS 8 BRI, ELISA Jik
K Fe AR, 52 12 51200, #F HRP bRicd 89 FHT
4 1gG 14 H 32 & Thermo Fisher Scientific 23 ) , SZ 50
FHEE AR S (10.21+1.13) em, R EETT 48K fa
FA L A EERA, TR, LR SR
Darwish 55(2004) 1 J7 & #EATHOIR BEAT AN, 45
12 #HEWHEE

A NCBI i 15 H 8 53 5 (gi36590181), 7
AR EAF T lip FEHWZRRIT I, R ZF A A%
I e T AL, Z9E4: TAEY) TR (i) Iy
ABRAE G lip B, AT M50 1 Pst 1
At Sph T BI04 o F T4 7 B2 BRKG OUBEDI I 1Y lip 3
K A BERIAUE Y 5 1Y pBE2R ARSI TiESE S, AR
REIE X ARG R AT WBB00 2452 254 il (Xue et al,
1999), HI PCR Jyik#bArkai, Jf 3045 BH % v B ik
B. subtilis WB800 (pBE2R-lip). % B. subtilis WB800
(pPBE2R-lip)#%Ff T35 50 pg/mL RAF% &R B9 LB K¢
W, 28°C. 150 r/min ¥53% 24 h /5, 6000xg. 10 min
B WA, Al TR G & [ RAR A AR
ALE) A BRI BT R, F Pst T A1 Sph T Rl
PRV BT R R 4 XL R 5 B0

1.3 SDS-PAGE #1 West-blotting # il

¥tk B. subtilis WB800 (pBE2R-lip)#i & 1 :
100 19 LGB R0 T & W85 57 3 (2. 5% BE kA, 1.5%3K
FIR, 0.3% K,HPO,, 1%#i%5#%), 28°C 150 r/min 55
F%, 4yOFE 24 h F1 48 h HUEE. 6000xg .0 30 min
Ja, BRI, HEIEE R 20 5, AW AR
i AR ARR PBS EA, vK HEA B 10 min
J5, 12,000xg 8.0 30 min, MU I, P IR W 46
20 £, MK EARES . BT lip 3 E W E
B. subtilis WB800 (pBE2R)i% Jy X i , il i SDS-PAGE
FAL YK LA AN A B P RN I B A A 4

¥ 24 h A0 48 h BYSHILEE I REIAE M SDS-
PAGE HJkJF, 80 V HLIEH B 45 min, M EAHE R
PVDF & I iKY H PBST % BIEYE 3 UK, K 5 min,
FHA 5% IE Wi H A PBST S IaE ] 1h )5, InA—Hit
(Bt lip B Z YUK, 12 1000 [5H B ZEEIHE
1h, PBST ¥ 3 K, %K 5 min. LA —$i(i7 HRP
FRICHIEHT S 1gG, 1 ¢ 5000 1355 B2 I & 1h, H
PBST PEME 3 K, 4K 5 min, 5B,
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1.4 FHEERRBNME

JH & ek 35 34 %) B. subtilis WB800 (pBE2R-lip)
AT 28°C | 150 v/min K53% 48 h )5, FEHG BT
W AT AR R B0 . B4, B 1 mL BT 80°CK
B INF 10 min, RICEFRIRAMIE , RATRITECE
TR S EcR . 2Rl iR R AT

ZE AR R =R R AR /T T 1 EUE )< 100%

1.5 AOfREHE/E &

& BER: 3R H%T B, subtilis WB800 (pBE2R-lip)
HEAT 28°C 150 r/min 353 48 h 5 ,6000xg #5.> 10 min,
RN, I PBS HEJ5 A MG E L & Rl 1
L 3.0x10° CFU/g Tl ity b g5l il 4 1 101 ARz v, BT
4CHAE M. [FRE, 1537 B. subtilis WB800 (pBE2R)
BERk, DA A Sk, 1t a4 .

16 HaBFEANFATFRHENNE

60 g E MBI 2 41, SR
B REE T B AR, X A 2] 5 DR, i SR
7dJE, 2 IR R $i IR 2% R E TR
K 08:00 F1 16:00 458 1 ¥k, LK A 7E 25°C HIE
WIKFIE R G 751, A 80K 60 L, 24 h AW 7T
5, A >5.0 me/L, 45 HNE O IR S
FRAGHMHLYEE 3 B, SRR EAEFQOIDAT
By, ME R 5 N AEY Th 2R B0 . BUmiENAS
Y1 g, IMA 1 mLJCH PBS J5, fEdRZ A EFR
5] 80C/KIAALTE 20 min, 10 f5ESERBIG, &1
FE&LURE N 30 ng/mL RHBEE 1) DSM B g 15 77 5
b, 28°CHFE 24 h 5, ICEETEL

1.7 E&aRE

270 AR AL 4500 3 41, T 3 A
B, BFR 14 d DUG TS5, B R R0 R S50
AR 1.60 L8 T A hepedl, 0 RER
R R 7 d 5, B 7d, FINSRGBEE 1 IR, 5
56 0240 AR, W2 B. subtilis WB800 (pBE2R)F)
Tk, R R RS T 45 S0 A o B P X iR A
PR ZE AT AT 5 e
1.8  MmiFEHEBMNUE

SRITERREIG IS 7. 14, 21 F1 28 KB #R kL
I, FRAF M EAE S st R A& A lip HE
PR R 4 ug/mL, 4COPER)E, BEALNT
&, PBST % 3 K. HHFLINA 100 pL [ 5% BSA,
37°CHH 1h, PBST PE¥ 3 W5, AR 1) 5 £ i

HEFLINA 8 M B s M yg , HARKAL 2 55
FERERE, 100 pL/fL), 37°CHFE 1h, PBST ¥k 3 1K,
RIG, AR M IgM BATTEERTA(L : 5000 5 H
BE), 100 pL/fL, 37°CH#FE LhJ5, PBST VLl 31K,
JIA HRP FRiCHIFEH R 1gG BATTREBUAR = 5000 15
FiBE), 37°CHFE 1h, 100 uL/AL, PBST ¥ 6 K.
A TMB (48, RPO% W, 100 pL/AL, 25CHF
A 10 min B H B R A 55>, BALAIA 100 pL 2 mol/L
H,S0, 4 1EJ B, FEHRY ODyso nm 121H o

PO BEARYE P/N (ERAME o P/N=(F¢ A 1MLV 1)
OD 450 nn—2% FIXT BRI ODusg uun)/ (B I #Y ODaso nn—
25 X HR ) ODyso nm)o 24 PAN=2.1 B}, LI
T R B RS B B AU FE o 508 LT 3 8 e
72 (Mean+SD)# /R,

1.9 AIBgstig

B E o 28 Kkt A TJE&YE, DL 3.0x107 CFU/mL
W HIR AT G RIS 1 h 5, i
FOKTGEL R SRS, SCI I (] AT IR R, WL
YR R TG SE O, il SR AE T R, SR E
Fefh, T AR S e X A R ROR . SERR
THEARXIT
PR R =1 P FET R/ FRAABET %) x 100%

2 HRE5HH

21 FirHEHHEE

XU 5 ) lip JE R R BRI V) J5 1) pBE2R
FORLHEAT R, M T pBE2R-lip #K)5 , LATUKIIE
A% A B. subtilis WB800 &2 A4, £ PCR Fik
et 1 NP R, fiv4 o B. subtilis WB800
(pBE2R-lip). $Hi B. subtilis WB800 (pBE2R-lip)[ 5
Wi, FHRRGIENYIEE Soh T A1 Pst T ARG 5 247 HL
TKEE, B2 ZARK/NRB(E 1), FBR/AD
WA, ZDFEUE, 5 lip 5K 8BS 51 5¢
EWG, KREKAEB,

22 HHWZEAHREWN

i i SDS-PAGE HLJKSE5G , [L4 T I bk B. subtilis
WB800 (pBE2R-lip)F/l B. subtilis WB800 (pBE2R)A ]
A ] 5 1 2 R, R B 3 4 U R T R A
HAETEZE S, B. subtilis WB800 (pBE2R-lip) i #k 7E
32kDa i E 2 1 400, H 48 h HEfh Lk 24 h #
mn LR (E 2), 5AESERIES I RN —3L,
AIEAE lip R R IR E M .



154 ook B

542 &

bp
5000 §
4000 |

3000
2000

1000
750

500

200
100

Bl 1 Sph1 Al pst I X} J5kr pBE2R-lip A4 XU 1A 1%
Fig.1 Recombinant plasmid pBE2R-lip
was digested by Sph [ and Pst [

L: WEEYIfE; 2: WEEYIRT; M: DL5000 DNA marker
1: Before digestion; 2: After digestion;
M: DL5000 DNA marker
M 1 2 3 4 5 6 7 8
kDa — e N | ","l
170 !
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¥l 2 B. subtilis WB800 (pBE2R-lip)Fl B. subtilis WB800
(pPBE2R) A 3% £ 4 Al 73 A 3K 1 A SDS-PAGE HLIK 707
Fig.2 SDS-PAGE analysis of cytosolic protein and secretory
protein extracted from B. subtilis WB800 (pBE2R-lip) and
B. subtilis WB800 (pBE2R)

M: [ marker; 1. 2: 48 h. 24 h /Y B. subtilis WB800
(pBE2R-lip) U3¢ B FA#E S ; 3. 4: 48 h, 24 h () B. subtilis
WB800 (pBE2R)MfI 3¢ 2 14 ;5.6:48 h.24 h [ B. subtilis
WBS800 (pBE2R-lip) /A& FIFEfh; 7. 8: 48h, 24h
B. subtilis WB800 (pBE2R)/3 b 8 FI A it o i Sk 45 75 704 4
lip EH . &3 [A
M: Protein marker; 1, 2: B. subtilis WB800 (pBE2R-lip)
cytosolic protein at 48 h, 24 h; 3, 4: B. subtilis WB800
(pBE2R) cytosolic protein at 48 h, 24 h; 5, 6: B. subtilis
WB800 (pBE2R-lip) secretory protein at 48 h, 24 h;
7, 8: B. subtilis WB800 (pBE2R) secretory protein at 48 h,
24 h; Arrow indicates the secreted lip protein.
The same as Fig.3

i id West-blotting 325 & B, ik B. subtilis
WB800 (pBE2R-lip) 1443 A £ FH A HK 8 FH 7F 32 kDa
PEEA 1 &AW B AT, B. subtilis WBS00 (pBE2R)
FE S AE AR R 7 B G554 (K 3), 5 SDS-PAGE HL k4%
W—F, B, #f lip 3 e 7S 52 AT i rh 3k
ik, HLAEr M ZE A W .
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% 3 B. subtilis WB800 (pBE2R-lip)#l B. subtilis WB800
(pBE2R)AE K 25 4 F1 73 Wb 25 11 West-blotting #
Fig.3 West-blotting analysis of cytosolic protein and

secretory protein were extracted from B. subtilis WB800
(pBE2R-lip) and B. subtilis WB800 (pBE2R)

23 FHRAEREFENITHE

WESSR R, HIAREFRHENREFR B. subtilis WB800
(pPBE2R-lip) 48 h Ji5, JH A% M 3.8x10° CFU/mL, #f4fd
$rith 2.4x10° CFUML, ZEAUAERA 63.2%.

24 E&FENFANFENHENE

LA 738 AP 2R AN R 1| TR, 2R
WEZE A AT B B 5 1~2 K, wfh i T PN 25 oS I 51
KB 26, BoE ol 10°~10° CFU/g, % 3 K,
TENG SR BCR B Wa >, B4 5 RAVA R RS
A, U BH R R ZE AR PR 1 2E TR TR A A 38 S AN BE
FEHH o

*1 EEBENRTYUPFANE
Tab.l Amount of B. subtilis WB600 spore
in intestine of grass carp

EHIBE Amount of spore/(CFU-g™)

Fis} ]

Time/d S X R
Experimental group Control

1 2.1x10° 3

2 3.3x10° 11

3 7.8x10° 21

4 1.2x10° 5

5 87 0

6 93 34

7 13 22
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A IV PR SRR DL IR 40 BB 4 T,
MARELE R IF S 2 FAIFLG, 508 T AR
B. subtilis WB800 (pBE2R-lip)] & £ Ifil 15 H 40 (AR Rk Ay
U T, R4 4 J kB, P E R 10 117.1,
TERIEIG IS 1~4 J8, 280 1T ARk & B. subtilis
WBS00 (pBE2R)] 145 T £H (B3 4 %ot R 4 ) B 42 1t 3
RN AR B A A, 71 2~1 0 4 Z 8],

8 —a— SZIG4 Group I

=¥ 52820 Group I
| &~ SLE4 Grouplll

(=)}

HLARR A (logy)
Antibody titre (log,)
N
T

N
T

0 1
1 2 3 4

4B )5 AR E]/FE Time post-vaccination/week

K4 Bt g bR e e AR T
Fig.4 Antibody response of vaccinated fish
were detected by ELISA

AR IRGREIR , MRS 1. 20 3 A4 14
HEAT ML BUARRAN RO E , ARl E 3 R,
PUARRIA DL Togy B-F- 2 (EAR EZE 3R
Szi 4 T+ B. subtilis WB800 (pBE2R-lip) Byl #H#E47
AR A, s2a6 2R 11 FH 4 B. subtilis WB800 (pBE2R) i i 4} ik
7 HMResE, LA T R BAPEX R, T
Grass carp were immunized by oral vaccine. Sera were
collected from three fishes at one to four weeks post-
immunization, and antibody titers were detected.

Each value represents the mean of log, antibody titers with
standard deviation (SD) bar. Grass carp in group I were
immunized by B. subtilis WB800 (pBE2R-lip), group 1I
were immunized by B. subtilis WB800 (pBE2R),
and group Il was control group. The same as below

26 ANIREEI

FIFHFER EAF I Gy BRIR MBS, RS
2 RIFM I BIAET, FET-— EFFEE RN 9 K, Wist
IR o B R R R g L AT Rk B R A R
o PEN TG G BYEE 5 K, R B0t B A 2% T
LLIE I I G o W (1 B 22 TN 68 A A T AN 0
28 M08 R PR AT, W R A SR T AR
BT R S L . &G0t Siie T ikl A
B. subtilis WB800 (pBE2R-lip)] &L ffi () RIFFET-HR Ny
(43.3£2.7)%, L4 AR5 B. subtilis WB800
(pPBE2R) L1 [ BRITFE T4 K (75.6+6.8) %, S50 1 4H

(BAPEXT B 20 ) B 1 1 R BE T2 N (91.1+1.6)%(& 5).
PEIL AT, B. subtilis WB800 (pBE2R-lip) X & ff1 ) 472
PELRIIFN 52.4%, B. subtilis WB800 (pBE2R )i Fi i1
ARSI AP R 17.1%.

100
X L
} 80
%3
’L—l g 60 [
Re
ﬁ £ 40 -
g —o— L34 Group [
3 20 - igﬁgﬂ G—r()up |
& SZIG4H Grouplll

(=]

2 I3 éll I5 I6 I7 ;3 9 1I01I11I21I31I4
JBRYLJE YA A] Time post-challenge/d
K5 b N TRGUHOIR BT Y RITHAET
Fig.5 Cumulative mortality curves for grass carp after
challenging with F. columnare strain G,

M 20 4D 80 AEACTFIG, B NS TF IR T 44T
ARBCHFF B BT A, S A0 A 2 A 7R SRR
TR . 5B EZE(1989)7> TR /R Dbk, 2K
My . FRCKE B FIR AT B T S S R A, AR REAE
JRE o ] Ay ) 98 7 A A g R BRE SR LR AL, I
ARG B AR 1. Moore Z5(1990)14% 4% 5 4R 1]
AR OR By bR CIE B RE AR AT T R BE S il
(Ictalurus punctaus)fa f#E1 IR g, Hd Ay 3 4F
S ZH BE g SR EA SE TR AR T X IR AL, T 534 2 4
o RE BB TR T IR AL, R RO AR E - Bader
ZE(1997) LB T e F T AR R Ty bR 36 A bR B AT P
P25 TR B A5 SC R ) SR B R AP RO, R IR R B ARK
SR E 1 A 60 kDa AU (528 J5iPE
S, DT e 21 S 8 R 4P 350K o Shoemaker 45:(2011)
T A AT AR B AT PR O BE BE I, 43 4 K 1 R
(Micropterus salmoides) 1 Bf s X B @t T 57%~
94%F1 74%~94% B E ORI . RAE R 45 ALk
HH T AR EEORT B RE T 0 R, (LS BRI o T S
sCE R s AT . BAT, HRREE AR R DR
RETT B AL LT Leal 55(2010) A $RIE , HoRw i 5
T S ot 3 PR A AR B TR B e B e, R
i35 % % HE £f1 (Oreochromis niloticus L.) A 405, & FiZ%
JE T BE N RE 5 308 JE M M b RE S e BRI 1
A, WARRERR AL G R YE T .

ARG ) FH A B 2 AT TR 22 38 AR BEORF 1R A £
PEBURIEA lip, AT —Fh il & AR B E R
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B, B.subtilis WB800 (pBE2R-lip)fig i 5 ik H itk #%
FER lip 3£ 8, HLAEH lip &40 EMIAh . i TG 5
SR B A B BB M , REAIRHT a2 Ak P
ANRIREE, BRI Gk 205 W o AR T AL
i PV e R L . £ R Yt 32 55 B 0K v 1 R4 T AL
T, MR SR A S s B AT B T AR A A R
(RS R o BRAD, Al ZE AT B 3 I AR AR A S L
AR g A T8, B BLP 2 b, ISR 25 2R
WOR, FERPESTRIEE 3 ARG 4 J8, foys o wfa i i
HRE SRR 1 3 v T R AL, X R G
FUAE T | B ) R S M S 2 I B2 i SR
SR ORI, X2 G BAT —E I S RRCR , R
PET I G R RIAR, AR 52.4%, X ] RE Hfh
LT R S TARBN BARAT . BR B AR 55 (1989) B
AU, I R, A R T R 4
SPEHUASUN TTIAE 1 2 1024, WABIS T, ML
RN R AR 1 s 1171, H 4 %5(2012)0F 58 K IR,
3 1 R G R A ) R 1 i £ 288 11 R R e 1) e P 2
T R 0 3 5 36 1) SRR A7), 88 i T8 1 10 MR g o
I I R S PR LR SN R R R A A 1R T
E— SR
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Abstract

Bacillus subtilis is used as a probiotic bacterium in aquaculture and has been explored as a

live carrier for the expression and oral delivery of antigen proteins. Flavobacterium columnare, a
gram-negative rod-shaped bacterium, is the causative agent of columnaris disease in fish. It is ubiquitous
in aquatic environments and causes disease in a variety of freshwater fish worldwide, which leads to
severe economic loss. In a previous study, we discovered a protective antigen gene, lip, against
F. columnare. In this study, the lip gene was inserted into a shuttle expression vector pBE2R, and then
expressed as a recombinant fusion protein in B. subtilis WB800. The expressed protein of 32-kDa, which
was estimated using sodium dodecyl sulfate-polyacrylamide gel electrophoresis and western-blotting, was
consistent with the molecular weight deduced from amino acid sequence. Grass carp (Ctenopharyngodon
idella) was immunized through oral administration of B. subtilis WB800 (pBE2R-lip). The effects of
protection and immune responses were evaluated. Enzyme-linked immunosorbent assay results showed
that lip-specific antibodies could be detected in the sera of immunized fish, and the antibody levels were
highest in the fourth week, with an average of 1:117. The outcome of immunization with B. subtilis
WBS800 (pBE2R-lip) resulted in a relative percent survival of 52.4% against F. columnare. After being
immunized via oral administration, the quantity of B. subtilis in the hindgut of grass carp was measured
using spread plate count method. Results showed that B. subtilis could not colonize the gut of grass carp.
Our study demonstrated that oral administration of B. subtilis expressing lip gene could produce an
effective immune response and offer good resistance against F. columnare.
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