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Construction and its biological characteristics of tri-pathogenic
bacteria syncretic fungus strains of grass carp( Ctenopharyngodon idellus )

HE Fu-lin"*, XIAO Ke-yu', CHEN Guang-rong', ZHONG Lei'
HE Yan-lin', XIANG Jian-guo', HUANG Xing-guo'
(1. College of Animal Technology, Hunan Agricultural University ,Changsha 410128, China;
2. Hunan University of Science and Engineering ,Yongzhou 425100, China)

Abstract; In this experiment the bi-pathogenic bacteria syncretic fungus strains ( AM-1) were firstly
constructed by syndesis of Aeromonas punctata f. and Myxococcus piscicola of grass carp via cell
amalgamation technique, then tri-pathogenic bacteria syncretic fungus strains (AM-2) were constructed by
syndesis of AM-1 and Pseudomonas fluorescens according to same technique. After the configuration,
physiological and biochemical characteristics, nosogenesis, antigen, effective value of antibody of AM-1
and AM-2 were analyzed , the results showed that the living AM-1 is elliptic , no-flagellum and the dead
one is short-haulm, while the AM-2 is short-haulm with flagellum, and their physiological and biochemical
characteristics are among three original parental fungus strains. The healthy grass carp seeds were infected
by AM-2 and were examined to show partial symptoms of festered-bacterial gill-rot disease,red-skin disease

and bacterial enteritis of grass carp. After grass carp is immunized by antigen of syncretic fungus strains, the
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protective ratio of immunity of grass carp against Pseudomonas fluorescens , Myxococcus piscicola , Aeromonas

punctata f. intestinalis are 64. 9% ,68. 0% and 67% respectively, and the rate of effective values of antibody
are 1:256,1:256,1:512 respectively. After the DNA contents of AM-1, AM-2 and their parental fungus

strains were analyzed by using gelose gelatin electrophoresis, the results showed that the DNA contents of

syncretic fungus strains are significantly higher than that of their parental fungus strains.

Key words: Pseudomonas fluorescens ; Myxococcus piscicola ; Aeromonas punctata f. intestinalis; cell fusion
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W51, FERBITEEGYNEST , HiZ 7 BEER
TR, XK= S YR A SRR TE B , IR T 40
TR LR o R RE 2 B 36 vk, R L
BRI MBI OR B B R T ik, B
TERCRATE , AT FERRB AN 15 A = 55 1
Z 8, FEAE R B PA VI EBAKE, B
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1.2 REFHE

2 SCHR[ 6 - 8 ] 7 12 B ik WO BT 25 1k 3t A% 4
ORI AR BTk BT R A M. BIRE
FAEME 1% Bfh T 20 mL FrE ik e 2555
H,28 CHRGEEFEX A K, 47 B
SEVRREFENE 10 mL,3 000 r - min "' 0> 10 min,
3= EVEWR, A SMM YEHPIIKR , IR 14 A 10 mL
SMM I B . B 1 mL AR, & LHBEY
£ 10° mL ™ 4174, L 0. 1 mL AR B2 R 3
FHT,28 T TSR 24 h, RS 840 T 10 5
. HARBSWAR 1 mL, SHMAR 3 ~
7 mg, B AL BV A Fi## EDTA 0.5 mL,
37 Tk 20 ~60 min,, [ A 50 MRS A= o 4 2

BIE, PR E A AR RBRIY A 6 R el
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4.5 mLIEE K E 10 min, {574 Rk R 7,
AH0. 1 mL ¥Rk 58 £ FFE TR, B ERIRP
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FETR L, B RIRPA TR, 28 CTHE3E 48
h, TR TS, A5 R AR TR R AR S, LR
SERRIFA RS 1 mL B4 ,2 500 r - min ™' B0
10 min, 3 FYEW, IUTVER H A & 40% PEG —
6000 ) SMMD 1.8 mL 1 0.2 mL 554 BRR4E
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1.3 BMEFESEHREELELSENR

B3 EAREARMRL S TRIERY 53R F,
B2 YL AR H PRI e et , I AOR U
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SRR SRR L, & 28 ClHEIRHESLE
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BRI EAER SR FREER SR T]
fRihget 28 CEEME TS 24 h, AZ KK
AT, A G A T A B K PR B
BN 3 x 10° mL ™, 43 T B PE YRR s T A5 24 47 fe P
HafM(BE0.3 mL) & 20 B, [FA &5 T
WARIESFRE X A . s RFRTEKIEFA K
BEABRRERGW BRK GERETE, RIFKR
(28+1) C,HBREBRITFHE, EEMNEFAE, &
Kepast e, 278 SCRR[ 1S ]/ J7 B A I Rl 5 1
5 SR AT BRI B0 P SO e R[] o
1.6 BEEEHAREERD

FTRALE EARE AT EMS
EABIMEE SR, 28 CEREEF 24 h, &
XAIE 0.3% PEEAEEEK 5 mL P T HE F
SR, BT 37 €70 r - min HRGHEHHF
24 h R, UE R EFEFRE IR, £ 24 ~28 h
BATHAR , TAITEBER S SR
FAK G AE FRER KRR R, 22 G U P b T4, (R B Sk
9x10° mL™", BT 4 CkEFLH,

SR REXBET EEBEEGSL £4) g
— R AR 280 BB, MFHEFE 1.5 m x0.5 m x
0.5 m KK+, %45 A\B.C.D.E.F 6 4,
1 AB.C BH /30 B, 2 51E5 56 -12 - 10,
58 —20 -9 1 G4 HiJE,D A4 70 BB, SRS
T AM -2 $iJRE A 30 B, 34 3 ERRE
HE (56 —12 - 10.58 —20 -9 1 G4 248 /R Dk
KiE#R L 1REGHRBIUR) ,F A (X RA) HEa
90 B, FH L AEE K, FARMARESA,
fER(28 +1) C,BRFLBEF K 173, B
AR ANFRATRZ S, &4 10 BAaHTFH
EEESMIRE, ERATHERELHERE,AB.C
2R 43I 56 —12 —10.58 —20 -9 1 G4 I F; D
#H4y D1.D2.D3 3 /N, 43511 56 —12 10,58 -
20 -9 1G4 W7 E ARG FIE,F 454 /0
20, AFBIFH 56 —12 - 10,58 =20 -9 G4 FIgh& T
Wk, BRAFEHMNENH 0.3 mL, HHRE N
3x10°mL™",, MEEMATESIAIET-ER, AR
HHEAERFR. RERPE = (1 -ZRERT
/I RAFETR) x100% .

fhBBERERMGRES BET
R EEETARB M W EAFER 7 d RIL—IK,

BIRFELETE S BB, BES kR LE T KEREN,
IR T#E 30 min,4 000 r - min~"Z.0> 5 min, 1§
B & B 5E BE R TUR RN . TER 24 96 1L
“V AL BLAR b 5 B A I R PR R, R
PIARTE 28 CEEFRAGHRAL 2 h, BE T 4 CIKFH
iR, B H A E SR
1.7 it

KA X MBI RERPRETER B EN
K, R A F #5x DNA & B#TEREE
5, R A EREEHAT L E LR rA Ry
Fi SAS(8.10 m) B4 74T .

2 4R

2.1 FEAEWRAMEERD

EEAERE BN, 22 MY, 58 -
20 -9 THRXT IR KRB R = B BUR, WAL B R A
%, G4 BEBRXT X P F 24 BB 5 Z MR, IR R
BEMAEBETENXFHERR G B TRETZ %
BARARMC R AE XU 25 254 , 8 B 0 8 B
BEFREPRRERN FAFE #3000 U - mL~™',
AIHERHNS0IU -mL™',

FH 58 -20 -9 Wtk 5 G4 Wk TRl & F
AM —1 BRI 56 — 12 — 10 EREXT 17 FhZ5 W
it 20t MR A R BN, AM — 1 XTI R T
B B U, X B R UR R, 56 - 12 - 10 B
M5 ZH R, ARV B R R FE N PR
BB E = oA A FRIZ X 25259 , < & ik
W e SR E T IR Y B N AR & 100
IU -mL™' 4EFZEH300IU - mL™',
2.2 FEEREHE BERBEFERE

ZUHTA Al 2R 2 , 58 — 20 — 9 T AR X4
HAHK 5 ~6 h,G4 Btk K 6 -7 h,56 —12 — 10 Bk
#4.5~6.5h,AM -1 E#H6.5~7.5 h, B
BRI & R A Bk, & EDTA F5 o8 B i B
JEH 58 20 -9 BBk G4 BRI RERIE, IR
A AT B 43 ) R 54. 7% F1 50. 8% . X JR
A RIRIR &, 7E 40% PEG — 6000 F1HT L B AR 45
BWAER T , BB T v LR INE ., Bla R
A RRIRAAE S B A IR R b A BEIK & ,48
hET %, B EESEHRENESRRER
MATR W BILIEBIEFE TR L ,28 CHEIRE
F£48 h K B/NE%, 58 -20 -9 kAN
G4 TR G AR AR T, W I S AR iR Rl & 320
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4% , BUHEL & 500 N P I SETE UL B 77
FPR AR 12 R, AERHEERBD, &ja A
LANEE A AR E A, ROV Bt =JnRl & =
TR ER, 58 AM -1,

B AM -1 BERFI S6 - 12 - 10 BWibk#k L Ts
RREAT R R 51X, AM - 1 B BR G JRAE T
BEIEBER K 79.2% FHEFRHN8.2% ,56 —12 - 10
R B R A BRARTE R O 8L 6% | A R
19.8% T & 3N U B MBE T 2R WL e B3 Ir 2
RN IR A B AR RS R 6%, i LA
12 R, 153 1% W58 E =TT & 7, Bris stk s =
TR S E AR, RSN AM -2, AM -1 fl AM
2 WHRIES LA 1.8 2,

&1

AM -1 Bi#k (10 x 100)

Fig.1 AM -1 strain

K2 AM-2 HEi#k(10 x100)
Fig.2 AM -2 strain

2.3 BETFESHEMREEELSE

BAETHEMHIE MAEKAM-2.AM -1
Yo 5 3 FRiREARREAMNE,AM -2 B35
AM -1 MR A, HIRTESMX EIE T AM
-1 FEARK, BWER A UKREERKX NN F 3R
WBFEABRZE (R,

RRATAEANRERE  BETAEATS
ARAEREEERILE 2, EREH. MG
F AM -2 556 - 12 - 10 BHBRHH I, 7 MAN,
GEL BB AR (BAMHMEMAER) , 558 -20 -9 1
MRAHEE,7E V.P.M. R \MAL FBHE R[], 5 G4
HE,7E V.P .M. R GLU,SUC kB8 RH,H
RETAENRENS L BEMRE MR . BB =JTRE
FIEHRTE 3 AR LA - R A (bR B &
AR, (1] T4 SR AR B SR

®1 RMEEKSRAERBTEEN
Tab.1 The morphology between the syncretic and parents fungus strains
) . PHKH (pm) OB (m)
Btk EXRYE EshiE ‘l%‘ﬁtﬁ,.?éﬁ B#IL & average average FEAR(pm’ )
. . mycelial colony average
strain gram stain movement holo morpholo length of length of L
[nOTphoIogy Tphology longer axis shorter axis volume
58 -20-9 Bt TR gﬁﬁpﬁgjﬁ?ﬁ% E%ﬂ;;?ﬁ%ﬁémg 1.15 0.48 0.14
L2 MiEE
G4 Bt WA %iéﬁ%ﬁﬁﬁ ziﬁgﬁ ng gf 12.50 0.52 17.69
(G-) " ’ hRREFEY, A ' ' )
e
B = EHAR, A MR, REDUE 8
56 -12 -10 (G-) &B3h B 1, e IR 2.55 0.74 0.73
B EHEMEE, T ERE, PRER, 7
AM-1 60 AEd W EHE T ARERE, BER 5.65 0.78 1.79
R B,
B - WHFR, AW BB, RELHE.E
AM -2 (G-) B3 B LB e 4.52 0.75 1.33
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Tab.2 Physiological and biochemical characteristics of the syncretic and parents fungus strains

5 RIGLE R test result

Sezlio. BUKLAR test name 56-12-10 58-20-9 G4 AM -1 AM -2
1 BRI EEALK: V- P test - + ¥ ¥ _
2 I RE M- R test - + + +
3 AR O,H, test + + . + +
4 AEHAR  OXD test + + + + ¥
5 HEW AR GLU ferment test + + + + +
6 FMERBERS  LAC ferment test + + + +
7 E P ABHAK MAL ferment test - _ _ _ 3
8 R R BERY  SUC ferment test - + - _ _
9 B — A BHEHAR BGU test + + - i
10 HBRELARAK MAN ferment test - + " + +
11 WERXUKFEAK ADH test + + + +
12 BIBSWALIRE  GEL test N N

e+ 7 - B

Notes: “ + ”positive; “ — " negative

2.4 FAEHRK DNA SE

Bl S BB 5 RA Rk DNA - ILK 3, hisk
ATAL B S ETR AM -2 B9 DNA S 8¥&ET 3 |
1A AM -1 Btk DNA 8, 2K8%, 27

KRB THRBEKF (P < 0.01); AM -1 Hk
DNA &8 515 T 3 FAEHK DNA &,
FIRB THRBEKFE(P <0.01),

R3 BMOEKSELEAKN DNA 8

Tab.3 The DNA contents of the syncretic and parents fungus strains pe . mL ™!
¥ strain 58 -20 -9 BMk 56 -12 - 10 FHkk G4 HH#E AM -1 Bk AM -2 BE#k
58 —20 -9 strain 56 —12 - 10 strain G4 strain AM -1 strain AM -2 strain
#51 I 1A the first measure data 934 832 780 1404 1809
OD,4,/0D,g, 1.71 1.72 1.87 1.76 1.80
5 2 YR the second measure data 938 834 786 1406 1810
OD ¢,/ 0D,y 1.72 1.70 1.90 1.75 1.82
%5 3 YR E 1 the third measure data 940 839 790 1409 1816
OD,4,/ 0Dy, 1.74 1.67 1.91 1.79 1.86
I8 -#{& average measure data 937.33 £3.06 835.00 +3. 61 785.33 £5.03 1406.33 +2.52 1811.67 +3.78
OD260/0D280 £ AT 1.7 ~ 1.9, B4k
AM-2 G4 AM-1 56 58 Marker

BEATRE, A AURT 1.7, SRR T —E N E
Ho EARRSEG T DNA SRR BER b ik 45
RIWE3, ZJtRaF AM -1 5=THE T AM
-2 BARLEER B D T HAE—RAR AR
fLEOBERY, B AM -2 FERUE T AM - 1, iR &
TH) DNA 73782 HLHEA I DNA 5 FEE K,
MAUESE T 138 DNA FREMELSR
2.5 BAEHRHNERNE

TSR AR FRAS TN AM -2 {5 B I 2 4F (R R
B 20 B, R NRRSESET 17 ~19 B, Hp
AM -2 3BT 19 B, SET- R 95% , EST TR i A

K3 TPk DNA BUIEHEER HL Ik
Fig.3 Agrose gel electrophoresis of DNA
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BN RR A BTE R 100% (32 4) o AM -2 B #R
5 3 AR AEB 5 R @R A RN, AM -2

WIPRT | L HUE IR SR & U 2 S R KR
BIRFRITIEAR o

R4 BSEREFRARBEESENRERT
Tab.4 Different symptoms between grass carp infected by the syncretic and parents fungus strains

KT H test item 56 —12 — 10 B #k strain 58 —20 — 9 B #4 strain G4 B #F strain AM -2 B4 strain
. PRl % e A BRI, (RO K RAKERRBEN g e rson m
R sl W SN TR PN R bon i St
surface symptom 110G ORISR g g e SRS S B
ERRUNIT IS MR ; s
‘ FARESOR T AR TSR T AT SR F AR . ‘
BRI PR I ONEAAIS, AHIESTIEIRE I TR B, B ﬂ‘%;ﬁg‘%gg A%
BB EE WSS REE  RERER ’
2.6 MAEKNEEEEE 5
FF R BRI 4 450 55 3T, A . 2 68
HIRF 56 - 12 - 10 B RAERPEN 61.30%; o5 &
B 4% 58 — 20 —9 3 HIR IR I K 60. 00% ; @3 62
S 60
C It G4 B BRI H N 65.50% . DA g 58 I
XX 3 F R 4 A R B R R R ﬁag o6 A‘ " c DL D2 D3 b
64.90% .67.00% F11 68.00% . E £A%F AM —2 3% H

IR R 62.50% (B 4) . NEE
&,D 4 (AM -2 HiEZ kM)W 3 FRAEEK
B RERI R B THEMN 3 EAEZ R
EaNAERIR HE 2 KK, A 45 DI 4,
BASED2ACHEDIH.DHSEHZIEH
GIFERIPEEZRABE(P>0.05) , Uil AM -2
PRZREALS 3 EAGRZ B AR 3 FiRE
¥ B [R5 0 S R IR

2.7 REEHIEYE

SMPUREME ARG, BRARM—IK, S
5 8, MiES315 56 —12 - 10.58 =20 -9 . G4 3T
JEHRE FHURATRE R, A EERERS
BERZ BT E  1FX L RN, @+
HEAERZBIABENS, A FEKRICH B
BEE(FKRS)

BAM -2 iR 53 FRBEPRABEEA
IG5 & SR A PR ST e 4R O, 45 BE 40
ST, R AE HUARZBT B9 A B E DR
FHAE(EKRG) .

MR 6 AIH, H AL 2 FHLERIEUS, X 3 3%
YRR BEE DA M R G 20 T, T
RRESGEE 4 RRBEE, BERNERNERTE
AM -2 IR, 4313 R 1:256 ,1:256 F

B4 ZHEaGpERyR
Fig.4 The protective ratio of immunity
of immunized grass carp

A. 56 12 -10 BLJR s kifa;B. 58 -20 -9 HiJR A
f;C. G4 HLRAER f;D1.D2.D3. Bi& THRAEE
;B 3 RAREGHIR R A

A. the grass carp immunized by 56 — 12 — 10 strain antigen;
B. the grass carp immunized by 58 — 20 — 9 strain antigen ; C.
the grass carp immunized by G4 strain antigen; D1.,D2,D3.
the grass carp immunized by AM —2 strain antigen; E. the
grass carp immunized by three original parental fungus strain

antigen

1:512, Bl R AR A YUR B AU B SRR DL st ot
AYBI 1:128 1:128 F1 1:256 , % BB 20 25 £ S A 47
B R RARTRTE 1:4. 0, LB X FI Fh L R 35 B8
Dk &R ST e b X RN

3 g

3.1 EEREHMEHEARBEHRATTEESE
YRS (cell fusion) RPN L 4L
A B — A WU B 2 4 A L, (5 — > Al B (5
B4 DNA FiAZ 402 F#fH#EA 55—~ 4
U A YA R A B L A R T BT
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Tab.5 The intercrossed agglutination between the syncretic and parents fungus strains
56 —12 — 10 BE#k strain 58 —20 —9 Bk strain G4 itk strain
1 2 3 4 5 1 2 3 4 5 1 2 3 4
AM -2 Bk strain - + + + + - + + + + - - + + +
56 -12-10 Bbkstrain  +  H  H  H - - - - - - - - -
58 —20 -9 Btk strain - - - - - + +  H H - - - - -
G4 B #k strain - - - - - - - - - - + + H+ H H#
H: + RREEE, - RRREE, T R EERE
Notes; +, agglutination; — , non-agglutination; -, notable agglutination
*6 RBRASHRATSBEEREIMN

Tab.6 Changes of agglutinating antibody titers in the serum of immunized grass carp and control grass carp

J IR B B SE DL Af reactivity antigen and agglutinating antibody titers

P38 A ] il 56 — 12 - 10 BERR RGBS G4 HbR RGN 58 —10 -9 HMRKIE RS
test time ( week) team inactivate bacterin inactivate bacterin inactivate bacterin
of 56 — 12 - 10 strain of G4 strain of 58 - 10 -9 strain
1 1:8.0[1: (4 ~8)] 1:8.0[1: (4 ~8) ] 1:8.0[1: (4 ~8) ]
I 2 1:16[1: (8 ~16) ] 1:16[1: (8 ~16) ] 1:32[1: (8 ~32) ]
%} B8 contrast 1:4.0(1:4.0) 1:4.0(1:4.0) 1:4.0(1:4.0)
1 1:16[1: (8 ~16) ] 1:16[1: (8 ~16) ] 1:16[1: (8 ~16) ]
I 2 1:32[1: (16 ~32) ] 1:32[1:(8 ~32) ] 1:32[1:(8 ~32) ]
it M contrast 1:4.0(1:4.0) 1:4.0(1:4.0) 1:4.0(1:4.0)
1 1:32[1:(16 ~32) ] 1:32[1:(8 ~32) ] 1:64[1: (32 ~64) ]
m 2 1:64[1: (32 ~64) ] 1:64[1: (16 ~64) ] 1:128[1: (32 ~128) ]
Xt B8 contrast 1:4.0(1:4.0) 1:4.0(1:4.0) 1:4.0(1:4.0)
1 1:128[1: (64 ~128) ] 1:64[1: (32 ~64) ] 1:256[1: (64 ~256) |
\'f 2 1:256[1: (128 ~256) ] 1:256[1: (64 ~256) ] 1:512[1: (256 ~512) ]
f B8 contrast 1:4.0(1:4.0) 1:4.0(1:4.0) 1:4.0(1:4.0)
1 1:128[1: (64 ~128) ] 1:128[1:(32 ~128) ] 1:256[1: (128 ~256) ]
A% 2 1:256[1: (128 ~256) ] 1:256[1: (64 ~256) ] 1:256[1: (128 ~256) ]
Xif B8 contrast 1:4.0(1:4.0) 1:4.0(1:4.0) 1:4.0(1:4.0)

1“1 7 FoRIRELL 10101 ) 56 - 12 - 10,58 20 -9 G4 BB HURHE ST MM ,“2 47 R7 AM -2 JEJRE 5 5 A1,

“ R R R R S o A I

Notes; “teaml ” denotes the serum of grass carp injected by mixed antigen of 56 —12 — 10,58 —20 —9 and G4 which thickness rate is 1:1:1;

“team2” denotes the serum of grass carp injected by AM —2 antigen; “contrast team” denotes the serum of non-immunized grass carp

B URRZ 9 SR A2 R A4 Rl & (protoplast fusion) , &
R FERMES 2 —MER B BRE
VIR F o AW IR A BRI & SoR 203 i
30 SERBPIR T RIVER , Fo 70 UE B & — Fh B ik
TR AR B B BIER , R A A 4
Bl a KRG TR MR E e E T,
L FZEA BB A ViR e B I R R B, T
ERTRASEXGRI R A R oy —1&, T2 F T4
EAH AR RAEY ", B 20 4 70 47
SR EEAT T Sl A W0 Y R S R T 40 L
&0, ERFARARIEBAERARERE®E
A IR R Bl T R K AR BRI RG A 7
M REE BRSNS R BIAR, 3 BTE
BB EASUS L T RS PR R R RS

THIMEE . SRT, B P41 i ToAE T BE 2528 = Ju
FREREERLE RE, WA A RRERE R4
Bk R & RO R & TRV R T R AT IR
W8, F i, T RAIR SR S =TnR e TR
R BRI AR Rt —E R A BTRL
3.2 METAM-2 ERS5FEFHXR

AR SR —ITR S T AM - 1 R, F
MR EME=I0RE T AM -2 Bitke B
PRI A G AR A A o  BUR I DR B A
HT AM -2 BiRHA 3 iR A H R o B2
TRHR XA —E R L3RI AM -2 HitRSE 3 Ff
R FEANBA T IEIKE U, AR
KR & B SRR RIBUR B BA L R YRR
HIRLE T, FRIE R AR B R 2 B IR IR IE TR
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EANERE, TUNSHECRME T, B8
XA T INEEE AEEALRE AYE BE
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