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Prevention of Vibrio infection by application of
Bdellovibrio bacteriovorus in intensively cultured shrimp

ZHANG Lv-ping HU Chao-qun* LUO Peng SHEN Qi

(Key Laboratory of Marine Bio-resources Sustainable Utilization, Chinese Academy of Sciences,

South China Sea Institute of Oceanology, Guangzhou 510301)

ABSTRACT Bdellovibrio bacteriovorus strain Bd-9913 was identified using 16S rDNA uni-
versal primers 63F and 842R. The lytic ability of Bd-9913 on shrimp pathogenic bacterial a-
gents, Vibrio alginolysticus and V. parahaemolyticus, and a standard strain of Escherichia co-
/i was investigated respectively. The safety of Bd109-] and Bd-9913 to postlarvae of white leg
shrimp Litopenaeus vannamei ,was demonstrated in two weeks after oral administration of 3.0
10° PFU/ml Bdellovibrios mixed 1 : 1(v/w) with commercial feed. Disinfection effect of Vibri-

oes in shrimp water was compared between chemical disinfectant treatment (0. 3mg/L chloride
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and/or iodide) and Bdellovibrios addition (3.0X10° PFU/ml). Results indicated that the later
showed great advantage to the former in keeping the concentration of live vibrios at a safe level
twice as long (20 days). Furthermore, advantage was also shown when Bdellovibrios rather
than chemical treatment was used to control shrimp wibrio infection in the outdoor intensive

shrimp ponds.
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YNBIH Vibriosis 2 35 58 Xt iF & F BB HESAR , KA SR M IF & B B R OR TR E R (D i %
1995; Lightner 1993), A M 1970 4F Vanderzant ZH KM BR TR AR B B BIE M IKE Vibrio parahae-
molyticus UL, FEES B R EH NI ENBEQFEBERINE V. alginolyticus AMEIME V. vulni ficus. REF
WHE V. penacicida JERIMBE V. harveyi A 01 EFLIMA V. cholerae non-01 . BINHE V. anguillarum =K
I V. gazogenes H% (Lightner 1988; Song ezal. 1990; Ishimaru eral. 1995; Lavilla-Pitogo et al.
1998; ¥EM%  1986.1990; HICRE 1997,

AR E R BT, B E BB S MNAERAY . A, %%%ﬁﬁi?%%mﬁﬁﬁm KHIRIEHE
TP R MB(EETRS  2008), WMARKSIEK™s YR FBELER™E, Karunasagar 5
#1994 F R0 I8 3 P8 I B T 24 k5 BE 1 X AR AR ¥ R BIE TR B AR, J5 R AR A 28 U3 (Ripabelli et al.
1999, MH, FEIFXFEMENAFTLBREAFODINEMAUEGENES), REMABEKRK T EXNFA
KRt EREENR. B . HRAEERFBONBERTEREDGREEFRZIEEREMNENR. &
FAXTIFMERER T E, BRARNCEERBERIFR T %2 WP 5K (Itami ez al.  1989; Sung ez al.
1996; MIE%E%E 199D .HBREBTIFLAGEXREREFENRE A RENLEFIBRHE, BN HALAEH
MMEEE, U, IR TIRNERELER AEAFNEDH R T EZHBREENENR.

I Bdellovibrio sp. R—K) B HETHRFEDP . REFETHYRANBENN/NEE. AR
WIEEEHRT 4 #, 33 A EEINE Bdellovibrio bacteriovorus ME/NR BBV B. chlorellavorus K
WBEINE (B, starrid) MG REIE (B. stolpii) (Klein et al. 1967; Taylor et al. 1974; Williams ef al.
1984), HTHEAHFHABAAENNKRERIL . BIANEARTBEPSMHREFNRASLKN T, A%
B AN AR EFRZH T ZXE, FEFEFETENMNNSEHAERBHLRTR HEH
B IR EFK R (B HEAR S 1982; Schoeffield et al. 1990; Edouard ez al. 2000),

ARG, BB EE 9D FANE K BB ERBE 10 Mt iFw IR 8, & LT A 46 B %
HAFRBEGFA:H FF QAT KKBELEE S, KIKENE K F AR 10°0PFU/ml L E, 5t 10°
CFU/ml Bk S BB RSB AE — W ARR . A U E M 2 M B AR M W 2k Bdellovibrio bacte-
riovorus 109-J(Bd109-J) H15C 3 B #k (Bd-9913) X #F 2K 5% R T8 75 BE N B (Vibrio alginolyticus) . B % il 98 B8
(Vibrio parahaemolyticus) H KL % K8 Escherichia coli 43 B3 17 89 RN SC %, B4d109-] #1 Bd-9913
X F LB ARG AR L 2t E ARt 2 5 S IME AL FEHERN K ENERREE RO R, U &
Bdellovibrio bacteriovorus TR Bh Xt F I 5 B de (O B &

1 HE5FE

1.1 EMEERE

WE YN B b AE B MK 109-7 (BA109-)), W0 B = B 8 KX 1% 3% ¥ 1% B T ( American Type Culture Collection,
ATCO), 45 H ATCC 43826 i MH LR A (BN HI RAEEDPLHMAYR K FrEm, X E TEE
FOLE LSOl #k . HFO09 & BB MINE V28 BN AL B ENERE, KGR & RE Escherichia coli CH-42 ¥
WA R
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SREEABRBEE L. BEARK S5¢,.FAE 3g, BT 1g,NaCl 5g,H,0 1 000 ml,pH7.2,121CK
B 15min. BAEIREM 1. 5% MTIER , K BKIEFRE M 0. 6 LA BRAEHE .

1.2 BEREITE . HTFRHES PCRERE

SUZIHE T AR GAE 18 E IR T Sml BUEEE R, 200r/min FEFRIESE, 4 30CHEHK 16h, B Iml BH
R E AR ,30CHE S 16h BEREE, BEREE LBUER AT 100 5 25 I8 fh 7 8 69 2 B k3% 95 5,
30°C#E3% 72h UL b HHE B EBEE R (Plaque forming units, PFU) , [F] Bt PREUHE 0 BEAH 22 BB .

¥ O R B UZ AR, B Sml KB AR K (0. 9% NaCDR i, 30min J5 R H, A 0. 45pum
EHFLuE 2R U8 ,4°C,10 000gX 15min B0, EENIFEINE R H .4 Co MR 154, BRI AHEETHE. B
25 % (o/v) M H M, —80 CHRTF.

¥ Bd109-] #1 Bd-9913 £ X2 AR TE 5L A M B B 43 5 PR 20 4, & BOK K48 B DNA £ 87 (Luo ez
al. 2007)FFiE KBRS 4HE DNA,

FF iz B 4 5 M Bl 4 % 63F (5-CAGGCCTAACACATGCAAGTC-3") Ml 842R (5’-CGWCACT-
GAAGGGGTCAA-3”)(Edouard and Barak, 2000b) ¥ 4% B ¥ A W, PCR R W& R & 1.0 unit i Tag
DNA B 48 (TAKARA, KiE),1 X & K W2 b (100mmol/L i Tris-HCl,pH 9. 0, Triton X-100 1% ,500
mmol/L #} KCD,3. 0 mmol/L # MgCl, , % 20umol/L & dNTP, & 1. Oumol/L M L T #5181, & 1. Opl B
¥ DNA, RMNBFH:94C, 4min Z#;94°C,1 min,50°C,1 min,72°C,1 min §" 1% ,34 NMEFF;72°C,5 min IE
K. RMERG BREFFYE 2 pl 6 FREBE LHEERBIRES 1. 0% BE % (120V,20min) ,EB & /5
B9 A

1.3 BIENEENRBEXR

¥ Edouard 2 (20000 F 18 BB . 18 £ B Vibrio alginolyticus LS01 Bk, HF09 #,V. parahae-
molyticus V28 # J Escherichia coli CH-42)4r SR T Sml AR IS 3£ 2, 200r/min #& K15 55, 30 C K5 5% 16h
J&(570nm F B L 0.6, FAH A 1~5X10° CFU/mD) , B 2004 ¥4 F 20ml # & 1% 32 3, 200r/min, 30 C 4% 3§
24h J5 GREFZH 1~5X10° CFU/ml), ¥ fm MgCl, + 6H, O #1 MgCl, + 2H, O(pH 7.2) B E 5 5N 3.0
mmol/L 1 2. 0 mmol/L,3EFfh 5ml T B4t E Bd-9913 BHB QREA R 2~3X10° PFU/ml), &k 24h
A3 BB 100p] #7 1. 2 897 BBl SUR 85 37 AR , T B Mk B BE IR B8, () A 43 S5 BB 1001 P 2K o AR 3 3 /K 4 B8 R
BT AR 24h 3535, B 15 3 8 0975 B 4 E (Clone forming unit, cfu), ELEEUFE 7d.

1.4 BNENAARIEHREETE

3 AN 100L #3848 , 4 B b pg g 7k S0L, hFE 30, I8 28~30°C,pH 8. 2, L A, BB LA E XS IF
HEUF 15 B CEHMAE 3. 0g), 238 AB.C =4 ,A.B HLIA,C I BA, FIRTRATRE SR 3d. H 4 CREF
9 Bd109-] #1 Bd-9913 ME BB IS M R4 3. 0X10° PFU/mD KA Wi kB 10 %, 6" 77 30min
1l 1(o/w)5 1* BRARHEST, 4> DI A A B4, %M 3d, LAJS MR IE % BUR /R K C 41 3R IE % B0k 1)
L ERE B ROREER 10%) H5 . 8 KHK 50%., 14d REITEHIET- . TLERS 4+ RARE
W B A% £H K MR T S 34, 3 R 1. 2 9 PCR 7S TN YL B (00 6 ; B0 T IR 45 358 14 R a4 4L 43 5 B
. 17 T8 M W B ok I, 43 B3 A0 F 7 Bk 3K B 3B A W T SR B DNA, K i 8% 307

(1) 70 % g R iF AR, SN b E; 2 AR TRREEHBENSY. BT 1. 5ml E.L
& B —HEFARER S (3) £HA0.5ml0.1% ) Tween-80(PBS B#l,pH 7. 4) , BKFT¥EE 3 min; (4) 500
g 3.0 5 min, B ,12 000 g B0 10 min, 3 B ;(5) MMA 200p] AR, LR 1. 2 B BRI DNA,

1.5 EMESHEHERNNFIRBKEIEEREKBILR
TR A REEEBRKEBEARRLIG., B4 DHSHEA SRR, SH&%5 R 123045
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&AM AR 667m? KB BB AR BAXE M., BRE—H#HEKREAH WSSV, TSV H
IHHNV f# LAy ST IFER ST, B0 100 B/m?, FES 50 KA, BOUK R 2 /K I 015 B S E (RS
WEFH AT T RS BEHE TR . AEH#HTHTER:

1 B MET AR ERMACEERE 47%) e FIIRS HFREEL Y 0. 3mg/L;2 SHLi
BB RO (SAHRB 35%) MELRBEL R 0. 3mg/L;3 S 14 1 3% 76 4% I 58 3k 48 3% B VR (VL 95 3 I 8L
A N R MBI BE R BE 49 101 PFU/ mD 8 itk P 4Z S0 B B3R A B 40 10°PFU/ml; 4 S 3 ik, K
HIFBBUK R R K RIS SR, SR 3d i 1 Wk, 3 7 X,

1.6 MEMEBMBMIFAEBRNONBYR

TRMARMERL, B8 4 dEERFESILE IR, 7dEE,. 8 7 d o5& BRI 10 B, %
256 d, 4 B Al TCBS FAR M FF B B B bk L R R B M, R IR A N IR A B, BB LB M Z RN B
1,

2 R

M

2.1 #ESREA PCR &2H

B 1 2ARHEE I (Bd-109-]) .t X B bk (Bd-9913) Ko ¥k 48 3% W W
B PCR M5 5. FrA BERRAE 4 BE K 830bp R R4 T 10 N
_ M: - FRFRiEs 1:Bd109-J; 2:Bd-9913;
FER 4 IUH 165 rRNA 26 6 459K S B U 5 (6 B 15 47 0k AR N e
_‘ﬂ]%o éaﬁilﬂjﬁﬁﬁﬁgo M: molecular mass marker; 1.:Bd109-];

2: Bd-9913; 3:Condensed sample;
2.2 Egmﬁwﬁia(']§m 4. Negative Contrrol

B 2 BB AR BBk BA-9913 X 4 FifE R RMAE . W& 1 R PCR KM
%Eﬂ«iﬁﬁ ,%ﬁ&'ﬁ%ﬁﬂ%% E. coli CH-42(d),7d T‘Ei‘%%zﬁ? Fig.1 PCR detection of Bdellovibrios
BT 6 MBERZG ML LSOl eI BB, 5 2 R BB £ MW
WEFFETHE.E8 7d FHRT 4 MBS () HF09 BkZ . 7d FHET 3 MBS (b BN mIE V28 # %
AR, TR OIS TR A SRR (0. 4905 3 B R 5 B R — B,

2.3 @BMENAARMNEHNRSYE

% 14d BOEE TERR R IR IS I M BER MR M T AIENIF R A ERRARE . LRA S RA
RHTHEBEEERKR D BHLTH 1~2 BRI IFBCAR S RN K RER. % 4 X% 14 RAFEEK PCR
BUMERME DY, 4 RERAFF P IR BEINEF7ECGIHRAT) 5 14 REABHEXRE DG
AEHE I .

2.4 BNESUFHEAN TR KATEBEHKNOLLER

M 4 & 1K YT 3% B S B (Concentration of Live Vibrioes, CLV)BAS4L T LLE H A2 55, &1
IMEHEMH G, 20 10 B R 2 FHF R, E 2 KoK RITE SR PR, 25553 10° £ 4 BEKE, R
BTRM 4dKEMEREL LF, % 10 RESKE DA HEITHKFE, 14d UG E R84 FATRYWE I, 3F
H. RS REFRRAEAEEEE SRR 5.

/4 10°PFU/ml #3085, ARFT LI B R K RN S B MERE TR EREZFHER RS, 7d
ERBBIEM, WEXBEL R 2.8, TR 14d BEEM, DL RER KB EE 20 K)F, KR HE K E
MRRAIFTE 10 BB R, WAL THRIR MK 1 MRS,

830bp
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Table 1 Mortality of white leg shrimp Litopenaeus vannamei in 14days by the Bdellovibrios oral administration

p—— SRR : TR0 T8 B 9 O B VR B 14d AT EFFE T8
Numbers of Concentration of Bdellovibrio suspension Numbers of death in
Treatment
shrimp larvae mixed into feed(PFU/ml) two weeks
Bd-109J 15 3.5X10° 1
Bd-9913 15 2.5X10° .2
Control 15 — 2
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X #Days X #Days

(B LS0L; (b) HHIE HF09; (o) AR MM E V28 (D) KFHKRA KH CH-42
—X—3BEE, O BB E,—4Bd9913
(a)Vibrio alginolyticus LSOl (b)V. alginolyticus LSO01 ()V. alginolyticus HF09 (D E. coli CH—42
— X —host control , —[]—host lysis, —A—Bd—9913

B2 EIE A E B Bd-9913 X 4 M8 E R M RBERE
Fig.2 The lytic ability of BD-9913 to some hosts

SRR 7 RIMEEE LA 9 14 KT, 21 KX EF ERERANIEERK, HRFE 10 HER
EHNBRKF.

2.5 4 3IN T B X AR SN B A SR A R

7k 56d BHAE] NELEREFAE T LRI IF AN IIERREL. SRR 2. AR 2 PRE|ITLEL.3
AAEEE L (A JBLC) 48 B I B A9 % R 000 B MK T8 A A0 28 A9 3t Bt (D) , (B - &b 28 25 DA JFF JBR AR 4 20 2 M RY
BEREFASE  ALKEABRMEOXIFE WEENH L BREERL, BERTHMM. BEHAK
B2V 4 5 B O ) %o F 250 Bk 28905 T DA AP JBR AR 4 5 8 9 9 %ot AR 38

3w

DIRT R FENEMNEE, TEEKEEMBERBHETHBERE, HEGH DNA K GC PEIR B 4y LbAE R
SRR, N GC &S B 50. 4% M 43 %R Wik, 2000 4F, Edouard % (2006) ZEXTIZE IR 16S rRNA
B EREBE, BIT T EHE M IENE16SIDNAB A EFEFH K51 3T, a7 OB A LA EIE
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109J A B C

M 109J A B C

fE LK S % 5. AR IR A5 % 63F Hl 842R
okl PCR % & B8 A5 93, 5151 830bp FE &%
HWHEM L ATCCIREEK . BENMELTRHEK LEINH
WHRBBIER —BLUEH TR R A AR NEERD
CIE 2R

BBk BD-9913 Xtk B R A [ B CH-42 B0 R ey
RES. MM HEML3 RANRBRERE. TRIEES ML 407 B b s A BA100-1 4 5499135C Control
BD-9913 3k B R A 5% M 3 BRX IR MRS SP B B\ Colecular marker; A. Bd109-J; B, Bd9913; C, Control
KFBEA K. MR, Taylor F(1974) MK 53 85 59 12 30 B3 EWEEEAAENIFES 4~ 14 REHRML R
HERR, T RSB AU R M mE . B Fig.3 Results of Bdellovibrio detected from feces
%Xﬂ’/"ﬁ%i%ﬁ%ﬁﬁ:@&ﬁ 5% . Takubo g:f (1989) of white leg shrimp, Litopenaeus vannamei at day 4 and
A h 3 T A T 5 0 4 M R 0 I 1R B R 14 after oral administration
FEERFAHEX., UM ARMERANR, M ZERFRERBOENEREK, A AR HEERE
BB,

830bp

X2 AARMOGETEAFLBEEERMENLLE

Table 2 Comparison of Vibrio isolated from white leg shrimp Litopenaeus vannamei after different ways of water disinfection

MEERsER i ESEB
K b 38 X Ab B YR FE B T ER R PR % R B B X AR 3K
b= . . i .
Pond No Manner of water Concentration Number of test Number of shrimps Number of shrimps with
: treatment of treatment shrimps with vibrios isolated vibrios isolated from
from the hepatopancreas the heamolymph
A & & 417 Chlornic solution 0.3mg/L 80 252 20°
B A Iodinic solution 0.3mg/L 80 28 212
C $EYLE Bdellovibrios 105 PFU/ml 80 262 12b
D %} B8 Control - 80 47¢ 31¢

a b RARERSEH LN, a WLRABE(P>0. D), b HEREE(P>0.05,c N EFH B E (P<0.0D)

ENEN TEEENYNZLERERERN 301
FIRR, LARGA SCHRIRE , N A E S EE LI R +3r
EH AW E P 0% B I (Westergaard et +or
al. 1977), ALK&t Bd-109] #1 Bd-9913 %f F
ST AR A IR MRS, 5 4 R (BN ERAEME 3d

3.5
3.0

TT 8 Ak 3 i ]

7K VA LR o A o B
(Logvalueof CLV)

YCH ) S50 41 X F B 268 e T AR W B 5L B O 2 =l s e

ELHESE 14 XL R MEMAR, H 14d H3E 1i5 | - g:i”éié‘%iié‘é"&é’?mmmm

B 4 X HF B A B A W AR K B E BT, B . - 3§ Bt Control
10°PFU/ml¥ B i 4% 3K 8 Bd-109) 1 Bd-9913 & ' bz 5 B 0L W 17
B, AT 3~5s M ALHESIFELR 4, &F HERY (Days)

R IRV B Bk S IR 9 B ek R [ ol 286 K /N S 69 2 R4 SE I 2% 98 R0 KK I B8 B AR B
i‘é'lﬂf ﬁHMﬁfﬁﬂAm;ﬁ . Fig. 4 CLV change in 20 days after different disinfectant treatment

ERALEYHMERLEYRKTREAPLEFHNAENEEN BB KAEELZATREKAAEDR
W, BB B PR B R4 (Boyd  1996), ¥ FIFKFHE. . MFELRWHMERM AL, HE. B THEL
FHERANEERI L FANAUAEE EME, A RS MER RPN EY, “ER R KEESTHE
(Huang et al. 1997;% #% 1997), MBRFEHAARY, B Z HEH BT IFHHGE, B iF2 4 K (Boyd.
1996), Hoh, AR TEEFALBAEHENNEZH  Mir FADAREFLFEEN FTRAELK=4AT
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BURMIKELA .

BINEMNTEENRBEREREHREFQIDME  FF (2000 WEREM, 5 T EEFLKFE
A R B RAR RN, BR T AR 5 B9 IO R T » 00 5560 Y o O 3 4 Mt 3% R K A s DB T O S 4 ot LK 4k A
SPEQTERSL. REENEEARNE TR HAREAEZ,E Williams F (199 WA RER LA, BN
EEEKEFEIRKRERORR, B EROREEEXS 10° PFU/ml U LB BRE. BT HEKPREEE
AREABIX — W ES, — B B RKEFR T ILF AT RBIA R . ABIREER KRN, 10° PFU/ml XK BRI B,
AT LA 3 P AR R K R N B T AR B B AR T B RIE R AN, B R B B K I A5 LA b, WT BB R 7E AR 28 3%
B AR E R RO EROK AL AR, '

4 LL 100 B/m’ B9 BEI IR LAY EEXTIF , 50d KRS R EE 22 Bl 10°CFU/ml, fH — 8 H &
RERGAF TR EL 8 S BB AT /K R IR, W E T4 2 XEBEZE 10°CFU/ml IF . AIgEd FILEAEDRS
#E,mERFET KEFHS EY, (EKE DT LIS A AR A VL6 & B3, BTk 7d PUS KRR B %k
EELET, Md LR . EE2BEHEEMMOKE. MK T, EINEMEKENERE SR T BB EE, L
BWHE, HERE 10°CFU/ml EHKF. WRE—PHEESHERAPRNOER, BMERRKE, F 7
BER B EENMEME.

AORERH, AR BERNESE, X IF RGN & B IR, R IR R £ M ETIE (Sung ez al.

1999), RELBWHERER, ZEINE SAEHEERLEAEE, AFBRES B NEONERER AR E, B
PR AL A RORAR Y HR, MMM E BB E M P MR AW E S TEEENE, X— SR VT
MEALE KR Z W EZHENEAEFRTNERENECR. RERBRIMHERNEEAFE—-SHR,
B BATAHAE , 20 SR 07 328 455 5 1t B 56 #9280 80 o A i o o ) 0 O T bk, T B X - R 8 B SRR 0 A B4R
ik &

2 £ X W

AIMER.BEE B HL.KBERVBME. 1982 AENFEE —BAEBRNENTR. PEBEYENRESRE,2(1):12~15

X O.ZE @.MEE . XIEA. 1997 WIRRE B R AN B WY N E BT, K= EE R, 18(1) . 34~41

B H.OBEE.E EFEH.E AL 2000 EINEEERLE KL REBRGBRORE. KEKFEREM,15(4).288~292

HME B, 1997, BEREENEXNNERERX L MMBE O FEEM. BITR¥E¥M,36(3):449~453

%A w, EEEL AR 2005 K FH AR MBERYTRER. B KPI,26(6).75~83

FMENE. 1986, HAIFMERBHE —Ik 0l BEANMBERAEDFERSBORME. K %#,1002).195~203

WHEXM WA, ZE  f]. 1990. HEXHFHIFE BWE MR, KPFR,14(D:1~6

O0O®, B WL AR BRER, BKE. 1997, — AT P BRI R — > NS, S HIE,28(1):21~26

% E.Z . B,FE K. 2007 BEENEMEAMENPEMIFEREERERERFHEWE. B EAKTPR,28(5)42~47

Mg 4, HIABEE. 2000, Y B AT M X BE 1 X AR A A A Xd HF G g TR B B9 VE . K P 4R, 24(6) : 564~569

EZEE.ZF @0 32008 ZRYWEN 3 M FNE NI EE RN, BIFKTBR,29(2):97~101

Boyd, C. E.1996. Chlorilation and water quality in aquaculture ponds. World Aquaculture, 27, 41~45

Edouard, J., Minz, D.,Ramati B.,and Gili,B. 2000a. Prey range characterization, ribotyping, and diversity of soil and rhizosphere Bdellovibrio iso-
lated on phytopathogenic bacteria. Appl. Environ. Microbiol. 66. 2 365~2 371

Edouard,J.,and Ramat,B. 2000b. Design and uses of Bdellovibrio 16S rRNA-targeted oligonucleotides. FEMS Microbiol. Lett. 184. 265~271

Huang, J., Wang, L., Ren, N., Liu, X. L., Sun, R. F.,and Yang, G. 1997. Disinfection effect of chlorine dioxide on viruses, algae and animal
planktons in water, Water Research,31:455~460

Ishimaru, K. M., Akagawa-Matsushita,and Muraga,K. 1995. Vibrio penaeicida sp. nov., a pathogen of kuruma prawn (Penaeus japonicus). Int.
J. Syst. Bacteriol. 45: 134~138

Itami, T., Takahashi, Y., and Nakamura, Y. 1989. Efficacy of vaccination against vibriosis in cultured kuruma prawn Penaeus japonicus. }J.
Aquat. Anim. Health,1: 238~242

Karunasagar, L, Pai, R., Malathi, G. R.,and Karunasagar, 1. 1994. Mass mortality of Penaeus monodon larvae due to antibiotic-resistant Vibrio
harveyi infection. Aquaculture,128; 203~209

Klein, D. A.,and Casida, L. E. J.1967. Occurrence and enumeration of Bdellovibrio bacteriovorus in soil capable of parasitizing Escherichia coli



®/1M ik B %5 . m o i 5 T By X T I R B k) 1 BF 5T 33

and indigenous soil bacteria. Cana. J. Microb. 13:1 235~1 241

Lavilla-Pitogo,C. R., Baticados,M. C., Cruz-Lacierda,E. R. et al. 1990. Occurrence of luminous bacterial disease of Penaeus monodon larvae in the
Philippins. Aquaculture,91: 1~13 ‘

Lightner,D. V., 1993. Diseases of cultured penaeid shrimp. In: Handbook of Marineculture, Crustacean Aquaculture, Mcvey, J. P. Ed. CRC
Press, 1; 393~486

Lightner, D. V. 1988, Vibrio diseases of cultured penaeid shrimp. Disease diagnosis and control in North American marine aquaculture. Develop-
ments in Aquaculture and Fisheries Science, vol. 6, 2nd revised edition. Elsevier Science Publishers B, V., Amsterdam, The Netherlands,42~
47

Luo,P.,Hu,C., Zhang,L., Ren,C.,and Shen,Q. 2007. Effects of DNA extrac;ion and universal primers on 16S rRNA gene-based DGGE analysis
of a bacterial community from fish farming water. Chin. J. Ocean. Limn. 25,310~316

Mir, J., Morato, J.,and Ribas, F. 1997. Resistance to chlorine of freshwater bacterial strains, J. Appl. Microb. 82.7~18

Ripabelli, G., Sammarco, M. L.,and Grasso, G. M. etal. 1999. Occurrence of Vibrio and other pathogenic bacteria in Mytilus galloprovincialis
(Mussels) harvested from Adriatic Sea, Italy. Intern, ]J. Food Microb. 49.43~48

Schoeffield, A. J.,and Williams, H. N. 1990. Efficiencies of recovery of Bdellovibrios from brackish— water environments by using various bacterial
species as prey. Appl. Environ. Microbiol. 56: 230~236

Rendulic, 8., Jagtap,P.,Rosinus, A., Eppinger,M., Baar,C. et al. 2004. A predator unmasked: Life cycle of Bdellovibrio bacteriovorus from a ge-
nomic perspective. Science, 303; 689~692

Song,Y. L., Cheng,W., Shen,C. H. etal. 1990. Occurrence of Vibrio vulni ficus infections in cultured shrimp and eel in Taiwan. J. Invert. Path.
59, 18~23

Sung, H. H., Yang,Y. L.,and Song, Y. L. 1996. Enhancement of microbicidal activity in tiger shrimp ( Penaeus monodon) via immunostimula-
tion. J. Crust. Biol. 16:279~285

Sung, H. H., Li, H. Ch., Tsai, F. M., Ting, Y. Y., and Chao, W. L. 1999. Changes in the composition of Vibrio communities in pond water
during tiger shrimp ( Penaeus monodon) cultivation and in the heaptopancreas of healthy and diseased shrimp. J. Exper. Mari. Biol. and Ecol.
236, 261~271

Takubo, Y., Nishimura, Y., Zytoon, E. M., Nishihara, T.,and Kondo, M. 1989. Isolation of the saprophytic strain of MC-3 and participation of
the cell surface structure in predation. Microbiol. Immu. 33:1 053~1 057

Taylor, V. I, Paul,B., John, L. R.,and Richard,D. A. 1974, Isolation, enumeration, and host range of marine Bdellovibrios. Arch. Microbiol. 98
101~114

Westergaard, J. M.,and Kramer, T. T.1977. Bdellovibric and the intestinal flora of vertebrates. Appl. and Environ. Microb. 34.506~511

Williams, H. N.,and Falkler, W. J.1984. Distribution of Bdellovibrios in the water column of an estuary. Cana. J. Microb. 30,971~974

Williams, H. N., Falkler, W. ].,and Shay, D. E. 1994. Incidence of marine bdellovibrios lytic against Vibrio parahaemolyticus in Chesapeake
Bay. Appl. Environ. Microb. 40,970~972



