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The Epizootic of Milkfish Vibriosis and Its Biological
Control by Bacteriophage AS10
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Jen-Leih Wu and Wei-Jen Chao

Abstract

The bacteriophage which infect and lyse Vibrio anguillarum, the pathogen of
milkfish vibriosis, was isolated from the overwintering ponds and was named as
AS10. Bacteriophage AS10 had wide spectrum of host range by showing 100% of
the virulence in 18 strains of Vibrio anguillarum isolated from Taiwan area. The
acridine orange staining study showed that AS10 virion contain single stranded DNA.
The AS10 has the best survival rate in Mg** solution. The ASIC is siable in the
temperature range of 4 to 20°C and easily inactivated by raising temperature to 30°C
and above. The optimal stable pH values for ASI0 is pH 6 to 9. The optimal
stable salinity range of AS10 is 15 to 45%. By exposing to ultraviolet irradiation,
the lost of AS10 infectivity is linearly correlated with UV fluence. The pathogenecity
of Vibrio anguillarum was almost completely eliminated after 4 hours by ASI0 infec-
tion at an M. O.L=1. In the field trial, we proved that the vibriosis can be inhibited
by ASI0 application in milkfish overwintering ponds.
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LLE AT BE RV (Vibrio anguillarum) B X > HHEKEEM 801231-LD o HEEHEXE
P F I MBI R R B AR FTREBE ©

2. BEH
AR A E AR ERK o B 12,100Xg, 4°C, 20 SEHEL » I EHE o DULBEREEE
e R EER RIS  AEE% 0 0.1 ml fy RSN ERILE  BH 20°C BEERER 0 F
—REEERN FRASRAREEHS  HETEHRENEHEBNTE K AMNEERE ASI0-
B 10 ml ERRPMARBEESR—ESFH SASI0 > FEETMARER 5X10°cell/ml HIFLHE
#E 0.1 mls A 20°C EEBBRERATEREAVBERE Ll 12100Xg, 4°C, 10 SEEL » RYE
EHER -

3. FzHE
Bl 18 METHOREER E 0 BENEN ASI0 RENCMYAREED - LEEREERRD
HEBIERSREBR '

4. & *
RNase B DNase B H XEA sigma AT o

5. Acridine Orange ##&, % ®

VR B4 L B—RnEE ASI0 (Sl BEHARERN S LA RRER ASI0
(&% 5al) » LIREBKE » mEREE > UEBRRMBACTYR -
OEE :
Ll Methanol (2°C) BE%E ' 8 15~20 44 o %k M-EZE °
I Carnoy’s fluid EI% » ZEREFE S 58 » KRB 9954 ZBPRRBMBH » % C-EE °
%t :

TR I A £ — K+ B7% pH 3.8 Acridine Orange buffer ( {5 A.O. buffer) 54
% o 8% pH 3.8 modified Mcllvane buffer ( 5% m-M buffer ) EH& 2 % ZHREER REE
£ Na, HPO, HIKE 15 28 » BRESBEH » LRI LRRER °

(3)sERMRE !
REEEEREA &—K » B tartaric acid RF 2~5 FHE > DAL BEERBECHBL -
(4) RNase &3 :

FEEEERI A &+ S AW » £ m-M buffer &S 54 Hebh—B{ERIBE 5
—meze pH 3.8 BEfn 3 ul, 0.1% RNase » #IFA R 37°C wh{Ei8 2 /\Ef o FEEZ A.O. buffer s LIR
Bl m-M buffer SREE—T » BMKE DU EBBEE ©

(5) DNase 3f& :

FAEEERERA &—H A LAWY &% pH 55 (Phosphate+ Acetate) i&8&i# 5~10 5

G A L —B57e pH 3.8 B fm 3 4l, 0.1% RNase» WEA#E 37°C WA B/ o EUHE



— 46 — 2 & B-8 & &

¥ m-M buffer 1 5~10 54 2 A.O. Hufe » £ 2# m-M buffer thiEiR » MK » FE55 X
THZRERE - BE Na,HPO, & 15 54 » FREAXBH THESE
6. #MTRAMBEM ASIO ¥ %

EL CuCl,, CuSO,, MgCl: & MgSO. £EERER 0.001M, 0.05M, 0.3 M MEHK o ZnSO..
MnCl. & CaCl, £8P 0.05M 9IS o ML LW RAERRK » MO BRI R T.S. Y. BRKEIR
99 ml» A 0.1ml MALARERE ASI0 (1.2X10° PRU/ml) MSHK » BAHE » B A 20°C @
B 42 10, 30, 120, 240 4 0 PirEEE ASIO EFRE -

7. BEHHEER ASIO ¢y
VBREREN :

MELEEE ASI0 (310" PFU/ml) WBSHK 10ml SERRER + 4B 4°C, 7C, 10°C,

15°C, 20°C, 25°C R 28°C [EiBss b £ 1.2 3R 4 R > PIEREEE ASI0 EFBERBL
()EIEIH:

# 10ml EEHE AS10 (1.2X10° PFU/m]) pMS NS » £BR 30°C, 40°C, 50°C, 60°C

B 70°C EREREF  —/ N ENCEERE o

8. mRAMEEAM ASIO w¥g
LA 01N NaOH R 0.1N CH,COOH FHEEH pH 34256789+ 10 HEREK » 2R
9.9ml A 0.1ml #EHE ASI0 (23X10° PFU/ml) %S » BEAaHE BA 20°C @5
3624 /BE o IBKENREE ASIO WIS o
S. BMENEHAM ASIO ¢yH%
u9mygax%1u%;mn&zm%gm%a5m%ﬁgmﬁm%@ﬁ’ﬁ§§%Amoﬁ
FUBBEE 5%o 10%, 15%0, 25%., 35% R 45% 2z HAEEEEHE B 20°C EBAEF R 124 /s
PUEEEIR ASI0 PWIBHFBE o
10. pomsteyy

L@ 45cm ghsm » BA 2ml sEi8 ASI0 M (6.2 10° PFU/ml) » 10 W $414850
ERIAERR 26.5cm » BABEMIS R 20 5 40 BE 1228+ 12+ 16~ 24+ 30 o 0 WRIE
B ASI0 WEFRE -

1L 2Rk
FIHEREMEE 1X10° cell/ml - BiB#8 ASI0 #E 1X10° PFU/mI » EREATBMARKS -

FEB 1525458 EEAME R RBER AR » £ 20°C R R EBEBEEKP » TEE - 7
FHEO6X o

12. MR
tﬁﬁ%éﬂ%ﬁﬁiﬁ’%%ﬁﬁAﬂouﬂ&%mﬁﬁ\ﬁﬁﬁﬂo¢aw%%MﬁmE°

= R M5

&

I ¥#xgm
W ASI0 # 18 HATBOREFRA 100%HWEEES (Table 1) o
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Table 1. ticst amge of bacteriophage AS10 which infect vibrio anguillarum
Strains Titer (X 107/ml) plating efficiency (%)
820108-wt, 316 254.8
810129-8sk 218 226.6
801231-kf 136 109.7
820108-4G, 124 100
801221-LD 124 100
800123-1L 67 54
N-I-E-275 54 43.5
820124-21 46 37.1
810129-2s 40 32.3
810129-2k 38 30.6
820108-3G 32 25
811220-MK 27 21.8
800129-21 18 14.5
820121-4 8 6.5
800121-1 6 4.8
800124-3k 4 22
800123-4f, +
800127-5Lb +

Note: +: cell lysis

2. EEBRH

EEEE ASIO0 R MMECH 0 ISR MY BEER 0 £k Acridine Orange Hets SBRME o
5 AS10 EEH » W—HA HIEHBE Na,HPO, » 15 SEEUENEBHILE « BR—HBEHE
Molybdic acid i » HE—T » BUEE 15~90 BRI REH  SahileSBS&E - BN
—BE R @A Tartaric acid ISP » DURAKEBS » £ 2~5 S@EhFedhlcEdR e T8RS
e (Table 2) » kA LERACHER ASI0 SBEREHEE - PIEREHEE ASI0 BWEEHA -
Heh—BEF R 0 B—n LB K#EER DNase 5 RNase » [EBR 37°C » Ri/BE » B
Acridine Orange JufspEiuf » BIZEBL » ¥R Ll RNase JE1% » 8 Na,HPO, §i% » &Ll
NIERS  UREREEHRSEAE (Table 3) o B—Ll DNase g% » HEE# Na,HPO, Z
TSN KBS 2 5E » RIBAEBREE o KIETA%M%EE ASI0 S 1-DNA it REREEXK
BE#%® (Single stranded DNA) o

3. #FRAE
WE ASI0 SRER T.S. Y. B - BEKREES 0001M 005M, 03M f CuSO,
CuCl;, MgCl, & MgSO. HyiEH » % 20°C fElRKIFH » MBHTFRMEFRE 2B - BER

Table 2. Nucleic acid colours of stained bacteriophage ASIO

Treatment C-fixed slide M-fixed slide

after Na,HPO, red red
Molybdic acid green green

Tartaric acid green green
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Table 3. Susceptibility of bacteriophage AS10 nucleic acid in the Carnoy’s fluid
and Methanol to RNase and  DNase.

RNase DNase
Treatment
control treated control treated
before red red red nill
C*-fixed { Na,HPO
xe after 2 ¢ red red red nill
M**—fixed {before Na,HPO, red red red nfll
after red red red nill

* C: Carnoy’s fluid.
*_* M: Methanol.

ASI0 BR Mg, Ca**, Mn** higig 8% » Sk 03M R 005M # Mg** & 0.05 M iy Ca*+
BUFERBATRI o GEHE ASI0 % Cu™ BRFEAEERERE » BT 0.001M B CuCl,
Sho HfLREZE Cut* WHOHEINSRITERER ASI0 WIEFRE o FILTa Mg, Ca*,
Mn** HugHi ASI0 WIEERERF » HhRL Me** R T Cur* WHFEHRBERERS
B ASI0 &EHEH (Fig 1) o

4. BEMEAMW ASIO ¥

DBEREHK .
HEHRE ASI07E4~ 71 10 15+ 20~ 25 R 28°C BB %46 + BBENF 2 E®{L (Fig. 2) o
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Fig. 1. Ion effects on bacteriophage ASI0 stability.
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Fig. 2. Temperature effect on bacteriophage AS10 stability
@ 4C; V TC; A 10°C; O 15°C; A 20°C; [125°C; 28°C.

 rwEEETANEAEE °C DL SEW ASIO HREREER ) BEE 20°C LT B

B ASIO MEFERE - EAFRKRBEAKE 20°C UT » WHEHFHEERE
B AS10 gtk o

(2)shiEPiiE -
o8 AS10 7E 3040~ 5060 R 70°C HEERRT » R —/ MR RMIEFRE © BEE 30>
40 B 50°C thiEHEHE 0.1~0.6% » T 60°C # 0.0025%, 70°C RiMEwERE ASI0 TR
(Fig. 3) o tapi#8 AS10 #H&EHR 30°C Ll LB T » SUEP S ©

5. shexASEHAM ASIO Y%
#£ 20°C Z@E > Wk AS10 % pH 3~10 A FRRE T 72 7R IR e T U 7 T IR B AT
BT © R5E 24 NERROEREE  BBER ASI0 AR pH 9 BEERARM pH ER ° ER1 ]

# ASI0 7 pH 3 R pH 4 MRENEEFRE B (8 S AS10 SEA P E BUR (Fig. 4)
#kpy pH fERE 8.3~0.1 ZM » RULEER ASI0 ERAREAAE ARLBREEERE
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Fig. 3. Heat resistance of bacteriophage AS10

6. BEMNEHM ASIO Y%

HER ASIO FEBERR 5, 10, 15, 25, 35 R 45%B5 #5 20°C HRET » WA 112
B A REEFREBIE (Fig. 5) o EH—RLL SSUpmEmETE ~0MEFERS » L)
£ bl 10%BIE © EIREL ISUEBEHAVMATIE ASI0 EHFRIER » T 45%MRIE o BIIK o2
350 RS ASI0 MTETF R » 10%RIRIE o

B ASI0 IR ISUMBRE B BB 1 KEE S AT 30~35% o FTLIEA
AEEH » RS BRE RGP IMAKER ASI0 LERBE » ARAEASRFIBRERE - HRHR
ARFS KRR PIEE RS R B AR o

1o B ohsp a8 8 4

THEER ASI0 LISRSMREST 0 KHBFERENMRBHOBBERRSKEER (Fig 6) 5w
Bl ASI0 FHFRFURRBA M E R AT RINRREYE o ST RGN GRR S B R BE T a1
BEME® » TEE#S ASI0 () DNA RER o i AT log (Survival rate)=0923—7.14%
107° X Fluence (Jem~™2), r=—0.990*** n=10 o
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Fig. 4. pH effect of bacteriophage ASI0.
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Fig. 5. Salinity effect of bacteriophage AS10 stability.
O 10%; 7 15%.. W 25%.; @ 35%; /N 45%..
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Fig. 6. Ultraviolet light effect on bacteriophage AS10 stability.
SR: Survival Rate
F: Fluence (J. M~?)
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8. #ABBREK
WHLPEREE (Vibrio anguillarum) 1X10% cell/ml ﬁlﬁ’gﬁﬁg AS10 ) m.o.i.=1 B » BRAHNB
WA RS 124 R8N MAHARBA » BIBEL/NE BE 15°C REBABRSE
Ko AREITRERABREFE (Fig. 7) o BYed R 8/IBESE S KB EEE 100%  HBH
EERPEFRHBLR 0.9, 06, 0.4, 0.3, 0.3, 0.3 (BEH ~ AK& EHEEEANBEEARERL o

WEHE ASI0 SATBOWETE m. o i=1 B> FEIL/NBRRRQ LB ARERAE ) » UL PTTRIS SRS ASIO
BBUNEA BRI » /NS AR B BN R
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Fig. 7. Elimination of the pathogenecity of Vibrio anguillarum after bacteriophage
AS10 infection with different times. The M. O.1. was 1 and the immersion
time of milkfish 30 mins. ‘

@ 8hours; V 4hours; M 2hours; A 1hours; O cor’1trol.
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Fig. 8. Change of mortality, V./AS10, V. and pH in the overwintering pond.
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9. @Rk

EIAME ERH o KB pH, Vibrio anguillarum, Log (Vibrio anguillarum /%
AS10) RFEH (M Fig. 8) » BB BFE AR Log (Vibrio anguillarum [YEE#E AS10) o408
PR GR » it 542,85 Log M (fr)=0.526 X Log (Vibrio anguillarum[vs 4% AS10) —0.539, r=
0.693% » 1 3 R M4 T BRI B G B8 AS10 WABRES® 10.5 {505 » @B A E B BIECHS o —RR
PHE AR MBS RA 1X10° cell/ml PTVE S AR » RO ERe ASIO fyil 1 2
20 PFU/ml » WETTT i 4T SR Ay B8 2 o

~
g 2 f

o

o

> 1 =
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Fig. 9. Correlations between mortality of 9 cm milkfish vibriosis
and V./AS10 in wintering pond.
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Fig. 10. Relationship between pH and V. anguillarum in the overwintering pond.
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A e R P ST BRI TE ACE o & BRI WO & MR R > RS REEBIE pH ) 8.14 1§ RIHUKIH
f o B o EEL Evelyn BRI E B B RAIEIE pH & 6.5 & 7.6 HRiRE » It IR
b A B ET S AT o (NPT AT LAk eR 2 pH (EEMRER SRR » sRICE BN RIE AS10 fui

G4 MY 1R HE KB ISR IR N TR K O T K B BRI R OR o (ISRE LA BRI ol
HRE E AEERER 1.5 AR » LR KREEIE » (TG IR AATLAE LR TS SRR
A EREDS (BRI T ARSI KR » Bk B O0E LR RFEH7RE 5 G - U
RS TEITE o T HRMEREREARE 17°CH By ETHK KR T Bt AT PR R
HEHRIRE ©

¥ =3

FE AR EE AR » T B AR LTSS BHITBORE AR RIS Il
¥, e sE ASI0 o BEEEE ASI0 MERFTSME 18 MAIBURE A 1000075 AE J) o LL Acri-
dine Orange fefs PEAmsiiee ASI0 REK DNA o HTFRIEARGAEER ASI0 {8 Mg ik
RS o hBVENUAIER BB E 30°C By gEHE ASI0 MBUEIKEN S o TE 4°C
3| 20°C mEE ASI0 BBEM BT o CHURE pH RELE 6~9 ZM o BIRIHAIR M 0L & 1
ASI0 EFEZSEGME o wEE ASI0 REHEERER 15~45% o iR ARIPAITHNHH
BEEEE AS10, Bl M.O.L=1 EAHI/IG  AERESEE AFEEERED - ERXHBETHE
RES » HPIBEEE ASI0 ATHFEHAHRNRE -

AFAELLDREEBORLASRAN AR BHEH o FRAMARRRGRMIEN
B FEa R TRERES4E S AT » BRARBRIEEERRER BURNAN DR » 2
KERBAFTERSFTRES IR AREHEAE - SEE/ MIRKAERERMHSHALR LR
AFEEBERENS I IEFETARE - EHEBRESHE -

2 £ X M
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