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Abstract

The use of chemicals and antibiotics to prevent and treat diseases of Penaeus
monodon (giant tiger prawn) has been known to have adverse effects including the
development of drug resistant bacteria and the safety problems to consumers and
environment caused by their accumulation in animal products and environment. Thus,
an alternative approach has been needed for controlling the diseases. Recently,
bacteriophage therapy has been shown to be a potential one. This study aimed to find
and characterize a bacteriophage infecting Vibrio harveyi, a pathogen causing the
luminous disease in P. monodon. Twelve water samples collected from natural water
resources and from P. monodon ponds were screened for the desired bacteriophage.
Bacteriophage PW2 isolated from a P. monodon pond had ability to specifically infect all
tested strains of V. harveyi. Test of bacteriophage adsorption on the cell surface of the
V. harveyi CS101 revealed that 90% of the phage was adsorbed on the bacterial cell
surface within 30 min. Heat and chemical sensitivity tests showed that bacteriophage
PW?2 was resistant to heat at 50°C for 30 min and to all chemicals and antibiotics used in
this study. Concentration of CaCl, was found to influence the propagation of the phage.
It propagated in the V. harveyi CS101 culture with 20 mM CaCl, better than in that
without CaCl, or containing CaCl, below 10 mM. Transmission electron microscopy
showed that bacteriophage PW2 had an icosahedral head (50 + 3.8 nm in diameter) and
a noncontractile tail (11 £ 0.5 nm in diameter and 136 + 6.2 nm in length). It could be
classified as a member in the family Siphoviridae. The nucleic acid of bacteriophage
PW2 was found to be double stranded DNA because it could be degraded by restriction
enzymes but not by RNase and S1 nuclease. Furthermore, DNA of bacteriophage PW2
was estimated to be 46 kb. Analysis of proteins purified from bacteriophage PW2 by
SDS-PAGE revealed that it contained at least 6 major proteins with molecular mass of

75, 60, 35, 30, 20 and 15 kDa
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Phylum: Arthropoda

Class: Crustacia

Subclass: Malacostraca
Order: Decapoda
Suborder: Dendrobranchiae
Superfamily: Penaeoidea
Family: Penaeidae

(http://www.kungthai.com/KungThai/con_detail.php?id=21)
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{2AM29279 (White spot syndrome)
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double stranded DNA virus #ivibs @f‘fﬂqzﬁﬁﬂqﬂﬁﬁmﬂimﬂiﬁmﬁm@'ﬂf; 16un Lsﬁaﬁ@'@q
Anlfden wilen efearasdniden sesiuvaes uanidaden lsAnasanagnuAS:
wsnill mel. 1993 dszmadilu Taanwulufis Penaeus japonicus TaslurniziuldBen
ln3ainalfiiAnlsAd1 Penaeid Rod-shaped DNA virus (PRDV) 1138 Rod-shaped Nuclear
virus of P. japonicus (RV-PJ) mexnlinnisszunnveslsanananqlulszmalne THndu
Bulnilide Beaus sniaidy BwRe uasBnvaneUssnaluitie @y fusgd a.a. 1995
uazauAB a.a. 1997 loailliszunnluuvaadgefeluunueudninarcuazesinilé
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I WifalamIIN196184909 100 % LWalutiafiaines 10° cfu/ml (Lavilla-Pitogo uazAnLy

q

1992)  madnulsatiannnsarinlitaanisldentfdour  wazsinaeluinfaelelenuise
wudaladlanmaalss (Benzalkonium chloride)
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Wagluszau 5 T 7 ppt  AruAnLENIue s liiLianaa e luszAunmunzas
pouAntfaden n@esine o wu gunni Wiegluinouewianzan  (http:/Aww.

thailandshrimp.com/agriculture_tigers.html, Lavilla-Pitogo 1998)
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s luauian  FAABAAUNANIENLITEZENIA AR TULNAALNTNTUN RTINS
uilusieslfifluunaslssnauendnaesnuuazasauniodulyl
Amiuanstaousitenlflunismnzidasfieetnenineenne  (nsensanemswas
aunsnd, 2545) Ae eandwmni AR (Oxytetracycline, OTC) fueenltana wadn
(Oxolinic acid, OA) @uiluansfinuqauvisdneynynlildetinegnngunie taaaniz OTC
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A & 16) & A % 1 &y v oA 1 1 Adlv P o
AB azsieslilivaennfnsey lutledndfiiundrninsgunimunlidndsendouas
2 ] v
a1t AndiiunnBnald @edunAtsanaatiin MRL (Maximum Residue Limit) Inel
a ° o o o o 0 o
OTC e MRL w139 0.05 ppm dwdutlszmady]u uay 0.01 ppm Ausuaunin
gls1l @21 OA Hen MRL nwmualdn 0.05 ppm dufuilsemadii]u waz 0.00 ppm § i
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wnanalunismnziaasie e anguaaausuiilaaa  (Chloramphenicol) 8NgXLLIEY
waaued  (B-Lactams)  snngululasiiousu  (Nitrofurans) — anngungealsailulay
(Fluoroquinolones)  snngudaluunlud  (Sulfonamides)  uazenngulnatauliing

(Glycopeptides) Liluf

\FauuaiiFeluava Vibrio
wuaRPeluAlg Vibrio Wuwueiii ﬂﬁ'mﬂmqﬁ Vibrionaceae H31ls19uuuumis (rod)
Ingenaifuwiansasalfadniies Nawandne 0.5-0.8 lulanums wazena  1.4-2.6
lulasiums AnAunsuay (gram-negative) @s1aienlisieandina (oxidase) luasneatles
(spore) wazuAlga (capsule) aauRlEsnEalng lEunamasn (flagella) flansimadiiies
dudaiennnndt 1 1y usaneiufenanuunamaanedfudnsasad namnziaes
doanansoinliicluannsitiuaslaifoondion iy lEuvevnsdeadelHsyanlu
festlfiRnnsqadainanlaevialy avansniiulaladauin 2-3 Sadwns TEnaudminnis
Usided 37 esrmadaa (fuean 24 dalue dnmnielalaliin blood agar Wax

ae =

= N . v o = =
chocolate agar QZHALULILALINILEAS Uatad (species) Waluasmauuuinn

(B-hemolysis) saulalaliuu blood agar asanideianununuteamAean1aznilunse

£ v
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wiignunsasty li luantnziflusng (pH 8.0-9.5) aslfiamuantitaaadann 1 luams

q
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IALNITRNTIEATNNTIATYTRNITD (enrichment media) A1VNIALNITAI WL (selective
. oy a = . . . & & A, ' A
media) wazanushlfuanatinueadae (differential media) Inaausiaea@eNdiadaids
a dgl % 1 . dl = d’l dgl o dIQ v
nMaiastyaediTa 1Eun alkaline peptone water Tl pH 8.6 a1uNIlALNITaI Wz NTaN1E
funnn MAun thiosulfate citrate bile salts sucrose (TCBS) agar anmuzialaiiaaeide
Vibrio 111 TCBS agar azliuagiuaanaunsnvesae lunisuindesglnsg alddnaunm
winelaesglasa U V. cholerae uaz V. alginolyticus azlilalati@inaes douatladin lunadn
eloeglasa W V. minicus uay V. parahaemolyticus azliilalatidilien &MU V. harveyi

6

aunsniasty i TCBS agar usianaliflalatidmaesisadiaenfils walauegiuanawug

9

(strain) Vibrio unealad ldaunsniaseyuu TCBS agar i V. hollisae WATLINAINUEDY
V. metschnikovii (BnaR, 2540) &viLanunsilfusnaiiazeade (differential media) 7
NEENFNNIAALENITE V. harveyi l8un V. harveyi agar (VHA) (Harris wazanie 1996)
Lﬁﬂﬁﬂ\lﬁﬁy@ﬁﬂmﬂﬂﬁ 28 asmaaiea  warerdumninannsalunismiingdasmagilen

(cellubiose) waz 8aHlau (orithine) 184 V. harveyi Wi V. harveyi Ranoizialadl



nzuazuansnallainialatiaes Vibrio 1iisau o uu VHA Aia Talalil@diaes nanslalall

a

1 qaadn seuTalatiidwan (yellow halo) (Harris wazAnLe 1996)

Vibrio harveyi

Vibrio harveyi \huuuaiidaunsuay fdnnsgliaiuieudur ol
anazieandiauuasliieandiay - uvaeiugarunsonaliifalsaEauas  (uminous
vibriosis) Tudnsiin iy 74 (Karunasagar WazAnse 1994, Pizzuto Wax Hirst 1995, Alvarez
uazAy 1998)uartan (Kraxberger-Beatty WazAnly 1990, Ishimaru ay Muroga 1997)
1% panugnunsnlunnsnialsnaes V. harveyi [endiaarufiy hemolysin (Zhang LAZANY
2001) leenAuda Vibrio harveyi @nunsaizeduaeddaounswaedld aeni1sEequas
Fananainandfiseniidisen el uciferase Tasiaulasl luciferase asfiwitinfiiss
773811 oxidation 284 luciferin

Ui liRansdeuaslsznaudin 2 Tuneu fail

luciferin + ATP — luciferyl adenylate + PP,

luciferyl adenylate + O, — oxyluciferin + AMP + light

v
[ %

Vibrio harveyi QNARAINANNUANAYNINADI AIT
Phylum: Proteobacteria

Class: Gamma Proteobacteria

Order: Vibrionales

Family: Vibrionaceae

Genus: Vibrio

Species: V. harveyi

(http://en.wikipedia.org/wiki/Vibrio_harveyi)

Bacteriophages

Bacteriophages (bacterial viruses) Qﬂ%ﬁuwm%ﬂLLiﬂTmﬂﬁﬂﬁmmm@mf@mvim An
Dr. Frederick William Twort (‘lu“ﬂmﬂ. 1915) waz Dr. Felix Hubert d’Herelle (‘lu‘ﬂv-n.ﬂ.
1917) (Ackermann 2003) Tmel Dr. Twort Failinmenzane (pathologist) T198na 14
ﬁﬁmﬁfé“ﬂﬁn@m@um@u (London) tszmedsngy uazwulafa  (virus) I L

¥ '

Micrococcus NANEINUEIH &1 Dr. d'Herelle @aiiluiindngnAnansanaclsardimaans

]
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http://en.wikipedia.org/wiki/Adenosine_triphosphate
http://en.wikipedia.org/wiki/Pyrophosphate
http://en.wikipedia.org/wiki/Oxygen
http://en.wikipedia.org/wiki/Adenosine_monophosphate

wAuAN 1ANINTAENann1til the Pasteur Institute of Paris Tungeiliza (Paris) Usine
tl5uAd waznun1skangane (lysis) 289 Shigella 1agla5a wanannil Dr. d'Herelle faiflu
Ay vay o . " P o , aa
yanauwsnle1§A191 “bacteriophages” Tunisizanlafanaiunsayngn (infect) wuanie
bacteriophages Tagialddndsenaudneg genome NN capsid 938 protein coat

1 ¥ ]

vietiuee Ime bacteiophages uNatfiane1ail envelope Taillusi (lipid) udautlszney

qQ U

| v .

NaNN capsid Andunile genome 184 bacteriophages anaLlu single-stranded DNA
(ssDNA) double-stranded DNA (dsDNA) single-stranded RNA (ssRNA) 198 double-
stranded RNA (dsDNA) fil§i wanainii genome 184 bacteriophages €lanangilinaiil

circular 9@ linear A (Ackermann 2003)

NN99AILLUN bacteriophages (Bacteriophage classification)

IUeRAMENUNNTNISA4IUUN  bacteriophage  FUMANNUANERR  S9uAAZARE]
Aannun LL@:nQmmw‘fﬁumﬂﬁiwﬁu@ﬂﬂiﬂ AARENATU N199ARLUN bacteriophage AN
359949 d’Herelle (1918)  N199ARILUN bacteriophage ANATU8Y Holmes (1948) N34
AN bacteriophage ANNATIB9 Lwoff LazAnLY (1962) WAXNITAARNLUN bacteriophage
A1NATURY Bradley (1967) flufiu ST BT NI AR BT S RS LN
bacteriophages f‘ﬁaﬁfﬂﬂ’h “International Committee for Taxonomy of Viruses” 138 “ICTV”

ICTV 1&pdnuuniaimismuneaniilu 3 orders 61 families uay 241 genera
(Ackermann 2003) agl bacteriophage qnﬁmg’ﬁlu 1 order 13 families ag 30 genera
(713197 1) daunnaseaelasald1dnmnaziv (atin) viianimmn (Greek) nadnihae
order Wiasinedading —virales &ihide family Inatingdadng —viidae uaziniluia
genus Wmﬁw%@ﬁfm —Virus

ANNNNTAARNLUN bacteriophages 89 ICTV bacteriophages ﬁﬁgﬂiw tailed
shape azgnanatflu order “Caudovirales” &4 bacteriophages *ﬁmﬂu order WFAQNULI
aaniilu 3 families AB Myoviridae Siphoviridae Wag Podoviridae @11 bacteriophages 171'
#31/319 polyhedral shape azgnuiesniily 5 families A Microviridae —Corticoviridae
Tectiviridae Leviviridae Wway Cystoviridae Glu"ﬂmz‘ﬁ bacteriophages ﬁlﬁgﬂé’m
filamentous shape @:QﬂLLm’a@mﬂu 3 families A8 Inoviridae Lipothrixviridae Wag

Rudiviridae 18nannii bacteriophages ﬁﬁgﬂi"]\? pleomorphic shape @zqmm\m@mﬂu 2

families @ Plasmaviridae Wag Fuselloviridae AINAIINNA 1 AN99N 2 LATANTNA 3 Ay
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1iud bacteriophages M families 6119 7] HAuuAnsaiuvatadiou Tddrazilu g
284 bacteriophages THAL8INIATIAREN (nucleic aid) U84 bacteriophages ANHUZLAY
daulszneuaed bacteriophages MABARUAINNANNIINLEY bacteriophages slum‘i‘i_qmﬁ;ﬂ
uunfidengusing o Wufu eshdlafinudieyasig q ey bacteriophages filktiiaus
Tuﬁﬁyﬂwiﬁgﬂﬁ@ﬂu@mﬂm%mﬁﬁ yamiiiasannnsAnEuasdumn bacteriophages TR
sl 7 depsdnfusieliden o uazinieaanianiinlueuianasdl bacteriophages %l
Tud < gnAuNLENNIN

Tailed phages

Tailed phage anilu bacteriophages mjﬁ\l‘mﬁnﬁzﬁm Lﬂ@\i@’mﬁ bacteriophages
172110 96% U89 bacteriophages viamae (Ackermann 1999, 1996) dnmnuelaeminlilung
tailed phages Usznaufing muﬁfaﬁﬁmwmmuuuqﬂmﬂﬁ (head with cubic symmetry)
LL@xmumqﬁmmﬂumam (helical tail) (Lwoff LazAUy 1962) genome 18N tailed phages
ynafiadlis linear dsDNA vilet] 1 8 uazgnieusauda capsid

Tailed phages nﬂmﬁmﬁmﬂﬂlu order Caudovirales 1agl bacteriophages ‘ﬁfﬂgl:slu
order senanadisanunsngnuiieantiiilu 3 families A8 Myoviridae  Siphoviridae ey
Podoviridae (A3797 1, gﬂﬁl 1)

Tu family Myoviridae 1 tailed phages @qulﬂﬁfzmm 25% 289 tailed phages ﬁ,:\‘im\lm

o {

ANBUIAUTRY bacteriophages M4 family A8 491119184 bacteriphages NANHUEAUA

1§ (contractile tail) wazisznaufaaununansizand central tube T9gnNYinTiNsadUN
(3an41 sheath bacteriophages 1w family Myoviridae g9gnsnsauialfiili 6 genera Tng
Fa0e19199 bacteriohages Nag T family T i T4 1flugiu (Ackermann 2003)

Tu family Siphoviridae 1 tailed phages @qulﬂﬁfzmm 61% 284 tailed phages

1
o = .

wavue danilu family Nuningaaas tailed phages anEUzLALAaY bacteriophages T

q
v

family A8 @9UM9189 bacteriphages Nanmnuzena  wazldainnsndavald  (long,
noncontractile tail) bacteriophages Tu family Siphoviridae dagrunsauuelEidu 6
genera Tpufnatinaaey bacteriohages #aglu family # 1w lambda (A) i

(Ackermann 2003)

v
[

11 family Podoviridae ¥ tailed phages agjilszanns 14% 194 tailed phages i n

ANBIULLAULRY bacteriophages M family $A8 d91una184 bacteriphages Nanmouedy

12



(short tail)  bacteriophages Tu family Podoviridae gagnunsauualfidlu 3 genera Tne
FNALN19184 bacteriohages ﬁﬂglflu family 3 1w T7 1lufiu (Ackermann 2003)

Polyhedral phages

Polyhedral phages \fli4 bacteriophages ‘ﬁﬁgﬂ‘i’]wmﬂmgﬂm genome A4
bacteriophages ﬁlumju?:ﬁﬁmuu SsDNA  dsDNA  ssRNA uaz dsRNA  polyhedral
phages gnanuLiaily 5 families e Microviridae Corticoviridae Tectiviridae Leviviridae
uway Cystoviridae (m‘mq*ﬁ 1, gﬂ*ﬁ 1)

Genome 184 bacteriophages Tu family Microviridae W14 circular ssDNA ?ﬁlx‘iﬁ 1

1%

dU wargnualingiog capsid  ANMOUZIANIBY bacteriophages M4 family Aa 1y
bacteriophages A bacteriophages lu family Microviridae @nunsauLialéiiy 4
genera IneAna219U89 bacteriohages ﬁ@ﬂjslu family & iy OX17415ud (Ackermann
2003)

Genome 184 bacteriophages Tu family Corticoviridae 1 circular dsDNA
ANBOLZLALARY bacteriophages Tu family ﬁyﬁﬂ capsid 184 bacteriophages Tu family ‘ﬁ”
Usznevding  duzedldsiiu 2 du  lneRduzes  lipid bilayer  WnINBEATINAS
bacteriophages Tu family Corticoviridae e 1 genus Inel bacteriohages ﬁﬂi_uislu family
?:1531,@ PM2 (Ackermann 2003)

Genome 284 bacteriophages Tu family Tectiviridae I linear dsDNA anwuy
LAUUBY bacteriophages Tu family ﬁyﬁ@ Y capsid ‘ﬁLLgﬁﬂLm (rigid protein capsid) uasd
lipoprotein vesicles ﬂﬁ.ﬂimﬂslu (internal lipoprotein vesicles) %ﬂummzﬁ bacteriophages
Tu family Hingifinrequueiite vesicle sananazlasuliifluvie (aikike tube) Al
prmgatlizinns 60 wilwums  Geasiwihfduneli DNA gniagsann
bacteriophages L?‘ﬁ’]@jwmﬁmulﬂ_lﬂﬁﬁﬂ bacteriophages Tu family Corticoviridae TN 1
genus lABIFNAL19289 bacteriohages ‘ﬁfﬂgl:slu family 7 1w PRD1 (fudy (Ackermann
2003)

Genome 184 bacteriophages Tu family Leviviridae I linear ssRNA %qgﬂﬁ@ﬁu
Y98 capsid PiIlAEEIGUANANGAIN RNA viruses il (Valegard wazAtuz 1990)
bacteriophages Tu family ﬁﬁﬁﬂﬂmmﬁﬂﬂ polioviruses  bacteriophages Tu family
Leviviridae @aunsautialéiily 2 genera Tneifnatineues bacteriohages ‘ﬁﬂgﬂu family i

wiu MS2 (fusiu (Valegard wazmnuy 1990, Ackermann 2003)

13



Genome 184 bacteriophages Tu family Cystoviridae 1T linear dsRNA aneuy
LAULBY bacteriophages Tu family ﬁyﬁﬂ 3 envelope %Qﬂﬁmﬂufﬁwhﬁu (lipid containing
envelope) AaNIALAULANTEY capsid WaZ bacteriophages Tu family ?Immmum;nvlﬁ
VNN Pseudomonas syringae LVi’]‘ngju bacteriophages Tu family Cystoviridae e 1
genus nel bacteriohages ﬁ@%ﬂu family 1 1&un o6 (Ackermann 2003)

Filamentous phages

Filamentous phages Wl bacteriophages ﬁﬁgﬂémﬂumﬂ vsaLfludu genome
289 bacteriophages 11&%1'34??3?1% WU ssDNA uaz dsDNA  filamentous phages gnanuLi
I 3 families A8 Inoviridae Lipothrixviridae Way Rudiviridae (m‘mq‘ﬁ 1, gﬂ‘ﬁl 1)

Genome 189 bacteriophages Tu family Inoviridae i circular ssDNA
bacteriophages Tu family ﬁ”mm‘m'%’mﬁ’muﬂiﬁﬂu 2 genera A8 Inovirus Wax Plectrovirus
Tu genus /novirus Y bacteriophages 42 Tilp ANMULLANIAY bacteriophages Tu genus
fre fénmusuanasn (long filament) Faanaud (rigid) visatiane/uls (flexible) Al& |
AYNNUNIUARAINNEFAU WElasa chloroform LL‘1_|ﬂﬁﬁ*ﬂﬁmmmﬂuvﬁ@ﬁﬁﬂﬁm (host
cell) 189 bacteriophages Tu genus lnovirus 15 1Hun LL‘]_lﬁ‘ﬂG‘ﬂﬁfé«vmﬂu enterobacteria
Clostridium (Kim wag Blaschek 1991) Propionibacterium (Gautier 1999) Aol genus
Plectrovirus N bacteriophages 15 Tiln ANMMLLAUIAY bacteriophages Tu genus ‘iﬁﬂ X
anunufluurienasdi v (short, straight rod) uuafidefianansaiflumagidntiu (host cell
218N  bacteriophages Tu genus [novirus 15 1Hun LLUﬂﬁﬁﬂiuﬂzjm mycoplasmas
(Ackermann 2003)

Genome 28N bacteriophages Tu family Lipothrixviridae W linear dsDNA
bacteriophages Tu family ﬁyﬁ@vﬂ‘iﬂmu‘ﬂmmﬂ (rod-like shape) TGEAY lipoprotein envelope
Wadinagniauan bacteriophages 1w family Lipothrixviridae {tWes 1 genus lngifaaging
984 bacteriophages ‘ﬁmﬂu family 7 v TTV 1 (Tl (Ackermann 2003)

Genome 184 bacteriophages Tu family Rudiviridae {4 linear dsDNA
bacteriophages Tu family ﬁyﬁﬁﬂwmmﬂmmﬂm\uﬁﬂ (straight, rigid rod) a8 envelope
weadiuneuan waslANmuEA&IY tobacco mosaic virus  bacteriophages 1w family
Rudiviridae Nties 1 genus lagifiaaginaaad bacteriophages ﬁ@fﬂu family 7 iy SIRV 1

Wlufis (Ackermann 2003)
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Pleomorphic phages

Pleomorphic phages il bacteriophages ﬁﬁgﬂﬁ"%ﬂmmu@u bacteriophages 9N
mﬁm‘l,umiu?:ﬁ genome U circular dsDNA  pleomorphic phages gnamuiaily 2
families A Plasmaviridae Was Fuselloviridae (ﬁl’]ﬁ?’mﬁ 1, gﬂ‘ﬁ 2)

Bacteriophages Tu family Plasmaviridae lu bacteriophages 1‘7;134'53 capsid
uiil  envelope  Tiszneugntlufisefiiuny  lunsyngnizasuesuuafielungs
mycoplasmas envelope U84 bacteriophage Iumju?f@wdﬂ'@m (fuse) mmﬁu@'@ﬁmmz{
(cell membrane) 189LUATDY G4 bacteriophages @111301a88 genome WWnginad
weauuAfizylE bacteriophages Tu family Plasmaviridae e 1 genus LR RN
bacteriophages ‘ﬁﬂgﬂu family 7 1 L2 Fldin (Ackermann 2003)

Bacteriophages T3 family Fuselloviridae NANHUTAREINANTUND (lemon-shaped)
LL@xﬁMmm%u °| (short spikes) ﬁﬂmﬂfﬁ’mﬁﬁ\i capsid 184 bacteriophages i family ﬁy
13znavudae hydrophobic proteins 2 1ia wazlsfuitléanannimagidnting (host lipids)
capsid AIna1aNnsngninanelilag  chloroform bacteriophages 1 family
Fuselloviridae {\ie 1 genus Inesaagnaues bacteriophages ﬁﬂi_ﬂu family o 1 ssv 1

sl (Ackermann 2003)

Shape Nucleic acid Families Genera Examples Members characteristics
Tailed DNA, ds, L Myoviridae 6 T4 1243 Tail contractile
DNA, ds, L Siphoviridae 6 A 3011 Tail long, noncontractile
DNA, ds, L Podoviridae 3 T7 696 Tail short
Polyhedral DNA, ss, C Microviridae 4 Ox174 40
DNA,ds, C, T Corticoviridae 1 PM2 3 Complex capsid, ipids
DNA, ds, L Tectiviridae 1 PRD1 18 Internal lipoprotein vesicle
RNA, ss, L Leviviridae 2 MS2 39
RNA, ds, L, S Cystoviridae 1 Ds 1 Envelope, lipids
Filamentous DNA, ss, C Inoviridae 2 fd 57 Filaments or rods
DNA, ds, L Lipothrixviridae 1 TTVA1 6 Envelope, lipids
DNA, ds, L Rudiviridae 1 IRV1 2 Resembles TMV
Pleomorphic DNA,ds, C, T Plasmaviridae 1 L2 6 Envelope, lipids, no capsid
DNA,ds,C, T Fuselloviridae 1 SSV1 8 Spindle-shape, no capsid

C =circular, L = linear, S = segmented, T = superhelical, ss = sigle-stranded, ds = double-stranded

A9 1 N1sdnanuunailn uazaantiAlaeialiees bacteriophages
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dsDNA

ssDNA
et
I
Microviridae
Corticoviridae Tectiviridae
Podoviridae
. @
Myoviridae
Siphoviridae
Plasmaviridae
Pz L
S ‘)’"‘_} \
Lipothrixviridae b
= Fuselloviridae
5
Rudiviridae
dsRNA
ssRNA
| O )
Inoviridae Leviviridae Cystoviridae

5uU# 2 lnazunan (diagram) uaAIANEUEY bacteriophages 11 families 54 ]
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Bergey Bacterial group Myoviridae | Siphoviridae | Podoviridae PFP
section’
Gram-negative bacteria
1 Spirochetes 10 1 - -
2 Spirilla and vibrioids 26 14 - 9
4 Rods and cocci, aerobic 303 323 230 22
5 Rods, facultatively anaerobic 440 340 300 93
6 Rods, anaerobic 4 21 5 -
7 Sulfate and sulfur reducers 1 1 - -
8 Anaerobic cocci - 2 2 -
9 Rickettsias and chlamydias - 1 1 2
11 Endosymbionts - - 2 -
18 Anoxygenic phototrophs 3 6 3 -
19 Cyanobacteria 22 6 16 -
20 Chemolithotrophs 1 1 - -
21 Budding and/or appendaged bacteria 8 90 14 8
22 Sheathed bacteria - - 1 -
23 Nonfruiting gliding bacteria 30 2 - 2
24 Myxobacteria 11 - 5 -
Gram-positive eubacteria

10 Mycoplasmas 1 2 14 21
12 Cocci 44 1144 29 -
13 Endospore producers 257 317 51 10
14 Nonsporing regular rods 71 213 2 -
15 Nonsporing pleomorphic rods - 183 13 1
16 Mycobacteria 1 77 - -

17, 26 Nocardioforms 1 95 1 -

°Bergey’s Manual of Determinative Bacteriology

bPolyhedral, filamentous and pleomorphic phages

A157991 2 AIUIULEY bacteriophages NHIIENIUINAINITALNINULATIFENGNFAN °)
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Bergey Bacterial group Myoviridae | Siphoviridae | Podoviridae PFP
section’
Gram-positive eubacteria (#8)
28 actinoplanes 1 4 - -
29 Streptomycetes 2 121 8 -
30 Maduromycetes - 3 - -
31 Thermomonosporae - 27 - -
32 Thermoactinomycetes - 3 1 -
33 Other actinomycetes - 6 - -
25 Archaea 7 7 - 18

°Bergey’s Manual of Determinative Bacteriology

bPolyhedral, filamentous and pleomorphic phages

M15991 2 A1UIUTBY bacteriophages NHIIENNUINAINITOYNINULLATIZENGNFNG ] (8)

Phage group or family Bacterial group or genus
Tailed phages (Myoviridae, Eubacteria, Euryarchaeota (extreme halophiles and methanogens)
Siphoviridae and
Podoviridae)
Microviridae Enterobacteria, Bdellovibrio, Chlamydia, Spiroplasma
Corticoviridae Alteromonas
Tectiviridae (a) Enterics, Acinetobacter, Pseudomonas, Thermus, Vibrio
(b) Bacillus, Alicyclobacillus
Leviviridae Enterics, Acinetobacter, Caulobacter, Pseudomonas
Cystoviridae Pseudomonas
Inoviridae:
Inovirus Enterics, Pseudomonas, Thermus, Vibrio, Xanthomonas
Plectrovirus Acholeplasma, Spiroplasma
Plasmaviridae Acholeplasma
Lipothrixviridae Crenachaeota: Acidianus, Sulfolobus, Thermoproteus
Rudiviridae Crenachaeota: Sulfolobus
Fuselloviridae (a) Crenachaeota: Acidianus, Sulfolobus
(b) Euryarchaeota: Methanococcus, Pyrococcus

AN5991 3 uuAnEanaINnsagnynIntilag bacteriophages NEMEINN
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ﬁ’uqmam% (Genetics) U84 bacteriophages

o

aAney ¥ . A o A o .
nlEnananwdaIn genome 189 bacteriophages HNyiNuuuniiu single-stranded
DNA  double-stranded DNA  single-stranded RNA LAaZ double-stranded RNA 9y
\ o ANy o e Ay . o A
genome LLGIZ\]ZLL‘LIUEI\‘]@’WNiﬂﬂ@’]ﬁl@ﬂ‘]ﬂrmx [ aneneeNudung (linear) wag aneueniiu

24anad (circular) (AN3799 4)

Phage Host Genome type Genome size (kb) | Number of genes#
MS2 E. coli ss linear RNA 3.6 3

dx174 E. coli ss circular DNA 5.4 11

M13 E. coli ss circular DNA 6.4 10

T7 E. coli ds linear DNA 39.9 55

I8 E. coli ds linear DNA 49.5 48

T4 E. coli ds linear DNA 166.0 150

A15199 4 ansaussialdaes genome 1849 bacteriophages L1913
(ss = single-stranded, ds= double-stranded,

" = the numbers refer to genes with identified functions)

ANANTIT 5 azdiudn bacteriophages UN9THAN genome 1uNALGN Ttlsznavufag
guiiea Ny 11U bacteriophage M13  bacteriophage THARN genome 1uAlseanL 6.4
d! v al al al tﬂld 1 dgll [BE~1 al o o o‘d‘ dl v o

kb edsznaufaatwies 10 84 lneduunaridaulugdugudviueulsf@minadesiu
N32LIUNITANARIALAY (replication) 184 genome U84 bacteriophage M13 (ﬁu Il uay fu V)
waztiudmiullshuniiludauilsznavaeslilsiumetin (capsid) 1849 bacteriophage M13 (81U
Il 84 V uaz 8w VI (3U 3) dou bacteriophages UIlai genome awnlug @
sznaufioaduaiuaunn bacteriophage lambda (bacteriophage A) bacteriophage
a dgld 14! % al o A = o o
1RANN genome 1UNALTENNL 49.5 kb Tuilsznaufnetiuatuiuninuenuilallannguduiy
ulmingadeaiunszuIuN13aNa096aLesT89 genome 194 bacteriophage A (Bulungs
replication) uazgiudmiulilsauniludoutlsenauvesidsfiualinaas bacteriophage A (head

genes LAy tail genes) (?ﬂ‘ﬁ 4) NG bacteriophage A Qv genome muﬁmlﬁﬂ&i WATHEIL

a

o

° = 3 . & o [T o 3 A Yy v
mmummwmimnmm bacteriophage A NEN @WLﬂum‘ﬂ\‘l‘ﬂ’]ﬂﬂLsﬁ@@LLUﬂVlLﬁ‘HL@’]UWusLuﬂ’]?

° a a o . Ry & As A P
ANTNTWNLRNAUNL bacteriophages dl genome ﬂuqﬂL@ﬂLLﬂgﬁJﬂuLWﬂ\‘iVLNﬂﬂu
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3“1]‘71 3 genetic map 194 bacteriophage M13

Head genes Tail genes Recombination Regulation  Replication Lysis

| A WBCNu3DE FZUVGTHMLKIJ attintxisa By cIIN clcrocll oP Q@ SR]

1% 4 genetic map 283 bacteriophage A (WAAAUANZEULNELLYINTIL)
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Bacteriophages 1N9mRa# 1813001 N lElanIy Iytic cycle WALNSTIRAZINTAN 1A

v
o

NalAva Iytic cycle WA lysogeny

\la bacteriophage yngniinliendustlumaduuaiizy azinlififanisnlasuulas

v 2 v

<2 o - A Yy v 20 o o < o Ao o L= o
°1|uﬂl|Lsﬁ@@LL']_WW]L?ﬂL@'T]Jqui@lu@ﬂﬂm&'ﬁl@@ﬂﬂmzﬂu@@’]ﬂ 2 ANTVUSNNIAIAENANINN - INU

v
1o a

UOLNUTUATDY bacteriophage

2D,

a &

nalaeulasludnEnizusn Guduainnish bacteriophage WM AR89 Tad AN
tiu (Tpan13duniy receptor AR LRI s TadIENTL) ANty bacteriophage azilaas
genome  ingadidntinu Fannelimadidnting genome Fanannasin LS Ly
uﬁ\immfu%ﬁmm’éwiﬂiﬁuﬁLﬂumuﬂ?zﬂ@mmiﬂiﬁuﬁ@ﬁm (capsid) TntanAediayanig
WWFNIINAN genome 284 bacteriophage usianAeaulndsing | VBTARLANTINU Gasiaan
bacteriophage  genome LL@:TﬂiﬁuﬁLﬂumuﬂi:ﬂ@umm‘iﬁiﬁw’faﬁm:mﬂizﬂfauﬁwﬂu
bacteriophages *ﬁmmzﬁ 7191 bacteriophages AMuaLKNNARTUAEITARIANTIY
an1i bacteriophages azanguuAiiaeating uAzugmBENgNILEN bacteriophages i

v o

) s A s v A vy P~ A v g
qu@ﬂﬂQﬂﬁﬂuﬂﬂLMmummmwfﬁﬂﬂ‘]_J‘ﬂﬁ;ﬂLﬁﬁ@m@’m’mmmﬂm A UNITEINFALABIINAT

X a o {

ud  Wesannasasiifluagasiinnsvinanemadidntinn - AaiReFenaeasaananatian  Iytic

infection cycle 938 lytic cycle (sUN 5) wazizan bacteriophage M IHAA29asiIN virulent

u

phage FalFun bacteriophage T4 i
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bacteriophage genome

virulent phage

i e e T S bacterial chromosome

injection of bacteriophage genome
into host cell

replication of bacteriophage genome;
synthesis of components of capsid
(heads and tails)

bacteriophage genome

head

assembly of bacteriophage particles

V100

l lysis of host cell;

l bacteriophage genome packaged into heads;

release of bacteriophages

gﬂ‘l‘?"l 5 lytic cycle 2984 bacteriophage T4



a &

a o = a oy = . =l
maasundasluaneusnaas Gufuannim bacteriophage HAIENHNIUDILTAR
Y v [ -QII o a Y v 1 4 ] &
bR (IﬂﬂﬂW?@UﬂU receptor NANNITUUNIVBIULTANLINLY) uarilaas genome LINQLTARN

v

11t ANl genome 984 bacteriophage azunsnidinlilagly chromosome aaaLta#AIAN
11% (host chromosome) AraAWana e il bacetriophage genome #@NN1IDLNN
o £ o Aal o v Aﬂl a .
Auaulindan o Aun1siaaIuINLes host chromosome 16 (317 6) (an bacteriophage
genome Nunsnidinlietflu host chromosome 41 prophage war Bennisulasuuilasiiia
d” o Y v o 4:4”: I . 1%
AunuEaaan TR luan el lysogeny prophage mmm@qh lysogenic state 115
(308 ) AUN919xAN1INITFU (induction) Fivedanssfummunzan T9axinlii bacteriophage
ag/Tu lysogenic state tlaauli1dasasidauu Iytic cycle (317 6) nsiasuann lysogeny il
\{flu ytic cycle aunsniinlulilnanisf bacteriophage genome azgnsinliiugnaanann host
chromosome  AMNUUAZANTIANAIUINLBY bacteriophage genome uay Hnnsasnalilsmiun
\udouilsynavaaslilsfiuradin (capsid) @esaxnn bacteriophage genome uay NlsAuniilu
doutlsznauneslisiuiaiinazunilsznauiu vinlid bacteriophages anuausnAnaunel
Y v Aﬁl . 1 Qly 1 £ o Y v

AARITINY @9 bacteriophages wanazngaaangniauenlilaanisvinangmagiintinu
(Fan bacteriophage Naunrann liinm i lysogeny Wag lytic cycle 91 temperate phage iR
14un bacteriophage lambda (bacteriophage &) \lwfin

#upi19 | 294 bacteriophage Mzfiadiini9iia Iytic cycle

. 1 Y & 1 A . . . .

lytic cycle a1d190 RNy ?:?;lﬂ‘my °| A8 early infection WA late infection

seely early infection axiilifausduAaUA genome 189 bacteriophage gnilaasiing
LUANLTELATUTUIUINYUARUNLTHNNTSLUIUNIT replication (NMTINARIAILDN) UBN

) a & PR v e A v o °
bacteriophage genome LNAYULU Iu??.ﬁﬂgfquflmq?@?q\?L@uisﬁﬂmqﬂ °‘] NNEUIUBAINLUNITANRNEN
o . 4‘ e 1 d’/ ) A al o
fale9189  bacteriophage  genome  ieulmiivaniiargnin 1 lunsiuawiuaeg
bacteriophage genome gl 7 szaiz early infection lHundumau infection uaz early

development 97U

23



temperate phage bacteriophage genome

bacterial chromosome

P host cell (bacterial cell)

B

1 injection of bacteriophage genome into host cell

bacteriophage
genome site-specific recombination

..

prophage

induction
excision of bacteriophage genome
from host chromosome

bacterial chromosome
bacteriophage genome

replication of bacteriophage genome;
synthesis of components of capsid;
assembly of bacteriophage particles;
lysis of host cell

90

3‘1]‘17.1 6 bacteriophage lambda @xn1annlAna L&A lysogeny wag Iytic cycle
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ey late infection Azilisiaainszar early infection aufvdumauNEagIETInugN
o a ' . ' PR aa ¥ A Ao
nanenarinslase bacteriophages aangnieuan  sveviiflussazninisasaldsnuiniy
doutlszneueslisiualinaas bacteriophage lnsanAuiauladnevaadidnting Wallsu
waniunszneudindcaiudugauia (head) wazdaumng (tail) W&? bacteriophage genome

%

= P . o < = Y o A= )
avazgnuesqdinllludouda  aanudeunnsasazilsynaudindudowiondl  bacteriophage
;oA Uy v . = - = ' | ° o -

genome ag] Waliildl bacteriophage Nanysnl Geazgnilaeasangniauaniaanismnliiimas
LILNULLEIN slugﬂ‘w 7 32812 late infection lAuA TuRay late development LA lysis #9HNU

Tuszaizsing 7 284 lytic cycle aziin1suanseanvaeunuanse iy Asiuaglfiinisud
8upin9 ) 789 bacteriophage MiNeadiesiiuniaiin lytic cycle aaniilu 3 nqu ANIzazaas lytic
cycle eI ] hEnNaan 1AuA immediate early genes (‘].I’N‘ﬁ@’wﬁfﬂﬂdﬂ early genes)
delayed early genes uaz late genes u bacteriophage FNTHATIANANTD FINNGNIDIEI
WMANTRLANANGTU

immediate early genes WaT delayed early genes dlugunuanseanlussay early
infection 194 lytic cycle Tnel immediate early genes AazifluEUNGNLINTUAAIDANUAIAINT

. 1 v ] & Vv v dl [ 1 d”dl = 1 dald
bacteriophage 1aas genome dnguiadidtinn  wpnihuduiiiiesiniulungun

dl A o = e v v [ %3 ngj = 1 d”d U =

promoter Mwideuil promoter westuluEaRIANTY  AwiuEulunguiiRsa i 1T smu
AYUAN (regulatory proteins) se ) MiRendasiuntsuansesnaestudntinulunisuansean
10959l daunisuansaanaad delayed early genes finsandalilshuunesanlfinnainnig
LAAIRANTAY immediate early genes AU delayed early genes azuansaan liseLiie
immediate early genes AAYULAPNAANAAULANS

late genes \flugunugnsaanluszay late infection 184 Iytic cycle N1FULAAIBBNUBIEU

1 dgl9/ o a o dl 1% o oe//
Iuﬂqmum@\‘iﬂqﬂﬂiﬂ?muﬂ’]\‘iﬁ]QVIiﬂN’]“ﬂﬂﬂW?LL@@\?@ﬂﬂﬁl‘ﬂ\i delayed early genes ANUUNNG

LAANARNTYAN late genes AAATUNAIAINT delayed early genes LAPNAANLAILAND
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bacteriophage genome

bacteriophage Infection
bacterial chromosome

bacterium

Bacteriophage attaches to bacterium.

Bacteriophage genome is injected
into bacterfum.

bacteriophage genome
Early development
Enzymes for replication of
bacteriophage genome are made.

Replication begins.

Late development
head ‘ Heads and tails are made.

Bacteriophage genome is packaged
ﬁ" § ﬁ into heads.
Bacteriophage particles are assembled.

Lysis
Bacterial cell is broken to release
bacteriophages.

gﬂﬁ 7 sva early infection LA late infection 484 Iytic cycle
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azifiulidinisuanteantesEiusing o Mneadeaiuniaia ytic cycle azianwniily
o o o L =~ o ayy . . 9
aeudu nanaAallsiuunenlinnainnisuanieantes immediate early genes Azgnli
Waldl delayed early genes @nunsauamaeantd wazllsiuunesailiniannisianseantes

delayed early genes %Qﬂclf‘ﬁLﬁﬂslﬁ late genes @1:130LAASRANLE (g‘ﬂﬁ 8)

immediate early genes ————> proteins
delayed early genes ————> proteins
late genes ————> proteins

4 o

& P PR . o @ o o o
:J:ﬂ'Vl 8 NITLHAANAANUBDILI LA NGRS N lytic cycle HanenisiiuanAuTy

4 o

8lupin4 - 984 bacteriophage Mieadasitinigifin lysogeny

o ANy ¥ . a ° 6w a %
Aan bAna1aNILaa9n bacetriophages VINIRAZINITONN ITAA lysogeny 15 lne
. o Y 1 a al Y v
genome 183 bacteriophage azunsnsaidinlileglu chromosome aasuUATIBEANTINUASS
AU T9axiinlil bacteriophage genome anunsniinauanlindan o Aunisiiia
AMUIUABY chromosome 18aadLATNUlE N7 bacteriophage @1x3avnHiAA lysogeny
vy N o o a . . o
1fifiasanAunisuanieanyedeusing | Al %A33N7 bacteriophage genome gnuaaidinlyl
luadidnting aziinnsudneaanaes immediate early genes anniuldsAuu1eFanlAn1an
NITLAAIRAANTURY immediate early genes azldninli delayed early genes ANNTOLARIaN LA
FalilsRuunedanlinnainnisuamnsaanaad delayed early genes azldinlsiinnsuansaanues
= Aﬂl t:ll ¥ o o . I I ¢ v
Buinendieaiunsunsnsiaaes bacteriophage genome Winliaglu chromosome wasma#1AN
o N o o A o o o o o o qu
tiu uazBuduiuldsaudugesnanunsnldaudonisuansaanaas late genes 6 Taaznnli
bacteriophage laigunrann A lytic cycle 15
(=3 P = ] dl a; v o a v o
auiiiulidinisuanseantesiiusing o Mneadeaiuniaia lysogeny axAdng | fiunis
WARNEANYRIEUFNY 7] MiNaadesiuniaifia Ivtic cycle An AN1suaAI98NT8Y immediate early
genes LAY delayed early genes WARZUANANIAUMAIAN NN TUAAIDENT B delayed early
v A % @ a = = dl dl v o o
genes ufa A duiluniafia lysogeny azlinisiansaanaasEuninatdasiunsunsnfaued

bacteriophage genome tinlilag]lu chromosome weaiadIANTInY warEiudmiuldsmiududan
b %

aunsnldeuganisugansaanaed late genes M wanednilunnafia Iytic cycle aziinng

LAAIAANTUDY late genes
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1lseTamiiuag bacteriophages

a K !

\Hananaliy bacteriophages EaugdaulugiinaAntiausider

al

@8l 11 bacteriophage

v v 1
4 o =2 ]

UNTRAANTONNA LT aAAfULeaNTuEN (starter culture) Tedanannldnnsudinifinmnu
@evng vise bacteriophage UNNIHAdNNNTavnluLARFeuaNeTia Wiw V. harveyi
(Austin WazAndy 2003) V. cholerae (Waldor as Mekalanos 2003) was Corynebacterium
diphtheriae (Rajadhyaksha Uaz Roa 2003) HAanuawnsalunisialsaliguussdu wsil
@ A v ° A 0 = - . = PRl g
AuluaTandaiseauawauNInnananedselamives bacteriophages Tlunilazen
unanlusinatinayingu
Iuﬂizmuﬂ’]%ﬁﬂ (ripening) U84 cheese 1N starter culture A lunsmdn
cheese @Nx17uWANAANELadld (autolysis) azynliiinislaniaseienlad peptidases
neluliageues starter culture (intracytoplasmic peptidases) aanu1 daieulmdmAanana
ANNNTDTILLINIELIUNGGNTBY cheese M AINNITANHINNIUNINIIBNIURINIINY
bacteriophages UnetRaNeadiasiunigfia autolysis 109UUANGEY Aaaenadu Husson-
Kao uwavmmie (2000) lEs1eanuiemansiiendeaiissudng bacteriophage ALN13LAA
autolysis U84 Streptococcus thermophilus way O’Sullivan kazAne (2000) [ ERTRIGR
AKINeRdeaiuIzudng bacteriophage UM autolysis 184 Lactococcus lactis \ilw
fiu arnmeerusanatarinliimauduldiflunngmin bacteriophages 1 lunnsimun
anenugue starter culture TaeMnlif starter culture @MN3OAA autolysis TutaaIAN
%
faanns
A . = o aa =2 Yy o a
aMnN1TN  bacteriophages AAaua i lunvnanauuaiize  aglifininen
Ll = a dl o . P4 o a = rall =3
ARNATIUIUNINAAINAATIAZEN  bacteriophages a0l lunnsinaneqauvisdnlaing
dszasd 1y qauvisdnalen  Wubiu  F9annsNEseIURIUIUNINATLAYUA AR
o 1 o % o . v o a = rdl =3 o
panann  inlinetin  bacteriophages  #1 M lunisvinansq@uiaanlinelsyassinnng
dullEifuetnann annsAnefenuunlfinnsnaaestin bacteriophages U1 lunns
Mmatauuanizenelsaludnimeass faeg1adi Biswas WazAe  (2002) @1x130ld
bacteriophage Wn9inane Enterococcus facium Nnasasn vancomycin (vancomycin-
resistant Enterococcus facium, VRE) %qgﬂﬂﬂﬂﬁﬂﬁlﬁmim VRE-induced bacteremia 4
UYNAAeY Uar Cerveny WATANY (2002) 411190k bacteriophage Tun13nnang Vibrio
vulnificus Agnin i liiifalen septicemia Tunynaaed wanaINnsii bacteriophages

o

TunianauuenZunalsaludninaaaauan 9NN LT U ANAINITDUD
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bacteriophages 8nwaneaiiaunisvinanemanalsasng o) iy Bacillus anthrois Taiily
wupizeRnn1iifnlsan anthrax (Schuch waTARLY 2002) Streptococcus pyogenes
Streptococcus pneumonia WaY group A streptococci geflumenalsanuenlfann
mucous membrane mmﬁmiﬁmqﬂé’wuu (Loeffler uazmndy 2001, Fischetti 2003,
Nelson wazmande 2001, Loeffler wae Fischetti 2003) Clostridium perfingens Tefluene
Tsannylélue1vs (food-borne pathogen) (Zimmer wazAndy 2002) WusW wanaInng
111 bacteriophages Wl lunsvinanauuafiFenin Safisneaunudn bacteriophage 114
sipaunrannanelaials @y bacteriophage phi29 pRNA T9&NNTONNA1E hepatitis B
virus (Hoeprich uwazansy 2003) LiluAu

N1 bacteriophages lUldszlemdiflu  intergration  vector  Aflu@ed
o a o = | ~ ° A = @ o
uﬂ']ﬂ/]ﬂ’]ﬁ']@mﬂﬂﬁ'ﬂ’]ﬂ@ul“’uﬂuﬂﬂqﬂﬂqﬂ LL@zN?qﬂﬂqu@qurJquﬂV}LL@@\TQ\WVJ'WNLﬂu1ﬂ1®
(Coffey WAz Ross 2002)

A all | 2 % o a al < o ::ll Y & K
UANLUAUBAINNNNANINIUWNAY ﬂ\jNﬁ‘qﬂ\ﬁf]u@ﬂLﬂu@qu'}quﬂwLL@ﬂ\ﬂﬂLﬂuﬂ\?ﬁ'}qN

dul/lElunsin  bacteriophages T lselen! Teanmdnlueunansilndiimeinisin

bacteriophages 1 MuseTagiiuagnaunsvay

Bacteriophage therapy

3t bacteriophage 1ML lasiu uazinulsn visefidandn bacteriophage
therapy (Alisky LazAnly 1998, Barrow karAnly 1998, Barrow way Soothill 1997) 14
Guauludomansmi 1980 Inedinneld bacteriophage lunsinenlanfinide
Escherichiae coli .Iumémm@m LL@ﬂuzﬁlmegﬂ\mmmﬁm (Smith kae Huggins 1982, Smith

WwaT Huggins 1983, Smith wazAnE 1987a, Smith WATAME 1987b) Fanvialnsli

[
aa a4 '

bacteriophage sLuﬂW'i'}/ﬂE’]i'iﬂsLuﬁuﬁLﬁm’mﬂﬂ’]’a‘amL%”@LLUﬂVILiﬂVlmﬂm@ﬂﬂﬂfﬁ']u: (Alisky
UAZANLE 1998, Slopek LWazAY 1987) s senuanEuE NN IR ety
N9t bacteriophage Tl lun1sinelsasing <) (Barrow uazmAz 1998, Berchieri way
ATUWE 1991, Merril LazATUE 1996, Ramesh LazAndy 1999, Soothill 1994, Soothill 1992,
Soothill 1988)

fladefinnlinsld bacteriophage Tunisinenlsailufiaula Ae AMNEIRNT0T8q
bacteriophage Tumsinaneidenialsnatnesmng fafumniin bacteriophage 1M lw

n135nE13A bacteriophage Nazlinnasianiz@analsawiniu Inanlunidunsuseide
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v
o o

a al o nal n:ll o 1 1 & 1 o o 1
uuANELlsEaniu (normal flora) Nedtiagluseniavesal uazdns iedaluindunsiesie
- o o w g ° = Y = sy o

ARURIAU WAZARTANAYE UBNANUNITATITNTNULLABININITARLANTIN (host cell) U89
bacteriophage fiiluanilasenilannnli n15ld bacteriophage Tunnsnenlsallunanla
o A4 = % . « o = : 4
Matlillasanilatngld bacteriophage Tun1sdnelsa 1a9an? bacteriophage vinang
danalsAuda bacteriophage fazlianunraanssdnsalullfifae saiuasladfitymineatu
N30 bacteriohage ANASlUTNNEAY LazdRnd nasan?ind bacteriophage lun13inm
19m

bacteriophage naneiialigniinunldlunisinenlsnsesdndin wi fs uazilan
aenalUsz@nBnn faatnadu

n3'li bacteriophage 7iagjlu family Siphoviridae @vuanlfaindanfiiiiulsa wazin

o % o a & a , A4 A a oA

andataestan i lElunsinenlsafnmaluanize Lactococcus garvieae (VIaTalANAS
Enterococcus seriolicida) Jsdan yellowtail (Seliora quinqueradiata) (Kusuda LazAny
1991, Nakai LlazAtue 1999)

N9l bacteriophage ﬁﬂqﬁlu family Myoviridae waz family Podoviridae Tauanlé

tﬂl [ 091 ] d’l | o [ a d” ala
andainiilulsa uaztnANLaLaeNLan saunulunisinnlsnfn@auL AN e
Pseudomonas plecoglossicida Tudan ayu (Plecoglossus alitivelis) (Nishimori WazAne
2000, Park LazAndy 2000)

v . dl 1 . . . dl v og/ 1 dgl b %

N34 bacteriophage et family Siphoviridae Faueinlfainiinantiai@eafis 10
T unsfnenlsnmnmianunaniEe V. harveyi Tusiaaau (larvae) 194fjs Penaeus mondon
(Vinod LlazAnds 2006)

N34 bacteriophage ﬁ@ﬁlu family Siphoviridae Fauanlfannuesunas (oyster)

09/ 1 dg/ 1% 2 o a d” a a . L
waztinanueiassis 80l lunnsinunlsafnmawuanize V. harveyi Tudagau (larvae) 199

ﬁ\‘l Penaeus mondon (Karunasagar kazAtuy 2007)
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L4 aa
adnsal uazdsnns

WUANLSY RIWITLAENLTAUASNITINIZIALN
Tuns@ne Tl Vibrio harveyi €S101 ilulaadiaad (host cell) WamsaauIwLA
wmaslamaannunasinsssumfuazantadestis  uazldlunisiiuauauaesuuames
Tawa paenaulidnmamanti®sing o sesuuameslamanuentd wuanBessnanay
wuaanuen fanfenidulsaisauas Tuns@nenivinnia@es V. harveyi CS101 1u
81117 BHI broth ¥i5a BHI agar M&in NaCl M laaanudinduwindy 1.0% (wiv) (BHI-NaCl)
VUi 25 a9AIA TS
Aa Hey = a o aa
wuaRzen i lunisdAnmauaunsnaesuuamestamalunsmiiaauuansaans
Wugaw (bacteriophage host range) HANWINIAAU 33 @nesilf THATBSULATIEY LAY
annzlunisiaesuuaaiaun liuansiluniseh 6
a Al a @ o % t:ll a Lﬂl & o
wuaRzennaiagniiuineElueunamaiitiis 20% glycerol (viv) le5iaIn1siin

ANA A @ o o 9 =2 o g s A qounw PR .
LLUﬂVIL?ﬂWLﬂU?ﬂH’]VLQNW%ﬁ ’NM’]ML@WUH@’M’]?LBNwaﬂsluvl,miﬁi@umm (smgle CO|O|’1y)

! o =2 ~ =< - g e = o o !
Aau uanavaanaauikialatunassluaisivan antuaein g lunnmeaassalyl

NsLRsaNdITazataLLALNesLlaina (Bacteriophage suspension)
ALABLNTENANUNANTINEITNTNAYFRANLBIRENTN 998 5w wlsaziseann
1 ams wssatwsinagniinanlilunisuanuuamesiawla (bacteriophage isolation) 7
AUNNZAR V. harveyi CS101 Taeiiagnnshe tninsietetiuimg 15 aaans intfumaes
. A < @ A & Ry Y
(centrifuge) NAINLIQ 5,000 xg tlWa1 15 wn wivdoula (supernatant) AlFannnisihy
wine lnsesenuEuNgeq (filter) NaWIATRIINTY (pore size) Winfu 0.45 Tulasiums w0
YBUUAMNENUNITNTBINEANALRMNT BHI-NaCl broth Nusizan il aanndindudlugeain
(double strength) WazyAs V. harveyi CS101 NiviudinuA (overnight culture) agliiBunms
500 lulAsdams Uud 25 asAaaad@esd unan 18 Falue annfutinunthuesianusa
5,000 xg \{uaan 15 w1 iugaula (supernatant) Nldainnsthuvinesldnsaaninueiy
) R ) Ve A g
n7ey (filter) NNUUIALRIZNTU (pore size) MNU 0.45 10IANAT VBUUAMENUN1INTBIT
a 1 a . . dl o A
Bendn  AN9aTANELUAWEsaIWa  (bacteriophage suspension) degninlivnaaauang
wuAmestawanannTannane V. harveyi CS101 18visalal (bacteriophage detection) lag

aal
11 spot test
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N5ASIAUWLLALNDS LaLNA (Bacteriophage detection)

AsATAMLLAWEslama  (bacteriophage detection) Imedd  spot test &
MERLBART @8 V. harveyi CS101 TiAesluenns BHI-NaCI broth wastidinamuy
1Bums 100 lulasans waniuenuns BHI-NaCl soft agar (Aansdindivaes agar winriu
0.7%) sums 3 Haaang v ldiviaRamiine s BHI-NaCl agar Wazsalianung BHI-
NaCl soft agar funsuadliiiundei nan bacteriophage suspension fidain1snsage
Iflunemeslamaiaunsaninane V. harveyi CS101 siselal 1Buans 10 Taulnsams aeus

Hauinanmns BHI-NaCl soft agar Wauanunsiassdaliinnguuni 25 asamadas

u

4 !

Whnan 18 daTua antiudainmqnidaulaueannsdued (clear zone) MATUATNATLALNN

¥ 1
a K

ANsuEm  bacteriophage suspension el #1RdaulareanisdudannTun ALl

dl o

Jananaunanednlu  bacteriophage  suspension  HuRLUAMEI laWAN @ NNTRNIANE

V. harveyi CS101 g

nnsuanuuALNaslatna  (Isolation of bacteriophage) LAZNISLATAN bacteriophage
lysate
o . . dl % A a dl o
11 bacteriophage suspension ANAABLILAYINNLLANAT ALWANAINITONIANE
. o a aal 2 Al o o
V. harveyi CS101 ininnsuanuuAmasianalaeds plaque assay T9RIUAAUAIHE N11N1T
1ABa19 bacteriophage suspension Wil ten-fold serial dilution (1:10, 1:102, 1:103, 1:104,
1:10°...) Aaennaulaamide (sterile deionized water) 11 bacteriophage suspension W
ax3TAUAINIARAILINTRT 100 lulAsans was V. harveyi CS101 NundnuAuLEumg 400
luTAsans naniuevng BHI-NaCl soft agar (0.5% agar) 1Bu1R3 4.5 NAAART UNdIuNdN
AANANUNTLAILIURINEN219T BHI-NaCl agar wazseliia1ving BHI-NaCl soft agar i
aeliiuudes danumnziaeame hilusngungi 25 asrmamoa wiu 48 dalug ay
dsng plaque Wiiiuluawmiziaes 1nen plaque Viagaen ) (single plaque) 11 1
plaque Tne'ldiilane pipette tip @y plaque Aananannguadlua1ms BHI-NaCl broth
1B3u1ms 100 luiAsams 1N V. harveyi CS101 AdndinuAutzunms 400 TulAsamns waziinun
NANTLA1MNT BHI-NaCl soft agar 13u1As 4.5 NA8ART UNAIUNANAINAIINALASLL
Rantineyng BHI-NaCl agar wazsaliia1yns BHI-NaCl soft agar Mnviuadliiiudasia
o P | a ~ o " a
thanmziasateliinnguugil 25 esAma@as wiu 48 dalus @an plaque e

1AE 7] 11 1 plaque 4841487113 BHI-NaCl broth 131179 100 lulasang i V. harveyi
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CS101 NundnuAulBuImg 400 wiAsdams waztnunnaniueanuns BHI-NaCl soft agar
1501A9 4.5 Ta8ARNT UNAIUNANAINAIUNTLAILURINTINAMNT BHI-NaCl agar wazsa’li
@113 BHI-NaCl soft agar wviuashliuudesin thanumziassdalilianguund 25
o . d. 4 o ¥, d ey .
a9AIATEA WK 48 dalue 1@en plaque e wazindduian 1 sau e liudladn
Aﬂl t:ll & :/1 [ a Aﬂl a t: :/I o 4:4‘
plaque tnenaanituwuAmesTamWaniBans (pure culture) AN plaque thEn

o

ﬁimuﬂ%@umqm a1 ldasluauis BHI-NaCl broth 1inms 3 Naaams W V. harveyi
5101 AitdnuAuifunms 100 lalnsdns dufiguunil 25 asrnmaidon wiu 48 dalug
v lthusAesiinanusa 5,000 xg tunan 10 w1 Wiudaula (supernatant) 805y pH 13
Winiu 6.5 Aog 3N NaOH udansesenuukunges (filter) ﬁﬁmmmmgwqu (pore size)
wind 0.45 lulasins seamaiitliluduneuiiandn bacteriophage lysate NsLfLENE
bacteriophage lysate M 1&taasinliiAn chloroform (5% viv) Lmuﬁui’dﬁqmmﬁ 4 A3AN

a

\aLded 13aLAN glycerol (20% vAv) LL@zLﬁuﬁﬁqmmm 20 R9ALTALTEA
NITUIAMNLTNTULRILLALNE3 LaLWa (Bacteriophage titer)
msnAnudinduresuuamesiewa Ineds double-layer agar method H38n13
N eetanieanmanudiniveecsamelamaninnsEeaneunn  ten-fold
serial dilution Murindulannide (sterile deionized water) ANt e Tz
1@ea9sine < denms 100 lnlmsams ldadliluans BHI-NaCl soft agar sunms 4.5
NadamT AN V. harveyi CS101 fadnuAuBunas 400 lulesans nanlifdinfuudamyiv
AYLIUANUNT BHI-NaCl agar ﬁﬁiﬁﬁuﬁfqmmﬁ 25 agATaTea 1Tlaa 48 Falua aaniiy

v

o o o dl dgl dgl A o a dld
NINTULANUIN  plaque V]ﬂﬁ"]ﬂﬁuu@’]uﬂ’]ﬂ’]ﬂ@ﬂ%‘ﬂ’ﬂ (LBABNULANNANULNIZLAENNH

¥ Y

plaque atilutas 50-300 1) Wa1uaw plaque MiLAlAWIAN A NENTuIRsLLAWS
Flawlalumiag plaque-forming unit/ml (pfu/ml) TaeldgmanisAuamsll
AN uraaLuAmeEsTaa (pfu/ml) = A9 plaque X 10 X SYALANNIABANT
FnaeN9NITANTRIRIANANNIE N UTasLL AW e A ldae pfu/ml 1w A1lunng
1 Y Y a o O v [ dl [ A

NAAEINNAIANH I NdLTaLLAMETIaWA LAWY plaque MR 150 §1 NTTALAINNIRS
4 1 Y Y a a 1o 4 7

19 1:10" wgmednanudinduresuuameslaialAwiniy 150 X 10 X 10" = 1.5 X 10

pfu/ml
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= al o = U (4‘
ﬂ’]%‘ﬂmﬂ’]ﬂﬂ’mﬂ’]u’]%‘ﬂ‘ﬂ’f]ﬂLL‘LIﬂL‘VI’r]%‘T’fJLﬂ@iuﬂ’]%“ﬂ’]@’]ﬂLLUﬂVIL%‘EIﬂ”IEIWNﬁq’ﬂu
(Bacteriophage host range)

NMInAaeUANAINIIDIILLAmEs WA lunsInaaLL A Bea e LS aulneRD

= :// o dﬁl -] dﬁl ala dl 1 v A a o

spot test NdumauAsll TdauLANBanadauNLninAr U3nnns 100 Tulasans wauiu
-dl [~1 -QII k2 a d’l a :; a Aaa % o

aW9Nauds (soft agar) Nl lunisiasyresmentiniii o sning 4.9 Hadans udamiuag

VURIUMTNe1TUde (agar) dRAAEaiU soft agar M seauRaniine vinsudesa vien

bacteriophage lysate AiANENdwWingy 10° pfu/ml Bums 5 TuiAsans asuuRiaudin

o g LA aale < & pRp
A1%19 soft agar u’]@quLWq:ﬁL@ﬂ\ﬂﬂ‘]_lNmﬂ‘mu@]ﬂmiﬂﬂuﬂqﬂwqgﬁ@FLNL‘ﬂ@LLUﬂV]L?ﬂV]@@@U

v b2 1
o a K 1 aa

dlunan 48 dalue anntiudanninidaulaueanssusa (clear zone) MATWATIATLALT
AMsuEm  bacteriophage lysate el #1fdauldareanisdudanintunAnureAInang

1 a dl % :: ] alal v :zldl
udmadnuuAmeslawan M lun1meassinainisarinatawuanzanagau s Tunsin

Usngdndl clear zone AT aziN9AsIaaaLLNetiuiBnAtlALds plaque assay

MsANEINNTEALNNEIRLLAEs laWALURILTaRIRlad A
(Bacteriophage adsorption assay)

AsANENNIE ANz IRLLAMEs laAauuRamagaes V. harveyi CS101 inlaaitin
V. harveyi CS101 (10° cfu/ml) 13u1m3 5 HadaRT 1WAN bacteriophage lysate MHNAN
MOI (Multiplicity of infection) tinfiu 0.001 ﬂuﬁ@mmﬁ 25 auANTAFEA (FUFatN9A%e
A% 0.5 TaAARs A9AN 0, 5, 10, 15, 20, 25 uAz 30 WiFt ThdratraAUlE lUThusRed
AHI3Y 12,000 xg LHWaan 10 w1 inudanla (supernatant) Tinseaseinuutiunses (filter)
ﬁﬁmmmmgwg‘u (pore size) Wiy 0.45 lulasims vhaesmaniilgannnisnsadlyl
AsvavAnAdidureuAmeTama  asanudiniusesunamnelemadiliaziiiaany
dndvresuuamedlowlad lallfineiomadaes V. harveyi ATCC 14126 @alandn
residual titer

m@mm@mf‘:@:ﬁmﬁﬂm@wmmmmmu (control) AauAllfa Taeluniamaans
ﬂ;mmu@m:ﬁmﬂfumumﬁmﬁmﬁuﬁrm'fnm wild BHI-NaCl broth unw V. harveyi

ATCC 14126 poudindivaesuuawmasiamanlfiainnimesssgaasuauiEandn  control

titer

34



nsAuALde fidusnnsEannzaasLuAmes laia LUl taauaela s
(% adsorption of the bacteriophage) mmmﬁﬁiﬁimﬁl’ﬁqmﬁqﬁi@iﬂﬁ”

[(control titer — residual titer) / control titer] X 100
NSANHINATRIRITALANE CaCl, AANTLRNSI1UIUURY bacteriophage

NMIANEINATRNANTAYAE CaCl, FaNNTRNAILTR bacteriophage Nnlagiin
culture ﬁ@g’lu@xm log phase 284 V. harveyi CS101 5N1A3 15 HARAAT 21191 4 UADA
nfnansazany Cacl, Tnaliansazane CaCl, dpnuidindugaving (final concentration)
W 0, 1, 10 wag 20 mM AN s phage lysate agldu culture 284 V. harveyi
CS101 fangnvis 4 vaaa Inel phage lysate Hanudindugainewindu 10 pfu/mi
FNTaennaAaeia 4 u@famiﬂﬂuﬁ'fqmmﬁ 25 B9ANIAEIALAY YINNITALFAYaEN

(1311993 0.5 NadaART) Anuaaanaaenuaen 10 1 alus lunan 6 dalus BTN

o Y Y .
ATINIAAINNLLNLLURY bacteriophage

NISANEINISNUAMNFAULRILLALNES LaLNA
MsEnEINIUAAaTeILAmEHa  anansaralileg  tntinndutlasnida

(sterile deionized water) U3nnms 900 lulasams ldluviaas microcentrifuge tube W&

sl inanaSauiignmniisng 1 6il 50, 60, 70, 80 uaz 90 asrnmaidna ifunan 30 Wi

1Y

Feliinaullaendefignimginaiiaels anifufia bacteriophage lysate 1isas 100
Tlpsansadllusinndutlaenidaitunislipansbauud (AN Nd LR LAmas e
wdsanninadlilutinngulaasdaugafidntlszunn 10° pfu/ml) Wua8A microcentrifuge
tube IhinseRigmndiaa Whinan 30 Wil antudusetnelinlifuawiuiilnaduas

Turnude wdatnldmAnpaudsdvaesuummeslawa (pfu/mi)

NSANEINISNUARAITIANLATAITANUAAUYFEIRLLAINas AN

’&’1‘iLﬂﬁvﬁ"ﬂ@’}iﬁﬁu'ﬂauvﬁgﬁﬂ’]ﬁd’m@@ﬂuﬁﬁﬂ‘ﬁ” Malachite green (0.1 lulmsnay
Lanamg), Formalin (30 ppm), Sodium hypochlorite (100 ppm), 50% Benzalkonium
chloride (1 ppm), 10% lodine (2 ppm), Ethanol (10%, 50%, 70%, absolute), Isopropanol
(10%, 50%, 100%), Acetic acid (0.0001%) waz Hydrogen peroxide (0.0001%)
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=S 1 = % a a a o v
ﬂ’]ﬁ‘ﬁﬂﬂ’m’]ﬁ‘muﬁl@@qﬂﬂﬂLL@Z@’]?WWNQ@HW?H%@\‘ILL‘]_IﬂLV]’ﬂ‘j‘IﬂLW“’Q mmmmim‘ﬂm
o . a o a A v a a o
11 bacteriophage lysate 1snms 100 lulas@ns waniuansAsaasfinuaauyae

1Bu1ms 900 ulpsams (AudinduaesuLAmnes lamanaIanUaNiuaT.ANUTa a7 H

1
= vy P

aauyirddaiAlszanns 10° pfu/ml) tidrungnsananqllunienni 25 agrba g

q a

luinan 30 wf wdntinldwnanaandindvaesuummneslama (pfu/mi)
m‘mm@m?:ﬁm?ﬁﬁmimm@mﬁ;mmu@u (control) fiel Iaeilun1amAasTAAILAN

iinduilannide (sterile deionized water) uwnunsldansifiviseanssinuqauriasd
nzAuNANdesduRN1sTenTInesuLAmeslama (% survival of the

bacteriophage) TuansiARisaansfinuaduriatsng - 114 amnsnAuliangnssiald

[bacteriophage titer in chemical treatment / bacteriophage titer in control] X 100

'
a

nsvinkummasiailaliusgns (Bacteriophage Purification)

a

nsnLuAmes lamaliisans NREn15Ae 1ae V. harveyi ATCC 14126 luayng

q
1 o 1

BHI-NaCl 1311513 500 Haaans WielaaiasyauiA1aauty (OD 11 600 wnTuimng) winry
0.6 \AN bacteriophage lysate asld1#1#A1 MOI (Multiplicity of infection) Winfiu 0.1 s

e 25 avAgamed  unan 5 dalne i ldilusnasnacnuEe 7,000 xg

q u

anuNA 4 aarmaded 1unan 15 wii wiudanla (supernatant) NNNTR9HNULELKNTEIN

Q a

b

HUWATBIINGU (pore size) WL 0.45 Tulmsiums it lrhuiAesTipanuBa 23,500 Xg
fqquﬁ 4 DIANVIAITEA 141 2 ‘fjlv’ﬂm azanupznal (pellet) Tu bacteriophage buffer (20
mM Tris-HCI (pH7.5), 50 mM NaCl, 5 mM MgCl,) 71159 2 HaaART vhansazaneilald
asluansazane CsCl AT AL ULLLAN AN (CsClI gradient ATl N LY 1.35,
153 unz 1.65 nfu/iadans) tlufumiesiiauida 35,000 xg oM 4 B9ANTALTYE
w2 dalug 1% syringe @jmm‘a‘@zmﬂLLUﬂLV}@?TﬂLW@U?QVIé (purified bacteriophage

suspension) 8aNNIAINANTAzA1E  CsCl ot llinlitsqrsaulaeds  dialysis u

bacteriophage buffer
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= ] an 14 |4 o a

nsAnEsUSIRILLAINESlaINARIENARIIANITALEIARATAY

n3An®Ng1l31a  (morphology)  aesuUAWas lalnafaendasqanssmidiannsau
annsalilaetihansazansuuamasiainai3gnd (purified bacteriophage suspension)
1 vem (Urzunod 25 VLuTmam) NEMANLIY grid Aa1uFeANS UL (carbon-coated grid) 14
% = Y v . v Qsj % a a
18 3 w1 udoflanuuy negative e 0.5% (wiv) uranyl acetate (pH 4.0) 918 2 w17
aniui lAnmsaandesqanssmiBianmsanuungdediny - (transmission  electron
microscope, TEM) n1287uuntiageduLamnesiamaandeinme (criteria) Nnnuualne

International Committee of Taxonomy of Viruses

nsAnellspunilugruilsznauaasvuamasiainalaeds SDS-PAGE

nsAne TsRuiifudaudsenauresuummesadagds sodium dodecyl sulfate-

polyacrylamide gel electrophoresis (SDS-PAGE) @1u13annlflagiingnsazanauuames

T@LW@‘L@?QV@T (purified bacteriophage suspension) 1B3u1ms 24 lulasdams waniy 4X
sample buffer (200 mM Tris-HCI (pH 6.8), 400 mM 1, 4-dithiothrietol, 40% glycerol, 8%
SDS, 20% B-mercaptoethanol, 0.1% bromophenol blue) 13unms 8 Tulasans wnlddulu
diden fhiaan 10 widt wdnilineenasludes (well) Ui polyacrylamide gel Tngl
vmfammmzmﬂiﬂiﬁummgﬂuﬁmmﬁ”ﬁuﬁﬂiul@q@ (standard protein marker) a9hg89
49 7 finel anthutlansnszud WA (Uszanns 50mA) snuusiny polyacrylamide gel il
nansihwliilszanns 1 dalug thusi polyacrylamide gel lifianiae coomassie brilliant
blue #79Afiandq1Nuaansoel destaining solution (50% (v/v) methanol, 10% (v/v) glacial
acetic acid) aziLLaL  (band) TlsRuudiinGu ﬁyf\uiﬂimaqmmiﬂi?}uﬁﬂu
dauilsznevvecuuAmeslaina mmmmmmmi’c-ﬁmnmmﬁﬂuLﬁﬂuﬁuﬁ”ﬁuﬁﬂimma

=
2041UAUNIMTFIY

NNSANE nucleic acid ARILLALNAS LALNA

nsanim nucleic acid (Wsa genome) vasuuAmenNa  nTaanislignardin
PureLink Viral RNA/DNA Mini Kit 2424 Invitrogen wRan@NIazane nucleic acid 184ULIA

wmaslawanaialiumaaassnaqeianla] RNase, S1 nuclease, Pstl way BamHI Ipl

annenlilunigdia  nucleic acid  freauladinanilanianuAuLETNegLEENEHAR

o Y

wld AN nucleic acid Agnanfaaeulasininaialu@nunfaeds agarose gel

U
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electrophoresis T9338N15A2 11 nucleic acid Nldannissinfaeeulaiaiingiig o Nnax
o . 1% 1 | 1 ¢=4Id 4

il loading sample udanaanldasliudas (well) UKLHYE agarose gel (MEANLTNT WA
agarose Wiy 0.8 %) tWinain 1 lunnsvn agarose gel electrophoresis Aa Tris-acetate—
EDTA (TAE) buffer wazaaumed@negnldlunsamszfvindy 100 V n19@nen nucleic
acid Megnneluueiy agarose gel vinlaennsinuiy agarose gel lifiawfnaansazans
ethidium bromide AdAMNdndiuwingL 0.5 Tulrsiuseliaaans Wuwan 15 wd anniiu

PuIANEAeLATEe UV transilluminator
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HANITNARIRBY

NSRBI ANESTaLNATIANNNTAYNANE V. harveyi CS101 anniindaasng
TunsnaaeaRlETINRALTI Aet ALY 12 Fretne Tnsudiasiuinenn
WASNEESHTNR e wsltin AReY uaziein gy S1uau 7 fratns LL@Zﬁ”’]@’mﬂ@Lgﬂ\‘iﬁ\i
Su 5 g aanmsinansTseslEanntinse i (bacteriophage
suspension) LN IRTATILLIAMEI I i@ NN TR NaNe V., harveyi CS101 1§ Tmeds
spot test W91 bacteriophage suspension MsseslEantinfatinesman 1 fee

(PW2) Gailutisaatneiifiuainuialassis a1unsadudsnisiasaes V. harveyi CS101 14

(M13797 5) Tnadunnainnisldainnislidaulauaanissdusd (inhibition zone) WHATLLY
~
0

v 7 1

AMUBMNTRENIT NN IARTBY V. harveyi CS101 1wstyat (317 9) luanzyibacteriophage

suspension Nsranlfaininsednelvaeldanunsadugenisasyaes V. harveyi CS101
%
14
° . . fdl = 1% Oa’ o 1 o
RMNN17UN bacteriophage suspension MszenlAanntinFaesing PW2 1191 plaque
assay tneild V. harveyi CS101 1ulaadimas wudnil plaque HATULUAIUBIUNIIALLTR
Tner plaque MiinTuRANEHUzITIW plaque la Hreuaandaiay (317 10) nanismaaasiiily
nstluiudnAniatflu bacteriophage suspension NwsFex A NtNFABEN PW2 P9inlHifn
. W g o A a
inhibition zone T1N199" spot test AALLIAMES IaLNA
dl 1 . . dl = % 0” o ] = a
WANTIUIN bacteriophage suspension Mszaslfaintinsaegng PW2 Juummnes
Tawlafanunnnnane V. harveyi CS101 18 a9lftin bacteriophage suspension AINA1INT

wirenilu phage lysate uazAITe bacteriophage NMIIANLIN bacteriophage PW2
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A2DEN91N N15LNMINhibition zone

AR NN NUURNINESTNTR (NW)
NW1 -
NW2 -
NW3 -
NW4 -
NW5 -
NW6 -
NW7

ﬁQﬂﬂﬁﬁﬁy’]@ﬁﬂﬂ'ﬂLgﬂ\‘lﬁd (PW)
PW1 ]
PW2 +
PW3 -
PW4 -
PW5 -

- = llgunsnduganiaasyues V. harveyi

+ = AN1308UTINN9LRTEYRY V. harveyi

AN 5 AINEIN130TBIbacteriophage suspension NsTeN LEAINTNFRBEN9FN y

Tunnsdiudannaiasoyaas V. harveyi
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5% 9 inhibition zone MARANNNIELTINIIATYLRY V. harveyi Inel bacteriophage

suspension NwizeN lFaNNTNFaatna PW2

5% 10 plaque Minann191in bacteriophage suspension e lAAINTNABENS

PW2 w1vi1 plaque assay laelld V. harveyi CS101 lulaasiaas
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NSANHIANEINNSDURY bacteriophage PW2 lunisvianauupiiFasnawugay
et phage lysate U84 bacteriophage PW2 {MNN1INARALIANNAINITNLNNS

MnaneuuAsaaanugsng o 1aeds spot test WU91 phage lysate 289 bacteriophage

PW2 anansavinant Vibrio harveyi nnanemiugiiinnmesey wildanunsainanauuniie

o o Ao o
ANLNUTAUNUINAKDL (AT 6)

wuANLse ANITURINTLALN Lysis®
Vibrio harveyi CSC101 BHI-N agar and broth, 25°C +/C
Vibrio harveyi ATCC 14126 BHI-N agar and broth, 25°C +/C
Vibrio harveyi ATCC 15702 BHI-N agar and broth, 25°C +/C
Vibrio harveyi ATCC 25919 BHI-N agar and broth, 25°C +/C
Vibrio harveyi ATCC 33842 BHI-N agar and broth, 25°C +/C
Vibrio harveyi ATCC 43515 BHI-N agar and broth, 25°C +/C
Vibrio harveyi ATCC 700104 BHI-N agar and broth, 25°C +/C

Vibrio alginolyticus ATCC 14582 BHI-N agar and broth, 25°C -

Vibrio algosus ATCC 14390 BHI-N agar and broth, 25°C -

Vibrio campbelli ATCC 25920 BHI-N agar and broth, 25°C -

Vibrio cholerae ATCC 11558 BHI-N agar and broth, 37°C -

Vibrio fischeri ATCC 14546 BHI-N agar and broth, 25°C -

Vibrio logei ATCC 15382 BHI-N agar and broth, 18°C -

Vibrio marinovulgaris ATCC 14394 BHI-N agar and broth, 25°C -

Vibrio natriegens ATCC 14048 BHI-N agar and broth, 25°C -

Vibrio nereis ATCC 25917 BHI-N agar and broth, 25°C -

Vibrio parahaemolyticus ATCC 17802 BHI-N agar and broth, 37°C -

°+ = lysis; - = no lysis; C = clear plaque
BHI, brain Heart Infusion; BHI-N, Brain Heart Infusion supplemented with 1% NaCl,

MRS, de Man Rogosa and Sharpe

M151991 6 ANAINIIDL24 bacteriophage PW2 lun1svinanaku A Feaefiigsing
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a
buANLgEl

AN1IZURINTIFLREI

Lysis”

Vibrio salmonicida ATCC 43839

BHI-N agar and broth, 15°C

Vibrio splendidus ATCC 25914

BHI-N agar and broth, 25°C

Vibrio tubiashii ATCC 19105

BHI-N agar and broth, 25°C

Aeromonas hydrophila ATCC 7966

BHI agar and broth, 25°C

Campylobacter fetus ATCC 19438

BHI agar and broth, 37°C

Campylobacter jejuni ATCC 700819

BHI agar and broth, 37°C

Escherichia coli ATCC 15922

Nutrient agar and broth, 37°C

Lactococcus garvieae ATCC 49156

MRS agar and broth, 37°C

Listonella anguillarum ATCC 43310

Marine agar and broth, 20°C

Moritella marina ATCC 15381

Marine agar and broth, 18°C

Photobacterium damselae ATCC 33538

Marine agar and broth, 26°C

Proteu vulgaris ATCC 27968

Nutrient agar and broth, 37°C

Pseudomonas anguilliseptica ATCC 33660

BHI agar and broth, 20°C

Pseudomonas fluorescens ATCC 6972

Nutrient agar and broth, 37°C

Salmonella enterica ATCC 33059

Nutrient agar and broth, 37°C

Streptococcus iniae ATCC 29177

MRS agar and broth, 37°C

Streptococcus phoecae ATCC 51973

MRS agar and broth, 37°C

°+ = lysis; - = no lysis; C = clear plaque

BHI, brain Heart Infusion; BHI-N, Brain Heart Infusion supplemented with 1% NaCl;

MRS, de Man Rogosa and Sharpe

M15991 6 ANAINIIDL24 bacteriophage PW2 lunisinanauaiFaaneiugsing < (de)

43




NNSANEINNSEALN1Z DY bacteriophage PW2 LURALEaaUaY V. harveyi CS101

NN bacteriophage PW2 NWINNIANEINTEALNZD bacteriophage
FaNaNILURLTasYeY V. harveyi CS101 wudesimusinnsdaniy (% adsorption) 284
bacteriophage PW2 Luiaimad1ed V. harveyi CS101 HAnaauizes < Ineludas 15 wid

1 ' 8 =) QI d’l [ 4:4‘ [~1 QI %
WINTBINNIMARRY AlafimusinnsEan1ziiNANlIuERINENIN (AN 0% lumauEH AL
manaaadliifly 80% luuidn 15 2e9n1meand) uasanntAlediausnistinnig

WWNIRUERINENa9 (AN 80% Twundn 15 waen1maaadliifiulseunns 90% luunia

30 2B9NINARDI) (§UN 11, A131971 7)

100 -
80 A
60 -

40 A

% adsorption

20

O T T T T T 1
0 5 10 15 20 25 30

Time (min)

5U# 11 wWefimudnnstiainizaes bacteriophage PW2 Luiaiaaged V. harveyi

CS101
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LATLALAIaENT (WTT) % Adsorption
0 0
5 35
10 60
15 80
20 86
25 89
30 90

AN 7 eimufnnsEiainizaes bacteriophage PW2 LURAIART8Y V. harveyi

CS101

NSANNATIBIAN9ALANE CaCl, AANSLINNSIUIUARY bacteriophage PW2
annsnENATatasazay CaCl, FanIaifindIuaLIes bacteriophage PW2
Imein bacteriophage PW2 (At 10 PFU/MI) timnziaesluaniagidl
a13azaNY CaCl, Tiaziupruidadusing - #ail 0 mM, 1 mM, 10 mM waz 20 mM nudnlu
angiliflansazany cacl, Wnandszunns 5 {qiuﬂumiLﬁuﬁﬁmuwﬁﬁmquzﬁmm
danluaninzifiansazany CacCl, Ansdiadi 1 mM bacteriophage PW2 Mnantszanns
4 ffjlvfﬂmslumiLﬁ'uﬁﬁmu@uﬁﬁmquzﬂmm luaniiluaningifiansazane CaCl, A
Windu 10 mM waz 20 mM bacteriophage PW2 Mnandszanns 3 Faluslunsifinsuou
aufidaugegn (U 12, medl 8) wietalsimuannimaaeaiulddnlidiluanioz
flaiflansazany cacl, viseluaniaziinansazangsenananaadiadu 1 mM, 10 mM uaz

20 mM A7uUIU bacteriophage PW2 gaganssiadnlinanindipssiunnn Aadenluto

13210 8.12 x 10° pfu/ml 014 8.91 x 10° PFU/m

45




° P~ [y i ¥ v
MUY phage 'VIMQQquimuﬂﬂqqgﬂNﬂqiﬂgﬂqﬂ C8C|2 AMNLANTURAN )

LAN
(d2Taq) (PFU/mI)
0 mM 1T mM 10 mM 20 mM
0 1.00 x 10 1.00 x 10 1.00 x 10" 1.00 x 10
1 6.76 x 10° 3.47 x 10° 224 x 10 427 x 10
2 1.74 x 10 1.15x 10° 4.07 x 10° 6.35x 10°
3 162 x 10° 5.25x 10° 8.69 x 10° 8.91x 10°
4 468 x10° 8.51x 10° 8.69 x 10° 8.91x 10°
5 8.12x 10° 8.51x 10° 8.69 x 10° 8.91x 10°
6 8.12 x 10° 8.51 x 10° 8.69 x 10° 8.91x 10°

=y o d' o U v PRy Y v ]
A1919N 8 MU phage V][ﬂﬁ‘ﬁ]@qﬁiﬁiu@ﬂqqzmﬂﬁqﬁ‘ﬂzfﬁqﬂ CaCI2 AAITHLANYLB N “VI

log PFU/mlI
»

O

Time (h)

——0mM —{—1mM —2— 10 mM —0—20 mM

519 12 99u3u phage NRIadnliluaniaziiatsazane CaCl, ANENAUE 7
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NNFANEINITNUAIINGBULRS bacteriophage PW2

ANNMIANENNINUANNTAULRY bacteriophage PW2 1aeinn91in bacteriophage
fangn (AnAudaduwindy 10° PFU/mI) 1ﬂﬂuﬁqmuﬂmﬁ 50, 60, 70, 80 kA 90 @4AN
wadea uean 30 Wil wuddler bacteriophage PW2 litnfignimgi 50 e

waldEed A uuIeakuAmes lamawnuaz lifinsilasuwdas (sUN 12, 1919 9) Tuanush

U

\Hatin bacteriophage PW2 liliiunanumnd 60, 70 uar 80 A ususelUAWaslaiWaas

1 v 1 1 1 !
ARAANNAUNRTLANTY (JUA 13, A19197 9) uazilletin bacteriophage PW2 liliium

a

g 90 Usngdnlianisansaadnauinaesiuamestowmald (U 12, n13199 9)

120 ~

100 A
80 -
60 -
40 A
20 - '
50 60 70 80 90

Temperature (°C)

% Survival

3ﬂﬁ 13 8M3IN1978ATIAVRY bacteriophage PW2 Lialn bacteriophage PW2

a

Ngnunnsing < uaan 30 W

Q a
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AUNN n195aATIRTRILLALINasIaLNa (%)
50°C 98+7.9

60°C 49+ 2.8

70°C 32+55

80°C 11+£1.6

90°C 0

AN9197 9 SMIINTTTRATIMLEY bacteriophage PW2 Lialii bacteriophage PW2

Pgnumnisig - uaan 30 Wi

NSANHINITNUARRNSIANLAZRITANUAAUNZEURY bacteriophage PW2

AMNNM9UN  bacteriophage  PW2  {NANHINNINUsRANTAN LA ANTHIUARYIFE
ﬁ\ilﬁi@iﬂﬁ” Malachite green, Formalin, Sodium hypochlorite, 50% Benzalkonium chloride,
10% lodine, Ethanol (10%, 50%, 70%, absolute), Isopropanol (10%, 50%, 100%), Acetic
acid waz Hydrogen peroxide wudnidefidusinissentanues bacteriophage PW2 lugdns
ing 7 sananadineduidnreuiinags Tnseglugasszudng 96.4% 4 100% (U7 14, Aeed

10)
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ATLANUASANTINURUYISE % survival
Malachite green 98.5
Formalin 100
Sodium hypochlorite 99.2
50% Benzalkonium chloride 100
10% lodine 100
10 % Ethanol 100
50 % Ethanol 100
70 % Ethanol 98.2
Absolute Ethanol 96.4
10 % Isopropanol 100
50 % Isopropanol 100
100 % Isopropanol 99.1
Acetic acid 97.8
Hydrogen peroxide 97.2

A1919% 10 Leddusinissandinaeq bacteriophage PW2 luansiail uazansfinuaauyiss

TUAR °]
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101+

100+
99+

98+

97
961

95+
94

% survival

93+

92+
91+
90

50% Benzalkonium chloride

Malachite green
Formalin

Sodium hypochlorite
10% lodine

10 % Ethanol

50 % Ethanol

70 % Ethanol
Absolute Ethano
10 % Isopropanol
50 % Isopropanol
100 % Isopropanol
Acetic acid
Hydrogen peroxide

5U% 14 wWefifusnnssenTinaes bacteriophage PW2 Tuansiail uazansfinuqauriae

TUARNG 7

N15AN® bacteriophage PW2 Aa8NAa4qanssALALAANTAUN

ANN3in bacteriophage PW2 lildnmfaandasqanssaiianmsaniuudesinu
(transmission electron microscope, TEM) w141 bacteriophage PW2 NanHUuzaail 914
(head) \flugil icosahedral luanuziidaumng (tail) Hanwoszifluiuy noncontractile tail (31
1 15) AINNIMANBALLBITUIATBIAINTA LATAIUNN9T8Y bacteriophage PW2 (1191
5 particles) WUIN&M1UA89 bacteriophage ﬁmmrsﬁmmmﬁumu@uﬁﬂmq (diameter)

dl A = I - =
watlsziind 50 + 3.8 walumms Tuaniedaunnadaunaduruguanataalszinm

11 + 0.5 U TUWHAT LAZHAIINENRALILTTNDL 136 + 6.2 U TLLNAT
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31]17'] 15 NNRANIIAUBLAAMNIBULBY bacteriophage PW2 (Bar = 100 W1 luium3)

nsAnmtysfuitiilugaullsznauaas bacteriophage PW2 1neiAs SDS-PAGE
annsAneldsauniludauilszneuaes bacteriophage PW2 1aeRs SDS-PAGE
wuwauTlshu (protein band) LLUE polyacrylamide gel anuaw 6 way adawnullsi

ananadiminTuanatlszan 75, 60, 35, 30, 20 Uaz 15 kDa ANNATAU (317 16)

225 kDa
150 kDa

100 kDa
75 kDa

50 kDa

35 kDa

25 kDa

15 kDa

10 kDa

51#1 16 SDS-PAGE aealilsiuiifludautlsznaugaulsznataes bacteriophage NLP8
Lane 1 = Broad range protein molecular weight markers

Lane 2 = Tlshiunifludqudsenauaes bacteriophage NLP8
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NNSAN® nucleic acid U4 bacteriophage PW2

dlavnnsanaen nucleic acid an bacteriophage PW2 uazti1 nucleic acid
sananaldsnfaeienlad 4 afla Aa RNase (W38 ribonuclease), S1 nuclease, Pstl Waz
BamHI 1411037 nucleic acid 189 PW2 dnnsagnelesaansalilng Pstl wuaz BamHI s
Tdaunsngneiasaanslilag RNase uay S1 nuclease lnsdainalfiannuauesnisiinszit
nucleic acid IneAs agarose gel electrophoresis Lﬁ@ﬁ’wmwmmm@ﬁ”udwmm nucleic
acid AEaNNNIFRE Pstl 1 BamHI 17398/ WL9Y nucleic acid 194 bacteriophae

PW2 Haunmnilszanns 46 kb (317 17)

23,130 bp

9,416 bp
6,557 bp

4,361 bp

2,645 bp - - -

2,322 bp
2,027 bp

1,605 bp - - -
1,198 bp---

31]17"1 17 U (band) 484 nucleic acid 984 bacteriophage PW2 ﬁﬂ@ﬂﬂguuuﬁu
agarose gel
Lane 1 = lambda DNA cut with Hindlll
Lane 2 = pGEM DNA marker
Lane 3 = uncut nucleic acid of bacteriophage PW2
Lane 4 = nucleic acid of bacteriophage PW2 cut with Pst

Lane 5 = nucleic acid of bacteriophage PW2 cut with BamHI
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%ﬁzﬁwamswmam

1 1
v o =

flananan (Penaeus monodon) \udadnzia Inunszanaagiiallutszinalne
TnaamziBnunizdng UsnuuendegunsfauasAisssuss dounedamziadunnsiuay
A < 1% ° @& o ro”.e:l' o o Y o a 1% P
wusninuavszues  Aenananddndinnaunsmliusadiniudaendentdn  annu
wazlede  Aonufianlunisislnefanatsnaesisanlulsswmelneg  wazsnsilszmanalii
49/ Y] o a o 1 [~
geaunssunIsiaesisnatan lulssmalnadnmeimuiedwan  audsawalnananai
v o 1 % o a [ % rdldl v s v %
frinlunnsdeaentianaisn  wazn@ssisimineasdedlldmainian  taaanunsnaieeyls
dingiszmaléitlazndn 100,000 &wun  adwlsfiaunismnzdesfianaianlddnaylu

o

Uszwmelng M%Eluﬁmﬂaf:mm&“mﬂamuﬁmmLﬁlmﬁu‘imﬁlLﬁmiﬁyuﬂuﬁmméﬁ N199EUA
m@q‘lmﬁmméﬁLwi@m%\m@ﬂmmzﬁﬂlﬁﬁmmm@;yL?Qwi@l,ﬂwmﬂié’gﬁ”mﬁqLL?@’@ N
raliffansqudeselisessamendon  Anduywifeaiulsrrestanandnasied
Dugvnaziuainians 4 dhenangataaiuilesiu uazukla
Immmf’jmmﬁﬁﬁﬁﬂﬁlﬁmmm@ﬂmﬂﬁ;ul,mﬁlul,?ﬂqqiﬁ@ﬁﬂLﬂubmﬁlﬁmmnm?ﬁm
o

malada wazuuanizy delsanilaluussanlsasanatondnnulaludssmalng waznaliine

a 1 I I . . . . d‘ | dl a a dgj
AINGEYLAERENININ AR 13AFRIUAY (luminous vibriosis) TailulsAiiaannIsFmTe

©

N _ Ly o A P o i ) =
WUANLIE Vibrio harveyi Aananamilulsatiiennisaail NAREALYNTIALLID 1Nﬂu®ﬂﬁﬁﬁ

a9 q

o 1 o o

o a o dl = aa o o 1 aaa = = a d’l
FAVANN AAFNTU TWRANNAAT FUANIAL ALSAUNATAAY WazasiniTiEauadindul

3

DANANAY WNFNAIAAATE Vibrio harveyi @eaiugndacnguussgelunisnalsa

Y A o

(highly virulent strain) #31san1HfesddRsINIIAgeRe 100 % Waluledimaiies 10°

q

a

cfu/ml (Lavilla-Pitogo Lazmnis 1992) Farnen 1 lunnstleeti uaznainunisadl ae nsld
et faous wazaindeluingaslaTemuiewudaladisunaslss (Benzalkonium chioride)

Vibrio harveyi \flusupRiFaunsuay Sensnzgiradueudu dulaliily
annzieandauuarlifieandian  uaaRugannsonalifiinlsaBeduas  (uminous
vibriosis) Tudnsiin 1y M4 (Karunasagar WazAne 1994, Pizzuto Uag Hirst 1995, Alvarez
wazAny 1998) uarilan (Kraxberger-Beatty uazAniy 1990, Ishimaru Waz Muroga 1997)
18 Augnnsalunisnalsnes V. harveyi Lﬁm%mﬁuau hemolysin (Zhang WazAne
2001) Teeinfuda Vibrio harveyi @1:N1300E09LAREEWNNWARIE  TAEN13ERILAY

1 a aaa dle/ o s . s . o v dl 1
qnmfgmmmnﬂgmmwmmmﬂm@uisﬁu luciferase Tmm@u%n luciferase AENINUINLI

U738 oxidation 284 luciferin NTULNAMNUANFANTEUIN V. harveyi 88nann Vibrio
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species BU | AN19aNNlAlaaNTsRealuang V. harveyi agar (VHA) (Harris uazmnse
1996) @afluamsasadenlduenaiinueada (differential media) Tiauil Halda1mis

o

Resdasana1dlunsaee V. harveyi ez lildlalannNansuzianizuansnelilann
Talatized Vibrio afingw <] naname Talatizes V. harveyi auiflulalatiiid@es nans
Ialatiiddendin sevuinlalingdwans (vellow halo) (Harris Wazmnie 1996)
v = aa £ o o azi a o ral” di
nmsldansall  uazendgiouclunisileadu  uarinmlsaninaiudndiasainenis

v o o !

uslnavialel wiu 10 e 39 wazidan sawialsadifiaiuffanaisn sdnnelifadymnans
sens 1w
v = ad A:I” o 6 dll a 1 v oa
nsldasedl wazendfaduclunsrusunisiaeedndinentsizinaeanaliminnig
FANANLD98196119 | Aanaaludnd uavdinasieqgunn uazanlaendtaesdizinals
A = ad 'Y ! 1 d” v & o v a
nsldansal wazenUfTuelunniy vire ludedendniananilifianig
ungnszatsaasanssenanavialiludsionfen fenaintuainnisazaedely wisenislaas
thanveldendniaangunadtingssneid - a1awd  wazeUTausAinaiaiivigreeng
QI ¥ 1 Y a o 1 QI Aaa ¥ 1%
Auondanananaliifadunsaseeldinlunaninals
A ad o o 1 Y a d” d” 1 d‘ ]
nslfengaauslunisinelsadnnalitiiadeyunishesnzestenalsn  eding
linssnmnlsaniinanidenalsasenanaiiulllfonniu  duenadesldenluBuinmuan

dy = £ a 1 U o
2u viseseanengialud < i lflunsinelsanasaiaan

o { A A = ada 2 o o
antleymisananseedansiinisldansiall wazendfzouslunisilesiu wazinm

1 2 1 '
v o & 4

Tsanfaiudndiasainenisizinaawinliluunadssmainguanaacuan visedadinunisld

= ada a dgl o v o
ATLAN LLZ\]&EI’]‘]J{]?]')H&M@’]EI 7 TUA u@ﬂmﬂulumfmﬂi:mﬁmimmmmuumu LA

o o

k% v a 2 Y a o dl a} [ % % 2 o o ndl a c
neefuliiiinisAuadnSeienanlaeaiunnldlunisilesiu  wazinulsaniaiudng
dg/ dl a v = ad dl o 1 % a o [ % A
weaivenistdinaununisliansiall wazenlaous anssananfesiiAuantavan Ae
| Qi 1% a o dgl 1 % ] al a a | o
Wugnnlinnanassudnd - aunmnansidanalsaldasallsc@nann wazasineanwig
pazlunnAneludnd 1iaduIAfaN AINNITANEIASEatiNIR NI URININANERFAIN UL
s liinudnuuameslamaiAnaniniaztinnn lfunuansad wazendfaaurlunis

a a

¥ o o -dl a a d”
Tlaeriu wazdnilen neanizlsaiiiaannIsfamaLLANTe

wupmaslawa Aa lnfanlbuuanBedlumagianting (host cell) Wana12BNITHNT

a o

A a | o dl % 6 al al a
AR LL‘].IﬂLVI@‘J‘I@L‘V\I@L‘]Jlﬂ')ﬁ‘@\mﬁ]ﬂ\TLWN@’]uQuﬂqﬂeLuLeﬁ@@‘ﬂﬂﬁLLU@‘VIL':TEI BN ERGRE

Tnewialililsznaufan genome 918 capsid 498 protein coat vatiues IlneuuAwasle

waueaiinenal envelope Seillusiu (lipid) ludouilszneuviedin capsid Bndunily
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genome aadlilAmasiaiaaaiilu single-stranded DNA (ssDNA) double-stranded DNA
(dsDNA)  single-stranded RNA (ssRNA) 1198 double-stranded RNA (dsDNA) Al
g . o =i ) & . = . W v
UaNaINld genome 12BN bacteriophages mm@mgﬂm\uﬂu circular 38 linear L&
(Ackermann 2003)
nsiuuameslaman i lunnstlesty uazsnunlsa visefizandn bacteriophage
therapy (Alisky WazAnLy 1998, Barrow WazAtUz 1998, Barrow Waz Soothill 1997) &5y
Anaulaluatnamin  wazinuntunaviinunununistleaiy wavdnunlsaludndiacs
dl a v al aal na/ldildl o o 1 d”
Wwanstslnalaenisldansel wazendfdouslueuian sisililesantdadedssialls uy
a a o dly 1 v 1 [ o 09; o a
ANEFANANANNAINITD  lunnanemanalsaliatineemny  AGUNNTuLAWES
lamlannldlunssnunlsn  wuawmeaslaasaslinianaenisdanalsawingi  Ineilinn
o 1 dgl aa o QI 45‘ o 1 1 '8 u’// o 1
fupseFeLTauLANEEszanTY (normal flora) NendAtatluseniavesal wazdnd el
o o 1 I8 o o=l 2 Qly o = v -ﬁl Y v
NIBUATILFATARUDIAY LAZARTANAE UBNAINWNITANTITWLUL ADININLTARLANTIN L

(host cell) aadnuAwmas lamanifluaniladeniiannali nnslduupmaslamalunisinunisg

Flunaula satlitiasanniladinisuuamaslamalunissnenlsn uaeaniLuaas lana

Manadanalsaudauuamas lamanazliaunmanssdnsalllfides  Asivaladfilym
4 e - Y . e e Y e da ey
NN kuAmaslaannANelui1eanIaay 409 WazAuInaaN AIaNNNNNNT M Lk
AWa3 LA N195n 1 19
TunrsAnE R lENINTAIaMILL A laNaNd A NEa N1 lN1IMIaNE Vibrio
R S Aa A gy a = v ° o a
harveyi aailunuanizantaliinalsaizaauasluienaisn  Tneninisnsaniuuamesle

NAAINA1 I IANIAINAINLBINIZRENTNAIAT 990D ENIANUNGEN 89N TNR

$2
A o

1 ¥ o =2 an a dl 4
pie o wanantdslfvinnsdnmamantiivaty o dsenisresuuamesiaminanilé
= L e a i~ P = g o o A qy
TradaugsudanuuamasiamanasamlfainnisAinuniazaunsoin lwawnive 14
Tunstlesiu uazinunlsniseauasiiiatuiuijanainise
v ¥ v
AMNNINLeEeAWIl 12 fredne Inedluinannunasingssnafeaiuoun 7
A0t WAZTNAINUBRENANNANAIAIWIN 5 a8t NNININI9AIIRauILLAMEs lanaT]
! k2 ¥ 1
ANMN30YINANY V. harveyi CS101 TuiflwimanuanFanalsalufienansnn wudntnsatiei s
AInUaaeAINaIANsiadn PW2 Huuamesiamanaiunaninane V. harveyi CS101 1§
mauRelEBanduuameslamaingaannlédn  bacteriophage  PW2  Lazannnisin
) = o s oa A ' a
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R RAdlERansAnEnsfiainnzae bacteriophage PW2 LuRRaa129 V. harveyi
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Formalin, Sodium hypochlorite, 50% Benzalkonium chloride, 10% lodine, Ethanol (10%,

50%, 70%, absolute), Isopropanol (10%, 50%, 100%), Acetic acid kaz Hydrogen
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single  stranded  DNA)  agelsimulunisAnenifaainnsnannasiuawines
bacteriophage PW2 lEdnflaunmdszanns 46 kb usldaiunsauenlfian genome 289
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stranded DNA) (Karunasagar | azande 2007, Vinod LarAne 2006)
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A bacteriophage infecting Vibrio harveyi was isolated from shrimp pond water, it was designated PW2.
It infected all strains of V. harveyi but not other bacteria used in this study. The phage adsorption rate
increased rapidly in the first 15 min of infection to 80% and continued to increase to 90% within 30 min
of infection. The stability of phage PW2 was dependent on temperature and pH. It was inactivated by
heating at 90°C for 30 min and by treating at pH 2, 3, 11and 12. From its one step growth curve, latent
and burst periods were 30 and 120 min, respectively with a burst size of about 78 plaque-forming unit
(pfu) per infected center. As analyzed by transmission electron microscopy, phage PW2 had an
icosahedral head (50 + 3.8 nm in diameter) with a noncontractile tail of 136 £ 6.2 nm long and 11 % 0.5
nm wide and belongs to the Siphoviridae family. Six structural proteins (75, 60, 35, 30, 20 and 15 kDa)
were detected by sodium dodecyl sulfate polyacrylamide gel electrophoresis, its genome was found to
be double stranded DNA with an approximate size of 46 kb.

Key words: Bacteriophage, shrimp, Vibrio harveyi.

INTRODUCTION

Vibrio harveyi is a gram-negative bioluminescent
bacterium with curved rod shape. It is motile via a single
polar flagellum. The bacterium has been recognized as a
cause of luminous vibriosis in cultivated black tiger
shrimp (Penaeus monodon) and has resulted in major
losses to shrimp farmers in Thailand and elsewhere
(Lavilla-Pitogo et al., 1990; Jiravanichpaisal et al., 1994;
Manefield et al, 2000). The symtomps of luminous
vibriosis include loss of appetite, slow growth, high
mortality and luminescence of the bodies of infected
shrimps (Lavilla-Pitogo et al., 1990; Jiravanichpaisal et
al., 1994, Karunasagar et al., 1994). Currently, antibiotics
have been widely used in shrimp aquaculture to control
bacterial infections (Baticados and Paclibare, 1992).
However, the use of antibiotics has recently become a
major public concern because their use can lead to the
development of drug resistant bacteria, thereby reducing
drug efficacy. Moreover, the accumulation of antibiotics
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both in the environment and in shrimp tissues can be
potentially risky to consumers and the environment)
Alderman and Hastings 1998). Such adverse effects
have prompted scientists to search for alternatives to
replace antibiotics in controlling diseases in shrimp farms.
One of the potential alternatives is bacteriophage based
approach.

Bacteriophages or phages are viruses that specifically
infect and lyse bacteria. A method using phages for the
treatment of bacterial infectious disease is called bacte-
riophage therapy or phage therapy. Recenlly, phage
therapy has gained an increasing attention because it
has many advantages over chemotherapy. Phages have
high specificity for their target bacteria, indicating that
they do not harm the normal intestinal microflora. Phages
are effective against multidrug resistant pathogenic
bacteria because the mechanisms by which they induce
bacteriolysis differ completely from those antibiotics.
Moreover, phages have self limitation, meaning that the
number of phages remain in very low level after killing the
target bacteria (Nakai and Park, 2002).

Successful uses of phage therapy to control bacterial
infectious diseases have been reported since 1980s.
Phages were used for both treatment and prophylaxis of



Escherichia coli infections in mice and farmed animals
including calves, piglets and lambs (Smith and Huggins,
1982; Smith and Huggins, 1983; Smith et al., 1987).
Polish and Soviet groups reported a series of successful
clinical usages of phages for drug resistant bacterial
infections in human (Slopek et al., 1987; Alisky et al.,
1998). Much of the recent research has focused on using
phages to control diseases caused by a variety of human
pathogenic bacteria including Salmonella (Goode et al.,
2003), Listeria (Leverentz et al., 2004) and
Campylobacter (Atterbury et al., 2003) species. However,
in addition to the current attempts to apply phages in the
control of human pathogens, aquatic animal pathogens
have also been investigated as a target for phage
therapy. A number of phages have been isolated for
potential use in phage therapy against important aquatic
animal pathogens such as Aeromonas salmonicida in
brook trout (Oncorhynchus fontinalis) (Imbeault et al.,
2006), Vibrio harveyi in shrimp (Penaeus monodon)
(Karunasagar et al., 1994; Vinod et al., 2006; Shivu et al.,
2007), Pseudomonas plecoglossicida in  ayu
(Plecoglossus altivelis) (Park et al., 2000; Nakai and
Park, 2002) and Lactococcus garvieae in yellowtail
(Seriola quinqueradiata) (Nakai et al., 1999).

The application of phage to control a certain bacterial
pathogen is complicated by the high degrees of phenol-
typic and genotypic diversity within populations of both
phages and bacteria. Consequently, newly isolated
strains of V. harveyi may be more or less susceptible or
even resistant to previously discovered V. harveyi
phages. Therefore, there is sfill a need to find a phage
specific for an individual newly emerged V. harveyi strain.
The purpose of this study was to isolate and characterize
a new lytic phage that infect V. harveyi and to investigate
its lytic property toward its host bacterium under
controlled conditions in the laboratory. The study thus
provides useful information for further use of the phage in
controlling V. harveyi infection in shrimp.

MATERIALS AND METHODS
Bacterial strains and culture conditions

The bacterial strain used for phage isclation was V. harveyi CS101.
It was isclated from diseased shrimp obtained from a shrimp pond
in Songkhla Province, Thailand in May 2007. The bacteria used in
phage host range study are present in Table 1. Growth conditions
of the bacteria are also included in Table 1. The bacterial stock
cultures were stored as frozen cultures at -80°C in appropriate
broth containing 20% glycerol (viv).

Isolation of phage

Phage was Isclated from shrimp pond water obtained from five
farms in Songkhla Province, Thailand. 50 ml of pond water was
filtered through a 0.45 pm-pore-size membrane filter (Pall Life
Sciences, MI, USA) and mixed with 50 ml of double strength BHI
broth supplemented with 1% NaCl (BHI-N broth) containing the log
phase cells of V. harveyi CS101 (with the cell concentration of
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approximately 10° cfu/ml). After 48 h of growth at 25°C, the culture
was centrifuged and filtered through a 0.45 pm-pore-size
membrane filter. The presence of Iytic phage in the filtrate was
examined by using the double layer method with some modify-
cations (Paterson et al., 1969). 100 pl of the filtrate was mixed with
400 pl of log phase culture of V. harveyi CS101 and incubated at
25°C for 30 min, The mixture was added into a 4.5 ml of molten
BHI-N top agar (0.5% agar) which was already cooled down to
50°C, mixed gently and poured into a BHI-N agar plate. The plate
was left to stand at room temperature for 30 min to allow the top
agar to solidify. The presence of lytic phage in the form of plagues
was detected after incubation of the plate at 25°C for 48 h.

Purification of phage

A single plaque was picked with a sterile glass Pasteur pipette and
put into a log phase culture of V. harveyi. After incubated at 25°C
for 48 h, the phage-host mixture was centrifuged at 12,000 x g for
10 min and filtered through a 0.45 pm-pore-size membrane filter.
The filtrate was subjected to the double layer method as mentioned
gbove. Three repeated rounds of single plaque isclation and re-
inoculation were performed. The phage was eluted from the final
resulting plate by adding 5 ml of SM buffer (50 mM Tris-HCI, pH
7.5, 99 mM NaCl, 8 mM MgSOs, 0.01% gelatin) on top of the plate
and incubated at room temperature for 4 h with shaking. The phage
containing buffer retrieved from the plate was centrifuged at 12,000
% g for 10 min and filtered through a 0.45 pm-pore-size membrane
filter. The resulting fillrate was called phage suspension.

Concentration of phage suspension

When needed, phage suspension was concentrated using the
method described by Su et al. (1998). The double layer method
was performed as mentioned earlier to obtain confluent lysis on the
plate. The phage was eluted with 5 ml of SM buffer at room
temperature for 4 h with shaking. The buffer was transferred to 50
ml tube and the bacterial debris was pelleted by centrifuged at
12,000 x g for 10 min. The supernatant was filtered through a 0.45
Um-pore-size membrane filter. The filtrate was added with 2 M
ZnCl; at a ratio of 1:50 (v/v) and incubated at room temperature for
30 min. The phage was pelleted by centrifugation at 15,000 x g for
20 min. The pelleted was resuspended in approximately 1:25 of the
original volume in SM buffer.

Determination of phage titer

The phage containing solution was serially diluted in SM buffer.
Each dilution was subjected to plaque assay using the double layer
method as mentioned earlier. Plaques were counted in the plate
containing 50 - 300 plaques and expressed as plaque forming unit
per milliliter (pfu/mi).

Examination of phage host range

Bacteria listed in Table 1 were used as indicators for the exami-
nation of phage host range by a modified version of the spot test
method (Chopin et al., 1976). 100 ml of a log phase culture of each
tested bacteria were added into a 4.9 ml of 50°C molten soft agar
(0.5% agar), mixed gently and poured into an agar plate. After
solidification, 5 pl of the phage suspension was spotted on the lawn
of bacteria. After the plate was left to stand for 30 min at room tem-
perature, it was incubated at an appropriate temperature for 48 h
before checking the presence of a clear zone in the plate which
indicated the ability of phage in infecting the tested bacteria.
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Table 1. Bacteria and growth conditions used in this study.

Bacterial strains Growth conditions (°C) Lysis®
V. harveyi CSC101 BHI-N agar and broth, 25 +C
V. harveyi ATCC 14126 BHI-N agar and broth, 25 +C
V. harveyi ATCC 15702 BHI-N agar and broth, 25 +C
V. harveyi ATGC 25919 BHI-N agar and broth, 25 +C
V. harveyi ATCC 33842 BHI-N agar and broth, 25 +C
V. harveyi ATGC 43515 BHI-N agar and broth, 25 +/C
V. harveyi ATCC 700104

Vibrio alginolyticus ATCC 14582

Vibrio algosus ATCC 14390

Vibrio campbelli ATCC 25920

Vibrio cholerae ATCC 11558

Vibrio fischeri ATCC 14546

Vibrio logei ATCC 15382

Vibrio marinovulgaris ATCC 14394
Vibrio natriegens ATCC 14048

Vibrio nereis ATGG 25917

Vibrio parahaemolyticus ATCC 17802
Vibrio salmonicida ATCC 43839

Vibrio splendidus ATGC 25914

Vibrio tubiashii ATCC 19105
Aeromonas hydrophifa ATCC 7966
Campylobacter fetus ATCC 19438
Campylobacter jejuni ATCC 700819
Escherichia coli ATCC 15922
Lactococcus garvieae ATCC 49156
Lislonella anguillarum ATCC 43310
Moritella marina ATCC 15381
Photobacterium damselae ATCC 33538
Proteu vulgaris ATCC 27968
Pseudomonas anguilliseptica ATCC 33660
Pseudomonas fluorescens ATCC 6972
Salmonella enterica ATCC 33059
Streptococcus iniae ATCC 29177
Streptococcus phoecae ATCC 51973

BHI-N agar and broth, 25 +/C
BHI-N agar and broth, 25 -
BHI-N agar and brath, 25

BHI-N agar and broth, 25

BHI-N agar and broth, 37

BHI-N agar and broth, 25

BHI-N agar and broth, 18

BHI-N agar and broth, 26

BHI-N agar and broth, 25

BHI-N agar and broth, 25

BHI-N agar and broth, 37

BHI-N agar and broth, 15

BHI-N agar and brath, 25

BHI-N agar and broth, 25

BHI agar and broth, 2

BHI agar and broth, 37

BHI agar and broth, 37

Nutrient agar and broth, 37 -
MRS agar and broth, 37 -
Marine agar and broth, 20

Marine agar and broth, 18

Marine agar and broth, 25 .
Nutrient agar and broth, 37 -
BHI agar and broth, 20 <
Nutrient agar and broth, 37

Nutrient agar and broth, 37

MRS agar and broth, 37

MRS agar and broth, 37

* 4 = lysis; -

= no lysis; C = clear plaque, BHI, brain Heart Infusion; BHI-N, Brain Heart Infusion

supplemented with 1% NaCl; MRS, de Man Rogosa and Sharpe.

Thermal sensitivity test

900 pl of sterile deionized water was preheated to a desirable
temperature, rang;‘ng from 50 to 90°C. 100 pl of phage solution
(approximately 10" pfu/ml) was added to the preheated water. After
heating at the assigned temperatures for 30 min, the solutions were
placed in an ice-warm bath. Surviving phage titer was assayed by
the double layer method.

pH sensitivity test
The phage (at the final concentration of 10° pfu/ml) was incubated

overnight at 25°C in phosphate buffered saline (135 mM NaCl, 1.3
mM KCI, 0.5 mM KH2PO4, 3.2 mM Na,HPO,, pH 7.4) adjusted in
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steps of 1 pH unit from pH 2 to 12 using HCI or NaCl as required.
Upon re-adjustment to pH 7, the double layer method was
performed to determine phage titer.

Phage adsorption study

Phage adsorption was studied using method described by Sechaud
et al. (1989) modified as follows: log phase growing V. harvey!
culture in BHI-N broth was centrifuged and the cells were
resuspended in BHI-N to a final concentration of 10° cfu/ml. Phage
was added at a multiplicity of infection (MOI) of 0.01, and the
mixture was incubated at 25°C. Samples were collected every
minute during a total period of 15 min. The samples were
centriiuged at 12,000 x g for 10 min to sediment the phage-



adsorbed cells. Then, the titers of unabsorbed free phages in the
supernatant were determined as indicated above and the results
were expressed as percentages of the initial phage counts.

One step growth curve

One-step growth curve was performed as described by Pajunen et
al. (2000) with some modifications. Briefly, 10 ml of log phase
culture of V. harveyi was harvested by centrifugation at 12,000 x g
for 10 min and resuspended in 5 ml of fresh BHI-N broth in order to
obtain a final concentration of 10° cfu/ml. To this suspension, 5 ml
of phage suspension was added in order to have a MOI of 0.01 and
the phage was allowed to adsorb for 30 min at 25°C. The mixture
was then cenfrifuged at 12,000 x g for 10 min and the pellet was
resuspended in 10 ml of fresh BHI-N broth. Samples were taken
every 5 min over a period of 3 h and immediately tittered by the
method described earlier. Latent period, burst time and burst size
were calculated from the one-step growth curve.

Electron microscopy

Phage suspension with a titer of 10° pfu/ml was mixed with one-
tenth volume of 2.5% buffered glutaraldehyde (50 mM cacodylate
pH 7.2, 50 mM KCI, 2.5 mM MgClz) for 5 min. 25 pl of fixed phage
was added to the surface of a ploloform coated grid and left for 2
min. The phage was negalively stained with 0.5% uranyl acetate for
2 min and then inspected with a Philips EM 300 electron micro-
scope (Philips, Eindhoven, the Netherlands) operated at 60 kV.

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE)

SDS-PAGE was carried out according to Laemmli (1970). Briefly 24
Wl of phage suspension was mixed with 8 pl of 4 x Laemmli buffer
(200 mM tris pH 6.8, 400 mM 1, d-dithiothrietol, 20% p-
mercaptosthanol, 8% SDS, 40% glycerol, 0.1% bromophenol blue)
and boiled for 10 min. The mixiure then subjected to
electrophoresis on a 4 - 12% Bis-Tris polyacrylamide gel at 200 V
with a constant current of 100 mA for 45 min. The protein bands
were stained with Coomassie blue G-250 (Sigma-Aldrich, MO,
USA), followed by destaining with a destain selution (50% methanol
and 10% acetic acid).

Phage genome isolation and digestion analyses

Phage genome was isolated using a PureLink Viral RNA/DNA Mini
Kit (Invitrogen, CA, USA) according to the manufacturer's
instructions. The genome was digested with the following enzymes:
RMase A, 51 nuclease, Psfl, and BamH! (all from Promega, WI,
USA) according to the instructions provided by the manufacturer.
Uncut and digested nucleic acid was analyzed by agarose gel
elctrophoresis on 0.8% (w/v) agarose gel in Tris-acetate buffer at
100 V and visualized on Hoefer MacroVue UVis-20 transilluminator
(Amersham Bioscience, NJ, USA) after stained with ethidium
bromide solution (0.5 pg/ml, Sigma-Aldrich, MO, USA).

RESULTS
Isolation of phage

By the double layer method using V. harveyiCS101 as a
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host organism, a phage was isolated from a shrimp pond
water sample. The phage produced clear plaques on the
lawn of the host, indicating that it was a lytic or virulent
phage. The plagues were small with an average diameter
of 14 mm. The isolated phage was designated PW2.

Host range determination

Of all 34 strains of bacteria used to determine the host
range of phage PW2 by using the spot test method, only
V. harveyi strains were susceptible to the phage as
shown in Table 1. The other bacterial strains used in this
study were insensitive to the phage. These results
suggested that the phage had a broad host range with
specificity to V. harveyi.

Heat and pH stability

Phage PW2 was stable upon heat treatment at 50°C for
30 min. The temperature dependent decrease of phage
titer was observed when lemperalure used for the heat
treatment was 60°C and above. The phage fiter was
reduced by 50, 70, and 90% at 60, 70 and 80°C
respectively. No phage was detected at 90°C (Figure 1).

Phage PW2 maintained its infectivity when incubated
overnight at 25°C in a pH range between 4 and 10.
However, phage could not be detected at pH 2, 3 and 11
(Figure 2).

Phage adsorption

Phage PW2 had 2 adsorption phases: a very rapid
adsorption to its host cells during the first 15 min is
followed by a slower rate of adsorption after 15 min. The
number of free (unadsorbed) phage particles was appro-
ximately 20% and below 10% within 15 and 30 min after
infection, respectively (Figure 3).

One-step growth curve

Multiplication parameters of the lytic cycle of phage PW2
were determined from the one-step growth curve (Figure
4). The latet and burst periods were 30 and 120 min,
respectively and the burst size was estimated at
approximately 78 pfu per infected cell.

Morphology of phage

Morphological characterization of phage PW2 using
fransmission electron microscope showed that it had an
icosahedral head (50 + 3.8 nm in diameter) with a non
contractile tail of 136+ 6.2nm long and 11+ 0.5 nm
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Figure 2. Stability of phage PW2 treated with different pH overnight
at 25°C. Values are the means of 3 determinations.

wide. No collar or tail appendages was observed (Figure
5). All values were determined as means + SD from 5
measurements.

Phage structural proteins

Protein composition of phage PW2 was analyzed by
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Figure 4. One step growth curve of phage PW2 on V. harveyi
C3101. Values are the means of 3 determinations.
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SDS-PAGE. A total of 6 protein bands were clearly seen
in the polyacrylamide gel. Their estimated molecular
weights were 75, 60, 35, 30, 20 and 15 kDa (Figure 6).

Phage genome

Nucleic acid of phage PW2 was isolated and subjected to
enzymatic digestion analysis. It was not digested with
RNase A and S1 nuclease (data not shown). However, it
was digested with both Pstl and BamHI. The genome
size estimated from Pstl and BamHI digested fragments
was approximately 46 kb (Figure 7).



Figure 5. Scanning electron
micrograph of phage PW2.
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Figure 6. SDS-PAGE analysis of
phage PW2 structural proteins.
Lane 1, broad range protein

molecular  weight  markers

(Promega, WI, USA); Lane 2,

phage PW2 proteins.
DISCUSSION

Bacterial diseases are a major problem affecting shrimp
farming and most of the mass mortalities reported in
shrimp are associated with luminous disease caused by
V. harveyi (Lavilla-Pitago et al., 1990; Jiravanichpaisal et
al., 1994; Karunasagar et al., 1994). Till recently, antibio-
tics were widely used in shrimp aquaculture to control
bacterial infections. However, emergence of antibiotic
resistant pathogens and awareness of adverse effects of
antibiotics has led to a need for alternatives to antibiotics
in shrimp aquaculture.

Phage therapy is one of the promising approaches to
control bacterial infections. One feature that makes
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Figure 7. Restriction analysis of phage
PW2 DNA. Lane 1, Hindlll digested
lambda DNA (Promega, WI, USA);
Lane 2, pGem marker (Promega, WI,
USA); Lane 3, uncut PW2 DNA; Lane
4, PW2 DNA cut with Pstl, Lane 5;
PW2 DNA cut with BamHl.

phage so atfractive is their highly discriminatory nature.
Most of the known phages interact only with a specific set
of bacteria that express specific binding sites. This
narrow host range is also a significant challenge for
phage therapy. Consequently, there is no known phage
that is Iytic for all strains of V. harveyi This high
specificity of phage-host relationship leads to a need for
phages to inhibit newly isolated V. harveyi. Phages are
generally isolated from environments that are habitats for
the respective host bacteria (Nakai and Park, 2002).
Since V. harveyi used as a main host in phage screening
isolated from shrimp farm environment, shrimp pond
water would be ideal for isolation of V. harveyi phages.
For searching phages to use in phage therapy, phages
with broad host range are more preferable than those
with narrow host range because they can inhibit several
strains of bacterial pathogens (Nakai and Park, 2002). In
this study, phage PW2 isolated from shrimp pond water
had a broad host range infecting all of the tested strains
of V. harveyi. This characteristic of the phage makes it
useful for use individually or in combination with other V.
harveyi phages as phage cocktails to control V. harveyi
infection.

As a tailed virus of bacteria, PW2 phage fell into the
Order Caudovirales that contains three families of tailed
viruses that infect Bacteria and Archaea (van
Regenmortel et al., 2000). Possession of an icosahedral
head and a long, non coniractile tail would tentatively
place it in the family Siphoviridae (van Regenmortel et al.,
2000). The genome of PW2 phage was found to be
double stranded DNA because it was digested with
restriction endonucleases but not with RNase A and S1
nuclease. The size of genome estimated by Psti and
BamHIll digestion analysis was approximately 46 kb. This
was close fo the genome size of most siphophages
ranging from 40 to 50 kb. From previous studies, most of
the V. harveyi phages were found to be siphophages with
double stranded DNA (Pasharawipas et al., 2005; Vinod
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et al., 2006; Karunasagar et al., 2007). However, V.
harveyi phages in other families such as Myoviridae and
Podoviridae were also reported (Oakey and Owens,
2000; Oakey et al., 2002; Busico-Salcedo, 2004; Shivu et
al., 2007). Several studies documented that thermal and
pH stability of phages varied depending on strains of
phage. Therefore, it is of interest to investigate the
stability of phage PW2 in a wide range of temperatures
and pH. This study showed that the phage was tolerant to
relatively high temperature ranging from 50 to 80°C and a
broad range of pH. These characteristics may be useful
for the application of the phage in different environments.

In conclusion, we have isolated and partially
characterized phage PW2, a phage infecting V. harveyi
CS101. The results from this study provide preliminary
data useful for designing a rational phage control strategy
for V. harveyi infection in shrimp aquaculture. However,
further characterization of phage PW2 is underway in our
laboratory to obtain more information for development of
the most effective approach for controlling V. harveyi
infection.
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. AnEINNINUEanILAN LATANIANUAALYITHITeY bacteriophage PW2

. Anwnz1d99@9 bacteriophage PW2 faaindasqanssriidianmnsais

. AnenTsmuiifludautsznauves bacteriophage PW2 Ineds SDS-PAGE
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. A= nucleic acid 194 bacteriophage PW2

AangsumdunIsNn

1. msaavuuAmesTamafignunsninans V. harveyi CS101

2. ANMIAIINAINNTNTRY bacteriophage PW2 Ium@w"mwLmﬂﬁﬁﬂmmﬁ“uﬁ:‘éu
3. ANHN13EAINNZY89 bacteriophage PW2 LuBinliaaued V. harveyi CS101

. ANEINNINUANNTE UL bacteriophage PW2

. ANEINNINUEANILIAN LATANIANUAALYITHITeY bacteriophage PW2

. Anwng1d99@9 bacteriophage PW2 faaindasqanssriidianmnsais

. Anenldsiuniiludonilsznauaes bacteriophage PW2 Tneids SDS-PAGE
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. AN® nucleic acid 184 bacteriophage PW2
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nanlasunaanlnsanis

1. anwnsamsankuAmesTamaiianunsainane V. harveyi CS101 1§ e bacteriophage
PW2

2. MSLAINANNTNTRY bacteriophage PW2 unisinanauuaiiduaneriugau newud
bacteriophage PW2 @1u19001anel V. harveyi nﬂmﬂﬂﬁuﬁ:ﬁﬂqmﬁﬁlummmm Wi had
annsnTnaneuLAT Seaneiufauiiinn 1 unmeaesls

3. W91 90% 284 bacteriophage PW2 gunsngiainisuuiiaagaes V. harveyi CS101 14
nelunan 3019

4. Wudn bacteriophage PW2 gnansanupnnsliewlifiguunil 50 asrnuaadaaidunan 30
W

5. wudn bacteriophage PW2 @nunsanuslednnall uazansfnuaduritynaiadluns
NARDY

6. WU bacteriophage PW2 Sdawiaiflugt icosahedral fifliurinugusng 50 + 3.8 walu
wns wazdidaumadluuuy noncontractie tail Af&ukuAuaNAN 11 + 0.5 urtuwng
WAZHAINEND 136 + 6.2 W TULUAT

7. WU bacteriophage PW2 isznaufinalisfiundnatieiion 6 aila %qﬁﬁ”ﬁuﬁﬂiuL@q@
tazunnu 75, 60, 35, 30, 20 WAz 15 kDa

8. WU nucleic acid 184 bacteriophage PW2 luuuy double stranded DNA Wazlaunn

1srH10d 46 kb

75




S1E9IUNITEU

-QII Yo o
utlszannunlisuaysis

AneUsrannduuAuLszanTul szl 2552 1£luanuauik 323,300 1w
ANeLsraNuEuAULTEANTRUL sl 2553 1fluanuauiRy 424,600 19

A liaNeInann lATINIT

(MANFIUFNT 7] aun90RgaaaL lFNENaN1IARY AEAINENANERT 1. gUAs T )

76



