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wuAwadlamsluleasiuad  AnwintsBanizusawuameslamauuiawadualaad  Anwinismu
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lowia

nssuiiunuvedleasinsidel Thussainquazasdiiaeliva 2 Usems Tngldsedouueine
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Tua13a5 African Journal of Microbiology Research lufiaiies “Isolation and characterization
of lytic phage against Lactococcus lactis RP359, kem-buk-nud starter culture” Tull 2012
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Yolunuameslowaluwniid Myoviridae msdinulusiulassairwasuuamasloma QRP359
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Abstract

Starter culture-infecting bacteriophages have become a major problem of food
fermentation because of their ability to ruin fermentation. This study aims to isolate and

characterize a phage having ability to infect Lactococcus lactis RP359, a starter culture of

kem-buk-nud, a traditional Thai fermented food. A lytic phage ¢RP359 was isolated from
a kem-buk-nud sample and produced clear plaques of 1 to 1.5 mm in diameter. It was
highly specific to L. latis RP359. Since phage ¢RP359 was a tailed phage with a contractile
tail and its genome was double stranded DNA, the phage was classified as a member of
the family Myoviridae. Structural protein profile of the phage studied by SDS-PAGE
consisted of 5 bands with molecular masses of 80, 57, 40, 25, and 15 kDa. The highest
phage adsorption rate of 85% was observed at 20 min of infection. Although the phage
was tolerant to high temperature, the temperature dependent reduction of phage titer
was observed over the temperature ranging from 60 to 90°C. The influence of Ca " ion on
phage propagation was also observed with the optimal concentration of Ca” ion of 20
mM. Phage ¢RP359 is the first starter culture-infecting phage isolated from kem-buk-nud.
Knowledge of its characteristics and infection mechanism might help to improve the

starter culture dependent fermentation of kem-buk-nud.
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UNUI

udy (nisin) Wuuvamesleduriianils a31997n Lactococcus lactis subsp. lactis Sigy
fudviorhaedesduniduinguld wu qhunisiviliAnmauninidevesens (food-spoilage
microorganisms) wazaduvidnelsalueimis (food pathogen) wiiiuandinuadauunatitsy (lactic
acid bacteria; LAB) wlimdufianinsnairewvamesleduls  uazuuamesleduusavyiniil
Auaiimsduell  wagarmaninselunssudavievhaeideyaundidunndneiy  uailagiiudl
deduduviniuiildsunmsseniunniglsy waveuidmiaansodluldfuansovenemns
(food preservative) uashaiasantlun1susing (generally recognized as safe; GRAS) ludu
mmsm‘hawL%@dﬂiiﬂﬁﬁﬁﬁmlﬁwmwﬁﬂ Wiy Listeria  monocytogenes,  Clostridium
botulinum e Bacillus cereus Wusiu Tuduuananaztisasmsvuiiounesqduvidrslsely
oWsudd  Seieanigresewns  (shelflife)  viliansofulilduuiude  dhemail
Lactococcus lactis RP359 Sausnldmnennswiniudmysmenedauiedusns uasdu
aewugTansoasluiuld eiidnonminsdlldiduiude (starter culture) Tunisuiin e
villdevaminiifinunn vasndeueyfuisaniuresuilnaungsdu

nmsviinewnsannsauuteanidilu 2 wuu Ae (1) spontaneous fermentation Aans
wiinfiieduiadlagsssuma msviﬂnquﬁﬁfmmﬂu’“ﬁmwﬁnLLU*uoﬁ"’aLaml,azé’am'lﬁagji]unszﬂ"q
wofud  TesewwesndamsviinivinluedaSeuessiummy Jgymweamavidnuuuy
spontaneous fermentation AaANlllUUOUTEWANGR WU 2IAUARAIMAUVAITEINIININ
amalinsiivieliaiauovessand (taste) ndu (smell) uasifedusia (texture) vas0ms wat
Fosendusvaumsnisasanadnglumevin Bnvisdliainsaiuauevemondalda
fosms  Savaridudnaderdemvesiuiinade  Tasawmenguiuilnafibidunefuamis
wiindfninsainazlaigngudnune (2) starter fermentation AemawiinifinsiAugAuv3suneiinag
lidudedudurasmntn ussSendefiiuasdluduin Wade (tarter culture) Faluvhmini
musunszuMswinuasnandalilinuausRidulumididesns  auartAviednuuzyesqiu
vasAduhdedn WWun Yvenszaznmmeinliduas aunsondeansilinduniesavnng
anunsandeiniuuneia vieaunsaaiauuameiletuld Wusy mewinuuudifufiteundly
nndnszivgRamnssIvsaLientsdteenlaolamrlulssmaivauud nnzaansauditamn
fiatuInnTvinLuY spontaneous fermentation 16 Tvaamsgaydefienaiannany
Suvmvasmaniin drefanedilinandn  uasfveasafolunisuilan Snviedeannsa

muAunandausiaraililuavTeesulndlfeaiusiy  dafumswiuuy starter
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fermentation  Jsffuiilunumdrdyiestieiaungaamnssumsinielilde v svingil
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Hoyvmiafiwulunszuaunisminuuy starter fermentation #e wuafiGediduadedin
gnvihaelaghifavasuuamesleiwa (bacteriophage) wliinnsmeveshidevieiisuuanas
wnuldannsamuaunssvumsiniisuduseluls  visewiinmsndnazausasutulula
usRlnandntinanuaniRauiomanseidelfgniangluvuauds Jamdananiwulaly
pwnsvdinuateata lound nisvdnuaeniiees (fermented cucumber) lagld Lactobacillus
plantarum Juwde niswiinda (Swiss cheeses) Tneld Lactobacillus helveticus Huside
nsusinnsEvaUanes (sauerkraut) tneiiuanfinuedauuaiiGovanseiasuiuiuige wazns
wiingmavt (Yakult) Iaeld Lactobacillus casei strain Shirota Huhide Wudy

LLN’JV]'NWﬁQViQsﬁ?ﬂﬂaﬂﬁuﬁlﬁﬁ’lL%E]Qﬂﬁ’la’lﬂiﬂﬂLL‘UﬂWlEﬁIE]LWﬁ]ﬁE] n1sfaLEaNn
(selection) ¥3BN15IEITVANUGIMINTIY (genetic engineering) TumsuSuugsuduuaiiGe

e v ] a

L%@Iﬁlﬁaﬁﬂﬁqum’mwmﬂaLLUF"ILVIE]SIE]LW‘\] (bacteriophage resistance strain) deasgnaviilvivg
\desenanlignianelasuuameslemendsniiiuadludminud - egrlsfimunsuiuuse
Wusvesiudelilinmandivumuseuuameslameasdodifeyaunnmaiioatuuvameslomad
Suwzsewateriioty  uividinsluvasiunuebifinsfnnifetuuuameslamaluens
winveslneay fajunsAnwiiieafuineivevesuuaimeslama (bacteriophage ecology) 1u
Lma'aﬁagj (habitat) 1a5%3n (life-cycle) uagiBmsiiusunu (replication) Uusu masnau
msAnwAEnsalumMsansweainueiauuaiGeviasu (host range) U
(morphology)  uavlassadnviediulsznouveaiuawesloms  wavelinvesanswugnssy
(genome) waauuamsslaa weiiduiivsdegtiegnbsenmsinrsimuumlunstesiud
TWuuawedlaayngn  (nfect) vYnaewade  Tunsinmaiiajaduiiasamnamuariing
anauiRvasLUAmes e N swinAuthureslnedsannsavhane L. lactis RP359 dayad
Wenduusslomiversbomailuvauidouuaiifefngn  Wiamudumuseuuawe’
Tows  Sniadaiazaunsmiluvszgndldldfuiideuarfinuedanuniidoelinduiiiitlgmly

dnwuzidsnuilaanaig
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wapnuedauuavitse (lactic acid bacteria; LAB) L‘TJuLmﬂﬁﬁaﬁﬁﬂag‘lu family
Lactobacillaceae Hadunsuuin (gram-positive) liadwavas (non-spore forming) laiadns
Bulwdnemsiaa (catalase) WinldRlufinfioonFinuiisadniies (microaerophile) awnsawsin
(ferment) dmaudlinandandnde nsauanin (actic acid) Sguswiuuunay (Aerococcus,
Alloiococcus, Carnobacterium, Enterococcus, Lactococcus, Leuconostoc, Pediococcus,
Streptococcus, Tetragenococcus, Vagococcus) WAZLUUWYIY (Lactobacillus,
Carnobacterium, Bifidobacterium) (De Vuyst and Vandamme, 1993)

uarRnuedauuafiGoansauvseandy 2 nau  laserdenandngavineinduvas
nsvuaumsintaanglead Ao (1) homofermentative lactic acid bacteria vinefauaniin
wodauuafiSeiindnnsauanin (lactic acid) Wuwawdeuwdn (Ussunos 85-90%) uaz (2)
heterofermentative lactic acid bacteria wuefawanfnuadauuafiSefivennnudnnsauandn
(Useeu 50%) wddmanansdu q fe wu mfueulneenled (carbon dioxide) wariasuaa
(ethanol) 1{lus (De Vuyst and Vandamme, 1993; Axelsson, 1998)

Tuednnsuarowsmingdniinduainmsdanauazaudady  lagodouaninuede
wefiSeitegausssumaluomnadusmsilifenssuunsuin - uasfiuiograimnssu
TuptaSou nszvunsminesuULisaSenin spontaneous fermentation w3 natural
fermentation %"'aLﬂunszmumswﬁnmms«?‘icﬂwﬁmwmmmmuquammwmaammswﬁnlﬁ LT
anuduazinalulagmeihumsminlawaunluvhlvewnsminuazemsudssunaiedu

v

gramnssuvualvguasiivanvatesiin - uunessEuIlnaumuarhiiiiemsiuilanegiy

v

Hundanadildannssuiunin gramnssuniskdsemswinlutagtuiinsliuaafnuedn
wuaiiiudosuduniowide (starter culture) lumsvinosvaneeiin (afl 1) wazden
maminuuuild starter fermentation asene 9 Radilasuaafnuedauuaiide Wud ne
Bunsd (organic acids) lalasiauleseanlen (hydrogen peroxide) WuAmasladu (bacteriocin)

warlaovdda (diacety) Wudu dufdrudaslunisuziusiandu (smel) & (color) ieduia

v
4 e ar !

(texure) Uarsawd (taste) vetomMsvRBWY BnviditedudmisTharegauvisdnvilienms

<

wnde (food-spoilage microorganisms) uazgduvsgnalsa (food pathogen) wangwia (Caplice

9

and Fitzgerald, 1999)
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215V warinuadauuafSenliudiade
WNABl
- Sauerkraut Leuc. mesenteroides, Lb. plantarum, P. acidilactici
Leuc. mesenteroides, P. cerevisiae, Lb. brevis,
- Pickles Lb. plantarum

- Fermented olives

- Fermented vegetables
lednivain

- Fermented sausage (Europe)

- Fermented sausage (USA)
\Tashumiin

- Wine (malolactic fermentation)

- Rice wine
UNLAEHAATusiIuL

- Hard cheeses without eyes

- Cheeses with small eyes

- Swiss-and [talian-type cheeses

- Butter and buttermilk

- Yoghurt

- Fermented, probiotic milk

- Kefir
wiann

- Sourdough

Uanwin

goatmane

Leuc. mesenteroides, Lb. pentosus, Lb. plantarum
P. acidilactici, P. pentosaceus, Lb. plantarum,

Lb. fermentum

Lb. sakei, Lb. curvatus

P. acidilactici, P. pentosaceus

O. ceni

Lb. sakei

L. lactis subsp. lactis, L. lactis subsp. cremoris

L. lactis subsp. lactis, L. lactis subsp. lactis var. diacetylactis,

L. loctis subsp. cremoris,

Leuc. menesteroides subsp. cremoris

Lb. delbrueckii subsp. tactis, Lb. helveticus,
Lb. casei, Lb. delbrueckii subsp. bulgaricus,

S. thermophilus

L. lactis subsp. lactis, L. lactis subsp. lactis var. diacetylactis,

L. lactis subsp. cremoris,

Leuc. menesteroides subsp. cremaris

Lb. delbrueckii subsp. bulgaricus, S. thermaphilus
Lb. casei, Lb. ocidophilus, Lb. rhamnosus,

Lb. johnsonii, B. lactis, B. bifidum, B. breve

Lb. kefir, Lb. kefiranofacies, Lb. brevis

Lb. sanfransiscensis, Lb. farciminis,

Lb. fermentum, Lb. brevis, Lb. plantarum,
Lb. amylovorus, Lb. reuteri, Lb. pontis
Lb. alimentarius, C. piscicola

T. halophilus

B.=Bifidobacterium, C.=Carnobacterium, L.=Lactococcus, Lb.=Lactobacillus, Leuc.=Leuconostoc,

O.=0enococcus, P.=Pediacoccus, S.=Streptococcus, T.=Tetragenococcus, W.=Weissella

(Leroy and De Vuyst, 2004)
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17
v o

grisdugaiarhaneenuaiiiertinduls (Klaenhammer, 1998) lasuninuaisenasisuuamne

a a

SleRusiigiidumuregvivesiuameloduiinuesains myahauamesleduveauniioty
Weiesadvieunwuddunissseiiafuuueiiderieduiiondueludanademdiontuy  lag
wafidefiadauamesleduilonafiasiidinsesunmuuafieilildadswuamesledu
wamaslodunindusiuuuu  (prototype) #idlumsAnude 183 (colicin)  Teadreann
Escherichia coli siosnwuiniluuafiisednwangwianlund Enterobacteriaceae @unsnasnilad
Fuldiguiu nvauuaiiSeiuuenunilonniad Enterobacteriaceae fanusaairesuuameslodu
19 Uack et. al, 1995) Lumma%Ia%w?ia%NmnLLUﬂﬁL‘%'mi']wﬁmﬁ’u%ﬁqmauﬁﬁmamﬁuaz
Fanmusnsinafy Tegtuiiwwamesleduiisswiiafiende ludu (nisin) 9a$199 Lactococcus
lactis subsp. lactis (Buchman et. al, 1988) gnihluléiluanstinmeusuewns uasfiud
goufuresia Food and Drug Administration (FDA) wag World Health Organization (WHO) 11
Unanduseguilan

luduiduwuamesTeduiidaeglunguuaulvluledin (antibiotics) wisuumme3ledu class
| Usznaumensneziily 34 67 ﬁﬁwﬁ’nimaqawhﬁu 3,500 Ay aﬁmsnﬁuéy’amim%ayuaa
wusiSsunsuuIntavanewln Wy Lactococcus lactis  subsp. cremoris, Micrococcus,
Staphylococcus aureus, Mycobacterium, Corynebacterium, Listeria monocytogenes,
Clostridium, Bacillus wag Lactobacillus \Jushu LLazgﬂa'111’]508leéz\‘iﬂ’]iLﬂ%iy‘Ua\‘lLLUﬂﬁL%EJLLﬂiu
a‘ulﬁﬁ:;amn'l‘ﬁémﬁuaﬂsﬁﬁqwéﬁwam outer membrane YaduuALSe (Steven et. al, 1992)
luduannsanueudou 100 ssmwaidealdusdilios 10 wiii gvhanequblaglaluviudu
(chymotrypsin) um'bjgnv'i'rmaqwéimaiﬂsl.ua (pronase) wazvi3USu (trypsin) emsiasudei
wangausantsaseluguAe milk and buffered complex media luBuvzgnadiesninlugig
exponential phase vasmsisyiulnvendeuuaiise  nsvuaunisadsludusionutusey
translation waaluduasegluguluslugu (pronisin) neu uaznaudeanliuanivadlusluduasgn
Wuluidneundusenluiiliinanediuluiu ludulgrsvianeiderneadvengaditvne fu
fimuaumsaisenseglunanasiavielaslulenilditusgiumeugvondadiasn Buchman
et. al,, 1988) lududl 3 wiim (nisin variants) A ludu 1 (nisin A), Tudy wam (hisin 2) way ludu
f1 (nisin Q) Fausazaiindldwuraansaesiluwnnsauiiondndoswiniy

Lactococcus  lactis  RP359  {hwasfnuedauuaiiFeiiuenldandutntn (e
o JURNMSTaINAINIVEEARITINT . AlINeIMEns UMTINeNdeuasesil) aewun
LfJuL%aﬁa’m’ﬁﬂa%"Nlu%ulﬁ (Rattanachaikunsopon and Phumkhachorn, 2008) LLasl,ﬁja
ﬁwmsﬁnmLtﬁawuiwﬁqwéﬁﬂaﬁaLLUﬂﬁL%UdaIsﬂlﬁwmwﬁﬂ Wy Listeria monocytogenes,

Clostridium perfringens, Staphylococcus aureus wag Bacillus cereus \WHudiu faiuiaiay



aunsaluiaduindslumsinuasindulUluswnsviinlé WorinlWewnswiindi
ARN W LLaai’Jmmﬂaaﬂﬁadaﬁuﬁnﬂmn?jﬁu
PJywmidmmuideimshuandnuedauuaiidoldiduidevemnings  nan
uapAnuadauuaisugnyhatelaglsaviauuamesloms (bacteriophage) (Lu et. al, 2003;
Deutsch et. al, 2002; Coffey et. al,, 1998) Ugymamnariludnisaumaivenszuiunisvin
Foviliemmaniniléfinuamlinsmuiifidndesns  myhansuasinuedauuaiisemduiin
L%E)‘Uadﬂ’l'iﬁﬂﬂiﬂEJLL'UF]Lﬂa%IGLW%QﬂﬁUWUﬂ%LL’SﬂIﬂEJ Whitehead uag Cox (1935) #avhnnsAnw
fu Lactococcus lactis wdmnuldiimstunuuuameslawlaivhareuanfinueiiauuainiiedn
vangrle (sdl 2) dgmdsnandsiulihluganuweneslummnistesiulalviuandin
LL?J?‘IG]LL‘UﬂﬁL%EJﬁ’JL%@QﬂﬁWmEJIﬂEJLL‘UﬂLVl?J%IEJLW'«J Famvistesiunanfinuadauuaiideannis
vhangveswuamailewaviala q A dnivermansiudusesdideyainntuuuamesloms
¥iaty q Thannfae  defuluszssusnuesmsfneieniisnislunstesfulilianfinuedn
wuaiisegnvinanelasuuawmasiamy Jwpujiiiuluns@nwauand®ing q vewuuamaslema
Wy 2995890 (fe cycle) HadufifinasianmsBaniziuwaduuafidealivne dadeiifinasons
Wusuveuameslamansluwaduuaiieditunioleasn (host cel) Ufduwussening
wuameslamatuuaafinuedauuaiiseduiulaas (bacteriophage-host interaction) nalnnng
Maneuanfnuadauuafiiie susnkarlassaivveuuameslama (bacteiophage morphology)
naenvuliaveITNUgNIIL (genome) wazdwulvameluaswugnssniy Dy Weldteya
fa 9 watuds nineeansinrannsathuniinssiiienismstleatunisviiansuaniin
wednuuafiselasuvameilamafivingauuasiiuseavsnmeely
wwamaslematulifaveuafils  Masaiavtediulssnouddgfe  arswugnssy
viothnddnuedn (nucleic acid) warlusiuieviuanswugnssuBenit uAdn (capsid) deenadl
sUsradfusunaemden 19y icosahedral s asiugnssuvesuuameslamaeraiu DNA
w3 RNA Al# answugnssuiigniiuseundniusiionnGends dk (head) uuamaslamaus
vinenaiidmszneuimdnie Tdndldnvaniuwiesarenndi Sondt dume (tail)
waruSnaduEesnulastaay q 1éiaae 1wy base plate, tail fiber 1usu ('gﬂ‘fi 1) msil
wiolifdme  uasmsia-waldvesdiumatistannsaldluntssuuntiinvesuuameslomald

f8 (Ackermann, 2003)
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A5197 2 fagtmuAmBslaINYInasLanfnLadnLuASY

wuamaslaa uaRRnuadauuaiisY
bIL67 (lytic) L. lactis
c2 (lytic) L. lactis
skl (lytic) L. lactis
dbIL70 (lytic) L. lactis
rit (temperate) L. lactis
Tuc2009 (temperate) L. lactis
Tp-901-1 (temperate) L. lactis
GLL-H (ytic) Lb. delbrueckii spp. lactis
¢§le (temperate) Lactobacillus
$01205 (temperate) S. thermophilus
$7201 (temperate) S. thermophilus
$DT1 (temperate) S. thermophilus
BK5-T {temperate) L. lactis
¢VML3 {lytic) L. lactis
Fa-1 (lytic) L. lactis
$7-9 (ytic) L. lactis
$50 (lytic) L. lactis
dLC3 (temperate) L. lactis
dUS3 (lytic) L. lactis
$197 (lytic) L. lactis
blL66 (lytic) L. lactis
blLa1 (lytic) L. lactis
(1)31 (tytic) L. lactis
d)adh (temperate) Lb. gasseri
mvd (temperate) Lb. delbrueckii spp .lactis
$sfi21 (temperate) S. thermophilus

(Forde and Fitzgerald, 1999)
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JUR 1 fegdngusiuasdiudsznaudAnguasiuamesloma

(ﬁm - http://en.wikipedia.org/wiki/Image:Tevenphage.sveg)

Lysogeny

gﬂﬁ 2 MSNUIUIUTDWUAINBS Lawa

(ﬁm : http://www.mun.ac/biochem/course/4103/figures/ptashne/Chapter1/F)



Tl ae 1967 Bradley laduunuuameslomasenidunguaudnuazgusiuasans
Wwugnssuleilu 6 ngu (group) fia A, B, C, D, E uae F lasuuamaslawangu A, B uaz C fans
wugnssulu double stranded DNA, uuaweslawangy D uay F Tanswugnssudy single
stranded DNA uasuuawaslomangu E fanswugnasudu single stranded RNA wuame3lama
ﬁé’u&m‘%aﬁwmaLLaﬂanLLaﬁﬂLLUﬂﬁﬁadaulmyj%ag'Lunfcju A, B uaz C uazuuameslamadmsu
Lactococcus dilvigjiinazaglungu B (Bradley, 1967)

nevhlumsynsn  (infect)  wpauuamaslawidhgleasivadinasiinnusimzgann
(highly specific) w3enandnisuilsAauuameslamarinlaviavisfiinesvharsuuafiGeifios
wislaviauilavingy anudimeszniuvameslomatuwuaiiGefdulsadivadiu Hatulag
ardnsTufusenhaiumidioguueyniavsauamesloms 3onin attachment site iy
fumisfleguuinisadueuuniisedasenn receptor site =uﬁnﬁuawsﬁuqnssumaaLLUﬂLwa'%
T.amlsuﬁ%gnﬁmﬁwejmaéuUﬂﬁﬁaLLazL'%'uﬁuejnszmumﬂﬁmﬁmu (replication)  UBILUALNES
lowmasialy

nsiuduuseuameslamanglusadvesuuaiiSoannsoeenliitiu 2 dnwurde
WUU lysis (lytic cycle) waguuu lysogeny (lysogenic cycle) (E‘Uﬁ 2) AMIRNINIULUY lysis i
answusnssugniinangluwaduds nalashe q Adetesiunisdsdinvesuuaiizelaound
amgavzdnas ilemnuuameilamaasdlumunuuadidnalasine q wenduiomsfiuduoy
vowuameslaawiniy ToeSuanaalusiwsaduleiddyifoiteatumssantans
Wugnssu udlsedalusiuniedulsznavteuaudauatlassadnedy q ntudnsenausig
qI Vigna%a‘ﬁumLﬂuﬁwmumnﬁ%'amsmﬁu (assembly) naneiduuuameslowmaanugnisnny
wniatumeluad wameslemhiiindulwmiiisend progeny bacteriophage lngsveznand
'l‘ﬁﬁv’uwil,mﬂma“i‘[mwwn@ﬂLﬁwquaa‘uauﬁﬂ progeny bacteriophage 81aldtiauReadntios Wy
12 Haluwinfy  iltuegfuriaveuameslomy  uadlufigauuameslomafiazaieans
e veanuaUNtuYaATaIUAlSy  untalgadlianmsuanaans  (lysis)  wazUaee
progeny bacteriophage $1auIAWIE T UBENIUBNEad 91N progeny bacteriophage @il
anatRuAnIfuLuamslemaGuusningiead  AndeuiinaidngwaduuniiGovadiviioy
hafssial (Medigan et. al, 1997) msynsnvievihansigaduuaiiSevauuameilomauuy
lysis 4 luiiamasvhliuuaiiGomslunnisnuifiwameslomesdiadueg dumsiiusuy
WU lysogeny wuamasslamafianunsaiius uauuuuiildisendn temperate phage iloans
ugnssugniidnnnslueaduds wameslamashasiugnssutudiliunsneglulasiulen
YBIULUATILSY awsﬁ’uqnssmaauumwa‘s‘[aLwir?'iuwsnaq’lu‘[ﬂs‘[u‘[qmﬁﬁandw prophage Wauiile
wuAfiFouisindiudau  asWugnssuvesuuameslewaiaziimssiassaedunioniu was

denaunsnaglulastulengudu lnglivinlviin progeny bacteriophage fatuMsNTLILTEA
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wuAmeslawauuu lysogeny Jsluivinliiianisuanaangnianismevoinuaniisy (Vegge et. al,
2005) wspnRviMiAnnswdsuwlaniugnssuveawupiiield Tuunannz prophage 913vige

sonvniashilauvewuafisauazannsandudignisthudwauwuy lysis 1o Senusingnisel

o @

wuildn induction legawvgdéiggivillviidia induction lawn nsnserumsuasdansilalown

o

(ultraviolet) wSoanswaiiuarie Wusy
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UNN 3

EAATITNINAGDS

1. RuvIduazawnaidsadeildlunimmaaes

Tumsfinunifagldl Lactococcus lactis RP359 Wulsadiiuad (host cell) wlenmaavuun
weslamslugmsndinetiadn q  uenaniuuafissaeiuifinansiddlunafusiuas
Anwanantion q rewvameslamainnanuie msfnvruaunsovesuameslomaly
mvhansuarfnuedauuaiierinduliuaninuednuuafiSevaaeusauandunsad 4

uardnuedauuaiiSennanewusilflunisinwilimedodagldomnsives (MRS broth)
v3oamsufs (MRS agar) Uniignmindl 30 sarnwalafunanszna 18-24 dalwe v
Snwuaninuadauueiis vilasthuuaiiSefiaialuemms MRS broth B glycerol aalulvile
dndiuree glycerol Wity 15% (v/v) ﬁﬂmﬁuﬁﬁqquﬁ 20 pwrnealdea dedpimsi
wanfnuedauuaiiGefiiuinulitinld ssluideduewns MRS broth ey winiluldly

Msneassraiu

2. MSATENATDE19RIMITHNN

awsmindiianldlumsuonsuavedlomauseendu 2 dhwusfe (1) ewnsiid
Snwnzuavdeivluduussneuey @y wun wih Wnsenier wiudnt Jusu) wes ()
awnsiisnvasduiwiefidnusznouiilureavannn (du dnaeswiiasing q Jud) Tunsdl
fownsildnwusurvdelithiiuduussnoutios thawnsunddildiwinussina 5 nfu way
fu PBS buffer Usuns 50 fiadans amiuhluiunie (centrifuge) fin137 4,500 seuURD
wit Wunar 10 wil Audla (supernatant)  PdwmsuhnisiuuBinauuamesloma
(bacteriophage enrichment) lunsdifiensiidnvaiuimiediuseneuidureuvannn
Yueduidiuimieveavannlilaense Insvhlutumisdiennss 4,500 seusounit Wunan

10 wt shvandlalidmsurinmsindSinauuameslamalushagweamnsiutussussly

3. mafainauuuameslamaluflegems
maiulSinanuameslowmalusagiewns 1995 bacteriophage enrichment Fwvile
o thaanla (supernatant) #ildanmsthundsslunsessiuusiunsas (membrane filter) il
YNATBIFNTY (pore size) iy 0.45 lulaswns veawmaiiunsnsessGeni “fethai
newd” (filtrated sample) thiethaiinsewdiiines 5 faddns wwaufuons MRS
broth TiwIenlifinudududuasavin (double strength MRS broth) U3ines 5 fiadans way

Wi L. lactis RP359 fivndufiu (overnight culture) asluuiines 100 lilasdng vudl 30 saen
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wawdea JuaUsyana 18-24 Falus ntuthundumdssiiannunsa 4,500 seuseud Wuan
10w Wudwlanldnnnstumisdunsesinuuiunseanifituavesgnsuviiiu— 0.45
lulasns vaavaiiunsnsasiliSendn “asavaredmSunsivdeunuamasiains” dwzthly

nageuhilluameslainaniannsavinate L. lactis RP359 agvsalilagis spot test

4. MIATRNIUUAMDS LoLHA

nseTIuUAMeslawa (bacteriophage detection) 1933 spot test FafisreasiBunsil
¥ L. lactis RP359 Thdpsluemns MRS broth waziasyegluseey log phase Usums 100
lulasdns Wuasluraanams MRS soft agar Usums 5 fadans (AImYNtuUYeY agar WAy
0.4% uavneultlvilunasmiteliiuazansuarilgamgiivssina 60 esmuvaidea)  wax
wuaii3ouas soft acar THishAusE vortex mixer udawmviuliviinuiiemis MRS agar sols
MRS soft agar Mwwuaslutuudesh (dnauszana 510 wif) andunesansazaredmiu
asreasuLuAmeslae adluusines 10 Lilesdns Tnovenasmsenanssesumsidsnis 1h
mua'nmL?;mﬁ?alﬂﬂw‘?iqmmgﬁ 30 perwaldea WunanUssana 18-24 3lus aniiudansin
fidnlavesmsdud (clear zone) Watunswumisiiiinsmenansazansdmiunsiadeunuame
Slowavdelt dildlavesnistufafstuiisumistinduanailuansazanesinaniiuuame

Slawafiaunsavihane L. lactis RP359 oY

5. AMSUENULUAWMESIBINT

ivhaduide (loop) Fssiidaudiyavieasnaseudinniiiie clear zone (onawmiaiuil
agduuudaiAetures soft agar) ldatluvaoavnaesdell L lactis RP359 Wingeglusens log
phase Tuams MRS broth Usunms 10 fadans wanlidnduleaeld vortex mixer ielvhiiotu
uannszasluems MRS broth dnan sntuiluvuiigumail 30 ssmiwadea Usana 18-
24 $alue demsunaniluduiisdinnu 4,500 seusound Wuian 10 wi wudwlanls
nmstumieddunsesriuukiunsasiivuinvasgnguindy 045 lulasiums veuvadiriiums
nseekisend “ansazatsuuamelloina” (bacteriophage suspension) ﬁﬂlﬂLﬁU‘l’?ﬁqquﬁ 4
NGAIE GGG

Wansavansuuamneslamanldunvi plaque assay Tngl35 double-layer agar method
Weldld plague Wen ol Yrasaransuuameslamarvihnsi§esnuuy tenfold serial
dilution Twems MRS broth 9 ntinidheafisyiuarniaanasg 9 Uues 100 Lulasing
Tdaslluswns MRS soft agar USinms 5 fiaddms 1u L. lactis RP359 MaSeyegluszey log
phase U505 100 Tulasans saulidhduudamifuasuue s MRS agar thiluuuiigumgil 30

ssmwaldea Wunaszana 18-24 9l andwden plaque Miogided q uwmiisu lagly
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loop Wetilpjumsaiumiaiiiin plaque unguatluams MRS broth 9l L. lactis RP359 1338y
agluszey log phase Usuas 10 fiaddns wanliliejuuannszangluewmislaeld vortex mixer
wanhlulngamail 30 sswwadea uiu 18-24 Falua uilulumlesiannusa 4,500 seusia

o & oS & M v o o . ' o Y
Wi Wunan 10w vdnlanlannmstusieslunsesinununsasiiivuiavesguuiniy
045 Tulasums vpuvaisiunmsnsasliSendn  “asavaisuwuAmneslamanians” (purified
bacteriophage suspension) iulifgamail 4 swuzaidea e luAnwilumsveasdu q
maly

6. mamanududurssuuamailama
lunsmenutudurasuameslamanistuliunuresuameiloa  (bacteriophage
titer) azsrenuliua plaque-forming unit/ml (pfu/ml) Taele3s double-layer agar method
FailiEnsfe  thdhegeiideansmanuduturesuameilomamyimsidesnauuy  ten-fold
serial dilution luewns MRS broth aniurhdegnefiseduamuiienssi 9 Ysuws 100
lulasdns Tdadlluewns MRS soft agar USuws 5 Sadams iy L. lactis RP359 Aiadnyaglu
sv8% log phase Usinas 100 lilasdns waslvidnfusdimiuasuuemns MRS agar nluuudi
gamail 30 sswadea unaiszunn 18-24 Falus 1ntihnsiuinu plaque fiusing

vunueIMdsate  (Gentduanauimeidedill plaque eglutis 30-300 du) thdwau

plaque MivlsluAnnamanududurauameilamalagldansnisiuindal

AMUITLTUYTDILUAMES LaINA (pfu/ml) = 912U plaque X 10 X SEAUALITDANN

7. msAnwianusunsevasuuameslamalunahaneuuaiGeaewuday
AuaInvaUAmeslaimlumsmeuueiuaewusdu  (bacteriophage  host
range) nadaulaeds spot test fail Uuandnuedauuaiiienaasurianig 4 (15790 4) Fauaey
atluszeg log phase Usums 100 Lilasins waufiuemns MRS soft agar Usuns 5 Nadans
uAUMYIUasUURIIMTNEMIS MRS agar seduilivithowsudsin veaaisavatsuuameslaing
Uiavsinamududuvindy 10° pfu/ml Yies 10 bilasdns asuufviiens MRS soft agar
dandm Tagvnasuinmunanaumisdss thaumwzsisduiniigamgi 30 ssmgadea
nasana 18-24 $alus antudanaiidulavesnstudh (clear zone) Wndunsehumiia
msveamsasaeuuameilomaiqrisvioll dilidulavesmssudainuiinumisiena

RARTILUANDS LaINARINaAMaNNsaVansuuUAS snaaauTinuule
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8. MsAnwWavesAITATaTY CaCl, Aen1siiudnuiuvesuuamaslawa
nMsAnwINavesansarany CaCl, Aemnuaiunsavaduuawmeaslawalumsyinate L. lactis
RP359 @wnsavirlalaenisun L. lactis RP359 ﬁw%zyag‘lusxa:: log phase USuws 10 fiadans
$1uau 7 vaen wiFansazany CaCl, Amnududu 1 Tuans (M) Taslimnududugavie (final
concentration) Tuusiagvasawitfu 0, 1, 10, 20, 30, 40 way 50 fladluany (MM) NTULRY
asazansuuamaslamauiailagliiiviinauuamaeslemarmnuidudugavneluusazvase
Wiy 10" pfu/ml vhneasmaassia 7 Tuusiigamgll 30 ssmueaidea Wunm 6 Falus 1
vaenlutuwisafiruga 4,500 seusewi Wunen 10 wi iivanlalunsemmuukunsosiis]
gavesgnuviiy 045 lilesums  theeavadildainnisnsesluasaamarundiudiuues

wuAmaslaina (pfu/ml)

9. NNSANEINISEANITYBUAYNDS LB IUURIadvasladan

nMsAnwINTsEanzeuAmeslemauuRawadvedlaas dalufitae L. lactis RP359 ¥
et L. lactis RP359 Viw?zyag‘lusxax log phase Y3115 100 Hadang fdasaraIsuuAnas
Iaw‘lw%qw%‘ TvsiA1 MOI (multiplicity of infection) winiu 0.01 mnﬂu’uﬁﬂﬂﬁuﬁqmmﬁ 30
DI LTaLTEa UM (Aiae 10 Tadans) Ainan 0, 5, 10, 15, 20, 25 uag 30 UM thfets
ffvlslutumisefinnungs 4,500 seuseundt Wunan 10 wift Wudndalunsesiuukunsesd
fvuavesgnguvindu 045 Tulaswes  dwaavasfildannisnsesluasaamanndudures
wamedlaws  Fwnududuvesuameilawailizdurnududurewuameslomaills
\MeiiRwaduen L. lactis RP359 ($unin residual titer

nsvAABEIeRasiImMMAaBsaAUAN  (control)  muglude  laglumsmeassn
muaasmnsusautuFEITURna 117 Wild MRS broth wnu L. lactis RP359 mrmududues
wuaweslaweildnnsnaassyaruauiZsnia control titer

MsmwIumAnleiduansianzvewuAmaslaauuigaduadladn

(% adsorption of the bacteriophage) mmiﬂv‘iﬂﬁﬁﬂﬂﬁqmﬁma‘lﬂﬁ

[(control titer - residual titer) / control titer] X 100

10. nMsAnEIN1IMUANiaUTEILUAIES BN
nsfnmmsuauieuvsuameilamuilasinindulasade  (sterile  distilled
water) U3inmns 900 lulaséns Tdluwasn microcentrifuge tube udahluleudouiigamgdl
Fna 9 Fail 60, 70, 80 waw 90 BsruEALEya Wuran 30 unf wielhindulaenidetigungiion
gy snthniensaransuuameslems (bacteriophage suspension) USunas 100 lalasdns

wuaslvlnindudasaiveniigumgiinudsisliudy  nglvllanududugavinevesuuanesloms



dninIneusng WY IMGUgUaTIYEI] )

1 :/ [ 8 LY 4=1l a = b 4 va‘ Q v o
Tuwrazvasatuwindu 10 pfu/ml wasanfilyatsazalsLuamesloiana lmsudunaviug

©® w 1 a a a ' o o 4 o v e C A P [
LASNUAIBENVN 9 30 W Wuan 3 um mam\‘mLnumuuasgnm’[m&uawuwaqmsm*u

lngguasluiuds husagdegdlumaaudindureiiuamesloma (pfu/ml)

11. msvi’muama’%hMa’lﬁu‘%’qwé (Bacteriophage purification)
nsviuuaweslamaliusans §33n1siil dee L lactis RP359 luewmns MRS broth
Usums 500 fadaas LfiaL%aw%zyaq’lusz v log phase |AuasazansuuAmasloma
(bacteriophage suspension) U3uei5 1.5 fiadans uavifuansazans CaCl, Afinnududu 1 M
USias 5 Tadans vuiiguugll 30 ssmiwaidea Wunan 6 9alus tiluduissiinaunsa 7,000
sousiawndl gamadl 4 esweaidea Wuan 15 Wil Wiudla (supernatant) annseaiuuNL
nsaqﬁﬁmmmaqgwqmvﬁﬁu 0.45 llases udihludusivfiaums 23500 seureuni
gamil 4 sarmiwalda w2 $alus avanenznay (pellet) Tu bacteriophage buffer (20 mM
Tris-HCL (pH7.5), 50 mM NaCl, 5 mM MgCl,) U3uas 2 Tadams thansazanedildlaady
ansavany CsCl Aifimmumuuuuans1efy (CsCl gradient Aifinanumunuuy 1.35, 1.53 uay 1.65
n¥wiindans) dludumissfirandy 35,000 seuseu?t guvall 4 ssrwaidea uw 2 9l
14 syringe @ﬂmsazammﬂmaﬁaLWau%qwé (purified bacteriophage suspension) 88NN

ansazany CsCluanhluvinlvuIandiulagds dialysis Tu bacteriophage buffer

12. myfn¥jUIveLuanaslaaflendesgansAltiaansou

n13AN®3USI (morphology) veanuamaslamamendesganssmidlannsey @wnsav
lﬁﬂﬂUﬁ’m’]iazmEJLLUﬂWl’e)%IﬂLN’«JU%&jVIé (purified bacteriophage suspension) 1 “ea (Uszunn
10 lalAsans) nemasuy grid Anuien1$usy (carbon-coated grid) #ialy 3 w¥i wédenuuy
negative @18 2% (w/v) uranyl acetate (pH 4.0) A3 10 Fundi amuthluAnedendas
aNTIFMIBIAANTOLLULEBINTY (transmission electron microscope; TEM) ns3uunviinvas
wuamaslaimaanfines (criteria) #ifuualae International Committee of Taxonomy of

Viruses

13. nsAnelusiuiiudauusenauvasuuamaslomalagds SDS-PAGE
msfnwlusiufidudussnovvosmunmeslomadied  sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) annsavhlslaguiansazaisuuamesloinaus
ijé (purified bacteriophage suspension) Usuas 10 lulasiiag wauiu 2x sample buffer (125
mM Tris-HCl ('pH 6.8), 20% glycerol, 4% SDS, 2% B-mercaptoethanol, 0.04% bromophenol

blue) Usuas 10 llasaes wnhlusuluinidens wWuan 5 wii wdnhluveasasluges (well) uu


liubu
Rectangle
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Wiy polyacrylamide gel lngveaaaisazarslusiuuasguvvsiuiminluana (standard
protein marker) adlutedn q a8 Antulassnseualwviag (Uszunm 50 Tafusuuus, mA)
MUY polyacrylamide gel Wanawuluuszuim 1 #lus wuky polyacrylamide gel Tugau
¢ coomassie brilliant blue ansddeudiuiiuaanaiy destaining solution (5% (v/v)
methanol, 10% (v/v) glacial acetic acid) sswiukau (band) Wsiuthududu dminluana

o o g ) a v o = [y ‘o’ @
vslusuniludiulsenovatuuamesloma  awnsaaaaziulsannmsidSsuiisuiudivmin

Tuanavaalusiuunsgiu

14. N19EAAUASANYIEI TRUINTTUVDIUUAINGT BN

thansaraauuameslamauiavdinatinanswugnssu Ineldynadinansiugnssy
PureLink" Viral RNA/DNA Mini Kit (Invitrogen) a7niutiansiugnsssiildandadasoules
RNase ua restriction endonucleases afiasine q swannziviemdnanouledfmun
(Promega) waamnanswugnssugnanshateuleifiainanud thlvianuieuiigumndl 70 sam
Wwaldea w10 Wi LLﬁ?ﬁﬂ%uﬁiuaﬁiﬁuqniiulﬂﬁnwﬂiﬂﬂag agarose gel electrophoresis

7% agarose gel electrophoresis ﬁi‘&‘lumsﬁnm%uﬁaumsﬁuqﬂiimmLLUﬂma%‘lmm il
F5nseail wisen agarose gel (Prunduduves agarose Wity 1 %) ﬁw*“uvuai'aum'sﬁuqﬂssmﬁlﬁ
waangniasaeeuluisiinie q waudiu DNA loading sample umildadluges (well) vuusy
agarose gel sl DNA 1055173 1uuIn (DNA marker: A DNA /Hind IIl) adlutiasdne 4 iield
TunmaSsufisuturuavesiudiuasiugnssuvesunmasloms Tiresiléde Tris-acetate-
EDTA buffer nszudlnihiidessiu agarose gel fidnanusinadngmafiviiu 100 Taadk (v) waeld
naszana 1 $2le 9nduth agarose gel Wiode GelStar (Lonza Bioscience) uwazadae

Dark Reader transilluminator (Clare Chemical Research)
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uni 4

NAN1INAEY

1. NISATIINILUANGS L2331 5uinTLAA"4 | %ammmﬁﬂmﬂ Lactococcus lactis
RP359

IInNsdudensiagseIInTiiaing 9 TuReAY 30 feghy (1319 3) aviinag
psavuuAmaslewefiansavinats L lactis RP359 1033 enrichment method sty
nageuALAINIalUNIYIATe L. lactis RP359 1ae33 spot test WUIE@WITOUENLUAIES
Towafianusaviane L lactis RP359 1¢ §1uau 1 isolate amnewmsvsin 1 wfinfe Wudnin
(M15197 3) dnwaizes clear zone finuAe Tauandusnamsshumisivenansazarednsy
ATIEULUAWESlaIRaUUE M ABNEeTiEl L. lactis RP359 RERIGE] (gﬂ*?i 33) ey
ansazarefinanBwun1vnaeulngds spot test udiuaziAn clear zone fu wvhmsuen
u:umwa%‘lal,w:a'lﬁu%qw%“[mﬂ%% double-layer agar method wui1 plaque wasuuAeslowai
wenléfidnwasuidlannndn Sduihuguinanefoussin 1-1.5 Sadwas (U 3b) 9nty
insiiu plaque Wen 9 Tuieluifnsuiuwuaweslewd (phage propagation) wazn

mduTuYelLuameslainaluming plaque forming unit (pfu)/ml) AstiBLUAWMES lBLWATILEN

1didn PRP359 uazthlufiusnewlingamgl -20 ssrwaduaiiieldlunsdnudusiely

A15199 3 TUALATIIUIUD MITVINKALNANSATITNULUADS LOLNT

DITRIN UIUABEN  FTuURUAIDSIBaNiuenla

NNABY

LU

3

4

5
l&nsondau 4 -

Wi a

GEOGET 4

Uandu 5

q

uUndn




JUN 3 wuameslawa ORP359 fuenldandhetrsenmsviinintniia (a) 35 spot test

(b) 35 double-layer agar method
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2. MsAN¥IANEINTATaILUAWRsaWa lunTSYIaIBLUATISes e gDy

diovwuawmeilowa QRP359  Tumeasuaiuamnsalunisvasuanfinuedauuadise

P2

aneugdulag s spot test waARnuadauuatiSeminmaaauLanslilun1swi 4 Hamvaaes

wuiwuameilama QRP359 annsaviharelsianie L. lactis RP359 winduwaslianunsavinane

uaafnuadaluaisenaasuringu 9 laay (15199 4)

A19197 4 MsvadeuANEINSaTeUAmeslaa ORP359 Tumsvians

waARNuaAAKUATISBANEUEOU 9

a a o o b
wanfinLadauuanisafinagau’ Nan1InAgHau
(spot test)
Lactococcus lactis RP359 +

Lactococcus lactis ATCC 11454 -
Lactococcus lactis subsp. lactis TFF221 -
Lactococcus lactis subsp. lactis ATCC11007 -
Lactobacillus brevis ATCC 14869 -
Lactobacillus brevis UBUB001 -
Lactobacillus curvatus ATCC 25601 -
Lactobacillus delbrueckii subsp. lactis ATCC 12315 -
Lactobacillus pentosus ATCC 8041 -
Lactobacillus plantarum ATCC 8014 -
Leuconostoc fallax ATCC 700006 -
Leuconostoc mesenteroides TISTR 473 -
Pediococcus pentosaceus ATCC 25745 -
Pediococcus pentosaceus TISTR374 -
Enterococcus faecalis ATCC29212 -

Enterococcus faecalis TISTR927 -

aATCC, American Type Culture Collection; TISTR, Thailand Institute of Scientific
and Technology Research; TFF and UBU, Culture Collection of Biological Science
Department, Faculty od Science, Ubon Ratchathani University.

b - ' a
+, 0@ clear zone; -, laisin clear zone
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3. NSANEINAVBIANTaLane CaCl, Aan1siiudnuIuvastuamaslowma lulaadiwad

Wavndaunavesansazaie  CaCl, mensiiud wiuveswuameslanaluleadivas (L.

[l
< a

lactis RP359) Masayeelusees log phase lneldansazane CaCl, ﬁﬂmwmﬁuiuqﬂﬁw (final
concentration) Wiy 0, 1, 10, 20, 30, 40 uay 50 MM wasuuaweslamasuduyiniu 10°
ofu/ml dlovnawiuly 6 dalue wdufumessluusdazeududures Cacl, Al uwhnisesa
ﬁuﬁwmmmﬂma‘%lal.waaﬁgna%'ml.azﬂéaaaanmuaniaaﬁwaé‘[ﬂaﬁ%' double-layer  agar
method wuindlewin Cacl, Wilanududuaaviewintu 20 mM fnavhliuuamesleagnaing
sonuldnniign Waeufunslidiveansasats CaCl, (0 mM) uazrudidudy q ves

ansavany CaCl, ineaau (U0 4)

-
N
)

Y
o
1

Phage titer (log PFU/m)
o))

4 -

2 -

0 T — 1 T T T 1
0 1 10 2 30 40 50

Calciumchloride concentration (Vi)

JUT 4 wavenasuraslse (CaCly) romsiivdtuiuvaswuameslama QRP359
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4. NISANEINITEANITVBILUANES LaIWIULE YA vaslaan

dlevhnsfnuneauansalumsdaimzuuiiwaduedeaduaauunmasloms  PRP359
Tsuvsmsveaaseanidu 2 40 gausnlugemaaey @idleadiaduazuunmoilomaegsoiu
Tuewns MRS broth) uagnganiadiugamuny Glawzuuameslemaitiuiiogluoms MRS
broth) e nUnLanfusetaiivgis 9 susmaan 030 ui udnhusassedsluvimstu
Funuuuameilomalagd  double-layer agar method USinmuuemeslewaiituliluge
yneaeuinin residual titer uazUTinauuameslemaituldlugaanumudonin control titer
5ioth residual titer wag control titer AW q TesuRAzgANIIAADUlUA INALUBSITUA

AMsBAMNE (% adsorption of the bacteriophage) MWANAIIINGETINNTNAY WUIWLUALNDS

Toiwa QRP359 ansaBainsiifaieaduasleadiigeds 85% nelunan 20 undi (3U 5)

8

Adsorption (%)
B8 888 3 88

0 + 1 1 ' i { ¥
0 5 10 15 20 25 30

Time (min)

JUH 5 msgainzvesuuawmesloms PRP359 uurwead Lactococcus lactis RP359
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5. AISANEINISNUALIUSIUYILUAINDS IS

MvAgeuMIMuAILSoUTRILUAWEas oMY YRP359 Vigamail 60, 70, 80 uay 90 89
wadea Taendannlienuiounds zBudunaasniuiegnmn 9 30 Jud Wunan 3 wii

5 = o 1 g [l P 5 ° v o o d‘ aa ac
VMAUUNUURATHIDYWNNENUUTUUY IU‘Vl’]ﬂ']TU‘U'\J'm'J‘ULL‘UﬂLV]EJ?IE]LWQW?QWU'N]IV‘IEJ'E double-

layer agar method wan1sveaaswuIwurAmaslaiwa PRP359 awmsnwumm*’ﬁauﬁqmmﬁ 60
asieadualéd Wegupiiinduiy 70 ssmiwaidus uuameslemerzansnnuasinia 3 log
PFU/ml TagUszanas meluan 120 Jud Viqmwgﬁ 80 uay 90 asIATEd WUAWBIlaWIAR
Suruasegurndinelunaiies 60 il wilflgumadl 90 ssmisaldva SuIuveUANeS
Towaanausinivigumagll 80 asnwaidea Taouuameslomaansuiuasia 6 log PFU/mL 7
gamndl 90 sernwaiFea uazuuameslomaans oAl 5 log PFU/mL figumgll 80 aamn

\waled (U 6)

Phage titer (log PFU/mi)

-

JU# 6 mavuanusauveLuaaslama QRP359 Agumiall 60, 70, 80 uay 90 asrugaldu

Y
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6. M3AnFUTvaILUAmBIlaaRIEndaganssALBIannTaY

g
=4

wdmniinuameslamaluviliuiand uasthansazaouuemeslawauians (purified
bacteriophage suspension) Vim‘%sulﬁlﬂﬁﬂmgﬂi'wwaqLLUﬂma%IaLWQ ORP359 Taeiiliday
WUU negative staining MY 2% (w/v) uranyl acetate wazasus1aneldndesganssmisian
AseuWUUdDEY (TEM) wuitwuawmeslawa QRP359 fiWauuy icosahedral head Tuuneaidu
FuAUgNa1UsEIN 70 uiluwns wasiivnauuu contractile tail e1Uszinar 100 wiluwmg
(Uil 7) warmngusvesuvameslamanieldindes uwwamelawariiatinassnegly order
Caudovirales uazetilu family Myoviridae dleanduinneilunssuunlidanu international

Committee of Taxonomy of Viruses (ICTV)

JUT 7 ameneveuuameslams GRP359 Wisdauuuu negative staining wasdnnnglindas

JanssAvBlannTauwuUdaEY (TEM)
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7. msfnwlusAuiidudiuvszneuvasuuamailamalag3s SDS-PAGE
ﬁ’lmsaxmEJLLUﬂwla%IEJLwﬁJU%qWﬁ{ (purified bacteriophage suspension) UBILUALNDS

Towa ORP359 TuAnwilusiiulassadne (structural proteins) adudiuusznauvdnuasuusives

Tawld wuluuawmasloma QRP359 Usznaumelusiulassadnamdn (major proteins) §7uau 5

ginusngliiiuuumeiy polyacrylamide gel lnefivutawiriu 80, 57, 40, 25 uae 15 Alaniasu
(kDa) (3U7 8)

1 2
98 kDa

ot g
62 kDa
49 kDa

38 kDa
28 kDa .

17 kDa oo

14kD2 e *

6kDam

gﬂﬁ 8 lusiulassadravesuuniveslowa GRP359 dlousnlagds SDS-PAGE: Lane 1;

SeeBlue®Plu52 molecular mass markers, Lane 2; phage (I)RP359
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8. MNTANYIAITWUSNITUVBUUAATIAND

MnnsataasiugnIsurauamaslama OrRP359 uaziiludassiauleyd RNase uaz
restsriction endonucleases AR LLé"’Jﬂ”ﬂ.ﬂmswaawmmaa%udaumsﬁ’uqnsswé’qmﬂgﬂ
aasanouleiilass agarose gel electrophoresis WUINANSWUENSTIUTBILUALNES LoD YRP359
Lignéindeieulesl RNase uaz restsriction endonucleases unwila (Lilduaning) usgnénse
wulesl Pstl (UR 9) TnwamseaesilanrhasugnIweLuawailama QRP359 1
double-stranded DNA

23,130 kb

9,416 kb
6,557 kb

4,361 kb

2,322 kb
2,027 kb

JUR 9 asWugnIsuvesuAmelas QRP359 diedade restriction endonuclease:

v

Lane 1; Lambda DNA cleaved with Hindlll, Lane 2; uncut genome YDILUALNDS

Tawa PRP359, Lane 3; genome wasuurmaslaa GRP359 e Pstl
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Ui 5

ayluaziarsaluanisneaes

wapfnuedauuaiiSes (lactic acid bacteria; LAB) uuuafiFedifiunumddglu
gramnssuewnsviln  Inefidnddglumsusudsand  ndu  seessudiodudavatems
veninidafiunumadglumsulszluazauonewnsiiaunsaiulildidunau Wi
anavnssunsinemsineRutuseusennufedagiuldfmeinumnedwades uiday
TngifiglanationnIsvinuuusssund (natural fermentation) AeedeuuafiiForislegluingaudild
Tumsninv§eiiatuiaslusnenin witaidefelbiannsamuqumewinly wassesedunidoe
vierudiutulunmswiinduddy desalionsvinlaildinmsgnlumewinuiazads uasded
Iama*?i%qnujLﬁ'amamﬁmﬁawﬁmﬁmﬁmwﬂﬂiuﬂ%&ﬁu 9 lamnlilimsaauauniswlinegnsdine
vananimsiiemnaminiudulidesldumudedlunsuilon  vieuslaafuagianzluned
St losmninsvierlivaeadusediilifuinslunisuilan Wy eniimsutiounssdenalse
vnwiia Wudy

nsthuarRnuaiauuafiss (LAB starter culture) slfifiuwaida (starter culture) Tuns
wiindsldummaulanntulasonglugramnssumswinsualvg  dofvesnislivaudeluns
winfie aunsaruAsaAWIBseIinTinarluuazadvilautuvTelndifestuld wasds
ansniunuantRveiadlundaiausiiaiuyarvesdniasidig  lnonsidonld
WudeiisinmauiFmudansfuadlunssuunmewin 1wy THuarfnueauuaiiFedianunse
nanuuAmasladu (bacteriocin) WelududinisieigresuuaiiGenelsmouunaiiSeivihlvenns
whde  uaednuedauuaiGeiannsondnanslimumnuiuanniundng  (enhanced
sweetness) 3alvinauvan (aroma generation) uatlfuaninuedauuaiGefiawnsandmiana
fifunas3s (low-calorie sugar) \Uusy

a]'1nmsﬁﬂ‘mdawﬁwiﬁmnzﬁmaacﬁﬁﬂLaa annsausnuanAnuedauuATiGoTiaie
wamessloduiideiludu (nisin) 1§ TasuuafiGedinaniife Lactococcus lactis RP359
(Rattanachaikunsopon and Phumkhachorn, 2008) Faudadinnulsvasdfinewantesang
wilfiduiudelumanin  WewagramnssINsuine st uveslng Ay LAz

v

ANUUaansusaduilnAuINBly willgmmtsinudiaiuarfnuedauuafisotailuldly

v

<

nszviumwinde  wandnuedauuaiiSeviudegnritanslaeuuameslaia  (bacteriophage
infection) finavilvinssurunaiinlivlumuiieands uwardwalvindnfusinlobifinumn?

A3IMNNABINTS AiuTningmsvihuideluasatiieaslavuuamalunisudleligusely
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nMdeesiEuRunnIenawuameslameiisumevieanunsavhanewide L.
lactis RP359 wnawnsushiutnilunindaty 30 fed Sesznaudsemvinedasing 9
oun fdnaee uvun Tdnsandanu win Awdey Yandy wasfuinia wazanunsansiawununme’
Towlafiansnsoviane L. (actis RP359 1§ 1 wiin Tneksdoiuunmeslams ORP359 1 ndnuaw

clear zone 1agdd spot test Wwavdnweur plaque 1ae75 plaque assay vedLUAMBSLBINT
$RP359 fiusinguu lawn veuuaiideiiiulead fio wiuduidaegdnau wanviuuamnes

Tawa QRP359 Fuenldtinasiiulafinia (ytic phage %38 virulent phage) Tnsanunsaidily
gfbuasiusuiuneluleadiwad wazvivleasivaduanaansluiign (Matsuzaki et. al,, 2005)

lytic phage Wanansavihansuandnuedauuaieuazasianuluomainiieinemundey
wihil 16ud uwueweslemta QIL-1 Fausnlfann cucumber fermentation wavaunsavinans
Lactobacillus plantarum (Lu et. al, 2003) wuawmaslama GRO1, YRO3, PROS, BRO9, PR12
waz QR19 Fawonldan sauerkraut fermentation Wazawnsnyiany Leuconostoc Jallax

(Barrangou et. al., 2002) uazuuAwmaslawa asccd28 Fauanlsiain cheese & whey Uazamsa

¥inane Lactococcus lactis (Kotsonis et. al., 2008) iusu
dimhuuawesloma PrRP359 TuAnwauannsalumsvhatsuaniinuedauuaiisueie

fu 9 wuiwuameslama QRP359 lianusaviaeuanfnuedsuuaiiFeiinmeasuldiag
wansilanuannsolumsyaneuueiiseldegnsune AeannsavhanglfameuuafiGedidu
Teadivad (L lactis RP359) Wiy vdeerenanlduuameslomeiiuenlsidadu narrow-
host-range bacteriophage agalsRaummannsalumsansuuaieat sz ey
Tuilurnandaivwuldluuameslewadniug (Lu et al, 2003; Sandeep, 2006) wiiuuname
FlaoueedinaunsavhansuunaiiGefieglu genus war species enfuLsAMEEUS (strain)
¢fim (Barrangou et. al, 2002) wenmniAwelistenuiied wamsslomauieiisaunsa
vansuuafidelfunnnimilsiinuazeng cenus 18 wiednidu broad-host-range bacteriophage

(Jensen et. al., 1998; Capra et. al., 2006)

nsAnyINATEIENsazaNY CaCl, sanisiiudwurasuamedlama OrRP359 wudileld
CaCl, Aududugavinewiniu 20 mM fikaviliuuameslamagnasnuasUdsseanuuenloan
wadldanniign uanei1 CaCl, fnasenisiusnnuvsiuameslomerind miiduuiiens
\lewnanmsBainie (adsorption) vesuameslemeuuiawaduedeas %ﬁﬁ'mﬂuqm‘éuﬁwaq
gaansEUIuMSiNsITsUAmeslamy  (nfection  cycle) WU uenanasdesede
AUTWNILIENIN  specific receptor vuRIgaauadlaaniu attachment site vulAseasne
mouanuasuuAaeslamauds (Topley and Wilson, 1990) vnndadssnudesads divalent

cations (19U calcium ions %58 magnesium ions) AliegluanizuIndeuiiuuafiiouasuuAmne’
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IaMamﬁ’aaz“Js'wﬁ’uﬁw LTS IEUINUNASIUAIBSlaaRadns divalent cations TuuSun

ﬁmnm'wﬁflag’lummsLé’ﬂwﬁam‘ﬁe‘l’w%’umscwwzLé‘aaLLUﬂﬁGam‘ﬁLﬂu‘[aaéwaé (Watanabe
and Takesue, 1972) lunmsvaasstinuiuuameilawa QRP359 fimwsonis CaCl, Wan1s

s naundreadatuiuameslema ¢JL-1 (Lu et. al, 2003) uazuupamaslema MLC-A (Capra
et. al, 2006) veninisaiiululéeinanudeans divalent cations lunisifiusiuiuees
wuameslawetu entliideatetuduneu adsorption wiluiiatestutuneudu 9 veamsiiiu
Suniluleadioad 1ty nsyngniingleasioad (penetration) yiensifisdiumelulearioad
(replication) (Paranchy, 1966; Watanabe and Takesue, 1972) {ugu SnvadaAsiiseaude
71 calcium ions fxasianstin plague (Quiberoni et. al., 2004)
mMsvageuATIaIsalunsEamzrauawmeslamauuinvaduadsadluns SlFy
avavans  CaCl, adUludumeuvesmsvieasy  wsdeantsinmnisianizvesuamesle

wauuRiwadvelsasiuansiwuafiiseniyegluems MRS broth UNR wan1swaaeawudn

wawmaslomy QRP359  awnsadmmzuuiigadvedlaadlanud 5 uwWiksniveaeu  uay
aunsndanIzuLRIwaavadlaaniausEunm 50% Wanaiuluwies 15 uni wazanusadanig
vuiwaavasleanls 85% neluan 20 u eilUesidusnisianisuuiinwadvadlaas

'izWi’NLLUﬁL‘V]EﬁI’eJLWR]LLﬁ%ISaﬁLLGia&’@:EJ’li]LLMﬂﬁiﬂﬂﬁulﬂ WU NNSANYIAMUANENRLIUNSERINY

woauamaslama QJL-1 vulllwadveslaasiAe Lactobacillus plantarum Tuawns MRS broth
Ay CaCl, wuinuuameslawaanunsadainmsuuingaale 75% atglunan 10 wi uasie

IMEUNENYaalagane 90% wag 96% aeluian 20 uvi wag 30 uil uaeu anvadanudn

dlewSeuiisuaruawsolunsBameuuiawadvedsasveauamasloms Qi1 Tuens
MRS broth Tidiu CaCl, Alvmaliuananaiy (Lu et. al, 2003) udaInAIsAnwAuaRNsaluATs
famzvesuuaadlawa MLC-A uuiiwadveslaanae Lactobacillus paracasei luawns MRS
broth AliHu CaCl, wuiwuameslemvannsadanmyuuineadiies 37% wienawiwly 45
it widlewSeuisufumaunsalunsdansuuinwadueslarvaunmailoma MLCA
Tue s MRS broth #iiiiu CaCl, ndunuinansadamzuuiiawadlageds 95% aeluian 15
U (Capra et. al., 2006)

waweslows  ORP359  amnsanumnufeuldfdioaglugnmgli 60  esrmuwaidea
Wewnsuuuameslamaunulianasaeiiionasiuly 3 uri LLGiijaqquﬁqa‘TTuLﬂu 70, 80
uaz 90 swwaldsa SuwuAmeilamaisendintzanasetauiulddanelunaniisue 3
Wi Snwsaﬁm'sul,mﬂma%‘laMaﬁaﬂaauﬂsﬁumaﬁuqmgﬁﬁqa'ﬁu athalsAnudlogamagiigeds 90

perwaldea wasaneiuly 3 uai ﬁé’amﬂLmﬂma%‘[mvmaﬂ%'%mmﬁaagj INNANTIINAADI

v a ' v *
iiuiuvameslema  QRP359  urazaunsanumudeudilslunszuiunamaelsd
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(pasteurization) Wwuu high-temperature, short time (HTST) %ﬂl‘ﬁ'qmwgﬁlﬂhﬁu 71.7 23
waidva 3o 161 awnwusules) w 15-20 Suiild Swenndesiusiesureunthiinnanii
wawaslamaiifleadiduuuafidely cenus Lactococcus W3ai3endn lactococcal phage @au
Tngannsanunswiarelsduuy HTST 16 waslaevialy lactococcal phage yzgmviang 16
anuvndl 85 aarniwaidva Wisldamnuegieliay 15 Wil saiimaninsolunsmuaiiaures
wupweslamausassfiaonauandeiuly iy wuaweslawa MLC-A  awnsavuanudoud

gl 63 uaz 72 avvaldealauiuegeay 45 util (Capra et al, 2006) uuAmeslaing
GIL-1 anansavueuiouigamall 70 ssmwadealdfninigamgll 80 swrwaidva (Lu et,

al, 2003) uazuuawmasloima QYS40 awnsavuanuieuiigumail 80 avruwadedlnfiliengly
gmsdsadefivnzan Wy HB8 broth (Sakaki and Oshima, 1975) Wusiu mevsudeya
WNEIUALAINSOIUNSUAILS auTRwUAWaslawe  Wiezaansaunlulduselondlunisva

W MieTsnsmununsuuilsurasuamaslamalunszuiunmviin

Pnwamsanwlusaulassaiseawuamesloma  ORP359 1aedS  SDS-PAGE  wul
wurweslawaiilusiulassaiiavdn (major proteins) fiflureiniu 80, 57, 40, 25 uax 15 Ala
masiu (kDa) WsAulaswairmdnvesuuameslamausaseiinonaunndsiuuasduendnwamse
Shwnsamzvauameslamaiu 9 Braun wazane (1989) wnevinsAnwilusiulassadievdn
vpauuAmeilama 10 wdn (6 vdadu lytic phage wardn 4 wimdu temperate phage) 7
duwwsie Lactococcus lactis 1agds SDS-PAGE wuh juuuuveslusAulassaivdnvasuuame
Samteis 10 wlelimfloutuays  Tnehlluuamesslamafillasaidlidudeusinilusiiv
Taswadamdnifiedhifedn  luvasinuameilewhiiilasadsdudeusineilusiulaseasovdn
WuswausnmvSevannvananin Iﬂsﬁuiﬂsaa%'wwé’nmmuuﬂma'%IaLwadau'lmjﬁu“[ﬂsﬁuﬁwuag
fuaudn (capsid) uaziidums (tail) undadulassasheivimihiveduuazundesansugnssy
Vmelunasdadudnih (head) vswuameilamavesiinge  dmuiuameslamafifinng
(WU genus Myoviridae waz Siphoviridae Wugu) drumsusnanasiduvienarsiifundlifans
WugnssuedeuiiuInhvesuameslameluddeadivaduds  wuameslameutewiindeened
Tustulassadnedu 4 Wiy 1wu tail fibers uas base plate Wudu venaniuuameslamei
wavneeiia AsaUsnnsey 4 vienaswesdiume anasllasaiiiisendn contractile sheath W
1¥8née 31 contractile sheath fusnanaziidutislivnaves wuamaslemeannsodanals
ué dafldnuierfaeiudununsia (injection) answugnssuiingisadvestsasande tail fibers
way base plate vewuaweslamuriaduiulasiadeilélunsdanieiu receptor vuin
wadvadload urdmiuwuawmeslomafilisl tail fibers uar base plate ferldlaseadreiuuy

sunAvesmuAmaslaslumsiainiziuiradueloan
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nsfinwgusuassiinvasansiugnssuvaumnesios  Hudselewiagnsliwiants
uungiinvamuamaslamy  lumsfnwillvinsesnasuguswewuamasloms  QRP359
lnsnsvihuuameslamaliuiansuasiinnududunnwensunvziiludousieis negative

staining  wazAnwgusnmelindeansimidiannseuluudesiny  (TEM)  ameneanndes

qavssAuBlannsouLandliiiuatedalauiuuameilama  ORP359  fisUsuuy  complex

structure Usznausmsdiuvnasvng duiiidnwusily icosahedral wazvadluuuuianals

(contractile tail) IndnvarzUdinanuuamalams QRP359 Fadneglu Myoviridae family

ALNUTUBY International Committee on Taxonomy of Viruses (ICTV) (Ackermann, 2003)

wazilafinwvdnvasaswugnssuvosuuamailoms QRP359 lasmsainaiswugnssuudidun
aametaulel wuiaswugnssuveuameilawaligndameieulesl RNase wag restsriction

endonucleases Ui medey usignaasieeulsd Pstl INKANITVIAGBIULAATINANS
Wugnssuvewuamasioms PRP359 1Uu double-stranded DNA &wanasuiiunanisAnyizusig

yasuuameslams PRP359 aneldindaaganssmi iasnnuuamaeslamalu Myoviridae family
nnffaeiissnuiiansiugnssudi double-stranded DNA (Ackermann, 2003) wagInns
Funtsenusumihiitieatu lactococcal phage WU 11ANI1 95% a3 lactococcal phage
Wuwuawmeslawauuuiinia %aﬁag‘ﬁwﬁu 3 family fia Myoviridae ({u  wummelawafisinng
o117 waswnianald) Siphoviridae (Hunummeslomadiivieen  wasweBavalilld) uas
Podoviridae (Wuwuame3lamaiitivnedu) g family inusnniigaite Siphoviridae sosasunia

Podoviridae way Myoviridae $nu@siu (Deveau et al., 2006)
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Starter culture-infecting bacteriophages have become a major problem of food fermentation because of
their ability to ruin fermentation. This study aims to isolate and characterize a phage having ability to
infect Lactococcus lactis RP359, a starter culture of kem-buk-nud, a traditional Thai fermented food. A
lytic phage $RP359 was isolated from a kem-buk-nud sample and produced clear plaques of 1 to 1.5 mm
in diameter. It was highly specific to L. lactis RP359. Since phage $RP359 was a tailed phage with a
contractile tail and its genome was double stranded DNA, the phage was classified as a member of the
family Myoviridae. Structural protein profile of the phage studied by SDS-PAGE consisted of 5 bands
with molecular masses of 80, 57, 40, 25, and 15 kDa. The highest phage adsorption rate of 85% was
observed at 20 min of infection. Although the phage was tolerant to high temperature, the temperature
dependent reduction of phage titer was observed over the temperature ranging from 60 to 90°C. The
influence of Ca®' ion on phage propagation was also observed with the optimal concentration of ca®
ion of 20 mM. Phage ¢$RP359 is the first starter culture-infecting phage isolated from kem-buk-nud.
Knowledge of its characteristics and infection mechanism might help to improve the starter culture

dependent fermentation of kem-buk-nud.

Key words: Bacteriophage, food fermentation, kem-buk-nud, Lacfococcus lactis, Myoviridae.

INTRODUCTION

Among the various food fermentation processes, lactic
acid fermentation is one of the oldest and most
widespread. In Thailand, lactic fermentation technology
has been indigenously developed for an extensive range
of raw materials yielding an extensive range of products.
Kem-buk-nud is one kind of Thai fermented foods which
is consumed in almost all communities in northeastern
Thailand. It is traditionally made from pieces of fresh fish
mixed throughly with salt, minced pineapple and then
packed in a bottle. It is generally fermented for at least 6
months. Since fermentation of kem-buk-nud is still carried
out by indigenous bacteria, its quality and safety vary
from batch to batch. In order to abate the trouble, the use
of nisin-producing Lactococcus lactis RP359 starter
cutture in fermentation of kem-buk-nud is considered as a
better way to get higher quality and safety of the product
(Rattanachaikunsopon and Phumkhachorn, 2008).

*Corresponding author. E-mail: rattanachaikunsopon@yahoo.
com. Tel/Fax +6645-288380.

Unfortunately, phage (or bacteriophage) infection of the
starter culture remains an important problem in the
fermentation process. Although good manufacturing
practices have considerably reduced the incidence of
complete starter culture failure, phages are still an ever-
present threat causing slow fermentations with ensuing
schedule disruptions and low-grade product. Therefore,
the problematic phage causing starter culture failure
needs to be investigated.

Phages occur everywhere in the biosphere. The
number of phage species in nature has been evaluated at
several 100,000 or even millions (Rohwer, 2003). The
immense majority of viral sequences are not found in
database and only a few can be related to known phages
such as T4 and T7 (Breitbart and Rohwer, 2005).
Moreover, most phages are from Europe and America,
while almost nothing of phages in the environments of
other vast regions has been known. Knowledge of the
phage world is evidently incomplete and still seems to be
comprehended quite a little (Ackermann, 2003).

According to its life cycle, phages can have two
different replication cycles. If the phage DNA is integrated



into the host, the phage can then stay within the bacteria
causing no harm. This pathway is called the lysogenic
cycle. On the other hand, the phage can aiso cause lysis
and death of the host after it reproduces inside the host
and subsequently escapes with numerous progeny
through the lytic cycle.

Lytic phages are the most significant cause of
fermentation failures worldwide. Due to their harmful
effects on fermentation as well as their biodiversity within
ecological niche, numerous lactococcal phages have
been isolated and characterized, with the overall aim of
improving phage control strategies (Deveau et al., 2006).
They have been grouped in 12 species (Jarvis et al.,
1991), later reduced to 10 (Josephsen and Neve, 1998),
out of which 936, P335 and c2 are the most frequently
isolated from dairy fermentations. According to the
International Committee on Taxonomy of Viruses (ICTV),
phages are members of the Caudovirales order which
contains three major families, namely, the Myoviridae
(with long, contractile tail), the Siphoviridae (with long,
noncontractile tail), and the Podoviridae (with short tail).
Lactococcal phages are mainly members of the
Siphoviridae family, with a few members from the
Podoviridae (Maniloff and Ackermann, 1988) and
Myoviridae families (Deveau et al., 2006).

The present study focused on the isolation and
characterization of a lytic phage of L. /actis RP359. The
basic properties of this phage were examined including
host range, morphology, structural proteins and type of
genome, adsorption on its host, effect of calcium ions on
phage propagation, and thermal stability. The results
should be used as basic information to find out
successful strategies for controlling the phage in the
fermentation process.

MATERIALS AND METHODS
Bacteria, phage, culture conditions and phage titration

L. lactis RP359 strain was used as a host bacterium for phage
isolation and propagation. The strain was grown in deMan Rogosa
Shampe (MRS) medium at 30°C. To test the host range of the
phage, 20 strains of LAB were used (Table 1). All the LAB used in
this study was grown in MRS medium at 30°C. The bactenial
cultures were stored as stock cultures in MRS broth supplemented
with 20% (volivol) glycerol at -70°C.

The phage was purified by single plaque isolation (Lu et al.,
2003). A single plaque was picked from the lawn of the bacterial
host, and propagated in 10 m! of an early log phase L. Jactis RP359
culture (10° CFU/mI) in MRS broth, supplemented with 10 mM
CaCl; (MRS-Ca). After incubating at 30°C for 24 h, phage lysate
was centrifuged at 4500 x g for 10 min. The supematant was
filtered through 0.45 ym membrane filter (Sartorius, Goettingen,
Germany). Phage stock was stored at 4°C, and an aliquot was
frozen at -70°C.

Phage titer was enumerated as plaque forming unit (PFU/ml) by
using the double-layer agar plaque method. Briefty, 100 ui of diluted
phage solution, 100 ul of the 24 h-bacterial culture, and 5 mi of
MRS-Ca soft agar (0.4% agar) were mixed in a glass tube and
poured onto a MRS agar containing Petri dish. Plates were
incubated for 24 h after which, plaque forming unit were
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counted.

Phage isolation

Phage was isolated from kem-buk-nud samples which were
randomly purchased at local markets in Ubon Ratchathani province,
Thailand. To prepare the samples for phage isolation, 5 g of
samples were mildly blended in 50 ml of phosphate buffered saline
(PBS) with stomacher apparatus and the homogenates were
centrifuged at 4500 x g for 10 min and the supernatants were
collected for phage isolation.

Phage was isolated from the samples by using enrichment
protaco! (Lu et al.. 2003). The obtained supernatant of the samples
was added to an equal volume of double strength MRS-Ca broth
and incubated with an early log phase of host culture. After
incubation at 30°C for 24 h, the medium was centrifuged at 4500 x
g for 10 min. The obtained supematant was passed through 0.45
pm membrane filter for ascertainable bacterial sterilization and then
the filtrate was tested for the presence of phage.

Phage detection and host range determination

Phage detection was performed by using a spot test method (Lu et
al.. 2003). The test was used for the presence of phage by
observing lytic activity of phages. Soft agar in 5 ml MRS-Ca broth
was seeded with 0.1 ml of early log phase host culture. mixed
thoroughly, and poured onto an MRS agar plate. Afier solidification,
10 ul of phage filtrate was spotted onto the top agar layer. After
drying, the plate was incubated at 30°C for 24 h. A clear zone in the
plate, resulting from the lysis of host cells, indicated the presence of
phage. Spot test was aiso used for phage host range study with
LAB listed in Table 1.

Influence of calcium ions on phage propagation

Calcium effect on phage propagation was determined in seven 15
mli test tubes. Ten milliliters of earty log phase host culture in MRS
broth was transferred into each of the seven tubes containing 0, 1,
10, 20. 30, 40 or 50 mM supplemented CaCl,. After the final volume
was adjusted with stenile distilled water, each tube was infected with
the phage at an MOI of 0.01. After incubation at 30°C for 24 h, the
phages were enumerated in all tubes by the double-layer agar
plaque method.

Phage adsorption

Phage adsorption rates on the host cells were carried out by the
method of Quiberoni et al. (2004) with some modifications.
Exponentiallly growing (ODgoonm = 0.5) host strain cultures in MRS
broth were centrifuged and resuspended at a concentration of
about 10 CFU/m! in MRS-Ca broth. The phage was added at a
MO of 0.01, and a phage-host mixture was incubated at 30°C.
Aliquots of the mixture were taken at 0, 5, 10, 15, 20, 25 and 30 min
after infection and centrifuged at 4500 x g for 10 min to sediment
the phage-adsorbed cells. Then the titers of unadsorbed phages in
the supematant (residual titer) were determined by the double-layer
agar plaque method. MRS-Ca broth containing only phage was
used as a control. Percent adsorption of the phage was calculated
as [(control titer-residual titer)/controf titer] x 100% (Lu et al., 2003).

Thermal tolerance of phage

Thermal tolerance of phage was examined at temperature ranging
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Table 1. Host range specificity study of phage ¢RP359.

Bacterial strains®

Spot test®

Lactococcus lactis RP359

+

Lactococcus lactis subsp. lactis ATCC11454 -
Lactococcus lactis subsp. lactis ATCC11007 -
Lactococcus lactis subsp. lactis TFF221 -

Lactococcus lactis UBUB 143
Lactococcus lactis UBUB 157

Lactobacullus acidophilus ATCC4356 -

Lactobacillus brevis ATCC14869

Lactobacillus brevis UBUB0O1
Lactobacillus casei ATCC334

Lactobacillus curvatus ATCC25601 -
Lactobacillus delbrueckii subsp. lactis ATCC12315 -

Lactobacillus pentosus ATCC8041

Lactobacillus plantarum ATCC8014 -
Leuconostoc cremoris ATCC19254 -

Leuconostoc fallax ATCC700006

Leuconostoc mesernteroides TISTR473 -
Pediococcus pentosaceus ATCC25745 -
Pediococcus pentosaceus TISTR374 -
Enterococcus faecalis ATCC29212 ~

Enterococcus faecalis TISTR927

*American Type Culture Collection (ATCC); Thailand Institute of Sciertific
and Technological Research (TISTR), TFF and UBUB, Culture Collection of
Biological Science Department, Faculty of Science, Ubon Ratchathani
University. %+, clear zone; ~ no clear zone.

from 60 to 90°C. A 1.5-ml microcentrifuge tube containing 900 pf of
MRS-broth was preheated to a desirable temperature. One hundred
microliters of phage solution was added into the tube to obtain a
final concentration of about 10° PFU/mI. After heating at intervals of
30 s for 3 min, the tube was placed on an ice bath and a sampie
was taken. The samples were assayed to enumerate surviving
phage in PFU/ml.

Study of phage morphology by transmission electron
microscopy

Phage preparation for direct visualization by transmission electron
microscopy was carried out as described by Watanabe et al. (1970)
with some modifications. Briefly outlined, 500 ml of MRS-Ca
medium was inoculated with L. lactis RP359, and grown to an
optical density at 600 nm of 0.5. The bactenal host was then
infected with 5§ ml of a phage suspension (10° PFU/mi) and
incubated for 24 h at 30°C. After centrifugation at 4500 x g for 20
min, the supematant was coliected, and was centrifuged at 4°C with
a 70.1Ti rotor at 28500 x g for 1 h in a Beckman L-80
ultracentrifuge (Beckman, CA, USA). The resuiting pellets were
resuspended in § ml of phage buffer (20 mM Tris-HCl pH 7.4, 100
mM NaCl, 10 mM MgSQ,). A purified phage was recovered after
centrifugation (4500 x g for 20 min) and the supematant was
passed through a 0.45 ym membrane filter. The purified phage was
stored at 4°C for transmission electron microscopy.

A drop of the purified phage suspension was applied to a carbon-
coated grid for 5§ min, then removed with a pipette and immediatety

replaced with a solution of 2% (wt/vol) urany! acetate. After 1 min,
the excess liquid was removed with a filter paper. The grid was
allowed to air dry for 10 min and examined in a transmission
electron microscopy (JEOL, JEM-1230, Japan).

Anatysis of phage proteins

Purified phage suspension was precipitated with 4 volumes of ice-
cold acetone. After centrifugation (10000 x g, 10 min, 4°C), the
pellet was air-dried and resuspended in PBS buffer. Phage
structural proteins were analyzed by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) according to
Laemmli (1970). Briefly, the sample was mixed with 2x sample
toading buffer (0.125 M Tris-HCI pH 6.8, 20% glycerol, 4% SDS, 5%
p-mercaptoethanol, 0.01% bromophenol blue) and then heated in a
boiling water bath for 3 min, followed by separating the proteins in
the gel (12%). Protein bands were visualized by staining the gel
with Coomassie brifliant blue.

Restriction digestion of phage genome

Phage genome was isolated according to the protocol provided with
a commercial kit (Purelink™ Viral RNA/DNA Mini Kit, Invitrogen,
Carisbad, CA, USA). Purified phage genome was digested with Psti
restriction endonuclease under the condition prescribed by the
manufacturer (Promega, Madison, WI, USA). After digestion, the
sample was heated for 10 min at 70°C to avoid possible cohesive
end ligation. Electrophoresis of digested genome was carried out
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Figure 1. Electron micrograph of
phage $RP359 negatively stained with
2% uranyl acetate (bar = 50 nm).
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Figure 2. Restriction digestion of phage
¢RP359 genome. Lane 1, Lambda DNA
cleaved with Hindlll; Lane 2, phage $¢RP359
genome; Lane 3, phage $RP358 genome
cleaved with Pstl.

on 1% agarose gel in 1x TAE (0.04 mM Trs-acetate, 0.00t M
EDTA) and band patlems were visualized by a Dark Reader
transifluminator (Clare Chemical Research) after staining with
GelStar (Lonza Bioscience, Rockland, ME, USA).

RESULTS

Among 30 kem-buk-nud samples, one phage against L.
lactis RP359 was isolated and named ¢RP359. The
phage was found to produce a prominent clear spot by
the spot test and cause numerously small clear plaques
on the bacterial lawn by the double-layer agar plaque
method denoting the Iytic nature of the phage. An
" average diameter of plaque sizes is about 1 to 1.5 mm.
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Figure 3. SDS-PAGE analysis of
phage ¢RP359 structural proteins.
Lane 1, SeeBlue®Pius2 molecular
mass markers; Lane 2, phage
$RP359.

The purified phage was kept for further studies. The
susceptibitity to phage ¢RP359 was also investigated
with twenty other bacterial strains by the spot test. None
of the tested bacteria was susceptible to this phage
(Table 1). Moreover, the phage could not even lyse other
L. lactis strains used in this study. The results indicated
that phage $RP359 had a narrow host range.

A transmission electron micrograph showed that the
phage ¢RP359 particle had an icosahedral head of 70 nm
with a contractile tail of 100 nm (Figure 1). This implied
that the phage belongs to the order Caudovirales and the
family Myoviridae in the ICTV classification. Genomic
DNA of the phage was extracted and digested with Pstl
restriction endonuclease, and subsequently subjected to
electrophoresis anafysis. As shown in Figure 2, the
phage genome could be digested by the tested enzyme.
The restriction analysis positively confirmed that the
phage ¢$RP359 was a double stranded DNA virus. To
further characterize, purified phage paricles were
subjected to SDS-PAGE and proteomic patterns were
obtained after Coomassie staining and destaining (Figure
3). Five protein bands were observed on the gel, with the
molecular weights of 80, 57, 40, 25, and 15 kDa.

The adsorption rate of phage ¢RP359 in the MRS broth
with 10 mM CaCl, supplementation are shown in Figure
4. The adsorption rate continuously increased from the
beginning of the experiment and reached the maximum
rate of about 85% at 20 min. After that, the adsorption
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Figure 4. Adsorption kinetic of phage ¢RP359 on
Lactococcus lactis RP359 in MRS-Ca medium at 30°C.
Values are the mean of 3 determinations.
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Figure 5. Thermal toterance of phage $RP359 in MRS broth.
Samples were taken at different time intervals to titer the
surviving particles in PFU/ml. Values are the mean of 3
determinations.

rate was somewhat stable throughout the experiment.
Thermal tolerance of phage ¢RP359 was determined by
testing its survival under different temperatures for 180 s.
The reduction of phage was temperature dependent
(Figure 5). No significant change of phage fiter was
observed when the phage was treated at 60°C. The
phage titer decreased from about 8 log PFU/mI to about
4, 3, and 2 log PFU/ml after heat treatment at 70, 80, and
90°C, respectively. However, there was no

completely elimination of the phage in all temperature
treatments.

The influence of divalent cations on phage propagation
was investigated by incubation (30°C for 24 h) of infected
L. lactis RP359 culture in MRS broth without and with 1,
10, 20, 30, 40, and 50 mM CaCl,. The results showed
that divalent Ca® ion was necessary for lysis of the
phage-infected cells in the MRS broth and the optimal
concentration of CaCl; in the medium was 20 mM (Figure
6). An addition of CaCl, over than 20 mM in the medium
decreased the phage titers.

DISCUSSION

Food fermentation is one of the food preservation
methods. It not only extends food shelf-life but also
creates unique property of food such as texture, aroma
and taste. tactic acid bacteria are a major group of
microorganisms responsible for food fermentation
process. Most of food manufacturers have currently
produced fermented food by using LAB starter cultures
because quality and safety of final food products can be
controlled. tike many food fermentations using starter
cultures, the production of kem-buk-nud, a traditional
Thai fermented food, by using L. /actis RP353 as a starter
culture can fail due to the infection of the starter culture
by phage. Knowledge of properties of phages infecting
starter cultures may be helpful for fermented food
manufacturers to find suitable ways to prevent such
infection. We, therefore, isolated and characterized a
phage capable of infecting L. lactis RP359.

Phages are generally isolated from environments that
are habitats for the respective host bacteria (Nakai and
Park, 2002). Since L. /actis RP359 used as a main host in
phage screening isolated from  kem-buk-nud
(Rattanachaikunsopon and Phumkhachorn, 2008), kem-
buk-nud would be an ideal source for isofation of L. /actis
RP359 phages. Several previous works also found
phages in the same kinds of foods where their hosts were
isolated. For examples, Lacfobacillus plantarum ¢JL-1
and its phage was isolated from fermented cucumber (Lu
et al., 2003) and L. lactis subsp. Lactis TFF221 and its
phage was isolated from kung jom, a traditional Thai
femented shrimp paste  (Phumkhachorn and
Rattanachaikunsopon, 2011). Although this wotk is not
the first report presenting the isolation of phage specific
to bacteria used as starter cultures in Thai fermented
food, it is the first report showing the presence of phage
specific to L. lactis RP359 in kem-buk-nud.

The genome of ¢RP358 was found to be double
stranded DNA because it was digested with restriction
endonuclease. As a tailed phage with double stranded
DNA, ¢RP359 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 contractile tail
would tentatively place it in the family Myovindae.
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Figure 6. The effect of calcium ions on phage ¢RP359
propagation at 30°C in MRS broth. Vafues are the mean of
3 determinations.

Although lactococcal phages are mainly members of the
Siphoviridae family with a few members in the
Podoviridae family (Deveau et al, 2006), it does not
mean that no lactococcal phage has been classified into
the Myoviridae family. At least, two lactococcal
myophages, phage RZh and c10lll, have been evident
(Deveau et al., 2006). Therefore, it is not an unusual case
for our study to isolate a myophage infecting L. /actis.

Lactococcal phages are known to have variation in
number of proteins (Deveau et al., 2006). In this study,
SDS-PAGE analysis showed that $RP359 possessed 5
proteins with molecular masses ranging from 15 to 80
kDa. However, their amino acid sequences and functions
have not been revealed. Variation in genome size,
nucleic acid sequence and number of genes has been
found in lactococcal phages as well (Deveau et al.,
2006). Further studies are required to find out the size
and sequence of $RP359 genome and to identify the
open reading frames comesponding to the observed
proteins. This information may be useful to unveil the
relationship between ¢$RP359 and other lactococcal
phages.

The phage ¢RP359 had a narrow host range. It infected
only L. lactis RP359 but not the rest of the bactena used
in this study. Similar results were aiso obtained from
other phages infecting starter cuftures. Phumkhachom
and Rattanachaikunsopon (2011) showed that ¢ TFF221
isolated from Thai fermented shrimp paste was
specifically virulent to its own host, L. /factis subsp. lactis
TFF221. The phage ¢JL-1 was reported to be lytic only to
L. plantarum B17, a starter culture of fermented
cucumber (Lu et al., 2003).

Bacterial infection by some phages depends on the
presence of certain cations in the media. These phages

Phumkhachorn and Rattanachaikunsopon 6683

usually require higher concentrations of divalent cations,
such as calcium or magnesium, at some stage of their
infection cycle than the concentration required for the
growth of host cells (Watanabe and Takesue, 1972). In
this study, the optimal concentration of CaCl, for the
propagation of $RP359 was 20 mM. Effect of CaCl, on
phage propagation can be different depending on type of
phage. Some phages required CaCl, for their adsorption
onto their host cell surface while other phages required
CaCl; for other step of phage propagation such as
penetration of their genome into their host cells (Lu et al.,
2003; Watanabe and Takesue, 1972). For $RP359, it is
still unknown what step of propagation is really affected
by CaClz.

Knowledge on the sensitivity of $RP359 to heat may
provide some information helpful for the prevention of the
infection of L. /actis RP359 starter culture by the phage.
Our result showed that the phage was highly tolerant to
heat. It could not be completely efiminated with heat
treatment at 90°C. This indicated that standard
pasteurization may not be the appropnate approach for
inactivating the phage. Furthermore, the isolation of
¢RP359 from the final product of kem-buk-nud
fermentation suggested that the phage had to be tolerant
to the acidic environment throughout the food
fermentation. However, there was a report presenting
that the phage $TFF221 infecting the starter culture of
Thai fermented shrimp paste was sensitive to high
concentration of NaCl (Phumkhachom and
Rattanachaikunsopon 2011). Therefore, fermentation
with an appropriate amount of NaCl may help to reduce
the chance of fermentation failure due to phage infection
of starter cultures. Several more factors have to be taken
into consideration to come up with an appropriate
approach for preventing phage infection of starter
cultures during fermentation such as the protection of
phage by food matrix.

In conclusion, $RP3ISY is the first reported L. factis
phage isolated from kem-buk-nud. The study of phage-
host interaction in food environment could lead to a
further understanding of this phage in the fermentation
process. Due to its potential to cause fermentation failure,
the strategy for prevention of ¢RP359 infections is
needed and has been one of the main research subjects
undertaken in our laboratory. .
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