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AananlesunuativayunITeandinnuanenssunITeniiR  Ussdntaulseana
2558 Taglddunuativayududimoubu 299,200 vm (sesauimiuiiuaesiosun
fau) nmssiiunslasnsidedmnaiduna 1 9 Teedududumsdud 1 aae
2557 uazlfiaSaAuanysoiile 30 Ausieu 2558 wafildanlassnmsideinsmuingUszacd
fissliynusents nanfe aunsaanavuuawmeslemafianusarhans £ coli-ESBL 14
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vomvuAmoslam  wasnsuvdavesmstugnisuvouuameslomy  uanaintudad
ansadaduunvilavesuuameslowlaiiuenlisne
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Escherichia coli-ESBL (138 ESBL-producing E. coli ¥30 E. coli-ESBL) #a1uds E.
coli angWugnatusandnioulesl extended-spectrum B-lactamases (ESBL) voulasl
Aanaausaviateelungy p-lactam lavainuanesiin faewmeiinissnwilsafnige £

. v ey aa = & Y | aa 9 ac I
coli aneiugisveufdiugdntululaonn lugrnandnisauniisnmsindlunisaiuay

o & 9 v = A & ax = aa I Y =
LuAfiSEReen N1ssnwlsameanuawmesiamateiduisnsviniianudululags nsfnw
Haw s o o A A o ] . A
UingUsrasdiionsniazinduuniuamasiewmandnizse £ coli-ESBL uagiilonagey
Auansalunisdugnuaiisedu lunisnwdauisauenwuameslomala 1 vila
(dUBU-ESBL) antriiuannvevrdndnde Tnsuuawmeslawaiaiunsavinliiin plaques
lavwiadnfdiduriugudnasuszaa 189 2 Tadwns wasdudaldianig £ coli-ESBL
Wity walldugawuaiiseaneiugou o Niuimedeu a1snugnIsuvesuAwmaslamagn
dovaanslalasoulyddndiniz BamH FauandliliiuinvdnveasnugnIsuveawuames
Towladanandufiduieaisg 9nn1sfn®1aendo9anssAlBaAnToULUUEDINIUNUT
wuALNeslalnalluuy isometric head (@ur uAUENANUTEIM 50 + 3.4 WIlLLLAT) Uay
IS IS v v (% (%
Tvanuvdanalils (819Uszanns 290 + 15.1 WILWUAST) IINENWULVBIANTAUTNTTULAY
sUTvRLUAmes e liausadndwun GUBU-ESBL Liluana Siphoviridae n1sdnw
Ulalvdeyanugiuiinanddyiiuin ¢UBU-ESBL Adnanniiazinludnwideifieldilus
AuANSnwIlsARALYD £ coli-ESBL



Abstract

Escherichia coli-ESBL (or ESBL-producing E. coli or E. coli-ESBL) are E. coli
strains capable of producing extended-spectrum B-lactamases (ESBL). These enzymes
can hinder the effectiveness of many B-lactam drugs. Therefore, it is difficult to use
antibiotics to treat the diseases caused by E. coli-ESBL. In the midst of finding
alternative therapeutic approaches to control drug resistant bacteria, bacteriophage
therapy is considered as a most promising one. The aims of this study are to isolate
and classify a bacteriophage specific to E. coli-ESBL and to examine its host range. In
this study, a bacteriopages, ¢UBU-ESBL, was isolated from water collected from a
waste water treatment pond. It was found to produce small clear plaques of 1-2 mm
in diameter and to inhibit only E. coli-ESBL, but not other bacteria used in this study.
Its genome was digested by the restriction enzyme BamHI indicating that the genome
was double stranded DNA. As revealed by transmission electron microscopy, ¢UBU-
ESBL had an isometric head (50 + 3.4 nm in diameter) with a noncontractile tail (290
+ 15.1 in length). Based on its genomic and morphological characteristics, UBU-ESBL
was classified as members in the family Siphoviridae. This study provides preliminary
information suggesting that ¢UBU-ESBL had potential for further study towards its

application as a therapeutic agent against £. coli-ESBL infectious diseases.
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Gastroenteritis MAMAN Escherichia coli
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A10819909 phage therapy ltlunstesiuriasnwlsafnaoluay
UTENTIUAELazAnw ALY phage Way phage therapy
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ALY antigenic structure UUWWaa Escherichia coli
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dnwauz clear zone va9 GUBU-ESBL wlonadaulneds spot test

anwauy plaque 199 GUBU-ESBL 91nn15%1 plaque assay
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UNI

Escherichia coli (E. coli) \unuailisauwnsuau (gram negative) Uuvis (bacill) lng
Unfanunsany £ coli a’maaqiuaﬂaéuaamﬂuLLauamﬁ@almﬂmﬂmIﬁﬂLﬁamw normal
flora 138 non-pathogenic strains wiuaneiusannsyhlmAalsalsfluaumasdniuay
SenaneviugivhliiAalsaldian pathogenic strains enmsfinutasidiedinsfinde £ coli
Tudld (intestinal tract infection) fie Tsanszinizemsuazdldsniau (castroenteritis) 3
flonnsddayie Tessae (diarhea) wenani £ coli Swanusaviliiinnsindouend ld
6o Wy Tsmindelussuumaiuliaany (urinary tract infection) TsaRndelussuy
maAumela (respiratory tract infection) wagUsndniau (pneumonia) tudu A5
Tsafinude £ coli Tnevhluagdowinisusnide £ coli Aluaimmainitasuasnadeuemi
Tasioen (drug sensitivity test) 984 E. coli Lﬁ@lﬁ@ﬂlﬁﬁmﬁwwamLm't;:J{hsJ enfineuldlunis
Snwimeelungu  B-lactams  lawAd  penicillin,  amoxicillin,  trimethoprim-
sulfamethoxazole, ciprofloxacin ae nitrofurantoin Hudu

E. coli-ESBL (138 ESBL-producing E. coli) #snefs E. coli mawuﬁ‘mmmsawam
woulesl extended-spectrum B-lactamase (ESBL) toulasiananianunsavinanseilungy -
lactam lvannvanesin wazuiiinandenlderlu third-generation cephalosporins 4.9
il Usyans nmATuauansanuseeule B-lactamase udafana us £ coli-
ESBL ﬁé’ammmm%aﬂuadmﬂﬁ G’Twmaﬁiiﬂams}ﬂ?@ E. coli-ESBL Fadudlaymandnglunis
$nw mmawé’ﬂmaqmiﬁyaawm E colinannaunuaiitsourasinluigd
Enterobacteriaceae #7731 9 fae (L¥U Klebsiella pneumoniae, Pseudomonas
aeruginasa wag Haemophilus influenzae Ju@w) ﬁagj 2 Uszn19Ae (1) N15ARLEDNRIN
53507 (natural selection) nanie wuafiieurazyialusssuvaiinwdniilitesuay
yinfinesreguuiy Wedinsldenufiuzesnsaiioniusrozinau 4 eraglufinaril
LLUﬂﬁL‘%ﬂﬂjﬁmhj?ﬁyammﬁﬁﬂﬁwmlﬂ waziaslifscunilideviafinosnriniu was ()
mimummlmﬂ@msmam LuaamﬂmﬂsumﬂgmuﬂusumﬂLLauﬂimmwlummuamﬂw
mjammmaléﬂwm LﬁmammswwmLLauLUasJuLL‘LJaaa13‘wuﬁﬂﬁmummmmmamﬁaﬂ
mmwaqmlﬂ nszuaunsTigatestunismiiondlfiinnisies1veade fe
transformation, transduction &g conjugation

ﬂ@ﬁﬂﬂ?igaaﬂﬂaﬂLLUﬂﬁL%EJﬁULﬂuﬂﬂJquﬁ’lﬁﬁinzﬂ’]’iﬁﬁﬂU’Nﬂ’liLLWVIﬁi dawalyinig
Snwnlsafaderslunudnidaseujiiusdvszdninmdosanies 4 daomngil
Shinemanssasunemmadenlmifasiunldlunissnulsadnde Tnsewzlsainige
AAnanuuaiiBeies madonuiildsumuaulafusdrannie mslduuamnesloms
(bacteriophage vi3ei3endu 9 31 phage) waziienisnssnwlsainideseuuameslemail
11 bacteriophage therapy %38 phage therapy lnganfaanautfdAgyvaiuuamasloma
fie (1) Smnusumzianzasdeleanaad (host cell) wsauuafiietmunewintu uay (2) i
n15A159330 U host cell Luluy lytic cycle ﬂa'nﬁaLﬁaLL‘Uﬂma%IaLWm%ﬂgimstuIaasﬁ



HAALAIILNANITATYVRITARUATISELT LaasveunIAkUATlomaTugN (progeny
phage) IAnTuidusuanunaieluwaddangn uasgaiouvameilemaaradneans
v1segseanuvatentgad luuaiideianisuanaaisuazanellufian sl
progeny phages fignasstufiazgnianydsseenuiueniead uiudiluyngnyians host
cells nifiogluuinalndidssiudely dwali host cells iianisaneidursniie uazgn
muausoridalrmualulufian osmiAsrumnihuuameslemauildlunsinulsada
o 18un nmslduuameslomslunssnulsaiinie Staphylococcus aureus Tudminaass
Tnsuuameslewaaiuisninaieldne s aureus wfinfilifosnasionn (methicilin-
resistant S. aureus) (Capparelli et al,, 2007) nsluuameslamalunssnulsafadolu
ﬂizLLﬁLﬁ@ﬂIUﬂHﬁam‘%’a multidrug-resistant Pseudomonas aeruginosa (Vinodkumar et
al., 2009) upgmslduvameilowalunismunaulsainide £ coli iduainguosnisiade
MﬂigLLaLﬁamLLasL?J'aﬁmmaqLLaﬂsué’wé’qé’ﬂLauiulfmaﬂu@ﬂi’a (Barrow et al.,, 1998) wu
A

Tunsfinuniagananuuameslamafisumzde £ coli-ESBL uduidoiiuenls
NnEthefihiumsinnlulsmenuiaasimanslszasd suneies dminguasvsnil lne
wihmsanamuuameslemannmedshfiuasiidsnnuasine 9 Sweillenmany
wuameslemalfinnansenuiiiiy Mntuarihuuameslamaiinsanutufn
AaNURsg 9 fail muanunsavesuuameslewslunsyhanswuadiGeedingy q luaed
Enterobacteriaceae  jUs1vauAwmaslaianiglindogansiAidiannsouluUdatIu
uazvinvesansifusnITuvesuuameslom  waildannsineilundsiasuandiidiuds
mslegataveauuaimeslemafidnmese £ col-ESBL wazteathlenmaniamunuluves

Tanaziwuamaslawaluldlunissnunlsadaiie £ coli-ESBL Tuauian



#37LDNET

Escherichia coli \JuuwumfilSeounsuay (Gram-negative) YU (rod-shaped
bacterium) (E‘Uﬂl 1) ¥ae¢/lu Enterobacteriaceae family sinenfeagludldvesaunazdni
Tngldvilmanlsansesunsela 9 158031 normal flora lagaunsanule 0.1% w9 normal
flora Wanualudld & £ coli ifsunsanetugivinduiivilsiAnlsn food poisoning luau
AFnnsdienende £ coli seninayananiodun1siiiiodnginniefe fecal-oral
transmission 18 E. coli §a1fu coliform bacteria szjﬁwﬁﬁq%aaﬂmﬁuqamimamu
wazdng Inedoaunsaditinegusnsumenuuardn lflussernamis duiuisdeuldde
i indicator organism Iumw'i’sﬁ]aa‘uﬂ’liﬂmﬁauqf\]miz (fecal contamination) Tu
froehaty thuwaze s [Hud

E. coli \Hunuaieitanunsandoudildlaseide flagella (peritrichous flagella) waz
wu fimbriae (W38 pil) 8gseu 9 Fiwad vEeusinelsAuensEUUMAAUEINTHTE
anld (extra-intestinal infections) @1awuM@319 capsule losae £ coli aunsaiasaiiuln
§iunewns non-selective media aansa ferment 1haa lactose warlilalaildunwite
YUUDWT MacConkey agar anunsaiadnyldlutasgamniifiniia Aedeusd 15-45 aam
waded vsaEnenugaunsanuieuligedia 60 esmwalliua w15 uiil vise 55 o
waldua uiu 60 WAl waguaeusansyiliAe hemolysis vesadiinidonunilo
WSUues  blood agar  nsswunin £ coli  eenanuuafiduriadulu
Enterobacteriaceae family vilglnsondomnuanansalunts ferment dinaviiasng o
FUAUNINAFDUNNT AL

-

gﬂ‘f/’i 1 neine Escherichia coli 3INNABIRANIIAUBLAARTOULUUHBINTIA
(7 http://en.wikipedia.org/wiki/File:EscherichiaColi_NIAID.jpg)

lpssasneu e o uuRIwasves £ coli enafiamaudfiduleufiau (antigenic
structure) InsuouRuwarifiunumddglunsdun £ coli eanlunqueey  wie
serotypes A 9 kazSENIENISHENVTORUINALLUATIS AL AE LB URARUNUTINg B UL,


http://upload.wikimedia.org/wikipedia/commons/3/32/EscherichiaColi_NIAID.jpg
http://en.wikipedia.org/wiki/File:EscherichiaColi_NIAID.jpg

WaaI1  serotyping Fansaseviinves serotype  @nsavinlalagnsIaguizen
agelutination Wlenauswaduuafiiefuaufvediisnmg (specific antibody) antigenic
structure ﬁazﬂjuu‘lmaa%ﬁwmmaé E. coli flog 3 wila fi (1) lipopolysaccharide (LPS)
%38 somatic (O) antigens (2) flagella (H) antigen Uag (3) capsular (K) antigen Jagtu £.
coli §1 O antigen 11nN31 180 %llA H antigen Tu1nna1 50 ¥a Lay K antigen daoawiln
nssuun E coli mu serotype iiusslewidmiuaumeiuszuieinenduegnann
fegnaue £ coli serotype AidufiidnfumluuasnuvosiniliiAnlsaviossns (diarrhea)
WU E. coli O157:H7 1dudu

— Capsule (K antigen, or
V. in Saimaonela)

—

T Somatic (O antigen, or
cell wall antigen)

> Flagelar (H antigen)

g‘dﬁ 2 @IUWUY antigenic structure ULLAa Escherichia coli
(#131: http://www.studyblue.com/notes/note/n/a--d-bacteriology-/deck/5115268)

E. coli finalatazauanunsalunisnelsa (pathogenic mechanisms & virulence
factors) idAyegna1eUsEns lassasussinvindueaalsniinuegf O antigen ay K
. a | Y] ¢ A a ag v & a . aa
antigen ildutenisuntesiwaduuaiisedligninuiiulag phagocytic cells (lunseli
$19nedalilil specific antibody wsigns1en1ed specific antibody walgadwuAiTeTUIgN
ManelagnssuIuNTT opsonization) £ coli vwaneiug (nganizaeiuginelsauen
FLUUNAAUDIMIS) @111508519 hemolysin(s) Fellgnanewadidindenuns wazilloin
mMsuanaatevesgadilinionwns wuailisedalasu ferric ions Nllegluadidndionuns 39
Jussfitiedaasunisasyuessaduuaiiiedneag endotoxin Miludnuilsdadelunisvi
TiAnlsAves £ coli (saudlauupilisaunsuausiindu 9 fae) lneanuduiivazedi lipid A
= & ] = ! = 3 N a =
Fadudiuusenoundisly LPS lngvzgnuaseanunann cell wall Wawadunfiisenevse
wAngany endotoxin Hgavisenaliinanuundnddsy laun viiliAnld (fever) nszeu
= ¢ Y 9 v A 2 o 2 a A = o § v A
PouUNGLLUA (complement) nsgdulidenudadinanaiduduientunasniden vilidenly
B39 dIzANg 9 anad LazenvinliiAnn1sten (shock) wazidsdinlame Jadelunisnalsa
nddydnegamilane n15a31e exotoxin Bellegnaneuiln (exotoxin UNBlalgNSAAILAR


http://www.studyblue.com/notes/note/n/a--d-bacteriology-/deck/5115268

fufu exotoxin TiassanuuafiSerdnduly Enterobacteriaceae family) léuA heat-
stable enterotoxin way heat-labile enterotoxin tusiu lag heat-labile enterotoxin &
AuautRdu A-B toxin AaUsznausie A subunit uaz B subunit Ine B subunit 1uliles
dwilflunsduiuRuwaditine (target cell) wag A subunit IaneaudAlueuluiEed
arudufivinensadiodngniglumadidmnetuy fegragu heat-labile enterotoxin 84
E coli (Hauaut@ndeiu cholera toxin #ia$1991n Vibrio cholerae) fqvsviliiAn
NSEUIUATS ADP ribosylation ¥89 G protein fwavinlsedu cyclic AMP qaﬁﬁu dawalinig
yugsBlanlaslart (electrolyte) spmadiiihmneiundsll wazylnAnernsaemandui
vi3evieasns (diarrhea) Wudiu sl fimbriae (38 pil) welddmsudany (adhesion
factor) fulsamaaafitudutadednusenmsvidlunisagliinlse Tnefisnenuii £ coli 9
31 colonization factor antigen fimbriae (CFA/I way CFA/I) fnvinlilAnlsanszinize1nns
waraldSniau (gastroenteritis) £ coli #ifl P fimbriae fnneliinlsaluszuuniaiu
Jaame Wuduuenandingnuudiiy Jededu 9 lunsrelsewes £ coli oA
aransalunssyuasiinsauneluead (intracellular survival and
multiplication) LLazmsgaﬁiamUﬁ%auz (antimicrobial resistance) 1UuAw

=

Isafinan E. coli duluajsindunisanliouuu endogenous infection svanaii

a

E. coli Mflegudqlusninteiuiesiiluannglunisvinliiinlee wazdniinduaunigd

Y

e

Funulsadi (immunocompromised host) lsafinutegininain £ coli woasulddail
(1) Tadioduniy (septicemia) E. coli L‘ﬂmwﬂﬁﬁsLLﬂimaUﬁLﬁuaﬂmeaﬂ septicemia UDt
fian Inedeiiyninidgnizuafonduinuiannisinideisudulumadudaanevde
yafneIieu wardnsnadetindelsatazgduitiefifgidumui 2) fadelu
maduilaane (urinary tract infection) Tnewuin 80% vedlspindslumaiuliaans wax
dulngvedsaidmdulsaindoainnisinnwisalulssnenuia (hospital-acquired
infection) fa1t1)u191N £ coli LLazL%a‘i?iLﬂummmaqiiﬂﬁLﬁuLﬁ'ﬁyaﬁmﬁ’aagﬂumuﬁu
8n5es E. coli serotype ViwuﬂasdmﬂummmmmiamLﬁ?ﬁuﬂumuauﬂaanz Ao O4,
06 waz 075 1e191n £ coli serotype wanilsiniidaduddnylunisviliinlsaie ladgn
#ranelng specific antibody Tu serum se194ina1nn1sa3e capsule ve o n1suAn
hemolysins WagANAINITALUA1TTU (binding) U epithelial cells ﬁqagjmﬂuﬁamq@u
a1z (uroepithelial cells) Liudiu (3) ileuauesdniavluifinusniin (neonatal
meningitis) £. coli luluafilefinutos (Wulfieniu group B streptococci) Tduaieg
voslsadorfuauassnavludnusniin Ineide £ coli aewugiinolsaiiiinads K1 capsular
antigen 1ag (4) Nszin1zo1Isuazald@dniau (gastroenteritis) lsplunszimizemisuas
$1ldfAnan £ coli orafululddausionnislisuussaunsetailfidedinld £ coli i
noliifin gastroenteritis wuUsm1un 19 IALARLSA (pathogenesis) LAty 5 nqude
enterotoxigenic £. coli (ETEC), enteroinvasive E. coli (EIEC), enteropathogenic E. coli
(EPEQ), enterohemorrhagic E. coli (EHEC) wag enteroaggregative E. coli (EAggEC) (11519

a

1)



A1519% 1 Gastroenteritis MAAAN Escherichia coli

Organism

Disease

Pathogenesis

Enterotoxigenic E. coli (ETEC)

Enteroinvasive E. coli (EIEC)

Enteropathogenic E. coli (EPEC)

Enterohemorrhagic E. coli (EHEC)

Traveler’s diarrhea; infant diarrhea
in underdeveloped countries;
watery diarrhea, cramps, nausea,

low-grade fever
Fever, cramping, water diarrhea
followed by development of

dysentery with scant, bloody stools

Infant diarrhea with fever, nausea,

vomiting, nonbloody stools

Hemorrhagic colitis with severe

Heat-stable and/or heat-labile
enterotoxins; stimulate guanylate
or adenylate cyclase activity with
fluid and electrolyte loss

Plasmid-mediated invasion and
destruction of epithelial cells lining

colon

Plasmid-mediated adherence and

destruction of epithelial cells

Mediated by cytotoxic “verotoxin”

abdominal cramps, watery diarrhea
initially, followed by grossly bloody
diarrhea, little or no fever;
hemolytic uremic syndrome (HUS)
Persistent infant diarrhea, Aggregative adherence mediaed by
60 MDa plasmid

Enteroaggregative E. coli (EAggEC)
sometimes with gross blood, low-

grade fever

(Murray et al., 1994)

enterotoxigenic £ coli (ETEC) Ju E coli mmimﬂﬂiiﬂiﬂamﬂaqwﬁﬁum heat-
labile ez heat-stable enterotoxin wL%aaﬁN enterotoxm maawuﬂummmﬂmauﬁlu
wanada (plasmid) LLaummquLLiwwmenﬂwmLﬁuau pili FldlunsBaniziv epithelial
cell (Frogsnliovido serotypes 409 pili itaeifia virulence vouie éur kes wulugnuy
k99 wilugnta e CFA/I & CFA/I miuluau LHudu) omsiinuidefinishnide e vidan
semelesuide asiisvesilng (incubation period) Ussuas 1-2 Ju mﬂﬁfwﬁﬂw%ﬁmmﬁ
vipasandunan 3-4 Ju e1n1e1aliisunss uarenaflon1sdu q sause 1wy Uanvies aauld
anFeu filde 1

enteroinvasive E. coli (EIEC) t¥u E. coli ﬁaﬂuﬁiaqﬂiﬂﬁﬂaﬂa epithelial cells i
HileEnld 1msdfgyAe TlU Uinuazidunvios dideneanUsuinlugaanse (@1nseaeniu
sndaiiAnannide Shigella dysenteriae) oin E. coli 15 O antigen unswiindusiugiv
nsielsail

enteropathogenic £ coli (EPEC) u £ coli fianusaBmnizléiu enterocyte
(intestinal absorptive cells) Fudu epithelial cells ﬁqagﬂiu’%nméﬂé’lﬁﬂLLazé’W”LéIuiyj uag
dwaliiAanisiians microvilli sssudnafidediludane TuanafiuuafiSeldlunsin
imzuuinead (adhesion molecules) flog 2 wiin Inswianigneuaulneduiieguu
TasTulew uazdnvilamisgnenuesilasfuluwanaiia enteropathogenic £. coli \uanesiug
AnuvesinhliAalsaviossludinlneanglulsemaidesinm



enterohemorrhagic E. coli (EHEC) i E. coli fiannsaadnansiuiiigndadeiu
shiga toxin (shiga-like toxin) ¥3ei38n31 verotoxin (Fiunvasierinanansiivilanunsavinle
\in cytopathic effect ffu Vero cell line) verotoxin a@wnsauuseantaidu 2 sdade (1)
gilafiwiloufu shisa toxin \Heudeaesidus winsfufissansnesilufioiien
Wiy war (2) wiafimiloudu shisa toxin issvnduesiiud ennisveslsaiiingn
enterohemorrhagic £. coli oadululdfusliquussauioguuss Tunsdifiyuusannenarh
THAne nsiiisenin hemolytic uremic syndrome @99zfionnis lanedaundy (acute
renal  failure)  Amzndadensn  (thrombocytopenia) — wawiinnmizlafinanswiia
microangiopathic hemolytic anemiaUszaiad 50 Weoddusvedsaiiinan £ coli
serotype 0157:H7 Tsatiwuvaslutasenmadou uaznuvesludiniidoresiing 5 9 av
fniAnnnmshudeiisdlaian viefuuniliinunszuiumsmainelsd

enteroaggregative E. coli (EAggEC) dlorewnai3anin enteroadherent £ coli \u
E coli filiAnlsariasssludinmsnlulssnafitidsinun agerecative protein 711e
asegneuaulaegulunatain (60 MDa plasmid)

ns¥nuilsaRnite £ coli Tuagifulsavdenedanm Tnsunfinssnuannisiiosns
fAnande £ coli sliifeulden Lwi%iﬁmﬁwmamﬁaLLi'LﬁamLmeiqzyLﬁ&JﬁwLLazaLaﬂ
Tnslavivasinme uwivnngthefionistiesssnde £ coli aneitusiineliAnainssuuss
aslieUfTauediannsadudadeld Wy enlundgu fluoroquinolone asfumslsisima
ndeus nmssnwilsefinido £ coli lumadullaamgenslierlungu fluoroquinolone ag1s
foy 7 $u Swdunmsvsvanmiaanglidunsalaensliiheiuinalififngnmn « uie
fuiann 9 Wothelunsidndeseniniuthiaany dumsniiiadouazinmsenisnde
Tuauesdnay annsndnwdensliofiiuglundgy plactams esanide £ coli ae

Ly

wugnvhliAngeruatesdnaulumsniludeniinishosnas é’ﬁumﬂ%’mﬂﬁ%auummu
Fampaourlivendoses (drug sensitivity) nou LLavwmstslmumasmmal,uaal,t,a.,
asutuiedestunisiesvesdeuundise
mﬂgmuﬂmau B-lactamns 1Buenfiiflaseadne B-lactam ring LUuwumu Healaiu
st unIvany Slardudinisasiaiaead (cell wall) vesuuafie miuna:uumummmi
Waunegeainvats wiseandu 4 ngumdn 9 fe (1) penicillins wialungueasladn Ao
(1.1) natural penicillins lauA penicillin G, penicillin V %qmmjmﬁhjmﬁa penicillinase
wAtusEAnSnmasteuuafisaunsuuInkavalUlstn  (spirochete) (1.2)  penicillinase
resistant  penicillin - 1Wu  methicillin, oxacillin  Tglunuafissunsuuaniasaoules
L . C e ! L L8 =i ' ¢
penicillinase (1.3) aminopenicillin Ly ampicillin tag amoxicillin 1Jueiilinunsioulesl
IR v a o a a a a a
penicillinase THlaNaRRULUATLTILATNUINLAZLUATIRELATUAUUNYHA (1.4) extended-
spectrum penicillin 1@ piperacillin llanaduiuafiiseunsuau (2) cephalosporins 810
guillasunisiaunauanansanuseeulesl penicillinase 1glaRfULUATISETIMNTHUINKAE
wnsuau wusesnu 4 generations muaunitdluniseengvshagn snuetoulyl B-

lactamase §131l (2.1) first generation cephalosporins 1@ cephalothin, cefazolin T4lgnu



LUATISELATUUINTUINNGY kazluATISaLNTIAUUNYEn WY Klebsiella spp., E. coli kay
Proteus mirabilis \Ju@u 81lu generation Hlamustoroula cephalosporinase (2.2)
second generation cephalosporins L cefuroxime HUszansAMANI first generation
cephalosporins #n numsloulesl cephalosporinase ﬁﬂﬁﬁm’ﬁaaﬂq%éﬁUL%@LLUQﬁL%EJ
unsuAULANAY @y cefoxitin Fadusluiuiiaes aunsonude extended-spectrum beta-
lactamase (ESBL) ¢ (2.3) third generation cephalosporins U cefpodoxime,
ceftriazone fiUszansnma TladunuafiiSounsuauuay unsuuIn (2.4) fourth generation
cephalosporins LU cefepime ﬁqwéﬂsamquLLUﬂﬁL’%aLLﬂsmaUﬂ%QﬂdW wagnuaotaulyl
cephalosporinase 197 (3) monobactams LU azteronam L‘f]umﬁaaﬂqwééjugdmiﬁ%ﬁﬂ
mﬁ'amjaﬁsuaqLLUﬂﬁSaLmiuamﬂs"mLwialé’ﬁam'ma LLﬁB%UGiE]ﬂ’]iﬂﬂVT’]ﬁ’]EIéhEJL@ul‘ﬁﬁ B-
lactamase M3ABEN azteronam nawuldlude Klebsiella oxytoca fiannsaass K B-
lactamase mmmamlm e (4) cabapenems LU imipenem Wag meropenem uansd
fi B-lactam ring fieengvsn’ie TnsenaninsoduruktuYadduLenveUATISILNSIAY
167 waznusietoulasl B-lactamase sausa ESBL wonaniidedimswamnansdudfueulesd p-
lactarnase #ii3en1 B-lactamase inhibitor LW clavulanic acid Wag sulbactam Fal
AosanURfe Lﬂumiwumqwﬁ%uaﬂ%u B-lactamase 1o lagdinldsuduenlungu B
lactams Seensiinanaiiagluduifuieulesd B-lactamase vhlden B-lactam ansaeengns
161

Fausfinsdunuen penicillin wazdinmsialdlumsshelseded a.a. 1940 WHudu
iy msdnwlsafaide £ coli fseufTiurlungy B-lactams Fodildnadeudned ud
lutasUszanad  ae.  1970-1980 e £ coli  vwmeussmdmuaiiSeluied
Enterobacteriaceae vangiindudinisiwundies auansaedesUfFiusvanesialu
naal penicillin Lay cephalosporin derivatives LagiilaUszanm 10 Yol wuaiidelu
1A Enterobacteriaceae tnsiang E. coli way Klebsiella pneumoniae TaMmuauLo9aL
anunsoferesUfiiuslundu B-lactams lévarnvansaienn lnsuuaiidsanunsoaing
euleififidedn extended-spectrum PB-lactamase (ESBL) (Ilse et al, 2011) dswalying
SwlsaRnideiiinanuuaiitefianssoadaeulsinanivldonuazndullymanniu
Sey 9 suvnadldaunsadhlseindefiinnsiesils  dwalisnsnisiuliouas
FeTinfelsafadeifinniy  Audeseuazyaansmansunnd  wagvinliannsom
wwmnanmuamviedastumstesveuafifedelsamanidlsd  Aaswdoudoudidya
Roufiazin1sAunuenUiiue (pre-antibiotic era) 8nASs

nalnnsiiosnufTusveuaidelaeiiluenautsoondu 3 3udn 4 fe (1) n13
Wasuuuaatmngluniseengrsvesen (target alteration) niseslaedsinuindetinng
aadhmnglndiielereengusldiesas Swdwmalidetuiiones eswneliawnsadu
fudmneduiineeengrdesnaiiussdnsamld W n1sade PBP 2a  (low-affinity
penicillin-binding protein) Tuie methicillin-resistant Staphylococcus aureus (MRSA)
Wusu (2) nsadaeuluiunvhansen (antimicrobial detoxification) wuafiisenatusin



ansaviiaesUfTy  vilfeniauauiRuasuuuadlualiansooengnsld wu S
aureus iesioen penicillin azvhaneen penicillin Tnaneifiu penicilloic acid Fadunaun
mnmsasaeulsl  B-lactamase  InseulwivdindsiaunsautseendunaneUssanay
yiavesen wazeuleidiienadlneduiiogunlasluley Bufloguunanain wiensiualy
gau  (transposon) f  Snvsdienadumeulediivuaiiteadresninnasnnamseidu
ulwsifiadsameded substrate winiufld uaz (3) nsannisthendnguad (decreased
uptake) Tnsunfgnuitaugazoongildasdesdinnudngiieaduesuuniiionou F935ns
Furudngiuraduuafideioadusuulindsnuvdoldlinganufly domsfioufiue
WwLNFLAdUeILUATISY AB outer membrane protein fdeni1 porin Tnedeuundise
wAsNAUAE porin ﬁﬁwﬁmag 5 ¥iin Ao OmpC, OmpF, LamD, PhoE uag protein K &4
su'mmamaﬁ‘ﬁutﬂumqLsﬁwmmﬂﬁ%uzmﬂmﬂmLawwaﬂu nau  B-lactams  wag
quinolones  Taiin1sann1sidveseTesuUATlSeusaz ineaindae s nsTiuans ety
I8l

extended-spectrum B-lactamase (ESBL) wupSausnUsvanamaed .. 1960 u
ulwsifitnwuiatananduiieglu plasmid veswuaiiGeiinesn Tnsteulusidansouds
sonliidu 2 nqu Ao TEM waz SHV toulwsl TEM-1 uaz SHV-1 faduduiuuvisesenin
parent enzyme olusAYNANAINEIY ke TEM-1 waw SHV-1 azflquiviliuuadised
afraeuluiansanediosn  ampicillin uasmnuuaiisesinlananeuledfnanily
Usinasnn onafinavhliuuaiiSeduieresn piperacillin wazenlunay narrow-spectrum
cephalosporins 131 cefazolin leinae aouilusnid a.a. 1970 fs 1980 Anudn TEM-1 uay
SHV-1 ﬁqwémm&ﬁ'wﬁu Ao aunsavianeenlungy extended-spectrum cephalosporins
1y cefotaxime, ceftriaxone waw ceftazidime 1dde devdlaiinmananeftusuendene
guvaidussevnay qmﬁwL%aﬁmmsaﬂ’mmﬂ1iﬁamaummsaﬁu@daaﬂuﬂfju
extended-spectrum cephalosporins fiflduves oxyimino group wennig B
AuauMsade ESBL Ssanunsawuldly transposon e TnsBuflrausunisiesiatunse
wnsnszgluldieuazsimdannluwuafiiesd Enterobacteriacece Tnsiannzognabeiy
o E. coli ua Klebsiella pneumoniae lutlagtiunuadiFefiadhs £sL Tldrenfioaud
aminopenicillins, ureidopenicillins k&g narrow-spectrum cephalosporins wihtuusiese
1 extended-spectrum cehalosporins waz aztreonam #he e1iddldlanatudediadns
woulasl ESBL fim cephamycins wag carbapenems JagUutisneauinmy ESBL 11nnin 120
iln Ineusazafiniina drug sensitivity profile fluansafufisndntios widwmalinissnw
Fogndfuededouuaiiamaivildroudrseinninfumn andamnisiesdfioue
vesuAfiSenuiina i dwaliininermansfemensnusesmmadenvieuuanis
Tmflumssnulsainde ienaunuieannisldvienisfiemenjiugliiosas

wunmaniefisdaduiaulauazinnsfinufuegrsunsvane ADNITUILUALNDT
Teunla (bacteriophage) vieidendu 9 91wl (phage) wildlumssnulsainde Tneiden
Anssnulsaindelagldinadn bacteriophage therapy #3® phage therapy (Richard,



1999) TnevidngruBududsafuamnudululdvesnsun phage therapy uldlunisinulse
Andetusuilindausd A 1980 Tnensanwnieatu phage therapy taluszesSuusn
finvzvhnsfnwiludnivesedesmdulsamananaudnlannziunn  warldnaduiivl
nelafulsafndonasylafifamnunanuuefifownsuay wu £ coli P. aeruginosa,
Acinetobacter baumannii, K. pneumoniae, V. vulnificus Wag Salmonella spp. Wag
WUATISEUNTUUIN WU Enterococcus faecium way S. aureus WuAu wagmaunnenasn
Sufinsih phage therapy uldlunisshwilsedndeluau (Richard, 1999; Slopex and
Kucharewicz-Krukowska, 1987) tagtiukualifunisih phage therapy 1nlilunisinunis
virusdunnty  Tesemsitensinulsaindefinerosmanesiln  [multidrug-
resistant (MDR) bacteria] Toun vancomycin-resistant Enterococcus faecium (VRE),
vancomycin intermediate-resistant S. aureus (VISA) wag methicillin-resistant S. aureus
(MRSA) \Ju@uy (Richard, 1999; Shigenobu et al., 2005)

wuawmedlamalulaia (virus) sesuuaiiise Hlaswairadodiusenouddgde a3
WUgNTIUNIBNIAIAGAN  (nucleic acid) uwavlusAuvievuasugnIsutend  ualdn
(capsid) Feonaslgusradugunanemden 19 icosahedral WWudu ansiugnssuvesuUAmes
Towle iy DNA w3e RNA edlaogiemils wavenafigusradudu (inean 1Huas
(circular) vi¥euvadunansdu (segmented) fld anstugnssufignifudsuaudntiunaiions
Fondn dwi (head) wupwedlomaunswinenaidulssneudininfie Sdudadidnuos
Huviesnseaindiui Sund1 dwms (tail) waguinadumsienanulasiaiedu 4 1¢
A28 WU base plate, tail fiber [Judu (gﬂ'ﬁ 3) Msivseliidiumne waznsin-vnlaves
drunaunsaldlunisansunastinueawuamneslamalase (Ackermann, 2003)

Coltar
Care

{elical Sheath

Hexagonul Base Plate

Ul 3 fedneguaazdndseneudifguauameslems
(#1311: http://sahsrojas.pbworks.com/w/page/3718275/Bacteriophage)

wwawmeslamagnaunuaiausnlnetininermanfassinlutauafilndifestude
T4 £.A.1915 Dr. Frederick William Twort finwen3inersndsnguldinnisidenulaai
darunsavinliuuafie Micrococcus nangwug wagtul @.@.1917 Dr. Felix Hubert
d’Herelle ShinenmansyisasadunulSaiiaunseviliwaduuaiise Shisella innns
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wanaane (lysis) 8 Dr. d’Herelle é’aLﬁuqﬂﬂaLLiﬂﬁ%’ﬁm “bacteriophage” Tun1s13an
h¥aftanansaynn (infect) viovhanowaduuaiiise

Taevilunisyn (infection) wesuuameslomaiinglaadisad (host cell) snaxd
AMUT NN (highly specific) nadnenilsfowuameslewaydalaviianieisinas
yhansuvefiSeiiissdalardaniainiy anudunzseniuuameslomatuuuaiiGed
Julsadeadiu iintulasedonisufusevitshunisiieguusyninve suuameile
wai3endn attachment site Audunisiieguuiawadveuuniiieianin receptor site
MnduatsiugnisuvesLuameilowafazgnindgiwaduuafiie uaziSuduidig
NsTUIUNSHNS WL (replication) vosuuaslotnanaly

nsifinsuvesuameslewlansluwaduuaiiSoamnsaniadu 2 dnvasde
LU lysis (lytic cycle) wazkuu lysogeny (lysogenic cycle) (g‘d‘ﬁ 4) 154N IWIURUY
lysis iloansiugnssugnindranneluwaduds nalnsins q MAsadestiunsmssdinves
wuaiielasundavngawzinas Wesannuuameslemaaziinluauauuazldnalnsing o
wantuiiensiiusiuiuveuameslowlawiiy lnasuanadslusiuseeuledddui
Aadeatunisdiassarsiusnssy wdsadalusiuniediutsznovresualdauay
Tnsead19du 9 arndudiuusznousig 9 ﬁgﬂa%fw?](umLﬂuﬁim’mmmﬁammmﬁu
(assembly) nareifunuameslewaauugaisauminidatunislumad uuawmesloimai
Antulwiiiendn progeny bacteriophage IW&J%EJ%Lﬁﬁﬂﬁi‘gﬁgﬂLLGiLLUﬂLW@%I@LW%QﬂEﬂL%’]Ei

Y
[N
v

\waduazLin progeny bacteriophage a1aldnaiiendndos wWu 1-2 $aluawindu il
Juogifuriavaauuameslam warlufigauuameslowafiaradvansusegisoanuhans
NI T adveIkuAiLsey %umuqmaal,ﬂﬂmﬁlmﬂaaw (lysis) uagUdoy progeny
bacteriophage mu’;ummwmuuaaﬂmuaﬂLezjaa mnuu progeny bacteriophage Fd
AandRuAsfuLUAmeslemaEILsniigwad AnfenflazithguuaiiGivadlnineg
afignaly (Medigan et al,, 1997) A15YNINNTBYINIAIEAALUATILTEVDILUALNDTLE
wakuv lysis 4 Tuilanagvinliwuafidovunluanuinaifiuuameslowaviaiueyg dau
TS IUILLUY lysogeny wuameslamafiansnifiusiuunuuillfizend temperate
phage ifloansitugnasugnidunnglumaduda wuamesTowaathansiugnssududnly
uwnsnaglulaslulenvosnuailife arswugnssuvesuvameslowaiiunsneglulaslulend
3un31 prophage wazilauuafiFouwUsifindua a1siugnIsUTasLUAaslamanazd
n1siaesitesluniouiu uazdensunsnaglulasiulougudy ngldvinlviiin progeny
bacteriophage FaunsiiusuiuveuAmelemanuy lysogeny FglaivinlimAnn1suan
AaUUIDNITNBVBILUATILTE (Vegge et al., 2005) Lwiawﬁﬂﬁl,ﬁmmiLU?auLLanﬁuqﬂﬁm
N39N13NA18WUG (mutation) vaswuaIels Tuu19an1Ie prophage 819%1§A00NI1N
Tashilomvesuuaiiouaranunsandudignisiiusiuaunuy Lysis 1§ Bonsingniselaudl
71 induction awnaddrivinlsiAn induction oA nsnszduseuassansilalelan vie
asnfluneiln Wudy veiwuameslemaiidenthluldluaumedu phage therapy tie
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piamaliwuawmaslamaly infect wuaiilsanalsakarinlmian 1sanersowanaansluves
wuafiSeuy Jaduuuameslamaninsifiusiuauiuy ytic cycle

Heads are packed === \\\ S =%, Collars, sheaths, and base plates
with DNA. { @ @ Y\ { ;) o @ N\ have been attached to heads.
) @) i ‘@, A | Tailfibers are added last.
W Y J
- o : >
/ \ » Bacterial cell lyses,
P e releasing completed
Empty phage heads [ N y ol (— \ 7 @ infective phages.
are synthesized. (T @) LYTIC ( Sy
R S g ; CYCLE L -

4 W 3.\
S : / 3,
1) e Iy
The phage DNA directs _— = — . Aa) é@
N

-~ - nb G
the cell's metabolism 7 - 2, = ~<&g Phage attaches to

A ( \ ;
to produce viral H . i r~ \ |\ receptor site on
components—proteins \\ ‘ \ \7\3 _// ~ e "\v“another bacterial (_:ell
and copies of phage N — P — == %) : Ny wal[. penetrates it,
DNA. ~_ [/ Q = - —===="" and inserts its DNA.

W 8]
\ / Phage DNA inserts itself

Q
——— = (as a prophage) into
/ \ bacterial chromosome.
Binary fission is

completed; each // /£ 7 ~ )\ Phage is replicated along
cell has the ) [ | with the bacterial DNA
phage DNA \ /. prior to binary fission.

incorporated. e Z - —
LYSOGENIC
\ CYCLE /

© O

JUN 4 nisiindwinveswuawmeslaimangluwaduuaiise
(137: http://arthropodsbio1cabe.wikispaces.com/Viruses.)

Tuefinnsdnsuunuuameslowadslidesingunasidnies wituegiuinsdaie
manasivesininermansvinle uwitagtunisdaduunuuameslemaisuiinasinnsgiu
iy esndnhenuiviinihilunstvuanasitesisnmsdasmuniida el
mmigmlﬁmﬁ'uﬁa International Committee for Taxonomy of Viruses %38 ICTV lagla
Sasuunlrdaeendu 3 order, 61 family uay 241 genus Msasdeldalaeialuagldnm
avfunsensn T8 order avawihedie —virales ¥o family avaswnesie —viidae wazde
genus wAWNYAIY —virus (Ackermann, 2003) wuawaslawannuiingnineglu order
Wiy e Caudovirales TaswUseonidu 13 family waz 30 genus (M135197 2) WiaRasan
sUswvesuuAmeiToa wuhaunsauvseentdifu 4 ngulug fail (1) Tailed phage Ao
wuAmneslawlafifivng (2) Polyhedral phage a’e)LL‘UF’]LVI@%IEJLWR]ﬁﬁ’JﬁEUi'NﬁmEJL‘Vi?ﬂIEJlI (3)
Filamentous phage fauuameslowmafifidnvazadodiuly Fdlifnsuiadudmimse
13 uaz (4) Pleomorphic phage Aauuamesleimaiisusisliuivey (597 2 uazgUd
5) Bsvaziduniinafuwuameslemandaznguaznaniwioly uuameslewladwlnajdas
ftusnssundu  double-stranded DNA  fifipsdrutioswiduiifanstugnssudy  single-
stranded DNA, single-stranded RNA #1358 double-stranded RNA LLUﬂma%IaLWﬁ]ﬁﬁuWU
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wdrdnlungidumn tailed phage Tawihifisnevuegluvaziiioguszana 4950 ¥ia
(Ackermann, 2003) usnanfifsiiuuameslemaurwianiidunaasy (envelope) Fadu
ansdmnluiuieiuuaUBal iBntunile uwikuewmeslowmanuuiinutosn

d' U o a wa Q.Il af
f1919N 2 ﬂ’ﬁ%@ﬁﬂLL‘LlﬂGU‘L!(ﬂLL@SQ@UﬁMUWVl’JlUSU@QLLUﬂLVI@?I’EJLW"D

Shape Nucleic acid Families Genera Exam-  Members Characteristics
ples
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 7 696 Tail short
Polyhedral DNA, ss, C Microviridae q d)Xl?ll 40 -
DNA, ds, C, T Corticoviridae 1 PM2 3 Complex capsid, lipids
DNA, ds, L Tectiviridae 1 PRD1 18 Internal lipoprotein vesicle
RNA, ss, L Leviviridae 2 MS2 39 -
RNA, ds, L, S Cystoviridae 1 06 1 Envelope, lipids
Filamentous DNA, ss, C Inoviridae 2 Fd 57 Filaments or rods
DNA, ds, L Lipothrixviridae 1 TTV1 6 Envelope, lipids
DNA, ds, L Rudiviridae 1 SIRV1 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-shaped, no capsid

C = circular; L = linear; S = segmented; T = superhelical; ss = single-stranded; ds = double-stranded

(Ackermann, 2003)

tailed phage LﬁuLLUﬂL%@‘%I@LWﬁ]ﬂajuﬁwumrwﬁqm lneiloguseun 96% vauiun
weTowlavimun Snuaglneiluveuameslemanguilie duiidnumraunnsuuy
anu1An (cubic symmetry) 138011 icosahedral head lUsAulassaiavesdumainigses
fuuundeat3endn helical tail aswugnssufidnvaziudu vlia double-stranded DNA
Falifisduiien ansugnssugndenseusenauda uilifiidunasey vuiavesans
ifugnIauuay srmemvssdauandsiuluamstavesuunmeiTouts aTiugNIIUD N
funsaust 17 aufisunnndt 700 Alawua (kb) uazdrumiseradisauenadaud 10 9 800
1 luLuns (nm) tailed phage wisponidu 3 family s (1) Myoviridae Faduuuanes
Towlaviafivnsanunsadn-nals i sheath siuseune wazfiununansegludiumaienin
central tube LwﬂL%@%I@LW%ﬂdmﬁwuagﬂizmwm 25% 84 tailed phage Havun uas
wusgeseanidu 6 genus Ae T4, P1, P2, Mu, SPO1 way ¢H (2) Siphoviridae \Juwunmnes
Touadifinnen wildannsadn-veld wwamelowanguitdunguiflvg fianves tailed
phage Hosannnuliuszana 61% veq tailed phages e dnansawdseanidu 6 genus
Ao A, T1, T5, L5, c2 way yM way (3) Podoviridae \Ju wuAwmeslowlaftiniedu wuld
Uszana 14% 99 tailed phage wanun wsoenidu 3 genus A9 T7, P22 way ¢29
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polyhedral phage Hunuameilomaiifisuimatomasy msusnssuetaidu
single-stranded DNA, double-stranded DNA, single-stranded RNA #38 double-stranded
RNA ﬁy’qﬁsﬁua@jﬁ’wﬁmammmaﬁama polyhedral phage wuseanilu 5 family sail (1)
Microviridae \Jusupmaslowmanuamdn  Lifidunasey  asiugnssufiiiiesdwdes 3
anwaztuae wagidu single-stranded DNA wuseanilu 4 genus @nIndAeyveauunnes
Towlanguil Ao X174 (2) Corticoviridae Slanswugnssunisdudu double-stranded DNA
Snvundung gifudeueddn Ssusenouselushuaosdulaed lpid bilayer unsnagass
nansszwisturedlusiu uuameslemanguilfifins genus fien faudnfiddoie PM2
(3) Tectiviridae Juwuamneslomaiflasadrvomaudaiiudausedenielull lipoprotein
vesicle  leuuamedlowlaviaiinzfifvewueitdefiduleas  lipoprotein  vesicle
fananaznaneifuviefindnemevesuuameiloma (til-like tube) fiuemuszanu 60
uluans Fadumdiasiusnssuedouiiuannuuameslowlaludilsadivad uuaimes
Towlanguilfifies genus Wen faundniidrdafio PRD1 (@) Leviviidae fanswugnssudu
Fen Wy single-stranded RNA  dafldnwasiiudy  answugnssugnviuseueadndad
TAssa19s1997n RNA viruses Tl fisus1eadneiiu poliovirus wuaweslamanguiiuiady
2 genus @unTnddyRe MS2 (5) Cystoviridae Tansugnssuilu double-stranded RNA
uazdlogis 3 Suvdeluiona (Fenansiusnssudnuasuiinduuuy segmented) Fadu
Snvussuvouvamoslomilungud  uavagnifulidhedunaneyfediduysznaundn
Julwsfu (lipid-containing envelope) mema‘%‘[mw\m&jmﬁiﬁm genus LAY7 an1Tndfsy
A 96
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ssDNA dsDNA

1’/\; | ;’f/&\. T /\\1‘
- | U U
\ Microviridae ' { =
’ ‘ Podoviridae

Corticoviridae  Tectiviridae

Myoviridae ®
Siphovirid o
Iphovinaae Plasmaviridae
s = —_\_
Lopothrixviridae < T
Ei = Fuselloviridae
Rudiviridae
sSRNA dsRNA
/@.
O ‘\Q’.//'/l
Inoviridae Leviviridae Cystoviridae

Ul 5 msdnduunuuamesloma
(#1311 : http://www.smj.ejnal.com/e-journal/word/picture/article/smj/302/picl.JPG)

filamentous  phage  Wuuuameslewafifigusadumensendoduls a3
WUQﬂﬁSJSUENLLUﬂL%@%IaLWﬂﬂdmﬁﬁﬁgﬂLL‘U‘U single-stranded DNA uag double-stranded
DNA wtseaniu 3 family e (1) inoviridae Fansiugnssuily single-stranded DNA wuu
2 uvadu 2 genus muviinvedsadivadfiuuaimeslemaaansoynsn Ao Inovius uaz
Plectrovirus @m3u Inovirus feg 42 wila dnwawaufe TjUsiaduaisen (long
filament) e1auds (rigid) wFeBanguld (flexible) Juoefuriinvasiuamaslows 1y
ameslamafily (sensitive) sonaslswessl (chloroform) wsiviu (resistant) Aau¥euld
Teadwaddmiuuuamedlamanguilio  Clostridium way  Propionibacterium  du
Plectrovirus og 15 ¥ila dnwaziauee ﬁgﬂs’mﬁumagu 9 (short, straight rod) lgas
waddmiuuuameslamanguiiie Mycoplasma Tagily wuamesTewtalundy Inoviridae
defiudrununeluleadivaduds progeny bacteriophage avesnanisadingldvivlivad
win awndnddyvomvameslamanduiife fd (2) Lipothrixviridae fanswugnssmdu
double-stranded DNA wuuidu justsvesuuameslo  manguiidndunuuuis (rod-like
shaped) wagiiiduaaoy difies genus el @undnddeue TTVL (3) Rudiviidae $ans
#ugn3sudu double-stranded DNA wuuidu T3Us1aduuvisnsauds (straight, rigid rod) 1l
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a & v 1Y) . . a i Aa =
fdunaey weIAR1BAU tobacco mosaic virus wuameslamanguliiiiiies genus 1Red

a o wv A
dunTndfgyAe SIRVI

pleomorphic phage unuawmeslowmaiiigusislduiueu wuameslewmannuiinly

nauilfiansiugnssudu doublestranded DNA wuude wisesniu 2 family fa (1)
Plasmaviridae  \Juswuaweslowaiilufiuau@a  uiliibunaasuiuaisiugnssuliwny

aa A a s a =] P a v
wupfisendulaaduasunwmasiamanguilfie Mycoplasma \ewuaineslowlaazyninidi
| ¢ s & a = o A v %
dlaadiwas unanaUvauAeslalazen (fuse) AulBovuwas (cell membrane)
voslganaad wazuasniinduneluweaualazeenanwadlagis budding Fslivi
Tilsasigadunn wuemnaslamanguiliiiies genus wWen audndrfgyfe L2 Faduiuames
lawlanguninsfnyviseiiveyatiaeunn (2) Fuselloviridae 13UT19AREHANEU (lemon-
shaped) wagivinudu o (short spike) agfivangmunilsvasaynaLuanestaima wAUTn
Usznauselusiu (hydrophobic protein) aosrlinuazlviiudslainandiulszsnauvotes
Vuwadvedlaan uaugagnviaelamenaslsnesy nawiniudunmgluwadudiazvesn
NBAAALTT extrusion wupmeslaanguiliiiies genus eI duBndAyAD SSV1

wasanAdnisAunukuameslomalalduiu AdudinsAnihuuameslowaunldlu

nsshwlsadnde Msnvifeatumsiiwuamesiewaieiluldluniseivaudenslse
Tusrozusnagyinlidnineassnou wardeulowiuitlanannazdushluldiuau Moty
ladigvinamaaesiuwuameslewmaluldaiunulsada (dysentery) #inann Shigella 1oy
gdieiuiuameslema nausingimaainmsiinuwuameslamaudiieansained 8113
yosfUhenaatedsnuazmentsanielunaniiesldidu (Sulakvelidze et al., 2001)
pg19lsAnumanisAneluaaiudelilasunisdudundedfinimeuns aunseslud a.a.
1921 Richard Bruynoghe was Joseph Maisin @3fiainduinineimiansnguusnilaun
wuameslowannldlunissnwuietesiulsafinteniiimisdainain Staphylococcus ¥
Juefinuvesinyiliiiansinlendwidn InedsnisihluldSnuae dauuameiloms
WIMNARIMEITEU 9 UTIMLHAKAR LiDATUANLAEAANISAAYBAINGETY NAUTINGTMUALND
SlawlvanunsanuaunsAniielasgneliussd@nsnin (Sulakvelidze et al,, 2001) #H99NUY
JuduanididnInereansdnuatonquitleitnisfinwneatunisi wuameslewaunldly

[ a dy PN ! % o a [ Id Ao
nssnwilsadnaie (M15191 3) wazdwalinsiuuameslamanildlunissnulsadunidn
LAZUNTNANBUINTY DNYIdslinansuseniladinisuinuameilomaunAneiag19a3danaz
3 a Id 2/ =~ o 6 [y a d’lj a 1
Adlasgndadunisan e luuseynaldlunisaivanuazlesiulsnfintoviingig o
nasnuldlunsauauvsesnwlsnfndauuaAiseRe B dluuluNIAgiiuaNTuTes 9
Tusuan (M13199 4)
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A1919% 3 F0819U04 phage therapy Tildlunistiosiuniasnwilsndaiteluau

Infection(s)

Etiologic agent(s)

Reference

Suppurative skin infections

Postoperative wound infections in

cancer patiens

Various infections

Bacterial dysentery and

salmonellosis

Inflammatory urologic disease

Gastrointestinal tract, skin, head, and

neck infections

Cerebrospinal meningitis

Suppurative infections

Pseudomonas, Staphylococcus, Klebsiella,

Proteus, and E. coli

Staphylococcus and Pseudomonas

Staphylococcus, Klebsiella, E. coli,

Pseudomonas, and Proteus

Shigella and Salmonella

Staphylococcus, E. coli, and Proteus

Staphylococcus, Pseudomonas, E. coli,

Klebsiella, and Salmonella

K. pneumoniae

Cislo et al., 1987

Kochetkova et al., 1989

Kucharewicz-Krukowska and
Slopek, 1987

Miliutina and Vorotyntseva,
1993

Perepanova et al,, 1995

Slopek et al., 1987

Stroj et al., 1999

Weber-Dabrowska et al., 1987

Staphylococcus and various gram-negative

bacteria

A9 4 USENNNaAdeuazAnwieniu phage ey phage therapy

Company Location Web site address

Biophage Pharma Inc. Canada http://www.biophage.com/
Exponential Biotherapies, Inc USA http://www.expobio.com/
Gangagen Inc USA http://www.gangagen

Hexal Genentech Germany http://www.hexal-gentech.de/
InnoPhage Portugal http://www.innophage.com/
Intralytix, Inc USA http://www.intralytix.com/

New Horizons Diagnostics Inc USA http://www.nhdiag.com/Index.htm

Novolytics Ltd

Phage Biotech Ltd

Phage International, Inc
Phage Therapy

Targanta Therapeutics Inc

Biochimpharm

United Kingdom
Israel

USA

Georgia

Canada

Georgia

http://www.novolytics.co.uk/about_us.html

http://www.phage-biotech.com/

http://www.phageinternational.com/

http://www.phagetherapycenter.com/

http://www.targanta.com/

http://www.biochimpharm.ge/

(Andrew, 2006)

AantRdAgveuamesiamasin ytic phage Mraulauazyiligniunlylu
37U phage therapy fig (1) anuasalunIsiasLuaiseuTelaanlilnnaaensoniy

T war (2) pnudmnesenissuameslowmanaylaan uazsenuauliddgyisaesusens
1 wuameslewadsimazanunsainunldunuenufdiugla  (Andrew, 2006) Bnvidlung
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[

= = v aa A ' aa a o ' | o
s wuameslewadaliveniiuiienineujtiusdnvansdsenismie Wy hiviane
wuasedy normal flora Fse1dteglusninieau awsaiudwiuldeniianedulaadi
g Falidnludeddvunavsedsinaglumslidigsime  waglifinathadewofly
< % d' d’JQJ a % 1 a ¥ [ a dy a 1
Judu (m15199 5) wenannildadisngaumeinwuamastaialinalunissnuilsafndiannga

an & v ) | ' ~ =3 oA
gufTuensluaukagludnineass (Sandeep, 2006) Mgy Ts1euntanuILile
noaedlduuamesiowmaiednymuidniie £ coli TudSuagadannsaviilvivymele
WUIMYRBRIINSTONTIngtaToar 92 WainwislguuAnesloma willdnsIN1sTentin
WesFoay 33 WesnwneeUfdiue (Levin and Bull, 1996) wagdnIeaunilanyuinNg
Tduuameslowanidnniesis S, aureus esnwidtendulsafnouuuiinuesulonuay
A v Vv I | \ ~ o v a a | P
Woviulen laguusitiweenilu 2 nau nduniladnwilaglduuameslamauazBnngumily
ShwiceenUfdiue  wudimsShwlsaniguuamestawaddnsinismeainlsageneiosas
82 luvausiinissnwilsasmisenUfuiusidgnsimsmeanlsaiiessosas 64  uonINd
wuamelamadldiinatnafewiodiie  uasmnlviwuameslemaunthelngnisdadmig
naeaeamdsaunsatiglvignnismeaintsagedielaas 95 (Sulakvelidze et al., 2001)

a ~ ~ wa a Y} aa :s' o a &
MA1919N 5 LU?EJ'ULWUUQ@U%@JU@%@QLLU@LW@?I@ W\l"i]ﬂUEl’]UQGU?ugLW@Iﬂum’]iiﬂquiﬂmﬂLGUE‘]

Bacteriophages Antibiotics
1. HANUTIUNIZEA (highly specific) ABLUATILTE 1. Sgydvateuuaiisanuulidinig (non-
1MUY (bacterial host or target bacteria) specific or broad spectrum) gusavianalans

LUATILSENBLIA (pathogenic bacteria) WaY
LUATISEUTEIDU (normal flora)

2. ansaiuTuldnssuisiiinnsiae 2. QNAYALALNTEUIUNMTUAUBRANYDITNNEY
FwhlniianududurseUsunamnnnenaze irnududuivdesgluianelidiismese
Werelsanswhunisninisiadeld nsgenelsansaiurisiiingiiaige

 AnatnAY (side effect) NFULTIVANEDELN YiT0
UNATITIAARNTITUA (allergy)

3. lalfinadnaAes (side effect)

[SN]

4. MIRBRRUAWESlBIATBMUATISEAYTIineY 4. MsResipuUfTrurvesuaiielidinegua
WigawAkUATIB gL e MUY wuAS et vunewsaunsawnsnse e LU
wuASevlndulame

5. M3AumLUAeslaiavlalug Weldvihate 5 mMsimwvsefnfueUfTauzaialndievinay
WUATISEINDABLUANBILLNA (phage-resistant wuASeRRsReU T (antibiotic-resistant
bacteria) Tdtialiiuuiagyinlade bacteria) foslgtaauuLazilaenn

(UN5vH Nawas, 2552)
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aunIaluaEdsnIg

Jauvdduazemaidsateiildlunimasns

Tunsinuiild Escherichia coli-ESBL (#39 ESBL-producing E. coli) Fauenldann
fuaelulsameunaassndvduszasd eafles a.9uasvsnil Wulsadiivad (host cell) iile
prnuuameslowlafidime  wazddduvafiGodnanlunsfnvauading 4 vos
waweslewase  nsAnmmnuansavesuaweilewlalunshasuuaiizeiindu
(host range) IuuafiSenaaeusuandunssd 6

wuafiFennaneiugililunisinuniingidedeeldemns BHI broth wio BHI agar
Unitgaumgil 37 ssmwa@eadunan 18-24 lus mafvsnwnuaiiseynviaildluns
veaesl Wuluemsmvan BHI broth @98l glycerol Wuduusznau 15% (vA) wasiulsi
9NN -20 BIFLYALTYE

A15197 6 wuAiSeNAaeUNEluN1SANYI host range VBILUALNDS LOLIT

wuaiilsenagau
Escherichia coli 0157:H7
Escherichia coli ATCC25922

Escherichia coli K-12

Pseudomonas aeruginosa ATCC27853
Klebsiella pneumoniae ATCC27736

Klebsiella pneumoniae (Drug resistant strain)
Shigella dysenteriae ATCC13313

Salmonella enteritica serovar Typhi DMST5784
Vibrio cholerae O1, non 0139 (DMST2873)
Enterobacter aerogenes (Drug resistant strain)

Acenitobacter baumannii (Drug resistant strain)

ANSLATEUUIAIBEIWNIUININTIFUILUALNDS LAt
TunsAinaselivinmsifivindegnediuay 18 fedreainunasinig 9 wu dude

% (%
o o

s dhlussuudaindelulsmenna Wudy thinedreildthundumios (centrifuge)
e 3,500 seustewnd WJunan 10 wift WisuwenienzneuvalnguazasuIvaee
s 9 eenll iudwla (supematant) BidmSuimsiiauSinauuametewaluih
fhogslutusiold

msiuiunauuamaslomaluingaetig

mMstiuUSnauamesTemalutinged1dld3s enrichment method ¥lagiidy
Taildanmstiusissludunoutountig @unsunassoutimong) lunseswuusunsos
(membrane filter) Afvunauasgngu (pore size) windu 0.45 lulasiuns voumarfiinuns
N39938n71 filtrated sample 1 U1 filtrated sample 1 Y3u1a3 5 TadansuinauiueInis
BHI broth fiw3eulifianudududuasasi (double strength BHI broth) U3uns 5
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fiaddns waiiu £ coli-ESBL fiusdnufiu (overnight culture) ashiuiums 100 lulasdns

A

Uufigangdl 37 ssrnwadva Wunaiuszunn 18-24 Falus Mt dumieefiannugs
3500 sousowd Wunan 10 Wil ivdlailgannstumisslunsesiuununsesisl
YUIAYDIFNTUWIAY 0.45 lalasiums YouvmiunInsasiiidendt filtrated sample 2 3
szthlunsimmuuameslewlafianunsavhany £ coli-ESBL ludumausioly

N13ATIINILUALND3 LoD

NINTIMLUALEILaLNA (bacteriophage detection) ¥ilaead spot test (Chang
et. al, 2005) fA23%E 1 £ coli-ESBL fandlueming BHI broth waziasayagluszey log
phase U3u1ms 100 lulasans wnaslurasne1yns BHI soft agar Usuns 5 Jadans (A
Wuduves agar winfu 0.4% uazroulilvihluvaeuiieliiuaraeuasgumgiiuszana
55 esraaided) nanlidnuwdawviuliaRminens BHI acar selewing BHI soft
agar Fuuadludunde (gnaUszunad 5-10 ud) Mniduven filtrated sample 2
Usines 10 lailashes awmsnansmesmumsdsnde feisliinasiiteseliiumisiiven
filtrated sample 2 aslutfuus LLé’ﬁaﬁwmammgmL%alﬂﬂuﬁqmmﬁ 37 ALY
FunaUszna 1824 Falue mntulidaunninddilavessduds (clear zone) inTu
AsFwLaTiinnsven filttrated sample 2 §3 clear zone AnTuiiiumisiangns uanain
Ty filtrated sample 2 Turaziiuvameslomadianansashats £ coli-ESBL

NITNNTIUIUKUALNDI DLW

nsiiuIuLUAmelalna (bacteriophage propagation) Wwazduduin filtrated

Ao § va aa 2 a ° Vo s &

sample 2 7vlAAA clear zone 1AEAd spot test AonuAmslowa vilagldiadeLe
(loop) B TaudIYAV3oRENATIUSIINAMAR clear zone (awzlleiuNogtuuudnfe
FuYes soft agar) ldadlunasnnaass®edl £. coli-ESBL W3gyagluszey log phase lueims
BHI broth Usuias 10 Jadans wanlidniumsinIowanans (vortex mixer) dnluyud
gaumall 37 ssrmwaded Ussuna 18-24 4alue antiuihlutdusiesiianusa 3,500 seu
doundl Wunar 10 wil nvdulanldannistumiedlnsesihuukunsesiifivuinvess
wyuwiniu 045 lulaswes vewnadNkun1sngesilisendn bacteriophage suspension
) I3 vl a = A 1
llinulinegaumgil 4 esmueadeainelilunsnaassioly

NITUUILIULUALNDI BT
NNSUUIUIULUALVBILONANTDNITUIANUTUTUTDILUAW DI LoLWA (bacteriphage
titer) Beseauduen plaque-forming unit/ml (pfu/ml) 1435 double-layer agar method
(Adams, 1959) 33nnsde hdegsiidesnismaututuvesLUAmeslamainsEe
19UUY ten-fold serial dilution luewns BHI broth antuthdneeefissiuanuideans
A9 9 YTums 100 lulasans TdasluTue ms BHI soft agar USunng 5 faddns wazidu £
coli-ESBL ﬁLﬁ]’%igag”luiws log phase Usums 100 lulasdns waulmdrdunainyivasuu
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91913 BHI agar WlUtnfiguundl 37 ssmeaidea iunanysann 18-24 dalus anifush
nsifusiuan plaque fiusnguusuewnsidsade (Fondunaumedsdil plaque
aglugia 20-200 ) 1A plaque Fuldludunmmenududuresmuamesloms
Tneldgnansiunmdell

AMULTNTUTDILUALMDI Lo (pfu/ml) = 971UIU plaque x10 xFEAUAIIULIDIN

msfinwauEnsavasuameslamalunsiatswuaiiGeviniu

msfinwmuansavesLuameslemalunsvhatswuafiievdindu (host range) 14
3% spot test #vil thuuaiiSenedeu (Ms1eit 6) GﬁﬂLﬂ%masquizaz log phase USu1%3 100
lulAsans wauiue1wis BHI soft agar USums 5 Haddns wawmiiuasuuiantie s BHI
agar seaURIWTeMsudes Men bacteriophage suspension Al uudwwiniy 10°
pfu/ml Usums 10 Tulpsans asuuRantie s BHI soft agar fena1 laeurenauiiin
NNIUINZLA %ﬂﬁﬁﬁé’ﬂﬂjﬂaiaiﬁﬁ’ll,mmﬁmlm bacteriophage suspension asluiiy
WA ﬂwmmwwmgmmm%mmﬁ 37 asrnwadud Wunasyann 1824 $lus andy
Funan1siin clear zone AsIFuMsTinen bacteriophage suspension 913l clear zone
Antunansd wuameslomeannsovansuuailSenagousintuls

s

n1svuUAmaslawaliuigns

'3
a a

nsiuuameslewalviusgns  (bacteriophage  purification)  vimu3sves

Watanabe wagmniz (1970) fisil 1889 £ coli-ESBL Tuawns BHI broth Usuns 500
fladdns Migauuail 37 pwnwaivasunsyiindedian 0.0. 600 wiluamswhiy 0.5 AIntu
{iu bacteriophage suspension U3uas 5 3a3ams (10° pfu/ml) udathluvusedudud
gaumndl 37 esrnwadea thludumiesiinnuda 3,500 seuseundi w20 wiit udnla
(supernatant) Yludumissiinnansa 28,500 seusioun?t uiu 1 §alus iiumzneuanazas
1u phage buffer (20 mM Tris-HCl pH 7.4, 100 mM NaCl, 10 mM MgSO,) U3uns 5
fiadans udthluduwiesficnud 3,500 sousound wiu 20 wit ivdlalunsesiiu
wiunsosfifivuinvesgnguiiiu 045 llaswes  ansazanedildasiSendn  purified
bacteriophage daazthlulfiulifigamgll 4 ssmwaldea WothluAnwgusiswesiuame’
Towlalutumeusaly

nsAnegUTevasuuameslamanmeldndasganssmidiannsou

N15ANIUII9 (morphology)  ¥BdLUAWBSLOWAMENABIRaNTIALBIaARTOUYN
Mov09 Caso HazAmy (1995) lewun purified bacteriophage 1 #em (Uszuia 10
lulasans) Memasuy erid fanuseansusu (carbon-coated grid) M9l 3 Wil udhdeuuwuy
negative A28 2% (w/v) uranyl acetate (pH 4.0) 7918 10 3undt anduthlAnudendos
ﬁ;am’iﬂﬂaLaﬂmiauLLUUdam’m (transmission electron microscope; TEM) A331kunvilna
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Y UANBSaINANAEINM  (criteria)  Ainviualag  International  Committee  of

Taxonomy of Viruses

nsaiALAZANEIEITHUFNITUVIIUUAWMDS LT

1N bacteriophage  suspension  afinansugnIsUlagldyaainansiugnIsy
PureLink™ Viral RNA/DNA Mini Kit (invitrogen) a1ntiuthansitugnssufildundngeioulssd
restriction endonucleases BamH| muamwﬁu’%ﬁw@wamLaulsdﬁﬁ’muﬂ (Promega)
vdananswugnssugnadeieuluddsnanudy  dlUlanndeuieamgl 70 em
walged U 10 W9 LLéI’Jﬁ’]%uﬁ’ma’]iﬁuqﬂﬁmlﬂﬁﬂ‘lﬁﬂi@ﬁ%‘ agarose gel electrophoresis

7% agarose gel electrophoresis Viﬁ]ﬂﬂumiﬁﬂm%uﬁaumiﬁuqmimaaLLUﬂma‘%
Towla 9813l Wisen agarose gel (AudLTuwes agarose Wiy 1 %) thiudiuans
fiugnssuilimdsngninseteulesifindine waufu DNA loading sample wénldaslu
%93 (well) UULNY agarose gel LAy DNA mm@mﬁmwsmmm (DNA marker: ADNA/Hind
) asludesdng 4 eldlumaUSeudsusivauavestuduasiugnsvesuuamesiom
TnilasildAe Tris-acetate-EDTA buffer nszualniiiivaesniu agarose gel HAIMIIUA
Fndmsfivindu 100 V warldianUszanas 50 wnil 91ntiun agarose gel lugaudae GelStar

(Lonza Bioscience) LLaSQGQhEJ Dark Reader transilluminator (Clare Chemical Research)
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NENT1INAEBY

NITHUNLUALNDI LN

nsuenuuameslawlaaniaogianuassing 9 W 18 unas  lawdd
enrichment method wazthlunageunnuannsalumsdudinsadaves £ coli-ESBL Tag
3% spot test anusauenuuAmeslawlaiistzse £ coli-ESBL lWansegnandafuin
Mvetmids 1 unds (M31efl 7) wuemeslewlafuenldiinuannsalunsdudims
W3es £ coli-ESBL Wlevmaaulaeds spot test (gﬂﬁ 6) Jsdunmldan clear zone 7

UsINYUURINLNIWMSBELTe £, coli-ESBL 1a35y08

Y

A9 7 LUa9UF88 19N LB NLUAWBS 1oL

P @ 8 o ' N
LAAILAUUINIDYIN* spot test

1. Yudeainmann (Fheghsi 1) —
2 thidsanaas (Feg1eft 2 -
3 iEsanRan (Feg1eft 3) -
o hdeinaann (Fegeit 9) -
5. thitsandhudeu hethed 1 -
6. thitsantudeu (Feghait 2 —
7 1h9NUNEsETINIR (Feghadt 1) —
8. UIANNUNEINETINR (FRoghed 2) -
9. 1hiiaan¥iuems (Fregedt 1) -
10, thitsan$ue s (Feegeit 2 —
11, thitsannwhdadednd Gheged 1 —
12, thilsonvhsadednd et 2) —
13, EsnUevta (Fethi 1) -
14, hidsanvevita (et 2) -
15 tidsanUetta (et 3) +
16, tniBsanUettn (et 4) -
17. thitsluriessuneth (Feehei 1) -

18. Unisluviaszutetn (Freg1ed 2) —

LA I LEUVDINAILIFIDE1ART LAY WARIIN LAUFIDE1IUIRIIAY/E0TUT
a

+ = 1Ain clear zone

— = lsiiin clear zone
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gﬂ‘f/‘i 7 anwae plaque U89 GUBU-ESBL 91n1n19911 plaque assay
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o ) a Q‘ o/ [ af
n1sviuAmaslaaliusamsuasn1siuIIUIULUAMES oL

dloth bacteriophage suspension 7ilkan1snaaeu spot test Wuuan () Ty
double-layer agar method (plaque assay) Wui1inqala (plaque) UsINUURINLNINIS
T £, coliESBL \935ye8 plaque HvwaLdusuAUENaIsUsTIN 1-2 Tadins Tanuuy
1 (gﬂﬁ 7) mﬂﬁuié’ﬁﬂmiLLEJﬂLLUﬂma%IaLWQiﬁU%@%éI@&Jﬂﬁﬁﬁ plaque assay Hadily
\fisls 131 (bacteriophage propagation) uagtiusmuauuuAmeslema nuidaanundudi
YDIUUALNBILOINA (bacteriophage titer) Windu 2.7x10° pfu/ml frdeuvameoslomadiuen
1491 HUBU-ESBL

mMsfnwanuansavasuuameslamalunsiasuuaiiGevindy

Sloth UBU-ESBL wmageuauanansalumsvhansuuaieaesiuging q lneds
spot test Wu31 GUBU-ESBL fimnudinizga (highly specific) #ia E. coli-ESBL Wiiosan
phage sananvihaneldaniz de £ coli-ESBL winiilagliviane £ coli aneugduthin
NPFOU UenaNi $UBU-ESBL é’aiajmmmﬁwmaLwﬂﬁlﬁ%amaﬁuéﬁlu q i meaeusie
(937971 8)

M13199 8 AUAN15AT09 GUBU-ESBL Tumsviansuuaiiseanaiugsiing o

LuUANSeNngau A15LAA inhibition zone®

Escherichia coli-ESBL +
Escherichia coli 0157:H7 -
Escherichia coli ATCC25922 -
Escherichia coli K-12 -
Pseudomonas aeruginosa ATCC27853 -
Klebsiella pneumoniae ATCC27736 -
Klebsiella pneumoniae (Drug resistant strain) -
Shigella dysenteriae ATCC13313 -
Salmonella enteritica serovar Typhi DMST5784 -
Vibrio cholerae O1, non 0139 (DMST2873) -
Enterobacter aerogenes (Drug resistant strain) -

Acenitobacter baumannii (Drug resistant strain) -

*+ = 1An clear zone

- = l3iifin clear zone
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nsAnegUuTevasuameslamaniglindesganssaidiannsou

1NN $UBU-ESBL LUANwIMeNa0I9ansIAUBaAATEULUUADINY
(transmission electron microscope, TEM) Wua1 ¢UBU-ESBL ﬁgﬂiwé’ﬂwmzﬁ'ﬁﬁ duimn
(head) Lﬁugﬂ isometric luvaisfidinma (tail) fdnvazifuiuy noncontractile tail (E‘U‘ﬁ‘
8) NNSMIANLABEVDIUIAVIEIUT UazdImees GUBU-ESBL (S1uau 5 particles)
wuhdwhveauameslewadsnanivunadurinuguinas (diameter) 1asUszana 50
+ 3.4 WlULng Iusumzﬁahumqﬁ%mmLé’usifluquéﬂa'ml,a?{aﬂizmm 10 + 0.3 wiluwns
warfinuenadsuszana 290 + 15.1 wiluang

JU# 8 3UT1998e QUBU-ESBL melindasganssmidiannsouluudosii
(Bar = 50 nm)
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N1TANYIAITNUINITUVDIUUALNBI LN

dlevhnsatailunmnuuameslews  GUBU-ESBL  uwazihdlundsnanludagae
restriction enzyme BamHI U51n9)313Musv0e pUBU-ESBL gndinlameateuleddsnany luy
%auwmwaﬁamlaﬁgﬂﬁmﬁw restriction enzyme BamHI WielUfinudie3s agarose gel
electrophoresis Us1nguafaguil 9

23,130 bp
9,416 bp

6,557 bp|
4,361 bp

2,322 bp
2,027 bp

564 bp

Ul 9 ansiugnssues YUBU-ESBL #idinshe restriction enzyme BamHi Tne3s
agarose gel electrophoresis
Lane 1 = lambda DNA cut with Hindlll
Lane 2 = uncut genome of ¢UBU-ESBL
Lane 3 = genome of ¢UBU-ESBL cut with BamHI
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ﬂ’]igﬁ]EJWGUENLLUﬂﬁL%EJﬂlaiiﬂL‘fJ‘L!‘Um%ﬂﬁﬂﬁﬂimﬁ%ﬁﬁﬂﬁﬁy’ﬁbﬂaﬂ lesaniilinas
Snwilsafnidouuaiiiodendiliamnsaiildfenisldeujue Ssdednduisnns
wasg1u MnTenuitenuitigiuinueiiGenelsavannvaremeiugiuaiiGounsuay
LLazLL‘UﬂﬁL%EJLLﬂiaJU’mVi?Twiamﬂﬁ%’mz Wiy Acinetobacter baumanii (Viehman et al.,
2014), Escherichia coli (Ayatollahi et al., 2103), Klebsiella pneumoniae (Sanchez et
al,, 2013), Pseudomonas aeruginosa (Lister et al., 2009), Staphylococcus aureus
(David and Daum, 2010) wag Streptococcus pneumoniae (Chiou and Hseih, 2003) 1Ju
A

E. coli-ESBL huwuadiGerelsavianisiineliintaymansisnguiiuegnann el
LﬁaqmﬂLLUﬂﬁL'%EJéﬁﬂa'nmmﬁaéasiamﬂﬁ%auﬂﬁmmasuﬁm L Cephalosporins,
Ceftazidime, Cefotaxime Wag Ceftriaxone usu (Wani et al, 2009) ﬁmi’umi%'ﬂ‘mma
AndouuaiiGerinidailien wazuendionasedddouffueans q vinswiy Tuin
nelAnnatrafemniununge  egndlsimalutigtulimsheuffuslungy beta
lactam (beta lactam antibiotics) arldsufuanssudueulssl beta lactamase (beta
lactamase inhibitor) ite¥nuilsafiadle £ coli-ESBL Iaeifmguszasdifielianséiuds
wulwsl beta lactamase WWvinanateulesidanan vl £ col-ESBL laianunsavinaneen
UfTurlungu beta lactam I wagluiignfazgnainlaseiiuzdenan s1uidmslungy
beta lactam uazansdudaoulul beta lactamase ldfunazdszauarudnialunis
Snwilsafinide £ col-ESBL unfiusnfte amoxicillin-clavulanic acid wdsntusdinng
naaedle1ufiiauglundu beta lactam uazansdudaoulul beta lactamase g3u  Tuns
Snwilsefnide £ col-ESBL Tutlgiufidewifiuslundu beta lactam uazansdudy
oulles] beta lactamase fienldlunissnuilsafinie £ col-ESBL vianed 1ty ampicillin-
sulbactam, ticarcillin-clavulanic  acid,  piperacillin-tazobactam,  ceftolozane-
tazobactam a¥ imipenem-cilastatin (%aLL':?ﬂLﬂu%aéummﬂﬁ%uﬂumju beta lactam
dudovduduievosansdudueulesl beta lactamase) (Shlaes, 2013) pealsfimadznns
fnamuenainaiilssansamdilidudy  Ssdaugeenlunsldon Wy azdesding
UfuBsusndssmineeiiouslungy  beta lactam  wazansduduoulesl beta
lactamase ynassfiazilulflunsnulsafndouuafiSousavansiiug

fmniinsdnelsadaidefiflannannuuaiiSefesdss U jausdnlivszay
wadu3a viedusAnsnimi maUdsusufiuyln viensiuyinae T
wuaTidenefinivavasiidymiiy feuuaiSeimsitmuniieddnessn fausdlatamm
nee1ulunsmIsnistua q inldsiudveufiiue vieldnaunueiujisuslunissnwilsa
Arudauunii3eron fogratu nslifivayulng vieasasnndivayulng vdonslduun
wostowls (Jusu
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fvagulwadunadenvilaifominldlumssnulsafndowuaiize iesnldsy
nMswenfuiUaeady uariinadhafeaiey Tunsed 9 wansfegwesiivasulnsuazans
ponquslufivayulnsfiarnsndudinisniguomuafield venandiuundsldinig
naaosihfivayulnsluldhuiueufulunssuduuaiite wazluansed 10 uang
fhegavesivayulnswazeufTusfidoldutuud aunsnoongrdiasuiulunssuds
NISL93QYVBILUATILSY

msthuuameslemaflunmssnulsafndouuniidosufiindeudlutn szannd
A.f. 1910 lufaduazglsy Sadudrsnarneunisdunuendiinus widestelugatunis
fnwilsainideuvaiiiodrouuameslomadseglunssuiunisinuidovienaaadlily
dninaass 919ls1e1udInlgluaudisweliuintdn 3eilinsuiuuameslaimaunly
Usslewilumsinwlsadslidesduiiunsvatsannin uazunubiinmslduuameslomaly
msfnwilsafndedniasndanniifinsdunueiiaueg lnseufduyldgmialdlunis
Shwnlsmoganinawansfusausde.a. 1930 Wuduun uideunlussozuds q audnlden
UTruzedilnis Mlagludndutazusimainnisarvaunndunaiuiu biwuaiise
SruauanniinisususlifedosufTauzanntuites q dwalderufdaugsiuauinl
annsallunsinwlsafndeuuniiseldosnsdussavsnmmiousuiinedun venaini
s iTauztulnduenanaglinaiinnuds Sufeddsuuszinaumaadndae
Femginsiuuameslemamnldlunissnulsefadeuuafide Sanduulduauauls
Snadmils wiluedstlilufimsthuuamesTamaulilunssnulsafndeuuniiseies 7
dusndnisdununuamelemafianunsoiiatsuuaiiFeiesnldnatsuie wu £ col
(Rahmani et al,, 2015), S. aureus (O’Flaherty et al., 2005), S. pneumoniae (Djurkovic
et al,, 2005), K. pneumoniae (Jamala et al,, 2015) kag S. Typhimurium (Shin et al,,
2012) 1Judiu
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Common name

Scientific name

Active compound

Target bacteria

Basil Ocimum basilicum Terpenoids Several bacteria (both gram
positive and gram negative)

Bay Laurus nobilis Terpenoids Several bacteria (both gram
positive and gram negative)

Black pepper Piper nigrum Piperine Micrococcus, E. coli,
Enterococcus faecalis

Caraway Carum carvi Coumarins Several bacteria (both gram
positive and gram negative)

Chamomile Matricaria cahmomilla Anthemic acid Microbacterium tuberculosis,
Salmonella typhimurium,
Staphylococcus aureus

Chilli pepper Capsicum annuum capsaisin Several bacteria (both gram
positive and gram negative)

Clove Syzyeium aromaticum Eugenol Several bacteria (both gram
positive and gram negative)

Garlic Allium sativum Allicin, ajoene Several bacteria (both gram
positive and gram negative)

Ginseng Panax notoginseng Saponins E. coli, staphylococcus,
Sporothrix schenckii,

Green tea Camellia sinensis Catechin Streptococcus mutans, Shigella,
Vibrio

Lemon verbena Aloysia triphylla Terpenoids E. colj, Microbacterium
tuberculosis, S. aureus

Licorice Glycyrrhiza glabra Glabrol Microbacterium tuberculosis, S.
aureus

Onion Allium cepa Allicin Several bacteria (both gram
positive and gram negative)

Peppermint Mentha piperita Menthol Several bacteria (both gram
positive and gram negative)

Poppy Papaver somniferum Opium Several bacteria (both gram
positive and gram negative)

Rosemary Rosmarinus officinalis Terpenoids Several bacteria (both gram
positive and gram negative)

Thyme Thymus vulgaris caffeic acid, Several bacteria (both gram

tannins positive and gram negative)
Tree bard Podocarpus nagi Totarol Gram positive bacteria
Tumeric Curcuma longa Curcumin Several bacteria (both gram

positive and gram negative)
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M13199 10 feghavesivayulnsuazeufiusnosngnsiasuiulunisdudinsiaiayues

WUATILFE

Plant/antibiotic combination Target bacteria
Eremantus erythropappus/ampicillin Staphylococcus aureus
Oregano/fluoroquinolones, Escherichia coli

Oregano/doxycycline,
Oregano/lincomycin,

Oregano/maquindox

Pelargonium graveolens/norfloxacin Bacillus cereus, Staphylococcus aureus

Lantana montevidensis/aminoglycosides Escherichia coli

Eugenol/vancomycin Escherichia coli, Enterobacter aerogenes, Proteus

Eugenol/B-lactam vulgaris,  Pseudomonas  aeruginosa,  Salmonella
typhimurium

Croton zehntnezi/gentamicin Staphylococcus aureus, Pseudomonas aeruginosa

Eucalyptus/chloroxidine digluconate Staphylococcus epidimidis

Zataria multiflora/vancomycin Staphylococcus aureus

Aniba rosaeodora/gentamicin Bacillus  cereus, Bacillus subtilis, Staphylococcus

aureus, Escherichia coli, Acinetobacter baumannii
Serratia marcescens, Yersinia enterocilitica

Pelargonium graveolens/gentamicin Bacillus  cereus, Bacillus subtilis, Staphylococcus
aureus, Escherichia coli, Acinetobacter baumannii

Serratia marcescens, Yersinia enterocilitica

Citrus limon/amikacin Acenitobacter spp.

Cinnamomum zeylanicum/amikacin

Coriander/chloromphenicol Acinetobacter baumannii
Coriander/ciprofloxacin
Coriander/gentamicin

Coriander/tetracycline

(AntUasann Yap et al,, 2014)

msthuvawmeslawmaunldlunsinulsaindenuniideiifonmansyseng fig
wwameslewlafimuaninse  lunisianeuueiideldegnssume  fedundiuuames
Towlasnldlumsdnuwilsa  wuameslewafagluvhanaamsidenelsainy  Tneitladvi
Sunseedouuafideyszsiu (hormal flora) flendveglusnsnisvesau wavdnd fessl
MdunsereasvesnuLardnsBnge Mssssinvemuamelemadunuudesiangad
Bt (host cel) sratudlesinslduuameslamalunissnulse ndminiuuamesloms
FaneuuniiSerolsaud wuameslewafaglisusassadndelulase faiuddlifitam
Aenfumsiiuuameslamanndslusneny §a5 wasduwnedeundannfidnislduuames
Towtalunsinwilsn  Snvislutiogiuumulifneruiefunsusufvesuuniizenolsels
Aesouuameslewmla
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nstuuamesTewauldlunisinwlsaindenuafidoaunsainldlaenislduun
weslowmafissrdaies nielasnislduuamesilomanatsasdngrudy du3un40
bacteriophage cocktail nslduuameslamanarssiinsuiulumssnulsaindowuniise
rglvinssnunisyAnsnmnntu Snvsdainlvansnsoshuueiieldvannvansaneiusly
naNieafy (Chan et al, 2013) Ak U Tuddefussavaitudndalunisun
bacteriophage cocktail uldlunisauuaiiSe Fuandlunnsned 11

A19199 11 {198139n151U7 bacteriophage cocktail anlalunsanuuaiiise

Type and number of phage Target bacteria Reference

Myophage 1 JYUA SIUNU podophage 1 YURA Pseudomonas aeruginosa Alemayehu et al.,, 2012
Myophage 1 1R 39UAU siphophage 2 V1A Klebsiella pneumoniae Gu et al,, 2012
Myophage 1 %19, podophage 1 ¥iA Lag Escherichia coli Maura et al., 2012
siphophage 1 FURTINAY

Myophage 2 1R 39UAU siphophage 2 V1A Salmonella Typhimurium Hooton et al.,, 2011
Myophage 1 1A 39UAU siphophage 1 V1A Enterococcus faecalis McLean et al,, 2011
Myophage 3 ¥HATI Campylobacter jejuni Carvalho et al., 2010

nsunuawaslamauldlunis$nunlsafsawuaiiseil ausdusg19gandeq
nwAuantRvesuameslawalagaziden Welvnislduuawmeslamaiiusednsaimuin

)}

gn waziiadynitdesnan luns@nwilladnwinuantfvesuamaslowlaniuenla fail

r =

Anw13UTvRUALBIlaMANIENaBY TEM ANuulinueeansnugnIsuueawualnesloma
wazfnwn host range YadkUAMBILOMNA

nsAn¥IFUIvRIRUAmeslawaImIENdas TEM waznsAnwyilnvesansiugnssy
gaawuamaslawaivsglovilunisinduunsiavosuuamesloma nan1snaaesiiléain
miﬁﬂw’]‘ﬁuﬁﬂﬁﬁﬁudWﬁﬁﬁuqﬂiimﬂax‘l dUBU-ESBL Luwuu double stranded DNA it
Hosnansiugnssusanangnsiadie restriction enzyme BamHi @adueulesididaanis
double stranded DNA Wiiu) uazannisdnugusnsauuameilowafiendas TEM
Wu31 GUBU-ESBL Wunuameslomanidnafidanalild (noncontractile tail)

wuameslemafimanazdiasiugnssuduiuy double stranded DNA dneglu
order Caudovirales 3sUsgnoude 3 family Ing) 9 mudnuazvewa fe Podovirdae
(medw), Myoviridae (w1semy Bamnlé; contractile tail) waz Siphoviridae (Wse13 Eave
14dle; noncontractile tail) AnWaNIANYIUTIHAYaNTRUGNITUYEY GUBU-ESBL vilwt
mmiai’m‘imuml,mLVI@%I@LWRJéfménﬁagﬂu family Siphoviridae wilunsfnwdagn
wuameslemafidumzse £ coli-ESBL ogllu family Siphoviridae usatnsnAdediinun A
annsonusuameslewlaiswmegse £ coli aglu family Ju Wy Myoviridae uaz
Podoviridae #fe  Feghwweauameslowlaiidimede £ coli feglu  family
Myoviridae l¢iufl Phaxl (Shahrbabak et al,, 2013) uazfiagsvosuuamailomaiisnmg
$19 E. coli ﬁa&ﬂu family Podoviridae e vB_EcoP_SU10 (Mirzaei et al., 2013) Dueu
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N5t QUBU-ESBL TUAnwanuanansalunmsiansuvaiiSesdindy 9 wui
LLUﬂma‘ﬁaLWaw"fqﬂénmmim‘hawlﬁl,awwu E. coli-ESBL ugldanansayinasuwuaiiseuiin
Sufithumageu ﬂmﬁuumuwﬂ‘m _$UBU-ESBL ummmauiwmmlﬂwwmLwaiﬂumi
Hosfuarsnwlsafiinanmsinie £ col-ESBL wablilesannanusimizse host g
909 UBU-ESBL awihmilothuuamaslemaluldlunssnuwlse wuameslowaazluvias
ustlane £, coli-ESBL usilivihanenuaiiFedy 9 Mfuselewifieglusrsnediae

s Enanslfifiuin GUBU-ESBL Hfnemnitezhluimuniteldlunissnunlsa
Aade £ col-ESBL eghslsimumndasmsiiuuameslowlasenaldldnuasdudadiiin
Idusedinsfinwdnuin  idesdulunivesquaudfiamzivasuamsslams Ay
Uaendelunsthluldiuadidin LLazmmm@f’mmLLUﬂma‘%IaLWf\]LﬁaLﬁﬁﬁfgji'wmaﬂu mn
wuameslomadildannsaneiausathvldnuldasdusunanazifulsylosognaunn
sensSnwilsaRnde £ coli-ESBL
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wuameslowa GUBU-ESBL #uenldannsanud slennuanansalunisinans
coli-ESBL  leegedmy  misfinwzuTednuazvesiuameslamamendeansyel
SlaansouLuLdosiy WUl GUBU-ESBL uwuaweslowaiifsendenaldld  was
M3fnwlavedansiugNsIHveLUAmBsLala Wud1 QUBU-ESBL flanswugnssuduuuy
double stranded DNA iflethdeyaifeafususrsdnunsvesuunmeileimauusznauiy
Toyaiierfuriavesansiiugnssuvesuuamesloms vilvianunsadnduun pUBU-ESBL 19
ogflu family Siphoviridae wadildannsAnuiidudeyadosiuitlidiuin UBU-ESBL &
dnanmiiziluiauseudieldfmunuuazsnulsafinie £ coli-ESBL doly
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ABSTRACT

Extended-spectrum f-lactamases-producing Escherichia coli (ESBL-producing E. coli) pose a threat 1o antibiotic
based therapeutic approach because of their multidrug resistance properties. The bacteriophage therapy has
recently become a promising alternative therapeusic approach. The aims of this study are 10 isolate and classify a
bacteriophage specific 10 ESBL-producing E. coli and 1o examine its host range. In this study, a bacteriophage,
WUBU-ESBL, was isolated from water collected from a wastewater treatment pond. It was found to produce small
clear plaques of 1-2 mm in diameter and to inhibit oniy E. coli-ESBL, but not other bacteria used in thiy study. lis
genome was digested by the restriction enzyme BamHI indicating that the genome was double stranded DNA, As
revealed by transmission electron microscopy, §UBU-ESBL had an isometric head (50 £ 3.4 nm in diameter) with a
noncontractife tail (290 = 15.1 in length). Based on its genomic and morphological characteristics, OUBU-ESBL
was classified as @ member in the family Siphovividae. This study provides preliminary information showing. that
QUBU-ESBL had potential for further study towards its application as a therapentic agent against ESBL-producing
E. coli infectious diseases.

Keywords: Bacteriophage, Escherichia coli, extended-spectrum B-lactamases

INTRODUCTION

Extended-spectrum P-lactamases-producing Excherichia coli (ESBL-producing E. coli) are antibiotic resistant
strains of £, coli having ability to manufacture an enzyme called extended-spectrum B-lactamases, Currently, they
have caused a global health problem because they are emerging worldwide and resistant to many antibiotics. They
are resistant 1o all penicillins, to cephalosporins (including third and fourth generation agents), and to aztreonam.
Furthermore, they are often cross-resistant to trimethoprim/sulfamethoxazole and quinolones | 1]. ESBL-producing
E. coli can cause a wide range of infections, ranging from urinary tract infections to severe biood poisoning [1, 2]
Infections with ESBL-producing E coli most commonly occur in the elderly, people who have recently been in
hospitals, and people who receive or have received antibiotic treatment. Since most antibiotics are ineffective in
treating ESBL-producing E. coli infections, alternative antimicrobial agents against the bacteria are required.

The emergence of ESBL-producing E. coli has urged scientists to search for alternative therapeutic approaches to
combat infectious diseases caused by the problematic bacteria. One of the potential candidates is bacteriophage
therapy (or phage therapy). This therapeutic approach uses bacteriophages, bacterial viruses, s antimicrobial agents
to inhibit bacterial growth or to kill bacteria [3]. Since the discovery by Twort in 1915 and by d"Hérelle in 1917,
bacteriophages have been used for treatment and prophylaxis of various bacterial infectious diseases. Therapeatic
phages have been reported w have advantages over antibiotics [4]. Chances of developing serious side effects by
bacteriophages are miniscule because of their high host specificity. Morcover, small doses of bacteriophages can be
used effectively because they are seli-replicating in their target bacterial cells, Several reports have shown the ability
of bacteriophages to kill drug resistant bacteria such as Staphviococcus aurens |S), Klebsiella prneumoniae 6],
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Streptococcus prevmoniae | 7], Pseudomonas aeruginosa |8] and Vibrio parahaemolyticus [10], Therefore, it is of
interest to find a bacteriophage for use as a therapeutic agent to control ESBL-producing E. coli.

This study aims to isolate o bacteriophage specific to ESBL-producing £, coli from wastewater and to partially
characterize the bacteriophage in some aspects such as host range, morphology and genome. The bacteriophage
Irom this study may be useful as a potential therapeutic agent for controlling ESBL-producing E coli infections.

EXPERIMENTAL SECTION

Bacterial strains and culture conditions

ESBL-producing E. celi used in this study was Kindly gifted by Sappasitthiprasong Hospital, Ubon Ratchathani,
Thailand. It is a clinical strain isolated from a patient suffering from its infection, It was used as the host for
bacteriophage isolation. The bucterial strains listed in Table 1 were used in bacteriophage host range determination,
All of the bacteria were cultured in Brain Heart Infusion broth (BHI broth) at 37°C and kept as glycerol (20% viv)
stock at -20°C until use,

Bacteriophage isolation

Bacteriophage isolation was conducted sccording to the protocol previously described by Phumkhachom and
Rattanachaikunsopon [10]. A total of 18 wastewater samples used for bacteriophage isolation were collected from
various sources such as animal farms, houses and wastewater treatment ponds in hospitals and industries in Ubon
Ratchathani, Thailand. Ten ml of each sample was centrifuged at 3,500 rpm for 10 min. The supernatant was filtered
through a 0.45 pm-pore-size membrane filter (SartoriousAG, Goettingen, Germany). Five ml of the filtrate was
added 1o an equal volume of double strength BHI broth. One hundred pl of ESBL-producing £ coli overnight
culture was added 10 the mixture and incubated at 37°C for 24 h. After incubation, the culture was centrifuged w
3,500 rpm for 10 min and the supernatant was filtered through a 0,45 pm-pore-size membrane filter. The resulting
hiltrate was used for examining the presence of bacteriophage by spot test method.

Spot test method

Spot test method was performed for detection of bacteriophage in the prepared filtrate samples. In brief, 100 plofa
log phase ESBL-producing E. coli culture was added 10 5 ml of pre-warmed (60°C) soft agar (0.4% agar), gently
mixed, and overlaid onto a BHI agar plate. Alter allowing the soft agar 1o solidify for 20 min, 10 pl of each prepared
filtrate sample was spotted onto top agar layer. The spotted sample was allowed to dry and the plate was incubsted
a1 37°C for 24 h before observing the presence of a clear zone. A clear zone at the spot area, representing the lysis of
host cells, indicates the activity of bacteriophage. The filtrate sample giving a positive result was subjected to plaque
assay to confirm the presence ol a bacteriophage in the sample.

Plaque assay

The filtrate sample giving & positive result from the bacteriophage isolation experiment was subjected 10 ten-fold
serial dilution using BHI broth as a diluent. One hundred pl of the suitable dilution and 100 pl of log phase ESBL-
producing E coli culture were added into 5 ml of pre-warmed (60°C) soft agar (0.4% agar) and mixed well. The
mixture was poured onto the surface of a BHI agar plate. The plate was incubated at 37°C for 24 h to allow plagues
to form. The formation of plagues indicates the presence of a bacteriophage in the fltrate sample. The number of
plagues was used to caleulate the bacteriophage titer expressed in plaque forming unit (PFU)Y/ml.

Bacteriophage purification

Alter plague assay. a single plaque was picked and added into phosphate buffered saline (pH 7.0) followed by
dilution and re-plating for two rounds of further single plaque isolation. The final single plagque isolate was picked
and transferred into a wbe containing 10 ml of log phase ESBL-producing £. coli culture in BHI broth. The tube
was then incubated at 37°C for 24 h to allow bacterial cell lysis to occur, The bacteriophage lysate was centrifuged
at 3,500 rpm for 10 min. The supernatant was fltrated through 0.45 pm-pore-size membrane filter. The resulting
filtrate containing purified bacteniophage, called bacteriophage suspension, was kept at 4°C.

Bacteriophage host range determination
The spot test method (as described above) was used o determine the bacteriophage host range by using 10 bacterial
strains listed in Table | as tested hosts.

Analysis of bacteriophage genome
Bacteriophage genome was extracted by using PureLink Viral RNA/DNA Mini Kit (Invitrogen, Carlsbad, CA,

USA). The purified genome was tested for its sensitivity to the restriction enzyme BamHI, RNase A and nuclease S1
(Sigma-Aldrich, St Louis, MO, USA). The results were analyzed by 15 agarose gel electrophoresis.
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Examination of bacteriophage morphology

The bacteriophage morphology was examined by transmission electron microscopy using the protocol previousty
described by Somnate et al, [11] with some modifications. A 10 pl aliquote of purified bacteriophage suspension
was spotied on top of a Formvarcoated copper grid (Proscitech, Brisbane. Queenslund. Australia) and allowed 10
adsorb for 3 min at room temperature. The bacteriophage was stained by 2% uranyl acetate. The stained
bucteriophage was examined by JEOL JEM-1230 Electron microscope (JEOL, Tokyo, Japan) at 80 kV accelerating
voltage. The bacteriophage size was determined from the average of five independent measurements.

RESULTS

Bacteriophage isolation

Eighteen wastewater samples were used 10 screen for a bacteriophage specific o ESBL-producing E. coli. By using
spot test method, only one sample (collected from & hospital’s wastewater treatment pond) gave a positive result
producing an inhibition zone on the lawn of ESBL-producing E. celi (Figure la), When the filtrate prepared from
the sample was subjected 1o plague assay using ESBL-producing £ coli as a hosy, it produced clear plagues of 0.1-
0.2 mm in diameter, indicating the presence of a bacteriophage in the filtrate (Figure 1b), The bacteriophage were
designated UBU-ESBL.

Figure 1: An inhibition zove (2) und plagues (b) on the fnwn of ESBL-producing £. coli produced by ¢UBU-ESEIL.

Bacteriophage host range determination
Host range of ¢UBU-ESBL was determined by testing its lytic activity against the bucterial strains listed in Table 1.
The bacteriophage had no Iytic activity against all of the tested bacteria, suggesting that the bacteriophage was
highly specific to ESBL-producing E. coli.

Table 1: Lytic acitivity of §UBU-ESBL aguinst different bucteriul host straing

Bacterial host strain” Lytic activity”
Acendtobacter Iawnanaii (Drug resistan strain) -
Enterobacter aerogenes (Drug resistant strain)
Escherichia coli ATCC25922
Escherichia coli O157:H7 ATCC35150
Kilebsiella presomoniae ATCC27736
Kilebsiella pre fre (Drug resistant sirain )
Psewdomonas aeruginose ATCC27853
Satmonella entenntica serovar Typhi DMSTS784
Shigella dysenteriae ATCC13313 .
Vibrrio choderae O1. non O139 DMST2873 -
“ATCC = Amwrscan Tvpe Cultre Collection; DMST = Deparimeent of Medical Sciences Thaikand; all dneg rexistans sorams gifted by
Sapprasitilprrasong Hospital, Thaikond
Y+ = have Iytic activity; - = have no Iytic activity

Analysis of bacteriophage genome

Sensitivity to nucleic acid digesting enzymes of the genome extracted from ¢UBU-ESBL was studied. The result
demonstrated that the genome was digested by the restriction enzyme BamHI (Figure 2). However, it was not
digested by RNase A and nuclease S1.

Examination of bacteriophage morphology
Analysis of bacteriophage morphology by transmission electron microscopy revealed that QUBU-ESBL was a tailed

bacteriophage. It had an isometric head (50 + 3.4 nm in diameter) with a noncontractife tail (290 £ 15.1 in length)
(Figure 3). No collar, base plate and tail fiber were observed.
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23,130 bp
9,416 bp
6,557 bp
4361 bp

2322 bp
2,027 bp

564 bp!

Figure 2: Restriction enzyme digestion onalysis of $UBLLESBL genome. Lane 1, Lambda DNA digested with HindlI1 {DNA marker);
lune 2, uncut $UBL-ESEL genome: kane 3, $UBU-ESBL genome cut with Bamiil

Figure 3: Morphology of gUBU-ESBL genome as studicd by transmission dectron micrascopy, (Bar = S0 nm)
DISCUSSION

The therapeutic approach based on antibiotics has been threatened by the emergence of ESBL-producing £ coli
worldwide in recent years because of their multidrug resistance properties. This problem has urged scientists to look
for alternative therapeutic approaches to fight against ESBL-producing E coli infectious diseases. One of the
promising approaches is bacteriophage therapy that is the therapeutic and prophylactic use of lytic bacteriophages o
treat pathogenic bacterial infections [12, 13, 14]. Here, we screened for a bacteriophage capable of inactivating
ESBL-producing E. cofi. Although several bacteriophages specific to ESBL-producing £ cali have been isoluted
[15, 16, 17}, our work is still important because the previously isoluted bacteriophages may not have infectivity
against our ESBL-producing E coli stmin due to the high host specificity of the bacteriophages. Morcover, having
many bacteriophages specific to ESBL-producing E. coli in hand can benefit the improvement of bacteniophage
therapy against ESBL-producing E. coli by using them as cocktails of different bacteriophages that have broad
spectrum against many strains of ESBL-producing E. coli,

In this study, UBU-ESBL, a bacteriophage specific to patient-derived ESBL-producing E. coli, was isolated from a
wastewater sample collected from a hospital's wastewater reatment pond. The finding of QUBU-ESBL in different
place from which its specific bacterial host was isolated is not an unusual result because it has been known for o
long time that bacteriophages are wide spread in the environment. Several previous works reported the isolation of
bacteriophages from different places where their specific hosts exit. For examples. bacteriophage ¢kpdrl specific 1o
Klebsiella pneumoniae DRI derived from a hospitalized patient was isolated from a sewage water sample [6] and
bacteriophage ST specific to Salmanella Typhimurium ATCC13311 denived from feces of a patient suffering from
food poisoning was isolated from a water sample collected from a swine lagoon [11].
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Bacteriophage host range is one of the parameters needed to be considered when a bacteriophage 18 selected 1o be
used as a therapeutic agent. In this swdy, it was found that QUBU-ESBL had a very narrow host range. It inhibited
only its specific host, ESBL-producing £. coli, but not the other tested bactenia, The high host specificity of ¢UBU-
ESBL muikes the bacteriophage a potential candidate for use as a therapeutic agent against ESBL-producing £, coli.
Theoretically, it is harmless to the eukaryotic hosts undergoing bacteriophage therapy, and it should not affect the
beneficial normal flora of the host. It also has few, if any, side effects. as opposed to drugs, and does not stress the
liver [4].

In order to classify ¢UBU-ESBL, information on its genome and morphology are required. The digestion of gUBU-
ESBL genome by the restriction enzyme SamHl suggested that it was double stranded DNA. This result was
confirmed by the nondigestability of the genome by RNase A (an RNA digesting enzyme) and nuclense S1 (a single
strandled DNA/RNA digesting enzyme). As examined by transmission electron microscopy, QUBU-ESBL had an
isometric head with a noncontractile tail, According to the Internationsl Committee on Taxonomy of Viruses, tailed
bacteriophages with double strunded DNA are classified in the Caudovirales order [18). This order contains three
families including Myoviridae (with long, contractile tail), Siphoviridae (with long, noncontractile tail), and
Podoviridae (with short tail). Based on its genomic and morphological characteristics, QUBU-ESBL was tentatively
classified as o member of the Siphoviridae [amily.

CONCLUSION

In conclusion, QUBU-ESBL can be a potential candidate for being use as a therapeutic agent against ESBL-
producing E. coli based on its high host specificity. This property benefits the bacteriophage to cause few, if any,
effects on eukaryotic hosts and normal flora residing in the hosts. Furthermore, QUBU-ESBL and other previously
isolated ESBL-producing E coli bacteriophages can be used together as bacteriophage cocktails to broaden
inhibitory spectrum agaimst many strains of ESBL-producing E. coli, However, more hactenophage characterization
and in vivo testing for the infectivity of QUBU-ESBL are required in order to use it as a therapeutic agent. Some of
them are underway in our laboratory.

Acknowledgements
The authors are grateful for the financial support (project ID 163766) provided by the National Research Council of
Thailand (NRCT),

REFERENCES

[1] SC Picozzi: S Casellato: M Rossini, G Paola: M Tejada: E Costa: L Carmignani. Urol. Ann.. 2014, 6(2), 107-
112,

[2] M Melzer: | Petersen. J. Infect., 2007. 55(3), 254-259.

[3] A Sulakvelidze: Z Alavidze; J Glenn Moms Ir, Antimicrob, Agents Chemother., 2001, 45(3), 649-659,

[4] € Loc-Carrillo; ST Abedon. Bacteriophage., 2011, 1(2), 111-114,

[5] Z Kazmierczak; A Gorski; K Dabrowska. Viruses., 2014, 6(7), 2551-2570.

|6] W Thamniamton; V Boonsam; P Phumkhachorn; P Rattanachaikunsopon. Inz. J. Curr, Res. Rev., 2010, 2, 30-43,
[71 S Djurkovic: JM Loeifler; VA Fischetti. Ansimicrob. Agents Chemorher., 2008, 49(3), 1225-1228.

[8] CS Vinodkumar; S Kalsurmath: YF Neelagund. Indian J. Pathol. Microbiol,, 2008, 51(3), 360-366,

[9] JW Jun: TH Shin; JH Kim: SP Shin; JE Han; GJ Heo: M De Zoysa: GW Shin; JY Chai: SC Park SC. /. Infect.
Dis., 2014, 210(1). 72-78,

[10] P Phumkhachom: P Rastanachaikunsopon. J. Pure Appl. Microbiol., 2014, 8(Spl. Edn. 2), 371-379.

[11] T Somnate; P Phumkhachom; P Rattanachaikunsopon. J. Pure Appl, Microbiol,, 2014, 8(2),1131-1139.

[12] ST Abedon; C Thomas-Abedon. Curr. Pharm., Biotechnol., 2010, 11(1), 28-47,

131 11 Gill: P Hyman. Curr. Pharm. Biotechnol., 20010 11(1), 2-14.

[14] LD Goodridge. Curr. Pharm. Biotechnol., 2010, 11(1). 15-27,

[15] ) Wang: B Hu: M Xu: Q Yan: S Liv: X Zhu: Z Sun; D Tao: L Ding; E Reed: J Gong: QQ Li: J Hu. Inr. J. Mol.
Med., 2006, 17(2), 347-355,

[16] F Pouillot: M Chomton; H Blois: C Courroux; J Noelig: P Bidet; E Bingen; S Bonacorsi. Antimicrob, Agents
Chemather., 2012, 56(7), 3568-3575.

[17] D Fitzgerald-Hughes: D Bolkvadze; N Balarjishvili; L Leshkasheli: M Ryan: L Burke: N Stevens: H
Humphreys: M Kutateladze. J. Antimicrob. Chemother.. 2014, 69(4), 1148-1150.

[ 18] HW Ackermann, Methods Mel. Biol., 2009, 501, 127-140.,

608

a5



