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UNANED

Escherichia coli-ESBL (W38 ESBL-producing £. coli %38 E. coli-ESBL) wungii £.
coli anewugiiannsondaioules extended-spectrum  B-lactamases  (ESBL) taulwnl
sandnannsavhaselungy p-lactam ldvarnmanewiin fewmginisinwlsedaiiie £
coli aneusiifassfFrurIadululfonn ludinaifinsfumisnsinilunisauau
wuAiSeRos meinwlsadewuameslomataluisnsvidifiauiululigs msdnw
i mgusvasdifiausnuazdasuunuuameslamaiismesie £ coli-ESBL waziitonadou
mmausatunstuswuafiiedu lumsfnwidaunsousnuuanedlomald 1 vila
($UBU-ESBL) annthiifiuannvettainde TnouwuameslewaiannsaviliiAn plagues
TavwmdniiiduitugudnanUssinm 1 B 2 Tedams wasdudalfiams £ coli-ESBL
windu ulidudauueiiGoaewugdy q ihumeaeu mswugnssuvsauameslaimagn
dovaantlflasieuleidndinig BamHi Faandiiiiuimilnvesarsiugnisuvewunne’
TowasinardufiiBueaiss A1nn1sfnwmendeganssaidiaansousuuaasinunyIn
wuama3laiadiwanuy isometric head (WURUANENAWYSEUIN 50 + 3.4 Ulwiums) uay
fwawuvdanalald (@1Uszanm 290 + 15.1 wilulAs) MNGNYULVBIAITRUINITULAS
sUwasuameilemavhlvannsadaduun $UBU-ESBL Liluana Siphoviridae n1sdny
ilaliayaugiuiiuandviiuin gUBU-ESBL  fidnenmilszinlu@nudeiiteldiium
mugu%’nw‘liﬂam%a E. 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. col-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 £. coli-ESBL, but not other bacteria used in this study.
lts genome was digested by the restriction enzyme BamH| 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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unin

Escherichia coli (E. coli) \JuwuafilFounsuau (gram negative) Uwvia (bacilli) lag
Unfigunsanu £ coli mé‘faaq’lué’ﬂé’waaﬁaﬂuuazam ma‘lum'lmnmimwanm normal
flora ¥38 non-pathogenic strains usunsaeRugansaliAnlsaliisluauuazdaiuay
L%EJﬂaﬁaﬁuéﬁﬁﬁlﬁLﬁﬂIiﬂlﬁﬁiﬁ pathogenic strains smsiinuvssiileiinsinde £ coli
Mgl (intestinal tract infection) fie Tspnszmzemsuardldsniau (gastroenteritis) 34
fiomsdrftyAa Va3 (diarrhea) yananil £ coli ShannsavinliAansinideusndild
8de Wy lsrdndelussuumaduilaans (urinary tract infection) lseRalsluszuy
madumela (respiratory tract infection) uazUaadniau (pneumonia) WWudiu mssnw
Tsafnide £ coli Tnewiluasdasinnsusnida E. coli Aduawmangiheuavaasuaiu
Tsioen (drug sensitivity test) U483 E. coli L*?‘ialﬁan'l%mﬁmmzauLLﬂ'cEﬂ'm giidenldluns
SnwAswilungu  Blactams  lawA  penicilin,  amoxicillin,  trimethoprim-
sulfamethoxazole, ciprofloxacin uag nitrofurantoin Judy

E. coli-ESBL (%38 ESBL-producing E. coli) wuneda E. coli maﬁ’uﬁ:ﬁmmsnwam
wouleyl extended-spectrum B-lactamase (ESBL) teulasifanananunsaviasenlungu B-
lactam ldvannvansyila wazwsiiiazidenldenlu third-generation cephalosporins Faudy
iR s avE A Tusuansanusiowule B-lactamase udfinw ud £ coli-
ESBL fissmsanunsnnoslunguilld dowaillsainda £ coli-esaL Futulgmdrdgluns
$hw1 ANVANENTDINITHOBIVEY £ coli aapAIukuANLIEUIYlaludId
Enterobacteriaceae Kb 9 A28 (Wi Klebsiella  pneumoniae,  Pseudomonas
aeruginasa Wiz Haemophilus influenzae WHlud) ﬁag' 2 Usznshe (1) nsAadanmu
555187 (natural selection) nanfe uuaiiSousasednlusssuraimrdnfilinosuas
vilafineyoguuiu esinsldefiusedoidesniuszarnaun 4 sreglufinaviily
u:uﬂﬁﬁa‘nﬁﬂhjﬁammﬁﬁﬂ‘lﬁwﬂlﬂ wazwvidelifiswuuaiiSeriinfines ity was )
mimumu'ﬂmnmmwum iossnnnsldeu] hE Fauzlunnauasydinailimansanvih i
L'uaanmmaléﬂwm waﬁlmmswwuma.,,uJaUuu,ﬂaqafuswuﬁnssmua'\u'\sawumamsan
mmmaqmlﬂ nszvauntsiigadestunismileriiliiinnisiesiveude Ae
transformation, transduction Wgs conjugation

Haymmshesweuuaiideiululymddyussmsniiduamsunng dewalvingg
Snwlsadndenislupudnidseufiiusiivszdndamdovanion 9 Fremail
thingrmansisdumsanmadenlmifiasiunlflunisshwlsainie Tnoawglsnande
fiAnnauuafiBoienn mudenuileildumwarladiusdrannie nslduuamesloms
(bacteriophage w3aSondu 971 phage) uaz3eniimssnwilsaindamonunmeslomai
711 bacteriophage therapy %38 phage therapy lagmdsaanifddguswunmasieing
Ao (1) TAnuduwnzinzassieleadioad (host cell) WiawvafiSothwnewintu wag () 3
n15M159330Ilu host cell Wuuuy Wytic cycle nanﬂamawﬂmaﬂaLWﬁmnqu'luIaam



wARUAITENgAN IS YYsRTaauUATITElY uiatieyntauumneIlaagugn (progeny
phage) WhAaduidusamnnagluwadfngn uazgeineuuamelomoozaioms
unetseenuhassluead lduuafiGoiansuanaasuasaglluiiga il
progeny phages ﬁgﬂﬁ%ﬁaﬁ"'uﬁa]xgnﬂaﬂﬂdaaaaﬂmuaﬂwjaé wdithluyngnviane host
cells 'lmjﬁaq'luu%nmlnélﬁﬂaﬁ?usialﬂ danall host cells innsmeiuanie uazgn
muauvieidalivualuluiign sreematfunsiuuameslemanidlunsinulsadn
3o 1un nstuuameslawmslunsdnuilsainie Staphylococcus aureus ludninnans
Tnsuuameslomaannsavianeldine 5. aureus wiaitlinesuazaosn (methicillin-
resistant S. aureus) (Capparelli et al., 2007) msluuameslemalumssnwlsainigoly
ﬂizLLaLﬁaﬂ'luwyjﬁﬁﬂL%a multidrug-resistant Pseudomonas aeruginosa (Vinodkumar et
al,, 2009) ueznslduuameslomslunsmunulsafiate £ coli Mduaiguenisinds
Tunseuaidenuasidovuauauaslvdunddniaululivazlugn (Barrow et al,, 1998) iy
Ay

Tumsfinwilagesiamuuamedlamafisuwmede £ coliESBL Fafudeiuentls
Nnfasdsumsinululsmeunaasmandussasd sunailes Swringuastsnil Tag
smhmsananuuamesslamennfegnhnuarindennuasing 9 Feillomany
wuameslawalfnnansienuisi mntsiuuameslemaiinnanuduundnw
AANURA 9 foil ewansovesuameilawslunsanouuaiiGeviny 7 Tuaed
Enterobacteriaceae  jUinvauAmaslamantlindeqansimiblaansouluvdeniy
warvlinvasasiugnssuveuameiloms  Fwaitldnnmsdinwilupdsiivuandidiuga
msflagaiwasuuame3lamaiisinizse £ coli-ESBL uavsasiulonaviemuiiluves
Winiuuameslemaluldlunmssnuilsadiade £ coli-ESBL Tuaunmn



ATINBNENT

Escherichia  coli  {uuuaiiSeunsuay (Gram-negative) 5Uuvs (rod-shaped
bacterium) (gﬂﬁ 1) ¥maglu Enterobacteriaceae family inandvagluildvasnuuazdns
Tnglivilinalsansesunsisle ¢ 158091 normal flora laganansanuls 0.1% w83 normal
flora sovualudld § £ coli iitpaunsanewugvinuivhl¥iAnlse food poisoning tupu
Fansdenende £ coli  sywinwyanavieidunsiiiieringsnanieie fecal-oral
transmission e £ coli $aiu coliform bacteria %iwﬁﬁwzaaﬂmﬁ'uqamsmmﬂu
wazdng Ineideannsalifinegueninnmeeuuasdnildidussesnamil dnfulsdaldide

o

Uy indicator organism ‘lumsmwaaun'ﬁﬂuﬁjauqﬂmsz (fecal contamination) lu
fethadu thauwazems Wudy

E. coli Huwuaiiefiannsandouiildlavende flagella (peritrichous flagella) uay
wu fimbriae (W30 pil) oysey 9 Mwad UEeRusnelsAUBNTEULMIALE M WSe
ald (extra-intestinal infections) 81awuinas 1 capsule lave £, coli anunsaadguiula
Ig@uuavns non-selective media @w13a ferment thma lactose waglWlaladifunvizo
UUYWULB WG MacConkey agar zmr'nmﬂ%rgléﬂmiwe‘nquﬁﬁ'ﬂi"m AaRIA 1505 B
wadiva usaeWuganinsavuseulagd 60 swrwaldiea i 15 Wi wio 55 eaem
adoa w60 W uarumeiugauniaiiliAe hemolysis voumadidaidnauaaia
Wiguuewns blood agar nsswunelin £ coli  eanainwuatiSewdieduly
Enterobacteriaceae family ¥hldlasendoaruannsoluns ferment vhaaviasng 9
SMAUNIINAAOUNT AT

£F6691 5.8

SURL 1 nmehe Escherichia coli nndasganssmidiannsounuudasnsin
(#in http://en.wikipedia.org/wiki/File:EscherichiaColi_NIAID.jpg)

lassafreunedwisguuineadives £ coli onlinnauiiluleudiau (antigenic
structure)  lnpweudumdaiifiunumddglunisiuun £ coli senlundudes wie
serotypes 719 ¢ LLaxL%'EJn’?%'msLLUnw’%‘auﬂaﬂduLLUﬂﬁL%'aTﬁUmﬁEJLLauﬁwuﬁﬂsmgagjwﬁa



Waa1  serotyping Fasasnuiaves  serotype  awnsolalnensinufite
agglutination dlenaumiaduuaiiSetuueufivediisume (specific antibody) antigenic
structure ﬁaeﬂiuu‘lmaa%a‘uamaé E. coli ilag 3 wila Ao (1) lipopolysaccharide (LPS)
#38 somatic (O) antigens (2) flagella (H) antigen uag (3) capsular (K) antigen Jaqtu £,
coli §i O antigen 1NN31 180 ¥l H antigen FixnAnd1 50 wlin uag K antigen fiaasuiin
msduun £ coli s serotype isusslevidmiuvnumaiiussuiningndustiann
faeewads E. coli serotype ﬁLi‘Juﬁiﬁ’nﬁ’uﬁ"ﬂUu.aswuﬂaa'jwﬁﬂﬁtﬁﬂisﬂﬁaqfw (diarrhea)
Wi E. coli 0157:H7 \Jusiu

%

'3

" Capsule (K antigen, of

p— - V,in Salmonelfa)
§ -
B
.%x
s A S
& \ Somatic (O antigen, or
: celi wall anfigen)

Flageflar (H antigen)

3‘1]17; 2 fuwle antigenic structure VUWWaa Escherichia coli
(ﬁm: http://www.studyblue.com/notes/note/n/a--d-bacteriology-/deck/5115268)

E. coli finalnuasanuaunsalunisnalse (pathogenic mechanisms & virulence
factors) fidAryagvansuszms Tassehassinvindugaalsafinuagi O antigen wae K
antigen #iduthemsuntlewnwaduuaiiSeilfgniiuulag phagocytic cells (unsiii
F1amedalaill specific antibody wsidhsWMeil specific antibody uﬁ';maéwﬂﬁl.’iaﬁu’u%gn
vanelaonssuuns opsonization) £ coli visenewug (nsiawzanewugiinelsauan
syUumMaiiuans) anseasne hemolysin(s) afigvidvhanswadidadonuns waziileiiin
mMsusnamereaTadsindenun wuaiGedalddy ferrc ions Mileglumadidinidonuns d
\DuswiitsdussumseiyveasaduuaiSednie endotoxin Ailudnwikiladelunisii
TiAnlsawas £ coli (saBauuaiiGeunsuaveiiadu 9 fe) lnsenudufivasegi lipid A
Fadudnssneunislu LPs Tagazgnudesseninann cell wall dawaduuaiiGomenie
wanaane endotoxin ﬁqwéw’%’aﬁa‘[ﬁﬁmmmﬂnaﬁﬁﬁm loun viARALY (fever) nazsiu
AavNALIUR (complement) nsvduliidesudsnaedududenluasnden ilndenly
HpeeSuavan q anas uazeraliAanisden (shock) uandedinldme Tadelunisnelsa
fidndnyBnedumiieis myad exotoxin Sallagmaneiia (exotoxin VNYIRTNVEASEATY



AunNu exotoxin FatsnnuuaiiSesiineuly Enterobacteriaceae family) laun heat-
stable enterotoxin way heat-labile enterotoxin {Jusu e heat-labile enterotoxin i
ﬂmauumﬂu A-B toxin AaUsznaume A subunit kay B subunit Tag B subunit Wuies
muﬁlﬁ‘lumiwnumwamﬂmma (target cell) waz A subunit uﬂmamumﬂmau‘lmmu
mmLﬂuw%ﬂmamamamams'luwamﬁwmauu f9ENLTY heat-labile enterotoxin U3
E. coli (uﬂmauumﬂaﬂaﬂu cholera toxin #la1ean Vibrio cholerae) quﬁm‘lumﬂ
AsEUIUN1S ADP ribosylation 483 G protein finavinlisesiu cyclic AMP awu dawaliinig
yuddlanlaslan (electrolyte) yoagaditmnetudely wavrlfideensaemanduh
Weaviaesie (diarrhea) Wudy nsil fimbriae (W3e pil) iielddmiuanie (adhesion
facton) fuleamwasftulutiedudnusemsnilslumstaglviAalsn nefiseain £ coli #
§i colonization factor antigen fimbriae (CFA/I wag CFA/I) dinvitlAnlsanssiwizovis
uazdlddniay (gastroenteritis) £ coli #ii P fimbriae finAelviAalsaluszuumadu
Haane Wusuuenanfinanuudniu Jededu q lunsnelsaves £ coli ud
mwannsolumasdguasiusiumeluwad  (intracellular survival and
multiplication) wagn1snasesUiiaug (antimicrobial resistance) ihisiu

TsafitAnan £ coli dnilwgiinidiumsiinigeuuy endogenous infection Favunedis
£ coli #ifegudlusrmetuasiiluanuglunmailiiielse wazdnifniuauiiigh
dumulsas (immunocompromised host) Tsafinuvasininann £ coli waaiﬂlﬁoﬁ’aﬁv
(1) TafisuBudie (septicemia) £. coli \funuafiGeunsuauiiuaniuguas septicemia Uagy
flan lnoiToilyngnidignssuaiasiuininannsdndedBusulunmaiuilaansuse
NARUBIMIINBY u,azé’msnnmﬁaf&"‘;mﬁ'heﬂsﬂifawqa‘lué’ﬂmﬁﬁqﬁﬁwmuﬁn 2) fmiolu
maduilaane (urinary tract infection) Tnemudn 80% vedsarmdslumaduiiaany was
daulwfﬁmaaimﬁﬁmLﬂuiiﬂﬁmL*‘Evaa]wnmsﬁ’ﬂ%’ﬂmﬁﬂuisawmma (hospital-acquired
infection) it mem i £ coli wandeiiduanuayeds ﬂnuluruam'muau’lumamu
81ItuLes £ coli serotype vmuuaemuJummmaamsmwa‘lumamuﬁaanu fm 04,
06 uav O75 ijewn £ coli serotype widniiniltladnddglunisvinldiAnlsade ign
¥aelng specific antibody lu serum §18191in1NN15A5 capsule Y88 MsHAR
hemolysins kazAImaIIatun13du (binding) fiu epithelial cells ﬁqaejma‘luvfawmﬁu
Haanz (uroepithelial  cells) Husu (3) 1Hesuanessnavluinusniiin (neonatal
meningitis) E. coli JuwuaiiGefinutes (Wudeatu group B streptococo) mudummm
yadlsaderuauasdniauludnusniin Taede £ coli mawuﬁwna‘lsﬂuuﬂasw K1 capsular
antigen waz (4) nIElWIZBMIULAYEldSNIAU (gastroenteritis) salunseimizamnsuas
Sldmdaan £ coli mmihilulddudanisliquussmunsenoinlhdedinld £ coli i
nealulin gastroenteritis  wismmnsviliinlsa (pathogenesis) oy 5  nqufie
enterotoxigenic £. coli (ETEC), enteroinvasive E. coli (EIEC), enteropathogenic E. coli
(EPEQ), enterohemorrhagic E. coli (EHEC) Wag enteroaggregative £. coli (EAgEC) (1519
1)



A5197 1 Gastroenteritis MARIN Escherichia coli

Organism

Disease

Pathogenesis

Enterotoxigenic £. coli (ETEC)

Enteroinvasive E. coli (EIEC)

Enteropathogenic £. coli (EPEC)

Enterohemorrhagic £. 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,

Enteroaggregative £. coli (EAgGEC) Aggregative adherence mediaed by

sometimes with gross blood, low- 60 MDa plasmid

grade fever

(Murray et al., 1994)

enterotoxigenic E. coli (ETEC) Wu £ coli ﬂﬂﬂlﬂLﬂﬂI‘iﬂIﬂUﬂ’]ﬂﬂﬂﬂﬁ‘Um heat-
labile Wag heat-stable enterotoxin m‘uaasw enterotoxm maawuﬂummmu‘lﬂﬂau‘lu
wanadle (plasmid) u,azmmqul,mwl,wumnwmwau pili ilumsdaniziu epithelial
cell (frogreufinvide serotypes 184 pili fiTaeuin virulence vl 14un K8 wulugnuy
k99 wulugnia waz CFA/I & CFA/I wuluau Wugiu) gmsiwuidlefinisinide As udsen
sremeldFudie sziiszuziing (incubation period) Uszmm 1-2 Ju mnﬁ"’uﬁﬂaaa"ﬁmms
viossudunan 3-4 Yu emsenaliiguuse uagereiiennstu 4 saushe Wy Yanvias pavld
andou filde q

enteroinvasive £. coli (EIEC) \Uu E. coli ﬁmmmumnﬁ'}a’la epithelial cells i
nusald ennsdAnpe Tl U’JﬂLLawLﬁﬂﬂﬁaﬁ ﬁxﬁaﬂaanu yunlugenise (@msedneiy
Tsadafiinande Shigella dysenteriae) Bei £ coli 7l O antigen UNYUAFUNUSU
mshalsei

enteropathogenic £. coli (EPEC) U E. coli flansadanigléiiy enterocyte
(intestinal absorptive cells) S epithelial cells VanEi‘lj%L’Jmﬁﬂﬁﬁnuazﬁﬂﬁ‘lwm way
dwaliiansiats microvili aseUdnamdadnludame Imanammﬂmsa‘lﬁumsa@
\NNzUUREaa (adhesion molecules) 31@&1 2 Yum Iﬂ&l‘lj‘uﬂ‘wumﬂﬂ’]‘UﬂiJIﬂEJEJU‘V]ElEJ‘U‘u
Tastuloy LLa"anwwumﬂmUﬂ:uIﬂauu‘luwmam enteropathogenic £. coli uaneiug

anuvee vl Aslsavissssludnlasianglulsemaiis e W



enterohemorrhagic E. coli (EHEC) i £, coli ﬁawmsna%’wmsﬁvﬁﬁqméﬂﬁwrTu
shiga toxin (shiga-like toxin) #3Bl3anin verotoxin (Fanvestainanarsiviianusariily
\in cytopathic effect fu Vero cell line) verotoxin annsawiseenlailu 2 siiade (1)
yilafiniloufiu shiga toxin eufesesifus uandeiusAnsaozilusLRE?
Wi war (2) vhadmiloutu shiga toxin esvnduefdud e1msvedlsefiinan
enterohemorrhagic E. coli aaiululaRauslaizuuseauissuuss Tunsdifguusanneav
TR IN1sMiSendn hemolytic uremic syndrome @wedioms lanedeundu (acute
renal  failure)  amzndadenm  (thrombocytopenia)  wazifnnizladingeria
microangiopathic hemolytic anemialseune 50 Wesidusvedlsailifinan £ coli
serotype 0157:H7 Wsatinuvaslutiemadou uaswuvesludnifiongsnd 5 9 GR
fiinsnmsiuiieriugslaian sideduniibisiunszuunswaelss

enteroaggregative F. coli (EAggEC) idlenaureiiunda enteroadherent E. coli iy
E. coli nliAnlsaveesadludinmsnlulseweiiindataun acgresative protein #ide
asgnauaulaeguluwaiaiin (60 MDa plasmid)

mssnwilsanuda £ coli Jusgiulsaviansdanm Tasundmsinmainisiessas
fiinnde £ coli inlifenlden wiglinanivaindausitenaumunisgaudsiuardian
Tnslaviwesiume wivngthefionisiesiuanidie £ coli aewudiideliinenssuuse
mslieniFuefansasudaudeld Wy srlundy fluoroquinolone amfumsvinnina
indous nssnwilsafnide £ coli Tumududiaanzaislieilungy fluoroquinolone Bt
Yoy 7 %u safumsuvanmiaandidunselasnisligieiuinaliiiingenn q vie
Aurann 9 Wethelunsindadenemniuindaaniy daumsnimiauasinisenside
Huanesdniau aunsadnwidenslrefuslungu -lactams Wasnide £ coli ae
wusivhlhAndevuaiadniaulumsniudeifinisiosngs  dafunmsldeiiuzenas
Fomadeummilivantoroe (drug sensitivity) fiau uazfihemsldfusedraidonar
asuiuitetlesfunisiesvesteuunaiise

gU§Fuglungy B-lactams Wuendiillasadne p-lactam ring iuitugiu Tealdi
agaunsvany Siqrddudinisaiientusad (cell wall) vaswuaiide silunduififiueniiiinng
Wauegnvanuate wuseanitu 4 nguvdn q Ae (1) penicillins uvaungueeslddn Aa
(1.1) natural penicillins leiun penicillin G, penicillin Vv %ﬁﬂ'}ﬂ’s}'mﬁﬂwwﬂa penicillinase
willusedvsnwgesiauuaiiseunsuuinuazalilsin  (spirochete) (1.2)  penicillinase
resistant  penicillin iy methicillin, oxacillin  MluwuaiSeunsuviniiadraouleyd
penicillinase (1.3) aminopenicillin 1 ampicillin wag amoxicillin Jugilinusaieules]
penicillinase l¥lanaRiunupfisounsuuInuazuuAfiSounsNaUUNYin (1.4) extended-
spectrum penicillin 1%y piperacillin l4ldnafunuaiiSuunsuau (2) cephalosporins 81n
ﬁuﬁlﬁi“um'sﬁwmwmmmmusimaul%ﬁ penicillinase MlAAfULUATISEaunsLUINLAS
unsuey uvweendu 4 generations snumnundslunsesngriswazmsudeioule B-
lactamase 91 (2.1) first generation cephalosporins 1t cephalothin, cefazolin Tglanu



uUﬂﬂL"’iaLLﬂsuuaﬂgU':"Nﬂau wazuuAiSBLNTUAULIITEA WU Klebsiella spp., E. coli ua
Proteus mirabilis \usy e1lu generation duimusieweulel cephalosporinase (2.2)
second generation cephalosporins Lt cefuroxime fiUszdnSAmaAnI first generation
cephalosporins  fin wusisieuleyl cephalosporinase ﬁﬂﬁﬁﬂﬁ@@ﬂq%éﬁm‘ﬁmmﬂﬁL%'EJ
unsHauLRLAY dan cefoxitin Fudiuelusuiiass aunsanusie extended-spectrum beta-
lactamase (ESBL) 16 (2.3) third generation cephalosporins WU cefpodoxime,
ceftriazone fiUssvimnd lalaiuuwuaiiSaunsuauwas Wnsuuan (2.4) fourth generation
cephalosporins 19U cefepime figvnseunquuuaiiBsunsuauninani1 uagnudeweulasl
cephalosporinase 196 (3) monobactams ¥y azteronam Lﬂuaﬂﬁaaﬂqwéguﬂzdﬂ’lia%’m
nlnvadveuafisuunsuaugUsuilafeud A wasmusansgnvhanedeleulel  p-
lactamase n’]'ié\lam azteronam m%wulé‘lul.%a Klebsiella oxytoca Fanunsnade K1 B-
lactamase 1vhawenls waz (4) cabapenems L imipenem Wag meropenem Wuansd
i B-lactam ring ieangninii TngenannsadmiuriuvadautenyasuATiS LAY
197 wagvusiooules] p-lactamase vt ESBL venanilgaiinswannansdudueulesd p-
lactamase #i3en71 P-lactamase inhibitor 1@u clavulanic acid uag sulbactam 4
AANURAD Lﬂua'rmwumaqwsmamaulm B-lactamase 10 laedinlgsauivenlunay B-
lactamns Feanssananiisludufuieulsl B-lactamase ¥l B-lactam mminaanqwﬁ
1o

Fausdinsfunuen penicillin wagiimsiantdlunsdnulsadiel s 1940 Wudy
wiu ms¥nwlsaiade £ coli fseniiuslungy Blactams fotldnadoudned us
luthwszana®  ad 1970-1980 We E coli  unanewugmuduaiiGeluaed
Enterobacteriaceae wangiindudintavaudales suaunsafedesWiiiusnareiily
ngu penicillin Wag cephalosporin derivatives wazilouszunas 10 Yreunihdl wuaiGelu
¢ Enterobacteriaceae laslawz E. coli waz Klebsiella pneumoniae TANRIUIAUIBITY
aunsonesauUfFuclungy Blactams dvarnvanesiiamin TnsuuaiiGsannsaada
wuleifiidedn extended-spectrum B-lactamase (ESBL) (llse et al, 2011) dwal#nng
%’nmiiﬂam%aﬁLﬁmmﬂuUﬂﬁL%'aﬁa'lmma%"mLaulszjﬁﬁanemifﬁﬂﬁmml,azLﬂuﬂmmmn%u
B q uvedtiannsodnlsedadafifensannld  dsaldiasinsdinhnuey
doFindelsafndaimnniu  dudessuasypmnsmamsunmg waemnlaiannsam
wmanmuguvielastumsiosveswuaiiFenelsamails fazmiloudoudgun
revvziinsunueUfie (pre-antibiotic era) Bnase

nalnmsesuiiusvesuuaiidelevialuamusseendu 3 Fudn q fe (1) ms
Wasuwanthmunglunmseengrisvesen (target alteration) nsheuilngizimuingesinig
ahatmnglmiiieliseengs iesas Sedwalmdetumesos Wewneliannsadu
fuimnedsfieoeengrseeneiuszaniamld Wy nsa¥he PBP 2a (low-affinity
penicillin-binding protein) 'luL%a methicillin-resistant Staphylococcus aureus (MRSA)
Dudu (20 asadaeulwinyhaisen (antimicrobial detoxification) wuafiSevaneyia



aysavhanes ity ldenfauautRdsuwaduadlianansooengusld Wy S
aureus 'ﬁ@';aaiam penicillin 9zv@aieen penicillin Tinareily penicilloic acid Fadunasn
nmsadaeules B-lactamase  Tnoouleivilnidansanvisenidunansussanana
wilaveaen uaseululisienailasiufioguulastilen fuilsguuwanalin viensaly
gou (transposon) fld  Snedendueulnifuuafifeaivesnueasaawiadu
ulesiadaamadiedl substrate wiiuAly uay (3) Msannsnedngivad (decreased
uptake) TneunfenfFurazeengvdlsnsdoduriuthgiuvsadveaunaiiGonou 338nns
FuruddsuraduuaiiGeinaduuulindanuniolilindunfld emeiioiue
asdngwadveLuaviisy AB outer membrane protein fiSundn porin Tneouvafise
wnsuauazd porin ﬁm“w"\'fuaq 5 @fin fie OmpC, OmpF, LamD, PhoE way protein K %4
goamavariumadwewnjiwzdnimlosewsely ngu B-lactams  ua
quinolones  winsannsdessauafiGeudaztiinerainfiensiuanseiu
U

extended-spectrum B-lactamase (ESBL) wupSausnUszanataed e, 1960 Wy
wulsifitawuiadananduiieglu plasmid vesuuafisefinesn Taseulsidannsouds
santeldu 2 ngu Ao TEM waz SHY weulesd TEM-1 waz SHV-1 dalusuiuuriodenin
parent enzyme UBIWRASNGUANNEIRU B TEM-1 ua SHV-1 asilgvsviliuueiiSod
ahaevlniawnsanesosn  ampicilin - wasynuuaiiSorialandaeuleidnanily
Ysinaann endinaviliuuaiidsduiiensn piperacillin wazeilundy narrow-spectrum
cephalosporins 11U cefazolin 10978 siaunlusny A 1970 fis 1980 Aimuin TEM-1 uag
SHV-1 fgvidvenewiindu fio anansaviaenlungy extended-spectrum cephalosporins
1t cefotaxime, ceftriaxone wag ceftazidime 16she sosnileiiansnatewuveadens
pwaniiiuszoznaun qmv‘haL%aﬁmmsﬂﬁwmmsﬁ"aawummsnﬁvasiaﬂﬂuﬂeju
extended-spectrum cephalosporins #iliEUTDS oxyimino group usnaniidanuindui
muAumIase ESBL Sremnsewuldly transposon dhe TneBuiimuaumsiesiaunsa
uwsnszarelulideuassindwnnluwuailGeasd Enterobacteriaceae Tnsianizag et
{8 £ coli uaw Klebsiella pneumoniae TuiliqtuuuaiiSefiadne EseL Lilddesiivous
aminopenicillins, ureidopenicillins uag narrow-spectrum cephalosporins WM ULAREHS
W extended-spectrum cehalosporins Wag aztreonam #me sdaldldnatuideiadna
wulwl ESBL Al cephamycins Uaw carbapenems Jaguufisianuinwu ESBL 1nnndn 120
iin lnsudaviindina drug sensitivity profile unndrsfufioadntes urdwalinnssnm
FesninsradewuafiFomaimidroudenniudiunn nnilygmnishes g
vewuaiSemaiinaand  dwaliininemanifomennuusmmadenviawuing
Tmilunisinulsndnide ienaunuvTeanmsliviemsieneuiiuslvdosas

wummilimdaduiiadlaasdinsfinsiuegaunivas AEMTUURLNGS
Tewa (bacteriophage) vi3ai3undu 4 41 i (phage) wldlumsinwilsednide Taoden
Feminvilsedndelngl9inain bacteriophage therapy 58 phage therapy (Richard,



1999) Taeudngudusuierturuiululfesinsh phage therapy anlflumsinwilse
Fadatusuinaaust af. 1980 TnsmsAinwiAediu phage therapy tuluszovuusn
sinsgvhmsinwiludn inaasdeanizlulssmenaauinlannziunn  uasldnadiuiii
wa'l,a]ﬁ’uisﬂaﬂv?j"awmwﬁw?iﬁmmqmmmmﬂﬁﬁ'aunsuau Wy E. coli, P. aerusinosa,
Acinetobacter baumannii, K. pneumoniae, V. vulnificus wag Salmonella spp. way
wuUARSEWNTUUIN WU Enterococcus faecium wag S. aureus (Jusu uavsouInendan
3uifin15t phage therapy inllumssnwlsainideluau (Richard, 1999; Slopex and
Kucharewicz-Krukowska, 1987) HaqUuuuniluumsi phage therapy Wllumsshunds
vimuidunniy  lnewewsiiensiheilseingeninenesmanesie [multidrug-
resistant (MDR) bacteria] oA vancomycin-resistant Enterococcus faecium (VRE),
vancomycin intermediate-resistant S. aureus (VISA) wag methicillin-resistant S. aureus
(MRSA) udiy (Richard, 1999; Shigenobu et al., 2005)

wuamaslawadulada (virus) veswuaiile dlassadavdeduuseneuddyde ans
Wugnssuvsensadiaddn  (nucleic acid) uwaslusiuveruanswugnssuiendn  uaudn
(capsid) Feenatigusradiuguvansivdon 19y icosahedral Wi asWugnssuveILUAINGS
Toeenafiu DNA via RNA atlaegrmile uazenaiigusradudu (inean) s
(circular) v3auvaihmaedu (segmented) Al arsiugnssuiignifushsuaudaiiunsiien
Gend @ (head) wuamelamaurrinenalidlssnouiuivie fdudeidnuas
Huveensaandruih Feni dwvne (i) wasuinadumsdoanulaseadidy q ¢
¢e 1u base plate, tail fiber Wusu (Ul 3) Mmsivdolaifidauma wazn1sin-valdves
druvnsannsalglunisduunsiavesiuamedlamalanieg (Ackermann, 2003)

Hexagonal Base Plate

gﬂﬁ 3 segnuiuuardIulsEnaudAyrasuameilama
(Pn: http://sahsrojas.pbworks.com/w/page/3718275/Bacteriophage)

LLUﬂma'%IaLWa)QnﬁuWUﬂ%v’msnT.ﬂaﬁfnﬁwmﬂ"uam'aaqmulu‘mnm‘ﬁ‘[né’tﬁmﬁuﬁa
Tl A.A.1915 Dr. Frederick William Twort tnwedingemsaingulévinmsidenuliad
aunsavihliuuaiiss  Micococcus  nanewug waslul AA.1917 Dr.  Felix Hubert
d’Herelle WninemansyliumasumuliaiiannsovlfisaduuaiiSe Shicella innns



umnaany (lysis) Snwa Dr. d’Herelle é’uﬂuqﬂﬂausnﬁ’l%ﬁm “bacteriophage” Tun1si38n
Th¥afiannsayngn (infect) viavhateisaduuafise

Tagvialunnsyn (infection) weswuaweslamadhgleanivad (host cell) sinaedl
AMUIWNEgann (highly specific) namsntunilsfewvameslomariinlaefinuisiines
mawLmﬂwLsmwawum'lmuﬂwummuu s umIEsEIuUAmeslamatiuLuafiised
Hulsaswadiu intulaserdenisuiusenishumisiisguusyninvesuuamesle
1Wa38n71 attachment  site ﬁ’us‘humﬁaﬁasjUuﬁowaémamwﬂﬁﬁaL%amﬁ receptor site
mnuumiwuﬁnsimaqmewasimw:ﬂmuanmwﬂawaamﬂmsa wazisuduidng
AsTUIUASNS U (replication) vasuuAmB3laimasely

mafiudureuanelamansluwaduuafiSsaninsawuaiy 2 dnvushe
WUy lysis (lytic cycle) wazuuu lysogeny (lysogenic cycle) ('i‘U‘VI 4) AISRLSIUIULLY
lysis loasiugnssugnindnmeluwaduds nalnsing 4 figfeatunismsaiinves
wueii3slasunissugarzinas anuuameslemeszidlumunuuarlénalngng 4
wantuen s uuresuameslamawiniu Tneduainadrelusiuvieenledddnd
\Rendesfunissiassanswugnssy wiideadalusiuniediuusznevveualdauay
Tasaadredu 4 niudiutsznaudne q fgnaddusniusiviunniFansusy
(assembly) naneiluuuameslamaanugaisnnuinniatunieluged wameslemei
Aaalmiilisenda progeny bacteriophage Tngse '“nm‘?'il%'ﬁ"’qLLsiLLUﬂma"sIawansm%d
Wwaduwaziiin progeny bacteriophage analdiiaissdnteoy iy 1-2 mimm’mu ‘mu
Fuagfurinvewuameslown wazluiigauuameslamefsvairsansursednesnumina
NTUYaATDILUATILTY wwuamaammmmmnaaw (lysis) wazUany progeny
bacteriophage mmumnmmuuaanmuanmaa mnuu progeny bacteriophage Fadl
qmauumwummnumﬂmaﬂaLWﬂLimﬁnwmqmaa nwsaumsmquuam’iamaa"lwuwag
drafeesialy (Medigan et al, 1997) msynsnvsevanswasuuAfiseveuuameile
wiawuy ysis i TuilaaesvibiuuafiGenmlunnuinaiivuameslemariaiuey dau
MU lysogeny wupmadlawafiaunsaiusurunuuiiléiFunia temperate
phage Woanswugnssugniiunaeluwaduds wuamelamaszihasiugnssutudily
uwnsneglulaslulenveuaiiie arsiugnssuveauameslamaiiunsneghulaslilewi
S prophage wazilsuuaiGeutaiiiusoy arsnugnIsuvasuamelamanasi
n1sdnassinedlunieudu uardinsunsnaglulaslulouguiu Inglivinliia progeny
bacteriophage SiadumsiiusuINTsUAMESTatAILUY lysogeny FelaivlsAnnsuAn
AANUNIONIAYVDILUATILTY (Vegee et al., 2005) Lm'mﬂﬁﬂﬁLﬁﬂmiLﬂﬁauuﬂaq-ﬁuqﬂisn
wsan1snatenug (mutation) waatmﬂﬁﬁalé’ luun9anme prophage  81avgeeanan
TashilsusauriiBeuazannsandudhgnisiusnounuy ysis 16 Fenusngniseiguil
71 induction awnadAgIviliAn induction A mInsedushuasdansililaian wia
arsafiuein Wudu MaduuemeSlemendeaihluldlusmmnad phace therapy Lite



. wWanalwwuaneslemal infect wuaiiSenalsauazyhldiirnismigviaunnaaisluves
wuafiFeny Suduwuameslaaniinisiud Il lytic cycle

Collars; sheaths, and base plates

Binary fission is
completed; sach Phage is replicated along
cell has the with the bactodal DNA
DNA prior to binary fission,

incorporated.

; Jun 4 ML uYaIsUAamDslawanglulgaduuaie
(¥ http://arthropodsbio11cabe.wikispaces.com/Viruses.)

Tuefinnsdnduunuuameslewadsliresiingunasivionsi widuegiuinmeiaie
punauesiningimanivinile widagtunisdaduunwuameslomaGuiiinusinasgiu
ntu  esniivibenuiivwhdlunsivuanasivagiimsinduunlita  Weldiu
WMIFIUHEINUAB International Committee for Taxonomy of Viruses %38 ICTV laglsl
Fasuunlafaeeniiy 3 order, 61 family was 241 genus m3sadslaialaginluasldnm

LAUVIAN3N @0 order avawhesiy virales T8 family szasnediy —viidae warde
genus Ay —virus (Ackermann, 2003) uuaweslamaynuiingnineglu order
Wiy fa Caudovirales Tnswuseanidu 13 family wag 30 genus 15197 2) Wiafnsan
JUsnwesuuameslaiy wulaunsoudseanlsiiu 4 ngulvg) fsil (1) Tailed phage e
wuameslemaiiiingg (2) Polyhedral phage F‘mLwﬂma’%‘imﬂﬁ]ﬁ%ﬁgﬂinmmﬂm?{au (3)
Filamentous phage AeuuAmsslamafifidnvusadadiile Fehifinsuwaduduivie
W1 uaz (4) Pleomorphic phage ﬁmmmwa%‘laLW%ﬁﬁgU'ﬁ'wﬂﬁuﬁuau (157971 2 LLﬁE?;U‘?i
. 5) Frwamdeaieriuuuameslamausasnguaz nanifwioly wwamedlawsdiulugfians
Wugnsaudu double-stranded DNA fifissdrutiosminiuiifinsusnssudy  single-
- stranded DNA, single-stranded RNA %38 double-stranded RNA wuawmelaiwafiduny



—ra

wdrdlngiillumin tailed phage Fawinvilimenuegluvuriiiegusziny 4950 wila
(Ackermann, 2003) uananiadinuAmeslamaunaiinfiiidunaasy (envelope) Fuiu
arsdmnluiwioiuuaudaliBntunils uiwuameslawauuuiinutesinn

Aa1919i 2 msdaduunedauazamuauiiavhluvamuaveslama

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 T7 696 Tail short
Polyhedral DNA, ss, C Microviridae 4 oX17¢ 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 Cystoviridoe 1 ¢6 1 Envelope, lipids
Filamentous DNA, ss, C Inoviridae 2 Fd 57 Filaments or rods
DNA, ds, L Lipothrixviridae 1 TV 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 unuameslomanguiinuuniign lasfiegussuna 96% veauua
woslawmtaionun dnsnuzlasialuvesuuamesTomanduife dumisnvazamnasuuy
gnuaen (cubic symmetry) 138011 icosahedral head lUsAulassadavesdumnedinmsiSes
fanuuindeiiundn helical tail asiugnssuidneuzidudu 9da double-stranded DNA
Faflifieaduifen arswugnssugndeuseuimeounuda uslifitduiiaaey vuavesans
HugnssLazAMLEMYRIdIIILanARiulumutiaveuameilama asiugnIsuens
flvwasaud 17 aufwnnndy 700 Alaa (kb) uazdrumseeiiname s 10 8 800
wilues (nm) tailed phage uusaenillu 3 family Ae (1) Myoviridae Fudluuvames
Towawiaieannsoda-vald & sheath Fuseumns waziiununansegludiumaiondy
central tube uummﬁimwruﬂtjm‘fwuagjﬂixmm 25% ¥4 talled phage Yiwum uay
wistovaaniiu 6 genus A T4, P1, P2, Mu, SPO1 wax ¢H (2) Siphoviridae \Junuaime3
Towafiiimaem uiliansodavald  wuewmeslomenguiiifunduillugjiiqnves tailed
phage \osnwuliuszan 61% veq tailed phages ﬁgﬂ‘wuﬂ ansauuseaniiu 6 genus
Ao A, T1, T5, L5, c2 wag yM way (3) Podoviridae \Hu wuameslowadiivady wuld
Uszann 14% 91 tailed phage Wanun wuseendu 3 genus Ao T7, P22 uay $29



polyhedral phage LHuuuameslaweifigusmanomasn  asugnssuenaidu
single-stranded DNA, double-stranded DNA, single-stranded RNA 58 double-stranded
RNA ﬁaﬁ%uaq'ﬁ'wﬁmammmma%‘[m%lﬁ) polyhedral phage wiseanliu 5 family il (1)
Microviridae \Junuameslaaruiadn Liflldunassy msiugnisulifiosdwdes 1
dnwauzifun uasidu single-stranded DNA wiseeniiu 4 genus asnBndAguaawuame’
IBLW%ﬂa:SJ‘*j fi §X174 (2) Corticoviridae Tanswugnssamileduiiu double-stranded DNA
dnwusdung gnijumeuaudn Fausznauselusiuasstlagil lipid bilayer WNINBEATY
nansszwinstuvedlUsity wuaweilemanguiliiiies genus e Taudniiddaite PM2
(3) Tectiviridae Hunupmsslomafiilassaisveundafiudusedenigluil ipoprotein
vesicle  iiauuamesloariniimeinveuaiiGeiiulead  lpoprotein  vesicle
sanamneznanaiuviefindroviwesuameslama (tail-ike tube) finnuemUssn 60
wiluwes dafunslfasiugninundeufiinanuuamelamsludileadioad uuaves
Towanquiliifies genus 1fien SlandndidéeyRe PRD1 (4) Leviviidae Tanswugnssudu
Wen 1Wu singlestranded RNA Faildnwamfuidy  ansWugnssugnijusiouaydadadl
Thssa$1amn99n RNA viruses YLy figushandreiu poliovirus wuameslowanguiwad
2 genus audndfigAs MS2 (5) Cystoviridae Tianswugnssaunilu double-stranded RNA
wardiegty 3 duviseluana (Fonanswugnssudnuastuiiinduuuy segmented) Jady
snvnssuresvamedlamtlundgud  waudagniilitodunaseudsiiduyszneunan
Wulediu (lipid-containing envelope) LLUﬂLﬂ@%IaLWQntjquﬁLﬁm genus 1Aen audindifgy
A9 $6
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U952 @ ona dsDNA.

To5%
§!

Microviridae o o
Corticoviridae  Tectiviridae
Podoviridae
Myoviridae ®
Siphoviridae Plasmaviridae
Lopothrixviridae Q
:‘: I Fuselloviridae
Rudiviridae
sSRNA dsRNA
Inoviridae Leviviridae Cystoviridae

Uil 5 msdnduunuuameslems
(“71'11’1 : http://www.smj.ejnal.com/e-journal/word/picture/article/smj/302/pic1.JPG)

filamentous phage  ithuuamesleweiiiguswdumeviondedls  ans
v‘v’uqnssmaanmﬂma‘%‘lmwanejuﬁﬁﬂv'mw single-stranded DNA uag double-stranded
DNA wusasnilu 3 family #a (1) inoviridae SiansWugnssuly single-stranded DNA wuu
29 wiadu 2 genus muniinvadlsadiwadiuuameslomaaunsoynin Ao inovirus uaw
Plectrovirus dw3y Inovirus Tay 42 via dnwnwwivhe figusaluanesn (long
filament) anauds (rigid) wiedaneuld (Rexible) Fuagfuriavasuuawedlams Wuuu
Ame3lawaiily (sensitive) Aanaslswasu (chloroform) wiviu (resistant) ATuSouldd
Toadiwaddmiuuuamaslamanguilie  Clostridium wax  Propionibacterium @
Plectrovirus fiag 15 wiin dnwusiiufe Tgusadumedu q (short, straight rod) Tead
waéﬁm%’uLLUﬂLwa%IaLWQnejui‘:ﬁa Mycoplasma Tagwaly wuanaslawalungy inoviridae
dodiusouneluleadieadudn progeny bacteriophage 1zoanatnwasinglivlvivad
wan awdndrdnmesunveslemanguiifie fd (2) Lipothrixviridae flanswugnssunlu
double-stranded DNA wuuidu jUsreveanuamedle  wanguilfniduuuuuni (rod-ike
shaped) uaziiBuaasy ffee genus e au@ndwyfe TTVL (3) Rudiviridae Tans
Wugnssulu double-stranded DNA wuuidy J3usrutiuuviansauda (straight, rigid rod) lai



e

fiduriaaey usgARnefiu tobacco mosaic virus LLUﬂLwa'%TaLwaana:uf'IﬁLﬁaq genus LREn
aundndfyAs SIRV1

pleomorphic phage \unuameSTemafitigusulinivey wwameilamaynudialy
nejuﬁﬁmsﬁuqnssmﬂu double-stranded DNA wuud utseenilu 2 family Ae (1)
Plasmaviridae  Wusuameslamanlifiunudn  uitiduaaeuuanswugnasliuny
weiiSeiduleasvemunmeilomanguiiio Mycoplasma iiteuuamailamaazyngnit
glaasivaq BunaasUvesuuameslomaanidon (fuse) fulbavnead (cell membrane)
ypdlsamead wasudmniiusunehugadudiavesnangadlagds budding dlaivia
Ileadivadunn uuameslamanguiliiiiss genus 1ier amdindrdgfe L2 Fuduuvanes
Tawanguitfinns@nwwiedideyatiosnn (2) Fuselloviridae figusrandenanzum (lemon-
shaped) uaviimunudy q (short spike) af‘j‘ﬁ'ﬂmaﬁwwﬁwaaaqmﬂwﬂma‘%IaLwa] wAUE
Usznoumelusiiu (hydrophobic protein) apsriauagleiudsldinandiuysenavveade
vuwadvadeas uaudagnvinanelddiorastsnes wdniusmaunelusedudiasenn
1INTAATAEAE extrusion wumMBSlaaNguiiies genus e andnd e Ssvi

wimnifnmsfunvuuamedlemalaliviu AsudinsAnthuuameslamauildly
nsnwilsainide msfinsiRnafunmsiuuamelamadeilulilunismuauderelsa
Tusserusnasidn ieaesnou wassonudlouinlinadfazGuhlvldiuau fetady
igvhnsmeaesiuuaaslamsluldmunilsada (dysentery) Fafinan Shigella Tag
Wieiuuummeslawa mauTIngImdnnsiiuuameslamaudiissdadion o1ms
‘maaé"ﬂmﬁ‘v!LmaaafhamnLLa::memnIsﬂmalmaﬁl.ﬁmlﬂﬁi'u (Sulakvelidze et al., 2001)
aglsfinnumansinsluafeiudililifunisfusunieffuineuns sunseidud aa.
1921 Richard Bruynoghe uag Joseph Maisin ?iﬁﬁaiwﬂuﬁn‘iwmmam%nduLtsnﬁlﬁﬁw
wuamedlamaurlilumssnvmiedestulsadndeiiiantidainen Staphylococcus
HudeiinueriniiAansindendeida Taednmilvidsnmde Sawuamesloms
\ivneivifesey q Uinauwaside WemuatuazasmsAniiadingm watsngiuuamne
sToaaansomununsinigelfpgneiuszansniw (Sulakvelidze et al,, 2001) ws9nty
DusuanfidninenmansSnvarenguildvinisdneiisatunisthuuameslemauldly
mysnwlsafiade (ns1edi 3) wazdsralinniuuamelemamldlumsinwlsmduiisin
wavkwsuasnniu Snedsiivansuisnilafinisihuuameslamendinwetneadsduay
Filaszndmdunsdn et luyszgndldlunisaivauuazdesiulsadndoviineg 9
nassaulilumsemunvieinulsafndauuafienesdsiuualiresiifmnniuies q
TuowAn (msnedl @)



A13190 3 F8819ues phage therapy fildlunstissiuviainwlindiaeluau

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, Klebsiellg, E. coli,

Pseudomonas, and Proteus

Shigella and Salmonella

Staphylococcus, E. coli, and Proteus

Staphylococcus, Pseudomonas, E. coli,

Klebsiella, and Salmonella

K. pneumoniae

Staphylococcus and various gram-negative

bacteria

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

@19199 4 USEvvinnwIdsuazAnwiieaniu phage waz 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/
Intratytix, Inc USA http://www.intralytix.com/

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

Nowvolytics Ltd

Phage Biotech Ltd

Phage International, Inc
Phage Therapy

Targanta Therapeutics Inc
Biochimpharm

United Kingdom
Israel

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

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

USA httpv//www.phageinternational.com/
Georgia http//www.phagetherapycenter.com/
Canada http://www.targanta.com/

Georgia http//www biochimpharm.ge/

(Andrew, 2006)

AauURdftyrauaaslomaviin lytic phage ﬁﬁwau‘lmmsﬁﬂﬁgﬂﬁmﬂi‘lu
91U phage therapy A8 (1) aAnuawnsalumsvihansuuaiiisevieloanliunnaaiewisme
W wee (2) mudumzsewhauuameslawauasload wasioguaniddgiasssenis
i wuawmeslamadnifiesamnsathuildunueufinsdd (Andrew, 2006) Bavalums



ned]  wuamellowedaidenmienitefiusdnvaneussnsdie W livihane
wuATiSeidu normal flora Fserdaglusunisay aansaifiusualdieuilesefivlsani
Juwe  Jdlidududedlfvueviottinagdunslidngsune  waslifinatafeswiogld
Fudu (it 5) uenanilfainenuieiuuameslemslvialunisinulsndaideini
EJWUﬁ%uusﬁ”’ﬂuﬂuLLa::'luﬁ'mimam (Sandeep, 2006) fpghatu Tsenuvidmuiuile
naasdlduuameslomaiiosnvmyiiande £ coli Tutinaugedemnsavilyivymeld
wuimyiishaimssendingidistesas 92 dedhwshouwuamellew udiidhsinssendin
finedenar 33 WodhwdeeuiTiug (Levin and Bull, 1996) wasdneswmilomuinms
Wuuameslamaiisunzsie s, aureus Weinnitheiidulsaindsuuuiinuadulonuas
doven Tasuteiessnidu 2 agu nquuilenwnlaglfuuameslemauasBnngunils
fnwdhes i wudinmsinwlsemsuuamailawaiidnsinsmeannisagaisianay
82 luvaiimstnwilsadosuffueifannmamennlsafofosas 64 uenainil
wuawnilawafthifinathafssagiae - wsmnliuuamaslawaungiielaens@atmig
vaeadeamdannsarlslisnsmsmeainlsaastisieuar 95 (Sulakvelidze et al, 2001)

a191ef 5 Wisuivisuauantivealuameslamaiugwjtiusie ldlumssnwlsaiaie

Bacteriophages Antiblotics
1. §Aud Uz (highly specific fauuatilse 1. figyavhansuuaiiSeuuuliuswe (non-
wWhuune (bacterial host or tareet bacteria) specific or broad spectrum} aunsainanglana

wuatisanelsa (pathogenic bacteria) Wa
wuUAMIEUTEIBY (normal flora)

o o 1Y o ) dal a & o as a .

2. anusavinduulensssurianiinsinige 2. NMAALABNTE UM SUMUBTANTDITINY
o lienududuvieySunaunnweilagsin vilirnudiuduivdesgluitnmelifismwese
Wanalsamssuntafiinisfn@els N1591¥BNBLIAMTIFIUMUNTTINSAnLiTa

o ) ~ v - a ' ~

3 laifinatnafen (side effect) 3. dnadnafies side effect) NUUTMANLDENS Y30

UNATIVIRAANITUN (allergy)

=N

-nshasauummailomavauuaiiivazdiineg 4. msfiadesufBnzvewuniIsbidinagus
awALuAiS s vnenwintu wupiS s vaneusausaunsnszaelus
wuafiSuvtinaulanie

5. Msfunuuameslomarlialul eliviane s msimumiafeduenfiuvvielmiievhais
o a ad o o dd as
wuATiSeNReRoLUAMBILBING (phageresistant wuaiissnesiaeUfTaug @ntibiotic-resistant
bacteria) i livumasyvinlaing bacteria) fipdlIauuLazY N

(U39# #invas, 2552)



gunsniuazisng

JAuviduazamsideadeilflunismasss

TumsAnwniild Escherichia coli-ESBL (W3e ESBL-producing E. coli) Bsuanlsain
fthelulsmennaasmdniuszad edles v.quaswonll Wulsadiead (host cell wite
asrvmuuameslomansume  uazfliuuafiGefananlunmsfnnanantisie 9 ve
weamadlamadie  AsdnmmsansavasuameslamalunsyhatewuaiiFesingu
(host range) [duuaiiSevadausuandlunsd 6

wuniidevnaneiusilalumsfnuniimededegldomns BHI broth v3e BHI agar
vuilgamgil 37 ssmwadsatiune 18-24 ke mafudnwuediFaemdedildiuns
vaaesi Wuluswnsivian BHI broth @l glycerol Wudiuusznau 15% (vA) wasiiiulid

gl -20 BIriwaLTea

A1919% 6 LurSenadauRldlumsAinen host range voduuAMES oA

wuafiisenagay
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)

mswseaidegiaiatuasanuamaslema

| Tumsinuadsiimsifuidegnesn 18 é’aaeh_qmnwéqﬁ’wi'm 9 Wy thude
e dluszuudrimindelulsmetua Wudy ddeseilsiuntunies (centrifuge)
fimuida 3,500 seusteund Wuna 10 Wil Weusniemznautualvguazansuyiuase
fe 9 eonll fiudnla (supernatant) dwiumsiuyiuauuameslomsluth

frngslutusialy

mafsUSinamuameslamalutislagng

nsifnUSinauuamesTemelutiaedel33 enrichment method ¥ilagtdau
Tlaildannstusieslusunsunauwing (@uresunisiidsiidiogne) Tunsesiuukunses
(membrane filter) ﬁﬁﬂmﬂ‘uaagwqu (pore size) wiriu 0.45 lulasiuns veavaIRkLNTS
AsBAUSENN filtrated sample 1 1 filtrated sample 1 Usuas 5 dadansanaaniuenvis
BHI broth fwSeulwimnuiuduiduaeayin (double strength BHI broth) USines 5



fiadans uasiiu £, coli-ESBL Tiundnufiu (overnight cutture) asluuSinas 100 Lulasdns
ﬂuﬁqquﬁ 37 sariralded Wunaszinm 1824 $lus anduniuntuwisdiamg
3500 sousaud Wunar 10 wi dAudlaildanmstumiodunsamuusiunssediil
uavasgwguihy 0.45 Talasums veuvafiiiumsnsesiifun filtrated sample 2 31
sshlunsravnuuameslomeiiaunseviians £ coli-ESBL Tudunausioly

IR IMUAMSITBINT

AMSHITIIMNLUAINEBSLaA (bacteriophage detection) ¥ilagds spot test (Chang
et. al, 2005) §38nsiat 11 E. coli-ESBL MiAustuawns BHI broth waziaigyegluszey log
phase U3ums 100 lulasdns Wuadluvasnans BHI soft agar Usuas 5 Hadans (Anu
Wudues agar Wiy 0.4% wazsuliliilunasuiteliuasarauasiigumgiivsvana
55 asrwaiua) wanliduudaniuliiiamihewns BHI agar selviewns BHI soft
agar mivasliiuudeds (dnandssana 5-10 wnil) anuven filtrated sample 2
Guws 10 hilasdes aswmssnanesmumsidsaie saslidnagiieselidmumisinen
filtrated sample 2 adlutuuth udr3nivewsidsadeluniignmnd 37 swnigadea
Wunauszana 1824 Falue sntulddunaifdndavesnistuds (clear zone) fintu
AswUsiEinIsven filtrated sample 2 §13 clear zone WAnTuAigumisiang™ wanein
Tu filtrated sample 2 Sutnaeiuuameslewadiasnseyars £ coli-ESBL

nsuduIuwuAmeslawa

msiusIusuAmeslawla (bacteriophage propagation) uazfudun filtrated
sample 2 #vhl¥ifn clear zone Tagd5 spot test Aeuuameslama vilnelivadode
(loop) uinFaudyavieasnasiinniifin clear zone (uaweiiiofuiiogfuuudsfiie
Funes soft agan) ldadlunasavnassdsl £ coli-ESBL Winagluszee log phase Tugwmns
BHI broth Uuws 10 faddns waslvidihiuseniomanans (vortex mixer) wiluvudi
gaungll 37 asmiwalliva Ussuind 18-24 Flue it lutuieeiannug 3,500 58U
gaun? Wwan 10 u Lﬁu@hu’lﬂf‘i’lﬁmnmsﬁulﬁm‘lﬂnsaachuuciunsaqﬁﬁ'uu'maag
wyuwindu 0.45 lulaswes yeavmikumsnsesii3onin bacteriophage  suspension
thlufiuliigamail 4 ssmwaldeauieldlunsmaaessly

NSUUVIIULUALINDS Lo
mstuiuuwuameilawavsemanANuiNtueLuAmeslawa (bacteriphage
titer) Gewanudiuen plaque-forming unit/mt (pfu/ml) 1933 double-layer agar method
(Adams, 1959) 33nsfa Wdetefigeansmanuduturesiuameslamasnyhnmsde
97UUU tenfold serial dilution Tuewns BHI broth Mintanhdetnefiseiummundenns
A9 9 Usunas 100 lulasans Taasluluamns BHI soft agar Usunns 5 Hadans uaudu £,
coli-ESBL ﬁtﬁmaq‘luizﬂz log phase Usn1as 100 lulasans waulmdnuuwdmvivasuy



9113 BHI agar ¥luvafigaumali 37 ssnwaidva Wunaszunn 18-24 dlas Mndduh
nstuIIL plague ﬁﬂswnguumummst,?;m%a (@ontusnanumisidedii plague
otflutae 20-200 8w) oy plague MfuliluAaimdiiureuameileme
Iﬂs’lﬁqmmsﬁmamﬁaﬁ"

anuudurasuuameslama (pfu/mb) = 91U plaque x10 x3EAUAINTDVN

nsAneAEInsavesLuAmeslamalumatsuuaiiGevlindy

msAnwATuannsaTesLuAmeslawmTiunasuuATIGeEEadu (host range) 14
78 spot test Fail duuaiiSeveasy (m15197 6) %GLQ%@BQIUS%U% log phase USums 100
lulasdns waufue s BHI soft agar Usues 5 Hadans waiwmviuasuuiiviiewns BHI
agar 599URIMTEMIUTeR em bacteriophage suspension Ffnudutuiiu 10°
pf/ml U31as 10 lulasdns aquuRaninemns BHI soft agar AINAT lnevenauiiin
nansIuINzEss G?qﬁqﬁé‘fnﬂjLﬁasa’lﬁﬁ'umﬁqﬁmﬂ bacteriophage suspension asluthy
wthe thomwzdeduuaiigungil 37 ssmuwadea Wunauszinm 18-24 4l P
dunnnsiia clear zone AssLMinen bacteriophage suspension 913l clear zone
Aatuann wameslamsausavhatsuuailienaaaueiatduled
msvuuaweslamaliuiand

mi‘VTWLL‘UﬂLVIEﬁIaLWRﬂﬁU%?jVIé (bacteriophage  purification)  vIau35v84

Watanabe uasAmz (1970) #aij @eq £ coliESBL Tugwns BHI broth Usnas 500
finddns Migamgll 37 pawaduaTunseiugoial 0.0, 600 wluwmsivhiu 0.5 aaniy
W bacteriophage suspension Usiws 5 faddns (10° pfu/ml) udniluvusedufud
gauvindl 37 asrniwaidea 1hlutuwmdseiinnugy 3,500 seusieundt u 20 wiit udla
(supernatant) thluduwissiirnang 28,500 sauseunit v 1 $2lue Wiursneunazany
Tu phage buffer (20 mM Tris-HClL pH 7.4, 100 mM NaCl, 10 mM MgSO,) USuns 5
fiaadns udnhlududsdens 3,500 seuseud wiu 20 wii Wivanlalunsosin
uiunsesifvnavesgnuinfy 045 lulaswes  asavaeiilderdendn  purified
bacteriophage dtaztiluiiulifigumail 4 ssewadea Wethludnwzuswwssuame’
Towalusurousiely

nsAnezUITBUameslananieldngagansiaibiannseu

M3AinwIUse  (morphology)  vasuuAmeslamamendewansIridaansauh
mwigues Caso uazmme (1995) lagwh purified bacteriophage 1 em (Ussuied 10
1ulAsans) vemasuu grid fiarusea$uau (carbon-coated grid) sl 3 uit uddounuy
negative #18 2% (w/v) uranyl acetate (pH 4.0) #1913 10 unit 9t AN dendas
JanTIAIBlanasauLuLEBsi (transmission electron microscope; TEM) n1sinuunein



Ypauuaes oy (criteria)  AnvuAlag  International  Committee  of

Taxonomy of Viruses

nIsENALAsANYIETNUINIINYBLUAMESLBIWA

Y1 bacteriophage suspension snafmatswugnssulagligaainansRugnITy
PureLink ™ Viral RNA/DNA Mini Kit (invitrogen) snntunhanswugnssuilsndameioled
restriction endonucleases BamH| Gl’luam’wﬁu%ﬁ'vm:wz‘i‘mau‘l‘ﬁﬁﬁmuﬂ (Promega)
wasnanswugnssugnandseuleifinanui  dhiidewieuiguvall 70 eam
Wwaldsa uu 10 U ué’aﬁw%udaumsﬁ’uqnssulﬂﬁnm‘lﬂa%% agarose gel electrophoresis

3% agarose gel electrophoresis ﬁﬁlx'l.‘&‘(umsﬁnm*‘ﬁuuehumsv‘v’uqnssmmLLUﬂma%
Towls {38mseell wiew acarose gel (Prududuves agarose Wiy 1 %) thiudiuans
Wugnssuildndaangniadiaieuleifindumy wenfu DNA loading sample udldastu
%99 (well) ULWHY agarose gel 1@U DNA mmsyuﬁmmmmm (DNA marker: ADNA/Hind
) astudasine q Welflumswisufisuiunnavesdumuasiugnssvouvamesloms
Trilasiildfe Tris-acetate-EDTA buffer nssualfhiivasern agarose gel fifnarmsing
Fndnadiindu 100 V wadldinausvanas 50 unit anduth agarose gel lUgaudne GelStar

(Lonza Bioscience) uazq@ha Dark Reader transilluminator (Clare Chemical Research)



Han1Inmnasy

AMIHENKUAWMBTIaING

nMsuenuuAmESSlamsTINiIeE T InuvEwe g Swau 18 uvae  laeie
enrichment method uazthlunagsunaaansalunstudsnsedores £ coli-ESBL ag
38 spot test ausaubnLUAMESlamaTisuIwEs £ coli-ESBL Indregretihduiiuin
nnvethdaiide 1 unds (ns1eit 7) wuameslemeriuenléimuaunsalunsdudanis
1930 E coli-ESBL \ilenaanulagis spot test (g‘dﬁ 6) Fsdunaléan clear zone

UsInguuivinemsaaiiie £ coli-ESBL a3yey

‘:' U ’O’ r ) ‘:‘ o A
A51N 7 LL'V]aQ‘LJ'I(ﬂ'JEJEJWQV]U'\JJ'ILLEJﬂLLUﬂL‘Vl’e)ﬂ?)l.ﬂ‘ﬂ

v
uvdsudIsaEe spot test”

1. thideaineann (Fethed 1) -
2. Fudenneae (Fegaii 2) -
3 Judpansan (Faeghadi 3) -
4. @vaneann (egai a) -
5 thisntudeu (Fote 1) -
6. trianthudeu (Fethedl 2 -
7 thNUMENNsIIITR (Fothed 1) -
8. henuvanines susi (Fetad 2) -
9. thisnnduemng (Fregradl 1) -
10, thilsan¥iuemns (Methed 2) -
11, thilsnwiundesdnd Faethed v -
12 thitsnvhiundoednd Ghethai 2 -
13, dudisanuette (et 1 -
10 thiloannuetti (Fenafi 2) -
15. thidrnnnuethtin (Fegait 3) +
16. idnnuetin (Fethaft g) -
17. 1hitsluvieszuieth (Fethedt 1) —

18. Wsluvisssuneul (Fheened 2) -

MNEaY LAV YDA NNAIDEUFAZLMEY AR T LufsEFaaan Ui
°+ = \An clear zone

— = liiviin clear zone












A1sANY  1SWUGNITHYBILUAINEIlaWa

dlavhmsatmslunainuuamedloms  QUBUESBL  waziiilundisnanlugasie
restriction enzyme BamHl Us1ng113lunves ¢UBU ~73L gndnlasieoulasifing s Sluy
‘UadLLUﬂLwa%IaLWQﬁgﬂﬁmﬁw restriction enzyme BamH! diatlUfinwie3s agarose el
electrophoresis Ui’mgwaﬁﬂgﬂﬁ 9

23,130 bp
9,416 bp
6,557 bp

4,361 bp

2,322 bp
2,027 bp

564 bp

;:;Uﬁ 9 @5WuINITUVEI YUBU-ESBL fisingiay restriction enzyme BamH! Tne33
agarose gel electrophoresis
Lane 1 = lambda DNA cut with Hindlli
Lane 2 = uncut genome of ¢UBU-ESBL
Lane 3 = genome of $UBU-ESBL cut with BamHiI
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32150INANISNARDY

mshesamuaiiSenalsalulgmasisugeiiddgialan Woswinvinlving
Fnwilsadadouuniiieinanliannsoiildfensldeufjiue dedednduiznis
NIV mnswmu%’awuiﬁ]wﬁuﬁLLUﬂﬁL%'Ufiaisﬂwa']nwammaﬁuﬁ:ﬁv’au:UﬂﬁSEJLm's:uau
LLa:ﬁLL‘Uﬂ“?lL%EJLLﬂiuU?ﬂﬁé’ﬂﬁi881U§%’ms \%u 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) 18y
flu

E. coli-EsBL Wuuuaiisenelsaianilsiineliifatamessuguduetrann i
\HesnuuaiBefinanausarereeUfiiuslivansslin Wy Cephalosporins,
Ceftazidime, Cefotaxime wag Ceftriaxone Wudu (Wani et al, 2009) ﬁﬂﬁumi%’ﬂmms
Faseuuaiieviaiisuhlden waruadienasoddeiiumay 9 wiaswty Sain
fobmAnnatufsanntununde  egilsiamlutegiulimstheiuslungu beta
lactam (beta lactam antibiotics) inldsmiuansdusaeules beta lactamase (beta
lactamase inhibitor) tesnwlsefinda £ coli-ESBL lneiiinguszasdiiielnansiuds
wuley beta lactamase luvihanesiouleidandm vl £ coli-ESBL ldawnsavinanesn
UfFrurlungy beta lactam 1 warlufignfiavgnanlasenufiauedenan swjdurlungs
beta lactam uwazansdudueules] beta lactamase filfgtunazuszauarudi$aluns
Shwnlsmiinite £ coli-ESBL fumfausniie amoxicillin-clavulanic acid wdwindudeins
yanedldonufTourlungu beta lactam uavansduduaules beta lactamase gy 4 luns
Snwilsmdnde £ coli-fSBL Tullagiufigewiduslungy beta lactam wavansdudy
wulusl beta lactamase fiewldlunissnulsaiiade £ coli-ESBL va1ee LWy ampicillin-
sulbactam, ticarcillin-clavulanic  acid, piperacillin-tazobactam, ceftolozane-
tazobactam uay imipenem-cilastatin (FausnifuBeveseujiurlungy beta lactam
dndendududevesarsdudueulesl beta lactamase) (Shiaes, 2013) sthslsfinnuidnis
Fnanuenanaelivssandamiiliiuds  dlferwgeenlumsliou Wy ssdeading
Viuwdsudandwsevineuiiiuglungy  beta lactam  wazanstudueuley  beta
lactamase 'v!ﬂﬂé‘y’aﬁﬁ]zﬁ'ﬂﬂ“lﬂun'ﬁ%'ﬂvﬂsﬂam“gaLwﬂﬁﬁaudazmaﬁuﬁ:

é"mmsﬁims%’ﬂm‘hﬂaméaﬁﬁmmm'mLLUﬂﬁL‘%a@';amﬁaaaqUﬁ%‘ausﬁnlﬁUszau
nadusa vieliussAvSamsin mswasunuFugdw vionsiuuSinueuiFusiad
wuaiiSeRefinluavasitywinu AeuuaiiGeinsimundedinssdn faudelatinng
werealunisyismsival 9 inldsuiue e vieldvauneujiulumsinuise
AadouuatiSenoen sathamu mslifvauing viomsatavnitvayulng vionslduun
weslawa 1usu



ﬁ%aqu‘lwsﬁmmaL?aanwﬁaﬁﬁauﬁwm‘lﬁﬂunws%nm‘lsﬂﬁm‘??al,LUﬂﬁﬁa iesnnléu
nsvassuilaendy wariinadrafeaies luaisiei 9 wanwetwasfivasulnsuazans
senguilufivanulnsiansadudanisiiyreuaitdeld venanidiiiusnddlaing
waaeanhivayulnsluldsmtuenuiiuslunstuduuaiide warlunnad 10 wans
fegharesimmnlnsuazenufiusdlelisniuud awnseengvdiaiuiulunisuds
ANSIO3YVDIUATILTE

msthuuamedlamaniflunsihulsafndeuueiiGosuiindualuticssunad
a.a. 1910 tudadouazylsy Fudutrsnarteumsfunuefiiue wideselugadunis
Snwilsednieuvaiiedouuaneslamadogiunszuiunsinuisovdenaasdlily
dnineass enalisnenuindunldluautnwslduinin Jeinlvnisuuamedlowanild
Uselorflunsinelsaddhirendufiunsunarsunntn wasunuliifinnslduuameslemaly
msinulsedndadnaendniniifinsdunuewiiue Tasefiaurlégaunnldlunis
Snwilsmegnaniaeratuiuade.. 1930 Wuduin wiresnlusseznds q audnlden
UfTurves@nis Ilasliduduiazunannaismuauandunaiuu ilivuaiiSe
Snusniinisuiuslirerestuiusinniudes 4 dwaliefiwgdwaunnll
annsaldlumsinelsadnideuuniiselfaswivsrdvsaminilousuinefuin venani
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(Rahmani et al., 2015), S. aureus (O’Flaherty et al., 2005), S. pneumoniae (Djurkovic
et al,, 2005), K pneumoniace (Jamala et al., 2015) wag S. Typhimurium (Shin et al.,
2012) (Fusiu
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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 egram
positive and gram negative)

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

Garlic Allium sativum Allicin, ajoene Several bocteria (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, thymol, 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)

(AnuUasann Cowan, 1999)
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Plant/antibiotic combination

Target bacteria

Eremantus erythropappus/ampicillin

Staphylococcus aureus

Oregano/fluoroquinolones,
Oregano/doxycycline,
Oregano/lincomycin,
Oregano/maquindox

Escherichia coli

Pelargonium graveolens/norfloxacin

Badillus cereus, Staphylococcus aureus

Lantana montevidensis/aminoglycosides

Escherichia coti

Eugenol/vancomycin
Eugenol/B-lactam

Escherichia coli, Enterobacter aerogenes, Proteus
vulearis, Pseudomonas aeruginosa, Salmonella
typhimurium

Croton zehntnezi/gentamicin

Staphylococcus aureus, Pseudomonas aeruginosa

Eucalyptus/chloroxidine digluconate

Staphylococcus epidimidis

Zataria multiflora/vancomycin

Staphylococcus aureus

Aniba rosaecdora/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

(AmwUaaIn Yap et al, 2014)
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MouasesoasuairuLazdnianme nsmseinvawuameslawaduiuusafanead
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mahuuameslamaunldlunsinulsedndewuaiiSoannsavildlaonisiduun
weilamaissriiaios vielasnislduuameslomanatsrindiufu Fuduni
bacteriophage cocktail nslduuameslamavaneriinfaufulunsdnulsafndouuniise
faelinsinuiivssansamainniu ?J'n'ﬁv'aETw‘h‘lﬁmm'smhLwﬂﬁl,%'ﬂlﬁwmnwmamaﬁutﬁu
nawfleat Chan et al, 2013) Tfintuindenddefvssavanudusalunisiy
bacteriophage cocktail srldlunssiuuaiiGe faandlumsadi 11

A1579% 11 F29819n15U" bacteriophage cocktail 1nlglunissinuuadiise

Type and number of phage Target bacteria Reference

Myophage 1 %la 390U podophage 1 ¥UA Pseudomonas aeruginosa Alemayehu et al,, 2012
Myophage 1 ¥UA SRV siphophage 2 ¥lim  Klebsiella pneumoniae Gu et al, 2012
Myophage 1 91, podophage 1 Ulf kag Escherichia coli Maura et al., 2012
siphophage 1 shaTmiu

Myophage 2 #Ua 11U siphophage 2 49 Salmonella Typhimurium Hooton et al., 2011
Myophage 1 ¥im 320U siphophage 1 419 Enterococcus faecalis Mclean et al,, 2011
Myophage 3 ¥tinIIAU Campylobacter jejuni Carvalho et al,, 2010

nsthwuameslamannlslunisinelsaindouuaiidadmausudussedeiides
nwRuaulRrsLuamesianaslnuazden iielvnslduuamelomaiivszansawann
an uaziintlgytiosiign TunsAnwdlddneruaudtivesuameslemafiuenls feil
Anwzusnvesuuameslomasiendas TEM Anwwiinvesansnugnisuvewuameiloms
wasdAnwn host range TadMUAMBIlBIWG
N15ANYIJUTNTBUUAMBDSIBINIAENADBY TEM waznsAnwvilavesasiugnssu
yaauuameslawaiiusslonilunsindwunsdavaauunmnoiloms nan1svnasfilesin
nsAnwduandliifuiansiugnsmmes $UBU-ESBL iuuuu double stranded DNA wail
\esnansugnssudananagndndiae restriction enzyme BamM! (Guduieulusifigaany

2 = 3

double stranded DNA ivinti) wazyINMIANYIFUIIvRUAIeIlamaiiendas TEM
wud1 GUBU-ESBL unupmeslamaiifimaiitamalsild (noncontractile tai)
wuawe3lewaiiivnauagiianswugnssudusuy double stranded DNA Tnaglu
order Caudovirales FaUsenause 3 family Tve) 9 mwdnwazeemne fe Podoviridae
(wed), Myoviridae (maen1 Bamald, contractile tail) uay Siphoviridae (v811 avia
LaileY; noncontractile tail) nHANMIANIIFUINLAYATNUGNTINYBY GUBU-ESBL ¥ilw
annsodasuunuuaimeslamadsnaniieglu family Siphoviridae wifilumsAnwiarwy
wuawaslewaisumizsie £ coli-ESBL oglu family Siphoviridae ufaNMATeEuaN f
annsanuuwuaweslamafisumzie £ coli aglu family 8u Wy Myoviidae uas
Podoviridae léshe  feguvewvamailamanisumzde £ coli floglu  family
Myoviridae laun Phax (Shahrbabak et al., 2013) uavshatavasuuaeslomafisIwe
#e E. coli #oglu family Podoviridae 18 vB_EcoP_SU10 (Mirzaei et al., 2013) iud
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usilamz £ coli-ESBL uslivhansuuafisedu q Afusslevifieglusemedios

msAnwiuandifiuin QUBU-ESBL fifnenmitesiluiauiieldlumsinwlsa
feo £ coli-ESBL ethslsimamndasmsiuuameslemasanamiifnusiduadiaie
Juduseadimsfinundnuin  hiiesduluwivasnuani@aweivemuamesloms  anu
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Streprococeus prewmonige [7]. Pseudomonas acruginosa {8] and Vibrio parahaemolyticus [10]. Therefore, it is of
interest to {ind a bacieriophage for use as a therapeutic agent to control ESBL-producing E. coli.

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

EXPERIMENTAL SECTION

Bacterial strains and culture conditions

ESBL-producing E. coli 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
bucteriophage isolation. The bacterial strains listed in Table 1 were used in bacteriophage host range determination.
All of the bacteria were cultured in Brain Heart Infusion broth (BHI brothy at 37°C and kept as glycerol (206 v/iv)
stock at -20°C undil use.

Bacteriophage isolation

Bacteriophage isofution was conducted according to the protocol previously described by Phumkhachorn and
Rattanachaikunsopon [10]. A total of 18 wastewater samples used for bacteriophage 1solation were collected from
various sources such as animal farms. houses and wastewater treatment ponds 1a hospitals and industries in Ubon
Ratchattuni. 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 {ilter (SartoriousAG, Goettingen, Germany). Five mi of the filtrate was
added to an equal volume of double strength BHI broth. One hundred pl of ESBL-praducing E. coli overnight
culture was added © the mixture and incobated at 37°C for 24 h. After incubation. the culture was centrifuged at
3,500 rpm for 10 min and the supernatant was filtered through a 0.45 pm-pore-size membrane filter. The resulting
filtrute was used for examining the presence of bacteriophage by spot test method.

Spot test method

Spot test method was perfonned for detection oi'bacteriophtage in the prepared filwate samnples. In briell 100 ul of &
Jog phase ESBL-producing E. coli cullure was added o 5 mi of pre-warmed (60°C) soft agar (0.4% agar), gently
mixed, and overlaid onto a BHI agar plate. After allowing the soft agar 10 solidify for 20 min. 10 pl of each prepared
fittrate sample was spotted onto top agur layer. The spotted sample was allowed to dry and the plate was incubated
at 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 uctivity of bacteriophage. The filtrate sample giving a positive result was subjected 1o plague
assay to confirm the presence of a bacteriophage in the sample.

Plaque assay

The filtrate sample giving a positive result from the bacteriophuge isolation experiment was subjecied to ten-fold
serial dilution using BHI broth as a diluent One hundred pl of the suitable dilwion and 100 pl of log phase ESBL-
producing E. coli culwire were added intc  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 (o allow plques
to form. The formation of plaques indicates the presence of @ bacteriophage in the filtrate sample, The number of
plaques was used (o calculate the bacieriophage titer eapressed in plaque forming unit (PFUYml.

Bacteriophage purification

After plaque 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 plague isolation. The final single plague isolate was picked
and transferred into a tube containing 10 ml of log phase ESBL-producing E. coli culture in BHI broth. The tube
was then incubated at 37°C for 24 h to allow bacterial cell Jysis to occur. The bacteriophage lysate was centrifuged
at 3,500 rpm for 10 min. The supernatant was filtrated through 0.45 pm-pore-size membrane filter. The resulting
filtrate containing purified bacteriophage. called bacteriophage suspension. was keptat 4°C.

Bacteriophage host range determination
The spot test method (as described above) was used (© detennine the bucteriophage host vange by using 10 bacterial
strains listed in Table 1 as tested hosts.

Analysis of bacteriophage genome

Bacteriophage genome was extracted by using PurcLink Viral RNA/DNA Mini Kit (Invitrogen, Carlsbad, CA.
USA)Y. The purified genome was tested for its sensitivity to the restricion enzyme BamHI, R? A and nuclease S1
(Sigma-Aldrich, St Louis, MO, USA). The results were analyzed by 1% agarose gel elecirophoresis.
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Figure 2: Restriction enzyme digestion analysis of $UBU-ESBL. genome. Lane 1, Lambda DNA digested with HindII1 {DNA marker);
fane 2, uncut UBU-ESBL genome: lnne 3, §UBU-ESBL genome cut with BamRl

Figure 3: Morphalogy of gUBU-ESBE. genome as studied by transmission clectron micrascopy. (Bar = 50 nm)
DISCUSSION

The therapeutic approach based on antibiotics has been threatened by the emergence of ESBL-producing E. 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 Iytic bacteriophages 10
treat pathogenic bactenal infections [12. 13. 14]. Here, we screened for a bacieriophage capable of inactivating
ESBL-producing E. cofi. Although several bucteriophages specific to ESBL-producing E cofi have been isolated
{15, 16. 17}, our work is still important because the previously isolated bacteriophages may not have infectivity
against our ESBL-producing E. coli strain due to the high host specificity ol the bacteriophages. Moreover, having
many bacteriophages specific 1o ESBL-producing E. coli in hand can benefit the improvement of bacteriophage
therapy against ESBL-producing £. coli by using them as cocktails of different bacicriophages that have broad
spectrum against many strains of ESBL-producing E. cofi.

In this study. 6UBU-ESBL, a bacteriophage specific to patient-derived ESBL-producing E. coli, was isolated from a
wastewater sample collected from a hospital’s wastewater treatment pond. The finding of OUBU-ESBL in different
place from which its specific bacterial host was tsolated 15 not an unusual result because it has been known for a
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 okpdrl specific to
Klehsiella preumoniae DR derived from a hospitalized patient was isolated from a sewage water sample [6] and
bacteriophage ST1 specific to Salmonella Typhimurium ATCC13311 derived from feces of a patient suffering from
food poisoning was isolated from a water sumple collected from a swine lagoon [ 1]
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Bacteriophage host range is one of the parameters needed to be considered when a bacteriophage is selected to be
used as @ therapeutic agent. In this study, it was found that OUBU-ESBL had a very narrow host range. It inhibited
only its specilic host, ESBL-producing E. coli, but not the other tested bacteria. The high host specificity of ¢UBU-
ESBL makes the bacteriophage a potential candidate for use as a therapeutic agent against ESBL-producing E. coli,
Theoretically, it is harmless to the eukaryolic hosts undergoing bacteriophage therapy, and it should not affect the
beneficial normal fora of the host. Tt also has few, if any. side effects, as opposed to drugs, and does not siress the
liver {4].

In order to classify oUBU-ESBL., information on its genome and morphology are required. The digestion of ¢UBU-
ESBL genome by the resuiction enzyme BamHl 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 nuclease ST (a single
stranded DNA/RNA digesting enzyme). As examined by transmission electron microscopy, ¢UBU-ESBL had an
isometric head with a noncontractile tail. According o the International Committee on Taxonomy of Viruses, tailed
bacteriophages with double stranded DNA are classified in the Caudovirales order [18]. This order contains (hree
families including Myoviridee (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 a member of the Siphoviridae family.

CONCLUSION

In conclusion, @UBU-ESBL can be a potential candidate for being use as a therapeutic agent against ESBIL-
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. $UBU-ESBL and other previously
isolated ESBL-producing F. coli bacteriophages can be used together as bacteriophage cocktails to broaden
inhibitory spectrum against many strains of ESBEL-producing E. coli. However, more bacteriophage characterization
and in vivo testing for the infectivity of OUBU-ESBL are required in order o use it as a therapeutic agent. Some of
them are underway in our laboratory.
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