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Lfl1~rn11-;ij't:J L~e:J~ "fl11lJ?I1lJ11t:l"UmLL'UfiL'VIe:J~1m'V'l"il1'Wrn1~'\J8~ Escherichia coli te:1 
tn~?I~1~Le:J'W1'1ll1 extended-spectrum f3-lactamase (ESBL)" Ltl'WLfl~~tn11-;ij't:J~ii'W1~tJ1~"!l1&1 
vh.J"U"il1 L tl'W'lXTvtu1Lfl1~fl1~ LLGi~ii'W1t:J'V'l~~;ln~ -riVl'Uotlt:JflGi L?l.mu Ltl'U~~11l Lfl1~f111 Lfl1~fl111-;ij't:J 

• • 'IJ 
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~~vtt~"il1flLfl'.i~tn11-;ijf.ld~~ 1~u11 tJ~H~uwL~f.lLL 'V'l1L 'U~m~e:J~ "A Siphoviridae 

bacteriophage specific to extended-spectrum-f3-lactamases-producing Escherichia 

coli" 1'W11'.i?l11 Journal of Chemical and Pharmaceutical Research tJ 2015 o'\Ju~ 7(11) 

'VIti 1 604-608 
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Escherichia coli-ESBL ('V!~€1 ESBL -producing E. coli 'V!~€1 E. coli-ESBL) 'V!l.I1E.Ji1~ E. 

coli ~1EJVi'U5~~1l.l11fJ~~I'lb€l'U1"1ll1 extended-spectrum ~-lactamases (ESBL) b€l'U 1"1ll1 • 
~~fl~11~1l.l11fJvi1~1EJE.l1L 'Ufl~l.l f.Llactam 1~'VImnvrmEJ'l!UV\ ~1m'VII'li1'm1~mn hfl~Vlb~€1 E. . ..... . 
coli ~1EJVi'U5-d'~1EJ EJ1'lJfiib'U::~~bU'U 1 'lJ1~mn 1 'U"!h~b1~1~iifl11rl'U'V1115m11 Vtl.l 1 'Ufl11flTUfll.l • 6.1 • 

bb tJfl'Vib~EJ~e:Jm m1-rmn L1fl~1 EJ bb Ufl b 'Vl€l~1m 'V'l'<il ~m tltJ15m1'VI;j~~iim1l.l b tl'U 1 'lJ1~~~ m1?ii m~n 
'U 

i!ii11'lm.h::~~f1 b ~mbEJ mb~::~V\:ij1 bb 'Uflbb u fl b 'Vl€l~Lm 'l"llil~:ij1b vn::\01€1 E. coli-ESBL bb~:: b ~€l'VlV\~€lU • 
fl11l.l~1l.l11fJ 1 'Ufi11Ei'u8~bbUflVib~EJ~'U 1 'Ufl11?iin~nd~1l.l11mbt~mb Uflb Vl€l~Lm 'l"llil 1~ 1 'l!UV\ 

(<j)UBU-ESBU '<il1nJ1~bi''u'<il1fl'lJmhuV~J1b~CJ 1V~mb Uflb Vl€l~1m vl'<ild~1l.l11tJvi11l1biiV~ plaques 

1~"ll'U1Vlb~n~iib61''Ue.l1'Ul'I'U~nm~'lJ1::l.l1ru 1 (i~ 2 ij~~bl.ll'l1 bb~::Ei'u8~1~bovn:: E. coli-ESBL 
'U 

bVh~'U bbl"i1lJcj'u8~bbUflVib~EJ~1CJ~'U5~'U ., ~tJ1l.I1'VlV\~€lU ~11Vi''Uufl11l.l"l.l€l~bbUflbVI€l~Lmvl'<iJfJfl , I , 'U 

v €lCJ~~1 EJ 1~V~ EJ b€l'U 1"1ll11'i'V~:ij1b vn:: Bam HI ;~ bb~Vl~ 1l1b ~'Ul1'l!UV\"1.1€l~~11Vi''Uufl11l.l"ll€l~ bb Ufl b 'Vl€1~ • 
1m Yllil~ ~n~11 b tl'U ~bB'Ub€1~1 CJrl '<il 1 n f\11 ?it n~1~1 EJ n~€l~'<il~VI11l'lti a b~ fll'l1€l'U bb uu~ €1~ e.l1'U'V'IUl1 

'U • 

bbUflbVI€l~1mvl:uii~1bbUU isometric head (b61''Ue.l1'Ul'I'U~fl~1~'l11::l.l1ru 50 ± 3.4 'l.l1 1 'Ubl.lm) bb~:: 
'U 

ii'V11~bbUU~Vl'VIV11lJ1~ (EJ11tb::l.l1ru 290 ± 15.1 'U1L'Ubl.ll'l1) lil1fl~fl~ru::OZJ€l~~11~'Uufl11l.lbb~:: • 
1D~1~"ll€l~bbUf\L'Vl€l~Lmvl:uvi11~~1lJ11fJ~VI"i11bb'Ufl <j)UBU-ESBL 1il.'U~fl~ Siphoviridae fl11?iifl~1 
'U • 

'if1m ~.U €llJ~~'U\i1'U~bb~Vl~ 1 ~b ~'Ul1 J.UBU-ESBL iiPI'nCJ.fi1'V'I~'<il::1111 'lJ?iin~11"im ~€lLotlb tl'Ul'i'1 
'U ... 'f' 

Fl1Ufll.l-rfl~1hfl~~b~€l E. coli-ESBL • 
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Abstract 

Escherichia coli-ESBL (or ESBL -producing E. coli or E. coli-ESBL) are E. coli 

strains capable of producing extended-spectrum ~-Lactamases (ESBL). These enzymes 

can hinder the effectiveness of many ~-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, <j>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, <j>UBU­

ESBL had an isometric head (SO ± 3.4 nm in diameter) with a noncontractile tail (290 

± 15.1 in Length). Based on its genomic and morphological characteristics, <j>UBU-ESBL 

was classified as members in the family Siphoviridae. This study provides preliminary 

information suggesting that <j>UBU-ESBL had potential for further study towards its 

application as a therapeutic agent against E. coli-ESBL infectious diseases. 
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Escherichia coli (E. coli) btl'Wbb'Uf!Vib~mbm~"'U (gram negative) ~'\.Jbbvl'l (bacilli) L\11E.J 

'\.Jn~a1~1"HWI'U E. coli en~E.Jemluci'11G1''tlm~-:~fi'WLL"~"'\9111\11E.J 1,jvh1 'IXdi\11 hfi~~E.Jfll1 normal 
~ v 

flora ,~eJ non-pathogenic strains bb~'U1'1G11EJi'1'W~G11~1"im·h 1 'IXLn\11 hfi1~YI-:~1 'WA'W~"~"'I911m'l~ 

b~E.Jfli?f1E.JoW'Wfi~'Vh 1 ,Ln\11 hA hi'd-h pathogenic strains eJ1fl1".i~V'IutlmJilleJijfl1".i~\11~~eJ E. coli 
• 

1uci'11G1' (intestinal tract infection) fiB L".iflm~L'V'l1~el1,1".i~"~G'f11G1'eJ'ma'U (gastroenteritis) ;'I 

ijenm".iG'f1~qJfiB Vfa-:~~1-:1 (diarrhea) 'WeJfl~1nd E. coli 8-:~i?f1~1".iCJVi11'1XLn\11fl1".i~\11L~B'WeJflci'11G1' 
1~~1EJ L"li'W hA~\11L~·fl1'W"i:::'U'U'V11'1L~~i1i?fi?f11~ (urinary tract infection) hA~\11L~B1'W".i:::'U'U 
'V11'1L~'U,1E.Jh (respiratory tract infection) LLm:'IJa\11eJflL?l'U (pneumonia) Ltlu9iu m1-rms1 

1 ".iA~\11L~B f. coli 1\11E.Jyj'1L'IJ~~9imVi~lfl1".iLLC.IflL~B f. coli ~Ltl'UG11L,\91~1fl~thE.Jbb"~'Vl\11i?fB'UA11~ . ~ 

b~am (drug sensitivity test) "lleJ'I E. coli L~m~an1itJ1~L,~1:::i?f~LLn~tl1E.J m~i!E.J~1mum".i 
-rmnfieJm1un~~ P-lactams 1~LLn penicillin, amoxicillin, trimethoprim­

sulfamethoxazole, ciprofloxacln LL"::: nitrofurantoin Ltlu9i'u 

E. coli-ESBL (VI~B ESBL -producing E. coli) VI~1E.Ji5-:~ E. coli t11E.JoW'W~~t11l.l1".iClt:J~\11 
LB'UL"'ll1 extended-spectrum P-lactamase (ESBL) LB'UL"'ll1~-:~mh1?11~1".iC1Vl1mE.JE.J11'Wfl~~ P­

lactam 1~,!;11fl,mE.J"!IiJ\11 bbr;l:::LLlJ11~:::L~Bfl1oUE.J11'U third-generation cephalosporins ~'!Ltl'W 
m~oWWJ'W11 ,ij'IJ"i~~'V15.fl1'V'l~~'U~'U?l1~1".iCl'Vl'W~meJ'WL"'ll1 P-lactamase L~~'Jtl\111~ LL~ E. coli­

ESBL tltJ'Ifl'l?l1~1"iCl~BE.l11'Umh.Jffi.~ ~1m,l'lffi "ifi~VIb~B E. coli-ESBL ~'lbtl'Ui1ru,1£.11~ru 1 'Ufl1".i 
1 , Ql Ql 

-r fl'l~l-1 G11 LVI \11 VI ~ fl "ll B 'I fl1 ".i ~ B E.J 1 "ll B 'I E. coli \11 r;1 B \11 ~ 'lJ bb 'U fl'Vh ~ E.J 'U 1 'I "!! iJ \11L 'lJ 1 'I ~ • 
Enterobacteriaceae ~'J~'U 1 ~'JtJ (L"li'W Klebsiella pneumoniae, Pseudomonas 

aeruginasa bbr;l:J Haemophilus injluenzae b.Uur.1GJ) ijeJ~ 2 'IJ".i:m1".ifiB (1) fl1"i~\11b~Bfl\911~ 

5".i"i~"!l1~ (natural selection) mh1fia bb'UAVib~mb\?lr;l~"!liJ\111'Uu".i".i~"!f1~ij~-:~"!liJ\11~hl~amLLm~ 
"!fi!\11~~mna~'\.Jw1'U L~Bijfl1".i 1 offE.J1tlij~hu:mci1-:~~m~eJ'IL tlu".i~f.I~Ldr;11'W1'W 1 m~~ 1 tlii~r;lvl1L ,X 
LL'UfiViL~E.J"!fiJ\111~~BE.J1Clflfh'<J\111 VlVI~\111 tJ bbr;l~L,~B 11LiltJ'Ibb 'UAfiL~tJ"!IiJ\11.yj~BtJ1b 'Vh,j'U bbr;l~ (2) 

~ 

m".iL VltiE.JTt111 ,i,n\11m"i~eJCJ1 L tia-:~~1nm1 1 ieJ1-Jij~h'U~'l u-n'U1\11bbt;l~tl~~1ru~1~ LV1~1~a~V111, 
L ~el ClflVi1!;11 E.J L~~VI~\11 L ~B~'Iij fl1".ioW Vll'U 1 Lbr;l ~ b tJ~ !:J'Ubb tla'!G11".i~'W5m".il.J~'Ui?f1~1".iCl'Vl'U~Bfl1".iCl fl 

~ . ~ 

Vi1 r;11E.J 'tJ B'l E.J1L~ fl "i~'U'J'W fl1 ".i~ b ~ E.J1 -if B'l fl'U fl1".i L VIti E.J1't111 ,X Ln \11 fl1".i~ eJCJ1'tJeJ'I L~B fi eJ 

transformation, transduction LLr;l~ conjugation 

i1t1m1 m"i~am-nemL uAViL~m!'U L iJui1ruVI1f.11~rutl".i~fl1".i,;j'l1 'W1'1fl1".i LL 'V'l'Vl~ ~-:~t:-~a 1 '1Xm1 v v v 

-rm~1L ".iA~ \11 b~el~-:11 'Uf'l'U~\111~1 E.J E.J 1'1Jij 6/1Ju~iJ'IJ".i~~'V15.fl1V'I~lelfJ(;1'1 L~B E.J 1 ~'JE.J L ,~.Q' 
irn1'Vlmf'l1i?f\91{~-:~L~~~eJ'IVI1'V11'1L~eJn1 ,,j~~~L11m 1 'til 'Um"i-rm·n 1 "ifi~\11L ~eJ L\11E.J Lu'Y'I1d "iA~\11L ~a 
~Ln\11~1 mL uAViL~E.J~eJm 'YI1'1L~Bn,-d-:~~1~-r'Um1l.l?t'W 1~L tlumh-:~l.l1nfia m"i 1 iLL 'UfiL 'VleJ~1m v.J~ 
(bacteriophage Vl~m~E.Jni'U 1 -h phage) LL;;'l:JL~E.Jni5m".ii'm·n hfi~\11L~€l~1mL 'UfiL'VlB~1mv.J~d 
11 bacteriophage therapy Vt~B phage therapy Ll'lfJPJ1~E.J~ru,tumiG'f1~qJ'tJB'ILb'UAL'VleJ~LmvJ~ 

flB (1) i1fl11~"ii'1L'Vn~L~1~"il'l~flbM~b6(!fH~· (host cell) VI~Bbb'UAViL~E.JL\11V1~1tlbvl1,j'U bbr;l~ (2) ij 

fl1"i~1".i'l;gi~?l1'U host cell btltHL'UtJ lytic cycle nci11flBL~BLL'UAL'VlB~1mvJ~b-ih~.n1E.J1u1eJ?t~ 
~ 



L 61J(;l~ LL~'l'l~'VIr.J~ f11";ib lil'1UJ"lltFJ L 61J(;l~ Lb 'UI"lVi b~r.J 11 bb~'l G1~1"l€l'U.fl11"l bb 'UI"l b 'VIB~Lm 'rllil~'U(;lfl (prooeny 
.. cu , , \J ~ 

phage) 1 VI Ln~~'UL oU'U"iJ1'U'l'UlJ1 n.n1r.J 1 'UL61J(;l~~"ln"11 LL"~~~vhr.J LL 'UI"l L'VIB~1m 'rllillil~G1~1"lG11";i 
'U1"l€1~1"l€l€l fl1J1vl1(;11r.Je.Jir"l b'l!(;l ~ vl1 L VILb 'UI"lVi b~r.J Ln~ fl1";ibL~ flG1(;1 1r.J Lb(;l~~1r.J1 'IJ1 'U~G1~ ..X"ld • 
progeny phages ~~nG1~1"lJ'Unlil~~n'll"~'ll"Br.JBBfl1J1'UBflb61J(;l~ LL~'JL•th1'll'4fl1flvl1(;11r.J host 

cells 1 'VIll~Br.JL 'U'U~L 1ru 1m~' L~r.J"l,!'-1~€11 'll ~"le.J(;l 1 VI host cells Ln~f11";i~1moU'U'l"lfll1"l Lbi;t~~n 
~ ~ 

mul"l1l'VI~Bth~'~ 1 VI'VIlJ~ 1 'll11.1~G1~ ";i1r.J"l1'UL~t.nnum";i'111LL ul"lL 'VIB~1m 'rllillJ11 m 'Um";i-rmn 1 ";jfl~~ • • 
L=ffB1~LLrl f11";i1otlLL'UI"lL'VlB'11m'V'IIil1'Um";i-rm~nhl"l~~L=ffB Staphylococcus aureus 1'U~~1'Vl~i;t€J"l 
1~mL'UI"lL'VlB~1m'V'llilG11lJ1";i~vl1mt.M1..X"l 5. aureus "!liJ~~11l~Br.J1bL(;l~~€lr.J1 (methicillin­

resistant 5. aureus) (Capparelli et al., 2007) f11";i1otlLb'UI"lb'VlB~1mvl'l1'-lm";i-rn~nhl"l~~L~B11.! 
m~bbG1b~B~1'U'VI~~~~L=ffB multidrug-resistant Pseudomonas aeruginosa (Vinodkumar et 

al., 2009) LLG'l~f111 1-ti'LL 'UI"lb'VleJ~lmvl"il1 'Uf11";il"l'l'UfllJ hl"l~~L ~€1 E. coli viL U'UG11L 'VI\Jl"ll€1"lf111~~b :ff€1 • • 
1'Um~LLG1b~B~Lb(;l~L~BVIlJG1lJB"lbLG'l~ 1 "ll~'U'VI~"leJflLG1'U1'U 1nLL1;l~ 1 'Ui;tfl11 (Barrow et al., 1998) LoU'-! . ~ 

1 'Uf111~fl~1.Qiil~~";i'llil'VI1LL'UI"lb'Vl€l~Lmvl'lvl"il1LV'11~~€1 E. coli-ESBL ;"lboU'UL=ffB.yjbbr.Jfl1~ 
'11n~tJ-mvlL.UT!'Um";i-rn~111.! 1 ";i"lV'Ir.l1'U1(;1G1";i1V'I~'V!5'\.J";i~G1"lfl B1L.nmiiB"l ~"l'VI1~B'Ui;t";i1"!lu1ti 1~r.J 

'U • 

'l:::vl1f11";im'l"il'VI1bb'UI"lb'Vl€l~L€lb'Y'IIil'.il1fll9i''l€1~1"lJ'1.yi'"lbbi;t~J1b~r.J"il1flbL'VIa"l~1"l ~ ;"llil:::ffiBfl1G1V'I'U 

Lb u 1"1 b 'VI eJ~1m vl"i11~m fl'l1 m1 r.J "l1'Uvl c.l1'U "il1fltT'U "il~'ll1 Lb u 1"1 L 'VI B~LB b vl'lvi\Jl1'llilV'I'UJ'Um~ m~n 
flruG1lJ~~1"l ~ ~"ld l"l'l1lJG11lJ1";i~"llB"lbL'UI"lb'VlB~1m 'rllil1 'Ufl1";ivl1(;11r.JLL 'UI"lViL~r.J"ll'ii~~'U ~ 1 'U'l"l~ 
Enterobacteriaceae 1'\.J ~1"l"ll€l"l bb 'U fl L 'Vl€1 ~1 eJ L 'Y'I"ilm t.J1~ n~B~ lilG'l'Vl";i1 I'IUB LG'll"l mB'U LL uu ci B"Jc.i11.1 

'U • 

bb(;l~"ll'W~"ll€1"lG111~'UDfl";i";ilJ"ll€1~ bb 'UI"lb 'VleJ~Lm 'V'I'l ;"le.JG'l~1~'11fl fl1";i~ fl~11 'UI"lf~.n'l~bLG1~"l1 VIL ~'-!~"l • 
fl1";iileJ~"il~"l"ll€l"lLL 'U l"lb 'VIB~Lm 'Y'I"il~"il1 b V'l1~~ €1 E. coli-ESBL LbG'l~lJB"l b ~'U LBf11G1VI~BI"l'l1lJL oU'U 1 'll"llB"l 

~ 

1~~'.il~U1bb'UI"lb'VIB~1m'V'llil1 'll1 m 'Um1-rn~1 hl"l~~b:ff€1 E. coli-ESBL 1 'UB'U11"l\Jl 



Escherichia coli Ltl'Ubb'Uf1Yib~E.Jbbfl1d.J{;I'U (Gram-negative) ~UbLvJ.:J (rod-shaped 

bacterium) (1'\.J~ 1) ~~mi'lu Enterobacteriaceae family 3Jnm~tJmJ'lua11~'lle:l.:Jfl'ULL(;1~~(;11 
" " " 

L~tJ 111'¥11 'l \~\n~ 1 1fi'VI~m)'Ut;111tJ 1.~ '1 L~tJn-:h normal flora L~tJ~1d.J11t:l'Vl'U 1~ 0.1% 'lle:J.:J normal 

flora ~~'VId.J~ 'l 'U~11~ i1 E. coli L VitJ-:J'Ul.:J~ltJoW'U~L vi1,!u~'¥11'l ~Ln~ hfl food poisoning 'l 'Ufl'U 
v • v 

1Bf111~1tJ'Vle:J~ L ~a E. coli 1:::'VI11.:J'Uflfl(;I'VI~e:JL~'U'Vl1.:JYiL ~m.rr1~~1.:Jf11tJReJ fecal-oral 
' " 

transmission b;ffa E. coli ~~LU'U coliform bacteria "llil~'VI-d-:J~.:J"il:::mJnd.J1n'UeJ"il"il11:::'lle:J.:Jfl'U • 
LL(;I:::a(;111~tJ b ;ffaa1d.J11t:li1~1(;1a~uan~1.:~m tJfl'W LL(;1:::~(;111~L uu1::: tJ::: b 1mV1-d.:~ ~.:~,!u~.:~iltJd.J 1 off L ;ffa 

" v X. 
i!bU'U indicator organism L'Uf11)(;1)1"il?leJ'Uf111U"Jb'iJe:J'U~\l"il11::: (fecal contamination) L'U 

~1e:J~1.:Jb"li'U J1~d.Jbb(;l:::e:l1'\111) btl'U~'U 
E. coli btl'Ubb'UflYib~tJ~~1d.J11t:lbfl~eJ'W'vfl~~tJm~EJ flagella (peritrichous flagella) U(;l::: 

'W'U fimbriae ('VI~a pili) a~1B'U 1 ~1b'l!(lci" 'U1.:Ji:lltJ~'U~~nahfl'We:Jf11~'U'U'Vl1~L~'Wm'VI11'VI~e:J 
a11~ (extra-intestinal infections) V1'1Yl'U':h?t~1'1 capsule 1"'i'l'i'1tJ E. coli ?11d.Jl)f:lb':\J~qjb9i'UL(;) 

1~~hl't.tPn'VIT'J non-selective media ?11d.J11t:l ferment J11J11r;t lactose Lbm~'lmfl1r;tm;LL~.:J'VI~B 
'!J:U~uw~TVITJ MacConkey a1:1ar '1'1:J.rt~tlb'o\J~t~ 1JI11.J'Yi·1~·~ru'VI.t:Jii~n,.h:~ foi;~c.~;~lltJl L'J-4!:> fl.:Jrll 

L'llab~l:.l?l 'Ul'l~1tJoW'U5~ld.Jl)f:l'Vl'U~eJ'U 1~~.:!~'1 60 eJ.:!Pllb'1ir;'lb~tJ~ 'Ul'U 15 'U1Yi 'VI~e:l 55 e:J'!Pll . " 
.c:~~ ..:::iii Q.l' .r o,tl'~ . 4'~ d d 

L'tiGIL'ti(JG'f 1Jl\J 60 \J1Vl bb(;I~'Ul-·1~lEJ'V'I'UITC'Ilm1ri'VI1 ~V!Lfl~ hernol.ySIS 'lJ~.NL'Ilflfll.'lJ(tll_.f.ll'l\i11J.\i1,1J.:UVI ' . 
b"ii'7qJ'U't.IBl'V11';i blood a~ar f11':i"il1LL't.lfl"I!U(tl E. coli t:lt:lf1"il1flLL'UflVlL~tJ"l!U(il5'1..11.'1..1 
Enterobacteriaceae family 'V11l~1~tJm~tJfl11d.J?I1d.J1)fl L'Uf111 ferment J1\lll(;l"!ltJ~~h~ 1 

)U~ 1 .fll'V'IcilEJ Escherichia coli ':\11flfl~e:J'I':\Ja'VI11fiiUBb(;lfl!J11eJ'ULL'U'U~eJ'Ifl11~ .. ' .. 
('VId.Jl http://en.wikipedia.org/wiki!File:EscherichiaColi_ NIAID.jpg) 

bfl1'1?1~1'1'U1'1mh'I~B~'U't.lc:i1L'Ilr;tci""1Ja.:J E. coli e:JT~ijfiW?Id.JmldJ'ULLB'U~L"il'U (antioenic " . ~ 

structure) 1~mLB'U~L"il'UL'VI'hdij'UVl'U1'Vl~11"1ru'lum1-;,llu'Un E coli eJt:lflLU'Uf1~d.J~e:JtJ 'VI~a 
v • 

serotypes ~1'1 1 LLa:::L~tJn1fim1LLtJ fl'VI~mL tJ 'lf1~d.J LL 'UflYiL~tJ L~tJmPi'mLB'U~ L "il'U~U11f1fle:J~'U'U~1 
' :.J " 



.. 

L"llfla'h serotypins ~.:jfl11m1~'lli1~"lleJ~ serotype (;'11l.J11"'Vh1~~8~11~~tJ5n~m 
agglutination LrlmJ(;'Il.J~1L"I!m1LL'llfiVlL~m1uLLB'U~'\JeJ~~lil'1L'W1~ (specific antibody) antisenic 

structure ~vci'U'WLf11-:j(;'l~1-:j"dmL"Ilfla E. coli i1-vci 3 'l!U~ fltl (1) lipopolysaccharide (LPS) 
'lJ 'lJ 

'VI~tl somatic (0) antisens (2) flagella (H) antigen Llfl~ (3) capsular (K) antigen \J~~U'U E. 

coli i1 0 antigen l.J1fHYJ1 180 'l!U~ H antigen i1ll1nfrl1 50 'lltJ~ ua~ K antigen i1(;'1e:J.:j'l!tl~ 

rn'Jlil'1LL'Uf1 E. coli ~1l.l serotype di1ui~L8'llth11'VI~'U.:J1'U'V11.:!~1'U1::'\J1~i'VlmL tl'Ut~ci1.:Jl.l1f1 
~18ci1.:~"llm E. coli serotype ~Ltl'U~i..ij'nti\Jvh 1 Ubbfi::'Wu'l.ivE.J'"JTVi11...;'Ln~hfiVi'v.:~~'J.:J (diarrhea) 

L'li'W E. coli 0157:H7 Ltl'U~'U 

Capsule (K antigen, or 
V; in Salmonella) 

Somatic (0 antigen, or 
cell wan antigen) 

~tl~ 2 ~1LL'VItl.:j antisenic structure 'IJ'UL"I!ii'la Escherichia coli .. 
(~l.l1: http:/ /www.studyblue.com/notes/note/n/a--d-bacteriology-/deck/5115268) 

E. coli i1na1mLa::rn1l.l1.11l.J11"L'Uf111n8hfl (pathogenic mechanisms & virulence 
do cv , cr " cr d ., .-d ,..,J 

factors) Vll;'l1t'lqjeJ~vt!;11t.JU1~m1 bfl-;i~6'f'j'l~U-;i~l.ilVIb'WmL"'lflfl1 ~';i~VI'W'Ufl~Vl 0 antigen LLii'l~ K 

antigen i1~1'W'li18fl11UflUv.:!~Wtl(;laLL'UfiViL~E.Jffi....;'~mn'Un'W1~8 phagocytic cells (l'Wmru~ 
~1.:Jfl18cJ.:JbJi1 specific antibody LLIPlt.i'1~1-:jfl1E.Ji1 specific antibody LL~'JL"IlaaLL'UFlViL~mf'U~:::~n 
'V11a1E.JL~E.Jm::\J1'Urn1 opsonization) E. coli 'U1.:J(;'I1E.JW'U~ c1~mu'W1~(;'11E.Jn'U~~riv 1 1F1'Wt~n 
1~'U'U'V11.:JL~'t.lm'VI11) (;'11l.J1'J"(;'I~1.:J hemolysin(s) ~.:~i1q'Vl~'V11a1m"l!aaL~~L~ti~LL~.:~ LLa~Lrlmn~ 
fl11LL~fl(;'lmtJ"llmL"I!(;laL~~L~eJ~LL~.:J LL'UF1ViL~t~cJ'.:J1~~'U ferric ions ~i1m.i'l'WL"I!(;laUJ~L~ti~Lb~.:J ~.:~ 

'lJ 

L tl'U'51~~'li1llr;;.!JL(;'I~l.J fl11 b~~ru"lJeJ.:j b"l!(;la bl. 'UfiViL~8Bf1~18 endotoxin n b tl'U Bn'VI'd.:Ju~~EJL 'U fl11yJ1 , ~ 

L~bn~hfi"!JeJ-!1 E. coli ('J'Jl.Jt:i.:JLb'UfiVib~mLml.la\J"lJU~5'U '1 ~'JEJ) 1~8Fl11l.JLtl'UYi~lil~eJ~~ lipid A 

~.:!Ltl'WG11tJU'!i::fl8\J'VI~.:j b't.l LPS L~tJ~:::"nuamJ88fll.J11il1fl cell wall Lrlm"llm~LL\JfiViL~E.Jm8'VI~8 
'U 

LL~nl;'lmEJ endotoxin i1q'Vl~'VI~vriv1~Ln~m1l.!Ufl~~~1~qj 1~LLri 'Vl1L~Ln~H' (fever) m:::~'U 
Fltll.l'W~bl.l't.ltol (complement) m~~'U 1 ~~~eJ~Lb~.:j~'JnmmtJ'W~l.JL~eJ~ 1 'U'VIflti~L~fl~ 'Vl1L ~b~e:J~ 1 tJ 

L~E.J.:~-er!E.J'J~\P\1-!1 '1 (;l~(;l.:j LL(;l~m~v\'11~bi1~rn'J~flfl {shock) Lb(;l~b~EJ~i~h1~18 \J:u~E.J1urn'Jne:JhFl 
I I I ~ 

Vi~1~qJBfle:J~1-!!'VI'i1.:~f1e:J fl11(;'1~\:~ exotoxin ~.:Ji1fl~'VImE.J'l!ii~ (exotoxin 'U1.:J'l!ii~i1q'Vl5Fl~18Fl~.:! 



.. n\u1u exotoxin ~G'1~1~':il1flLb'\JflVlb~E.J"lliJ~~'W1-w Enterobacteriaceae family) 1~m1 heat­

stable enterotoxin bbl;l~ heat-labile enterotoxin Ltl'Y~'W L~E.J heat-labile enterotoxin ii 

flt:UG'Id.Jllilbtl'W A-B toxin fiv·th~nau~·-;w A subunit LL"~ B subunit L~E.J B subunit Ltl'WboWE.J~ 
' . 
G1'duvtlmum~~'\Jn'\J~'"lb'lm~LUTVId.J1E.J (target cell) u"~ A subunit iiflWG'111mlLtl'WLv'W1'111i~~ii 
fll111Ltl'Wii~1~CJ~~~Li1m 'li1G1.fl1CJ 1 'WL'II"~LlJTVI111CJt!u ~lti~1~L"Ii'W heat -labile enterotoxin "lltl~ 

'IJ 

E. coli (iiAUJG'Id.J~fl~1E.Jn'\J cholera toxin ~G'1~1~-:u1n Vibrio cholerae) ii~YIBvh1~Ln~ 
, v 

m~'\Jl'Wfl1~ ADP ribosylation 'lltl~ G protein ii~"vh1~~~vl'\J cyclic AMP ~~~'W ~~~"1~m~ 
'll'WG1~~iL"A1~~1mii (electrolyte) 'llmL'II"~LUTVI111CJt!'UL~CJhJ LLm~vh1~Ln~mm~ri1m'VImLtl'W,J1 
'VI~aY!a~~l~ (diarrhea) Ltl'W~'U m~ii fimbriae ('V11a pili) L~a1i~1'VI-ruEi~Lfl1~ (adhesion 

factor) nu1~G'IiiL'II"~rhi'uLtJuihl~E.Jamh~m~'VI~~1um~-dlE.JL~Ln~hA1~E.Jii~1m1'W';h E. coli~ 
ii colonization factor antigen fimbriae (CFA/1 LL"~ CFA/11) :Unvh1~Ln~hflm~L'V'11~tl1'VI1~ 

LL"~~11~am?I'\J (gastroenteritis) E. coli ~ii P fimbriae :Unria 1~Ln~ hA1'W~~'\J'\J'V11'lL~'U 
u?t?l1l~ Ltl'W~'W'Wtlfl':il1fl~m~11111LL~lt!u u~~tJ~'U 6j 1um~riahA'lleJ~ E. coli 1~uri 
Al111?11111~tl1 'Ufl1~b~~qJbb"~L~11-.51'Ul'U.fl1E.J 1 'WL'II"~ (intracellular survival and 

multiplication) LL"~m~~al'imntln~l'U~ (antimicrobial resistance) Ltl'W~'W 
hA~Ln~~1fl E. coli G1'd'WL'VIqjlrmtJum~~~b~tiLb'\J'\J endogenous infection ~~'VI111E.Jfi~ 

E coli ~iimi LL~l 1 'W~1-!lfl1tJ~'ULtl~~L lJ'WG'11L 'VI~ 1 'Ufl1~'Vll 1v1Lfi~ 1 ~fl bb"~iJmfi~ n'\Jfl'U.yjiJ.fliJ 
• 'U ' 'U 

~1'U'Vl1'W 1 ~fl~1 (immunocompromised host) 1 ~fl~'V'I'\JDtltJl1Lfl~~1fl E. coli 'V'IeJ?!~'ll1~vi'~-d' 
(1) Lr;'l~~Ltl'U~'l'f (septicemia) E. coli Ltl'ULL'UAViL~mLml.muvibiJ'U?I1L'VI~'lleJ.!l septicemia 'liatJ 

via~ L~ E.J L :fi'v viu m fl L -if 1 ~m~ LL?Ib~tl~~'U:iJfl111~ 1 flfl1~~ ~ L :fi'avi L~1l~'U 1 'UVI1~ L~'W U ?1?111 ~'VI~el 
" , " \J 

V11~L~'Utl1'VI1~rltl'U LL!;l~ell'1~1fl1~L~CJ~ll'l~l CJ 1 ~fl.n~~G'I~ 1 'W~thE.J~ii.fllJ~1'W'Vl1'W~1 (2) ~~L ;ffa 1 'W 
'IJ 'IJ 'IJ 

'Vl1~L~'WU?I?I1l~ (urinary tract infection) 1~tJ'V'I'\Jl1 80% 'llt!.!lhfl~~L~a1'W'Vl1-!lb~'WU?I?I1l~ bL"~ 
G11 u1 'VIqj'll tl.!l 1 ~A vi~~ L tJu 1 ~fl ~~ L ~a-:u 1n fl1~~ n-rn'l'f1~l 1 'U 1 ~ ~'YW1'\J1" (hospital-acquired 

infection) :Ui>f IL 'Vt~11l.l'inn E. culi LLfi~L:ffv~dj'U~lLVI~'llfl\1 hFHlL~'WL~-0vlmPi'~m.n 'W'Vl1.:jL&i'W 
' • 'IJ 

€11'VI11tf'ULtl.!l E. coli serotype ~'Vl'\JUt1tJ11LU'U1>'11L'VI~'lltl.!lfl1':i~~L;ftiL'U'Vl1-!lL~'UiJ?taTJ~ fit~ 04, 

06 llCl::: 075 L·deJ\1~1n E. coli serotype L'VIci1ii:Uni1il'll~fl;:;1~fi!htm'lvi11~Ln~hAfia 1:J\ln 

vhmtJL~tJ specific antibody 1'W serum ~·~m~Ln~~1flfl1~?1~1.:j capsule 'llti~L~a m~~~l'l 
hemolysins Lbr;'l~fll111G'11111~t11'Ufl11~'\J (binding) n'\J epithelial cells viua~.fl1E.J1'WvieJ'Vl1~L~'W 

' 'IJ 

u~?l1l~ (uroepithelial cells) Ltl'U~'W (3) Lg8~11?11la~ama'U1'WL~flLL':imn~ (neonatal 

meningitis) E. coli Ltl'WLL'\Jf!VlL~E.J~'Vl'\JDeJtJ (Lozf'UL~mnu group B streptococci) l1btl'U?I1L'VII'l 
' 'lleJ.!lhm~a~11?1118-!leJflL?I'U1'WL~flLL':imn~ t~m;ffa E. coli ?11E.J~'W~viriahfld:iln?t~1~ K1 capsular 

antigen LL"~ (4) m~L'V'I1~tl1'VI1~bb"~~11~eYm?~'\J (gastroenteritis) L'jfl1-um~L'V'I1~tl1'VI1~bbr;'l~ 

~11~viLn~-:u1n E. coli m~Ltlu1tJ1~~~LLl>imm~1lJ~uLL~.!l~'Um:::~.:~vi11~L~CJ~11'11~ E. coli vi 

ria1v1Ln~ gastroenteritis LLD~I'1111fl1~v'h1~Ln~bl9 (pathogenesis) 1~Ltl'U 5 m=i11fia 
' 

enterotoxigenic E. coli (ETEC), enteroinvasive E. coli (EIEC), enteropathogenic E. coli 

(EPEC), enterohemorrhagic E. coli (EHEC) Lb~~ enteroaggregative E. coli (EAggEC) (1'11~1~ 

vi 1) 



~1'31-:~vi 1 Gastroenteritis ~Ln~lil1fl Escherichia coli 

Organism 

Enterotoxigenic E. coli (ffiC) 

Enteroinvasive E. coli (EIEC) 

Enteropathogenic f. coli (EPEC) 

Enterohemorrhagic E. coli (EHEC) 

Enteroaggregative E. coli (EAggEC) 

Disease 

Traveler's diarrhea; infant diarrhea 

in underdeveloped countries; 

watery diarrhea, cramps, nausea, 

low-grade fever 

Fever, cramping, water diarrhea 

followed by development of 

Pathogenesis 

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 

dysentery with scant, bloody stools colon 

Infant diarrhea with fever, nausea, Plasmid-mediated adherence and 

vomiting, non bloody stools destruction of epithelial cells 

Hemorrhagic colitis with severe 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, 

sometimes with gross blood, low­

grade fever 

Aggregative adherence mediaed by 

60 MDa plasmid 

(Murray et al., 1994) 

enterotoxigenic E. coli (ETEC) bU'W E. coli -vivi'1h1Ln~bfl1~t.Je:nl'lt.J~'VIt'llv.:l heat­

labile LLG'l~ heat-stable enterotoxin ~L:ffB~~1\l enterotoxin ~\l~B\l'IJU111dt:lnfi'J'Ufl111111t.J~'W1'W 
'U • 

Vi6'l1~iJ111 (plasmid) LL6'l~fi'J1111'WLb 1\l~~L ~11lJ1fl~'Ut\'1L:ffvij pili vi1 m 'Ufl11g111Lfl1~n'U epithelial 

cell (~'Jt~th\l'IJU111'VI~B serotypes -um pili ~'lhm~:u virulence "UB\lL;B 1~LLn K88 -n'U1'W6'lfl'VIlJ 
'U 'U 

K99 V~u1'Ll~n-r1 LL~~ cFA/1 & cFA/11 •m.J1'Ufi'U Ltl'U~'U) mm1~'rl'ULn'Elijfl1)Gli1!L:ffe:J fllt~ 'VIa\l"ii1n 
'U 

~1\lfl1t.l 1~-r'Ub:ffa "ii~ij"i~t.l~~fl~'J (incubation period) 'l.h::mru 1-2 l'W "ii1fliT'W~tht.J"ii::ijmfl11 
'U 

VJB\l~';J\lbtl'Wbl6'l1 3-4l'W eJ1fl1)B1"iJhJ~'Ubb)\l bbf1~BT'ilijel1fl1)~'U i ~'J:U~'Jt.l L"li'W U1111Vlel\l fi~'W1~ 
mL~t.J'W ffii~1 i 

enteroinvasive E. coli (EIEC) LU'W E. coli ~~111~11tl'Ufl1flvl16'l1t.l epithelial cells ~ 
' ' 

t:.Ju'lGi'11~ mm1G11~ru~B m-rr u'J~Ll!;'l~L~t.J~Vi'a\l ijL~al1!aanu:;'IJulJ11ua"iJ"iJ1)~ <mm1fl~1t.Jn'U 
" ' 

hflul1!~bn111"il1flb:ffa Shigella dysenterioe) L~B11 E. coli ~ij 0 antigen 'U1\l'IJU111a:u~'U5n'U 
m1Ln1111 )fld 

enteropathogenic E. coli (EPEC) LU'W E. coli Yi~11111tlg111bfl1~ 1~n'U enterocyte 

(intestinal absorptive cells) ;\lLU'U epithelial cells ~'UB~'U~L'JWGi'11~L~flbbf1~Gi'11ru'VIru LLfi~ 
' 'U .... 

?i.:Jt:.Jf11 VfLn111m1vhmt.J microvilli 1?11\lu~nru~L:ffm·ii11 tJg111Lf11~ 1JJL6'l nG'l~LL 'UfiVJb~t.J 1m'Ufl11g111 
' 

Lfl1~'U'W~'JL"1lf1~ (adhesion molecules) jja~ 2 "!!U111 1~t.J'IJU~'VI~\lt:lflfi1'Ufi:U1111t.J~'U.yiB~'U'W 
'U 'U 'I 'U 

1fl11:u1"1l:u LL6'l~Bfl'IJU111'VI~\lt:lflfi'J'Ufll.l 1111t.Jg'W L'WVim~lJ~ enteropathooenic E. coli LU'U~1t.I~'U5 
'U , :;, , 

vlV'l'UtiBt.J1Tvh 1 Vfbi11111 1f1Vl8-!1~1\l1 'UL~n1~muvn~ 1 'W'I.h::L 'VIPI~~at.J~I'lJ'W1 



enterohemorrhagic E. coli (EHEC) LD'U E. coli ~~1~1'H1~~1~~1)~~~~')Vltfl~1t.lf1u 
shiga toxin (shiga-like toxin) Vl~m~tlfll1 verotoxin (~~1"llH~~mnvr'il1fl~l)~~'if~1m)f:l'Vh1~ 
Ln~ cytopathic effect nu Vera cell line) verotoxin ~1~1)fJLLoU~m:m1~\tJ'U 2 'llil~R8 (1) 

•tru~~Lvtila'Unu shiga toxin Liiau~amtla~L~'UI'l LL(1lfl~l~n'UL~ti~LL~m~a~i11'Ub~tl~~-n~m 
L'Vh,!u Lb~~ (2) "l!il~~L'VI1law1u shiga toxin L~ti~'VIfl~'ULU8~L~'UI'l 81n1)"1J8~ hR~Li'iV1"il1fl 
enterohemorrhagic E. coli 81'\ILD'U 1tl1~~'1bL(111:U~'ULL )~"il'U~'I~'ULL )'I lumru~~ULL )'1~1fl81"il'Vi1 
1~LnV181nl)~L~tlfll1 hemolytic uremic syndrome ~'~"~~81n1) 1(1111m5tJu'V'j~tJ (acute 

renal failure) .fl11~bfl~V1b~8V1~1 (thrombocytopenia) LL~~LnV1.fl11~ 1~~(1l"il1~"llilV1 
microangiopathic hemolytic anemiatl1~~1w 50 Ltla~L~UI'i'"Ua'lhfl'ifLnV1"il1fl E. coli 

serotype 0157:H7 hfl-d'V'j'tJU8t~1u"li1'181fl11"1~8U bL~~'V'j'tJoU8t11UL~fl~iim~~1fll1 5 tJ ~1L'VI~ 
lrmnV1"illflfl1)nuL d a~tl1.:~l:U~ n 'VI~a~~'U~~1:U~l'U m~u1'Ufil)'V'j1~L"ila hi • • 

enteroaggregative E. coli (EAggEC) L1lm18'Ubflm~tlfll1 enteroadherent E. coli LU'U 

E. coli ~vh1~Ln~1)flVJ8'1~1'11'Ub~flVl1)fl1'UtJ)~LVll"l~rh~.:~~\9!JU1 aggregative protein ~L~a 
~~1~(lflfl1'Ufl1J 1V1ti~t.l 1 'IJ'V'jm~iJVl (60 MDa plasmid) 

'II • 

m)-rm~n 1 )fl~~L ~a E. coli ~uacinu 1 )fl'VI~eJ'V'jtJ15~m'V'j 1~t~tln~m)-rfl~181m)VJ8~~1~ 
'II 

~bfl~"illflL~8 f. coli 1Jn1:JJutJ1J 1-tim bb~"il~1~t:Nil1m~bn~mdL~8Vl~LL'Vltifl1)~Wb~mllbL!;l~aL~fl 
'II "' 

1m1!;lvi"lla~~1~flltJ bb~'VI1flt:rtht~iimm)VJ8'1~1~"il1m~a E. coli ~1v-w'ufi~tia1~Ln~mm)1ULL )~ 
'II • • 

m11~tJ1tl~:nTu~'Y1~11J11mJu~~b~81~ L"liu m1un~1J fluoroquinolone ~11Jn'Ufl1) 1~t:-~~J1(111!;! 
Lfl~md m1-rmnhfl~~L:ffa E. coli 1u'V11~b~t.IU~~11~fl111~~.n1'Ufl~1J fluoroquinolone mil~ 
.Uat~ 7 1u ~11Jnum)tJ-ru~.fll'V'jil~~11~1~Ltlum~1~vm11~~t'J1tJ~1JJ1c·mhl~iim~mn 1 'VI~a 
~~J11J1n 1 L~a"ll··m1'Ufl1)fhil~L~aaan1JlnuJ1il~~11~ ?11u'V11)fl~~~L~mL!;l~iim)mfl11L~a 
~~~1J8'1eJm~u ~1~1)()-rfl~1~1tlfl111~tJTtJn:n1'U~1un~~ ~-lactams L~8'1"il1m~a E. coli G'11tl • :..! • 

~w5~'Vi11 ~Ln~L~ a~1J~1Ja'leJ' m~u 1 u'V11)m tlub ~a~iim1~am~~ ~~,!um)1-tl'mtl n:n1u~m""~ 
't , 'U 6.1 

~8'1'V1~~8'Ufl111Jb"ll8'1b:ffa~am (drug sensitivity) nau bL!;l~~t'J1tlfl111~-rumaci1'1~m~8'1LLr:l~ 
fl1'U~1t.lbyj8iJ8'1fl'Ufl11~€ltJ1"ll8'1b;jtlLL'UflViL~tl 

t1Tu~:n1'U~1un~~ ~-lactams Ltltm1'Y1ffim\l~~1~ ~-lactam ring LUtJ~t.ljllt.l UEJ1l1-tl'nu 

aci1~LL'V'j~'VfmtJ iiq'VltEi'u~~fl1)~~1'1t:·J'W'IL'ilr:l~ (cell wall) "llel'ILLuflVib~EJ m1un~~-d'Luum~iim) 
oW\9lltJ18ci1~'VIr:l1fl'VImtl LLtl.:~aamtlu 4 n~1J'VI~fl 1 fia (1) penicillins LLU~Ltlun~1Jciat~1~an fia 

(1.1) natural penicillins 1~LLrl penicillin G, penicillin V ~~tl1fl~1J;!w'Vlt.l~tl penicillinase 

LL~iitJ)~~'V15.fl1'V'j~'l~mLuflViL~mLm1Ju1mbr:l~~1tlb~(11 (spirochete) (1.2) penicillinase 

resistant penicillin L"!itJ methicillin, oxacillin 1m t.lbL 'UflViL~EJLLfl11J'U1fl.y1~~1'1L8U 1"l!&J 
penicillinase (1.3) aminopenicillin L"liu ampicillin bbr:l~ amoxicillin LDum.Yi'hl'Vlu~me:~u1'il~ 
penicillinase 1m~t:-~~~nuLL'UflViL~tJLLm~u1mLr:l~LL'UflViL~mLm~r:luu1'1'!1i1~ (1.4) extended­

spectrum penicillin L"liu piperacillin 1-&'tJ\t:-~!;ltl'UbL'UflViL~mbm~~u (2) cephalosporins mn 

~~m~-rum)~\9ll'U1"iltJ~1~11(l'VltJ~mau1'il~ penicillinase 1-&'t~~nuLLuflViL~tJ~'ILLmllmmLr:l~ 
LLfl11J!;!U bbU'IeJ8flLDt.l 4 generations m~m1~n1·l~'lum)88fl'J'VltLLr:l::fll)'VltJ~me:~u1'il&1 ~­
lactamase ~'ld (2.1) first generation cephalosporins L"liu cephalothin, cefazolin H1.~nu 



U.'UAViL~mLm:W'U1m'IJ~1·:m~:w bb~~bb'UAViL~mbm:W~'U'U1..:J'!!Utn L"li'U Klebsiella spp., E. coli bb~~ 
~ v 

Proteus mirabilis Ltl'U~'U tnb'U generation ffi~'VI'U~e:Ha'U1"1ll1 cephalosporinase (2.2) 

second generation cephalosporins L"li'U cefuroxime i1tJ1~~'VIGfl1Yl~n';h first generation 
~ v 

cephalosporins ~a 'VI'U~e:Ha'U161llJ cephalosporinase vhh~i1m1aan(j'VIGn\Jb;e:HL'UAViL~tJ 
u.m:w~'UL~:W~'U ci1'U cefoxitin ;..:Jbtl'UtnL'U~'\.J~{.'fa..:J (.'f1:W11fi'VI'U~a extended-spectrum beta-• 
Lactamase (ESBL) 1~ (2.3) third generation cephalosporins L"li'U cefpodoxime, 

ceftriazone i1tJ1~~'VIGfl1V'I~ 1-tl'l.~tl'Ubb'UAVib~mbm:W~'UU.~~ u.m:w'U'Jn (2.4) fourth generation 

cephalosporins b "li'U cefepime il(j'Vl~fl1a'Ufl~:Wbb'UflViL~£Ju.m:w~'Un11-:~n11 LL~::'Vl'U~e:Ha'U 161!l1 

cephalosporinase 1~~ (3) monobactams L"li'U azteronam Ltl'UtJ1~aan(j'Vl~rJ'U8..:Jm1(.'f~1..:J 
t:-Jil~ L61l~il"l.IB..:J Lb tm.Yk~tJ LLm:w~'U1tH1.:~ LL vi'l1~rla'U"li'1..:~~ u.~::'Vl'UI'l am1flnv'hmt~~htJ LCJ'U 1'1lli P-

~ ~ 

Lactamase tlT'a~m.n azteronam en'iilV'I'Ulm'UL:B'a Klebsiella oxytoca ~(.'f1:W11fl{.'f~1\l K1 P-

lactamase :W1'Vll~1£Jtn1~ bL~~ (4) cabapenems L"li'U imipenem bb~~ meropenem btl'U(.'f11~ 
ij P-Lactam ring ~aan(j'Vl~n11..:~ 1~nm.n(.'f1:W11fl'li:W~1'U~il'..:~L61!~~ci'J'U'Uan"l.IEJ..:Jbb'UflViL~tJIJ.m:w~'U 
1~~ Lb~~'Vl'UI'laLa'U161!1i (3-Lactamase 11:w~..:~ ESBL 'Uan'iil1n-dt:J..:~i1m1-w'W.J'U1(.'f11rJ'U8-:~ba'UL61!1i P­

Lactamase ~b~tJn';h (3-Lactamase inhibitor b"li'U davulanic acid Lb~~ sulbactam ;\llJ 

fJtu{.'f:wlli\f\a LU'U(.'f11~'Vl'UI'la'J'Vl~"l.la..:~Le:J'U 161131 P-Lactamase 1~ 1~nt~lYn 1-tl~1:wnmn1 'Un~:w P­

Lactams ;..:J(.'f11~..:Jmh1d'iil::L'IJ-.5''Utl'Ube:J'U161!l1 P-Lactamase vl11~m P-lactam (.'f1:W11fla"iln(j'Vl~ 
1~ 

~\ILLI'li1m1fi''U'Vl'Utn penicillin bb~~ilm1'111m1m'Um1~m~nhAL~e:JtJ A.l"l. 1940 LU'U~'U 
:W1~'U m1~mnhA~tnL:B'a E. coli ~1m.ntJ5;g1'U~L'Un~:w P-lactams ~a111~~~rla'U"li'1-:J~ LLI'l 

L'U"ll1-:~th~:w1rutJ fl.f'l. 1970-1980 L:B'a E. coli 'U1-:J{.'f1tJoW'Uih1:wi1-:~LL'UflViL~tJ1'U1'1Pl • 
Enterobacteriaceae 'VImtJ-zliltn L~:WlJ 011-w' WJ'U1~1 bel'! ~'U(.'f1:W11 fl ~e:J 1'1 a mtJ5;g1'U~'VIm tJ-zltltn 1 'U 

n~:w penicillin Lb~~ cephalosporin derivatives u~::L~eJ'IJ1~:1J1ru 10 Urle:J'U'VIU1.Q bb'UAViL~tJL'U 
1-:!Pl Enterobacteriaceae t~nmuV'11~ E. coli u~~ Klebsiella pneumoniae 1~iw.J'U11'l'ULB'I~'U 

(.'f1:W11fl~a!Plm.n'IJ5"lb'U~ 1 'Un~:w (3-Lactams 1~'VImn'VI~1tJ"!!tlt'l:W1n Lt'! tJ u 'UflVi L~tJ(.'f1:W11fl(.'f~1'1 
ba'UL61!1i~iJ~e:Jl1 extended-spectrum P·Lactamase (ESBL) (llse et al., 2011) ci..:~~~ll1'm1 
~m~n 1 1fl~~n L :B'e:J~Li'it'l'iil1nu 'UflViL~EJ~{.'f1:1J11fl(.'f~1'~ La'U 161!l1~-:~mi11-dvh 1~ EJ1mL~ ~ L tl'Ui:lty'VI1:W1n~'U 
L~e:JEJ '1 'iil1J'll1~A~-:~hi(.'f1111'ifl-rmn 1 1fl~~~~PJ~ln~m'l:Pim1~ ~\lt:Ji:~1l1'P11'l'l1m'll~, t1hFtlli:'l::: 

L~£J;g11'1~1EJ 1 1A~~b :B'm~:w:w1n~'U i'UL 'IJ~e:J\IEJ1LL~~'Ufl~1m'VI1\Ifl11bb 'Vl'VI~ Lb~~'VI1n hJ{.'f11J11flvt1 • 
bb 'U1'Vl1..:11J1 fl'J'U fl1J'VI~"il'\jel..:Jtl'Un11~ a EJ1"l.le:J..:! bb 'U r1Vi b~ tJ rl "il 1 1flL 'VIi;hrrt~ • 
na'U~'l~lJfl11fl'UV'I'Utn'IJ~~1'U~ (pre-antibiotic era) Bflfl~..:J 

n~1nm1~am'IJ~~1'U~"l.la..:Jbb'UAVib~tJt~nEJvi'11'1Jm~u.'tJ..:~eJe:Jmtl'U 3 15'VI~n '1 ~a (1) 011 

L'IJ~tJ'Ubb'IJ~..:~L\11'VI:W1EJ L'Un11eJelfl'J'Vl~"lJeJ..:Jtn (target alteration) m1te:Jm1~EJi5dV'I'U11L;fai1m1 
(.'f~1..:J b \11'V11J1 EJ 1 'VIl.i b via 1l1maeJn(]'Vl~1~tieJEJ~..:J ~..:~ci..:~~~ 1l1L ;feJ~'UteJI'lCJEJ1 L ~a..:J'11nm1l.i{.'f11J11fl-.5'u 
tl'Ub\11'VI:W1m~:w~bflEJe:Janf!'VlEa~1..:JlJ'IJ1~~'Vl5mV'I1~ L"li'U n11(.'f~1..:J PBP 2a (Low-affinity 

penicillin-binding protein) L'UL;ffa methicillin-resistant Staphylococcus aureus (MRSA) 

LU'U~'U (2) tl11(.'f~1-:lba'UL'tl:U:w1v'hmEJm (antimicrobial detoxification) bb'UflViL~EJ'VImu-z~il~ 



~1ll11f1Vll"1t.Jtn\J~~1'U~ vl11 ~tnilfJru?tllllii b tJ~ ti'Ubb D".!!L tJ~tJ Lli?l1ll11fltltlf1(]VIt1~ L '!itJ 5. 

aureus ~~tl~eJtl1 penicillin ~:::vi'1mt.1tn penicillin 1~nmmtJ'U penicilloic acid ~.!!LtJ'Ue.J~lJ1 
~1flf111?1~1.!1 LeJ'U 1 "1fl1 13-lactamase LVIEJLtJ'U L"lfl1"1luV~-d'cJ.!!?I1lJ1';imL U.!ltJtJm tl'UV!mt.J\J';i::: LflVJin1lJ 

"llilV~"llmm LL"~LeJ'U 1"1fl1iicr~m~~~1.!1LV~t.J~'U~tJ~'U'U 1rr:i Lll L"lfll ~'U~tJ~'UtJv.m?tllV~ V!~m111'U?IL tJ 
~ ~ 

"lftJ'U ( transposon) ;n~ Bmr.!lcJ.!Im~ L tl'ULtJ'U 1"1fl1~ LL 'Uf'IViL~tl?l~1.!1eJtJnlJ1~n~tJVILJmV!~m tJ'U 

Ltl'UL"Ifl1~?1~1.!!Lu'V'l1~LntliJ substrate LvhJ'Ufit~ Lb~~ (3) f11';i~Vif11';iU1t11LoU1aL"If~a (decreased 
~ 

uptake) LVI tiD n~ mtJ ~"i11'U::: ~ :::tJtJ fl(jVJt1~~::: ~ m;lJtJ1'UL oD1~ ~1 L 'l!~a"ll fl.!! LL 'U f'IVi L ~ tl n tl'U ~.!!1~f11';j 
;l.Jt:J1'UL i1~~1 b"ll"a LL 'Uf'IViL~t~dm~ L tl'ULL 'U'U 1-tlv.~~.!I1'UV!~eJ 1ll "1. i'Vi~.!I.!I1'Unt~ '!itJ.!!VI1.!1~mtJ~"i11tJ::: 
liJ~boU1aL"l!"a"lleJ.!ILL'Uf'IViL~t.J f1t1 outer membrane protein ~L~t1ni1 porin LV~m:fftJLL'Uf'IViL~tJ 

~ 

"111 ,..,J {I til I 0 d _ _ d 
LLf1~11tl1JiiJ:;:u porin Vli.1'1rltU'il~ 5 "ll'UVI flv Ornpl., UrnpF, LamD, PhoE LLI;i::: protein K "ll-1 

'!itJ~Vl1.!1L 'V1~1il'L tl'UVJ'l'~L ·u·l"lleJ\It:J·,tJn"i11'U~a1'U 1 V1t1J 1V~ mo'V'l1:::m1 'U n~:u 13-Lactams LL~~ 
v v ' 
CV .cj 0 21' d.::::l I -=::.. ~ V .o::::lit.q .<::11 I q..r 

qui nolones Vl~'U f111~ VI f111'U1 L "IJ1"1J eN tn"Ue:J-.:1 LL 'Uf'IVI L 1tJ LLin"~"ll'UVItl1liJ Lf1VIVI1 E.Jd 5 f111VI LLin f11n1~ f1'U 

1tJ 

extended-spectrum 13-lactamase (ESBL) 'Vi'llfl~.!ILL1f1D';i:::lJ1tu'll1~tl f'I.Pl. 1960 LU'U 

Ltl'U L'l!~'Vil!n'V'l'Ul1?1~1~lJ1liJ1 n~'U~eJ~"'. 'U plasmid "!JeJ~LL 'UflViL~t.Jvl~m.n LVItlbeJ'U L"l!~d?t1lJ11l'lLL tl~ 
tltlflL~LtJ'U 2 fl~ll f1eJ TEM bL"::: SHV LeJ'UL'llli TEM-1 LL"::: SHV-1 ~mtl'U~'ULL'U'UV!~eJL~t.Jf1'Jl • 
parent enzyme "!JeJ~bL~(;l:::fl~l.lmllci'1~'U ;~~~ TEM-1 LL~::: SHV-1 liJ:::iJqVJtvi'11~LL'Uf'IViL~tl~ 
?1~1.!1 LeJ'U L"l!~?l1:w11fl~eJ~ fltl1 ampicillin LL":::V!1f1LL 'Uf'IViL~t.J"llilV~1V~e.~~~nLtl'U 1"1f~~.!lf1~1Tffi 'U 

tJ~lJ1U!lJ1fl eJT'ilikmvi'11 ~bb 'Uf'IVib~tiJ'UieJ~eJtJ1 piperacillin LL(;l:::tn1 'Ufl~lJ narrow-spectrum 

cephalosporins L"li'U cefazolin 1~~1tl ~elll1L'U111tl f'I.Pl. 1970 ~~ 1980 n'V'l'Ul1 TEM-1 LL(;l::: 

SHV-1 lJ(jVIt"!Jmm~lJ~'U f1eJ ?11lJ1'Hlvl1mtltl1L'Ufl~lJ extended-spectrum cephalosporins 

L'li'U cefotaxime, ceftriaxone LLm~ ceftazidime 1~~1tl ~eJlJ1L~mnV~m1nmt.J~'U~"lleJ.!IL~tl~tl 
cnL 'V1~1il'LtJ'U1:::t~::: L 1m'U1'U 6'\ ?tV~vhm ~eJn?t1lJ11fi~~'U1m1~tJtnliJ'U?t1lJ11flitJ~~m1 'Ufl"ll 

I ' • 

extended-spectrum cephalosporins ~i1~1'U"llfl.!l oxyimino group 'Utlf1liJ1n\lcr.!lv.'U11V'Uvl 

f'I1'UfJl.lf11';i?li1~ ESBL tJ~?I1lJ11'lV.'U1~'U transposon ~1tJ LVIt.JEj'U~f'lTUfJ:Wf111ieJtnii11:W1"Jfl 
LL'V'l~m:::liJ1tJLtJ1~~1tJLL(;l:::11VIL~1lJ1flL'ULL'Uf'1ViL~m~f'l Enterobacteriaceae LVItlLO'V'l1:::eJ~1.!1~.!1n'U 
L~eJ E. coli LL"::: Klebsiella pneumoniae L'UUliJ~LJ'ULL'Uf'IViL~tl~~~1~ ESBL 1ll1~~eJtnLi'itJ.!!LLfl 
aminopenicillins, ureidopenicillins LL(;l::: narrow-spectrum cephalosporins LVhJ'ULL~ieJ~eJ 
~~ extended-spectrum cehalosporins LL(;l::: aztreonam ~1tJ tn~cJ.!!Lm~e.~(;ltl'UL~eJvi?t~1~ 
LeJ'Ul"l!~ ESBL ~eJ cephamycins LL(;l::: carbapenems UliJ~LJt.llJ11ti~1'Ul1'V'l'U ESBL lJ1f1f1rJ1 120 

"llilVI LV~mL~~:::"IlilV~iit:J(;l drug sensitivity profile vl~L~nn~1~ntJLYit.J.!IL~m!mJ LL~a.!le.J(;lL~m';ifmn 
~1 titntJ~"i11'U:::~m ~eJ LL 'Uf'IVi L~tl L 'V1~1\lvl1L~fltlt.loU1.!1t.l lflf1'J1L~lJlJ1f1 liJ1flUt1j'VI1f111ieJmtJ~"i11'U::: 
"!JeJ-!1 LL 'U f'IVi L ~ tlln 1lJ~ fl~ 11lJ1\l a .!le-I (;lL ~'l!n1Vl tnf'l1?tlni ~m'Vitnt11lJlJeJ~'VI1Vl1.!1 L~eJ fl'VI~tl LL 'U1VI1.!1 

1 V!l.l "1. 'U m1fm-n L1f'I~VIL ~eJ L ~eJVJVI LL VJ'UV!~eJ(;lV~fl111 i'VI~tlfl11~.!1'Vi1t.J1tJ~"i11tJ::: 1 ~UtJt.J(;l-!1 
LL 'U1Vl1.!!'VI-d.!!vin1~.!1 L tl'Uvi?tu LliJLL(;l:::iim1Pim·nn'UtJ~1~ LL -w~'VImt~ ~e1m1'111 LL 'Uf'IL VJeJ~ 

1m'V'lliJ (bacteriophage) 'VI~m~f!fl~'U 1 11 L'Y'I~ (phage) ll11-liL'Ufl11fm:~nhf'I~VIL~eJ Ll'ltiL~tlfl 
i5m1fmnhf'l~I"'L~eJLI'lt.JLotlL'V'l"il11 bacteriophage therapy 'VI~eJ phage therapy (Richard, 



1999) bV~8~~fl~1'U~'U~'UL~tr.Jtl'Ufl11llLU'U 1tJ1~-r.reJ.:jfl11t.h phage therapy ll11m'Un11~fl'l~n hr1 
~~L~el'lY'UL~lli1ll1~-:jLb19itl fl.l"l. 1980 1~8fl11~m~m~cnilu phage therapy J'U1'U1~tJ~L~llLL1fl 
ifn~U~v'h m1~m:~n 1 'U"'~1VI~~ eJ.:j l~tJ Lovn~ 1 'Utl1~ b Vll"lVJl.:j bbt"l'U;n1~ n~~-r'U~fl LL~~ 1~~m U'U~'t.i1 
vm 1~Uilu b1fl~VIL~B~mtJ"1!U~~ili:11L~~mlil1flLL'UflYiL~mLmll61'U L"ti'U E. coli, P. aeruginosa, 

Acinetobacter baumannii, K. pneumoniae, \1. vulnificus LL61~ Salmonella spp. LL61~ 

LL'UflViL~8bLfl1lJU1fl L"ti'U Enterococcus faecium LL~~ 5. aureus LU'U~'U LL~~I'iBll1.fl1tJ~~.:jfl 

L~lli1m1'l11 phage therapy lll1m'Wm1-rmnhfl~~L;ffB1'Ufi'U (Richard, 1999; Slopex and 

Kucharewicz-Krukowska, 1987) Ulil'-\lU'ULL'U'lbUlln11'l11 phage therapy m1it'Um1-rmn~.:j 
VJ1fl1lll~1b tl'Ull1fl~'U 1V~mu'rl1~ L ~Bm1-rm~n 1 1fl~V~b ~B~~BI'iBm~mfl"l!U~ [ multidrug­

resistant (MDR) bacteria] 1~LLrl vancomycin-resistant Enterococcus faecium (VRE), 

vancomycin intermediate-resistant 5. aureus (VISA) LL":: methicillin-resistant 5. aureus 

(MRSA) LiJ'U~'U (Richard, 1999; Shigenobu et al., 2005) 

LL'UflL Vltl~bm vJ~ULtJ'U 11-ri:1 (virus) "llemL 'UflViL~tJ ffifl1-:j{;'f~1-:j~~tl~1'Utl1~fltl'Ucl1rlqJfiB ;;111 

~'UliTl11ll~~Bfl1~U1fl~Bfl (nucleic acid) Lb"~ L tl19i'UviB~lli:111~'U5fl11lJL~tlfl':h LLfltl~~ , . . 
(capsid) ~.:jeJT'ili11tl~l.:jLiJ'U'Jtl~mm~~tJll L"ti'U icosahedral LiJ'U~'U l:111~'U5fl11ll"1Jtl.:jbb'UflLVIB~ 

"U "U • 

1mvJ~Um~UbiJ'U DNA V!~B RNA B~1-:j1~B~1-:j~.Q.:j bL"~m~UiJ1tl~1-:jLiJ'Ub&1'U (linear) Ltl'U':J-!1 
"U 

(circular) ~~mLU-!IbiJ'UvtmtJel'U (seomented) til~ i:111~'Ulifl11ll~t1fl'IXll~1mLfltl~~,iu1-!!Vim~U ::> .. '\1 , 

b~tlflll ~'l'U~'l (head) LL 'Ufl L VIB~1m vl~U'Ul-!l"l!U~BlliliJ!.'i1'Utl1~fltl'UL ~ll L&illfiB iJ~'l'U~-!IiJ~ fl~tu~ 
btl'UviBm'll'iBI\!1fli.'i'l'U~1 b~tlflll i.'i1'UV1l'l (tail) bL61:::'U~L1UJ!.'i'l'UV!1-:j,itJ11\!Yl'ULfi1'1{;'1~1.:J~'U 'l 1~ 
~'ltJ L"li'U base plate, tail fiber LiJ'U~'U (~tl~ 3) fl11i1~~B111i16i'l'U~1-!I Lb"~fl11~~-~~1~"1!tl-!l 
i.'i1'UVf1-:jl:11ll11t11m'Um1~lbL'Ufl"l!U~<tltl-!ILL'UflLVIB~1mvJI\!1~~1tJ (Ackermann, 2003) 

1tl~ 3 ~1tl~l-!!1tl~1-:j Lb" ~~'l'Utl1 ~flPJ'Ucl1rlUJ'IJB-!IbL 'UflL Vltl~bm vJI\J 
"U "U ... 

( ~ll1: http:/ /sahsrojas. pbworks.com/w/page/371827 5/Bacteriophage) 

Lb 'Uflb VIB~1B L ~"'ilt1flf1'U'Vl'Ufl~.:jbb 1fl1~tJUfl1VItJ11"1ll:1"iaeJ.:j'Vh'U 1 'U"li'l-!!L 1mvflml' bfiitJ-!In'UfiB 
"U 

1 'Uti fl.l"1.1915 Dr. Frederick William T wort il'n'rlmfi1'Vlm"l!1'lel-!!flq~1~v11m11~ tJYl'U b-ra vi 
i:11lJ11t1vl11'1XLb'UflViL~t.J Micrococcus nmtJ~'U~ LL"::lutl fl.l"1.1917 Dr. Felix Hubert 

d' Herelle 'l!n1VIml"lli:1~4"1!11e.l~~LI"ll:1A'U'V'I'U 1 'l-rl:1vla1lJ1';mvhl'IXLfl!"a LL'UfiVib~t.J Shigella LnV~m1 



LL~fWIJ;~1tJ (lysis) Bn~..:~ Or. d'Herelle tJ.:JLU'U~flflaLL~nvhirh;h "bacteriophage" 1'Wf11~L~t.Jn 
\-;r!£1vi£11dJ1';it:l'umn (infect) 't-1~ervhJ;~1tJL61!J;~ci'LL'UflViL~t.J , . 

1~t.Jvi'lhlm<Jun (infection) "llB.:JLL'UflLVIB~1m'V'I~LoU1£1Lf1£1~L61!J;Ici' (host cell) irn~~ij 
• 'U 

fll1dJ~1L'V'11~~-.!Il.l1f1 (highly specific) n~11Bf1'1Jt.J't-1~~~mL'llflb'VlB~1m'V'I~"!lil~1~'1lU~'t-1~-.!lfllJn~~ 
vl1!;1 18 LL 'llflYiL~El L fiEJ-.!I"!lU~ 1~'1lU~l-1tj.:! L vh,!'U fll 1lJ~1 b Vi1~';i~WJ1~ LL 'Ufl L 'Vle:J~Lm 'W~ tl'U bL 'llflYiL~t.J.yi 
L tl'W 1~£1 ~ L61!J;~ci',!'U Li'i~~'U 1~ EJm~ tJ m <J~'U tl'U1~Wj1~1'1 1 LL wtl~vi B~'ll'UB'U.f11fl"lle:J-.!I LL 'llfl L 'VlB~1 e:~ 

'U , 

.q 1 Q.l 0 IQ I Q ~ qq d I • 

L'V'I~L1t.Jm1 attachment site f1'UIJI1LL't-1'U~'VlB~'U'Ue.Jlb61!J;IJ;~"lJB-.!IbL'Ufl'VlL'JtJL1EJm1 receptor stte 

~1 n,!'Ui;'I11~'Ul) f11'JlJ"ll eN LL 'U fl L 'Vle:l~LB L 'V'I"il n~ ~t:l m11 L oU1~ L61!J;~ ~ LL 'U flVl L~ EJ bLJ;I~ L~lJ~'ULoU1 ~ 
, '\1 'U \I 

f\i~'U1'U f11'JL ~lJ~1'U1'U (replication) "lle:l~LL 'UflLVIB~Le:JL'V'I~~B L 'tJ 

m<JL ~l.l~1'U1'W"llm LL 'UflL 'Vle:J~1m vl"ilmt.J 1 'UL61!J;~"LL 'llflVlL~tJ£11lJ11t:lLL 'IJ..:~L tl'U 2 i:ln~m.t~~B 
LL'U'U lysis (lytic cycle) LLJ;~~LL'U'U lysogeny (lysogenic cycle) (~'\Jvi 4) f111L~lJ~1'Ul'ULL'U'U 
lysis L~B£111~'Ulif111dJt:lf1U1L "!i'1lJ1.f11tJ 1 'UL61!J;~"LL~l f1J;~ Lf1~1~ '1 viL~t.Jdotle:l~tl'Uf11'J~11.:!~1~"lle:l.:! 

• 'U 

LL'llflVlL~tJ 1~u.J'tJn~~~l-1~~"~~~rnJ;~~ L ~e:~..:~~1mL 'llflL 'Vle:~~1mvl~~~L-H'11 'tJfll'llfllJLLJ;I~ 1-b'nJ;~ tn~1..:~ 'l 
L '\11rt1J'UL ~Bf111L ~dJ~1'Ul'U"lle:l~ bL 'Ufll 'Vle:J~Lm vl~ L vhJ'U L~EJL~lJ~ 1f1£1~1.:! L U1~'U'Vf~t!Le:l'U 1"1ll1~1flqj.yi 
L~m-H' 'fl.:! nu m<J'iiJ1J;~B..:!£111~'Ulif1':i1lJ LL~l~-.!1£1~1-.!IL '\J';i~'U't-1~m1l'WU 1~f1B'U"lJB..:! LLflU~~LLJ;~ ~ 
Lfl1 ~£1~1~~'U 'l ~1nJ'U~l'UU ~~ n e:~u ~ 1~ 'l vi\] n£1~1~:ff'Ul.l1 L U'U 'iil1'W1'Ul.l1 nii'~.:~l.l11ll.l n'U 

(assembly) nmmtl'WLL 'llflL 'VlB~1m vl~£1l.lu~ru~1'Ul'Ul.l1mn~:ff'W.n1t.J 1 'WL"'!J;~" LL 'llflL 'VlB~1m vl~vi 
Ln~~'W1l-1lJUL~tJf1'll prooeny bacteriophage 1~tJ1~tJ~LdJ;~1vhi~.:~LL~LL'UflL'VlB~LBL'W~umm.U1~ 

::::, , , '\1 

L"'!J;~~LLJ;~~Ln~ progeny bacteriophage en"il1-b'nmLVit.J.:~L~nuat.J L'li'W 1-2 offlLdJ·:ILvh,!'U ~.:~d 
~'UB~tl'U"liU~"lJ'fl~LL 'UflL'VlB~Lm vl~ LLJ;~~ 1 'U.yi£1~ LL 'Ufl L VIB~LB L vl~ n~~£1~1~£111'U1~B~1-:IBBf1lJ1vl1J;~1tJ 

'U , 

e..~iJ~L"'!J;Ici'"lJB~LL'UflVlL~tJ ~'Ue.JiJ.:JL"'!J;~ci'Ln~f111bL~f1£1J;!1tJ (lysis) LLJ;~~'\Jr;ie:JtJ progeny 
... ... ' 

bacteriophage 'iil1'Wl'Ul.l1nL'Vfrt1il''WBBf1lJ1'UBnL61l"ci' ~1nir'U progeny bacteriophage ;.:~l1 

fltu£1lJlliiL "ti'UL~tlltl'U LL 'UflL 'Vle:l~LB L vl~ L~lJ LL 1nvi L "li'1~L61!"" tlVi~'fllJ.yi~~ L "li'1~ LL 'UflVJL~m"'lm~1 l-1lJvie:~~ 
, 'U '\1 '\1 

"li'1~L~tJ-.!1~81'lJ (Medioan et al., 1997) f111'Uf11f1'Vf~8vl1J;~1m"'lmhLuflViL~tl"!.lmLL'llflL'VlB~LB ::> , , 

L vl~LL 'U'U lysis {j' 1'Wvi£1~~~vi'11 ~LL 'UflVJL~tJ'VflJ~ 1 '\J~1f1'U~Ldtu~iiLL'UflL 'Vle:l~be:JL li"il"llil~~'Wm.J G11'U 
, 'U 

f111 L ~dJ 'iil1'W1'ULL 'U'U lysogeny LL 'llfl L 'Vl a~1m V'l"ilvi£11l.l1'Jt:IL ~lJ'iil1'Wl'ULL u'U'd\~L~t.Jn';h temperate 

Phaoe L~8£11Tn'Ulin'J1lJt:lf1'111L oU1lJ1.f11tl 1 'UL "~~"~ LL~1 LL 'UflL 'Vle:l~lm y.J~~~'I11£11-;i~'Ulif111lJ~'UL "li'11 'tJ ::> , '\1 • 

LL 'Vl<Jne:~ ~1 'W Lfl1 ll.l L"'ldJ"lJB~ LL uflVi L~ tJ £111~'Wlif111lJ"lJ8~LL 'llfl L 'VlB~lB L vl"ilviLL 'Vl1nm.J1 'U Lfl<J ll.l L"'ll.ld 
'U • 'U 

L~t.Jn'h prophage LLJ;~~L~B LL ur1Vi L~mL 'IJ..:~~1 L ~lJ'iil1'Wl'U £11<J~'W~m1l.l"ll8-.!ILL'llflL 'V18~LBL -w~n~~n 
m<J'iil1"8~~1LeJ.:i1 '\JVi~Bl.ln'W LLJ;~~tJ.:Ifl.:ILL'Vl1f1B~'1 'W Lfl<Jll.l L"'ldJL'li'WL&ilJ 1~t.J 1lJvi'11~Ln~ progeny 

bacteriophage ~..:~,!'Uf11';iL~lJ'iil1'Wl'U"llB.:JLL 'UflL 'Vle:J~Lm'V'I"il LL'U'U lysogeny ~..:~1lJvi11~Ln~f111LL~n 
£1J;IltJ't-1~BnTlP11tJ"lle:l.:!bL'UflViL~tJ (Vegge et al., 2005) LL~B1~vl11~Ln~f111LU~tl'ULL'\Ja.:~'n''Ulif111lJ 

• 
't-1~Bf111f1"1t.J-n''UQ (mutation) "lJB-.!ILL'UflVJL~tJ1~ 1'W'll1~£1.f111~ prophage B1"il'Vf~~8Bf1~1n 

Lfl1 ll.l l61!dJ"lJ'fl'ILL 'UflVJL~tJ LL"~£11l.l11t:l n~u L oU1~f111 L ~l.l~1'Ul'ULL 'U'U lysis 1~ L~tlf1U11f1!) f11'JWL -d'U;i' 

11 induction £11L'Vf~G11fl'ruvivi11~Ln~ induction 1~LLn f111m~~'U~1mL£1-.!IeJai'I111118L"~'~ 't-1~B 
, v • 

£111Lfli1'U1-:I'I!U~ L U'U~'U ~~dLL'UflL 'Vle:J~Lm vl~viut.Jl.l'l111 'tJ1 m 'U-.!11'UVI1-.!1~1'U phage therapy L ~B 



vrr.:~~?t t~LL 'UflL 'Vle:J~Lm vl'l h.J infect LL 'Uf1YlL~tJne:J 1 ~f1LL"~vh1 ~Lfi~m~t911tJvt1mL~nG1mtJhJ'lle:J.:~ 
LL'UflYlL~mru ~.:!bU'WLL'Uflb'Vle:J~Lm'rl'lv\ilm1L~dJ~1'W1'WLL'U'U lytic cycle 

Birnuy fi$51Qil h1 
completed; ooch 

c~lhaalhe 
phage DNA 

iriCOI'J)t'Xated. 

Collars. sheaths. and baseplates 
have been attached to heads. 

Tail fibers ate added tast. 

Phage is replicated along 
with the bat:turlal DNA 
prior to bi!\aiY fission. 

ltlv\ 4 fl1~b~dJ~1'W1'U"llB\lbL'Uflb'Vle:J~1m'rl'lmtJL'WL'Yl?t!.hb'UflViL1tJ 
(~dJ1: http://arthropodsbio11cabe.wikispaces.comNiruses.) 

1 'Ue:J~~m~~~~1LL umL 'UflL Vle:J~1m 'rl'lfY~ 1lJ~e:Jt~ilnn Lmu'flvi~1tJ~1 LLI'i~u e:J~nu-.h'l~~~~e:J 
mdJLnru'fi"lle:J·:n!n1VJmf"11G1~1vhu1~ LLI'iU"il"il'l1'um1~~~1LL'Wf1LL'Uf1LVIe:JTie:Jb'rl"ilL~dJilLnru,1dJ1t911~1'W . ~ 

dJ1n~u L -de:J~"il1niivt'l.J1 tJ~1uYivhvt'lhvtl um~n1vt'W~Lnru't'iLL":/J5m~~~lii'1LL un 11-rG1 L ~e:J 1 iL iJ'U 

:U1~~~1'Wb~tl1tl'Wfle:J International Committee for Taxonomy of Viruses vt1e:J ICTV b~tJ1~ ... 
..a'~-;l1bb'Wf1L11G1e:Je:JmiJu 3 order, 61 family Lb?t~ 241 genus fl11~~~e:J11-rG1l~tJvf11'\J"i1~1ifl1~1 
ft~~i't..lvt~P"1n~n ~B order "il~?t~Vl1tl~1tl virales ~e:J family 'l~?t~VJ1tl~1!:.1 -viridae bb?t~~e:J 
oenus "il~?t..:JVl1tJ~1!:.1 -virus (Ackermann, 2003) bb'UflbVIe:J~bm'rl"il'Vlf1"1lU~f:ln~~m.l'lu order :> , 'U 'U 

L~!:.11tl'W fle:J Caudovirales L~tJLL'I.J~e:Je:Jmtlu 13 family bb{;'t~ 30 genus (~1~1~-vi 2) blje:JoW"il1~ru1 
~'I.J~1~"l!B\lbb'Uflb'Vle:J~1m'rl"il 'Vl'U'-.hG11dJ1~f:lLL'I.J~e:Je:Jf1L~btl'W 4 n~dJLvtqj ~..:Jd (1) Tailed phage fle:J 

bb'Uflb'Vle:J~1m'rl"ilviilvt1..:J (2) Polyhedral phage fimL'Uflb'Vle:J~lm'rl"ilvil1'1ii~'I.J~1~vtmmvt~!:.ldJ (3) 

Filamentous phage fle:Jbb 'UflbVIe:J~bm 'rl"ilviiii;lm~!ru~f1~1m61u LtJ ~~ 1lJiifl11Lb U..:Jb .Uu~1'Ul11vt~e:J 
vt1~ LL?t~ (4) Pleomorphic phage fimL'UflL'Vle:J~lm'rl"ilviii~'I.J~1~1lJLL'Li'Ue:J'W (m~1~vi 2 bb{;'t~~uvi 
s) ;~~1 ~:.~?t~La~:.~~ L~ ~:.~1n'U Lb 'Uf1LVIe:J~1m 'rl"i!LLI'i?t~ n~dJ"il~ n~11 ~~l'ie:J 1 'I.J LL 'Uflb 'Vle:J~1m vl'l?hu t vtrui!G11~ 

' "' 
~'U'5f11~dJbU'U double-stranded DNA iib~!:.I~~1'U1Je:Jmvh,!uvii1G11~~'U'5m~dJb'iJu sinole-

' ' ::, 

stranded DNA, single-stranded RNA vt1e:J double-stranded RNA bb'Uflb'Vle:J~bmvl"ilvi~u'Vl'U 



LL~Ti.'i'J'u1vmkuuvnn tailed phaoe ~-:JLvhvii111f!-:J1'Ue:Jflb'U"Uru::-d'i1€l~'l.h::lJ1ru 4950 'llil~ 
v ~ ~ v 

(Ackermann, 2003) ue:~mnndiJ.~i1LL'Uflb'VItJ~1mvhru1-:J'llil~~i1LB'UL'l""€l'll (envelope) ~-:JLU'U 
1;"111:ij1'vn n1 -ul!uvitJ~llLLfl'll~~ 11€in~uvt~-:J bbvi LL 'UflL 'VIe:J~1m 'V'I~bb 'U'U-d'Yl'UtJtlEJll1fl , 

..; f\11~~-.51 LL 'U fl'llU ~ LL" ::fl t;\Jl;"1lJU~ht11 tl-u e:J-:J bL 'U f) b 'VI eJ~1e:J L '1"1~ ~1'ii1~'VI 2 , 
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 Q>X174 40 

DNA, ds, C. T Corticoviridae 1 PM2 3 Complex capsid, lipids 

DNA, ds, L T ectiviridae 1 PRDl 18 Internal lipoprotein vesicle 

RNA, ss, L Leviviridae 2 MS2 39 

RNA, ds, L, 5 Cystoviridae 1 Q>6 1 Envelope, lipids 

Filamentous DNA, ss, C lnoviridae 2 Fd 57 Filaments or rods 

DNA, ds, L Lipothrixviridae 1 TIV1 6 Envelope, lipids 

DNA, ds, L Rudiviridae 1 SIRVl 2 Resembles TMV 

Pleomorphic DNA, ds, C, T Plasmaviridae 1 L2 6 Envelope, lipids, no capsid 

DNA, ds, C, T Fuselloviridae SSV1 8 Spindle-shaped, no capsid 

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

(Ackermann, 2003) 

tailed phaoe Ltl'ULL'UflL'VIeJ~1m'V'I"iifl~ll~Yl'Ull1fl~?l~ 1~fli1eJ~tl1:::1J1ru 96% "tleJ-:JLL'Ufl :::, , , 'U 

L 'VI€l~1m 'V'I"ii~-:J'Vlll~ r;rn~ru~ 1~flvh 1 tl-ueJ-:JbL 'UflL 'VItJ~1m n"iincill-d~tJ ~'l'W~'li1r;rm~ru~?tllll1\111bb 'U'U , 
"fl'U1Pln (cubic symmetry) L1f!n11 icosahedral head 1 'll1~'ULfl1-:J?t-!1-:J"tl€l-:J~1'UVI1-:JlJflT;iL1fl-:J 
'U 

~1 Lb 'U'U Lfl~ m L1fl n11 helical tail ?111oW'Ulifl11lllJr;r fl~tu:: L U'UL~'U 'llil~ double-stranded DNA , 
~-:~ii b ~ fj-:JeJ'UL&'If!1 ?111i'Wlif\11lltl fl~€lll1€l'U~1 flLLfl'll~Vl LLvihJiJ LB'U b 1GH'l e:Jtl "tl'U1Vl"tl€l-:J?I11 . , 
oW'Ulifl11ll LL~~fl11llfl11"tlel-:J~1'UVI1-:J LL\11 nvi 1-:Jtl'I.J 1 'I.J\111ll'llil~"tl€l-:JLL 'Ufl L 'VI€l~L€l L '\"'"i! ?111oW'Ulifl111lfn"ii • • 
iJ"tJ'U1Vl~-:JLbvi 17 "iJ'U5-:JlJ1flfl11 700 nl"b'U;;-1 (kb) LL"~~1'UVI1-:Jfn"i!iJfl11llfl11~-:JLbvi 10 5-:~ 800 

'U1L'Ubll\111 (nm) tailed phage LLD-:Jtle:Jmtlu 3 family ~el (1) Myoviridae ~-:JLtl'ULL'UflL'VIeJ~ 
1m 'V'I"i!'llUVl~VI1-:J?I1ll11tl~Vl-VIV11~ iJ sheath ~ll1€l'U'Vl1-:J LL~~iJ Lbfl'Uf\~1-:Je:Jf!L 'Uci1'U'Vl1-:JL1flfl11 . , 
central tube Lb'UflL'VleJ~Lm'l"l"iifl~lldl'lue:J~'I.J1~ll1tu 25% "tlB-:J tailed phage ~-:JVllJVJ Lb~~ 
LLD-:J~Bf!Be:Jmtlu 6 genus f1e1 T4, P1, P2, Mu, SP01 Lb~~ ~H (2) Siphoviridae Ltl'ULL'Uflb'VIB~ 
1m 'V'I"ii~i1Vl1'lm1 Lb\11L~l;"111l11tl~~-VI~ 1~ u 'UflL 'VIB~1m'W"iifl~1ldL tlun~11vi1 VIW~?I~"!JB'l tailed . , .., , 
phage L~el-:J"ii1fl'Vi'U 1~'1.J1~1l1tu 61 o/o "tle:J-:1 tailed phages ~-:J'Vlll~ ?111l11tlLLD-:JBe:Jmtlu 6 genus 

f1e:~ 'A, T1, T5, LS, c2 u.~~ \lfM LL~~ (3) Podoviridae Ltl'U LL'UflL'Vle:J~1m'V'I"iiviiJVl1-:Jiu 'V'I'U1~ 
'I.J1~111ru 14% '!Jel-:J tailed phage ~-:J'\1111~ LLD-:JBe:Jflbtl'W 3 genus f1B T7, P22 LL~~ ~29 



polyhedral phage Lth.JLL'UflL'VleJ~1mvJ~~ii~\J~1.:J'V!r;i1EJL'VI~EJ:U ?11-a'Wu~m-a:um~L'\J'U 
single-stranded DNA, double-stranded DNA, single-stranded RNA 'VI~eJ double-stranded 

RNA ~.:J-d~'Ue:J~tl'U"!liiV~"lle:J.:JLL'UflL'Vle:J~lmvJ~ polyhedral phage LLoU.:Je:JeJnLU'U 5 family ~\l-d (1) 
\J 

Microviridae LU'ULL'UflL 'Vle:J~Lm vl~"ll'U1V~L~n hiiiL~'UL'lr;ir;ie:J\J ?f11n'Ufim1:uiiL~EJ.:J~'UL~m ii • 
~m~tru~LU'U1'1 LLr;i~L'\J'U single-stranded DNA bboU\le:Je:JnLU'U 4 genus ?f:U1~m11RqJ"lle:J.:Jbb'UflL'Vle:J~ 

1mvlliln~:u-d ~a ~X174 (2) Corticoviridae ii?t11~'U~m1:U'VI~.:J~'UL1Ju double-stranded DNA 

~m~•ru~LU'U'l.:J t;lf1~:U~'l!:JLLfl\J~V~ ~.:J'lh~neJ'U~1EJLth~'U?feJ.:J.ffu1VlEJii lipid bilayer LL'Vlina~m.:J 
\J • \J 

f1r;i1\l1~'VI'J1.:J.ff'U"Ile:J.:J 1 \Ji~'U LL'UflL'VleJ~Le:JL vJ~n~:u-diiL fiEJ.:J genus L~El'l ii?t:U1~n~611Rqj~€l PM2 

(3) Tectiviridae L1J'ULL 'UflL 'VleJ~Lm vl~~ffim.:J?ti1.:J"IJe:J\lLLfl\JfBV\~LL ~'ILL 1.:J~'I.fl1EJ 1 'Uii Lipoprotein 

vesicle Lria LL 'Ufl L 'Vle:J~Lm vl~"!li1V\-d'bfn~~~'l"lle:J-:tbb 'UflViL~EJ~L U'U 1~?1~ lipoprotein vesicle 

~.:Jn~11~~nmEJdJ'Uvla~fl~1EJ'Vf1'1"1Je:J'ILL'UflL'VleJ~1mvl~ (tail-like tube) iim1:utt11\J1~:u1ru 60 

u1l 'UL:U~i ~.:JLU'U'Vl1.:J 1 ~?111~'Ufif1d1:ULfl~mJ~e.h'U'11f1LL '\.JflL'VleJ~lm 'Yllil hJiJ.:J 1~?t~L'I!r;i~ LL 'UflL'Vle:J~ • 
1mvlliln~:u-d'iiLVltt.:J genus L~tt'l ii?t:U1~n~611R'ty~e:J PRDl (4) Leviviridae ii?t11oW'U~f1d1:U~'U 
L~tt'l L tl'U sin ole-stranded RNA ~-!lii~n"Mru~L tl'ULa'U ?111oW'Ufif111:Uf;lf1VJ:U~'lttbbfl\JfBV\~-!lii .) , \J , 

Lfl1-!l?ti1-!ll9i1-!l~1n RNA viruses ~1 hJ ii-a\J~1\lfl~1tltl'U poliovirus LL'UflL'Vle:J~1mvl'ln~:u'i1LLoU-!lLtl'U 
\J • 

2 genus ?I:U1~n611fi'ty~e:J MS2 (5) Cystoviridae ii?t11n'U~f1d1:ULtl'U double-stranded RNA 

LLr;i~iia~ii-!l 3 ~'U'VI~e:J1:uLr;if1r;i (L~tlf1?111oW'U5f111:U~n"Mru~L'li'U-d'11Ltl'Ubb'\.J'U seomented) ~'lLtl'U 
'U , , :::> 

~n"Mru~ L~'U"IJ€1-!l LL '\.Jfl L 'Vle:J~L€1 L vl~ 1 'Umhrtl LLfltlfBV\f;lf1VJ:U 11~1tl L~'UL 'lr;ir;ie:J'll~-!liir;11'U'll1~f1€l'U'V!~ f1 
• \J • 

Ltl'U1"1J:U''U (lipid-containing envelope) LL'\.JflL'Vle:J~1mvl'ln~lJ'tliiLVltt-!l genus L~m ?I:U1;jm11fi'ty 

~€1 ~6 
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0 
Jnoviridae Leviviridae Cystoviridae 

'l\J~ 5 fl11~~"iJ1U.'UflbL'UflL'VleJ~LmvJ~ 
" 

( ~lJ1 : http:/ /www.sm j .e jna l.com/ e-journaVword/picture/article/ sm j/302/picl.JPG) 

filamentous phage LU'ULL'\Jflb'VleJ~Lm 'rllil~i1~'ll~1~LU'U?I1tl'Vf~eJr1~1m~'ULtl ?111 

~'Utin'l1lJ"ileJ~LL'\JflL'VleJ~1mvllilmil1-d'i1~-:JLL'\J'\J single-stranded DNA Lb!;l~ double-stranded • • 
DNA LLU~eJeJflbU'U 3 family fie1 (1) lnoviridae i1?111oW'U~fl11lJLU'U single-stranded DNA LL'\J'\J 

'N LLU~LU'U 2 genus ~1lJ"1!iJ~"lleJ~beJ?It9lb'l!!;l~~LL'\JflL'VleJ~1mvl"il?I11J11tllJfi1n fie1 lnovirus LL!;l~ 
Plectrovirus a1V1-ru lnovirus iJe1~ 42 "'lti~ ~m~tru~L~'UfieJ ih'll~1~LU'U?I1tltl11 (lono 

" " ~ 
filament) el1"ilbL~~ (rioid) Vf~eJ~~Vfci'U1~ (flexible) ~'UeJ~nu"'liJ~"llmLL'\JflLVleJ~beJLvl"il LU'ULL'\J 

~ . " 
flLVleJ~be:JLvl"ilvi'l'l (sensitive) l'ieJfl(;'leJhvleJ1lJ (chloroform) bbl'iVl'U (resistant) r1111lieJ'U1~~ 
1e~at9lL'lJ(;'I~a1Vf-ruLL'\JflL'VleJ~1mvl"iln~lJdfieJ Clostridium IJ.(;'I~ Propionibacterium G11'U 

Plectrovirus i1e1~ 15 "'lti~ ~n~ru~L~'Ufie:J ii~'ll~1-:tLU'UI.nml'U 'l (short, straight rod) 1~a\Pl 
L'l!(;'I~~1V!-ruLL'\JflLVleJ~1m vl"il n~l.ldfieJ Mycoplasma 1~f.lvY11tl LL'\JflLVleJ~1mvl"ilL 'Ufi~ll lnoviridae 

Liim ~lJ"il1'U1'U.fl1tJL'ULeJ?I~L'l!(;'I~LL~1 progeny bacteriophage "il~elelfilil1flb'l!!;l!;'IL~tl 'Wvi1 h1L'l!6'l~ 
LL~n ?11l1~na1~f.1l"ileJ-:JU.'\JflLVleJ~1mvl"iln~lJ-d'fieJ fd (2) Lipothrixviridae i1a11~'U~m11JLU'U 
double-stranded DNA LL'U'ULG1''U 1U~1-!I"ileJ~LL'UflLVleJ~LeJ Lvl"ilncilJ-d'i!mtl'ULL'\J'ULLvi~ (rod-like " . 
shaped) LL!;l~i1LB'UL'd!;l!;'le:JU iiLYii:J~ genus L~I:J1 am~n~1~f.1lfieJ TIV1 (3) Rudiviridae ila11 

~'U~n'l'allbU'U double-stranded DNA Lb'U'UL~'U i1~tl~1-:tLtJ'Uu.vi~~1~LL.zl~ (straight, rigid rod) hi 



• 

i1LB'Ub'1J;'I;;'1fl\J lJfl~~fl~1E.ltl'U tobacco mosaic virus LL'Uf'IL'Vla~1m~~fl~lJiJi1Ll'lf.l~ genus L~f.l1 
v • 

l.'llJ1:amh~1~fia SIRV1 

pleomorphic phage LtJ'WLL 'Uf'IL VJa~1m~~~i1~1J~1.:J hiLL U'Ufl'W LL'Uf'IL'Vla~1m~~'VJfl"ll{j~ 1 'W 

ncilJdi11.'111ir'Wufl11lJLtJ'U double-stranded DNA LL'U'U'J.:J LLD.:JflflflLU'U 2 family fia (1) 
• • 

Plasmaviridae L U'ULL 'Uflb VJa~1a L 'W~vluJi1LLfl1J~~ LLvii1 L~'WLdJ;'IJ;'teJ\J~lJI.'I11ir'Wum1lJ 11 Lb 'Vl'U • • 
Lb uf'IViL~f.l~L tl'W beii.'I91"l!mLL 'Ufl L 'Vle:J~ba L ~~ncilJdfie:J Mvcoplasma LdmL 'Uf'IL 'Vla~1m ~~~~umm -ff1 

1 J' 1 ~ 

I.'IL~'m9lb~;;'1~ bB'WL1;;'1J;'IeJ1J"lle:J~LL'Uf'IL'Vlfl~bm~~~~L~fllJ (fuse) n'UL~fl~lJL~;;'1~ (cell membrane) 
v • 

"l!a.:~ 1mw1L~"'~ LL;;'1~'VI~.:J~1m ~lJ"il1'W1'Umf.l 1 'WL~"'~ LLa1~~e:Je:Jfl~1 m ~"'"'1~fli5 budding ~.:~ hh1'1 

1meii.'I91L~"'~LL\9\fl LL'Uf'IL'Vle:J~baL'Yl~n~lJdnLYifl.:~ genus L~m l.'lm:am11~~fia L2 ~.:JLU'ULL'Uf'IL'Vle:J~ 
1m vl~ncilJ~i1 flT~~mn'VI~e:Ji1.ffe:JlJ;;'1Ue:Jf.llJ1fl (2) Fuselloviridae i111J~1.:Jfla1f.lt.l;;'1lJ~'U11 (Lemon-

• " " 
shaped) LL;;'1~i1'VI'W1lJ~'W 1 (short spike) e:J~~1J"'1f.ll'i1'W'VI'il.:~"Ua.:~m.pnf'ILL'Uf'IL'Vle:J~1mvl~ LLfl'lJ~~ 
'lJ1~fleJ'UI'i1tJ 11J1&i'U (hydrophobic protein) l.'lfl.:J"llil~LL;;'1~ 1 "li&J''W~.:J 1~lJ1~1flG'i1'W'l.h~ne:J'U"Ue:J~b~fl 
~lJb~;;'1~"Ue:J-!!beii.'I91 Lbf'IU~~t:1flvi1J;'I1f.l 1~~1tlf'IJ;'Ie:J b1vlailJ 'VI~.:!~1flL~lJ"iJ1'W1'U.f11f.l 1'WL~"'~LLa1~~€Jflfl • v 

~1f1L~"'"'1~f.l15 extrusion U.'UI"lb'Vl'fl~1mvl~fl~lJdi1LYif.l~ genus L~tl1 l.'llJ1:am11~~fie:J SSV1 

'VI~.:J~1fl~i1fl11~'U'Vl'ULL'UI"lL 'Vlfl~bflL ~~ 1m1J'W1'U flL~lJi1fl11~~'l11LL 'Uf'IL'Vlfl~bmvi~lJ11 m 'W 

fl1';j:rmn 1 ';jfl~~L ~€1 fl11~m~mMf.l1n'I.Jfl1';j'l11LL 'Uf'IL'Vle:J~1mvl~ L ~m111 tJ1 m 'Wfl111"11'UI"llJL~flfle:J b1fl • 
1 'W1~f.J~LL ';ifl~~vi11 ~G1\911'Vl~J;'tfl.:Jrle:J'W Lb;;'1~vlfllJ1Ldm ~'U';h 1~t:.J;;'1~n~~L~lJ't111 'lJ1in'UI"l'U l'i'1€1~1~b "!i'U 
11'li1~vi1fl11'Vl~"'e:J.:~'l11LL 'Uf'IL'Vle:J~1mvl~ 1 Ulil"l1'UfllJ hf'ID~ (dysentery) ~~Ln~~1fl Shigella b~f.l 
1 ~~th CJ n'WLL ufl L 'Vle:J~le:~ L vl~ t.~J;'I\J';i1 nn11'VI~-!1~1nm';j 1 ~n'WLL ul"l L VJa~1e:J L vi~ u.riL V.CJ-11"1~-"JL~m mm1 

·"l!mertJ1f.lnVJL"'1"'-'le:J~1-'llJ1flLL;;'1~'V11f.l~1flhl"l.n1f.l1'Wn"'1LYifl"lhlM1'W (Sulakvelidze et al., 2001) " . 
a ~1-1 hn\911lJt:.J"'fl11~ n~11 'WI"l~ "lt!'W~"l1&.l1~-ru fl11~'W~'W'VI~e:J&i~lJ.WLt:.Jf.l u Vl~ ~'Wm~'*-11 'Wtl fl.l"'. 

1921 Richard Bruynoghe LL"'~ Joseph Maisin ~"l~fll1LU'Wtin1VJml"'11.'1\9\im=ilJLL';iflm~'l11 • 
LL 'UI"l L 'Vlfl~1m ~~lJ11 m 'Ufl11-rf1'1~1'VI~€l'tje:J"ln'W 11fl ~ ~ b ~€1~~1'VIti"l~-1Lfl~~1 fl Staphylococcus ~~ 
L U'UL ~e:J~Vl'U'Ue:Jf.l11vi11 ~Ln~fl1';j~~L ~e:J'VI~-1~1~~ 1~CJ15m1'l111 'll1 -H-rn~1fia 5~u 'UI"lL 'Vle:J~1m ~~ 

• v 

L oU1'Vl1-'l~1'VIU"l';ifl'IJ 1 'U~L 1WLLt:.JJ;'I~1\9l~ L nal"l1'UfllJLLm~a~fl1';i~~ L 6fie:J~-!!fl~11 t.IJ;'IU';i1fl!)l1 LL 'Uf'IL 'Vlfl 

~1m'W~I.'I1lJ11t:11"11'UfJlJfl11~~L~a1~e:J~1-'li11J1~1i1'Vl5.f11'V'l (Sulakvelidze et al., 2001) 'V!~"l~1flJ'U 
L U'U ~'WlJ1 ni1tin1VJCJ11"111.'1\9\ian'VI"' 1 CJ fl~lJm~vi1 fl11~fl~1 LM f.J1 nu fl1';j'l11 bL 'Ufl L 'VIe:J~b€1 b vl~lJ11 m 'U • 
fl11-rfl~1 hl"l~~L~€1 (\J\111-'l~ 3) LLJ;'I~G'i"lt:.J;;'1 1~fl11'l11LL 'UI"lL'Vlfl~1m vi~lJ11 m 'Ufl11-rmn hl"lLtJ'U~i~fl 

V V I ~ 

LL"'~ LL Vl~'VI"'1E.llJ1fl~'U Bfl~~ ~"li1'VI"'1 CJ'U~~'VIm~lj fl11'l11 LL 'UI"l L 'Vlfl~1 €1 L ~~lJ1~fl~1€J ~1-'l~~~~"l LL;;'1 ~ 
~"lh~~t:.J~\9\L tl'Ufl11fh L yjm111 'lJ'lJ ';j~CJn911 otll 'W fl11fl1'UI"llJ LLa~-u e:J"ln'W hfl~~L ~m1il~vi1-!! ., 

' ' I 

\91;;'1€1~~'\.J 1m 'Ufl111"11'Uf'llJ'VI~fl-rfl~11 ';jfl~~L~mL'Uf'IViL~f.J~e:Jm;"lnbL'U11 UlJl1~~i1L~lJlJ1floff'UL~em i 
1'We:J'U1fl\91 (\9\Tll~~ 4) 
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lnfection(s) 

Suppurative skin infections 

Postoperative wound infections in 

cancer patiens 

Various infections 

Etiologic agent(s) 

Pseudomonas, Staphylococcus, Klebsiella, 

Proteus, and E. coli 

Staphylococcus and Pseudomonas 

Staphylococcus, Klebsiella, E. coli, 

Pseudomonas, and Proteus 

Reference 

Cislo et al., 1987 

Kochetkova et al., 1989 

Kucharewicz-Krukowska and 

Slopek, 1987 

Bacterial dysentery and Shigella and Salmonella Miliutina and Vorotyntseva, 

1993 salmonellosis 

Inflammatory urologic disease Staphylococcus, E. coli, and Proteus Perepanova et al., 1995 

Gastrointestinal tract, skin, head, and Staphylococcus, Pseudomonas, E. coli, Slopek et al., 1987 

neck infections Klebsiella, and Salmonella 

Cerebrospinal meningitis K pneumoniae Stroj et al., 1999 

Suppurative infections Staphylococcus and various gram-negative 

bacteria 

Weber-Dabrowska et al., 1987 

Company 

Biophage Pharma Inc. 

Exponential Biotherapies, Inc 

Gangagen Inc 

Hexal Genentech 

lnnoPhage 

lntralytix, Inc 

New Horizons Diagnostics Inc 

Novolytics Ltd 

Phage Biotech Ltd 

Phage International, Inc 

Phage Therapy 

Targanta Therapeutics Inc 

Biochimpharm 

Location 

Canada 

USA 

USA 

Germany 

Portugal 

USA 

USA 

United Kingdom 

Israel 

USA 

Georgia 

Canada 

Georgia 

Web site address 

http://www.biophage.com/ 

http:/ /www.expobio.com/ 

httpJ/www.gangagen 

httpJ/www.hexal-gentech.de/ 

httpJ /www.innophage.com/ 

http://www.intralytix.com/ 

httpJ/www.nhdiag.com/lndex.htm 

http:/ /www.novolytics.co.uk/about _ us.html 

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

httpJ /www.phageinternational.com/ 

http! /www.phagetherapycenter .com/ 

http:/ /www.targanta.com/ 

httpJ /www.biochimpharm. gel 

(Andrew, 2006) 

fJtU?l~~~1~qj"llti-:ILL'UflLYIB~1m'V'l':il"lJU~ Lytic phage ~tl1?t'U hLLG'l~vl11 ~~flt'hl.nl.ij'l:u 
-:11'U phage therapy fia ( 1) fl11~?l1~11t11 'Ufl11vl1G'l1t.JLL'Ur1Vh1t~vt1a1ei?t1'11~LLI'lfl?lG'l1t.JVI~tll'l1t.J 

hJ LLG'l~ (2) rl11~"iJ1LYn~1~'VI-J1-:JLL'UfiLYit1~1mv.J':ilLLG'l~ 1ei?t~ LLa::~1t.lflt1J?l~'U1i~1~UJ~-:!?ltl-:l'th::fl11 . "' 
d bb'UfiLYIB~1mvJ';ij:S.:~th~';ij~a1m1t1'111~11iLLYI'Ut.nU~~1'U::1~ (Andrew, 2006) Bfl~-:~luvm 



• 

Vltj~~ bb'UflbVIB~1mvii\JEi'~ilia~~Lvrilan-.hmLJ~~-nJ~8nvm1EJ'I.h~rn~;J1EJ L"li'W hlv'h~1EJ 
LL'Uf~YiL1EJ~btl'W normal flora ~~enPlEJeJEJL uh~rnCJfl'W 611l.l1~C'Ib~11~1'W1'W 1;Jm~L~mi\Jan'U 1~61~~ .. 
"iJ1bV'I1~ ~~ 1l.J~1btJ'W~B~ 1 i'"ll'U1~VI~Bm111W61~1 'Uf\1~ 1 ~b •i.h~~1~fl1EJ LL~~ 1l.JiJe.J~oU1~L~EJ~~e:Jer!,.g' .. .. .. 
L tl'U9i''U Cm~1~~ 5) 'l.!Bfli\J1 n-d'E!~il~1EJ~1'W;J-w11LL 'Uf!L VIB~1m vii\J 1 ~e..~" 1 'Wrn~-rn~1 bfl~~ L ;fia~ ni1 

mu~~1'W~~~L'Wfl'Wbb"~1'Ua(;l1VI~"m (Sandeep, 2006) ii'1B~1~L'li'U il~1El~1'WVI.Q~'W'Ul1Lde:J 
1 I IJ I 

VI~" a~ LotlbL 'UflbVIB~1mvii\JLYIB1'n~1VI'WYi~~b:fiB E. coli 1 'W'lJ~mru61~;~611111~tlvl11 ~VI'W\PnEJ 1~ .. .. .. 
'W'Ul1VI'WiJe)(;l~1fl11~8~~1(;161-:J~-:J~eJEl"~ 92 ~afn~1;{1CJbb'UflbVIB~Lm'VJI\J bL~iJe)(;l11fl1~~B~~i(;l .. .. 
L~EJ~~eJEJ"~ 33 Lda1'n~1~1EJm'lJ~~1'W~ (Levin and Bull, 1996) bL":.:Bm1ti~1'WVI-d~'W'U':hm~ 
1 otlLL 'Uflb VIB~LBL vii\J~~1L 'W1:.:~a 5. aureus b ~e:~1'n~1~'ll1 ti~L tl'W hfl~~b ;ffe:JbL 'U'UilVI'Wfl~ 1 'W'lJeJ~ LL~~ , 
L~B~lJUB~ 1~mL'tJ-:~~'ll1tie:JeJmtl'W 2 nci11 ncil.lvr-d~-rn~1L~tl1 otlLb'Uf!L VIB~Lmvii\JbL"~8nmi11vr-d~ , '\J , , , 

1'n~1~1 tlti1LJ~:a1'W~ ~td1 rn1fm~n 1 ~fl~'lf:lLLtl fl L VIPJ~1m vl-:uil8(;l";i1fl1':iVI1mnn11fl~~~-:~¥vm~;~:.: 

s2 1 'W"llru~~rn~fmn hfl~1 t~mLJn:a1'W~ile1(;111rn~vr1tii\J1n bfl L ~tl~~e:~t~":.: 64 'Wani\J1n-d 

LL 'l lf!LVIP1~1rlL 'rllilfl-:1 1:UiJt:-Jl:l1J1-:~ Lfi~J\IvlB~tbfJ bLI.l:;VI"l n 1 ~bb 'Uflb VI8~Ltl b 'V"llil bLn~'lJJtiL~Eltl1'J5~ L i1VI1\I 

VI"B~b~eJ~~1EJ-!lfl11111tl"li1til~e)(;l)1fl11VI1tii\J1flbflfi-:J~-:J~mm~ 95 (Sulakvelidze et al., 2001) .., 

Bacteriophages 

1. iii'I1111~1L"Vl1:::"a.:J (highly specific) IJimL'UflViL~f.J , 
LD1VI111f.J (bacterial host or target bacterial 

2. "a111TH1L~11~1'1..11'1..11~1'1';i.:J~1UV!U.:J~iim<a~lilL~B 
l\i.:~vi1t ~iif'11111L oUlloU'Wvt~m.J"S111 rum f1Yltl~~:::osh 
.r 0 t 0 I dd Q. A' 1" 

L'llilflil 'aflA'a·WI1LLV!tJ·Wlllf11'al'llilL'llil lil 

3. hliie..~~oU1.:!Lftf.J.3 (side effect) 

... 
4. f11".i~ fJ(PlflU U!YILVIfl~Lm vJ'il~ e:l.:JLL UI'IViL~f.J 'il::: ~1n~ atJ 

L oWf.l.:J LLfl LL uf'lYiL~m i11vt111 f.l~ L vh,!'I.J 

5. f11';irl'I.JVI1U.Uf'lLV1B~LmvJ"'il'l!UiilLV!l.J L~B1-ffvi1mf.l 
LL'UflViL~f.J~~BIJiBU'UflLVm~1mvJ"'il (phage-resistant 

bacteria) 1.Umn 'W'W1'1.JLL~:::vi11~~1f.J 

u 

Antibiotics 
~ ..{ 0 ~ c;JI ~ I o) 

1. ll'JV1l5V11mf.JLL'U!'1VIL';if.JLL'UUbll"'il1LYl1::: (non-

specific or broad spectrum) G11111'H1vi1mtJ1~~'1 
.::::11"""' t,. 

U.'UflVIL'af.Jf1ilb~f1 (pathogenic bacteria) LL~::: 

U.'UflViL~m.h:::~1~'iJ (normal flora) 

z. ~nrhi11il11ilEJm:::tJ1'Wf11<aL111'11'UtJ~all'lltl.:J~1.:~mtJ 
" 

vi11 ~1'11111 L oUlloU'I.J~L VI~ utlt1L'I.J~1.:! f11tl 'W L ~f.J.:!Yltll'i tl 
" 

rn'a'!ihL ~ana 1 'Jf11il'a-1~1LL vtu-1~iim'J~Iill ~B 

AI. V 4!!11 d I 4 

3. lle.J~'ll1.:!Lflf.J.:J (side effect) Vl'a'I.JU~.:JVI~1f.Jelf.J1.:J VI~B 

'U1.:Jfl~.:Jvi11~Lfllilf11~U ~ (all~rgy) 

4. f11~~€JIJi€l81U~1bt~=::'llu'ILLUf'I~L~tl1lJ\i1n~B~LLfl 
u. 'UflViL~mi11vt111f.JUIJia1111~~u Yl~f11:::"'il1f.l 1 tlf!.:~ 

UUflVi~f.l'llU~~'W1~~1tl 

5. f11~~WJ'I.J1~~Bi'ililrl'I.Jf.l1U~~1'1.J:::'l!Uiil1 vtl.JL ~Bvi1mf.J 
Clil C'il Q4 I .,lc,.Q 

U. UflVI L 'af.JVIWI Bl'ltlf.Jl u!]'ll1'1.J::: (antibiotic -resistant 

bacteria) ~B.:JLoUL 1m'I.J1'1.JU~:::vi11~f.J1f1 

('lJ1~"ll1~ i'ill"lli\J1, 2552) 
' 



., ., ' 
1\I~'L!VI~Ubb~~il1VI1'UatHIL 1ivVil. fl. 'L!n1'i'VIVI~v~ • 

lum1~fl~TtTI-tl Escherichia coli-ESBL (V11a ESBL-producing E. coli) ~~l.wn1~~1fl 
ej\};m1'Uh~V'Itn'U1~~11V'I~VI~'lJ1~~~F1 a.djm ~.a'U~11"lltni1 l.tl'UL~~~I.'Il~~ (host cell) 1.~a 
'U • 

1'111~VI11.1.'Uf'11.VIe:J~Lmvl~~~11. -n1~ 1.1.~~Ei~ 1-tl'I.I.Uf'1Vil.~tJ~~mh1lum1Pin~11'l~~11u"ii~1~ '1 -ua~ 
I.I.'Uf'"ll. 'Vle:J~La 1. yj~~'JtJ fl11~fl~1f'11111?111111f.1"llmLI. 'Uf'"ll. Vle:J~Lm Yl~ 1 'Un11vl1mtJ LL 'Uf'"l-vi L1tJ"lltlVI~'U 
(host range) 1ii.L'Uf'1-viL1tJVI~~au~~LL?IvN1'UI'l111~~ 6 

LI.'Uf'1-viL1tJ'Vlfl~1tJ~'UGffim'Ufl11Pifl~1.QI.V'I1~L~tJ~L~tJ1otlmV111 BHI broth V11a BHI agar • • 
'IJ:w~aruviJ1iJ 37 a~fi!1L'Il~L~ifJ?ILlhJL1m 18-24 i111.h'l fl11LR,J5'mt~1~~, JRVi~qfi'Vlfl"iiUI11vft~"l'Ufrl'J 

, '\J I ~~~ I 

.!( ~ ~ S ""' ~I ' • I ~ 1 """' 'Vl~~e:J~'U Lfl'Ub'Ue:J1VI11LVIm 13HI broth '\1~11 glycerol Lu'U?I'J'Uu)~fle:J'U 15% (v/v) LLi;'i:::LtrU .-J'Vl 

e:J~VI.fllJ -20 e:J~fll1L'Il~L~tJ?I 
• 'U 

~1'!i1~~ 6 LL'Uf'1VJL1tJ'Vl~?lauffim'Um1Pin~1 host range -ua~LL'Uf'"IL'Vla~lmvl~ 
LL tJ flVi L~El'VI fl ileltJ 

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 choleroe 01, non 0139 (DMST2873) 

Enterobacter aerogenes (Drug resistant strain) 

· Acenitobacter baumannii (Drug resistant strain) 

n1'!ib~~v11J1~1mh.:~ L ~mh111~'!i11\IVI1LL Ufl 1. 'Vlv'ilv L~1\l 
1'Ufl11~fl~1f'1.f~dvl1fl1'Htl'UJ1~1ath~~1'UTU 18 ~1e:J£h~~1flbL'VI~~J1~1~ '1 L-ci'U J11.atJ 

J1~~ Ll11 'U1:::umhu~Ll1LatJ1'Uh~vm1'U16'1 bU'U~'U Ll1~1a~1~vtl~'t11111~'ULVI~tJ~ (centrifuge) 

~f'1111JL~1 3,500 1e:J'U~e:J'U1-vi Ltl'ULJm 10 '1..!1-vi L~e:JLI.tJflbe:J1~~flB'U"'J'U1~1'VIqjLL~~?I11LL"ll1'U~e:JtJ 
~1~ '1 aan1LJ Lfl'U~1'U1?1 (supernatant) Hcl'1VI-ruvi'1fl11L~1l'lJ~111~LL'Uf'1L'Vla~lmvl~1'UJ1 
~1e:J~1~1'U~'U~a1LJ 

m'!iL v311m111WLL uflL 'Vlv'ilv L~';il'L!,y,~1vti1.:~ 
fl111.~11\J'i111UJLL'Uf'1L 'Vla'i1m Yl~ 1 'UJ1~1a~1~1 m~ enrichment method vl1L~m11~1'U 

1?tvi'Lvl~1 flfl11~'UL Vl~tJ.:J 1 'U~'U~e:J'Urle:J'U'VI'U1.Q ( ~'U~ e:J'U fl11LI'l1tJ11J1~1e:J~1~) 1 'lJ fl1e:J.:J~1'ULL~'Ufl1e:J~ 
(membrane filter) ~ii"ll'U1~"1JB.:J~V'I1'U (pore size) Lvhnu 0.45 UJLR1L11~1 "lle:J.:JL'VI~1~~1'Ufl11 
ma~L1tJn11 filtrated sample 1 '111 filtrated sample 1 'tR111~1 5 i1~~~~1111t:J?I1lfl'Ue:J1VI11 

BHI broth ~L\9l~tll.J 1 ~ilfl11lJL-if:w-iJ'UbU'U?Ie:J~Lvh (double strength BHI broth) 'I.J'ilJ1\911 5 



iJG'l~~911 LLa~L~~ E. coli-ESBL ~ti~"li1~fl'W (overnight culture) a-:JhhHmm 100 L~LI"l".i~m 
ti~~tiWVIflil 37 t~-:JI"l1L"Ilm~EJ~ Ltl'WL1a1'1.l".i:::w1ru 18-24 i1L:w-:J :;:nm!'W'l11:w1~'WLVI~EJ-:J~m1:WL~1 

'\ '\J t I I I 

3,5oo ".ie:Juv\ t~'W1Vi L tl'WL 1"'1 1 o 'W1Yi Lnu ci1'W 1~m~:;:nnm1iJ'WL VI1EJ-:J1 'l.l mt~-:J~1'WLL~'Wmt~.:JYiil 

"l..'W1VI"ll€l-!l".i'V'I".i'WL'Vhnu 0.45L~LI"l".iL~91".i "l..B-!lLVIm~~1'Wn11fl".ie:J.:JdL~EJn11 filtrated sample 2 ~.:! 
'\J , I II' 

~~th 1 'll9111~VI1LL'UI"lL'Vlv~1m vh1Yi~1l.l1".ifJ'VhmEJ E. coli-ESBL L'W'Ii''W91€l'Wvlv1 'IJ 

fi1'j~'j1~VI1LL 'UflL 'VIv'i1v L Wlil 

n1191".i1~VI1LL'UI"lb'Vle:J~1mvl~ (bacteriophage detection) v'hLV~EJi~ spot test (Chang 

et. al., 2005) ii1fim".i~.:Jd 'l!1 E. coli-ESBL ~LiEJ-:JlUB1V11".i BHI broth LLmWil~qje:l~L'W".i~EJ~ log 

phase 'IJ~:W11'l".i 100 1~LI"l".i~l'l".i b~l.la.:JL'WVI!;le:JV\B1VI1".i BHI soft agar 'l.l~l.l11'l".i 5 i1"'~~91".i (l"l11l.l 

L-if~-if'W"llm a oar L'Vhnu 0.4% bb!;l~rle:l'W 1m1X'l111'1Jvtav~L~e:JL~1'W!;l~a1EJLL!;l~iJe:JWVIfliJ'IJ".i~~1W ::;, , , '\1 

55 v.:JI"l1L'llm~tJG'I) e.J~~L~L-if1tl'WLLIK1L'VlVl'UL~vf1e:bVIU181VI1".i BHI agar ".iv11Xm'VI1".i BHI soft 

agar ~L 'VlVl'Ua.:J 1 'l.ltT'WLL ~.:!~1 (loffnm'l.l".i~l.l1W 5-10 'W1Yi) ~1ntT'WV1EJV1 filtrated sample 2 

'IJ~~191".i 10 1~LI"l1~91".i a-:J91".i.:Jnm-:J"llv.:JiiJ1'WL'V'I1~Lit~.:JL~v ~.:Jvi'.:JHG1nl"l~L~mv1~~1LLVI'Li.:!~VIEJV~ 
" 

filtrated sample 2 !;l.:J1'1.ltT'WLL1X.:J LLIK1~-:J'l111iJ1'WB1VI1'HimL~B1'llti~~~ruVI.!Ji1 37 €l.:Jfi11L'Ilm~EJ~ 
LU'WL1a1'1.l".i~~1W 18-24 .a-1Ll.J'l ~1ntT'W11XG1-:JLfil'l'l1ilci1'WLG'I"lle:J-!lfl11~'U8-:J (clear zone) Lfli'I~'W 

' " ' 
l'\".i.:J\0\'1LLVI'Li-!lViilm".iVIEJI'I filtrated sample 2 ti'1ij clear zone Lni'I~'WVi~1LLVIti-!l~-!lm111 LLG'IV\.:!11 

1 'W filtrated sample 2 J'Wti11iJ~ilLL'UI"lL'Vlv~1mvl~iJvla1lJ1".ifJ'VhmEJ E. coli-ESBL 

fl1".iL~:W"il1'W1'WLL'UI"lL'Vlv~1mvl~iJ (bacteriophage propagation) Lba~~'W~'W11 filtrated 

sample 2 ~v'h11XLnl'! clear zone LV~EJi~ spot test fiimL'UI"lL'Vle:J~LvL'V'JiiJ vh1V~EJ1on\h~L~m~B 
.d I .X tl' .dl ~ .d oQ ...r 1.1 .d t ~ .,J ~4 

(loop) 'll-!ltg~1L"I!e:JLL!;l1"l..VIVI".ivavn91".i-!l'U".iL1W'VILnl'l clear zone (LB1Lu'V'I1~L'We:ld'W'Vle:JEJ'!I'W'U'W'Il·:lnl"le:J 
" . " 

.ff'W"lle:J-!l soft agar) 1~a-!lL'WVIae:JVI'VlV!!;le:l~~-:Jil E. coli-ESBL LliJ~qJB~L'W".i~EJ~ log phase 1'Wm'VI1".i 

BHI broth m~191".i 10 i)!;l~~l'l".i e.JG'1~1~L-ihn'W~'JEJLI"l~e:l-!le.JG'Il.JG'I1".i (vortex mixer) •th1th.Jl.l.y1 

~WVI.!Jil 37 e:l-!ll"l1L"Ilm~EJG'I 'IJ".i~l.J1W 18-24 .a-1Ll.l-!l liJ1nJ'W'l111'll~'WLVI~t.J-!l~l"l11~L~1 3,500 ".ie:l'U 

v1v'W1Vi LU'WL1~1 10 'W1Vi Ln'U~1'W1avft~liJ1nm".i~'ULVI~m1'1.lmm~1'WLL~'Wmv.:J~il"ll'W1VI"lle:J~".i 
" 

'V'I~'UL'Vhnu 0.45 1:w1mWI'l".i "lle:J~LV1~1vle.i1'Ufl1".ifl".iv-!lifL~tJn'i1 bacteriophage suspension 

'l111 'l.lbn'U H~aruvtflil 4 eJ-!lfi11L"Il!;lb~EJG'Ib~eJ 1m 'Ufl1".i'Vll'l~eJ'IvleJ 1 '\.] , " 

nT~'l!u:ij1'U1'ULL 'lJfl L 'VIv'ilv L Wlil 

fl1".i'UU"il1'W1'WLL 'lJI"lL 'VleJ~Le:J L Yl~iJVI~eJ f11".i'VI11"111:WL 'li~i'U"llm LL 'lJI"lb 'VleJ~LeJ L Yl~iJ (bacteriphage 

titer) ~'l".i1El'I1'ULU'Urh plaque-forming unit/ml (pfu/ml) 1m~ double-layer agar method 

(Adams, 1959) ifim".ifleJ 'l11~1e:l~1'1~~el-!lfl1".iVI11"111~L'li~'li'W"llel-!lbb'lJI"lb'Vle:J~Lmvl~iJlJTVhm".iL~e:l 
liJ1'1LL'U'lJ ten-fold serial dilution L'WB1VI1".i BHI broth liJ1ntT"U'l!1~1eJ~1~vl".i~~'lJfl11lJL~€lliJ1-!l 
~1'1 1 'IJ~ml'l".i 100 WLI"l".i~m 1ci"'.:~1'1.l1'UB1VI1".i BHI soft agar '\.J~~1m 5 11~~~1'\".i LLa~L~~ E. 

coli-ESBL ~L'l~qjv~1m~EJ~ Log phase 'IJ~:W11'l".i 100 WLI"l".i~91".i e.Ja:w1~L'li1n'ULLIK1L'Vl'Vi'ua.:~u'U 



BTVI11 BHI agar u1hl'li11~~ruV1iJii 37 ml"lWl!fl~"iltJ?I ~tJ'W~1611tl1:::111ru 18-24 off1111.:~ ~1n,!m11 
rn1ii\roS1'W'J'W plaque ~tl'J1f1!J'U'Wiil1'Wfl1VI11~~m~~B (~~Bf1'lJ'U~1nlil1'Wb'Vi1:::L~EJ.:j~lJ plaque 

BEJ"l.'W"!i'J.:j 20-200 B'W) t11~1'W'J'W plaque ~ii''U 1mt1Fi1'W1Wr111"11111LoU11oU'W"llfl.:J~L'Uflb'VIeJ~1m~lil 
~ ~ 

1~8 botl?l\91':if111fi1'W'JW~.:J\1 
~ 

1"11111L'Ii11oU''W"l!B.:!LL'UI"1L'Vlfl~1m~~ (pfu!ml) = ~1'W1'W plaque x10 x1:::~'UI"11111b~Biil1.:! 

m -afi m~nfll1111a111TUl"'l eJ.:j bb 'U fll b 'VIflTieJ L -w~ t 'Um-a'Vi1611 mL 'U A Vi L~a'Y.filfi~'IJ 
f111~mnm111?11111'Jfl"'lfl.:!LL 'UI"1L'VIfl~1m~~U1 'Wfl11vl1611CJLL'U1"1ViL~tJ"'Iil~~'W (host range) 1 i 

1fi spot test ~.:~d U1LL'U1"1ViL~tJ'Vl~?IB'U (\91111\1~ 6) ~\ILiil~qjeJ~"l.'W1:m::: log phase tl~111\911 100 

11111"11~\911 e.J?I11tl'Ufl1VI11 BHI soft agar tl~111\911 5 lJfl~~m bb~'Jb'VIVl'Ufi.:!'U'IJ~1VIihmVI1'J BHI 

agar 'Jfl~'W~1VIU1fl1VI11LL~\1~1 VIE!~ bacteriophage suspension ~i11"11111LoU11-if'WLVhn'U 10
6 

pfu!ml tl~1111Pl':i 10 L1111"11~1Pl':i 61\I'U'W~'JVIU1fl1V11'J BHI soft agar ~\lf1~11 1~EJVIEJ~fi\I'U~Ldru 

nm.:~~1'WL'Vi1:::~iv\l ~\lv1.:j H~nl"l~L~tl':iB 1 ~~1LLVItl\l~vm~ bacteriophage suspension 61\IL'll,!'U 

bb~-!1 U1~1'Wb'rl1:::b~E.J\ILUU11~eJWVIJlii 37 B\11"11b"l!flb~tli.'1 LthJL1611U':i:::111W 18-24 i1111\l lil1f1,r'U . ~ 

~.:!Lf1\91f11':i~n~ clear zone \911.:!~1LLVItl.:~~VItJ~ bacteriophage suspension ~1iJ clear zone 

Ln~~'W bb?l ~\1-;h bb 'U 1"1 b 'VI fl~1fl b ~~ i.'111111flvl1m tJ bb 'UI"1Vi b~ ti'VI~ ?I fl'U'l!-u~J'U 1~ 

~ 

m-a'Vi1Lb 'Ufll L 'VIe)jlv L 'W~ 1 ~'U'ia'VIfi • 
f111vl1LL'UI"lb'VIfl11m ~~ill ~'U1Gl'VI~ (bacteriophage purification) vl11'1111lTI"llfl\l 

Watanabe bL61:::1"1w::: (1970) ~.:~d LiEJ.:j E. coli-ESBL 1'Wfl1VI11 BHI broth tl~1111'11 500 

iJf!~~\911 ~eJWVIJliJ 37 eJ\11"11b"llflb"iJEJ?I\l'Un':i:::~.:Jb~eJlJfh 0.0. 600 'W11'WL11\911LVhtl'U 0.5 \11f1,r'U . ~ 

b~11 bacteriophage suspension m111\911 5 iifl~~m (10
5 

pfu!ml) LLlK1U1Ltlth.J9ieJ-if111fi'U~ 
BruVIJlii 37 eJ\11"11L"llm~E.Ji.'1 u11tl~'WLVIitJ\1~1"11111L~1 3,5oo 1eJ'U9imnVi 'U1'W 20 tnVi Ln'Ur;11'W1?1 . ~ 

(supernatant) U1LU~'ULVI~tJ\1~1"11111b~1 28,500 1B'U9ieJ'U1Vi 'U1'U 1 off1 111\1 bfl'UI'l:::neJ'U11161:::611tJ 

b'W phage buffer (20 mM Tris-HCl pH 7.4, 100 mM NaCl, 10 mM Mg504) tfh.nl'l1 5 

iifl~~\911 bb~1u11 tJ~'UbVI~tJ-!1~1"11111b ~d 3,5oo ':ieJ'U9ifl'U1Vi 'Ul'U 20 'U1Vi Ln'U~'J'W 1?11 'llmB\1~1'U 
LLe.i'Wmm~i1"1l'W1~"1JeJ.:j'J'rl1'WLvhn'U 0.45 1111mLlJI'l1 i.'111fl:::mtJm~~:::L~E.Jn-.h purified 

~ . 
bacteriophaoe ~.:~~U:::U1LtlLn'UH~eJWVIJlii 4 B\11"11L"llf!L~tli.'1 L~flU11tl~mn"Jtl~1\l"llB.:!LL'U1"1L'VIB~ 

::, • '\1 'U 

1m~~ 1 'U.ff'U\91eJ'U9ieJ 1tl 

m-afi m;1 -atH1\I"'IeJ.:J Lb 'Ufll b 'VIeJ 'ilv L 'W~tnat~ml'v.:~ ~~'VI':i':i AtHi L~tWI':ieJ'IJ 
~ . 

m1Pim·n~tl~1\l (morphology) "'JB\ILL 'U 1"1 L'VIfl~1'El b 'V'l~~1EJf1~eJ.:j~fi'Vl111"1liBL611"11'l':i'El'Uvl1 

\91111lTI"'leJ\I Caso LL61:::1"1W::: (1995) 1~tJU1 purified bacteriophage 1 Vltl~ (tl1:::111ru 10 

111 11"1'J~I?l'J) VIEJ~fl.:j'lJ'lJ grid ~U1'U~1flf1Ti'UB'W (carbon-coated grid) f1.:~H 3 'U1Vi LLlK1~B11bb'U'U 
negative ~'JEJ 2% (w/v) uranyl acetate (pH 4.0) v1'.:~H 10 l'U1Vi \11f1J'Wu1hJ~mn~1EJf1~'EJ.:j 
~fi'VI111"1'tH1L61!"1m'El'ULL'U'U~fl.:je.il'W (transmission electron microscope; TEM) f111"il1LL'Uf1"11U~ 



.. 

"l.lmbbtlf1b'Vl€l~Lm'W~m!li'mmu,-l (criteria) vlrhvt'U~L~t.J International Committee of 

Taxonomy of Viruses 

m'lfilrlfiLL~~fim:t1fit1~cW'Ufi'n'l'i11'!JB~LL'Uf1L'VIB~lm'W:u • 
'111 bacteriophage suspension 111G'ltl~G'l11~'U~m111 L~t.J 1'li"qfiG'ltl~G'l11-w'W~mi11 

PurelinkTM Viral RNNDNA Mini Kit (Invitrogen) ~1n1it.~'l11G'l1'i~'U~m1l.l'vh~111~fl~'lt.lb€l'W1'lll1 
restriction endonucleases BamHI ~111G'l.fl11~~'1J~,;;'Vl~c.J~~b€l'W1'lll1fhvt'Ufl (Promega) 

'VI~'I~lnG'l11~'W5m111Clf1~fl~1m€l'W 1'll3J~.:mci11LL"'1 '111 hfl ~f11l11~€ltJ~mu'VI.ni1 70 €1'11"11 
" ,. " '\1 

L'l!m6iim'f '1..!1'1..! 10 u1Vi LL'hu1:aw:i1'WG'l11-w'W~m1111 'tJ~n~n L~t.J15 agarose gel electrophoresis 

ifi agarose gel electrophoresis ~"il~ Hfl 'Wf111~mn:a-uci1'1.JG'l11-w'Wqm111"l.lmLL'Uflb 'Vle:J~ 
"Lm'W"il l11fimi~'I.Q L~~t.J11 agarose gel (f11111LoU11"!i'tJ"l.l€l~ agarose LvhntJ 1 %) 'l11:a'Uci'J'WG'l11 

-w'W~m111~1~'VI~'I~1n~n~f!~1EJL€l'W1'lll1~~~1LV'l1~ c.JG'll.ltltl DNA loading sample bba11ci~.:~1'W 
"lie:~.:~ (well) tJ'WLLeJ'W agarose gel L&\11 DNA 111~1j11'WVi'VI11tl"l.I'U1fl (DNA marker: A.DNNHind 

Ill) ~'IL 'W"li€l'loU1'1 "] L~e:JLm 'Uf111L'tJ~E.JtJbViE.JtJtltl"l.I'W1fl'll€l'l:a'Uci1'UG'l11~'Wqm111"l.l€l'ILL tlf1b'VI€l~1m 'W"il 

u'WL'WB~vfli~e:J Tris-acetate-EDTA buffer m~LLa1'Wvh~'tJrie:~t.JeJ1'W agarose gel l1f11fl1111~1'1 
!llmjfl'I~LVhntJ 100 V LL~~1inm'tJ1~111UJ 50 'W1Vi ~1n,!t.1'l11 agarose gel 1'tJEie:~11~1E.J GelStar 

(Lanza Bioscience) bbl;'l::~~1E.J Dark Reader transilluminator (Clare Chemical Research) 
" 



.. 

m·nbanU.'Uflb'VIe:J~lmrJ\1 

fl1i'U.f.lmLUf1b'Vla~1mvhJ"i11fl~1a~1'11.h'il1mbvt~.:~~h.:~ 'l ,]'1t~1t~ 18 bbvt~.:~ hm15 

enrichment method bbfl:::'Lhhlvwt&HJUfl11:WG11:W1i'flbtin1i'eJU8'1mi'L"ii1cy"lla'l E. coli-ESBL 1~w 
15 spot test G11:W1i'mWflLLUflL'VleJ1LeJLYl"i1~,)1b~1~\>la E. coli-ESBL 1~"i11fl~1'el~1'1tl1~'1Lnu:w1 
"i11ntie:rthu~J1Li1f.l 1 LLvt~'~ (mi'1'~~ 7) LLUflL'Vla11mYl"ii~U.f.ln1~:0m1:wG11:w1i'fl 1t~mi'e1u8-:~mi 

b"ii~qj"ll'el-:1 E. coli-ESBL b~'el'Vl~G1eJU 1~m15 spot test (~tl~ 6) ~'l&l.:JLfliJl1~"ii1fl clear zone vi 
' "' 

tli1fl!JUti~bvtihmvt1i'"li'1:0b~eJ E. coli-ESBL b"ii~qjeJ~ 

I a 0 ., I 

U.'VI~~Lfl\J'U1(;l'liJ£11~* spot test" 

1. lJ1L~t.J'il1fWlm(;l ((;)'HJ~1.:J~ 1) 

2. ,_h~t.J'il1fWlm(;l ((;)'leJ~1.:J~ 2) 

" ' 
3. 1h~t.J'il1tw1m(;l ((;)1eJ~1.:~Vi 3) 

4. ~1L~t.J'il1fW1m(;l ((;)1i1~1.:J~ 4) 

" " ' 
5. lJTVi.:J'il1f1'\JTUL~ii'U ((;)1eJ~1.:JVi 1) 

" " ' 
6. 1.hVi.:J'il1f1th'UL~ii'I.J (\1i'1i1~1.:JVi 2) 

7. ~1'il1f1LLVI~.:J~1li'J'Jl.J'!l1~ (\1i'1i1~1.:J~ 1) 

" " ' 
8. lJ1'il1f1LLVI~.:JU1li'J'Jl.l'!l1~ ((;)1ii~1.:~Vi 2) 

9. ~1~.:J'il1f1~1'Ui11V11'J ((;)1i1~1.:J~ 1) 

10. ~1~.:J'il1f1~1'Ui11V11'J (l'i'1i1~1.:J~ 2) 

11. ~1~.:J'il1f1V.Jl{l.JL~t.I.:J"'I'll ((;)1il~1.:l~ 1) 

12. ~1'Vl.:J'i11f1Vh{l.JL~t.J.:l"'l'll ((;)1ilfi1.:J~ 2) 

13. ~1L~t.J'il1n'llmhu(;l ((;)1i1~1.:J~ 1) 

" ' 
14. U1L~t.J'il1n'llmhu(;l (l'i'1i1~1.:~Vi 2l 

" ' 
15. U1L~t.J'il1f1Dil'\hJ(;l (l'i'1i1~1.:JVi 3) + 

" ' 
16. u1L~t.J'il1f1'llmhu(;1 (l'i'1i1~1.:~Vi 4l 

17. ~1~.:J1'Uviii"J~\J1t.J~1 ((;)1i1~1.:J~ 1) 

18. ~1~.:J1'Uviii"J~\J1t.J~1 ((;)1eJfi1.:J~ 2) 

a+ = Ln\11 clear zone 

- = hiLn\11 clear zone 



';iU~ 6 ~n'l'lru~ clear zone 'llm ~UBU-ESBL b~BYI~?fB'UlvmiTI spot test ... 

d 
~UYI 7 ~n'l'Jru~ plaque 'l!B'l ~UBU-ESBL ~1nn1'j'Vll plaque assay 



b~e:nll bacteriophage suspension .ffiVI~(If11'j'Vl~61€1U spot test bU'UUlfl (+) hJvh 

double-layer agar method (plaque assay) 'Y'lUllbfll'l~~161 (plaque) LJ~lfl{JU'Ue:hvrulmvtl~ 

~ilb~e:J E. coli-ESBL l'il~rue:J~ plaque il'll'Ull'lb~'U~'l'I.Jfl'U~flm..:JLJ<j~:!..Jlru 1-2 lJ(I~bl.lm il~moJru~ 
" '\J '\J 

161 (~LJ~ 7) 'illmT'U1~v11m~bWflbbUflb'Yle:J~1mvJ-;u1VIu~~'Yl~1~tJm~vh plaque assay bb~hul1LJ 
b~lJ~l'Ul'U (bacteriophage propagation) bb(I~UU~l'Ul'UbbUfl b 'Yle:J~1m vJ-;u 'WUllilfllflll:W b oiJ:woiJ'U 

'lJ€l..:JbbUflb'Yl€1~1mvJ-;u (bacteriophage titer) bvhn'-u 2.7x10
6 

pfu/ml ~..:~~mbUflb'Yle:J~1m'W'il~bbtJfl 
1~d11 <j>UBU-ESBL 

n1'a~ fl'l:?:t1fi11:W6'11:W1'afl'l.lel~ bb Ufl b 'Ylel~bel b vJ 'il1 'U n1 'avl1~1~ bb U fiVi b~~"tfill'l~'U 
b~e:J9.11 <j>UBU-ESBL :!..Jl'Yl~61€1Uflll:W611:Wl~fl1 'Uf11~vl1mmbUfiVib~tJ61lCJ~'U~I'il..:J 1bl'lCJlB 

spot test 'WUl1 <j>UBU-ESBL ilflll:W~lb'Wl~~..:J (highly specific) l'i€1 E. coli-ESBL ~..:Jdb~m'illfl 
phage ~..:Jfl~llvll(I1CJ 1~bU'Y'l1~ 1'1€1 E. coli-ESBL bvhtY'LI 1~CJ hjvi'lmtJ E. coli 611CJ~'Ul5~'U~9.11:Wl 

' 
'V1~61€1U 'Ue:Jfl'illfld <j>UBU-ESBL cJ..:J hJ611lJl~flvllmmbUfiVib~CJ611CJoW'U~~'L! 1 ~9.11'Vl~61€1U~lCJ 

d 
(m~l..:J'Vl 8) 

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 choleroe 01, non 0139 (DMST2873) 

Enterobacter aerogenes (Drug resistant strain) 

Acenitobader boumannii (Drug resistant strain) 

a + = Lfl\>1 clear zone 

- = hibnl'l clear zone 

rn~bi'\1'1 inhibition zonea 

+ 



m-a~fr~n -atH1-:!"!JB-:~ bb u fl b 'VIB ~1B b 'W"ilfl1f.l 1~ mlB-:~ "i!Gi'Vl"a"arttJB bGifl~'aB'U " . 
":il1flf11'jtJ1 ~UBU-ESBL hJ ?imn~-:wmlB~~~'Vl"a'H'1UBb~fl~~eJ'UbbtJtJcieJ~~1'U 

(transmission electron microscope, TEM) 'l"ltJ'"J1 ~UBU-ESBL il~tJ~1~~m~ru:::vi'-:rd' ci1'U~1 
(head) b~'U'~tJ isometric 1'U'llru:::~ci1'U"v11'l (tail) il~n~ru:::L~'UbbtJtJ noncontractile tail (TtJ~ 

'\J '\J 

8) ":il1flfl1~"v11A1bu~~'lleJ~'lJ'U1~'lJeJ~ci1'U~1 bL~:::cil'U"v11~'lJeN ~UBU-ESBL (~1'U1'U 5 particles) 

'l"ltJ11ci1'U~1'lJ8~ bb tJ fl b 'VI eJ~lm yj-;uvi'.:J nci11il'll'U 1 ~ b~'U~ TUfl'U~ nm~ (diameter) btl~ ~tJ~:::1.nru 50 
'\J 

± 3.4 'U1L 'Ub~W1 'j 1 'U'lJru:::~cil'U"v11~il'll'U1~b~'U~1'Ufl'U~nm~bu~~tJ"a:::~.nru 10 ± 0.3 'U1L 'UL:Wm 
'\J 

bb~:::JJfi11:WV11bu~~tJ~:::mru 290 ± 15.1 'U1L 'Ub:WI'l"a 

~tJ~ 8 ~th1~'lle:J'l cjlUBU-ESBL .f11tJ11ii'n~eJ'l~~'Vl'J'JI"lUElb~flmeJ'UbbUU~eJ'l~hu 
(Bar= 50 nm) 



n 1~fi mj16'11~·~~'tJ5n ~~~'tl e:J..:j u 'U fl b 'V1 e:~~1B b vl~ 
' 

b~el'vl1 f11'J61n~m 'W~Pil1nbb 'UA b 'Vlel~bm 'V'l'i1 ~U BU-ESBL bb6'l~'l11m 'W~~,:ln~11b tJ~~~1CJ 
restriction enzyme BamHI tJ·nn~:ri1m'W~"I.IeN ~UBU-ESBL ~n~~bvl~1meJ'Wb"lllJ~~f1~11 m'Wl-l 

"l.leJ~bb'Uflb'VleJ~1my.J'i1~~fl~~~1CJ restriction enzyme BamHI b~eJ'I111tJPim~1~1CJlTI agarose gel 

electrophoresis U'J1fli)t:J6'l~.:J~tJ~ 9 

1 2 3 

23,130 •• ._ ... -• ' • •• ._ -
• • • ._ ---

• •• - -
•• - -• •• - -

-. ' .. -
~'ll~ 9 6111Yl''W~f1':l'Jl.l"l.lti.:J ~UBU-ESBL ~1'1~~1CJ restriction enzyme BamHI1~vi5 

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 



. 

::: 

m~~e:JtJ1"lle:J'ILL 'IJRViL~m1e:J 1 ~RL U'UoUruvn6'11u1~tu6'f"ll~£11~ru~11Gin L ~e:J'I"il1nvi11 ~m1 v • v 

~f1'ti1L "jfl&i~ L ;fie:! LL 'IJRVi L~tJ~'I n~11 hJ6'11l.l1~Gvh 1~~-.w f11~ 1-ff f.J1U~~1'U~ ;'l~e:Jl1 L tl'UlBf111 

l.J1\Jl "j~1'U "il1 m1 f.J'I1'Ul'<il f.JV'I'Ul1oU"il "iJU'U~ LL 'IJ RVi L~f.Jfle:J L 1 R'V!Gi 1f1'V!Gi 1f.J6'11 tJVi'U'5vY'I LL 'IJRVi L~ fJ LLf11lJ Gi 'IJ ... , . 
LLGi~Lb'IJRV'h~mbml.l'IJ1f1~~e:JI'ie:Jmtl~:a1'U::: L-d'U Acinetobader 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) LLGi~ Streptococcus pneumoniae (Chiou and Hseih, 2003) Ltl'U 

E. coli-ESBL L U'Ubb 'IJRVlb~flfle:J hfl"llti~vt~'l~ne:J 1 ~Lii~\Jruvt16'11ti1~f116'f"ll b tl'Ue:J~1'1l.l1f1 vY'I-d 
"' . 

L~e:J'I"il1f1bL'UflvtL~tJ~'Ifl~116'11l.l1~G~e:JI'imntl~~1'U~ 1~vtGi1f.J"11U~ L"li'U Cephalosporins, 

Ceftazidime, Cefotaxime LbGi::: Ceftriaxone LU'U~'U (Wani et al., 2009) ~'IJ'Um1-rf1'ti1fl1~ 
&i~L~mL'UflvtL~tJ"1!ti~d~'lv111~mn bbt=~:::'IJ1'1fl~'le:J1"il~e:J'I1"!i'mtl~~1'U~vtmf.l ~ "1!ti~~1l.ltl'U ;'llYn 

ne:J 1 ~Ln~t:-JGioU1'1L~tJ'Imn~'UIYl1l.ll.l1~1tJ e:J~1'11 ~nl1l1l.l 1 'UoU"il"iJU'Ui1m~'l11mtlf1~1'U~ 1 'Un~:w beta , ':.J • 

lactam (beta Lactam antibiotics) :w11-ff~1l.ltl'IJ6'111cJ'IJ8'1Le:J'U1'lll1 beta lactamase (beta 

Lactamase inhibitor) L~eJi'mnbfl&i~L~e:J E. coli-ESBL 1~tJ~111lG'th~6'f'lflL~eJ1~6'11~cJ'IJ8'1 • 
LeJ'U1'lll1 beta Lactamase 1tlvl1Gi1f.JLe:J'U1'lll1~'1fl~11 vl11~ E. coli-ESBL 1l16'11l.l1~Gvl1Gi1f.JtJ1 

uf1:a1'U::: 1 'Ufl~:W beta lactam 1~ bbt=~::: 1 'U~G'f~n:u:::Gfl'ih l~tJmtJf1~1'U:::~'Ifl~11 muf1:a1'U::: 1 'Ufl~l.l 6..1 , , cu d.J dJ 'I 

beta lactam LLGi~6'111cJ'IJ8'1Le:J'U1'll:J1 beta lactamase m-ffrin'ULLGi:::U~~6'f'IJR11:W£i1L~"il1'Ufl1~ 
'U 

~mnhR&i~b~e:J E. coli-ESBL LU'UR~'Ibb~flflfl amoxicillin-clavulanic acid 'V!~'I"il1f1,1'U~'Ii1m~ 
'Vl~Gie:J'I1itnu~:a1'U:::1'Un~:w beta Lactam bbGi:::6'11~cJ'IJ8'1Le:J'U1'll:U beta lactamase ti~'U ~ 1'Um~ 
~f1'li1 hfl&i~b;fje:J E. coli-ESBL 1'UoU"illilU'U~rlf.J1tlf1:a1'U~ 1'Un~:w beta lactam LLGi~6'111cJ'IJ8'1 

• 'U dJ , 

Le:J'U1'lll1 beta Lactamase ~titJ:w1-&"'.'Um~i'n'rJ1hR&i~L~e:J E. coli-ESBL 'V!Gi1f.Jti L'li'U ampicillin-

sulbactam, ticarcillin-clavulanic acid, piperacillin-tazobactam, ceftolozane­

tazobactam bbt=~::: imipenem-cilastatin (~mb~f1btl'U~e:J"lle:J'If.J1tl~~1'U~1'Un~:w beta lactam 

~1'U~e:JVI~'IbU'U~eJ"lle:J'I6'11~cJ'IJ~'ILe:J'U1'll:W beta lactamase) (Shlaes, 2013) e:J~1'1hnl'n:w15m~ 
~'lfl~11'Ue:Jfl:U1fllil~~tl~:::~'Vl5mV'I~~bb~1 cJ'I~R11l.l~'lmn1'Um~1-ff'I1'U L"li'U "il:::~e:J'Ii1m~ 
tli''Ubtl~f.J'Uel\Jl~1~1'U~:::vt11'1f.J1U~~1'U::: 1'Un~:w beta lactam bLGi:::6'111cJ'IJ8'1be:J'U 1'!111 beta 

Lactamase 'Vlflfl~'l~:u:::'l111 Ul-&1. 'Um~-rn'l.-n 1 ~fl&i~ L ~mb 'IJRvt b~tJbLI'it=~~G11tJ't1'U'5 ' . 
~1f.J b VI\Jl~fl1~rn'ti1L ~R&i~L~e:J~~6'11b VI\Jllil1f1bb 'IJRVlb~f.J~eJf.J1~1f.Jmtlf1~1'U:::l!n hltl1:::6'1'1J • • ':.J 

t:-JGi£11 b ~li) Vl~e:J~tl~:::~'Vl5 .fl1V'I~1 fl1~ btl~ tJ'UtJ1U~~1'U::: 1 vtll Vl~flfl1~b ~lJU~lJ1tutJ1U~~1'U::: L~l.J~ 
LL 'Uflvt L~tJ~e:JOlJfl1 Ulil'IJGi'l~oUty'VI1L~:W fle:JLL 'Uflvt b~f.Ji1fl11oWWJ'U1!il1 Le:J'I1 ~~flf.J1~fl ~'I,!'U~'I1~~R11l.l 
V'lmm:w 1'Um~vt116m11 vtll ~ :w11 -ff~1:Wn'UmtJ~:a1'U::: vt~e:J 1 i'Vl~bL'Vl'UmtJ~~1'U::: 1 'Um~-rn'ti1 hfl 

&i~b~mL 'Uflvtb~tJ~mn lil1e:J~1'1L"tl'U m~ 1 "li'Vi"116'fl.l'U 1 V'l~ vt~e:J6'11~6'fn~';J1floW"1!6'f:W'U1 V'l~ vt~eJm~ 1 iLL 'IJR ' . 
L'Vle:J~Le:JLvJ-;] LtJ'U~'U 



I I ll I 

Yl·zH.tUU 1 Vl"H tltiVl1'l b~fJfi'Vfil'lVJU~lJU1lJ11 m tifl11-rm~n 1 1fl&i~L {lf)LL'Uf!VlL~~ b UB'l~1f1 1~-ru • 
m'd~vlJ-ru"ht.laB~.n~ LLad1r.:.Ja<ti\~Lf1f.l'lii'ew 1uV1111'l~ 9 LL61~'!~1mh'l"!JfJ'lYi"ll611JU1Vl1LLa:::6111 
fJfJf1t;)Vl~1 ufl"ll611Jti 1 Vl1~?11lJ11f.1EJ'U e'lf111L ~~ty"!JfJ'l LL 'Uf!Vl b~~ 1~ UBf1~1f1.n~~htill1V'l1~iif111 
Vl~av'lu1Yl"!l61~u1 Vl11u1i~1llnum'Lli)~1u:::1 um1ilue'!bb uflVIL~f.l LLa::: 1 uV\111'~~ 10 bb?l~'~ 
~1fJ~l'l"!JfJ'lfi"!l611Jti 1 Vl1LLa::: m'\J~~1ti~~LljB 1 i~1llfltiLLGl1 ?11ll11f.1fJfJf1t;)Vl~L61~llflti 1 tif111V'U if'! 

~ .... 
f111L~1ty"!JB'!LL 'Uf!VlL 1~ 

f111U1LL '\Jf!LVIB~1m'V'l~lll1-tli. um1-rm~n 1 1f!&i~L~fJLL'Uf!VlL~m~lliill1~'lLLI'lL u"li1'l'Ll1:::ll1WU 

fl.~. 1910 1u-r61L~mLa:mh'IJ ~'!Ltlti"li1'lL1alrlfJtif111fltiVl'UfJ1Un~1U::: LL~L~B'l~1~1U~fl~tif111 . ~ . 
-rmn 1 1fl&i~L~v LL uflViL~~~1 mL 'Ufl LVIB'11m 'V'l"il V'lBf.IL um:::u1um1Pimn1-;ij~Vf~fJ'VI~av.:~ 1m u 

'II 

~Vl1'VI~afJ'l m-;uih1~'11U'".iTU1ll11 m tifltiU1'lLL~1llll1n'IJf1 ~'lvh1 ~f111U1 Lb 'Uflb Vlv~1v L V'l~m 1 i 
'\J1::: 1f.l"llti1 um1-!n~n 1 1f!V.:J11JI'ivm iJu~LL Vl~V1a1~mm!n LLa:::LL 'VI'U 11Jiim11 iLL '\Jf!L 'VIB~LfJL 'V'l~ 1 u 

m1-rm~n 1 1fl&i~L ~vamaf.I'Vf~'l"il1n~iim1fi'UVl'Um'\Ji):a1u::: 1~f.l f.I1'Lli):a1'U~ Hi'~n'l11lll1-tli. um1 

-rm·nhflv~1-:~n11-:~"!J11'!U'U~'!LL~Ufl.~. 1930 Ltlu~Ull1 LL~~vll11u1:::m::V1~'l i fluirn1im 

tJ!):a1ti~fJ ~1-:l~~lG 1 m~f.l 11J~1 L tltiLLa~'\J';I1~"il 1 f1f111fld'U flllll1 L tlub1a1U1ti 'I'll 1 ~LL 'Uf!Vl L~ ~ 

~1U1Ull1 niim1'\J1'u l1111 ~~fJ~ B f.l1't.li):a1u~ll1 n~uL~fJf.l i ~'lr.:.Ja 1 ~m'\Jij:a1u:::~1U1Ull1 n hi 
611ll11f.11 m ti rn1-rn-rn 1 ';lf!&i~ L ~fJLL 'Uf!VlL~f.l 1~v ~1'lii'Ll1~~'VI5.n1VlL VfiiBu L "liu~ Lflm tltill1 'Uf)f1~1 nd 

m1.WW.Ju1 m'\Ji):a1u:::~ull11 Vfllu fJ n-;u 1 n-;u ~ 1 i L 1alll1mL(;\'1 V'l~v'l1 i.:Ju'\J1 :::ll1 tull'Vf1~1a an~1 ~ 
~1~ L 'VIV'l.Qf111U1bb '\Jflb 'VIv'11v L'Y'l"illl11 m 'Uf111'!mn L1f!&i~L ~fJLL'Uf!Vi L~~ ~'I fl1;l'Ull11~-rum1ll61ti 1~ • 
Bf1fl~'l'Vfii'l LLI'lL tiflf'l.QL tfu 1 U~f111U1LL 'Uf!L 'VIv~1m 'Y'l"illl11 m tif111'!m~n L1fl&i~ L ~mL '\J flViL~fJ~f)£]1 ~ 
~1Ull1ii fl11flUVl'\JLL '\Jf!L 'VIv~1 m 'V'l-;u~611ll11f.1'01m£J LL uflViL~~~vm1~Vfa1~"!lii~ L "liu E. coli 

(Rahmani et al., 2015), 5. aureus (O'Flaherty et al., 2005), 5. pneumoniae (Djurkovic 

et al., 2005), K pneumoniae (Jamala et al., 2015) LLa::: 5. Typhimurium (Shin et al., 

2012) Ltlti~ti 



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, 

Enterococcusfaeca/6 

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 Syzygium 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. coli, Microbacterium 

tuberculosis, S. aureus 
;. Licorice Glycyrrhiza glabra Glabrol Microbacterium tuberculosis, S. 

au reus 

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 officina/is 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 Iongo Curcumin Several bacteria (both gram 

positive and gram negative) 

(~~LLtl"'-:1"1n Cowan, 1999) 

: 



' ~ v 

~1'l"Hv11 o ~1eJ~1-:J"lleJ.:JVi"ll~~ulv.-~Lb~~mtl5~1u~Yim:mcr~,TIL~1:unu lum1~'U~.:Jm1L~'1t;y"Um 

Plant/antibiotic combination 

Eremantus erythropappuslampicillin 

Oregano/fluoroquinolones, 

Oregano/doxycycline, 

Oregano/lincomycin, 

Oregano/maquindox 

Pelargonium groveolens/norfloxacin 

Lantana montevidensis/aminoglycosides 

EugenoVvancomycin 

EugenoVJ3-lactam 

Croton zehntnez!/gentamicin 

Eucalyptus/chloroxidine digluconate 

Zataria multiflora/vancomycin 

Aniba rosaeodora/gentamicin 

Pelargonium groveolens/gentamicin 

Citrus limon/amikacin 

Cinnamomum zeylanicum/amikacin 

Coriander /chloramphenicol 

Coriander I ciprofloxacin 

Coriander/gentamicin 

Coriander/tetracycline 

Target bacteria 

Staphylococcus aureus 

Escherichia coli 

Bacillus cereus, Staphylococcus aureus 

Escherichia coli 

Escherichia coli, Enterobacter aerogenes, Proteus 

vulgaris, Pseudomonas aeruginosa, Salmonella 

typhimurium 

Staphylococcus aureus, Pseudomonas aeruginosa 

Staphylococcus epidimidis 

Staphylococcus aureus 

Bacillus cereus, Bacillus subtilis, Staphylococcus 

aureus, Escherichia coli, Acinetobacter baumannii 

Serratia marcescens, Yersinia enterocilitica 

Bacillus cereus, Bacillus subtilis, Staphylococcus 

aureus, Escherichia coli, Acinetobacter baumannii 

Serratia morcescens, Yersinio enterocilitica 

Acenitobocter spp. 

Acinetobocter boumannii 

(~~bbUG'l.:J~1fl Yap et al., 2014) 

n11'111 bb 'Ut'lb VlBTim 'ti"il:U1b m 'Un111'm~n b 1t'l~I'IL if-vi.L'Ut'!ViL1EJiioU€J~'V!(;I1EJU1~fl11 ... 
fle.J 

v 

bb um vte.J'11B b v.J~i1t'l11:U~1:U1'ltl 1 um1vhmE.J bb 'Ut'!Vib~EJ 1~B~1-:J"ii'1b vn~ ~.:Ji!uvnm11LL 'Ufl L vteJ'1 

1mv.J~:u11 m 'Ufl11rmn bfl u 'Ut'lb VleJ~1m 'VJ~n~~ 1 Uvl1G'llfJLu'W1~L:ffm1B 1 1t'\LVhJu b~E.JvThJvJ1 
eJ'U\9111E.J~m:ffmb'Ut'!Vib~E.Jtl'l~"ii'1~'U (normal flora) ~ml'1mm1u~1-:Jfl1E.J"llmt'l'U bL~~~\911 ~.:J~.:JhJ .. 
vl1el'U \9111 EJ ~ eJ b 'llG'l~"ll el.:Jt'\\JU~~~\911 ~ nt'11 E.l fl111'111 .:J,;'Y'l'Ylel.:II.L 'Ufl LVI eJ ~bell v.J "il b tJ'U LL 'U'U \9l el.:J~.:J'Y'l1 b llllG'l ~ 
b-:ii'TLh'U (host cell) ~.:~tY'Uule:~iim11iLL'Ut'lbvte:J11mv.J"'il1'Um'lfn~nht'l 'V!~.:J~1fl~bb'Ut'\LvtB~1mvJ~ 
vi'1mcm 'Ut'!Vib~m1eJ 1 'lflua1 u.uflbvteJ~tmv.J~n~~ 1li~1:U11tl~1'l.:~ii'Y'l~el 1 u11'11'11E.l ~.:JJu~.:J 1liiiut;y'VI1 

L~EJJ n'U fl1'li1 bb 'Ut'lb vteJ'1be:JL~"il\9lfl~1-:J 1 'U~1-:Jfl1E.l t'l'U ~1911 UG'l~~.:ILL 'J~aeJ:U'VI~.:J~1fl~ijfl1) 1 otlbb 'Uflb Vlel~ 
1mv.J~ 1 um1fm~n 1 'lt'l 8n~.:J1uu~~'l'Tubbvt'U 1lii111E.~.:J1uLfimn'Ufl11tlfu~l"lleJ.:Jbb ut'!Vib~m1B 1 'lf11 ~ 

' 



f111thbL'\Jflb 'Vla~h) b 'VJI\IlJ1L m 'Uf1111'fl'l~j111fl~~ b~au 'tlfl'VMEJ~11111flvl11~~Elf111L "liu Ufl 

L 'V1 a ~1 a L 'V'l "iJ L YJ EJ ~'l!iJ ~ b~ El1 'VI~ a L~ El f1111 iLL U fl b 'Vl a ~1 a L 'Y'l"il 'V!fl1 El'l!U ~ ~111 tl'U ~ ~ b ~ EJ n--J1 

bacteriopha~e cocktail m1 1 "liLLUflL'Vla~1m'rllil'V!f!1EJ'lli1~~111tl'U 1 um11'm~n 1 ifl~~b:ffmL UflViL~EJ 
"ll1EJ 1 ~m11'mnihJ1~~'Vlfi.n1'Y'1111n~u €invT~Ei'~vh 1 ~~11111fi~1Lb uflVi L~EJ 1~'VIa1 n'VIa1 EJ~1 EJ~utfl u • 
L1fl1L~mnu (Chan et al., 2013) ~~1'U111il~1'U1~EJ~'th~G1Ufl1111~1L~"il1Um1U1 
bacteriopha~e cocktail 1111mum1~1LLUflViL~EJ ~~LL~~~L'U91111~~ 11 

Type and number of phage 

Myophage 1 'llU~ ~1l.ltl'U podophage 1 'llU~ 

Myophage 1 'llU~ ~1l.ltl'U siphophage 2 'llU~ 

Myophage 1 'llU~, podophage 1 'llU~ u,m:: 

siphophage 1 'llU~~1lJtl'I.J 

Myophage 2 'llU~ ~1l.ltl'U siphophage 2 'llU~ 

Myophage 1 'llU~ ~1l.ltl'U siphophage 1 'llU~ 

Target bacteria 

Pseudomonas aeruginosa 

Klebsiella pneumoniae 

Escherichia coli 

Salmonella Typhimurium 

Enterococcus faecalis 

Campylobacter jejuni 

Reference 

Alemayehu et al., 2012 

Gu et al., 2012 

Maura et al., 2012 

Hooton et al., 2011 
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ABSTRACT 

Extended-spectrum f3-iactamases-produ cing Escherichia coli (ESBL-producing E. coli) pose a threat to antibiotic 
based therapeutic approach because r~f their multidrug resiswnce propenies. The bacteriophage therapy has 
re<:ently become a promising alternatil •e 1h erapeutic approach The aims of tit is study are to isolate and classify a 
bacteriophage specific to ESBL-producing E. coli and to examine i1s host range. In this study. a bacteriophage, 
!J>UBU-ESBL, was isolated from wafer collected from a wasle1.-a1er treatment pond. It was found to produce small 
clear plaques of 1-2 mm in diameter and to i1rhibit onlv E. coli-ESBL, but not other bacteria IL~ed in this study. Its 
genome was digested by the restriction enzyme BamHl indicating thor the genome was double stranded DNA. As 
revealed by Jransmission electron microscopy, 1/!UBU-ESBL had an isometric head (50± 3.4 nm in diamefer) wilh a 
noncontractile tail (290 ± 15.1 in length). Based 011 its genomic and morphological chnracteristics, ¢UBU-ESBL 
wa~ classified as a member in the family Siphoviridae. This study provides preliminary information showing thai 
1/JUBU-ESBL had potential for fimher stud\' towards its applicMion rLt a therapeutic agent against ESBL-producing 
E. coli infecfious diseases. 

Keywords: Bacteriophage. Escherichia coli. extended -spectrum ~-lactamases 

INTRODUCTION 

ExtcndeJ-spcctrum !3-lactamases-producing Escherichia coli (ESBL-producing E. coli) are antibiotic resistant 
strains of E. coli having ability to manufacture an enzyme called ex.tended-spectrum P-Iactamases. Currently, they 
have cau sed a global health problem because they are emerging worldwide and resistant to many antibiotics. They 
are resistant to all penicillins, to cephalosporins (inc luding third and fourth generation agents). and to aztreonam. 
Furthermore, they are often cross-resistant to trimethoprim/sulfamethoxazole and quinolones [ 11. ESBL-producing 
E. coli can cause a wide range of infections. ranging from urinary tract infections to severe blood poisoning [I, 21 . 
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 viruse!., as antimicrobial agents 
to inhibit bacterial growth or to kill bacteria 131. Since the discovery by T"''Ort in 1915 and by d ' Herelle in 1917, 
bacteriophages have been used for treatment and prophylax.is of various bacterial infectious diseases. Thempeutic 
phages have been reported to have advantages over antibiotics 14]. Chances of developing serious side effects by 
bacteriophages are mini scule becau se of their high host specificity. Moreover. small doses of bacteriophages can be 
used effectively because they are self-replicating in their target bacterial celts. Several reports have shown the ability 
of bacteriophages to kilt drug resi stant bacteria suc h as Staphylococcus aureus IS I. Klebsiella pneumoniae 161. 
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Streptococcus pnewnoniae [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 a bacteriophage specific to ESBL-producing E. coli from wastewater and to partially 
characterize the bacteriophage in some a~pects such as host range, morphology and genome. The bacteriophage 
from 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 £. coli used in this study was kindly gifted by Sapp<L~itthiprasong 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 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 broth) at 37°C and kept as glycerol (20% v/v) 
stock at -20"C until use. 

Bacteriophage isolation 
Bacteriophage isolation was conducted according to the protocol previously described by Phumkhachorn and 
Rattanachaikunsopon [I 0]. A total of 18 wastewater samples use.d for bacteriophage isolation were collected from 
various sources such as animal farms, houses and wastewater treatment ponds in hospital s 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 11m-pore-size membrane filter (SartoriousAG. Goeuingen, Germany). Five ml of the filtrate was 
added to an equal volume of double strength BHT broth. One hundred 111 of ESBL-producing E. coli overnight 
culture was added to the mixture and incubated 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 1-'m-pore-size membrane filter. The resulting 
filtrate wa~ used for examining the presence of bacteriophage by spot test method. 

Spot test method 
Spot test method was perfonned for de tectio!_1 of bacteriophage in the prepared filtrate samples. In brie[ I 00 11lof a 
log phase ESBL-producing E. coli culture was added to 5 ml of pre -warmed (60°C) soft agar (0.4% agar), gently 
mixed, and overlaid onto a BHI agar plate. After allowing the soft agar to solidify to r 20 min, 10 f!l or each prepared 
filtrate sample was spotted onto top agar layer. The spoued sample was allowed to dry and the plate ~11s incubated 
at 37°C for 24 h before observing the presence or 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 !he presence of a bacteriophage in the sample. 

Plaque as.~ay 
The filtrate sample giving a positive result from the bacteriophage isolation experiment was subjected to ten-fold 
serial dilution using BHI broth as a diluent. One hundred f.tl of the suitable dilution and 100 J.!l of Jog 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 plaques 
to form. The formation of plaques indicates the presence of a bacteriophage in the filtrate sample. The number of 
plaques was used to calculate the bacteriophage titer expressed in plaque forming unit (PFU)/ml. 

Bacteriophage purification 
After plaque assay. a single plaq ue Wlll> 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 plaque isolate was picked 
and transferred into a tube 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 filtrated through 0.45 Jlm-pore-size membrane filter. The resulting 
filtrate containing purified bacteriophage. called bacteriophage suspension. was kept at 4°C. 

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

Analysis of bacteriophage genome 
Bacteriophage genome was exlracted by using PureLink Viral RNA/DNA Mini Kit (Invitrogen, Carlsbad. CA, 
USA). The purified genome was tested for its sensitivity to the restriction enL)'TllC Bam HI, RNa~e A and nuclease Sl 
(Sigma-Aldrich, SL Louis, MO, USA). The results were analyzed by I% ag:uose gel electrophoresis. 

605 



.. 

Parichat Phumkhachorn and Pongsak Rattanachaikunsopon }. Chem. Pharm. Res., 2015, 7(11 ):604-608 

Examination of bacteriophage morphology 
The bacteriophage morphology was examined by transmission electron microscopy using the protocol previously 
described by Somnate et al. [I I 1 with some modifications. A 10 111 aliquote of purified bacteriophage suspension 
was spotted on top of a Formvarcoated copper grid (Proscitech, Brisbane, Queensland, Australia) and allowed to 
adsorb for 3 min at room temperature. The bacteriophage was stained by 2% uranyl acetate. The stained 
bacteriophage was examined by JEOL JEM-1230 Electron microscope (JEOL. Tokyo, Japan) at 80 kV accelerating 
voltage. The bacteriophage size was determined from the average or live independent measurements. 

RESULTS 

Bacteriophage isolation 
Eighteen wastewater samples were used to screen for a bacteriophage specific to ESBI.-producing E. coli. By using 
spot test method, only one sample (collected from a hospital's wastewater treatment pond) gave a positive result 
producing an inhibition zone on the lawn of ESBL-producing E. coli (Figure Ia). When the filtrate prepared from 
the sample was subjected to plaque assay using ESBL-producing E. coli as a host. it produced clear plaques of 0.1-
0.2 mm in diameter, indicating the presence of a bacteriophage in the filtrate (Figure lb). The bactetiophage were 
designated cjlUBU-ESBL. 

Figure l: An inhibition zone (a) and plaques (b) on the la~>n of ESBL-producing E. coli produccd by +UBU-ESBL 

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

Table I : Lytic acithity of +UBU·ESRL agai~L different bacterial ho5t strains 

Bacterial host strain' 
Aa:nitnb<JL'/erbnumannii (Drug n.....~iMant stmin) 
EnuroiXJcur aero.~etre.r fDrug resistam stnUn) 
Eschui<:hia coli A TCC25922 
F.scheri<liia cr>li 0157 :H7 A TC'Cl5150 
Klebsiella pneumonicw A TCC2 7736 
Klehsi•Pa pncumoni£U' (Drug resistant stmin) 
Pseud<>nwnas amrgi11osa A TCC27853 
S<Jmondla ~nlt!Tilica serovar Typhi DMST5784 
Shigelladyseuuritu ATCCI3313 
Vibrioclw/er~ 01. non 0139 DMST2873 

Lvtic activity" 

• ATCC =American Tvpe Culture Coll~clinn; DMST = DepartmL?It of Medical Sciences nwi/tmd; u/1 drug resistont s~rain1· gifwl by 
Sappa.<itt!riprawng HMpita/, nwilwld 

tr + =/rave lyrU: tlCti\·ity; ~ = lun'e no (l-1ic acril·it\' 

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

Examination of bacteriophage morphology 
Analysis of bacteriophage morphology by transmission electron microscopy revealed that oUBU-ESBL was a tailed 
bacteriophage. II had an isometric head (50± 3.4 nm in diameter) with a noncontractile tail (290 ± 15.1 in length) 
(Figure 3 ). No collar. base plate and tail fiber were observed. 
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Figure 2: Restriction en'L)me digestion analysis of t UBU-F.SBL genonte. I.ane 1, Lambda HNA dige•ied with Hindni (DNA ntarl<er); 

Jane 2, uncut +UBU-ESBL genome; lnne 3, +UBU-ESBL genome cut with&mHJ 

Figure 3: Morpbology of +UBU-ESBL genome as studied by transmission electron microsropy. (Bar= SO om) 

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 10 

treat pathogenic bacterial infections ( 12, 13 , 14]. Here, we screened for a bacteriophage capable or inactivating 
ESBL-producing £. coli. Although several bacte.riophages specifiC to ESBL-producing E. coli have been isolated 
{IS, 16, 17], our work is still important because the previously isolated bacteriophages may not have infectivity 
against our ESBL-producing £ coli strain due to the high host specificity of the bacteriophages. Moreover. having 
many bacteriophages specific to ESBL-producing £. coli in hand can benefit the improvement of bacteriophage 
therapy against ESBL-producing £. 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 treatment pond. The finding of <])UBU-ESBL in different 
place from which its specific bacterial host was isolated is 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 ¢kpdrl specific to 
Klebsiella pneumoniae DRl derived from a hospitalized patient was isolated from a sewage water sample (61 and 
bacteriophage STI specific to Salmonella Typhimurium ATCC13311 derived from feces of a patient suffering from 
food poisoning was isolated from a water sample collected from a swine lagoon II 11 . 
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Bacteriophage host range is one of the parameters needed to be considered when a bacteriophage i~ selected to be 
used as a therapeutic agent. In this study, it was found that QUBU-ESBL had a very narrow host range. It inhibited 
only its specific host, E'lBL-producing E. coli, but not the other tested bacteria. The high host specificity of <jJUBU­
ESBL makes the bacteriophage a potential candidate for use as a therapeutic agent against ESBL-producing E. 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 lO drugs. and does not stress the 
liver [4] . 

In order to cla~s ify (j) UBU-ESBL, information on its genome and morphology are required. The digestion of <!JUBU­
ESBL genome by the restriction enzyme BnmHl suggested that it was double stranded DNA. Thi s result was 
conflrmed by the nondigestability of the genome by RNase A (an RNA digesting enzyme) and nuclease S 1 (a single 
stranded DNA/RNA digesting enzyme). As examined by transmission electron microscopy, <jJUBU-ESBL had an 
isometric head with a noncomractile tail. According to the lntemational Committee on Taxonomy of Viruses, tailed 
bacteriophages with double stranded DNA are classified in the Caudo1•irales order [18] . This order contains three 
families including Mym ·iridae (with long, contractile tail ), Siplwviridae (with long, noncontractile tail), and 
Podoviridae (with short tail ). Based on its genomic and morphological characteristics, ~UBU-ESBL was tentatively 
classified as a member of the Siphoviridae family. 

CONCLUSION 

In conclusion, e!> UBU-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, <jJUBU-ESBL and other previously 
isolated ESBL-producing £. coli bacteriophages can be used together as bacteriophage cocktails to broaden 
inhibitory spectrum again st many strains of ESBL-producing £. coli. However. more bacteriophage characterization 
and in vivo testing for the infectivity of <jlUBU-ESBL are required in order to use it a~ a therapeutic agent. Some of 
them are underway in our laboratory. 
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