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Wrdasfunisunsnszarsvostrluwuadide snadseilidimaon oasp-01 DABP-02 Way DABP-
04 uﬁ’l%'[umsﬁnmmaacg%a"‘mm nnmsAnymelindosgansimisianasen @ABP-013nay
LA Podoviridae dau @ABP-02 L GABP-04 Inogluiia Myoviridae msAnwmsmuay
%’au'ﬂamunma‘s‘Iawiaﬁ%m;mUag’lmha 50 - 70 °C @ABP-02 uay GABP-04 nusiensamsil pH
4.0 - 9.0 du GABP-O1MuAaNsAANT pH 5.0 - 9.0 uuameTawlaksauasansinlsaiva 95
% Muluaa1 8 W7 One-step growth U3 GABP-01, DABP-02 Wax OABP-04 wiriu1s, 20 uas
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HuumanuazIuuses dumsinyiguunisgndae restriction enzyme vastuAmaiTowo DNA
el Wulenl EcoRl, Hindlll, Pstl, Sphl, BamHI wag Smal ﬁwugﬂuwﬁumﬁiwr‘\’u 15752991
endolysin ¥u10 558 bp viuly GABP-01 waz @ABP-04 Taw endolysin gene w81 GABP-01 Téign
unnlaauly pBluescript lazinsesinanuhuiivuin 558 o vinne molecular weight ¢l 21.14
kDa (185 amino acid) uasfiAn pl wiriu 9.42 Taswumveslowhs @ABP-01 9 nmisAinwiasail

a v e = o a & v e & '
annsminnlfidududenlumsiinuiiieruay msiade A, baumannii finsreresdely



Abstract

Acinetobacter baumannii is an opportunistic pathogen that exists widely in hospital
environments. The emergence of multidrug resistant A. baumannii (MDRAB) has been
reported worldwide. Therefore, it is necessary to find a novel and effective treatment for
MDRAB infection. In this study bacteriophages, designed as @ABP-01, @ABP-02, and GABP-04
were selected for molecular characterization. Transmission electron microscopy revealed
that bacteriophage @ABP-01 belonged to the Podoviridae family and bacteriophage @ABP-02
and QABP-04 were classified into the family Myoviridae. Thermal stability test showed that
all bacteriophages survived at 50 - 70 oC. @ABP-02 and @ABP-04, were stable to the wide
range of pH4.0 - 9.0. and @ABP-01remained stable at pH5.0 - 9.0. All bacteriophage showed
95% adsorbed to the host cells within 8 minutes, One-step growth of @ABP-01, @ABP-02 and
DABP-04 exhibited that the latent period were 15, 20 and 20 minutes and the burst sizes
were 110, 120 and 150 PFU/cell respectively. Protein analysis using SDS-PAGE revealed
variation in major and minor bands of bacteriophage proteins. DNA restriction analysis of
three bacteriophages cutting with EcoRl, Hindlll, Pst], Sphl, BamH| and Smal showed different
DNA patterns. PCR product with 558 bp of endolysin gene (lys) was presented in @ABP-01
and @ABP-04 . The endolysin gene of QABP-01 was subsequently cloned in pBluescript
vector and sequenced. Sequence analysis revealed an open reading frame of 558 bp with a
predicted molecular weight of 21.14 kDa(185 amino acid) and a deduced pl of 9.42,

Bacteriophage @ABP-01from this study could be used as a candidate for studying to control

MDRAB infections
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o u e d 9 v ) o a
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e L4

- o o ; - vy ",
Wovnlseneuna (nosocomial infection) Aiviulduay ﬂmgi‘]uaumnﬁm‘m‘['iﬂmm%a A.

Rl
.. P 5 ¥ - | v ' TR
baunannii nTsame1ua Wuguetaieitias uasdamudn e A baumannii finfiesiaedinula
Imvawoila (multidrug-resistant A, baumannii; MDR-AB) Tnetangatinea msiiasionlundy
carbapenems Fedwalimsidanlioriugadvlumsinulsedinide A baumannii fausudeu
wntu assnddsiinguidodmnslunmsihuuamelevhanldlunsinwnmsanidenn A
.. od . a o a & s
baumannii esnlumahuuameilevhanldlumsinwimsiadesn A baumanni
ﬁﬁLﬂuﬁaaﬁ%’agamq%’ﬁ'ﬂmuﬁsm\ﬁf‘mEJ'\'HENLLUﬂma‘%Ia'.'h%TﬂuLaw'ls'ifm‘galﬁmﬁuzi'lﬁuﬁfmﬁa
a 2 i & & = 1d A A
Indvasihunvesuuaimeslenn iissan A baumannii Wudeneuwialmififasusing
1 d  w a P - | e WAy ¥ o
sumiagiufeyainniuiuameilohandumedoida A. baumannii Sailvensforilsonuns

= & -4 v o v ow v .
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uniii (Introduction)

Phage therapy WuiSmsithuuamesloving wiendnfusives wuaeslavhe inldlunissnving
faauuaiidyluay (review T Krylov, 2001, Matsuzaki et al., 2005, Hanlon, 2007) Tamile
wuawmeslovhadrlvhuuaiiGeasiinsfiusn hugaduuniGeuazvanddensaanuau
sannlagyilwauuaiiSouan suiimaimuamsilevhanlflunsihviduizideutag
vaonsio ilssmnliiifiufiude eukaryote atlafimalugaiimsinnuesu e i
Ussdnsam SwdunsvindeyaieatunuaifmeiainesuuameiTerhositinualsly
mainuamailevhanldvsslenithios snduluunsUsama 9y Zads Wuaus uazdfuea il
N5y waweslovhalumsihvimsiinidouuafiGenduseoznaiuny Taqutgymddnlums
%’nmn"ﬁﬁm‘i’;a-.wﬂﬁﬁ'aﬁamﬂﬁﬂm'sﬁuam'uaauUﬂﬁL?uTﬂumw'w‘mﬂﬁt%'u‘lunduﬁﬁmsﬁ'amuma
#in ( multi drug resistance bacteria (MDR-bacteria) ldiufi Vancomycin resistance
Staphylococcus aureus, MDR-Acinetobecter baumannii, Pseudomonas aeruginosa %ati‘ju
Yywmguamitdrdy  WasmniuaiGoannsadinmoiusidonla Mlsiinmsmmadentmi
uau"s%‘ﬁﬁw‘lum’s%’nwwﬂﬁL'%U'lunzjuﬁﬁmiﬁauﬂma'luﬂw{luﬁmsﬁnmLﬁaﬂnuumﬂaﬁmmhﬂ'ﬁ
Uszlomiluinmsinyuasidesunisindanuaidemmsume Tnefinsnnassldldnaty
wuRiliFeunesiinuiu Enterococcus faecalis, Pseudomonas aeruginosa, Vancomycin-resistant
enterococci (VRE)  visludnivaaasuaslundiia (Biswas, et al, 2002, Marza et al., 2006,
Capparelli et al., 2007, Mcvay et al., 2007, Uchiyama et al.,2008) ﬁﬁﬂ?UuUﬂLﬂa‘%Ta‘:‘hnﬁ
VW60 A baumannii (A. baumannii bacteriophage) flowuameilevhafiannsaviilfidnnisan
o A. baumannii lueiin A baumannii bacteriophage SafimsAnwiliuvivany Tne A,
baumannii bacteriophage loifinsAnwiludnivaassias Soothill uasAnzlidag. 1992 WU A,
baumannii bacteriophage U310 102 aynin mu15n'ﬁ'zhuﬁaar‘fu'lﬁmdwmaaaﬁ%ﬁmaﬂ“lﬁuﬁwm
filgsude A baumanni V3t 5LD50 (1.5x 108 cfu) (Soothill, 1992) wdasnsudinsuon A

baumannii bacteriophage 1dlng Lin wazamzluag. 2010 Tnsuuaia3leviheinenldde phi

AB2 idluntu double-stranded DNA wag 1ilavinns sequencing Slumduundmaun 2.1 fla



wa wudli sequence findrunfafiu Tubular protein A uas B 184 P, aeruginosa phage LKA1
Tny DAB2 Wumndnves Podoviridae uenvnil DAB2 Wunuaweslavhafisumzso A,
baumannii fimsinzfngad(Adsorption)atiesanda (> 99% adsorbed T 8 i), 924 latent
period #1du (<10 min) uazdivung burst Uz, 200 (Lin, et al,, 2010) soxladinsaimoulsyd
endolysin 39 DAB2 wuiannsavhansrialaduss A. baumannii tae S. aureus I (Lai, et al.,
2011)

A. baumannii \uuuaiii§e Gram negative suifudannadfyvedsaindonntsmena
(nosocomial infection) A. baumannii WunuafiSslunguitiinsiaimarosiia  (MDR-bacteria)
FanuduamgiviliAamsindoluma wy wwawmnu unalilyg Toodeaumndiuasms
fadeluurm (wound infection) ) dlefheiinfndaoredmiilugmsndotunszudlofia uas
(Heinlufian Eron, 1999; Bowler et al,, 2001; Agnihotri et al, 2003) &l ad. 1970
M33EUINTBY multidrug-resistant (MDR) Acinetobacter strains Idifisuagamadalufitaeiiin
funsinululsamenua venenil "aﬂ'i'mﬂumsL'Fi[u?]'mmamsﬁm%aﬁlﬁ%‘umnqu*ﬁu Tugae 10 4
W (Dijkshoorn et al., 2007) ssvwinertusemalneannsiamuihsefanumseinsse
pesdienuaiFiimnunt 10 TvosnaAnemaninisumg wuihide A baumanni Wudodis
mi&’;’amﬁwui;a%’wqﬁ"uﬁaauﬁwssi‘aadn‘lné’%m UsznouiunsnesuueInsumunulsn nsense
MmUY Wo A baumannii fareen carbapenem WinSunndasay 2.1 Wi 2543 e
ay 63 Tl 2553 uasileen cefoperazone/sulbactam Faduedngaiedlilumssnsdation
Sovnt 3 Fandufevar 44 wasiwliufuduednaioilas nainemansnisusms nssmsn
513000 STeadrfihefid VAP uasaimmsnainmsiinide A. baumannii wildSesay 13-
50 vifligUeiisnsnduTinlunduiaidonoen A. baumanni Tudengsiiafonaz 23-73 mamsinwn
qUANsBivaNto A baumanni llssernafisw U w.a. 2565 wulouns 57 uaslsmenuia
umsrwunsdodmilul w.4.2546 wufevas 46 veadaidu Pandrug-resistant A. baumannii
(PDRAB) (Chaiwarith, et al., 2005; Keerasuntonpong, et al., 2006) 991nn1557897984T54MEUa
dvanunSuninuinde A baumannii fiestetn carbapenem if¥aras 3 i, 2001iisigsu
fouaz 60 Tulln..2007 (Santimaleeworagun et al, 2011) VndayaveslsaeiaumsTuns

<t & = v ow o a & a da
FYATUINIVINGD A. baumannii L'ljuﬂ'llﬂﬂﬂumuﬂu#‘lﬁﬂﬂﬂ’]‘iﬂﬂl.'ﬂBlui-‘dUUﬂ'NlﬂNHﬁUIﬂ‘ﬂlﬂﬂi)'lﬂﬂ'l‘i



Andelulsmena ua::Lias‘fmai'nﬁuu'ﬂﬁuﬁ"auﬁwqa%mﬁuqaﬁunnﬁ (Visalsawadi 2008)
dmiumsnonuvealsmeuaanyEnumugnues MDRAB Mnvaflasengsniaionas 59.8 wo
fthefaunssudosas 39.1 uazwetflioiin 0.97 (Rodsathien 2008) wagansAny e A.
baumanni fikenanthelsmenaymsdusnawuihannsoaesen carbapenem Joeas 57 way
FauBuios OXA-23 3ndhe (Niumsup et al,, 2009) Tnudofugnlawuiinuausaluniisede

gmangqsiinitu e1lundu Carbapenem, tyeecicline, meropenem Tasnalamsaasay  ns
= v e a = ' . [}
737 B-lactamase 1edesiumsasreiuiton il encode aguu plasmid way chromosome 154
blaVEB-1 ESBL, TEM 22, OXA-23, ADC 23 (Carbonne et al., 2005, Jin et al., 2009, Niumsup et
4 ' i i ! ’
al,, 2009) maasndunasreulungy aminoglycosides 19 aac(3), aac(6H and 22 way
ant(3")-l. (Noppe-Leclercg |, et al., 1999; Jin et al., 2009)
= : 1 L ar e =) s e dl’
TassAdeiinguifidodnanslunsihuuamesTeshanldlunsshvimsandasn
| o o a & . =
A.baumannii iaannilaquteyanerineves wamedlevhadelde A baumanni il
5 & o 1dd & & o U ooV o Y oo a
Wefanwiialminiauiiniissvndiilfeslegtuniesiinununmsuenuuameailern 99nde A
baunannii Ifasawsalusaaldwiuludull 2553 (Lin et al, 2010) urgaantives WA
< Vaery I3 & - o
TovhatwenldgsliiiammanvanslunsvinaneideAcinetobacter baumannii (narrow host
- ' v 1 k. ¥ &
range) UardAMULANGANNYBIAWTIIS Acinetobacter baumannii Tunsiaeniud  Tunas@inenns
av o & awv o wa a a 5 <
WeassndulpsamAdendeimsinuinuanifiedringivesuaineslens (bacteriophage) 7
Y ' o i : P | 1Y) 'Y =
NIEABWUANISY Acinetobacter baumannii - iszunegludsemdlng dndenaeoiusuuame’
= a v = derd )
Tovhattiiamudululdlunmsumageunindiia Tnsdnuazveuameslehefiifaisesdanly
AnvmndtiendsiiguauiidumzdowuaiiFevatsyiia (broad host range) i¥miwuafidoly
\inn13hode phage laiiliu lysogenic phage (temperate phage) Lignvianedsssuugfiduiu
vy o Y o - ° =
v3dan wasiimuasadtlunmsinnldluay  WosnnlunmsihuuamesTevhauliluns
fnwimsiindenan A baumannii Indusipsiidoyanitiiveware@iineweunmeslene

' v

Tmataw'1s'ﬁ'm‘;atﬁ'Enﬁ’uﬁ’xﬁ’uﬁaﬂﬁﬂwﬁwﬁ[ummLmﬂmafﬁm'haﬁauwﬁ’nﬁnqnﬂ%’a’lﬂ
3 =t o a oo 1 P = LI e H
mmsAinyAauenuuameilavihandwrzaonuaiisy A baumanni 9mindsluevitauasi
o e w L v e J = lJ l‘;
wamsiiaveslsmenaludminivalan Tnssnouwuamesleshefiuenldfmuaannisnm

IUJ é’ L23 d L o ) o ﬂl’ v
Al lagndndenuifieAnupaandimedinemuirdiaruannsolumsyiaiads MOR-AB 13



' ¥ ¥, wow oA a = B a v o v =

AN 10 Menus 39Ty And; 2554) issnnmmhuuamaslovhamnldlumsinundndudosd
1 o ar e - (LAY ‘< = 4 o

- anuilahniugumiimseyiinelasamnsdduiealelndvesedulnwames wassin

o e v o = v & = ' .4 vela
voslUsiumiimmd iy inuamesTevheadniulasiamzlusiungy endolysin Mdudluiis

e ' = v & av U N a1 od dy o
AuaniRlunstesisawuaiide  faiunsidoafaultadulassnmidurailesidesnising

wa - a o . <o ' == 45
ANANUANNDN T IMEBUAMD3Tavha (bacteriophage) AistzsauUATISy A. baumannii
l‘ v lﬂ‘ ) e o o o =
mspumedlusamdlnaasusnldnmhidilinioviavasismennaludminfivaian Taomsdy
X v o a4 o v e . a_ v o d
ifiminessezonlumsdaidon phage ol Wiy phage suspension viafamlusiu

v o :a‘ ' = = ﬂl L L! L = ﬂy AJ 1
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1. Acinetobacter baumannii

Wo A baumanni WuwuafiSeiannsonuldialulusssunanmfdunadounely
Tsimgwna Tasaunsamildishnd fu wazqunsainmsunmdanesulsansuna wu wlostay
witla [Wudiy (Bergogne-Berezin and Towner, 1996) Judla A. baumannii Wuanmgdrdyveanis
inlsnRndelulsamenuna (nosocomial infection) uaziulymiddymeasisuguussusena
newazyialan tﬁmmnﬁqua‘lﬁrﬁﬂwﬁé’ﬂﬂmimaﬁﬁau%’wgamnmsﬁL%Jaﬁnﬁﬁamﬁﬁuqa%wumu
il (Souli, Galani, and Giamarellou, 2008) Tmﬂt%"'aﬂnwaw‘[an’nﬂﬁaiiﬂﬁ’u@'ﬂmﬁm%’nm’lu

|7

A o |24 ! = U v ar 1 3 o =
g wiaiigiduiuunises wiafiheildsumsinuondmdowuaidudunamoy

v

1.1 9afingwende A baumanni
Acinetobacter spp. Lf]uLLUﬂﬁFsuLmsuaugﬂtwiae‘?u (coccobacilli) fivwnuszann 0.7
X 1.0 pm liannsawndeuillduaslinunisasealo Wenduiforlsifinnseuaunswingona e
ilunaaay oxidase vgliinaaunasdanuannselumsdslumsmdulylas msdmunidelay

& wr o & v - ¢ + ] = o
pIfTaNYNEMINUNT sUEsowNTeoanld 25 alldd (genomospecies) udiliiies 10 aldd 7

' v
=l ' LT~ 1 o ¥ o u

lafunisisderioumbhilinugnineglu family  Neisseriaceae wiludagugndneglu family

v v
o ¢ ' a - e ] ve g & w
Moraxellaeae Wnveilidavuinduamguesnsindolunsdannitgalaud A. baumanni (Fnsd
nsAau, 2549)

1.2 nensniia

& a3 & o = [ i a v
Wo A baumannii Wuieinelsaididyaunsenelfiialsaldnainuats Jenalnns

U Vo A 1) 1 ar 1 = o #
eliinalsadshinsuuwidn wivszneudeauuig ¢ dofed
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& . = ) Y oo w ¢ o vel .,
1.2.1 ol fimbriae uag pili uunu‘m?hﬂfy'lun’ﬁlﬁni\UﬂUlﬁjaawaq‘lﬂﬂ (Siroy, et al., 2006)
%’ v a ¢ af v v . g a v o
1.2.2 Feainlnduvanilsdinlfaunsnadia biofilm Falianuduiusiunszuiuns
. . - | v o o ol
quorum sensing (Vidal, et al., 1996) lae biofilm fiunumiiddglumisnelsaluwuafiGonansq

v
o e

= o
DNYINLIVN

1

wiailvannsnme (colonization) agfivTagiivunazdailiansodusadidoylss
Tﬁtﬁnwuﬁaméﬁuqa%w (Gaddy and Actis, 2009)

1.2.3 Woakraaulanf lipase ﬁ'ra'm‘lm‘fut!nﬂauLﬁatﬁaﬁﬂﬁﬁaﬁ’uwaaﬂﬁiwUi’Tu(Bergogne-
Berezin and Towner, 1996)

1.2.4 wiwndordumefuigaduds t%"aasthUﬂumsmumsﬁ'muﬁ'nm (apoptosis) U84
wadyalanlnsodunmiantfves Outer membrane protein A ©mpA) lumsmileniliivad
M8 (Choi, et al,, 2008) uazvinliiAnnsdniaula lipopolysaccharide (LPS) a¢lumileaniily pro-
inflammatory cytokine Titinnsuansaanunly monocytes U8Yad (Erridge, et al., 2007) 310
ANAUURYBY Quter membrane protein A way lipopolysaccharide vaafovilyinuiiufivse
LHAAINYNT

1.3 safnido A baumannii

i
LY

msinidie A. baumannii tsinazneliiialsafmdenslona (opportunistic infection)lu

v

fUaeifigiduiuunnies nazduaimgiidrdglunsiadelulsmenna (nosocomiat infection)
oo A baumannii deliiAnlsaRndelussuumadunete finvziiaangihoiiliiadestae
wla (ventilator-associated pneumonia: VAP) mstndelussuumadutlaans (urinary tract
infection) nas@nielurden (bacteremia) \ouanssdnidy (meningitis) 1HaMaialadniay

o

3 M a 3 a e ¥ v ol Nk
(pericarditis) msmm%aummmmLtwauaswaqﬁama anduINN1sAnde Wk (Bergogne-
3 = v d1 qyva a & LMY v o o
Berezin and Towner, 1996) $sUadvirialMifiansinitie A baumannii I8un n1siindnwdaly
= vy P " w
Lanmewadunaum nslimsmugaimiumanm msfigfistiviansasataeaidn uazms
v - d - f v ] ] & o v
'qumUmumaLﬂsamamanmwmulméiumu Wesnnieannsefivenueyluanmiadonlu

Tswsualdidunaiuu
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1.4 nalnmsilesriugadvues A baumannii
anunsainisiesveado A, baumannii Adadutgmilalandaandysuinsemndlng
lownide A baumannii ansenesiouugainldedemimiaionalianmaneyiliiEms
Snwniiarmdudounndstu %'qna'lnm'ifl"auwo’a"\uqaﬁwmmﬁﬂmnLﬁsana'ln‘[ﬂﬂa'lnnﬁw%amaﬁrm
ﬁamsmﬁﬂuqaﬁmﬁﬂ?}’u'lﬁuawq nalnwdouiiu(Bergogne-Berezin and Towner, 1996) Tnsnaln
sty A baumannii fifm 4 naln &l
1.4.1 msadaavleivhatssdingadn
\{o MDRAB ﬁn'\sé’;’amﬁwqa"ﬁw‘lunzju B-lactams lasmsasaeulaiimhaweidiuga
Fndndunalnfifianadidy wasnuldves woules B-tactamase ueulsilundy serine
peptidase %Qﬁﬁmmiqaanqw%' (active site) Usznaumuninosiilu serine 1ny B-lactamase 9v
ofvmilansandaves serine ludumiseanqyidiinhuiizefuraumau B-tactam yirliinnas
wonapnvasius: amide Loulwiivinanouwugadulungu B-tactams g Amp-C B-lactamase,
OXA-type carbapenemase Way metal&B-lactamase Wy (Bergogne-Berezin and Towner,

1996; Gordon and Wareham, 2010) Laulfdﬂcarbapenemase f)’ﬂﬂg’luﬂfju'uadlau‘lﬂﬁ B

= a‘J aa 1 4” = (g =i ' . .
lactamase Yit¥o A. baumannii s’ﬁ’lQ'iJULﬂi)W]B']UU"Iﬁ’mQa‘ﬂ't'ﬂuﬂﬁ‘u carbapenems (imipenem
o o v o de ve e A4 v
waymeropenem) Fuiusidugadnilisnu A baumannii 16i# uenaniieule]
o s v o i o = ¢
carbapenemase §4d1150¥11a1081%ugadnlungy B-lactams duq3n Tasiowle:

carbapenemase wivaaniiu 2 ngulug 1dun  OxA-type carbapenemase  ua¥ metalo-[3-
lactamase (MBL)Ing OXA-type carbapenemase ({uipulsi B-lactamase Tundu D
Tnssadramalinana Yogduny OXAtype  carbapenemase ludo A baumannii i 9 Bin
18un OXA-23, OXA-24, OXA-25, OXA-26, OXA-27, OXA-40, OXA-49, OXA-51, OXA-58 uasd
wuinwde A baumannii fiadh OXA-type carbapenemase Tutistasiuiiaauandrefugngqe
(Wroblewska, et al., 2007) dau MBL Wuiaules! B-lactamase gndmaglung 8 amilassadromne
Tuanadasioanissgdned (zn2) Wuttedsnitunsosngws Hequiu MBL #wulu Acinetobacter
fiien 3 ngudosiio IMP-like (mipenemase) VIM-tike (Verona-imipenemase) Wag SIM-1 (Seoul-

imipenemase) (Walsh, et al, 2005)uasiie A baumannii dafiegiugainngu
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aminoglycosides Tnga$1aioulsi aminoslycoside modifying enzymes Tnomaifiumajursvtinly
lassadnonwhlieneengvslild (Poirel and Nordmann, 2006)
o v Y
1.4.2 mswdsuaslassafratmnglunisduvesn
& v ’ a Y o < v 5
nsnegmnRadnlungy B-lactams Rnninidaiinswasuuasiasaiieueg penicillin
T . <4 v L) 4 a v a 14
binding protein (PBP) mL’i‘lul{]'mmwaammuqawmnaﬂ Tnerdaiinisadne PBP wiialwifien
v o v & o v a d v Sowy .
mugadndulilaliinntuvialiannisashs pee TANYWNRTIULA (Gehrlein, et al,, 1991)
1.4.3 nsaanmoiduwadlavannisaie porin
= i I3 L = & ad o4 o ! iy v oo
nMImugulsInansthgeaduessdnadmiuitnwiide A baumannii 1y
& v oo . v v o ' '
AEwIsIlunsiedenfugad WNNNNIVBWWTRTTUNguvaa B-lactams Lilananse
v oy v v ° v o v v a oo ' P v w
L‘uwqmaa"lﬁﬁﬂumqmaa'lwmma‘lumsmmmuqawLf(n Uszneuselusiuiiiant porin saudiu
a ' 1 v < Tyva v s o v = 4 X v
mmli’Ju!uaamemumaanwaamswazawuﬂ,mmng’wﬂa'smmmmuqaﬁm \al¥eannisasne
J ) o 0 o v cer Y o a & v o Yoy
porin ﬁmam’lwmsmmmwaamammt%mmﬂmsmammuqamﬂm (Bonomo and  Szabo,
2006)
1.4.4 mstumeananisad

o o e & =

o v a a
wdnnalnwiaiviliAnnishenongadn Suinlas

1

WU efflux. pumps  Wunalniid
NILVMNTDIRLNS 1Y Lﬁadmnm3?§aunﬁwuqa%vﬂﬂunﬁa%u efflux pump voa A.
baumannii annseduendwgaivlivanenguinliide A baumannii Lﬁmnwﬁ'ﬁuatrlﬁwuqa%wLLuulﬂ
ﬁi’wrn:ﬁaﬁ‘;asiamo‘huqafﬁrmmunfimﬁauﬁ‘u'lﬁ (Bonomo and Szabo, 2006)

1.5 ssuniing

syunIneluniseing nnmMITeanlulssimaanssaniinilae Center for Disease
Control and Prevention (CDC) wuini¥a A. baumannii Wuawmomsi@eTindudiuiasses
90 Psedomonas  auroginosa  Tauviu¥osas 434 ‘lu@'ﬁmﬁ'uau%’nmﬁa‘a'hmarg’ﬂqsﬁnqﬁ
(Wisplinghoff, et al, 2004) luszmanSeseaing Greek System for Surveillance of
Antimicrobial Resistance (GSSAR) WU31tie A baumannii Tuvedftaunniz3ngd (ntensive care
unit :ICU) fimsAertasn imipenem Wagelunntouas 0 Wulina.1996 fseanaidesas 85.1lul
7.#1.2007 uazlunetandannssu (sursical wards) insdasonn imipenem tﬁuqﬁumn%’aaas 0

Tiln.A.1996 Sevsvanadosas 59 Tl A.7.2007 (Souli, et al, 2008) eemuvaslsanetuialy
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Usznansfilulna2006 wuinde A baumannii usnandiheiliiatosdiemels (vAP) Tu
wothunmeAngRiisnsnisiesn imipenem Jouas 80.3 uay meropenem Favag 70.2 (Dizbay,
et al,, 2008) vaurianwarnndnsilenuin de A baumannii foresn carbapenem 3auay 0
1Y A.1.1998 Wingetudouas 55 Wil p.4.2006 warmnnsTsanlulsamasssusgsanuinge
A baumannii feseun carbapenem Fawaz 15 Tu U A.4.2005-2006 (Nemec, et al, 2008)
vonaniifafisnamamissndldniulan Center for Disease Control myinda A
baumnannii Wuidedudtu 1 ﬁLi‘lummv;vmmsﬁm%a'lu@’ﬂquﬁuau%’nmoﬁ*fluwaﬁﬂ’:uﬁnqﬁ (Lin, et
al,.2010)
sunineludsnndlngnnmsianuiseTanunisainsiesveadouvaiiGemu
ni1 10 Yuesnsuinewnaninisunng wuinde A baumonni n’fluL%raﬁﬁn"rsﬁauﬁmqa%wqﬁyu
oathsyiregnlndla Uszneufiunssenuvensuniuaslsn NIEMTNATOUNUI 1T A,
baumannii #esioen carbapenem Wniuondosar 2.4 W wa. 2503 (Dudosar 63 Wi v,
2553 WWazilay1 cefoperazone/sulbactam Fathringahoildlunssneidetiontesas 3 iy
Wufesar 44 wasdunlibnfintusddeiiles nsinenandnisuvmg NIENTNANGITUGY T
et VAP wasfammpnanmsindo A. baumannii wld¥esas 13-50 lvirthe
fisnsdeTinlunduinionon A baumannii Tulengeiiafonay 23-73 namsdnwatifnisalues
Wo A baumannii lulswennadis O we. 2545 wuda A baumannii $ovay 57 ey
lsaguraumsivuandodmilul wa.2546 wuindesar 46 vaadaiiiy Pandrug-resistant  A.
baumannii (PDRAB) (Chaiwarith, et al., 2005 ; Keerasuntonpong, et al., 2006) 91NA1551897U
goslsmenaduaAUNIIUINTD A baumannii Arasionn carbapenem #isovar 3 Tul a.a.
2001uingetutavas 60 T .a.2007 (Santimaleeworagun, et al, 2011) ndeyaves
Tsmgwaaumssuassivdumuinde A baumannii Wuaungdusuniwamsindelussuy
madumelafifisrnnsiadellsmeia uasvﬁuaf?fanénﬁuuﬂﬁuﬁamﬁwqa%’mﬁugaﬁu\qni‘]
(Visalsawadi, 2008) dmiunissngauveslsamenuinanyinuaignues MDRAB Mnveftauony
InTindpeay 59.8 vefludaunssuievay 39.1 uazuatianiin 0.97 (Rodsathien, 2008) yaz9n
msfnvnde A baumanni fuunengia slamprrannsdusienuitannioieses

carbapenem Yavar 57 uazdmubuoun OXA-23 Bnday (Niumsup, et al., 2009)
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1.6 medemaiesfiiinig
& aci “ ot g & Sad .
\50 Acinetobacter spp. WuuuaiiGeannsawiglaluamsidsnde Wy Trypticase soy
. 4 . . ¥ & Y
agar, Nutrient agar ua Brain heart infusion agar atislsfimumsnmamioaindsdinsisezendy
. S g o o . .
selective media mawaa‘li’ﬂiuqmﬁa'ﬁuﬂauﬁw a0 Herellea agar \Uu selective media
F H H [ . . = a 4 o
UsznaudIe 1A 1na Wag bromocresol purple @ selective media dnTUnMilaAD Leed
. . ; o ¥ !
Acinetobacter baumannii media (LAM) upmsfiannsonsmdanindsdmsnnardanndon
Yo oo a v o5 e v ow a v ’
UINIINUGIUNIFNTINUFATANNAMULTUTUN) 8ANIY (Bergogne-Berezin and Towner, 1996)
=1 ﬂu s v g o 1 o ~ E(I
nMInagaun I uAliaNnsaLenda A. baumannii l¢ TneBominandaidiu saccharolytic @4
s stmed A . ¥ N o
annsaaarsimald Wiehlunadau oxidase 9¢binaay vananiiduadTdiduiasoyldd aq
23AgaLFeg Bninn (Peleg, Seifert, and Paterson, 2008)
1.7 m3nw
o v a & ! | o v 5 o e e
UagUumsinuilsaiinige A baumannii fimmududeunniu aannnugiiinased
i v =4 w a & = o v o - vy
MDRAB #iAeutngsdauumunissnuilsadmde A baumanni Tutlagiu Toun msidenldend
= o [} =] v = ch 17 ] ] ¥ 1 1 L v o L7
inviialni vie vringadndniddevddlmidainalansiosiugadnieivodugadnild
1 v 7 P [V [l = ' 1
oglutaoqiu vadugadniionnldlunis¥nuls 1y erdugadnlundn Carbapenem (19
imipenemitae meropenem), fluroquinolones, ampicillin/sulbactam, aminoglycoside Waz
= = - 1 %’ i & v = & v = L v S a2
colistin e nudeiionsmsiissmugainginazasyiugadnmanengu dniududuligm
L o o L% =t - :‘l‘ 1 v = d =5
dfgdmivmsiandmmhmmagsuamilvesFerssduadmiteumamslunsidens
snugadndmiumsiou waznsinwdsningadwiiswiiadeinilfidensioresifuga
- o I‘.’I 1 o =4 £ 1 v - L] o d - J o
Iwvilathiluszwinnisinu Ssnosléordugaivedialon 2 wiindufuiewSugnilunissnu
L3 v L3 4 v L2 J o ad L s
uaznsmREMAIAdYRAUmMAR LA IWAR N ST TN TS UWABY BN T I (ns
o Asddu, 2549)n
2. uuameslowls
2.1 awdimluveanumneslowla
= =l = =g 9 A L7
wuamaslameiinsniaddnimiiiluarsiugnsse (Carter,  2007) Tnsvuinzasnsa
a a VL w a a a 5 = - w
ihaddnuandniumusiaveanuaneslows uazdiuvesnauda (capsid) Faudulusiuveru

. d L o da 4 ! 3 Ha 1Y ' “a d 4\' o
(protein  coat) iiiedastunininaddnfiogaivlu annsadsadinldedredaszudifiusuiunes
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symanenslugaduesiuafiGelaaviiniu (obligate parasite) hidmilusadifaranlifide
uwad vielaswadeduvensad @laius woday, 2540)
2.2 Inssainuagdnlsznauasuamesloms

wuameslamaiiiidnisznauasuanysaiidundi”33onu (viron)” Swseneudy 2 dau fe
ninihaddn waeilusiwjudenseuiitedastunsaiinddn Bunh uaudn (capsid)”

2.2.1 nsailnddn

?ﬁuuﬁwu'luaun1ﬂmaunﬂmﬁTmﬂaLﬁun'mﬁ'mﬁan 21y double-stranded DNA,
single-stranded DNA, double-stranded RNA %38 single-stranded RNA wuulauuunily Feiiiad
Wumenss (linear) wazilasnaul (dirculan) (Kutter and Sulakvelidze, 2005; filavius NEIIE,
2540)

2.2.2 uauda

uadadulusiundonsounsninaddnlitrely uavdavssnoviusountToweddaiu
Tuanavealusiudnaunmemie fiwihithotestunsgnviansdiosed gaumgil asadl Mudy

0;‘ o =1 o o L. ) - 1 1 = v
uanINIMIIGEIRIsanUdadaiidiinguinmquatoynin wuamaslawlusauanaly

3Uf 1 (Kutter and Sulakvelidze, 2005; filasius NeIeg, 2540)

O

A (B) 0
| ' a o o < 5 1t
UM 1 uamsguinevasuuameilom: w) fidauialiu icosahedral capsid wazhiil

w3 (8) fldawuiaily icosahedral capsid waziiwedu wissna Juegivuiia
vauuAama3lawla (O 3U'§1«sﬁuﬂwmo (filamentoue phage)

fun: Fowvasan: wssadivi Juning, 2553
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2.3 mivaduunsiinvawuameslowls

UogtuimsdunuuuamesTaawiialmivsznalishng 100 aeviugluudasl lnvendo
msdundendosanssmidiinaseulumsdegguineteyma Famuirilegtninesiinuames
Towlasimsayszanmannnia 6,000 aeviug deusznaude tailed phage fisnmunnnirfesar 96
voauamasTawlafigndumy wuamesTewlafiwudnilugjosi dsDNA Wuasiugnssudu tailless
phage uay filamentous phage aMIEWY (Ackermann, 2001: 2009) oy International
Committee for Taxonomy of  Viruses (ICTV) livasruunwuameilowisaenidu 1 order 13
families uaz 30 genera muvilavansailaafan (nature of nucleic acid) warguindnune

(particle morphology) ﬁauﬁm‘h&gﬂﬁ 2

ssDNA dsDNA

7 ¥ e A T 3 /”\- N ,.:’1‘;-.._ ,,.;:;\'t.\,_
1-. { ¥ - - > ATy = S

e =yl 8
fticroviridne B,f e \i_}, R R

\\ [ N Cotlicoviridae  Tecliviridoe

[\ Podoviridae

// ?.Wov:rréd.m i (‘\.‘.'. )

/ Siphoviridao
/ Plasmaviridao
& -(‘A-_-._ ey, ~—~
= - / \__
! | .
& —_— e b Fuscliovisidao
-4 e W T
/ Rudivirigae
dsRNA
ssRNA
i\ o
h\ o s \\)
\ ™ &,
Inoviridae Leviviridao Cystovitidac

- [] L ape v 8 =
JUN 2 uansguinaaneme order uag families vaansdaduunuuamaslowls

'71‘11’1: Ackermann, 2009



18

2.4 dnminenvaanuamailani

v
L]

uUﬂma‘%Tawhmuﬁsmsnﬁu'\hmuwmﬁ'lé’mm:fmu'luwaéwhu'u (Obligate parasite)
v U v a . v ' o X 1w P v a
muunﬁﬂuwuwﬂmaﬂmﬂa’luﬁmmaaumqwwuaqnuuumrmiaaﬂ wuaneailanls
v I‘I - Ju = = (J = - ) - L7 ] ]
annsowulamluvlusssusdnufitiweiiSolsavidaivssnanduniuueiiGelusasidiy 10 do 1

v 1 =ae

< y a

(Weinbauer and Hijfle, 1998) lnsuszanaifudniisnuuazanumarnanugaigalilanvesdsiliin
wazmulaval/linihgaarsy fu wazudfuiimea TnsnudrsnmuesuunmesTawlanasTsmfosd

1 ) ‘J .
ﬂ:nn‘luLmuaua'mwmﬂauumJaamur]Qma (Kutter and Sulakvelidze, 2005) 99nn15nsI9d0ULY
Aaslealonmvualudiansdvdiundesanssmididnnsouriumfidnnuionn 5,568 awiiug

' a oo 3 . ac -
Tnenvindesas 96 WuwuamesTowlafldneglundy Caudovirales (Ackermann, 2009) Fannsiinu
o a a a o v y . -
unAmeveIvAmaslamelunsAnwiaatesiu single-step growth w3a onesstep growth
= ' o ' = v ¢ = = o < | ¢
WonssdeuTRATTuNiTluveuameilamui iV lusadiuafiGuauianaroynaitauysel

vaanvAweilanlagnuszneviunmulusadiiuasansniFends “Eclipse period” mufotasaaniy

o ¢

Lwi'.mﬂma"“siawlﬂL"%'uﬁm%mwﬂﬁt‘%a%un‘ssmmaatwﬂﬁﬁ'ﬂumnﬂdami"\muqnwmuﬁaugsfﬁ
(phage progeny) saminnIuuBnIYARIEENI1 Latent period” NSATIRTNUGNUATBIMUAINGS
Tau‘hﬁLﬁm?}'u'lutmﬂ'?iL%'uwﬁqwaﬁ%’eﬂis'mniqnwaww'i'fuasg'r'fwﬁm*namumma?‘[atﬂm‘%’aniw
“Burst size” (You, Suthers, and Yin, 2002) uaznsfinw) Phage adsorption curve Wiafinw
anuanslumatgmslugaduuaiile (Abedon, Hyman, and Thomas, 2003)

2.5 2357 Invasnunmeslawl

195TInvRuAmailamanssanidiu 2 wwu mudnvaemsiadareuaiisy

2.5.1 299583auuulada (Lytic cycle)

w
=

wuameslomalunes®inidonds lagswila (vViulent  phage) v3o lafianta (Lytic
= a & a o Ha a O - a o
phage) TngwunailiZeiinsindearnuuameilomeninesddnwuylafatuaziinsiiusiuo
a & P ¢ o f v oo - v O ' v X o
gnvanniinunisluisadvesleavinauiilfuuafiSounnaaie FazUsEnounIBTURDURIN Al M
uamslunn 3
2.5.1.1 nM3insin (adsorption)
a a % YRV . H @
wuawmaslewlavslidninizin (attachment site) in1efuia3y (receptor site) Nog U

s o o P a ' a [T P | 1w ¥ i )
\waavauaiSelaan wuameslewudazeinslddmnmeinfunnsisfudy tail phage as14
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a . = a s 1o d ad
arwvesmatiudinsiin tailless phage slidnunmsianatsdiimiiediuauda waz

v

3
] (3

filamentous phage 9siidaumednayfivateiaassdna (Bertin, de Frutos, and Letellier, 2011)
wuamaslamudaryiialusssuminsil receptor  vumTagaduouafiFolaavifnansafugy
Wsfiy, nsalvladn (teichoic acid), nInausaarlss (lipopolysaccharide), wilaniaaa (flagella),
uAUga (capsule), fila (pili) waz wadu (porin) Wudu (Rakhuba, et al,, 2010)

2.5.1.2 msdwiinsaihaddmdrdwaduuaiielaayt (penetration)

MAINNITINIEALED tail phage Blinfidnvasinesvaddsayiliduesaanemauns
rsiugad wddshunantiaddnmindauhasgdamadngldlmanata Tnofiuaudaveswuaime
Fowladragfinouenveswuaiiduwadleant dnuwuameslonleilimeduosdsnsninndantinudam
aanaaduld dou tailless phage vzdfaaviiliiuaudaunnasndou uirdmsaiadsnluiinisad
ﬁauﬁaw’hdwaaﬁaaﬁ waenan filamentous phage wuinsdewiunsaiiadsnasiiuadadluly
\wadnaY u.si%zﬁﬂﬂﬁuai’m’lwqﬂi’ﬁwaémmmuué‘mlansmﬁmﬁﬁnt'ﬂ’wejlﬂm'rra'm%'u (Rakhuba, et
al,, 2010; filasius wo¥muz, 2540)

2.6.1.3 msfuaszvinsaihadon waslaseadaveanunivailonts (biosynthesis)

'lun‘s:smumiﬁﬂsﬁﬂﬂmmnmaﬁumu'ﬁﬁmmnmﬁ'gﬂﬁﬁn'uamumwa‘%iawla'htﬂu 273
WBute w3o fidue wanuauguiemoiiiss (Weigel and Seitz, 2006) whvaviinesiimsaangnsn
thaddnuesuniSelaeriiftelfiduarsiume (precurson) lunsduaseimamevenuamsslomts
Tasuuama3Tamazusuntsdunasedidun1iiduie (mRNA) ndiduevestumneilow Tay
0 upsIBuleInAIaITd (RNA  polymerase) Taauunise Fu3onit Buerdiduedidy (early
mRNA) tiezifiamsilasia (translation) TiiuTusiuuaziouleditdr iy udsornfuariing
aensfat NN sfininnesgriiduevesiuamesloms Tnldorfdumelndnosavey
ameslamiates selmlubuorfidundamds (late  mRNA) Fudeutaswasenutozilysiu
Tasaaraves wuamailawaitu uaudn danmns tteulsiiasiusiuiiisadoly
nssvuMIIEnouaymAvauAmeslatne (Kutter and Sulakvelidze, 2005; #ilavus eI,

2540)
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2.5.1.4 msusgnauilueymavaaiuamaslais (assembly 3o morphogenesis)
g = wa el v 1 = L “@
Tunssurunisiinsaihinddn warlusiulanearaiequesnuameilomavssufuinidu
a =) ¢ Y ™~ & P

aynmavaauAmeSlamlananysal lnsmsusznauiudusymawuanesilewlaiiozerdelusiu 2

-] = v o o a

ngu Aelusiulassadaiisnarodududsznavveteynia wuAmeilawly waslusiun

¥ 1 ]

llunszuaunisusznouidiueynia wdelifudrudsznouduniiadlavesaynia Tasnas

a < a _da 4 v & Y o

Uszneveymaveauameilameszzuainnininddnevgnusseluuauafiainiunniuayiad

W a o = R I TR | [ ) = of ey '
vieunsaihnddneriinsdeaderdrfudiums wasdmiavjy dunvameilawlaniisudrniuany
a aa - v oo e ¢ 7 =
M (filamentous phage) ninihaidnuaslsivvzsandrnuibuoymeadianysaimeluunewdon
& Ne a & ‘v ) o ¢ o a 1

millauaynavealuameslatusyivaudvzveanuniiisslsavifuluameslawlaudas

9lIn (Aksyuk and Rossmann, 2011; filasus ws¥mug, 2540)
2.5.1.5 milanddesuuameilailagnuausanainisad (release)
lumsvihmsminsadvauaiiGefiavinlisadunn Tnenuameslowlvasiinsfinsiey
e o e ] [7) - | a - o 4 v 4 ¢ a

Wsfiuivhausouiu 2 viinde euleiladu (holin) iatovamudeduvaduazeulniidulalady

(endolysin) \ietauaanentiasad Tny holin 1lu hydrophobic  proteins TN S1ezaanunsn

holin  monomer ihlUlumiagadvasuaiiBosmmsuluressadndavssnouiiu holin

? s @ v a a o ¢ & . « ' [ ' °
oligomers yhliifinguimrmiagadniaeiniiu endolysin Fuduieuluiannsodndludenyinae

W peptidoglycan vihldiwaduuaiiSounnuasanUdesuumneilowlooenun  (Kutter  and

Sulakvelidze, 2005; filayus vo¥aus, 2540)

i % 1. Adsorplien
& . 3‘ '? @ ] QJ 2. Penelration
P & e S ;
5 &
e e TR -
6. Releate {T x\‘ L,tx:c)c’a/\) \!} 3. Resication
"o Y
e"{ ‘roe‘!( 30} o 'r_: i
G gy 53 T i
& (et @2
5. Assamaly '{:’%—: Do 4.Transerigton and

fransiaton
JUi 3 wansreesTinuuuladiaia

= o " "
1311 : AaLUaRn Labrie, Samson, and Moineau, 2010
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2.5.2 1938imuuulaladiin (Lysogenic cycle)
= = J oo = =i
wuameilanialures@intezidunuvlaladiia waglafin Fundr Temperate phage u3o
o - =) A d' =
Taladiiama (lysogenic phage) winedia wuameFlawhidguuaiGoudlifinnsadrunmeilon
sgnuald uisluuvesuvamelamlevzasaunsnitrlegivlastulsuvenuadie Tae
; I = X .
NTEUMNT genetic recombination Fundlunvesnuamailemly szuziidn TUsih (prophage) wu
< — o & = 4 g
Amaslaiaueila 1y Mu phage Aannsanduidaesdiauuy lasewlald diagnuieiilag
wasdanilaleran wia Aw¥ou Wudu (Hanlon,  2007) elashilsuvenuaifiFouvaslusiva
-] [ 1 [ = @ ] e = o 1da X g =
(prophage) Avgwisilundouiumiiouduiludumilivedastulen wpiiGowadlvaffiatufioedl
[} o ) ' o X v o
TUsuvla (prophage) uergs’hu FeavUsenaudmpdunausngieil faamdseneud 4 (Kutter and
Sulakvelidze, 2005)
2.52.1. wuameslomaviiimeiudaiy (receptor  site) fiaguuminsaduaanuaiiise
° 1 e (ST | o [ oo ¢
Taﬁw"[umuummnmsuaaaamumﬁmaﬂLﬂuawmLmqtfijaéui}ﬂmﬂﬂaw (Carter, 2007)
2.5.2.2 lugrusniBueveswuamaslowlwifindnnufdueuas nensialnsedeodulsd
= e P v a w a 4 o [
NuUATIGE Weld mRNA vewwuamaslewlandr suinmsulasiauas lalusauvtianiiadend
ot . = o ° o [y
Wshiumuny (repressor protein) Ganziidaran1syineuas RNA polymerase TAAT0fUNS
") a o . a a o 4 v o
duanailusiunidulassaineymaves  wuameslowauaslusiuiiivafeafiutunsunis
1 = a o o L) 4
UanUaesuunameslewls (wasuiivn Sumvis, 2553) 1y uanauraonstl ¢ gene adn repressor
. o v v o ' - o - P v U e LYy sa
protein tisluduiudumis operator tislunamsduasieilusivuesdudueg aathitingnFin
wuulafia aamiu Mdueveanuamailomanuulavzidraeaunsn (integration) AufLduLavas
= =4 é = = 1 l;’l = of = c!"l
wuaitse Jusonuuanailawialugasiids Wsa (prophage) wazionuuaiiizefiin lalaiau
(lysogen) 34 prophage aiimsifinsmunnlundansuuuaiitelea (Carter, 2007)
@ o 1 Ha o i . a o v
2523 matmhlusadgrdinuuuladia (induction) o1aiinduldias (spontaneous
§ . = v e o e o e a o o By o ' e o Moy
induction) WsamsamidugiiinasunumisviaeitduevibinaieliansomsFinegld
19 uasdansilaletan arsiail wazauseu sy (Hanlon, 2007) annsnililusilavanesn
vnlashilaveawuafidonasidrgrndinuuiladn nmstmidlusmadhgadianudlafamfusiinn

= v Y 2 3 = oy w o
Wedesriumsanseduas wiamsviangvedlUsiuaunu Mlaus weimue, 2540)
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Releaze
I r O 3‘: 3@
(')Vgaﬂ v f\/ . l g‘
SV Lytic cycle 34: L O —
Transeription ang — . Adsor;t’m and

translation . Penetration

Aszembly

Repfieation
{lﬂ =2 e mY ol e A

?&ﬁm&'- -

O

P. :ge DNA insert :e!# onio

bacterisl chromosane

g e —— e =

ofo] w> [of

e sy

Steancs SR g

Bina ryf; sion is comaletes \:} O O [‘? Phage insert replicsted with

i haclerial ONA

Ui 4 wanarsasidauuulaTaiiiante

2.6 AMUUIIETER I IUAmDSlaiNauTaay

ﬂwué’nv'(uﬁ"iswiwmﬂma"ﬁaLﬂauasuumﬁﬁ'uiaaﬁﬂsa1f'fum'ma)"lL'rna-vm'iﬂsm%"nﬁag
vusymAvomuameslamailiFundt “Attachment site” asedauRavy wuAmaslamaigy
uAYEA %38 nsaTaidumiatu Tailed fiber 1ila Attachment site saanuAMBSToaEATURY
Aumiadad (receptor — site) atesunizvasnuaiigelaa iqtﬂuiﬂsaa%’Nﬁﬂgjﬁﬁwuanﬂaa
wuniidelomi SaviiliGudhgnszuaunis adsorption wes  wummesTewta (Kropinski, 2006)
AudInzsEnitwuameilanianaswaiiGelsaviiinud dyuanlumsifins e sunmes
Towhomglugadlonyt wazmsvianewuaiiGelsar wwameslonhkiimmusunefuloadlussdunis
fwmnwuefiGeiianisnany (mutate) Suitliiiumisiiuvasuameilowoanilu srsvzdwa

ﬁ't'lﬁ'tmﬂﬁt‘%'u-nﬁmﬁ’uwumum‘mwﬂma“‘s’ianﬂaa'mv‘i‘uﬁfﬁ'u-flﬁ (Labrie, et al., 2010) Insuumnes

v v o a ‘ Sd 4y a vy 1 o a . .
TowhszduiuluanaivsnguuiinsaduuniiSeldvaroviialiun s, nsalnlndn (teichoic
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acid), alnindusanilsd (lipopolysaccharide), uraniaa (flagella), wAUYa (capsule), fila (pili)
a 5 v o ' a o e ¢ a a0 [y
waz wadu (porin) 1Wudu mwduwesewitwuameilemauazuuaiiSolsaiudaz viinidoud
1 =5 - o - E‘ LA v v
waunanfsnuamelamwlavinlaviianis szannsaduiudivuusadveaaiSoloaifioatsd
d =5 o o 4 1 5 s W ] 1 ° o
loaU@dniis wiomotuglameiiuguiluriniy ausuidandniadunaidomailusinnnlélunis
a 4 L] 1 A!‘ ) ﬂ. 1)
nvuileannlidmasoeusydrdulusianig (Normal flora) (Hanlon, 2007)
2.7 msvsggnalfuuamaslamalusnsingg
Lo | v =) v i </ 1 4:
Uaqiuiinivssgndlduuamesiomaludnsiregiseluil
2.7.1 17U ia (Phage therapy)
msfnwldmininGulul a.e. 19215inneeansde Richard Bruynonge uay Joseph
. o o 1 a o or ¥ 4 o .:I!I L
Matsin Whafninemansnduusniildlfavadado Staphylococcus Mdullgmlufiadendins
1 U L L= - o = :i'a ¥ v ] o d =) ﬂy 1
i TaonsiiawuameSlamsvufinmiseuquinausaiiindendninnisiin naffadumnudi
wunmailanlaaansaanmisiinideldodnaiivszaninm Suthmaduiiliininemanivaieg ndu
= PPy Y o o a & ]
Anvwuameilawladislilunmsihulsaiiinanmsindsa (Phumkhom, 2009) definsdumuen
Augadnlull a.A.19413nibirailslunisinuuuaimeilenhanasdwmarilivuamaslaiagn
° o - ' =4 ' v
ihlihnwevamsduiadouasyssmainedudumilvosninannmlodunuflaldmumndy
i v PR a o v v oy s 4
Vi1 90 Yumuasiiifivadszinavesiunioyanalil tesnadumans wdwnidumuderos
v oA B s g v a o e = & o P P
angatiitegiviaiiesiliuuameilowhinduinldsuanuauladingntu fiwaninisdnwil
v ood Y o w o4 yy a a d1 - a
axvioulyitudn phage therapy ildnoamilunisidauuaiieldvansiin dvhialedeuunmes
» v =l 3 1 - d
TawlagnnsalilumsmuauuuaiiGonlfiduenystanm (bio-warfare) 1y lytic enzyme (PlyG)
wanléiain gamma  phage fiaamswinglunisvivens Bacillus anthracis (Watanabe, Morimoto,
and Shiomi, 1975) lusnumsuymélgfimsWiuniteneulwi endolysin wafniduouloiuians
- i ' v . . Y
wialdiu therapeutic agent L9y n15l49 pneumococcal bacteriophage lytic enzyme (Pal) yidnn
' L AS o P . .
97N pneumococcal phage %11 pneumococci Ainena penicillin (Loeffler, Nelson and Fischetti,
v o v = 1 v v - o e oo & T T
2001) Tavaaldifivsagrnduanisldsrndverdugadn iilavharsuuaiidofes (antibiotic-
. , a qy = ° Heaod v i = s w
resistant  bacteria) w3elduupmailamalunisiaewuaiiFenasha biofitm Aeanlumsiide

e o o = 1 v v P o
(Phumkhom, - 2009) la¥auninidlumsinuaassgauinninmsidoiugain leseinuuames
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r =

TawlsaansagnzquiauaiiFordluliluasondilubilddsbidusunsenaginsuas
wuaiGiduusslomnitue

2.7.2 Phage typing

Wummihwuameilamaussgndlilunsdadamunuuaiifomeiugan q Aogluiia
(genus) wazalid (species) eaiuoanifungumuailidensinge wummoslows
TansfnlduuamesTavlasfiadragsut lunsdnu failandommdumesenimsineinvo
amaslowliufisuuuntavadvesuuafide Wordnns lysis YaanwuaviGuazdanmiiu plaque wse
clear zone \intufuuuaiufituadadn quufnvsmmsidsde (agar surface) \Uuuselomi
dmivnumssainetumsdundesumueansasuinPhumkhom, 2009) feghady iilo
WUN352UINT8A Vibrio cholera MvliAnlsrafinmnlsaluaosituil windosnisnsnudaiiudsian
Weaiunieli  annsovildlasinuaiieiuentdonaesiinmassuniniladeravauames
Towla 'mnL?gaa)wnaaqanmﬁﬁmwu’im‘mgmwaawﬂmaﬂaLﬂamﬁaur‘fu uaMIINTIEUIAEAA
nnalRIny  9nnsAngimsiduuameslamalunisnsdaswun Enterohemorrhagic
Escherichia coli (EHEC) uay Campylobacter 1annsalgldedraiivszansnmlunisiianiunis
55U lue N3 (Hagens and Loessner, 2007) uenaniidsléiuselomilumssuundewvaiiduans
suglvig wWu Swunido Salmonella Typhi aaanJumm"f’uﬁfﬁﬁmmqutm’lumsda‘hﬂ uaz a@y
ﬁ'us:ﬁriai‘m"l:iimm TntodunuauUivennafivshatoianis Salmonella Typhi il Vi antigen
adnnnuiiaglunuafiGewasyinli salmonelia Typhi Aelsafiyuussld (lavus wodnue,
2540)

2.7.3 Wugdfmnss (Genetic engineering)

thuvamesleniailfidudusany gene  vecton WimhBuiidosmaidngdleaiisadindn
wuafisslumsvirlaaufidue (DNA cloning) tuamesTewfidunumlunmsihuliisaduauna

v oA a <l a aa : <
gimnssuRsuuameilowiafithasBinuuulaladta dadu A phage AlvunndTuaseuna 49

a . d e v a dy v o g v
Alawa Wy temperate phage ¥84 Ecoli ilafasoduiigiosmsiillufidumevas A phage 2wld
Wusiduoaena (recombinant DNA) intnivingleasigaduuniiise wuameslowaainiisy
v oot v | v = o
wasnanunsnidlvluiluiveswwuafiFouasldnalnvedleadifloanlusiuvesuuameilowlasa

Wilusiunndduenladly Gilaus weiame, 2540)
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2.7.4 Bio-control

= Ao I o o AW v ) v
msﬁnmu'unmaﬂmﬂwuamumwmu'luﬂwuum’lnmn'\‘m'lﬂmﬂsw“lmmumu Wy nnnoaya

Hwanuuaiie Campylobacter  luiilolrian (Wagenaar, et al,  2005) anida Listeria 0 or

monocytogenes Tupwnsan wisanwuaiiSefivinldeamsninde (Bigot, et al., 2011) Ined) A.A1. 20
A6

2006 AMNTIUMTDIMTUALEIVDIENTS (The U.S. Food and Drug Administration: USFDA) e T3S

mawuameslamanlilasnsirouinaasniouasldauialddavinuuaneilamaluvuamisie 86),

Yoarunsuuidoununiide TumunsinwaswuamesTemtagmirlulidanuuaiiFonelsavate
981U C. jejuni, £ coli way Salmonella uananifluvhiudnidildussTonivoswunnailoma
AIUANLUATIESY Lactococcus Wa Vibrio Tuvhdudssan wazmumuuuaiiide Ewinia amylovara
uaz Xanthomonas campestris lusuiivs1ag (Mahony, et al, 2011)

Y vad o . o « ~ = o &
uenInTlguaiininmzves endolysin Fuduaulnianuuameilewlsiamisoviaioide
= | v s =3 v, [ . - -
wuniiaglaagnadumng Saldfinmmhasegndldlugnamnssiems (food  industry) itaviany

& o akl 1 v e " r -
LanuaAnLIByilinenIswaziuaSonnolsn (pathogenic  bacteria) fionavuanluamisuas

o o (3

a e ' a ) v P = 1 a ¥ a e w
rnanntusingalign dmsumainumalulaiTnmiimslduuameslomlslunisadfivsrasaiug

11

o o = - | =

r 5 o 1 - 1l v
(transgenic plant) ¥3il phage endolysin gene WaRpA M TBRUATISBNDLSAlUTY 1wy nsld T4
lysozyme luiiusliafiadlostunisyhansernienslsafis Ewinia carotovora (De Vries, et s
1999)

-t CJ o 1
2.8 wuawmaslawanduwizie A. baumannii
a e 1 54 P s =
wuamaslawendwngsio A baumannii (A, baumannii phage) Asuuamailowlv i
ausoiiiden1siode A baumannii wagldwuaiiFudananlunsdindiuu WuADS
Towlagnvam lueliin A baumannii phage SafimsAnuedialivnivaie Tnoluefin A

b v v < % -
baumanniiphage ldfinsAnunludnineasslng J.S. Soothill Wl a.a. 1992 wudnileride A,

o [ 8 d v a a &
baurnannii U3 5ti1ves LD50 (1.5x  10° CFU/mL) TdlunynassadfiefiosliinTsafinide

& e a o . a 2 = - o v
VNN A baumannii bacteriophage U3 10° ayna Seannseidrsdosiuliing
Aoia v ow s w ¥ o - o a & 1l =S
noaoifinsanlindwniildsuie A baumannii Tnoisuifunsiadenluiinsidiuameiloma

@ & ar = & - a
iy (Soothill,  1992)  wdwndinsAosrfugadnuasmsifinanujunssvasmsinide A

" s Qv u = v o v v d - = a
baurnannii davhlieinugadviifieglisnuluilogiubilduainias Jafinisdnviuuamnes

v
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Towtfielfidumaidenuilslunisaunuuasiawm Foluthogtiliinisuonuasdnu A
baumannii phage i3ty uanns9fl 1 9nnrsn¥Ives Lin uazaniy (2010) T9dimsusn way
Anwndnuaisres A baumannii - phage Wuadausnluusemdldniu Tasnwudrannsauen A
baumannii  phage & 10 aeniug FadmBunuamailomislunguues caudovirales  order 31
Usenaulude wilidivesPodoviridae wasuviiidves Myoviridae anniiuidenine 0AB2 FaildTu
iy dsDNA mnm - 40 Kb iflefnundriuiedlalndursdamng 2.1 kb siidduiangiolndd
AMEAAITY Tubular protein A wag B ¥84 P, aeruginosa phage LKA1 Tng @AB2 \Uuandnoy
Tuuriifives Podoviridae weiz @AB2 Wiunurimailewlaiidvingse A baumannii ATCC17978
Msinzfnigad (adsorption) 0819137 (> 999% adsorbed 1u 8 1), fidaa latent period #idu

(<10 w¥) wazdivung burst UsEanes. 200 PFU/infected cell 91nn15ANu1994 Lai uagamy (2011)

-

1nenh @AB2 endolysin gene (LysAB2) lUnAnlusiiu endolysin (LysAB2) itavlunagadunts
yaeuuaiiSowuinannsoaeniivadves A baumannii wae S. aureus I& uonanil LysAB2
fimnadiusdogungiilugae - 20 - 40 ssnnwaidoa was fimuativslugas pH 4 - 8 uenaani
dafinsAinyuad Yang uazanis (2011) AfimsusnwasdAnuidnuaizues AB1 dau A baumanni
phage #idmogdlumifiives Siphoviridae s dsDNA ¥um 45.2 - 46.9 Kb iilonageuAI
mmmmuhannsoegsentugumgiii 50 ssmwaidus WWun 60 1t uazvusio pH Tugas pH 5.0
- 9.0 WuuuamosTowlaisuwgde A baumannii finmsinsingad (adsorption) at139530137 1
924 latent period fdu (< 8 wi#) uasiivunn burst Ussaes 409 PFU/infected cell 9ntiu Lee
wazAniz (2011) IduenuuamesTews Apbs3 Aidumede A baumannii Ab53 Saunmeslowis
manarannanigingtansenila diodiluAnwimut Apbs3 dnswunedluiifues Myoviidae
finTnilaadmiu dsDNA 9u1a 95 Kb Arandinaaisinemudanisinsiinigad (adsorption >
99%) atwsaminiglu 5 wit 5932 Tithe latent period fidu (< 10 wf) waxfivuin burst
Uszand 150 PFU/infected cell uasiinamannsalunisiinde (host range) i 27% amsNADY
o MDRAB aufuidug dwduuuaimestamie AP22 ilmswentasAnudnunsing Popova Wa
ARz (2012) wud1 AP22 Flnenaandagmienisusmduestsmenuamimildussmaiads W
amalawaiinasFinuladiams Suuneghuniives Myoviidae uas AP22 dailarsiugnssu

Wy dsDNA v 46 Kb auantivnaaisinemuinmisinmefnigad (adsorption > 999%) 8t
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sdnelu 5wl wasiivunm burst Ussanas 240 PFU/infected cell waziinnmuanansalunisin
@0 (host range) fin¥haile 68% (89/130)wasnsvadeulde MORAB muﬁ’us:'i)'uq dmsunisdnu
199 Yele wazan (2012) fiiimsusniuamaslowle  AB7-BB1 91mide uasinnfinudnuoe
me¥nen a7t wasnaren1saina biofilm vea A baumannii Y1 AB7-IBB1 anansada
Smunegluwviliives Siphoviridae waxiinsaiianddnidu dsONA 1um 75 Kb dmsuanidusinig
asinnmuiiinsinefiagad (adsorption > 99%) athesandanely 5 il ilda Latent period
Yiaundn 10 wii uaxilvun burst Uszanau. 125 PFU/infected cell namsdnsuuamaslowlasan
@133 biofilm - wuiannsedinademsmuminisadia biofilm weude A baumnannii
AIMS 7 ¥4 biotic surface (human embryonic kidney 293 cell line) uag abiotic surface
(polystyrene) daunsAnwiues Thawal wazamez (2012) filnIsusnuas@ns1dnunLvee AB7-IBB2
Fadaagluniiifves Podoviridae fi3Tuandu dsDNA 911 170 Kb wazdinisinashniwad
(adsorption) agsaniFanelu 4 unil 194 latent period 7l 25 wait taziivmn burst Ussang 22
PFU/infected cell iovluAnwinismaug biofitm wudi aunsadudslailsitinrsadag biofilm ves
A. baumannii AlIMS 7 wag ¥ae biofilm MBeuuaiGednanadniu (Thawal, et al,, 2012 )
venINiiMIAnywes Jin warane (2012) nuduuameslonts zz1fwsnldminaidesan Te
uunagluwniiidues Myoviridae wae zZ1 Hailasitugnssudu dsDNA vun 116 Kb GUIGHIE)
NN TIMIMUTINSEINEANAE (adsorption > 999%) agnasaa§anisly 9 uii wasiivung burst
Uszana 200 PFU/infected cell LﬁawﬂaaUﬂ'nuwumuwUi'm'lm'maq"saﬂ‘luqmmﬁﬁ 50 - 60

parigaldua wagudaniudunsasislugaa pH 4.0 - 9.0
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Asn1saniiunisive

LawviusuuaiiGouazaeiusuuameilovhefilélumsinu

nsfinwndsiisliide A baumanni awugrosfinenlionitelamennanmsiu
319 (Niumsup et al,, 2009) TnswuafiGy A. baumannii vxgnidsstusmsideade LB broth
(Criterion,USA) LB agar (Criterion,USA) wazlduuameleviaansiug i ©ABP-01, ©ABP-02 uay
@ABP-04 uanlimnuathmindslulsmeanmsiusy Jwdnfivalan Fanausflunmsdmiden
wunmeslevhafhindnmasiuuuamesTerheniimmiamnsalumsyians host cell auass]
AAnTalumsviae host cell ldvarwauiug
11 amiusnnuiuamesTavhatasmsAnymuSinawuameslolng s Plaque assay

msfusnauveAmasTerg (Propagation of phage) 9gvilagldidves Su uasams
(1998)  Tngmmihuwuaiii A. baumanni iwzdosluenns LB broth Unflaamgdl 37 asmn
waided wweihom s 150 sevandi Whnan 24 Halus wildasluemis L8 broth Usun 50
fiaddns hluuniigumnd 37 ssriwadua uiiAn1sganAutas 0.3 - 0.4 ianug1IAdy 600
nm nuamesTerhafidinzsenuaiiFslemilasldoynanuame3Tovhaiien Multiplicity of
infection (MOI) whiu 0.5 udnitlunfigamail 30 ssriwaiFiva aunsesis LB broth Ta :1nifu
\fiar Chloroform Lﬁ'i}ﬁﬂﬁwjaﬁtmﬂﬁL"s'mmnn'#mUaﬁUﬁauaqmmmﬂmaﬁaﬂwaanm M
ilthawissiauanniiga 4,000 souanit Wuaam 15 it Wehnaenaseadiun
sonly dnnfladuunzgansestaeld syrnge filter rusiunsosun 0.2 latasums vndi
Lﬁuﬁmﬁnsaﬂﬁ‘lﬂwaamﬂaam‘ﬁaﬁqquﬁ 4 parniwaidoa islilunsAnyrely
1.2 msfAnwanuausamwianswuafiGoleay (Wane, 2006)

WnuuAiiSe A baumannii wigdesliuems LB broth Unilguungd 37 sreaifua

\wihimeAMIEa 150 sau/ni wuinai 24 $1Tua wnldasluemns LB broth Ui 50 ml 1y

= a v = o = =

uuiguupil 37 sargalud weismsa 150 sevundt IAINTYANEUNE 0.3 - 0.4 9
d el = J L) 1] = =i [ 3 1/ o 1 o ol =1
AMENIAGY 600 nm IRuuAWBS laafiTnznauuaiisolaay Tnsldusunal fadeuuaiides

i ' v o oo a - G o = < =
A1 MOl imnu 1 llﬂ?uq‘lﬂuqumﬂfdu 30 ayAgaLgyd VMNUVUIAANTIRANAUUTINAIIUEIAGY
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<& ° 1) ' o v o a
600 nm ) 2 Falas Tagvmsnnaed 3 A3Y NsanaswerMsgANduATTAldEndinsiAn
o L] vV a e (4 . .
mswmileniliiiansvaeuvafiieloes (phage-induced lysis)
2. nsfinyIgUsnvenuAmasTavhaneldindsiganssmididnaseunuudasrinu

v o

a £ g " s
2.1 mangnaymaveawuameilevhaliuians (Purification phage particle)
v oo Lo

msngnaymavauameslerhaliuiavsdauUannain Yamamotouazans (1970) Tng
wwamasles amasnismanes 2 uufininds (NaCl) Wiiaududugainedu 1 Tuand udly
g ) s y g w ad a
wdathuam 1 $lus dluduwissihonnnds 11,000 g Hunann 10 wi hgaumail ¢
sargafod uemilaiiu Polyethylene Glycol 8000 (PEG8000) T¥mnudiduiiy Zovay 8 —

g o a o I o v o y o o o =i

10 wnungamail 4 ssrugadod Wunan 24 $alus udnhluthavlsaiianuda 11,000 seuAnd

-

= A = | A o - <
LfJuL')ﬂ’lu’]u 15 um ﬂi}ﬂm.ﬂu 4 9y ngalged LLEJﬂE‘i’J'LﬂE‘MQ uﬁﬂu"llmﬂL‘Vlﬂ‘ﬂﬂ'n‘l']i]ﬂﬁ\ﬂﬂzﬂﬁ)um

J

avaneilu SM buffer 1fivayniaveuuawmedlasnaiianmgil 4 esrmgadea Wolflunisdnw
saly
2.2 nsdnygusnvewuaweslorhe
m3AnngUeuameslevhalnendaaganssmididnaseudanlaninan Seed uas
Az (2005) laenheyninvasuuameslevhaiivians luisnismases 2.5 wenasunia (Grid) {y
11 3-5 WiiiudFdas 1mM EDTA anmstiudondae Uranyl acetate Souag 0.5 Whtoan 1
il lnszanunsesdunfeunsulnnseuquenia  udhilndaliusislueinia ihludessndos
ansImididnasautuudasrioy
3, MfinwnmaEnteyding1ves efiulauvawmes vesniile wuameslevihe
3.1 nsAnwansnsiUsivvanuameilouuamesiows (Analysis of phage protein)
thiwawasslawtoitifivsnusiine 50 faddns muABnsmaass 24 uuiuinde (Nac)
Wifieududugaviedu 1 Tuand udhuhudatiune 1 $alus hludunisstisanumia 11,000
¢ Wuamu 10 wiil igumgl 4 ssisadua uﬂnﬁﬂa'[ﬁ'lwmwﬂaaqgu'ﬁmjwm 250
Hadans wazin PEGB000 niinnududugarinewiniu fovas 8 - 10 (8 - 10% (wA) iufl
gamgil 4 ovruwaidva Wunan 24 Falus wdnitludhuwlsafirnd 11,000 souaniidu
A 15 il figumadl 4 ssrgadea uondnilais vassuuamesTomlefianazneuin

awenulu Phosphate buffer saline pH 7.2 (PBS pH7.2) Wdta ey sample buffer (62.5
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mMTris-HCL pH 6.8, 5% 2-mercaptoethnol, 2% sodium dodecyl sulfate, 109 glycerol wag
0.019% bromphenol blue) Wlududiunat 5 wii vmfuhiuensunalusiily 159% Sos-
polyacrylamidegel Tngldnsznalsitih 150 adidunan 60 il wasshwsiueailaludoudae
0.125% Coomassie blue R-250 1y 1 2l ndvomifudsdrsddonds Destain solution un 1
A
32 amfnvigluuuvediiduieves edwlanuanmes vennnille wuameslevhe
321 msaiafdwevemuanesleors

whuuafise A, baumannii unzdosluems LB broth Unilgmumagil 37 esnneaifea
Wunm 24 $alus wrldashuamns LB broth Vi 50 fiaddns hlinfigaumadi 37 asen
waldod aufifmsgandunas 0.3 - 0.4 iAmenARY 600 nm Wakuamaslevhefisnese
wuaiideleat TaoldunaldadeuvaiiGeiiduviaiy 0.5 udniluduiigamail 30 samigaidoa ;
unsziy LB broth Ta 9mniiuiia Chioroform luunilgamail 37 asmiwaidus Whinat 10
wift Wevhlisadiunaiiounn wavUanudesoymanunmeslovhosonuntfiu DNase | Fel4
goumgivieniiuiaan 30 uri Wands(Nacy) Wiianndudugairedu 1 Tuans wluwhudad
v 1l hludusisdhonamit 11,000 seuaniduuatu 10 uni figomail 4 s
wadua wemitlauasiin PEGB000 ilnaunduduniniy $ouas 8 - 10 (8 - 109 (W) vl
gungil 4 ssrwadua Wunan 24 H9lue wdniluhuissinnud 11,000 seuandt iy

| a = ! & o = =
Va1 15 udi igaumgil 4 ssruwaidiva uendlaiis uasthuuamaslevhafinnazneun

2
o

¥a0 SM buffer way Chloroform riailsiidrfuifiousn PEGB000 an gaidvnadu vialudu
winsfineE 11,000 saANT Wunan 5 wit wduenthla sauiu TE buffer (pH8.0) 60
llaséinsuag 109 sodium dodecyl sulfate (109 SDS) viluyx water bath figamai 65 aam
wadsauian 15 wiil uduin Phenot 600 Tulasans ihlutuwissfinnua 11,000 sevand
Whuannu 5 it miuenilafuuugauiings 500 1ulasans iy 3M Sodium acetate
uaz isopropanol udluhudaiiunan 15 1l Wennaeneufiduothluiumissiinns
11,000 s9U/u# WU 5 wit hnsneufitdueinazaielu TE buffer(pHg.0) U3ums 500

a a i : ’. . o & yud a v
llasdins i potassium acetate (8 Twan$) was isopropanol Amslifigamgiiveadunan 10

- o y o 4 P = = [
il ltumdsaianusa 11,000 seu/Auni Wunawu 5 UTnzNaUABUONIAE
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ethanol $ovay 70 hiudumissiinrnga 11,000 sevandt Wunawm 5 wiiialauddes

Wiwihafigamad 37 ssnieaidoa vntnhneneufiduieasanslu TE buffer Wiluifiviigamai

-20 aaAngaLTya

322  mamTRdeudduevesvameslevhameiauledsumeg
ihidueuuameilovhaviinm 1 pe fadalunisveass 3.2.1 indadoevle]

ugaiindaqlaun EcoRl, Hindll, Pstl, Sphl, BamHI wag Smal mnﬂ':utiﬂuﬁuﬁqmqﬁ 37

samwadoa Wuna 13 Filue wniandwsievidoeasidninsivlisda ( 2.5 % gel)

WisuisuiuiBuanasgnhwailfndeusiuaisazans ethidium bromide (0.1 lilasny

refladdns)  niu aneguanelfuasdansililawn

3.3 n1517391 endolysin gene lu bacteriophage

lac a2

Genomic DNA Mnifauunamaslovhass 3 anpiusiiundnwasgnatalngl$iidelo 3.2 ua

& yvad fe) 4 o v o o A 3
1ulin 20 °C uahlldidu template ¥a3 M5¥i PCR 11505790 endolysin gene uaz v
g8 PCR Tagld primer  Favonuuulaglé bacteriophage genome 910 GenBank Database
of the National Centre for Biotechnology Information (http://www.ncbi.ntm.nih.gov) Tngld
Tsunsudansneyt primer 910 biology workbench (http://workbench.sdsc.edu/) PCR
product ﬁlﬁ%gnﬁn‘dﬂmﬂw 0.7% agarose gel fitfosid DNA §29 ethidium bromide 0.5 pg/ml

o Ve el 2 o v oo < v
fiuaaainedngh 100 Tad Wuat 25 il udni DNA Muenldlunsramilaegmeldas

uv

LY

3.4 mynneidwiuiadlelvaslunvesediulnuumnes veninille wuamaslesns

138 insert DNA Ineniitdueuuamailoviousunm 1 pg fatalunismaass 4.1.1 1
anlagld restriction enzyme EcoRI %38 Hindlll tazianden Vector Ingld pBluescript® Il XR
Vector (Stratagene) 0.5 pg aninlngld restriction enzyme EcoRl w3e Hindlll 99ntuti insert
DNA uag Vector 3 wsgn PCR Purification Kit \iterindn restriction enzyme n3en ligation

. - . [y & = Y o . " "
mixture LHBLYoU insert DNA wag Vector Tnaldidules] lisase vnihini ligation mixture 11 2

ul @inaslulu 200ul competent cells E. coli DH5 O #islilundosthudadiunan 30 wifl

2 e 5 0 , :
NUY heat shock figningil 42°C Wunan 45 3uii waeldlungn transformation

. ' da S ' d qvd a u
mixtures lduumemis LBA ¥l ampicillin/ IPTG/ X-GAL sioiwan uasinaslimiamine s
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e

Tasldudanfanumdon  Uusuewnsd 37°C Munandwiu dulraudiiidihlatauen
plasmid uazsinde restriction enzyme fiof plasmid 71l insert DNA ATtV R RLTTEEANY
plasmid ] insert DNA wawh plasmid 7 afmluiiassidaduiiadlelndlngld T7 Promoter
Sequencing Primer nafildasiluiinssiuasianadduindlolndvesedulawumnas
vauniile wuame3love neldlusunsiinsisidduinndlelng sequence Scanner Software
(Applied Biosystems) wasuUanadsiviledlelnadulusiulasldlusunsy BLASTx
(http/blast.ncbi.ntm.nih.gov/) wiounanyuUisuiioudwuinedlsindvesediulauuamod
vauniila u.Uﬂma‘%Iaﬂ'm'Luwﬁ%’ﬂﬂ%v’qﬁﬁ’mmﬂmﬁhwwmnﬂdu%{)’uﬁu (Lin et al,, 2010) Fai]

Toyaogllu gene bank Tnglilusunsu blast
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Nan15938 (Result)

msAnmanusansamahatsuuafiSeload (ytic activity)uss juidnunzvssuuame’
Tone

DABP-01, PABP-02 Wz GABP-04 fifianaiannsamsvhanswunaiiseloa (ytic activity)
gsfviimmwannsansvihan A baumannii Idwanemestué Tigmdemnldlumsinuadsd
@ABP-01 aunsaimewuaiiie A baumnannii Idnangiusiinndnw @ 12 aoiug)
du GABP-02 wag GABP-04 yhanouuaii3s A. baumannii 1% 50 % Fwam 6 awvus) Taodl
Wisa @ABP-01 uay @ABP-02 fifiArmiauniomsvhaty A baumannii ATCC 19606 I
naAnIANIEIsaMsaeLUATISsaUTdu (Host range analysis) Taglduuaiid 14 4074
wuduuameslovhaviaunansovhaewniGoattdeuld  wamedlovhodialidnuae
vosaAfiuanmatudauansuzuil 5 wagms1ait 2 wanaves @ABP-01 Whndlafivuelug (3-8
mm)  d@mwaiAves 0ABP-02 Whindlavwadin  (1-2mm) uazihsjuieusey dwmarrues
@ABP-04 Whuslat wawihnsjuiensou dletheyniavesuupmeilawmav 3 aneiug AnyIzUIe
muldndesqanssmididnaseuwvudesin  manisdnuidnuneduginevesuameslaimen
3 @wug wuth wuameSlewlamunannsednswunld 2 wilid Wowwamelowla ©ABP-01 3
dnduzunnmdon suaduiugudnas 78 uluwns wasildimnaun 9 uiluwns
ARy nanvasdsnanamisadasuuneglunilid  Podoviridae  aaiitvasnniznsINS
dnaimensdaeunsuismethiia (1CTV) dunuameslomts GABP-02 uas DABP-04 fidau
viudugunnwien vunadiuriugudnats 80 - 105 uay 72 nm suidy tasidumsitansn
Havalding 67-125 wag 110 nm ey asnsadnduunoghuiiia Myoviridae duandly
guﬁ 6
Phage physiology, protein profile and DNA restriction fragment patterns

nnamsAnyamansalumsimewuaiiGelamiveauamesleioi 3 mous
wm‘mﬁatﬁmmﬂma‘ﬁatﬂaucfiaamw"uﬁ:ﬁﬁm MOI wihitu 1 Weszszavinily 4 $2li wuame
Slowis @ABP-otvaneuuafiGelsavildliniuunmesTewaneiugdu vilimamuguil 0D600
Wit 0.15 witiloseagarinily 10 dala wuamaslemhiviazasiugannsaanewuaiise

o0 v 1 o e e s ' o <
lgevivilvirauui 0D600 veawuafiGelsaifinanassing 0.1 duandunmdl 7 90
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msfinyinaiimeianuaiiowadleaiveuuameiloma 3 meviug nuimsdimedaes
wuAwaslewls @ABP-01 AunuaiiiFelearilugamgiivios annsansremuBanauuaesTetonli
anmndunuiisadveswuaiilaayildsosas 6 malunan 6 il auddu druwuainaslowts
DABP-02 uaz PABP-04 dunsanaavUTinamuamelawhitliaunseduiviawadves
wuafiseleaildSovas 15 uaz 20 melua 6 il mudriy Taowuameslewars 3 aroviug
annsadumsRafuinsadvaauaiisslaaildunnnirfesas 95 mulunan 8 wnit (Ms1eil 2)
ynmsinynsaaeiiliiiamsaigluiuneuivivesiuamelewias 3 anuviug oy
VanaihimieuuaiiGesidiwiny 0,001 wuiwuameilewls @ABP-01 fitaaardausiuunmes
Iawlm-r’hejwaéﬂun‘isﬁ"emidmwaqmﬂuuﬂma"'i‘[awh@nwa'mﬁﬁug3zﬁaanmmﬂmaﬁ(Latent
period) iy 15 wit uaziisnuwuawmeslanlagnvanuienisinidevasiunmaslowtonils
auNA (Burst size) Ussunal 110 PFU/infected cell fanamslunm 8(A) daununmasloia @ABP-
02uas QABP-04 ﬁ'zhmms‘au'auaiuumm’%‘{aLﬂm‘ﬁ"}g"waéwnszv‘ﬁm-im'mmgmmmﬂma'%’lawh]ﬁ
duysnieamnInwad (Latent period) Wiy 20 Wil uasiisnnuuuaeslewiagnuanudems
ﬁm%”a*umuuﬂma‘%Tanwﬁaaumﬂ (Burst size) Ussanni 120 waz 150 auanau dauanslunim

=

d ° =y L] :‘
8(8) waz 8(C) Wmimuawmeilaialunaaeurnumilumseysenfigumgiinngg Tnsrnanis

v

1 = ] ad
naaes viuhuuameslewts GABP-1, DABP-02uas QABP-04 dninsavusionmgiii 50 asrn
= vy s w - a ] ]
waldva lisovas 96, 99 way 96 mMuddu nMsvngeugnmgil 60 s nsaldiva amunuse

gumgiivanuameilaadinanannsamilfanauniefenas 32, 45, 36, 33 uar 38 AdAdy

i & ) ad = vy " &l
LL‘UﬂL'VIEJ‘iTE]lﬂ%mMuﬂﬂ’mq'z‘ﬂﬂumaqmﬂ{]uﬂ 70 23ALgalgad 19“!0811']']38553 8 uanINUN

gl 80 uaz 90 asrniwaioa wu wuamedTewians 5 muiug liensousgsenld &
< a . = & v 1
wendlumsnen 2 Wevhuuawmasewlavs 3 aneiiug nedousmmuvasmisagsenluanias pH

' v o oa o a v ' a
A1 Wuandwiu igamaiivios 9nnuanismaaemuiuamesTaia GABP-02uay GABP-04

v

annsanusioanzanabunsanlifeglugag 5.0 - 9.0 dw GABP-1awsanustedn AN

(4 o

] ot & a 1 ) A
Wunsasslifeglugas 6.0 - 9.0 uenaniluuawmesTewtarks 3 aneug gvihanevuniioaglu

" v

1

e v ] o )
ﬁﬂ'n:’:ﬂuﬂ'lﬂ'ﬂ']uLﬁuﬂiﬂﬂﬁﬁuaﬂﬁqq“‘iﬁlﬂ'}ﬂu 3 (115199 2)
4 o o 1 v ¢ v v
luau’}aqfnﬂ'UENllUﬂl.'VlB?T@Whllmaﬁ'ﬁ"ﬂﬂua"lﬂﬂnmﬁﬂ't)uﬂ']ﬂ PEG8000 wansivdau

JUuuuvaslysiu Tne s SDS-PAGE fauanslunw 9A 1nran1smnaes wudn GABP-01(Lane 1)
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HizVuuulusiiu Tneiilusfundnuuinusyanm 28 kDa wasiivansqlusitudes egluta 20 - 97
kDa dhuuuameslewle @ABP-02 (Lane 2) filUsiundnet 3 uuu Ssiivuausean 25, 29 uaz
45 kDa waziivangqlusiudey wuamesleirla @ABP-04 (Lane3) Tusiumdney 3 wuu Feilvunn
Ussanal 22, 32 uag 50 kDa wavilnanulsiiugen Wethuuame3Tawlavs 3 aeiug Wud
@ABP-01, DABP-02 Laz GABP-04 117ai genomic DNA 21nihni1 DNA saaiuameslows
ﬂzdmlﬂu’]F\‘S’J%ﬁi)Uﬂ’]'llJU%EiﬂéTﬂU%gﬁLﬁﬂiﬂ'ﬂﬂ%‘%a uazth DNA uiavisuaanuamasToimara 5
a'wv'a’uafmﬁmﬁaaLau‘lﬁﬁﬁmﬁwwaﬁg\muﬂ 6 wiinlawn BamHi, EcoRl, Hindlll, Sphl, Pstl uag Smal
VINHANTINAADINUTY DNA 193 PABP-01 gnifmsietavilesl BamHI, EcoRl, Hindlll waz Sphl wsilsi
gndiadag Pstl waz Smal daudadlunimil 10 DNA vas @ABP-02 ligndndnewovlesivis 6 wiladl
unmaasy Awdanstunn 108 DNA vas GABP-04 gndindoiavles] BamHI, EcoRl, Hindill way
Sphl wiligndiame Pstl waz Smal fauaaslunim 10C
Detection of endolysin gene

M3n52311 endolysin gene ¥ilagld35 PCR iensam endolysin gene (lys) i PCR
product u1n 530 bp Jerauansianm 9B Tnavuiauisnnsion endolysin gene 1u phage
genomic 183 PABP-01 uay QABP-04 manIsiiAszvidduiinnglolndues OABP-01wuiiAIw
AAIEAAY 95 %My endolysin gene | (lys) w89 phage phiAB1 (Gene bank accession
no.HQ186308.1) way phiAB2 (Gene bank accession no. HM755898.1) warfinauadwada 94 %
fiu endolysin gene (lys) ¥84 Acinetobacter phage AB3 (Gene bank accession no.KC311669.1)
lu GenBank  wnuziliamAnTddduihaRTalnduss GABP-04 wuilnundends 93% Ay
phage phiAB1 (Gene bank accession no.HQ186308.1) Way phiAB2 (Gene bank accession
no.HM755898.1) uaslianuadwady 92 9% fu Acinetobacter phage AB3 (Gene bank
accession no.KC311669.1)
m3AasidnduilaaglendSlunursdiuvesediuTauuanes voninile wuameilonne

levinnsTaau genomic DNA w81 GABP-01 lu plasmid wazAnAIY restriction enzyme
Hindilll \ilafn plasmid 711 insert DNA vnamarananifanmi 11 mnudnden plasmid
insert DNA  Iaiaswidduiloadlolndlasld T7 Promoter Sequencing Primer  mafil@anirly

Anmsiuazilanasnuinadlolndvesedulouvawe;  vouwnille  wueweslevin  Tagld
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Wsunansevidduiinndlelnd Sequence Scanner Software (Applied Biosystems) uazuva

radivihadlondlulusiiulasldTusunsu BLASTx (httpi//blastncbintm.niheov/) dauansly

A
M99 3
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gﬂ‘?'l 5 The appearance of plaques on a bacterial lawn formed by three A. baumannii ’
bacteriophages. A) @ABP-01 plaque characteristic showed large clear zone. B) @ABP-02
plaque characteristic showed small clear zone inside with large opaque zone around. C)

©@ABP-04 plaque characteristic showed clear zone inside with an opaque zone around.

gﬂﬁ 6 Electron micrograph of A. baumannii bacteriophages. A) @ABP-01, B) @ABP-02 and

C) ®ABP-04
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gﬂﬁ 1 Lytic activity of A. baumannii phages. Growth of A. baumannii in the
presence of phage @ABP-01, @ABP-02 and @ABP-04. A. baumannii host was

inoculated at an ODgy, of 0.3, and after bacteriophage was added to the culture.
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gﬂﬁ 8. One step growth of @ABP-01 (A), DABP-02 (B) and @ABP-04 (C) bacteriophages

against A. baumannii host strains.
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gllﬁ 9. (A) SDS-PAGE analysis of A, baumannii bacteriophages. Lane M: molecular weight
marker, Lane 1:Coomasie stain showing protein band of @ABP-01, Lane 2: Coomasie stain
showing protein band of @ABP-02, Lane 3: Coomasie stain showing protein band of
Coomasie stain showing protein band of @ABP-04 . (B) Amplification of endolysin gene
from A baumannii bacteriophages detected by 1 % agarose gel electrophoresis. Lane M;

DNA marker, Lanel; @ABP-01, Lane 2; PABP-02, Lane 3; ®ABP-04; Lane 4; Negative control
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kb

M1 234567 M1 2343567

gUﬁ‘ 10 Restriction pattern of A. baumannii bacteriophages. A) electrophoresis of
Lambda DNA marker/Hindlll (laneM); DNA of @ABP-01 uncut (lane 1); DNA of @ABP-01 cut
with BamHI (lane 2), EcoRl (lane3), Hindlll (laned), Sphl (laneb), Pstl (lane 6), Smal (lane 7)
B) electrophoresis of Lambda DNA marker/Hindlll (laneM); DNA of @ABP-02 uncut (lane 1);
DNA of @ABP-02 cut with BamHI (lane 2), EcoRl (lane3), Hindlll (laned), Sphl (laneb), Pstl
(lane 6), Smal (lane 7) Q) electrophoresis of Lambda DNA marker/Hindlil (laneM); DNA of
DABP-04 uncut (lane 1); DNA of @ABP-04 cut with BamHI (lane 2), EcoRl (lane3), Hindlll

(laned), Sphl (lane5), Pstl (lane 6), Smal (lane 7)
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gﬂﬁ 11 Plasmid pBluscript containg phage genomic DNA clone cut with Hindlll . Lane

M: molecular weight marker, Lane 1: plasmid clone No 2,3,4,5,6,8,9,10,11,12,13,14
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A5 2 Phages isolated against Acinetobacter baumannii and theirs properties

Phage Family Plaque characteristic One-step growth curve | Adsorption Stability
Time
morphology Size Latent Burst pH Temp
Siaveicier period size (min) eratur
(mm) (min) (PFU/inf €
ected (o)
cell)
@ABP- | Podoviridae Clear 5-7 15 110 8 6-9 50-70
01
@ABP- | Myoviridae | Clear with 6-8 20 120 8 5-9 50-70
02 turbid
@ABP- | Myoviridae | Clear with 3-5 20 150 8 59 50-70
04 turbid
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#lalndues phage genomic DNA v19dau

Clone

=
]

YU
U
Insert

ORF

Homology

337 bp

v 98 aa
M----A

® Acinetobacter phage AB3 (hypothetical protein:
AG(C35306 = 1032 aa) identity 98%

® Acinetobacter phage Abp1 (putative internal
virion protein: AFV51021 = 1032 aa) identity 97%

® Acinetobacter phage phiAB1 (putative interal

virion core protein: ADQ12744 = 1032 aa) identity
94%

1,444
bp

® A baumannii D1279779 (NAD-linked malate
dehydrogenase: AGH34034 = 565 aa) identity 99%

® A. baumannii MDR-TJ (malic enzyme: AFI97215 =
565 aa) identity 99%

® A baumannii MDR-ZJ06 (malate dehydrogenase:
AEP04626 = 565 aa) identity 99%

1,641
bp

® A baumannii TYTH-1 (hypothetical protein:
AFU37T58 = 493 aa) identity 100%
® A baumannii MDR-TJ (type VI secretion system
effector, Hcp1 family: AFI96010 = 167 aa) identity
1009%
(type VI secretion protein,
EvpB/VC_A0108 family: AFI96011 = 493 aa) identity
100%

® A baumannii MDR-ZJ06 (conserve hypothetical
protein: AEP05915 = 498 aa) identity 100%
(conserve
hypothetical protein: AEP05916 = 176 aa) identity
100%

5*

699

v 88 aa

=DNA ligase
v’ 61aa

M-—A (516-

699)= DNA

® Acinetobacter phage Abp1 (hypothetical protein:
AFV50996 = 326 aa) identity 99%

® Acinetobacter phage phiAB1 (putative ATP-
dependent DNA ligase: ADQ12720 = 328 aa)
identity 99%

® Acinetobacter phage AB3 (putative ATP-
dependent DNA ligase: AGC35327 = 328 aa)
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polymerase identity 97%
6 | a73bp| v 53aa |e A baumannii TYTH-1(hypothetical protein-Aldo-
(257+2 [L—-S (3 keto reductases (AKRs): AFU3978 = 333 aa)
16) 161) =| ® A baumannii MDR-TJ (putative oxidoreductase,
reductase aryl-alcohol dehydrogenase like protein: AFI93890
v 76 2a = 333 aa)
M-S (244-1 o Acinetobacter phage phiAB1(structural protein:
471) = ADQ12734 = 83 aa)
structural
protein
8 | 1051 | v 268aa
bp W ® Acinetobacter phage phiAB1 (putative DNA
(385+6 | stop (66- helicase: ADQ12719 = 432 aa)
66) 872) = (putative ATP-
helicase dependent DNA ligase: ADQ12720 = 328 aa)
v 55 aa
M-—-—-stop
(869-1033) =
ligase
4 1,500 v 1173aa | e Acinetobacter phage Abp1 (hypothetical protein:
bp M—-stop AFV51020 = 961 aa)
(126-476) = | @ Acinetobacter phage phiAB1(structural protein:
structural ADQ12743 = 961 aa)
R[otein ® Acinetobacter phage AB3 (hypothetical protein:
Vi299a | agessa0r - 961 aa)
M-----A (603-
1500) =
structural
protein
10 | 808bp | ¥ 2652a | ® Acinetobacter phage Abp1 (putative internal
L—-A (796 virion protein: AFV51021 = 1032 aa) identity 97%
2) = internal | o Acinetobacter phage AB3 (hypothetical protein:
virion AGC35306 = 1032 aa) identity 95%
protein
11 176bp | ¥ 3622 |e Acinetobacter phage Abp1 (DNA polymerase I:
M-—-—-stop AFV50998 = 286 aa) identity 91%
(104-33) =
DNA

polymerase
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12 | 579bp | ¥ 108aa | e Acinetobacter phage Abp1 (hypothetical protein:
M- — AFV51008 = 216 aa) identity 96%
stop (76- (phage-
402) = associated RNA polymerase: AFV51009 = 805 aa)
kinase identity 96%

v 57aa |e Acinetobacter phage phiAB1 (putative dNMP

M-——-A kinase: ADQ12731 = 216 aa) identity 95%
(411-579) = (putative RNA
RNA polymerase: ADQ12732 = 805 aa) identity 95%
polymerace

13 | 945bp | v 297aa | e Acinetobacter phage phiAB1(putative head-tail
Lo——, A connector protein: ADQ12735 = 518 aa) identity
(892-1) = 99%
head-tail ® Acinetobacter phage Abp1 (head-to-tail joining
connector protein: AFV51012 = 518 aa) identity 97%
protein

® Acinetobacter phage AB3 (putative head-tail
connector protein: AGC35314 = 518 aa) identity
96%
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99797150 (Discussion)

= 5 é’ Ve o _a o e
'lumsﬂnmmw 1@7]']ﬂ"l‘iﬁﬂ‘d’mﬂﬁii‘)'ﬂfﬂLlﬁ%ﬂm‘ll’l'lﬂﬂ"l‘llﬂs‘luUﬂlﬂEﬁIﬂlﬂ% @ABP-01,

v

e 1 v = v I o w % o a
@ABP-02 uay @QABP-04 WIWWIwnal@e A. baumannii  Anenlavnusvrvaiidelnowuames

Towlavsanamuinidnyaisguinasuunuemainanmsyi Plaque assay wiseanifu 3 uuuy
wandliAiuinuuansdnuuzsUsazanavasaeuRnaInA LS UAIES
Towloiuuuniisoleayi Tnsannisiinun Gallet wazaniz (2011) wuidnuassuhanaznnnvem
maduraiinanmmszveuivaiidelsmituuuameilonly  (sssurivesunmes
Towh waz(@ihaansn veniniinisuenuuameslewtans 3 a5 wudiidnunssuduas
' v 4 ) 175 = ‘ } o4
nnvemaauiniy  dhvaswaraniloulavasilougudensevivunausznm 35 mm Seuas
o o 1ed Y o
43(23/54), anvaswananiilsulavuialngfivuiayszanm 3-8 mm Sosas 33(18/54), Snualsn
o & o v ) e
manifloulannadniivnayszinn 1-2 mm Sosar 15(8/59) uasdnunswaaiifigalauagiisy
L v = 1 o & o 5 a d
Juasnsaunalvg) Tvuaussana 4-8 mm Saas 9(5/54) muaiu AiuuamesTewlaiiuen
livnlelnanazihsesiinuuulafinuieu GABP-01, GABP-03, GABP-21 wax GABP-39 \{uf
=5 o < o = ' a W
Wesinanvasvewamluleuld  Ussnoudunisvageu  spot  test  Anwudilwlsuladniu
oo ¢ b 1 = = v a o = = ¢ o ' =
wupiiseleavivansliiuiuuameslawfivonldiianisinaswuafiGeleaiiiieUdesuunme’
Tavlsgavansamndsvinliuuaiisoleaignvarsfaduiadulsla (Kutter and Sulakvelidze,
. w W < 1 v & a a ) =
2005) dmsvanunizvemmaniillsugusensoulsulaiuinnnuiveloladuwuameslow
AnesTiauvulafiava - duvinaloujuieuseuiiufnanwuameslawlaindeuuaiiGeleay
a a 4 2 . - < = = '
suwsnuuuladalasiaiindwauwuamesTesisgvasuissosnilawameslomaunsdnes

d Y -y ] ) o oo, o = = v
wWannwsTiaduwuulalawia TneasdviunsatandsnidrluunsalulasTulouweuuaiicouda

'
=

Wam i s esuaiGeiiwuaiGeusuaiuRndulsuguinty
o &7 =1 o J o =4 s L)

(Canchaya, et al,,2003)  dwSumsfinyauansalunisinievouaiiioaeiugainig Tay

s = o & ' a - a & -
s spot test Tunsfinwadsiinud wuamelaniisanilelsian annsafnidie A baumannii

[ ] wa a_ & v =l . all 1 a &

lananoqlelsanviofinnandilumsindentn TnowuaiSs A baumannii #ilaenshnide

o o 1w e . ) a 4 a o o a =t
anadiviumiaiiu(receptor site) lunsduvesuameslomaiwmiiout luvasiwuameslawlof

a &5 = § e 1 a =

finnuaudilunsfindouny 79l receptor site fisumsensimsinuesuuamedlomags A

! : :f; 1o a = v . o a 1 a
uﬂﬂfﬂ'Nl‘Hﬂ'lu‘HUﬂE‘l‘ﬂUﬁi'ill'Iﬂ[ﬁ‘Uﬂ\!llUﬂWlE)‘iTﬁLﬂ"i] warlnssasnaves receptor site NHLAYDYUUHT



50

\waduaIUATIGY (Rakhub-a, et al, 2010) venmniinaMMARBIMERndouUATiG  dmiuna
m'iﬁnmgth"lwmwﬂma"‘ﬂalﬂqwsa 3 @wviug wuameowaimuaiidaiidugunniniouas
fidumesmuansnaiu Taswuameslowla @ABP-01 annsadndmunagluniiid Podoviridae
donrdeaiuaNAdoTailin wazamz wullluAmeila QABL, GAB2, BAB3, DAB4, DABS,
@AB6, @ABT war @ABY dnegluluuvilid Podoviridae (Lin, et al, 2010) vonanidauly
1i3duuea Thawal wazamz(2012) Anwvwuawmaslams AB7-BB2 wuhannsndnduunagluu
fid Podoviridae dwfunuamailows QABP-02 way PABP-04 annsadadnuunagly Wil
Myoviridae @@nadaaiuineiisenumsideiinuiy wuameilows OABS, @AB11 (Lin, et al,
2010) AP22 (Popova, et al,, 2012) uay Apb53 (Lee, et al, 2011) vmpansANWIATsiuandly
whuriwuaweslewlofs 3 aeiug Saeglundy Caudovirales FufiunuamesTomtafifinsdumy
iniigadnnninfesas 96 'uaumﬂma?‘lawhﬁgnﬁuveuﬁ%uum’[uﬂaqﬁu (Ackermann,
2001: 2009)

InMsAnANENNsaveauAmeslamlarensvhasuuafiFelean it wuAmes
Towlawa 3 awnifug amnsovmswuaiGoleaiuiam 2 dal wansiiiuinuameslowmas
3 @ovg TussandnmlunsiharsweiiSeleavidenndosiunsfinuyuuameslenia Apb53
wudniladuuuamaslowlafiiial MOl wiriu 1 Tuwuaitide A baumanni Apb53 yilvianA Iy
yowaSulsaianasiuiinan 2 $alu (Lee, et al, 2011) mavhanswuailiGelsaiuandiiiu
nwameslonlaansoilullumssnu  wazmvguiieiiterasidnugainld  (Wang, 2006)
dmiunsAnsmaimeinvesiuameslawtaiuleaiiga @ABP-01 ingRndunuaniFeleailals
niAvaslais GABP-02uaE QABP-04 uaasliiud1 @ABP-01 819liinumi receptor UUHY
waaunnihliausadumsdalalini (Lee, et al, 2011) Tun1sdnyn One-step growth
curve WU wuamaslewla @ABP-01 §ia Latent period dunda  wuawa3Tawia @ABP-02 wax
DABP-04 uenanitdsiinaulafiowuamesleia @ABP-01 fim Burst size Tound1 GABP-02 uag
orBr-08  waadbiiuthesvernanegusaduuaiidelavivauuamesTaiafinarematiisdny
wuAweslawagnuanu (Gallet, Kannoly, and Wang, 2011) 5nmwmﬁaﬁ'mmﬂuhﬂc’iﬁa

wameslawla 3 aeiug dnaglu 2 wifid fie Podovirdae wag Myoviridae INMFTBNUNDY

v & 3 o = ¥ = =
wiiinudn Podophage 3siinsduameilusiulaseadiandsvana 40 WAy luvash Myophage
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swiimsdunseilusiulasaiaussnn 200 Wsiu binssuunmsdaensd msdszneu
JUIn melugadiinuuanaieiy (Aksyuk and Rossmann, 2011)

dmfumsinuniedonifneriouuameslomanuin  gumgiifinanenisoysoavasiunmes
Towls 3 awifug TaouuamesTentarimanasannsoagsenldananilonamaigeiy Fsannsony
segumgll 70 swwaldua lifovas 8 denndasiunanmisvadeunrumusiogumiivasuane’
Towlo AB1ilgaumpil 70 esisaidua annsaegsenlisoras 10 (Yang, et al, 2011) dwmdums
nadou pH wuimuameslonh 3 awiug awnsanuse pH 4 - 9 167 wandiiuiuuame’s
Towlafivuniimmiogsentunag pH finfae daimulumAdones Jin uazaoss (2012) 9nmsiing
wunmeslewla ZZ1 wwudwansanuse pH aglugas pH 4 - 9 wandisiuingamgd uas pH iy
Yodeitdrdnyiidmasianunmeilowialunsogsenludanndenniusssumi Uonczyk, et al, 2011)
dwiumsinuguiuulusivvesuamailamana 3 aioug NNMSANYIVTINGINULUAINDS
Tewls @ABP-01 filUsiuninvuauszm 28 kDa uaziianeqlusiudes dadusiumdniiusing
ihenluuaudadudulusivitdousounsaiionddn donadestuemAdoss Lin uasame (2010)
wuiuameilama @AB2 dnagluniid Podoviidae fusiumdnuuin 35 kDa huaudn
Wsu uaziivareqlusiiudes dnmuaeslonls 0ABP-02 dneglunviid Myoviidae fTusfiu
WU 25, 29 way 45 kDa FWsiundnuuin 29 kDa thasBunaudalusi dwiununmes
Towds @ABP-04 dnalluwiiid Myoviridae Wofinsainguuuulusiundmudiusiumsnagaoi
alusiuvdnunn 32 kDa vhenfiuuaydalusiu danAnpsfiuanwarUuuulUiivuAmas
Towla AP22 wuirdnegluullid Myoviridae ilusiuvdn 3 vuranasinaneWsiuges (Popova,
et al, 2012) uaz Abp53 wuWnegluHia Myoviridae wullUsiuwdvN 32 kDa ezl
uAUBalUsHu (Lee, et al., 2011)

dmiumsdnungUivu DNA wuameslala PABP-01 WAz QABP-04  sluuam DNA
Uszann 23 kb nviu @ABP-02 fluvunm DNA 1nndh 23 kb Eimi1DNA dasoteulaisumne 6
9iln @2 BamHl, EcoRl, Hindlll, Sphl, Pstl uag Smal Wistuduiuameilawefisauenldiuwy
amoslawaviindeaiumioli nausingi wuamesTowlalisnuasmeiugnssuilunndtaiy

Tnazuuuy DNA w83 QABP-01gndasieiavles BamHI, EcoRl, Hindill uaz Sphi ABP-02 Taignéin

fwoulwiduneililunsvnass ©ABP-04 gnindaeievilesi BamHI, EcoRl, Hindill uay Sphl
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9INFUUY DNA waanunweslowle @ABP-O1uar GABP-04 fidadeieulel Hindil fiuau DNA
wawmwARnTudenAdItU DNA vawuamaiTow ABT-BB1(Yele, et al, 2012), AP22
(Popova, et al, 2012), Abp53 (Lee, et al, 2011) uaz ®AB2 (Lin, et al, 2010) usdnwue
3UkuY DNA shuiidnunisuanshafu venonil wameslenlefidridenimumininadas iy
vosaulwlunnsiefiainguuuy DNA fidadaoevlui 6 viia fufunnuanisinusuiuy DNA
vouuamsslamaiidameeuluiimne 6 wiia Busildiuvameilomeinenldidunuames
Towlaavazaneiug

wuaweilawasents  Bulaladu lumailiiianmsunnveringawuaindoludiwie
01 Wytic cyle mammamudulaladu  Suluwuamelewlaiauaeiuswuanisluanosius

LYY

DABP-01 uas @ABP-04 man1silAszvianuiiindlolndvas @ABP-01 waz GABP-04 Uiy

awoilamlaviaeninyiiiiannmadeilsiuiunmeTaws phiAB1 uag phiAB2 fnenlsianue
Urimbiduludsemaldwiuuas Acinetobacter phage AB3 fiuunldanysznadu (Lin et al,
2010; Chang et al, 2011). wanFIATIAGMUTIAAIDINAUNdIYDTILLYAY GABP-01 Wi
1 16 ORF  laswudhduihndlelndiiniuadiwndetu  Acinetobacter phage  phiAB1,

Acinetobacter phage Abp1 Wag Acinetobacter phage AB3
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d5Unan153n

» ynmsfinpuaudinedingvesuameslerna GABP-01 GABP-02 Lax GABP-04
U1 QABP-013nogluliia Podoviridae dau GABP-02 uay GABP-04 dnagluiiiia
Myoviridae

> msfinvmismuanudouvssuameiTamlasanmueyludas 50 - 70 °C PABP-02 wax
@ABP-04 MusENIARAT pH 4.0 - 9.0 dan GABP-01nustansAmi pH 5.0 - 9.0 wuAW
Sleawlohiasammnsainyinlearioa 95 % neluinal 8 wfi One-step growth 989
@ABP-01, DABP-02 Wax QABP-04 Winfiu15, 20 way 20 uWinuaidiu d@a burst sizes
Winfu 110, 120 and 150 PFU/cell anud1diy

> mynneiguuuulysinlagds SDS-PAGE waz unuumsgndadag restriction
enzyme wuiamesTemaniauiianuanseiy

> MInTIaM endolysin 1A 558 bp vutawizlu GABP-01 uax GABP-04 Tng
endolysin gene fin1iAdEAGINY LUAMBSLaIY phiAB1 uas phiAB2

> nislrauSlunuas @ABP-01TunNWes pBluescript taziinsiesidiuihpaloluduisdan

U9931uN03 GABP-01 yuilauadruadaiuslunvesiuamesloms Acinetobacter

phage phiAB1, Acinetobacter phage Abp1 wag Acinetobacter phage AB3
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Adeiidumsfinunauaniiveswuameslewsiisnzaaido A baumannii dw
asvinyuazendrine TnsamzuuamesTowt @ABP-01 AiflnmuniAlunisiaide A,
baumannii AakaEANEINIaluNsatswuaiislemildmmnedmivauiannluly
Usslomflusudumsinuasauaumsiaiia A baumannii Tumnanmsifinsnnuaeiug
00 A. baumannii lumsfinwimmasnsalunsiadees wwameslawls aasns
Amansalumsindevouunmeilomainanldinngsiu wuamelewls @ABP-01 @usn
hlufnyimsyinats biofitm weside A, baumannii Mdutlgmdemsinudasedugain shly
AnwiguuanTives endolysin tiernlurAmSuenlsivhasuvaiidy vashlutasdndy

o 4 v o a a & Y
phage cocktail WioldSnwilsafiinannisinesaluls
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Abstract

A. baumannii bacteriophage, @ABP-01 was isolated from waste water treatment
plants. In this study, we examined the molecular characteristics of bacteriophage ®ABP-01.
Morphological characterization of @ABP-01 by transmission electron microscopy showed it had
a short tail 9 nm and an icosahedral head 78 nm in diameter, suggesting that it belongs to the
Podoviridae family. 23 kb genome of @ABP-01 was cut with restriction enzyme BamHI, EcoR,
Hindlll, Sphl, Pstl and Smal and digested with DNasel, revealed that ®ABP-01 genome was
double stranded DNA. Protein analysis using SDS - polyacrylamide gel electrophoresis revealed
1 major protein band of approximately 28 kDa and many minor protein bands with molecular
weight ranging from 20 - 97 kDa. PCR product with 558 bp of endolysin gene (lys) was
identified. The endolysin gene of @ABP-01 was subsequently cloned and sequenced.
Sequence analysis revealed an open reading frame of 558 bp with a predicted molecular
weight of 21.14 kDa (185 amino acid) and a deduced pl of 9.42. Alignment analysis indicated
that the nucleotide sequence and the deduced amino acid sequence are conserved to other
bacteriophage, including Acinetobacter phage phiAB1, Acinetobacter phage phiAB2 and
Acinetobacter phage AB3. The homology for nucleotide sequences of @ABP-01 to that of
these bacteriophages are 94%, 94% and 93%, respectively, and the homology for amino acid
sequences are 95%, 95% and 94%, respectively. Future work is performing in respect to
produce endolysin recombinant protein of @ABP-01 for further study in order to control

multidrug resistant A. baumannii infection.

Keywords: Acinetobacter baumannii, bacteriophage, endolysi
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Abstract
Acinetobacter baurmannii is an opportunistic pathogen that exists widely in hospital
environments. The emergence of multidrug resistant A. baumannii (MDRAB) has been reported
worldwide. Therefore, it is necessary to find a novel and effective treatment for MDRAB
infection. In this study, three bacteriophages, designed as @ABP-01, ®ABP-02, and QABP-04
were selected for analysis. Transmission electron microscopy revealed that bacteriophage
DABP-01 belonged to the Podoviridae family and bacteriophage @ABP-02 and (DABPv04 were
classified into the family Myoviridae. Thermal stability test showed that all bacteriophages
survived at 50 - 70 °C. @ABP-02 and (DABP-04, were stable to the wide range of pH4.0 - 9.0.
and @ABP-O1remained stable at pH5.0 - 9.0. All bacteriophage showed 95% adsorbed to the
host cells within 8 minutes. One-step growth of @ABP-01, @ABP-02 and QABP-04 exhibited that
the latent period were 15, 20 and 20 minutes and the burst sizes were 110, 120 and 150
PFU/cell respectively. Protein analysis using SDS-PAGE revealed variation in major and minor
bands of bacteriophage proteins. DNA restriction analysis of three bacteriophages cutting with
EcoRl, Hindlll, Pstl, Sphl, BamHI andSmal showed different DNA patterns. Bacteriophage ®ABP-

01from this study could be used as a candidate for studying to control MDRAB infections.
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Introduction
Acinetobacter baumannii is a gram negative coccobacillus which is ubiquitous in the hospital
setting. A. baumannii causes a diverse range of infection such as ventilator-associated
pneumonia, skin and soft-tissue infections, urinary tract infection, wound and blood stream
infection. It is an opportunistic pathogen that is a major cause of nosocomial infection which
has a high mortality rate [1] Emergence of multidrug resistant A. baurnannii (MDRAB) has
been reported worldwide for decades, severely limiting the treatment of these infections
[2,3,4,5]. The incidence of antibiotic resistance leads to the search for an alternative
antimicrobial treatment. Phage therapy is one alternative choice for the treatment of
multidrug resistant bacteria [6]. Clinical trials of bacteriophages and their derivatives as
potential alternative agents for controlling multi drug resistance infection have been described
in various bacterial pathogens [7,8,9,10]. Bacteriophages are able to replicate in the host cell
and produce endolysin in order to lyse the host cell. Endolysin is a phage enzyme which is

capable of degrading peptidoglycan of the bacterial cell wall, resulting in a rapid lysis of the
bacterial cell [11, 12]. Phage endolysins have been studied in a variety of pathogenic bacteria
including A. baumannii for theirs antibacterial activity [12,13,1&]. A number of Acinetobacter
baumannii bacteriophages have been isolated and characterized in the past three years [15,

16, 17, 18, 19, 20, 21, 22, 23]. However, there are geographic differences in A. baumannii host
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strains. Owing to their host specificity, bacteriophage isolates and phage endolysin from one
area may not be effective in all areas. Thus, the aim of this study was to isolate and
characterize the Acinetobacter baumannii bacteriophage in waste water treatment plant from
two hospitals in Thailand. A. baumannii phages designed as @ABP-01, @ABP-02 and QABP-04
were selected, characterized and detected for the endolysin gene.

Materials and methods
Bacterial strains and media
Eleven clinical MDRAB isolates obtained from Buddhachinaraj hospital, Phitsanulok, Thailand
were used for screening of Acinetobacter baumannii bacteriophage [24]. AWl A. baumannii
were grown in Luria- Bertani broth (LB) or Luria- Bertani Agar (LBA).
Bacteriophage isolation
Phages were isolated from wastewater treatment plants in two hospitals (Buddhachinaraj
hospital and Bang Rakam hospital, Phitsanulok). Samples were collected 3 times at monthly
interval from October — December 2010. Samples were centrifuged and filtered through a
0.45-mm-pore-size membrane, Then, 5 ml each of the filtered supernatants were mixed with 5
ml double strength broth containing (v/v) of overnight culture A. baumannii, After 48 h of
growth at 25°C, the culture was centrifuged and filtered through membrane filter (0.45 mm

pore size). The presence of lytic phage in the filtrate was examined by using the double layer

method with some modifications [25]. Briefly, 100 pl of the filtrate was mixed with 100 pl of
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overnight culture of A. baumannii and 200 ul of 0.1 M CaCl,. The mixture was incubated 5
minutes, added 2.5 ml soft agar (0.7% agar) and poured into TSA plate. The presence of lytic
phage in the form of plaques was detected after incubation of the plate at 37°C for 7-8 hrs.
Phages enrichment and Purification

Lysates for phages purification were prepared by infecting 100 ml of bacterial host cells with a
phages at a multiplicity of infection (MOI) of 0.5 and incubated with aeration until complete
lysis. Afterthat, chloroform was added and bacterial debris was pelleted by centrifugation at
4000 g for 10 min.The supernatants were passed through a membrane filter. Three repeated
rounds of complete lysis were performed and the filtrates were subjected to the double layer
method as mentioned above,

Host range analysis

Host range analysis was determined by spot test using 11 A. baumannii clinical isolates, A.
baumannii ATCC19606 and 14 strains of difference bacterial species (Enterococcus faecalis,
Klebsiella pneumoniae, Proteus mirabilis, Proteus vulgaris, Pseudomonas fluorescens,
Salmonella Typhi, Salmonella Typhimurium, Shigella flexneri, Vibrio parahaemolyticus,
Bacillus cereus, Bacillus subtilis, Enterobacter aerogenes, Escherichia coli and Pseudomonas
aeruginosa). 100 ml of overnight bacterial cultures were added into a 2.5 ml of soft agar,
mixed gently and poured into an agar plate. Afterthat, 5 pl phages (1.0 x 10° PFU) suspension

were spotted on the lawn of bacteria. Plates were dried and incubated at 37 °C for 7 h.
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Clearance zone indicating lysis at the spot of phages inoculation implied that the host was
sensitive,

Lytic activity

The host lysis assay was performed by mixing phages (MOI = 1) with host cells grown in LB to
an ODgg of 0.3 - 0.4. The mixtures were incubated at 30°C, and aliquots were taken every 2

hrs intervals to measure the ODgg until 10 hrs. Each host lysis activity test was repeated in
triplicate.

Phage adsorption

Exponentially grown A. baumannii cells were mixed with the phage (MOl = 0.001) and
incubated at room temperature. A volume of 100 pl of samples was taken in 2, 4, 6, 8, 10, 12,
14, 16, 18 and 20 mins, mixed with 900 ul of cold LB broth and centrifuged (12,000 x g, 5
min). Unadsorbed phages titer in each sample was measured by double-layer method after
making appropriate dilutions. Each of the above experiments was repeated three times with
triplicate samples.

One Step Growth

Cells of A. baumannii were harvested by centrifugation and then resuspended in fresh LB
broth into concentration of 1 X 10° CFU/mL. Phages were added at an MOI of 0.001 and
allowed to adsorb for 30 min at 4 °C. The mixtures were then centrifuged at 12,000 x ¢ for 10

min and the pellet was resuspended in 20 ml of LB broth. Samples were taken every 5 min
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over a period of 60 min and immediately assayed for plaque tittered by the method described
earlier. Latent period, burst time and burst size were calculated from the one-step growth
curve. Each of the above experiments was repeated three times with triplicate samples.
Morphology of phage

A drop of phages (10" PFU/m) was applied to the surface of a formvar-coated grid and
negatively stained with 0.5% uranyl acetate for 3-5 min. After drying, the preparations were
observed in a transmission electron microscope (Philips, Oregon, USA).

Thermal and pH sensitivity test

Phage suspensions (approximately 10° PFU/ml) were added to the water preheated to a
desirable temperature, ranging from 50 to 90°C and incubated for 30 min. Surviving phage titer
was assayed by the double layer method. For the study of pH destabilization of phages,
phosphate buffered saline (PBS) with pH 3.0, 4.0, 5.0, 8.0, 9.0, 10 were used and the phage
suspensions (about 10° PFU/ml) were inoculated overnight at 25°C. Upon re-adjustment to pH
7, the double layer method was performed to determine phage titer.

Analysis of phages proteins

To determine the major proteins present in the phages. Purified phage particles were mixed
with protein sample buffer and heated in a boiling water bath for 5 min, followed by
separation of the proteins in SDS-poly-Acrylamide gel (15%) electmpﬁoresis. Gels were stained

with 0.125% Coomassie blue R-250.
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Analysis of phage DNA

Purified phage particles were treated with SDS (10%) at 65°C for 15 min. An equal volume of
phenol-chloroform (1:1) was added to remove the proteinaceous materials. The extraction
was repeated twice, and the nucleic acids were precipitated with 0.1 volume of 3 M sodium
acetate and 1 volumes of isopropanol. Phage DNA was resuspend in TE buffer. Precipitation
was repeated by adding 1 in 10 volume of 8 M potassium acetate and 1 volumes of
isopropanol. The final pellet was washed twice with 70% ethanol, air dried, and then
resuspended in TE buffer. One |Lg of phage DNAs were cut with restriction enzyme EcoR|,
Hindlll, Pstl, Sphl, BamHI andSmal and analyzed by electrophoresis in 1 % agarose gel
containing 0.5 ug/ml ethidium bromide.

Detection of endolysin gene in bacteriophage genome

The sequence of endolysin was checked from the GenBank Database of the National Centre
for Biotechnology Information (http://www.ncbi.nlm.nih.gov). Primers specific for endolysin
gene ( forward: ATGATTCTGACTAAAGACGGATTTAGTATT and reverse:
CTATAAGCTCCGTAGAGCACGTTC) were designed using biology workbench
(http://workbench.sdsc.edu/). PCRs were performed in a DNA thermal cycler using phage DNA
OABP-01, @ABP-02 or @ABP-04 genomic DNA as a template. PCR products were analyzed by
electrophoresis in 1 % agarose gel containing 0.5 ug/ml ethidium bromide and sequenced

using Applied Biosystems
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Results

Phage isolation, lytic activity, host range analysis and morphology

Water samples from waste water treatment plants of 2 hospitals were taken for bacteriophage
isolation. Fifty-four isolates of A. baumannii bacteriophages were collected. The host range of
54 isolates was determined using spot test. @ABP-01, ®ABP-02 and @ABP-04 with high lytic
activity on a broad range of A. baumannii were selected for further characterization. @ABP-01
was able to lyse all A. baumannii tested (n= 12). @ABP-02 and PABP-04 lysed 50 % of A.
baumannii tested (n=6). Only @ABP-01 and @ABP-02 could completely lysed A. baumannii
ATCC 19606. Host range analysis was detected using 14 bacterial species as host strains, No
clear zone was observed against all tested bacteria. All 3 phages showed different plaque
characteristics (Fig. 1). Plaques of @ABP-01 showed large clear zones (3-8 mm). (QABP-02
showed plaques with small clear zones inside (1-2mm) and large opague zones around,
whereas QABP-04 showed plaques with clear zones inside and opague zone around.
Morphology of three bacteriophages was observed in a transmission electron microscope as
showed on Fig. 2. Observation with an electron microscope showed ®ABP-01 have an
icosahedral head (78 nm) with a short tail (9 nm), belonging to the Podoviridae family. @ABP-

02 has an icosahedral head (80-85nm) with long tail (67-125 nm) and @ABP-04 has an



77

icosahedral head (72 nm) with long tail (110 nm). Both were classified into the Myoviridae
family.

Phage physiology, protein profile and DNA restriction fragment patterns

Lytic activity of @ABP-01, @ABP-02 and @ABP-04 is shown in Fig. 3. ®ABP-01 demonstrrated
good lytic activity than QABP-02 and @ABP-04. All three bacteriophages showed 95%
adsorbed to the host cells within 8 minutes (Table 1). The growth cycle of all three
bacteriophages was characterized by one-step growth. Burst size and latent period of three
bacteriophages were showed in Table 1. The latent periods of @ABP-01, @ABP-02 and @ABP-04
were 15, 20 and 20 minutes and the burst sizes of @ABP-01, ®ABP-02 and @ABP-04 were 110,
120 and 150 PFU/cell respectively (Fig. 4). Effect of pH and temperature of QABP-01, ®ABP-02
and @ABP-04 are shown on Table 1. ABP-02 and @ABP-04 are stable at pH 5-9, whereas
@ABP-01 remained stable at pH 6-9. As shown in Table 1, all three bacteriophages showed

95 % survival at temperature range from 50-70 °C. According to gel electrophoresis of phage
DNA, @ABP-01 and @ABP-04 have genome size approximately 23 kb (Figure 5A and 5C, lane 1),
@ABP-04 revealed a large genome size which is higher than 23 kb (Fig. 5B). Analysis of all
bacteriophage DNAs by restriction digest and digestion with DNasel revealed that nucleic acid
was double stranded DNA. As shown in Figure 5A, @ABP-01 and @ABP-04 genomes were cut
with restriction enzyme BamHI, EcoRl, Hindlll and Sphl . All six restriction enzymes used in this

study did not appear to cut the @ABP-02 genome. SDS-PAGE of DABP-01, @ABP-02 and @ABP-
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04 virion proteins was showed in Fig. 6A. ®ABP-01 exhibited 1 major structural protein bands
of approximately 28 kDa and many minor structural protein band of molecular weight ranging
from 20-97 kDa. @ABP-02 showed 3 major structural protein bands of approximately 25, 29
and 45 kDa and many minor structural protein bands. @ABP-04 showed 3 major structural
protein bands of approximately 22, 32 and 40 kDa and many minor structural protein bands.
Detection of endolysin gene
PCR was utilized to investigate the presence of the endolysin gene. As shown in Figure 6B,
amplified product with 530 bp of endolysin gene (lys) was present in @ABP-01 and @ABP-04
genomes. Sequencing the endolysin gene fragment of @ABP-01 yield 95% sequence identity to
the sequence of the endolysin gene (lys) phage phiAB1 (Gene bank accession no.HQ186308.1)
and phiAB2 (Gene bank accession no. HM755898.1) and 94% sequence identity to
Acinetobacter phage AB3 (Gene bank accession no.KC311669.1) obtained from GenBank. In
addition, sequence of the endolysin gene PCR fragment of @ABP-04 yield 93% identity to
phage phiAB1 (Gene bank accession no.HQ186308.1) and phiAB2 (Gene bank accession
no.HM755898.1) and 92 % identity to Acinetobacter phage AB3 (Gene bank accession
no.KC311669.1)

Discussion
In this study, three bacteriophages designed as @ABP-01, @ABP-02 and MABP-04 isolated from

waste water treatment plant were characterized with regard to lytic activity, morphology,
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stability, one step growth, protein and DNA restriction fragment patterns. Three bacteriophages
showed variation in plaque characteristics which could be related to different types of
bacteriophage. All three bacteriophages were tail bacteriophages and identified as members

of order Caudovirales. To date, more than 96% of isolated bacteriophages belong to this

order [26]. @ABP-01 was classified in the Podoviridae family which is in accordance with

previous studies in bacteriophages infecting A. baumannii AB2 and AB7-1BB2 [15, 22].
Bacteriophage @ABP-02 and @ABP-04 were classified into the family Myoviridae. This family
was also reported in bacteriophages ABp53, ZZ1 and AP22 [17, 19, 20]. All three
bacteriophage showed lytic activity that completely lysed A. baumannii host (MOl = 1) within
10 hours. However, @ABP-01 has a shorter latent period and displayed good lytic activity
compared to other bacteriophage isolates (Figure 3 and Table 1). Previous reports of
bacteriophages infecting A. baumannii showed latent periods ranging from 9-25 mins and
burst size from 22 to 409 PFU/infected cell [15, 16, 17, 19, 20, 21,22, 23, 20]. Temperature

and pH are important factors that determine phage survival in the environment [27]. All

bacteriophages can survive in the same temperature range from 50-70 °C. However, @ABP-01
can survive in a narrower range of pH than @ABP-02 and @ABP-04 (Table 1). The pH stability

of three bacteriophages in this study was lower than that observed by Jin et al (2012) in ZZ21,

which found to be resistant in the pH range 4 to 9 [19]. All three bacteriophage exhibited
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different genome sizes and restriction patterns. @ABP-01 and @ABP-04 genomes were
approximately 23 kb, whereas @ABP-02 genome is larger. @ABP-01 and @ABP-04 genomes
were cut with BamHI, EcoRI, Hindlll and Sphl. Interestingly, of the three bacteriophages, all
restriction enzyme tested were unable cut @ABP-02 genome, SDS-PAGE study of bacteriophage
protein @ABP-01 showed one major protein band with approximately 28 kDs that may
correspond to the capsid protein. This is in accordance with the study of Lin, et al which
observed a bacteriophage in the same family consists of only one major protein [15] . (DABP-
02 and @ABP-04 which belonged to Myoviridae family showed 3 major structural protein
bands. Our study is also in accordance with previous work, in which bacteriophage AP22, in the
Myoviridae family, consists of three major proteins [20]. Bacteriophages required endolysin
to break down bacterial peptidoglycan during the end of lytic cycle. In this study, a gene
coding for endolysin was present in 2 of 3 bacteriophages. Sequencing of the endolysin gene
shown that @ABP-01 and PABP-04 may have a common ancestral DNA sequence with phage
phiAB1 and phiAB2 isolated from Taiwan [14, 28] and Acinetobacter phage AB3 isolated from
China.

In conclusion, three bacteriophages classified as Podoviridae and Myoviridae family
members were characterized. Bacteriophages in this study are quite different from those of

other reports in genome, morphology, and one-step growth curve. @ABP-01 has shown good
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Table 1. Phages isolated against Acinetobacter baumannii and theirs properties

Phage Family Plagque characteristic | One-step growth | Adsorptio Stability
curve n
morphol Size Latent Burst Tinie pH Tem
ogy diamete | Pevicd size (min) pera
rmm) | (min) | (PFU/ His
nfecte o
d cell)
DABP- | Podovirida Clear 5-7 15 110 8 6-9 50-70
01 e
DABP- | Myoviridae | Clear with 6-8 20 120 8 5-9 50-70
02 turbid
@ABP- | Myoviridae | Clear with 3-5 20 150 8 5-9 50-70
04 turbid
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Figure legend

Figure.1 The appearance of plaques on a bacterial lawn formed by three A. baumannii
bacteriophages. A) @ABP-01 plaque characteristic showed large clear zone. B) @ABP-02 plaque
characteristic showed small clear zone inside with large opaque zone around. C) @ABP-04

plaque characteristic showed clear zone inside with an opaque zone around.

Figure.2  Electron micrograph of A baumannii bacteriophages. A) ®ABP-01, B) @ABP-02 and

Q) ®ABP-04
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Figure.3 Lytic activity of A. baumannii phages. Growth of A. baurnannii in the presence of

phage @ABP-01, @ABP-02 and DABP-04. A, baumannii host was inoculated at an ODgqp of 0.3,

and after bacteriophage was added to the culture.
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Figure 4. One step growth of @ABP-01 (A), @ABP-02 (B) and @ABP-04 (C) bacteriophages

against A. baumannii host strains.
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Fig. 5 Restriction pattern of A. baumannii bacteriophages. A) electrophoresis of

Lambda DNA marker/Hindlll (laneM); DNA of @ABP-01 uncut (lane 1); DNA of @ABP-01 cut
with BamHl (lane 2), EcoRl (lane3), Hindlll (laned), Sphi (lane5), Pstl (lane 6), Smal (lane 7) B)
electrophoresis of Lambda DNA marker/Hindlll (laneM); DNA of @ABP-02 uncut (lane 1); DNA
of @ABP-02 cut with BamHl (lane 2), EcoRl (lane3), Hindlll (laned), Sphl (lane5), Pstl (lane 6),
Smal (lane 7) Q) electrophoresis of Lambda DNA marker/Hindil (laneM); DNA of @ABP-04

uncut (lane 1); DNA of @ABP-04 cut with BamHI (lane 2), EcoRl (lane3), Hindll (laneq), Sphl

(laneb), Pstl (lane 6), Smal (lane 7)
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Figure, 6 (A) SDS-PAGE analysis of A. baumannii bacteriophages. Lane M: molecular weight
marker, Lane 1:Coomasie stain showing protein band of @ABP-01, Lane 2: Coomasie stain
showing protein band of @ABP-02, Lane 3: Coomasie stain showing protein band of Coomasie
stain showing protein band of @ABP-04 . (B) Amplification of endolysin gene from A.
baumannii bactetiophages detected by 1 % agarose gel electrophoresis, Lane M; DNA marker,

Lanel; @ABP-01, Lane 2; @ABP-02, Lane 3; @ABP-04; Lane &; Negative control



