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miﬁﬂmﬁmmqﬂszmmﬁaLLsmLwﬂma%‘lamaﬁﬁwmwma Shigella dysentiriae
Mnfegraiffiuainlsmervialsssniniiasns efAnwamautivissznisves
wumneilowlafinenls waviiiednuiuszansamaeswuameslomalunisduds
S. dysenterie iel¥3rufue1UiTrug ampicllin 91nNsLenLuaneIlatnadinzie
S. dysenteriae Mnfeghifiuinanlsimeruialssandndgms Sminesasing wu
lafinuuameslowla 1 vfln 3919011 bacteriophage SD1 wuatnadlainasenaidaiu
wuamaslomafisinizdeuuaiiFeluana Shigella esaniudauuedizannvialuana
Shicella ¢ LLGiiﬁ,JsTusjy’aLLUﬂﬁﬁstuaqaﬁu @15WUgNIIUVD bacteriophage SD1 1JufiduLe
avg Wosangnanalddeeuludfndumg Pstl ilefnunuameslemafanandondes
Yanssmididnaseunuudesiiu wuinduwuameslomaifineen wagmaaninsadavald
ndeyalisafuarsiugnssy wazgusrsvesuuameslatavildaruisadndiuun
bacteriophage SD1 1viag/lu family Myoviridae {911 bacteriophage SD1 wag ampicillin
fesedruieaududs S dysenteriae nudtaranudududidnfigafiarunsaduds
S. dysenteriae 18 finuiiu 10 PFU/ml waz 31.25 lilasnsuselulasdns sudisu uaile
1} bacteriophage SD1 waz ampicillin anldsauiulunsduds s. dysenteriae wuinpaTu
uduves bacteriophage SD1 wag ampicillin AigadléiAanas Jefidnvinfiu 10° PFU/mL
waz 15.625 lalasnsurelulasdns auddiu nansvaassiuandiidiuin bacteriophage

SD1 way ampicillin fgwaiaduiulunisdues S. dysenteriae



ABSTRACT
TITLE : USE OF BACTERIOPHAGE AND ANTIBIOTIC FOR INHIBITING
Shigella dysenteriae
AUTHOR : PRAPHATCHARA PORNNIKOM
DEGREE : MASTER OF SCIENCE
MAJOR : BIOSCIENCE
ADVISOR : PROF. PONGSAK RATTANACHAIKUNSOPON, Ph.D.
CO ADVISOR : ASST. PROF. PARICHAT PHUMKHACHORN, Ph.D.
KEYWORD : BACTERIOPHAGE, MYOVIRIDAE, Shigella, SHIGELLOSIS

This study aimed to isolate a bacteriophage specific to Shigella dysenteriae from
a hospital water sample, to partially characterize the isolated bacteriophage and to test
its inhibitory ability against S. dysenteriae when used in combination with ampicillin. From
the isolation of a bacteriophage specific to S. dysenteriae from a waste water collected
from Pracharakwetchakan Hospital, Sisaket province, a lytic bacteriophage, designated
bacteriophage SD1, was obtained. The isolated bacteriophage was a Shigella specific
bacteriophage because it inhibited all bacterial species in the genus Shigella, but not
bacteria in other genera. The genetic material of bacteriophage SD1 was double
stranded DNA due to the fact that it was digested by Pstl. When the bacteriophage was
studied by a transmission electron microscope, it was found to be a tailed
bacteriophage with a contractile tail. Based on its genetic material and morphology,
bacteriophage SD1 was classified as a member of the family Myoviridae. When
bacteriophage SD1 and ampicillin were used alone to inhibit S. dysenteriae, the minimal
inhibitory concentrations of bacteriophage SD1 and ampicillin were 10* PFU/ml and
31.25 pg/ul, respectively. However, when bacteriophage SD1 and ampicillin were used
together to inhibit S. dysenteriae, the inhibitory concentrations of bacteriophage SD1
and ampicillin were decrease which are 10° PFU/ml and 15.625 ug/ul, respectively.
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3.8 NSANYIAINUGNIIUVOIMUANES LR
3.9 M3fnwgUIvBILUAWBsLaAMY transmission electron
microscope

3.10 n151IA1 minimal inhibitory concentration (MIC) U9t UALNE
STowlaluniséiuda S. dysenteriae

3.11 A15#IA1 minimal inhibitory concentration w89 ampicillin Tu
msdud s. dysenteriae

312 n13WAn minimal inhibitory concentration lunnséuds

S. dysenteriae \iolHuuAmelotmasNAu ampicillin
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microscope (TEM)
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4.8 n19111A1 minimal inhibitory concentration 1um’13€1’u§q
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NIINAABUNNTIATVBS Shigella WU Escherichia coli

AN URNITuAvee Shigella usiay serogroup
fhetnswestiadenelsaiignmuaslaeulunaraiinueues Shigella
wupfiSediais shiga toxin wag shiga-like toxin
NFIMUNTLAVBILUALNDS LD
fogheamsliuuameslemalumsianadenelsa
fodlsnRndonaznsnwdeg phage therapy Tunau
Wsuidleuteruasiodeveinssnulsaindamenunmeslomaiu
81U U

Usumsvassunmestawma uaz ampicilin Qumizelulasdns) Aldlu
msduds s. dysenteriae

AINENTOUDY bacteriophage SD1 “Lumié’ué’jy’aLwﬂﬁﬁamaﬁuﬁ:ﬁu 9
ALENN15AVDS bacteriophage SD1 Aimundudusing q lunssuds
N19LA36YV84 S. dysenteriae

AuaIsaves ampicillin Airnududusiie q lunsdudinsasaves
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auaansalumsiuds s. dysenteriae 1iold bacteriophage SD1

U ampicillin
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1.1 anudunuazanudrdgassdem

Shigella dysenteriae \JunuaiLl3aunsuau (Gram-negative) Iuﬂfjm facultative
anaerobe §U319vi8u (rod-shaped) lia$19auas (nonspore-forming) lia¥1auausa (non-
capsolate) wazlinifndimavanioa (non-lactose ferment) S. dysenteriae @1150&374
@157 shiga toxin @nsfiwaenainliiine nisailddniau vieesae vaandsludesiies
o3 warilld Faduernisdrdyuedsa shigellosis nsindevaddsailinannislisu
douuaidefivudevluomaasinfufiiumssviowdonilignaednuny msinwilsa
shigellosis n1de1UfT2us lnsgrUdrusidenld 1dun cprofloxacin ampicillin
cotrimoxazole erythromycin tetracycline waz chloramphenicol aghalsinauludiagiunuin

s

W8 S. dysenteriae nanpatgRugnfosas1UfTrurana1inlinisinuilsafnlye

]

Re

S. dysenterige IAMNLINAIUINNINTY

Tudagduilanuaulalunisiiuuameslea (bacteriophage) 1nldunuetujdiusly
nssnulsaRnideuuniise FuSenisn1ssnusena i bacteriophage therapy %3 phage
therapy firun nudnfluuammeslowlafiaruisavinaeiie s dysenteriae 16 19u
wuamaslawla SF-9 Fauenldaniniifivannusiludios Dhaka Ussmatsranne (Faruque
et al,, 2003) waz Shiga Shield Fufundnsuaifiusznousauuaweslowma 5 sdafianse
¥hane Shicella spp. Tsinnuluemns 53Ut S. dysenteriae 4 a1eWug Ao 2013AM-2809
AM11413 AM17886 way AM25896 (Soffer et al., 2017) n1sinuawmaslotaunlglunis
Snwinshadenuaiideidedniinislderufruznareusents 1wy uuameslews
lidelfiAnnadhafes vieneliAnnadiafesdesninisldonufToue daiidosinnis
mansuuafiielasuuaweslawailuluudnniy nannfe wuawmeslawaazinatsaniy
wunfiderelsa (Fel receptor Asmzrauumneslewa) wihi Tngldlufinansenusie
wuaiFeUseddu (normal flora) luvagfinisiatswuaiilelage1ujdrusiiuwuy

! A

I o ax ° ] a A A a o a v & wvdg v
13J"U']LW']$ Na1IA8 EJ'WTJQ‘U'JUS"U%VH@']EJWQLL‘UF’TV]L?EJﬂE]Iiﬂ LagluANLIeUTE0U @IQUUEJJV]IEU
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g1Ufuy Juindernstrafesduiiienainnisiuuaiisedseddugninane wu aauld



a 1 = @ v 1 & 9 | A N o sa &
9113w vende Wudu agelsinulutagiunuinduuailiSevalvaiviugiaunsonese
wuaaslowlald Fadudefisszislunislduvameslomalunisinwlsafnouuniiisey
nslduuameslomasiuivenufFuglunisshulsafndouuafisadunuimalndivieiy
Uszansnmlunissnenlsmfindouuaiiise Weasanlanianaznuenuailizenawnsosels
Muamaslomalaze1U)Tiusiites dnnyisninanduneanUsiiauskuaaIlanakay
enUfTunldlumsugaenuaiise mneuiisuiunislduuamesiewmaniosufiiue
~ | a I~ a % a ] 9 aa o I AN
Weseganed Nuiniinenunmslduuamesiamasiuivenuidiuslunsduduuaiisens
1sa wunastdwumnasiiasiudue1uf¥iug amikacin (Nouraldin et al., 2016) Lazen

‘Uﬁ%’;uz gentamycin (Hagens et al., 2006) lunséudls Pseudomonas aeruginosa éj’AEJLW;

[
= =

Unsldwummastomasiudvenufviuslunisduds S. dysenteriae 39raula waziaiu
[ v o =2 Ko Ao s A a ! Y !
Wululd dadunisfineifadinguszasdiiiansianiuummno3laiiaanninasuieig 9

14 =

Nausaduds S. dysenteriae 19 wagfAnwiauautRu1UszNIsvesuAmeslowmafingt?

[

wananin1sfinwilfalingussasiienageuniuaiunsavaauuamesiaiauase1u)iue

lun1sdugaie S. dysenteriae Wislgwuamailama veeUfTIusLieRE 1R waiiialy

wuAmeslawlakaseUH TN S

1.2 dnguszena
121 Wensramuuameslewafisngse S. dysenteriae :ninde
1.2.2 \efnuanaRveauameilomaild Selsun
1221 msdnwanuanasalunssudauuaiidsanetudang q
1.2.2.2 MSANYIENIHUGNTTUVDIUUALNDTIOMNT
1.2.2.3 ns@nwgusivesiuameslowlame transmission electron
microscope
1.2.2.4 \flevageumuainsoveaLuamestoms waze1uiTaug ampicllin Tu

n138ugaTe S. dysenteriae

1.3 YBUlIAYRUIRY
131 asavuuaweslewaiisimesie S. dysenteriae Nty
13.2 AnwnaauiRveaunineslemadils daldun
1321 arwannsnlunssusauafiFoaetudeng q

1.3.2.2 a15ugnssuveswuAmasleina



1.3.23 sUsvasiuAmneslelnasig transmission electron microscope
1.3.2.3 NA@0UANEINITAVBIMUALNDS IO LazeUfTaue ampicillin Tunis

(%
LYY

gu8N S. dysenteriae

1.4 Uselevinaindnaglasu
wuAeFlotnandwizae S. dysenteriae @3lgnsLasuiu ampicillin Tun158ugs

S. dysenteriae
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2.1 Shigella
2.1.1 ASAUNU
Shigella L‘“ﬂuLLUﬂﬁL'%aﬁgﬂé’uwuimEJﬁfﬂ'«ga%a'iwmﬁdncﬁﬁu %o Koyoshi Shiga il
A.¢1.1896 Wwidugimunsuniszuinveslsa sekii (nunedslsadnlunsdiiy) Tneuuaiiise
ﬁLﬁuaﬂmmaﬂmmaawuléﬂuqamawmﬁﬂa&J wazidondelunounsnin Bacillus
dysenteriae uirounendsldsudedu Shigella dysenteria type 1 ansiuiiuuaiiSevila
Ja¥193unin Shiga toxin (Wikipedia, 2018)
2.1.2 AayudIALy
Shigella \Juanwnguasisain (shigellosis #3e bacillary dysentery) Faflonas

o w

drAyAedeiduyniien (mucoid bloody stool) 81158 ufionanusaueie laun Uinvies

1 17
yaa IS

1l 81138u n1gvIaUl wasdn Shigella wuldluunin1syulaug 1TV NAAY

Y
14 v

$adu food-and waterborne pathogen finsielagnsnisinermsndenuiivudoude
Fanan (fecal-oral route of transmission) 13 shigellosis aunsanulévialanuazifudaym
dfnsanssugululsemaneeiauvatelseine laeilisnea1udn Shigella spp. Mliiin
Tsadaldgads 165 &1us1e wazifuannnnisme 1.1 d1usievesdszvinisyilanynd
shigellosis fdnsn1smegdludniifionginit 5 T Winflnausauemasiniloniafndeils
Pendnandnd CDC tarsreuIlulszimaansgousninulsa shigellosis LaUssun
18,000 518/1 LLm'Lﬁaqmﬂiiﬂﬁma]ﬁmﬂ'rﬂ;i'u;uLLiﬁahiﬁﬁuﬁﬂﬂiJaaﬁlﬂéfmwuLLWV]&T St
mmﬁmwé’ﬂwnmwﬁam%@ Shigella 813110 8e 360,000 518/ Tun19n1558U0
AMeInITUNINIEaI8Tes Shicella urazadTdlundasiuiivulanazunnsieiuly gy
S. sonneiWumﬂﬁqmiuﬂizl,mﬁa%%gaLzﬁm 39983U1A8 S. flexneri S. dysenteriae
S. boydii pudrdu dmiululsemalneny S. sonnei 1ndign sosadufe S. flexner 910
TBNUVDINBITEUININET 2539 wuinilgUlelsa shigellosis 91WIU 3.4 AUsBUTEYNTUALAL
lnenudnsrUiasantudl 2530 (308 Unamsenauus, 2561) 1A shigellosis AAuduRusiv

=

anmeinalagdnnunissruinvedlsaillaveslugasou Jagdununisiesvesuuaiiised

gngelnegeraiios dwalinissnuilsaligailaeniu (Bhunia, 2008)



2.1.3 dnuaiznaly

Shigella HuuuadiBefidnegluluuniia Enterobacteriaceae Fafldnuwaizillie
JuwuafiSeunsuauguunis wadiivwinning 0.6 lulasiunes wazend 2-4 lulasues liass
aUas wialaaluaniizfideandiaunarlifieandiau (facultative anaerobe) liiadoud
il Tluu3e (fimbriae) vuin 1-2 lulasiwnsegseusuwad WUsAuivsuiluussdadu
adhesin Tnefiuthiiisadeatunsianie (adhesion) fuwadueslaas (nwit 2.1) Shigella
A9NLUATISY Escherichia coli Bafunuaiidslunguifefuasiinnuduiuslnddadu
1A awannsolunisnelsa Msveasunuantfinisdunduazaisineuisegaiienis
Aadouuaiide (Wu mmsinimauaninalinaau nsmeaaeu lysine decarboxylase liiwa
au warnsindeufivesdelifnaay) (naafl 2.1) uasueudiaufieguuinwaddmeanudayds
et mdesinen (serology) %qiﬂaﬁalﬂLLé’aLLauﬁLa}u'ﬁUimguuﬁaLﬂdaa’mauwﬂﬁL'%&Iuﬂa;u
Enterobacteriaceae w81 3 §nwaizaudiumiaiiny (nmfl 2.2) fie O anticen (38
somatic antigen) asﬂiﬁwﬁmjaa‘ (cell wall) Tudau lipopolysaccharide (LPS) 993 outer
membrane H antigen asﬂJﬁLLWamaam (flagella) ez K antigen azﬂiﬁtmﬂsga (capsule)
wouRiaufifiunuimddalunisswunvfinues Shicella fio O antigen @91 K antigen &
unumtesann uay H antigen liffunuimasinsizideliiuvaniaaan (Asoury and et al,
2018)

Al 2.1 fimbriae ¥89 Shigella
fiun: Siciliani (2018: Web-Site)



Capsule (K antigen, or
V, in Salmonella)

/
Iy
[ |

A \ Somatic (O antigen, or

cell wall antigen

A Flagellar (H antigen)

Al 2.2 wauRlauiwuvuRIwaduUaiSsunsuaudulng
fiun: The University of British Columbia (2018: Web-Site)

AN519fl 2.1 Mavadaunslianiivas Shigella Wisufiu Escherichia coli (Gallagher, 2018)

Biochemical tests Shigella E. coli
Indole Differential reaction +
Methyl red + +

Voges-Proskauer — _

Citrate (Simmons) — _

H,S (TSI) — —

Urease —

Phenylalanine deaminase — —

Lysine decarboxylase — +/—
Arginine dihydrolase — —/+
Ornithine decarboxylase Differential reaction Differential reaction
Mobility — +/—

Acid produced from lactose — +




A15197 2.2 Qmauﬁamﬂ?juﬂﬁ%aﬂ Shigella w#ag serogroup (Regnum prokaryotae,

2018)

Groups ONPG Ornithine Malonate Growth Glucose L-rhamnose Maltose L-arabinose
decarboxyl utilization on KCN fermen fermenta fermen fermenta
ase medium tation tion tation tion

S. dysenteriae d — + — — d = d

S. boydii —_ —_ - — + — [ +

S. flexneri — - — + + — d d

S. sonnei + + — — + [+ + +

WU8A: Legand: + positive 90-100%

— negative 90-100%

[+] positive 75-89%

[—] negative 75-89%

d positive 25-74% of strains

KCN = potassium cyanide

AMd 2.3 slide agglutination test: 1 = antiserum fisnwizsie Shigella groups/

Serotypes 2 = positive agglutination wuﬂﬂﬁﬂtﬁﬂﬂ’]‘nmzn’sjmlmL%aé

negative agglutination “unedslifan1simznguvasyas

u: Ansde Ashau, 2561




2.1.4 n15ILUNTUA

dnwadg O antigen VURMWARVBS Shigella mmmuﬁw‘?’?’e}aamﬂu 4 serogroup
warumay serogroup Feuvsaanilunaie serotype laun group A (S. dysenteriae i 12
serotype) group B (S. flexneri & 6 serotype) group C (S. boydii i 18 serotype) lag group
D (S. sonnei il 1 serotype) Shigella group A B uay C Ianaudfiniadiiiaiuasa3sing,
Aoutandendei enviu eroup D Faglinauiniunisvaaeu B-D-galactosidase (ONPG)
waz ornithine decarboxylase (15197 2.2) M5ILUNLTNT & subgroup luiesufuinis
lUTisnld33nne serology Ae slide agglutination Imﬁu%amﬁwﬂﬁﬁ%mﬁuLLauauaﬁﬁ'
75’1LWWGI'E]L‘?}IE]LLﬁ?ﬁQLﬂ@lUﬁﬁ%mmiLﬂ’lzﬂfjll (agelutination) uuuRunszanalas (nndi 2.3)

(AnsTe AsRaw, 2561)

Non-lactose fermenter colony

Lactose fermenter colony

it 2.4 Talafives Shigella azhifid (colorless) UudI1S MacConkey agar
#iun: Tankeshwar (2018: Web-Site)



Salmonella Shigella

m‘wﬁ 2.5 anuuana1svesdlalaives Salmonella wag Shigella VU®1%13 SS agar
fian: Aryal (2018: Web-Site)

Ml 2.6 Shigella VU@1%137 Triple Sugar Iron agar
#ian: Klandt (2018; Web-Site)

2.1.5 MSZAES

fhogaiiuangthedotnuende Shigella Aegaatsy vieliudaiteun
91NUTNATEUNINTMTN (rectal swab) vosgihefidennisvoslsada downideinaedne
vulsitudaiuse dafushedn rectal swab e1aufiulily buffered glycerol saline solution
dietlastumsneveadesewinanmsuuds wagasiumetdsiasuftRnsifteviinisuen
Festuil esiasudentenlddmiunisnisueniie Shigella 19U MacConkey agar
(differential medium) @i pH indicator ieldusnanuunndrsvesdlalaiivende lactose
fermenter (aladidwan) 19U £ coli 881310 non-lactose fermenter (Ialafilaifid) wyu

Shigella (NN 2.4) waz Salmonella-Shigella (SS) agar (L‘fJuVlzd selective wag differential
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=< A 1

medium) Fefldruusynevvenndetid (bile salt) Tetieudinsy (sodium citrate) waz
USadsunsy (brilliant green) SsanunsadudanisiaiayresnuaiiSounsuuinuazuuniise
wnsuaulungy coliform organism wenanHuL SS agar Lalailves Shigella avlaldild &
AU AUgNaIIUTEIN 2 Tadwns dnvaznay veulsey dlalaiives Salmonella

=

pranuiiigeddilulaladmnideatslelasaudalus (H,5) (Ml 2.5) uenan SS agar wé
§ail selective agar ¥induiiauisaldusn Shigella Léwn XLD agar, DHL agar, Hektoen
Enteric (HE) agar wag Desoxycholate citrate agar(DCA)(aanUﬁﬁﬁizqainxﬁ,2561)
Lﬁ@i?]Sh@eUaiﬂLgﬂﬂluaﬂwﬂi Triple Sugar Iron (TSI) agar (differential
medium) ENUENYULNITIITYRD FwAIUSIINEIMNTTA1ABEe (alkaline slant) Fndes
Ushaumasn (acid butt) Iﬂ&lﬁﬁLLﬁ”ﬁiuLﬁaiu (no bubbles of gas in the agar) (1N 2.6)
nan1snageuiiaoifunisnaaeuidosduiniiandu Shigella mndesnistudurinues
Shigella 113m8glu group %38 serotype ladodviin1snaaeu slide agglutination (Klundt,

2018

\ o Shigella
- (4 Mcel @

ULUEI

1 cell

o

oy, e 88

2, 7 2-
v/ T apoptosis

e
fe

[V

t

°

A7 2.7 N15YNINYRN Shigella Wgillallia musosa WU M cell waaunsnszangluds
\wadau

flan: Kaiser (2018: Web-Site)
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>\\;¥,47**-,\
K >
e Shigella
. \ bacteria
Endosome /
Y\ [
Lysosome _ & Y= \/)
o &\ N \\ ) - —_—\
(%02 ( A pH 6.5 \
A \{ // \
\ / PH4S = \
) F \
& b @
L D
o /'x' % }

= ad = o ay o . o/
AN 2.8 FINIVAUNANIINATTNNUYDITLUUNRANAUYDY Shigella drsnsadasiu

nsgniatglagaulesily lysosome uasnisdnausuauinulagluiana

MHC Class Il
fiun: The Jounal of undergraduate biological studies. (2018: Web-Site)

[e) outer

bacterial
o © membrane

cytoplasm © peptidoglycan

needle

secretion
apparatus effector molecules
translocon
host cell © o
cytoplasmic host cell
membrane cytoplasm

A 2.9 MInas invasin iglaadwadlngande type 3 secretion system: T3SS

flan: Kaiser (2018: Web-Site)
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2.1.6 nalnn1snalsAnazain1svedlsn

Shigella rielsaldvidlunuuazdniifiosgnieun (du 39 nalnmanelseeudoil
azAd18TU entero-invasive E. Coli: EIEC USinandeduduiiviliiinlsalddeudnsi (low
infectious dose) 111 Shigella ifiBs 10-100 wadfvudouiniuemsuazdrgansnielag
nsfuannsaviliAnlsald dumdsidonuafiSeynsnitrgideidodio M cell Fodnidu
phagocytic cell %ﬁmﬁmwﬁmiﬂagjiwd’m epithelial cell Tusu mucous membrane w84
wilsdldlmajuiinn Payer’s patches tunounisynsnidngideiiioves Shigella agulddail
(il 2.7) (1) Shigella Jleduiaiu M cell 3ggnasluds dendritic cell ﬁagﬂéf epithelial
cell (2) Shigella @nsnsanaunianeanain dendritic cell wazandeunalnuisegelunseduli
LM apoptosis ¥4 dendritic cell (3) Shigella wdasfisenda invasin vanewila Tuvinane
uifs epithelial cell 9nM9UE"S (basolateral side) invasin Midendtoanuiiunseduls
\ARNTEUIUNNT actin polymer rearrangements T cytoskeleton veslgadigas denaln
Shigella Qﬂﬁwﬁﬂélﬂiaaﬁugﬂ endocytic vesicle (endosome 39 phagosome) Tudnwazd
AaneiuntsuneaawlanUaeuidng phagocytic cell (4) Shigella @11150MAUDDNIIN
endosome Aaudl endosome 3¢lUs (fuse) fu lysosome ‘%Wiif\; hydrolytic enzymes

(%

FuunnAdgnslunisviaiswuaiise aetu Shisella IsldgninatsuazGeanunsaiiiy
wunelugadainaalace (and 2.8) (5) Shigella aansatiun1sanlaasisadnialy
Y s sl A 1 a v a I o o !
galaadigandunagusind1afssiiung cell membrane lage1denszuiuni1smisenidn
actin-based motility 98?1 Shigella Masasgiulauazunsnszateluludu epithelial cell
ntedld aedinavinlyt epithelial cell wantuinnisaneuaznsedulminn1sdnauedis
A a CY 1 Y 1 { [ . [

JussInUIuRtsdldlng aukanseinisvedlsaliiivegiuaudn Shicella liApeynsn
g" A A o Y v 3 = [ A a dgll t:’lj A L= dgll 1 v
Watteduuonald asuidslirssnuindinishndatilunszuaidonsolounsnszaieluds
aizdunelusienie

wuasenelsanatewlingiuia Shigella ¥as invasin 114 epithelial cell ¥4

leadlnuondonalniiisonin type 3 secretion system: T3SS (Pinaud and et al., 2018)

[
1 = =

(a1 2.9) lngnaladandnluuaiiisearldlaseaiianegateluieadiTenidn secretion

apparatus $3ufulAsvaseiifidnvasduresadiadudnet (hollow needle) uneiny cell
membrane a3lgad Wazede translocon protein Lﬂuﬁ’aﬁﬂﬁlﬁﬂgﬁ cell membrane nau
Mniusalsesans invasin (W3e effector molecules wiasne q) amnmelumaduuaiiaels
waouRulUSleardiead effector molecules iddayes Shigella WU IpaA IpaB wag IpaC

[ 1

TUsAumanidaduiladunelsa (virulence factor) id1Agyuas Shigella BumiuauAITa31
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lsiumarilegluy wanala (m15199 2.3) nihivedUsiumariliivainvansuazdinaldese
Toanwad wu vinlminnswasuwladnalnnisvinauratgegenisluleadivas sUNIUNIS
doarsnelulaadwad (cellular communication) L@ ka1 AleNUNG wagyi

Annsaevedleadiwas (Yang and et al., 2015)

M13199 2.3 edsvastadenalsanignaiunslaedulunanalinuasves Shigella

Protein Product
Gene (Molecular Regulatory or effector function
weight: MW)

virF 30 kDa Positive regulators of the virG and ipa-mix-spa loci

invA (mxiB) 38 kDa Necessary for invasion: orients jpa gene products in outer
membrane

mxiA 76 kDa Same as above

ippl 18 kDa Same as above

ipaB 62 kDa Necessary for invasion: mediates endocytic uptake of
Shigella

ipaC 43 kDa Same as above

ipaA 38 kDa Same as above

ipaD 78 kDa Not necessary for invasion (role unknown)

virB 33 kDa Positive regulator of the virG and jpa-mxi-spa loci

virG (icsA) 120 kDa Assembles actin tails that propel the bacteria through the
cell cytoplasm and into adjacent cells

ipaH 60 kDa Has 5 alleles; IpaH7.8 facilitates the escape of Shigella
from phagocytic vacuoles

ShET2 60 kDa ShET2 enterotoxin

fiun: Todar (2018: Web-Site)

szuzin@ (incubation period) ¥a4lsA shigellosis Tnavialuuszunas 2-3 Tu
WRB1981IUUNe 8 Ul 81n1svedlsANAARTULUUREUNGY Laedia1n1SiuAUAD LEuaTDY
1% 1% ' I3 H . A A ] v Y I avy a Ve '
warsnumeaedudi (watery diarrhea) @1nsduiinusueae loun 0 dindswe Sdnldauy
wazlUee1ms #auNeINNSANY 9 WaNlenausiias mumeein1suinnislunies uavaious

azATaUSHgINTEliNNuAgIITEliyniFenUu (bloody mucus stool) HUeanaiiannisia
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wiude 45y wiunesigeranueinshiuiundn 2 §uani lsaderadnaldiinennts
WSNYEuEENIINNY Reiter’s syndrome (reactive arthritis) Faistuldndsainmeainlse
shigellosis LLé’amwmEJLﬁauLLazwuiuﬁamsﬁyamqmawi’lﬁ’ju (Reiter’s syndrome Wu
Usznas 3 wWoediud vesffiheiiinide S flexner) 9101309 Reiter’s syndrome 919384
Tuumanaidouvienrafull enisiinulunnisi Ae Fesniaunuuiaess (chronic arthritis)
(lan Andl, 2561)

Auguwsslunisinlmiinlsnves Shigella d1salddazunnsineiu Ly
S. dysenteriae type 1 finwuiidaanugunsigalagianizlunnidn wazdanuiagidn
S. dysenteriae type 1 @a1u1saviliinnnzunsndoudndnwaeniaienit haemolytic
uraemic syndrome: HUS %aLﬁmsﬁumwé’amﬂﬁﬂaststﬂIiﬂ shigellosis ﬁLﬁﬂﬁﬂﬂL%@
serotype finam lngauvguasnneifnnndadonunsgnitaisedisiiaund dmaliin
nsgaRuvesszuunsnsasveaduniglule wagviliiialang (kidney failure) ugUieea
FeT3nld msdndeiiean S. flexneri uay . boydii 1AMUTULTIUIUNAI9 dumsinde
{83970 S. sonnei fAasuLTIAgn wH1dnInIs1edelsa shigellosis avAautnasily
UsenainauILgn LLGiIiﬂ‘ﬁﬁgﬁmL‘rf]u{]QJM’]ET’]ﬁ}EyJLLazﬁéJMiﬂﬂﬁm’]EJijﬂuﬂixLVlﬁﬁ’WéJﬂﬁ%mW

wselugnUiemelsadusgnouna (an M, 2561)

=

A15199 2.4 WUATIL3ETIES19 shiga toxin waz shiga-like toxin

Source Organisms Gene Toxin Names Older Names
Designation
Shigella dysenteriae stx Shiga toxin (Stx) Shiga toxin
stx1 Shiga toxin 1 (Stx1) | Shiga-like toxin I, Verotoxin 1
Escherichia coli
stx2 Shiga toxin2 (Stx2) Shiga-like toxin II, Verotoxin 2

fian: Todar (2018: Web-Site)
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A 2.10 TAsead19904 Shiga toxin

fian: Sandvig and et al. (2010)

2.1.7 Non%u

'
Yo v aa L] [

Wil Shigella anunsoasisnendulsvareviin wivlanlunidniuanaadmsu

Y

17 v
4 A

- . L 2 v @ @ a Ao L ¢ . o v A a &
LUDUAD shlga toxin %QQ@LUuWaﬂ%uwuqmﬁm@Lsﬁaa (CytOtOXln) LLUﬂWLanqUWUQWNaWWQﬂ

£ =

%uﬁﬁqmqmm fia S. dysenteriae type 1 qn3ved shiga toxin TndlABauniu Verotoxin
(VT) fia&1997n verocytotoxigenic E. coli (VTEC) fetufienduiiadrsain £ coli Lwiﬁq‘wé
ANy shiga toxin 399nt38n11 shiga-like toxin (157197 2.4) og19l5fnu shiga toxin fife
LANFNARIN VT toxin A9 shiga toxin a¥1sandufieglulasiuley wazisnenuinsmumand
NATUNIIAIUANNITHAAIBENVBIEY shiga toxin nanfeUuafionduszgnasisesnuiuin
idlesmmaniiuiunasiin nsAnwianududie (toxicity) 999 shiga toxin 1ledaLdmis
VADAREARIYION1YBWBIUDINY (mouse) wudndlan LDy, Woend 20 lulasniu/Alansy
911590415 shigellosis AfAMuFNTUSFUgMSvaY shiga toxin léun UGNGERERERITEN
(dysentery) anldlugdniauaunniden (hemorrhagic colitis) Lazn12y haemolytic uraemic

syndrome (Bergan, 2012)
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DEATH

EUKARYOTIC CELLS

2n#l 2.11 nalan15vine1uves Shiga toxin

§iun: Pacheco and Sperandio (2012)

Shiga toxin fiuwiinluanawvindu 70.5 kDa 3mdu ABs toxin FaUsznausmiuaes
d2ufe A (active) subunit Wag B (binding) subunit (AW 2.10) FUAUAI8WUSE non-

s

covalent 1ag A subunit H1figs 1 monomer LLasﬁqw%LﬁuLauI%ﬁ N-glycosidase activity)
U

(
pengsThaty 60 ribosome luwadidmune denaliiAnnisdufinisasslusiiunely
wadwaryleadnie @ B subunit dlassadady pentamer (Usyneume 5 monomer)
Julasead1eiildduiu elobotriaosylceramide (Gb3) Faidu receptor ﬁwuagjuuﬁamaé
e (epithelial cell T intestinal mucosa) #§391n B subunit Sufuadivanewdy
Shiga toxin aggnund1lunieluleadsnienssuiuns endocytosis kae A subunit 3zQnén
991910 B subunit Tnstaulest fulin flegnieluiead amy Al wihduiiazgndsdiu Golg
apparatus g3 endoplasmic reticulum (ER) wigluiefustimuedie ribosome (nnd 2.11)
(Siciliani, 2018)
2.1.8 msinwnaznstaiu

n53T9d8 Shicella I¥faunszoziBuusnvosmsandetuifiauddaions
$nwn %"’qmﬂﬁﬂ"’wLLazmimﬁaLLs'LﬁaﬁmL%ﬁi'wmaqﬁylﬁalﬂLﬁuﬁ'aﬁmﬂﬁmmﬁﬁ@mﬂﬁq
p1UFTzdddieilisresnaivesmstheeznsmudelugaanszduas udasidenld
amngluneiiauguismesmaiutieviadedestudduda wu luaudiudeadnuio
an1usng 4 AiddeUdnmszueinerimumsiesesuiiiusuans 4 sldves nsidenld
p1UiTrusdnuinasedona antibiogram vevidefiuenld w3eldaiu antimicrobial

susceptibility pattern Tuviesdiuiy waziuldenieannisiadsulmassald Wetwiziie
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mﬂq%msswm%a Shigella spp. #1UfTugAlHludin 1Hun tetracycline 25-50 un./nn./3u
U 3 U %38 norfloxacin 20 un./nn./3u U 3 JU %38 cotrimoxazole (trimetroprim)
10 1n./nn./4u w5 §u furazolidone 5-8 un./nn./3u uiu 5 u e1UFTauzilsluglng
¥R tetracycline 500 un. Suae 4 A%a uu 3 Ju %138 norfloxacin 800 uA./3u Uy 3-5 Hu
%39 ciprofloxacin 1,000 4A./34 W 33U cotrimoxazole #3© 160/800 un. Juaz 2 Ay uu
3 Tu (diinsyuinIngn nsualuAulse, 2561)

Hamuieafulsadadneudrmannvans defunnmienuasisuguanssediu
anumsallaneviosdl waglinnsdesfunsunsnszaelsaeramnyay Ssliaunsafivua
wnusdunusuuiertudmivgnaniunisal lunnagiiidnitasnisgeainnisiade
S. dysenteriae type 1 iamﬁumaz%mﬂﬁ%auz asfinshuuvaslse dmsunisszund
Aetuluantusing q uarlunsdllinsudeamgiiuiuey msusnithsuasdiFute wagy
mawneidoslufiheuasdlnda nisszuiafinndenismunuiensssuialufndn (nee
feldanansalddmedregnavdnuay) lunduauiiigmidudauszam uagluanned
VauAauRLTlY @ninseuiainer nsueueslse, 2561)

BuFUI8INTTEUINYelsA shigellosis 11310 Shigella Tugaanszveie
vidofdunme wasiutiufunngindoiiddyivsduaiulffnnsuudouvondotly
pIMILATAL é’qﬁ?umsmuquiiﬂﬁﬂéfaﬂmﬁ’ami%’ﬂmq%amﬁﬂdauqﬂﬂai'mﬁ’umﬁmuqm
dawnden Wwu (1) WiwiunussrvuienfunsinueundeduyanariieUestuillhAn
msuudeuangaarsyludaau Tenudiieafuisnasdouuasussomslvignaed nwe
saussAlusEmue s Tiussaulne uasdraflonnadatausutssmuens (2) duaenas
#funsinviaunsalinuidoluganssindotiuuiu 3 fu fusenauntsynaulasianiy
fusznounsluaniudl flervnsgnuandieludeaudiuauin aaslifunisngagaaisy uas
Liwuidefiniu 6 Ay Feldsueunwlilsznevomsld wazasldsunsasadidniuads
A7 (3) MItisamsnaeuLInImansatisantamnsinide Shicella Tumsnlianasld
10 Inglanngmandsegluuszimadiidaiam Lﬁaqmﬂiuﬁmmmsmﬁgﬁﬁmﬁ’u%ﬁm IgA 7
annsatiedesiumsandelussuumadiuemsias (an A4, 2561)

2.1.9 plfuiuazindu

AnRaLie Shigella serotype Tauda aglifnidie serotype Wng1dnduriaiuiu

(%
a a1 IS

na1e? widiaunTafnlle serotype duld LoufvaRdaloauIsanTanulalunszuafon

[

vl vo & a a da ° Y] a & Aa
voselasue duylulnayduniunumdrdglunistesiunisfiaiiolifie secretory IgA

o

(%
=

duUUNUIMYes cellular immune response @9Ld® Shicella HpBUNN LHUDIANTUNALITD
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fiu virulence factors d@3ulug) (19U effector molecules #19 9 8nLIY Shiga toxin) Wuagly

[ '
v v o= A

wanadla deuIudedinisaienennuausalunisnelsasening Shicella Nenduagly

d [ 1

?iunmé’amLmmﬂum%gﬂéqmumwmaﬁm 157 Shicella $las3a519v99 O antigen
wanssiulgmannnans Feilddeisnuan serotype Wunaulusie Snvarausssuyi
voudartuildsdmaliideannsonauvanannnsgnyiiatslag humoral immune response
lod1e Trgudesiulse shigellosis asegluseninamsnaiu (Todar, 2018)

2.1.10 nalnnshesn

vd’os[’y a

anunddgvinlinisiadisuuailisenelsalaeinly dAnnuguusikazense

o

¥ 1 '
A v IS

2 & y o4& X ° o I3 a a v & &
ﬂ']iﬂ']cUﬂll AD LVDABEN @QUULMQIGUEJ’W]L%@@@@J’Wﬂﬂ’]'ﬁiﬂﬂq ﬂﬁ]gﬁlﬂLWMI@ﬂWﬁIﬂL%@UﬂW@JWiQ

£ Y
=

Waduulannduluvasiweuuaiiseduiilinosazgnaiuny n1shoevetuaiTelin

11 |

N BINISHRAIUIAI8RUSRERaALaT nabniieldlunishesn (antibiotic resistance

9 Y

mechanism) (n10# 2.12) e (1) decreased influx wanefani1siUasunUaslasiasnaves
wifsgadiinliedudrguadlidosas (2) antibiotic inactivation ninefiauuafiieasng
TUsfunsoteulasioanluviraneniedudsgnivesen i adreuledini-uanniua

(B-lactamase) aonuvinatge1Uf¥uglungu p-lactamase LU penicillin cephalosporin

=

monobactam tu@u (3) target site modification/amplification “u18fan1siUATULUAS

lassaseuseguneluwed dwalveiliamisaduivlassadieduls Jsldinale o delwas

¥ 1l
= A

(4) increased efflux ‘VTlI’]‘EJﬁ\‘iL‘ﬂllﬂavl,ﬂﬂ’]i‘fJJUEJ’]EJEJﬂ"\]Wﬂleiaéiﬁi'ﬂmg'lsdu LW@ﬁ@ﬂ?WNLﬂUﬂ‘H

Va1 AnTuiuAgas wenaininisnaeiuguediaulusl DNA gyrase Ssliunuiménfgy

(%
A 1 |

inlienasias1ngy quinolones 8nae wuafieseduluyinlasudusesn (antibiotic

resistant gene) A1ENDANIMNINANENA (Lin, 2018)



Increased efflux
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Decreased influx Aminaglysosdes
: - f-lactams
Aminoglycosides ( Macrolides
B-lactams s Quinolones
Tetracyclines

Antibiotic '

Target site modification

Aminoglycosides
p-lactams
Fluoroquinolones

Antibiotic inactivation

Aminoglycosides Glycopeptides
Amphenicols Macrolides
Antifolates Rifamycins
B-lactams Tetracyclines
Glycopeptides .

Rliariyeing Target amplification

Sulfonamides
Trimethoprim

awd 2.12 nalnmshesnvesuuaiiise
#lan: Lin (2018: Web-Site)

938 UNnsenauunt (2561) naaeuaulives Shigella spp. Aofue1qauN3e
Faudomarilduinnfesujofnisitivssmalue waggndsundsquénaaeuiudu
e Salmonella waz Shigella wiswRs uruiedy 200 aeiug Tassausauliseningd
W.fl. 2535-2538 Usenau Mg S. dysenteriae 21 @18Wug S. flexneri 83 @1eWug S. boydii
20 aneWusg wae S. sonnei 76 ABTLS WANIMIAGBUNUT S. dysenteriae TdnTINIHORE
g1 chloramphenicol tetracycline trimethoprim/ sulfamethoxazole (TMP-SMZ) & ¥
streptomycin $ogay 76.20, 90.50, 47.60 uaz 23.80 AL S. flexneri S8ns1nsnese
81 ampicillin chloramphenicol tetracycline TMP-SMZ wag streptomycin 588ay 85.50,
81.90, 87.95, 56.60 Wag 85.50 AUaA1AU S. boydii fI§nsnshesenn tetracycline TMP-
SMZ way streptomycin $oay 50, 25 wag 50 AIUAIAU S. sonnei f5n31n15Aen0

tetracycline TMP-SMZ uag streptomycin $egay 43.40, 46 Way 78.90 AUa1AU
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2.2 Bacteriophage
2.2.1 Tassadrauazdiuusznauvadnuamaslama
wuALweslaina (bacteriophage 130 phage) Ae lsavenuaiitss Wiee1ana
1§47 e h¥afiausasseaialdlneglduuafiSodulaad (host) wuameslewmaanunsanuld
slunnruuds i Tuth Tuennie Tufu uaslugldvesnuuardnd Wudy
wuamoslewagnAunuadausn Tag Dr. Felix Hubert d’Herelle Tu a.a. 1915
Tnafusuamaslowafisunizsae Shigella dysenteriae %QLﬁummmaﬂiﬂﬁﬂ (bacillary

dysentery) lngn1sligUaelsatianuiuamnesleiafivnieudu A1i “bacteriophage” 119N

a Adda A

A1 2 ANTINAUAD “bacteriae” waz “phagein” (w1 Greek WUaI1 “Au”) nunefsddiding

AukUATLSY ViRV IALUATIS8RNe

' '
a aAaa =

wuaweslewnduddidinnilassaselddudou Usznoumediulsznoundn
2 d7u Ao @a15WugNTSN war wAUTA (capsid) a19WugNITH 383Ul (genome) Vo4
wuawmeslowaoadu DNA vie RNA Al virldanunsauvanuemaslomasandu 2 ngulvg
nunfinuasiluy #o DNA phage uay RNA phage uananiisluswasuvameilomadiio
\uaneiden (single stranded) n3oaneg (double stranded) uazenaiidnwauziduidunss
(linean) vi3eifiunsnay (dircular) AldTuegfusiinvesiuaimeslows Fluuvssuuamesloin
gnvieruliFieunuda (capsid) vesuuaneileiafolusauiiviminiveuilunves
wuAweIlawa uwaYdn d@iulng (anLiu filamentous phage) Usgnaumisaiuna (head) waz
d1une (tail) druiiveswaddafigusnaduwuy polyhedral Aedidnwailugunsmans
wiaguauaas (1wl 2.13) Turngiidumadidnsazifuienais (hollow tube) 93luy
yesuvAmoslemaamsnindeuiinnduismuviens waganansasnudluneluead
wuafiFeldvnziuuamoslawayngn (infect) iigleast Uinadumstonanulassadisd
wuameslawaldlun1sBainiyiumaauuaiiise Wy base plate, tail pin Wudu lnelasasng
fl#lunsBainieiiagduiu receptor floguuwaduuaiide wuawmeslawauisiindued
a111308a-v1ala (contractile tail) unawiindniseidn-valails (non-contractile tail) u14

YUAHN19EU wazu1ssialiiniy FednvuzssraldiudiAgylunisiiiunsinees

wuALMaslawma (Ackermann, 2001)
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Capsid (head)

Collar

Phage tail

AW 213 gUTslagnaluvasuunmnaslowma

fiyn: University of Leicester (2018: Web-Site)

2.2.2 NISTMUNBUAVDILUAMNDI Lot

wuaneslewaudadiTinfidaunainvaiy LLazﬁmmLL@ﬂsiwqﬁuﬁqui"m
msﬁuqﬂsim WAZNIIA1T9TIN International Committee for Taxonomy of Viruses: ICTV WJu
gednsiviwvth s munnaeinisswunsa Inefvualila$aiide order asese —virales
wazde family asnese —virdae Th¥agndruuneenidu 3 order 61 family uaz 241 genus
drunuameslawagnituunaendu 13 family waz 30 genus N1531HUNKUAWES LAY
inawives ICTV azendegusnssiuduriinvesansiiugnssy (ms199 2.5 uazand 2.14)
(Ackermann, 2003) wuawaTlotnaaIu1sauusn1ugUs1ela 4 nau Ae (1) tailed phage
mnedauuamneslemaiifiinng (2) polyheldral phage MmaﬁqLLUﬂL%@%I@LWﬂﬁﬁﬁagﬂi'Nmaw
\wdsa (3) filamentous phage mnslﬁqLLUﬂma%IaLW%ﬁﬁgUﬁ'mﬁua’mma (4) pleomorphic
phage mnefauuamelemafifisuidliuiuey (13197 2.5 uarnndl 2.14) uazuuanes
TowadrulngTansiugnssudu double-stranded DNA waziinnusglunay tailed phage
(Ackermann, 2003)

Tailed phage 1Junuameilatanguiinuuindian u1nni1 95 Wesidudves
wuameilawlaionun dnuaslaeiluresuuameslowanguil Ae duhiidnuuraung
LLU‘UQﬂ‘U’Mﬁ (cubic symmetry) 8121381191 isometric head #38 polyhedral head %39
icosahedral head ﬁuagﬁugﬂiwwm capsid TUSAULATIAS19V0INNENITLSBIFILUULNAE?
158n71 helical tail #a15%usNIsuLUY linear double-stranded DNA (dsDNA) 31 capsid

a15MugnTTu Wil envelope YUIATDIAITRUFNTTY WATAINENIVBIMILANAIRUIUAY
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Yinrasuuamesiowa tailed phage dmaglu order Caudovirales uuseanidu 3 family e
(1) Siphoviridae Wuwuaweslewafiinisens weBa-nakild (noncontractile tail) 11nN37
60 WwWoslius 104 tailed phage oglu family i (2) Myoviridae Wuwuawmeslewladidm i
drumsanunsadn-nale (contractile tail) wWuuszana 25 WosluR vo4 tailed phage way
(3) Podoviridae tlunuamesinaiiniadu (short tail) wulduszuna 15 Wesidus ves
tailed phage (Ackermann, 2003)

Polyhedral phage Lﬁ“flmwﬂL%@%I@LWaﬁﬁgUi'NLLUUQﬂmﬂﬁ (cubic symmetry)
miﬂ’uqﬂﬁmﬁmmwmﬂmawsﬁuagﬁwﬁmmLLumwa%IaLm polyhedral phage KUY
ponwdu 5 family Ao (1) Microviridae ﬁmiﬁuqﬂ‘simﬁu circular single-stranded DNA

= 1

(ssDNA) wazgnvieviude capsid 39igusnanuy isometric dnvaiziduvanuaineiloma
family o vunidn (2) Corticoviridae ﬁmw"v’uqmwﬂu circular double-stranded DNA
Snvamruvasunmaslomaly family Hio capsid Uszneusie duvediusiu 2 u Tneiidu
984 lipid bilayer wnsnagnsinans (3) Tectiviridae fasWugnssuidu linear double-
stranded DNA dnwaisiuvasuuameslemaly family e & capsid fiudauss (ricid protein
capsid) wazdl lipoprotein vesicles agjmsﬂu (internal lipoprotein vesicles) Feluvaei
wuamesTewlaly family Sinnsfiinvesuuaiide vesicle fanaaziasuldifurie (tail-like
tube) AfiAame1UTEII 60 W luiung Feazviniidiidunislsl DNA gnUdesann
wumweslauaidngwaduesuuailise (4) Leviviidae fansiugnssuidu linear, double-
strand RNA @agnsieviusng capsid fiilAssai1suansnanin RNA virus vlu wuame3leiila
Tu family diidnvazadne polioviruses waz (5) Cystoviridae Ha13Wugnssuidu linear
double-stranded RNA §nwaizisuvasuummeilowaly family e il envelope dou50v
capsid waghuaweslawaly family ﬁmmmuﬂqﬂiﬁmww Pseudomonas syringae Li/i’lﬁ?u
(Ackermann, 2003)

Filamentous phage Ldunuameslemafiisusraduaissiniendoidule
LLUﬂLVIE]%I@LWﬁ]ﬂ@:Nﬁ wiseanilu 3 family Aie (1) Inoviridae fia1sWugnssudu circular,
single-stranded DNA wUsaanidu 2 genus A® Inovirus tag Plectrovirus 8NWUELALTDY
Inovirus Fieizusraluansen (long filament) @19uds (rigid) nieBaneuld (flexible) ‘?Tuazj
furilnvosuuameslema wuameslewaiila (sensitive) semaslswesu (chloroform) usnuy
arwdouldd Teaddmsunuameslamanduiifio Clostridium wag Propionibacterium du
Snwnusisiuyes Plectrovirus Aefigusnauaedus (short straight rod) Teandmsunuaine

Slawnanguilie Mycoplasma (2) Lipothrixviridae fi@15Wugns sy U linear double-
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stranded DNA H5U31940uuyiams9ud4 (straight rigid rod) 181U tobacco mosaic virus
(Ackermann, 2003)

Pleomorphic phage L'fluLLUﬂma%IaLmﬁﬁgﬂi'NhjLLﬁuau RIEIVGHGIE
nnadalunguiifansiugnssudu circular double-stranded DNA utivoanidu 2 family A
(1) Plasmaviridae 1uuuame3lowmadilsiil capsid usiil envelope siouanswugnssuly
Tsadvasuuameilomanguiifie Mycoplasma iileuuameilowaazyngnidglear
envelope va3kuameilomaazidon (fuse) lWiuIdoruad (cell membrane) vadlaas
wazndsainiinsiuiunigluiwaduds progeny phace azeandaniwadlag3s budding &
livilwaduedleaduan wag (2) Fuselloviridae iunuameslemafifisusnandonauzunn
(lemon-shaped) waziinuudy 9 (short spike) ag}ﬁﬂmaé’wwﬁwmaummm wAUTA
Usgnaudelusiu (hydrophobic protein) aeswfinuaslusiudsldunandiulsznevrenie
Huwadvesleas waudngniiateldde chloroform wdsannifinduiuntslulsadudn

progeny phage 9z80nNWAALAYIG extrusion (Ackermann, 2003)

A15199 2.5 N1sAuUNTLAVIUANas e (Ackermann, 2003)

Shape Nucleic acid Families Genera Examples Members Characteristics
Tailed DNA, ds, L Myoviridae 6 T4 1243 Tail contractile
DNA, ds, L Siphoviridae 6 Iy 3011 Tail long, noncontractile
DNA, ds, L Podoviridae 3 T7 696 Tail short
Polyhedral DNA, ss, C Microviridae [ (I)X174 40 Complex capsid, lipids
DNA, ds, C, T Corticoviridae 1 PM2 3 Internal lipoprotein vesicle
DNA, ds, L Tectiviridae 1 PRD1 18 Envelope, lipids
RNA, ss, L Leviviridae 2 MS2 39
RNA, ds, L, S Cystoviridae 1 (])6 1
Filamentous DNA, ss, C Inoviridae 2 Fd 57 Filaments or rods
DNA, ds, L Lipothrixviridae 1 TTV1 6 Envelope, lipids
DNA, ds, L Rudliviridae 1 SIRV1 2 Resembles TMV
Pleomorphic DNA, ds, C, T Plasmaviridae 1 L2 62 Envelope, lipids, no capsid
DNA, ds, C, T Fuselloviridae 1 SSvi 8 Spindle-shaped, no capsid

nagwe: C = circular
L = linear
S = segmented
T = superhelical
ss = single-stranded

ds = double-stranded
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ssDNA dsDNA
Microviridae \/ X

' Corticoviridae Tectiviridae

\ Podoviridae

- (S
Myoviridae
Siphoviridae

Plasmaviridae
—c ——— \_
Lipothrixviridae /

J = Fuselloviridae

Rudiviridae

\ ssRNA dst?NA
\\ / )
\L\". O Q)
Inoviridae Leviviridae Cystovirridae

A 2.14 sUSeAnezvawUAnasiamanagly family 619 9

un: Ungn AL wavAy (2553)

2.2.3 Lytic cycle and Lysogeny

M3fsaTinvesuameslamalidmnuuandisainlisarill Tnsuupmeslews
Jouu obligate intracellular parasite munefisseudluenfuegneluwaduelaas Fafide
wuafiSe warendenalnneluwadiiien1smssdin 1995839 (lfe cycle) vaauuawaslews
919 0ulUlA 2 wuu e Lytic cycle ua ysogenic cycle (W30 lysogeny) MeniiTsaunse
wuskuameslawseanidu 2 nqulvg) 9 muuwuunisass@ialulaad fie (1) Wytic phage
w30 virulent phage nunedanuameslaafidnssdinntelulaaduuu ytic cycle 1y
T phage uaz (2) lysogenic phage 3o temperate phage nuefsuuaneslomaiissedis
nelulgasiiuu lysogenic cycle 1u lambda (L) phage

lytic cycle wanede nMsanseiinvesuameslaiangluwadvedlagAuuuiinig
afauvameslamalmidusiuauinnaislusad wameslewafignaidulmid Boni
progeny phage Fsfignianifmiiounuamaslomamusnitynsnidndiead Weolasadutuneu
n9Lfins1uau (phage replication) neluiwaduds progeny phage ﬁgﬂa%ﬁqsﬁummﬁwgﬂ
Ugageanuanigadlaeuunmeslomavzadiaaisuiseda Wy lysin) senufievinaty

naead wazihlilwaduuafiiSownnaate (lysis) wazagldlufian Fudufinivestanis
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fsed3nuunil progeny phage ﬁgﬂﬂdaaaaﬂmmﬂLLUﬂﬁﬁaﬁmmLé”s ﬁ%lﬁﬁﬁ&jmaaﬁlmﬁ
ofinafsavdeludwndouuinuiy wdidusuynsnwadiniduisswuuisoly dewmnd
ytic phage FsanunsaviliminnismevesuaiiSefidulandiduraniie wiesunileadas
ualy

ytic cycle vasuuamaslawalagiluudsoenlidy 6 Tuneudfyseil
(2 2.15) (1) adsorption w3e attachment Lﬁu%y’umauﬁmLLiﬂfuaamsqﬂqﬂL%’Wajwaﬁsuaa

Toadt Inouuameslomaazlilassairsunsedsioguunatin lduiulassairsunsedisiiog
vuRLgaduuATise Tilasadefiuuameslemaldlunsdanisienadenlnesaui
attachment site uazsunsfioguuiinvevaduuaiiise wazsumzse attachment site
13812 receptor site Supoudfushrmmuanusumz (specificity) TeRINUUANDS LOLNA
wazlead (2) injection 158 penetration Wuduneunisdn (inject) Sunvasuuamesloma
iluaeluwad Ssdlunandiumhideegansluiau@nazgnawiusmuviomuaziadeud

WnlUTuwad (3) viral genome synthesis [Wutunsunisassdlunvssuuameslomaiiald

! a 2/ X

laguauann o adlneunazas1edluy wuawmeslomauiesinenasududesainlusiunie
4 1 A o I | o a X | a & a [ o 14
ulyduisedaidndunonisairsdlunduuineu dnniwuaweslowadiaiunsavinli
laslulenvesuuaiiiTogniangldlasie (4) viral protein synthesis iudunaun1Iasg
lUsfugagnatuny visemrualagdlutveawuamasiomanidunalneiie q aneluead JUsku
A v . Ao a A a 19 Y o A ] a
Nasslugreldndulusfunine1U99nulaTsas19nTodIuUIenouAN 9 Y03LUALaIlowma
(5) assembly tun1sthduUsEnOUAN 9 veswuameslatnangnasisududiuauuin
ameluaduszneu senuiulilalueuniawuawmeslowanauysal (complete virion
a . . A i = o N v X
198 complete bacteriophage particle) Mt38131 progeny phage #931UIUNYNAITINVY
s = o dg” (5 a al [ 5
aeluwadazunvietesuediuviinvawunmasloma uaz (6) release LUuTURBUNIS
UanUdas progeny phage aangnisuanlagnisvinlyioaduuaionnn wagiiaiies
LUALNSLaINLTIRTNITATITIALUY ytic cycle SIUAULUATITELAINANTUTINRIULRT
dy dy (% @ a a o I a 1 a
Mg RgeIrdLNaIuLUATiSagnvitatedulla Sendt plaque (nnd 2.16) (Pearson

Benjamin Commings, 2018)



@ Attachment of phage
to E. coli and injection of
phage chromosome

@ Release of progeny

phages by lysis of w e Breakdown of bacterial
bacterial wall § % chromosome by
&\ / L \ phage-specific enzyme
= Phage Bacterial (host) 3
chromosome chromosome

Host E. coli cell
Phage
chromosome

Bacterial chromosome
totally broken down

Phage
o chromosomes

Phage heads Phage sheath,

© Assembly of being assembled  base plate, and
progeny phage Ny
particles

tail fibers

0 Expression of phage genes

to produce phage structural
components

© Replication of phage
chromosome, using
bacterial materials
and phage enzymes

Copyright © 2006 Pearson Benjamin Cummings. All rights reserved.

AT 2.15 N1sANSITIRUBILUAIMBslataluY Lytic cycle

fiun: Pearson Benjamin Commings (2018: Web-Site)

P o a a & & a
AN 2.16 anwadzYdd plaque VI‘US'Tﬂ{]U‘UN’J“UaQa']W"ﬁLaENL‘UE]LL‘UﬂVILiEI

1w dngn AAY LazAny (2553)
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nsvansaaLuaiiselay ytic phage 91dBn1TNUTINAUTEIUSAY (VD3
wuALe3lelna) 2 vlla Ao holin (39 pinholin) Wwaz endolysin

Tunselves holin/endolysin pathway Tuszagusn holin monomer agaoALNsA
1Ly inner membrane wasuuafiSe udusznautuiu holin oligomers shliAnstui
USLI8U inner membrane Iuszmﬁmﬂﬁ antiholin 117M9719A15@3574 holin oligomers
wuawmeslewasainadns antiholin inhibitor sndudentsyauees antiholin auninnisadna
holin oligomers agiasadn miLﬁﬂﬁuﬁU%nm inner membrane ylMAANTEUIUNIS
depolarization (miL‘UgEJULLUaQIJ'i%ﬂW‘WﬂmEJI‘HLG?Jaﬁ) Fadamalh soluble active endolysin
911 cytoplasm aeuiidnluvhatetu peptidoslycan vosniawad et peptidoslycan
gnyhaneld Wsiu spanin Aitlsdluntawadgnuantaes uaziinnsshuamnsusiiuyes
inner membrane Way outer membrane AudsHalilAnNITINaUNTIIAAVDILUATILTE
(n it 2.17) (8fgyay1 wNane, 2560)

Tunsglues pinholin/SAR endolysin pathway Tusgezusn pinholin monomer
azasauniniinluly inner membrane vasuuafiie GaagsiliiAnstuiiuiian inner
membrane m‘;ﬁmﬁuﬁﬁnm inner membrane 9g¥ilAANSEUILNST depolarization &
danalii signal-arrest release endolysins (SAR endolysin) NaNe8NAIN inner membrane
dioluvanedu peptidoglycan vasniaiwad SAR endolysin 1y endolysin gianiafiund
%Lmzagjﬁﬁwm inner membrane wiadu peptidoglycan gnvinangly TUsfu spanin ikl
miluntdsgadgnuantdey wazinn1siuanTINAIUYes inner membrane uaz outer
membrane FudNaliian1sinatentasaduesuaiise (Al 2.17) (eRga uuane,
2560)

nsvinaneLgaduuaiiiselag ytic phage finaruitiedudunisiiaowad
wuANLIBLATUAU (Gram-negative bacteria) Fail outer membrane Tng lytic phage @ulu
NIRlvINITIaadLUATISELATUUIN (Gram-positive bacteria) lag lytic phage azildqu
Aunndrefuded Tneunfndnwaduuaiounsuuanldd outer membrane usaziidy
peptidoglycan ﬁﬁmLLazasﬂJé’muaﬂqm iy endolysin 3sannsasiraudy exolysin ¢

a8 laeeae peptidoglycan a1nvisguuentazsuluvewag
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Holin/endolysin lysis E Pinholin/SAR endolysin lysis

0. Lytic proteins accumulation

® g © e © {
\
2. Peptidoglycan disruption
oM i
P e " T e, = a

I
I

—
v

3. Outer membrane fusion with inner membrane
LYSIS

25e9)@3 ==

A 2.17 nalnnisinangrdagaduuaiiiselagwuamaslioma

'
= a

IUN: DAY WINE1Y (2560)

TAseas1auarn159i191ua89 endolysin %38 phage lysozyme 1utouledvss
wuawaslawafiusenaudig 3 daumdn fie Cterminal binding domain N-terminal catalytic
domain wkay L (mwﬁ 2.18) Iay C-terminal binding domain %38 substrate recognition %1
wifians uazrTufu substrate sz uTanTuYadvowuafiisy way N-terminal
catalytic domain %38 enzymatic hydrolysis ¥uthiisnwuszndn (major bond) UShanutu
489 peptidoslycan vaswuailieliuenoen dau L e linker S8 peptide @nadu 9

WeousenInalasiasisaesduing1uues (Unen A1AY wazAy, 2553)
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Catalytic Binding

N — [

A nf 2.18 Tas9a319999 endolysin Tag N (N-terminal) Aaauivinvdisa C

(C terminal) AaAIUNIVBEIINNIE wag L Av linker

u: deen AAN wazAMg (2553)

Lysogenic cycle %38 lysogeny 1udnuuraain1sasediinveauuainesloma

(9 2.19) NMIesITInLUULTTURBU adsorption Wag injection llaunu lytic cycle a7
Ionanuuds waindandlunvesuameslawmaiiignislulaadudiszuandaluann lytic
cycle nanafie wuaweslowana1ss3inuuuilazluiinisadne progeny phage nnelulaan
Nunvesnuameilowaazunsn (integrate) Wlululaslulguvesiuaiiise wuameIlowman
agluszuzilisonin prophage d@uuwuAsefil prophage sgnglulgaalsanin lysogen N3

Y Y
iI prophage uisaglulaslulenvaswuaiseuilifinavinliigaduanvsontes uioavinl
WUAMLSBLAM mutation (138171 phage conversion) (Campos and et al., 2010) lysogen
1 ¢ a o 1 v a a ‘g [ 3 v a 1
ansawdaradiiaiiuiwudeluls lnswadindifinduyniwadasdal prophage wesag
\uLAL (daughter cell with prophage) 10 lysogen gnidedliasaulaluuisaniiy (W
Y Y 14 A a & £ = a
VINFITOWNT QANTEAUAIBLAS UV Anuseunteansiadl usw) Alunveswuainesloma
) v . A | [ = Y
a1unsanduitng lytic cycle WiveUanudae progeny phage sanusnadlalduiieaiuiiny
Tu lytic cycle (Sridhar, 2006) nMsegsuiusEnInalaaduazuAmeslaina (prophage)
ausainlimiind Tauinissiuiu (coevolution) Tnguwuatneslewatdutaiou mobile
genetic element Tun1581e8uIZINAWNTIANIUNTG lateral 139 horizontal gene transfer
Usingnisalilvinlviinnisiddeundasivlaadlaunnuneg Wy wWasuwuafisenlinelsa
(nonpathogenic strain) WuluaiiiFeNnelsa (virulent strain) fMeg9u 1We Corynebacterium
diphtheriae aeugnliasna toxin wazlinelsarafiu Wegnunineie B phage Fadu
a g v Aa 19 &, . . v A v

LuAmasLawanlga99s¥Inuuu lysogeny aznanewugiuilu C diphtheriae aeugnasng
toxin wazau1sanelsanefuld uonanduaidinuiin1sasie toxin 3 Clostidium
botulinum FevinlmAnlsao1msidufie (botulism) Wagn15a519 toxin 911 B-hemolytic
Streptococcus group A Gl ululsalddandung (scarlet fever) Feaunsainaule

a a a a o v aa Y 1w
MnMsNLUASEgnUNTNLnewuAneslomailt9sTinuuu lysogeny teguiiy
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wuAmesloiausriinauisaldieastinnsdasiuu (lytic cycle way lysogeny)

[ |

Tunsmsstinla Metlduegiudadesie 9 Wy danmwinasy @1semsnislulead lnaSun

Y

wupwmeslewlafifana1iin temperate phage 1 A phage (MWl 2.20)

Daughter cell
with prophage

\\ Cell divisions
m ] produce a
Phage DNA ; population of

circularizes. bacteria infected

Occasionally, a prophage
exits the bacterial chromosome,
initiating a lytic cycle.

: .
‘ =)
(@

Certain factors
determine whether

Phage DNA integrates into
the bacterial chromosome,
becoming a prophage.

©2011 Pesrsen Education. Inc.

with the prophage.

The ba_c;erium reproduces,
copying the prophage and

lytic cycle | o | lysogenic cycle transmitting it to daughter
is induced is entered Prophage eII7
e —

P ° aa a .
A 2.19 n1sAnsedInvesuuAIeslatanuy lysogenic cycle

ﬁm: Pearson Benjamin Commings (2018: Web-Site)

Phage ~%
Attaches
to cell

Phage DNA E:aorm
Cell lyses,
releasing phages 'y o M é

Phage injects DNA —
gL, )

may leave the bacterial
chromosome

EXD
Phages

assemble

Copyoght © 3000 Paaron Education. e, publahing 34 Decyamsn Cumminge.

reproduces normally,
replicating the prophage
Prophage  at each cell division

==

Phage DNA inserts into the bacterial
h by iy

AN 2.20 19953 INVBIWALULU lytic (F19) uaz lysogenic (971)

Nun: Ungn AR wazAME (2553)
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2.2.4 Bacteriophage Therapy

AsAunusummeslamaiianunsadufinisiesaaeawuaiideldiy Buillusn
A6l 1920 iufunn wivdsniduuszana aa. 1930 Afnsdunuefiauey (antibiotics)
lFnsanwiisafumsiuuameslemauldlunisihvilsainide (phage therapy) an
unuwasly imsedninemanslugaiudaindamlsaindeudlédhes ufiue mafnw
Aerunuameslomaiadulumssunsinuauandivesuameslowla wagnsiluld
Usgleflududu wu nslduuameslewmadurdosfioddylununaiuddnesesu
T,:uLaqa‘lumuszmm%wmLﬁamsaﬁ’wLLuﬂﬁnﬁmmeﬂﬁﬁa (phage typing) (Talbot and Parisi,
1976; Hagens and Loessner, 2007) waglusunsiaiaduvsidauosuuniiise (diagnosis)
(Mcnerney and et al., 2004) 1Judu EmL"iuﬂszmw%’m%aLLazmaﬂﬁsz‘luniﬂﬁé’qﬁmiﬁﬂm
phage therapy fuagsserfiosnasnszazinaniau 100 Uiidnsdunuwummaslowms
auaulaiieniu phage therapy L%Mﬂé’wﬁﬂﬂ%y’ﬂuﬂm;ﬁ’u dlodunuinfiuuafiSenelse
SuunnBuRDE LwﬂﬁSamamaﬁuﬁ:ﬁamﬁwmm/imwﬁﬂ (multi-drug resistant strain)
SnensunsnsTaeveaiensefiintustssniiauamsanuldiiouilan faduinise
WwaNevUIASUAUM wasfnwiien Wytic phage funnndu enteiazduummneilowa
Uldlunsshwilsefndeuuaii3eiesuaznaununisliouijuy vielduuamesleowls
srufueUTugiieannisldeliosas

91135 nsifinswIuassLuavailemafina1aun ytic phage unquues
wuameslomafianansailuldussloniluninmssnulsaindeuuaii3eld wszanunsar
ThAnnsaeveswuafiSedifulaas Tuvaeil ysogenic phage azldanunsaviuiuls
W nfifinsAunuLuAmeslena lé’ﬁmiﬁuwuLLazﬁﬂmﬁmﬁ’U@mamﬂ’amm lytic phage
susnsvnaesth Lytic phage unldlusu phage therapy ﬁhmamaaﬂuﬁamﬁﬁamﬁ Tu

v 6

dninmane wazluau Tuidvssnsog19uAmas lotnaNAsds189IuINEIU1TYINa18uns 92

A ! 4 S adl a v -] a a dy 1 (2 ¥
Wonelsals wenanduuameslawautswindsaunsaviatsuwuaiiisefsenlanie falanald

Tumsit 2.6
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A15199 2.6 H28819N15 b UAMBS Lo luN1SINaneLanalsa

Bacteriophages

Bacterial hosts

References

SN-1

Streptococcus. mutans ATCC 13338

Winston and Thompson, 1979

BHR1 Escherichia coli AB1157and Jensen and et al., 1998
Pseudomonas aeruginosa PAO303
P100 Listeria monocytogenes Carlton, and et al., 2005

ell/2, e4/1c and
pp01 (cocktail of
phages)

Esherichia coli O157:H7

O’Flynn, and et al., 2004

CP34

Campylobacter jejuni

Carrillo and et al., 2005

Salmonella phage

Salmonella enterica serovar

Wall and et al., 2010

cocktail Typhimurium

CEV1 Escherichia coli O157:H7 Raya and et al., 2006

KH1 and SH1 Escherichia coli O157:H7 Sheng and et al., 2006

ESP 1-3 Enterobacter sakazakii ATCC 29544 Kim, Klumpp and Loessner,

2007

PA13076 Salmonella enterica serovar Enteritidis Bao, and et al,, 2015
ATCC 13076

NCTC12684 Campylobacter coli NCTC 12668 Orquera and et al., 2012

CP81 Campylobacter jejuni NCTC 11168 Orquera and et al., 2012

PY100 Yersinia enterocolitica 83/88/2 Orquera and et al., 2012

M Staphylococcus aureus, Methicillin- Capparelli and et al., 2007
resistant Staphylococcus aureus (MRSA)

PALld Pseudomonas aeruginosa and Kim and et al.,, 2012
Staphylococcus aureus

dAB2 Acinetobacter baumannii (Multidrug- Lin and et al,, 2010
resistant strains)

T1-like Escherichia coli (Clinical isolates) Sillankorva and et al., 2011

bacteriophage

PHL4 Salmonella enteritidis phage type 13A Higgins and et al., 2005

ONK5 Klebsiella pneumoniae Hung and et al., 2011

HP1 Helicobacter pylori Heintschel, Nalik and Schmid,

1993
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Bacteriophages

Bacterial hosts

References

Cp-1

Streptococcus pneumoniae

Martin, Lopez and Garcia,

1998

5006M Proteus mirabilis Pretorius and Coetzee, 1979

034 Proteus vulgaris Coetzee, 1963

PL25, PL26 Providencea alkalifacience Coetzee, Smit and Prozesky,
1966

UNL1 Pseudomonas aeruginosa Schaffer and et al., 1999

B86 Pseudomonas aeruginosa Kilbane, and Miller, 1988

SP24 Streptococcus pyogenes Spanier, and Cleary, 1983

SFL Streptococcus faecalis Frazier and Zimmermann,

1980

KVP40 (Broad-host-

range vibriophage)

Vibrio cholera, Vibrio parahaemolyticus,
Vibrio natriegens, and Photobacterium

leiognathi

Miller and et al., 2003

KH1, KH4 and KH5

Escherichia coli O157:H7

Kudva and et al., 1999

SPu-95

JFK4 Vibrio cholera Jensen and et al., 2006

JGO04 Pseudomonas aeruginosa Garbe and et al,, 2011

SPC35 Salmonella enterica serovar Kim and Ryu, 2011
Typhimurium and Escherichia coli

PsPu-95 Salmonella enterica serovar Pullorum Bao, Zhang and Wang, 2011

nsikuameslawlalicuI iz solaangn deuwuamesleiadul

239

<

yaneuuaiset g (target bacteria) Wssviiaden lagliluviaie wieilusunsiese

<

Aaa A ay oa v = v v 1 3 a A &
LLUﬂVlLiEJQUV]VLlILﬂ‘EJ'JEU@Q Mi@lmi@LUuaqLﬁﬂsﬂaﬂiiﬂ E]EJ']\ﬂﬁﬂGnllLLUﬂLW@iI@LW"U'UWQGU‘U@Iﬂ

a6 a (%

anusaianswuaseludda wazalTddeinulauinnivisansiug wasurswlinaunsn

[y

° Aaa 1 Ao A a6 vy a A wal o
NIANYLUANLIYNIIIUH ﬂﬁ@mq\iaﬂsﬁﬁﬂuvlﬂ@'gﬂ LLUﬂLW@ﬁI@LWQWN@@U&NU@IUﬂWﬁVWﬁqEJ

wuafiselaunnndmiledva/altd/aneug 138031 broad-host range bacteriophage (Miller

and et al,, 2003; Garbe and et al., 2014; Kim and Ryu, 2011)

suwuvvaswuameslawamiluldlunsinuilse o1vvilavnatesuuuu/Asms

[

& . . = v a . A aad A v & = Y
fatl (1) ingestion nuefianslviEUeAu phage preparation F93sHEuldUAILATNITAUNY
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wuameslola wavanuisasnenlsadaie Shicella dysenteriae ag9lana NIUA1SIAS UL
. o g v a = = % a
phage preparation a1avilvikuamaslomvagluguveanal vsegunilagnsnseunILAIas
freeze-dryer wisodndusifia (pill) Tuvwin 10°-10" PFU/dose (Sulakvelidze and Morris,
2001) (2) injection #unegfan1sAALUAWMBS LA lUNaasnLdanai (intravenous) %38
° | aa & & Y ) a a p= a X aad ) a &

peLnanfaonselng 9 duusiiaiealnisande sdau1savesiun1sAaae
Staphylococcus aureus NRIVTIUSIUTOU 9 wNardalsd wazlinuindunatraufesla 9
(Sulakvelidze and Morris, 2001) (3) aerosol %38 intrapleural injection ¥uBRINITNULL
maynvisedadnluiigeiuUen (Abedon and et al., 2011) uaz (4) external use M8

a 1 a Y = < v .
AITNURANIEN YU MUURINUI NYBART NYBAY NIBUYBAIYN \wunu (Sulakvelidze and
Morris, 2001) fegslsadnitoluauidsienuinasiinismaansinelagld phage therapy
wanalilu (57971 2.7)

al = va 4 U aa 1 o
wupmeslomatnuantindredueufdiue Tundvesanuaiusalunisvitany

[
al v @

Wolkuailise wiluniamguieilwuamesiowalivenmuilenite1ufdiug 8nnadal
HaswITenatvayuitwuamesiomaiivssdnsanlunisinuilsaiagen sluau wazly
ﬁ'ﬁl’jmmaaqaﬂdﬂmﬂﬁ%uz (Kochetkova and et al., 1989; Sulakvelidze and Morris, 2001;

Inal, 2003) Tafvasuamasiamalunissnulsnfndailaiuseuieuivenujirusiiog

Y

=

na1eUsEn1s (115197 2.8) (Sulakvelidze and Morris, 2001) Téud (1) wuatmeslewnas]
AU (highly specific) salead (2) wuamailawlaiinsuauldeaileldiaady
wuaiiSeilduleas (self replication in the bacterial host) fatumnuuafiSefiduloadss
linualy wuameslewlafaniiusnuluides q wasvhaneleadliandiuiuasdos 9 aunia
Teadasvun wiowdetosasaulifimeiiazdelsald Wisunilounslfeniissndaie us
annsardadeuvaiiionolsalimunldlaglidodiensn (3) wwameslewalifinadiafos
(no side effect) Tunsldsnulsaluauuardns (8) Lifitaymdosmsiedeuuameslamaves
wuATiSe (phage-resistant bacteria) Snvadanudn mauwuafiBaiinnisiasuudas receptor
site dmsunuameslowa Afsanunsanuuaneslomadilunifid attachment site idufu
receptor site Imituld wenanilgamuitmauuniiSeinsasuulas receptor site dmu
wuameslaws dninavinlimuanansalunisielsa (virulence) veawuaiiSetiuanasdndae
(5) N5dum wummeslemafisinigsie phage-resistant bacteria vilddreuazldiantos
nirnsRaweufiusdieldlunissnuilsafnideuuaiiosin antibiotics-resistant

bacteria
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Infections

Etiologic agents

References

Bacillary dysentery

Shigella

Babalova and et al., 1968

Infections of skin and nasal

mucosa

K. ozaene, K.
rhinoscleromatis, and K.

pneumoniae

Bogovazova, Voroshilova

and Bondarenko, 1991

Lung and pleural infections

Staphylococcus,
Streptococcus,

E. coli and Proteus

loseliani and et al., 1980

Postoperative wound infections in

cancer patients

Staphylococcus and

Pseudomonas

Kochetkova and et al.,,

1989

Recurrent subphrenic abscess

E. coli

Kwarcinski and et al,,

1994

Intestinal dysbacteriosis

E. coli and Proteus

Litvinova, Chtetsova and

Kavtreva, 1978

Bacillary dysentery and

salmonellosis

Shigella and Salmonella

Miliutina and

Vorotyntseva, 1993

Inflammatory urologic disease

Staphylococcus, E. coli and

Proteus

Perepanova and et al,,

1995

Recurrent subphrenic abscess

E. coli

Kwarcinski and et al,,

1994

Intestinal dysbacteriosis

E. coli and Proteus

Litvinova, Chtetsova and

Kavtreva, 1978

Bacillary dysentery and

salmonellosis

Shigella and Salmonella

Miliutina and

Vorotyntseva, 1993

Inflammatory urologic disease

Staphylococcus, E. coli and

Proteus

Perepanova and et al,,

1995

Gastrointestinal tract, skin, head

and neck infections

Staphylococcus,
Pseudomonas, E. coli,

Klebsiella and Salmonella

Slopek and et al., 1983

Cerobrospinal meningitis

K. pneumoniae

Stroj. and et al., 1999

Suppurative infections

Staphylococcus and various

gram-negative bacteria

Weber-Dabrowska,
Dabrowski and Slopek,
1987
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A15197 2.7 A9819lsARALYBLAZN1S3NEIATY phage therapy luau ()

Infections

Etiologic agents

References

Chronic otitis

antibiotic-resistant

Pseudomonas aeruginosa

Wright and et al., 2009

Cancer patients with bacterial

S. aureus, P. aeruginosa,

Weber-Dabrowska,

infections K. pneumoniae, K. oxytoca, Mulczyk and Gorski,
E. coli 2001

MRSA infections Methicillin-resistant S. aureus Mann, 2008
(MRSA)

Infections caused by antibiotic- Staphylococcus O'Flaherty and et al,,

resistant staphylococci

2005

Infections in burn wound patients

P. aeruginosa and S. aureus

Merabishvili and et al,,

2009

Burn wound infection and otitis

externa

P. aeruginosa

Marza, and et al., 2006

AN5199 2.8 WsuigudafuastaLdevadni1ssnenlsARAL A8 kUALNDS latnanuen

U

Bacteriophages

Antibiotics

1. danuduwizas (highly specific) dowuniise

wWhwie (target bacteria)

1. fgndvhareuuadisauuulidnmg (non-
specific) anunsavitanglavisuaiiiensalse
(pathogenic bacteria) kaguuAvilseUsza0U

(normal flora)

2. @I NTIFAUIRT N RALD
i lrianududunnnwenazaanalsanss

AMuNUININSAALTD

o w

2. gNMINlAENITUIUNMTUAUBRALYDITIINY
bienududuiudeeglusineldiismasie

A5 TDNDLIANSIFLAUINLNSAALTD

3. lufinadnades (non-side effect)

3. finatnafes (side effect) MTuusaviaeaEg

W3aUNASIIIAAANITUN (allergy)

1

4. NSADABLUAWDS LELNAVDILUATILSE

o

gdrineguaLuasd ety

4. msheseeUTrurvesunfiielidninegua
wuafisedhmunamszgrdsveseufTuzdu

LUU broad-spectrum activity
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Bacteriophages

Antibiotics

5. MsAURUALMBSaaTtalug Lieldvinane
wuAASEyRfaLUAMBILOIMA (phage-resistant
bacteria) T¥ia1Asut atioy 1awigaliniuvse

o

lainduaa

a v

5. MsiavseAnAue U T uselinlvsiiely
haneuuaiiseNfesseUf¥ug(antibiotic-
resistant bacteria) fiadldiiaiuiu vnssedls

vawatel wsenin 10 Y

u: U317 viamas (2552)

nsUszgndldiuamesiowlaiieyselovuaunmssnwiivatesuiuy 1w (1) N3

14 lytic phage Tunisvansuuaiiielaenss (2) nsldeulwiniasiainuuamesloma

endolysin Tunsiasuuaditse (3) mslduuameslemadugin1sadne biofilm veuuniitie

Fudulassasrandrdmenisnelsavesiuafitse way (4) nstduuameslowatduiivinla

wuafisneenanaduwuafiselresujiusdndwaduuaiideinaiiioviliuuaiise

ﬂy o } adqa
mamgﬂmawlmmaa’mgmuz

a Phage therapy
'y
\ IPathogen
<D
o= 2
Non-pathogenic bacteria
¢ Biofilm dispersal

Dispersing
Ecmymc

O @D oy
VDo S
s P Yt
@ o [ }
d Drug sensitization Antibiotic

Drug-resistant enzyme

.

N

09‘

¢)—v @
'-sensitive

enzyme

Tl —
@)

Nature Revi Microbiol

MMl 2.21 JULUUAN 9 Yaamsussendlduuamaiiamaveuslevifiunisine

Nun: aAgeyT Wy (2560)
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2.2.5 mslduuawmaslawasauiuenufvuslunisdudarauuainiFenalsa

n13snwlspmsuuAmailaind wazn1sinwlsnmise1ujiusivenwastaLde

1 ]

waneineiy Aeg1ady nsikuameslaimaiaudnnisdeuuaiisemungawinling

Y ¥

SAWlSARELUALNGS Lo ANIUR wardoLde tnevanne JNAaT19LALILeY LTIDI91N

IS4 IS

wuALaslamassyatsanizhuaisadvune lesliinasnonuaiisedu winldardefail

(%

Tadnntun1sldunn Wesanwuaiisenalsaviianis 9 nalivatvaleiug uieasanisly

wuawmeslawaiiisswdafedfllansaaiswuafisenslsalavnateiug dwudedvesns

¢ ¥ o

Tfanuuglumssnulse fe awnsaviatsuwuailizelavalsyin waznatsaenug Jaden

9

Fananusesdldlignies wu THluusinadinniuly v elddunaumifulufasyiili
Aeratafosnnsiisjiugluiasuuaiideiivsslenilussne wenaninisld
p1UfTuzdnelfAnnisiesvesuuaiiteld fundefuardeidovesnisinulsade
wuAmeslaakazenU T ugyiiiuudalunisisuameslewanazeufiusanldsiuiu

Tunrssnwlsariaiuuseansnnlun1ssnenlse HenlanaNIznuLIakUATNLS8NE1U150

[ 1 o 1

INATIANNTDVIVAAUIUIUVD

=

a A a = £ ¥
puuUATLSY LelUSeuliisuiunisley

doldanuameslemauazeUituzites uazdn
wuaneiletauare1u T ildlunisdudal
wuAmaslawlanseeUTiusiiieee i)

MenumMsIteiefunsiuuamesloma wazenfTusanlduiulungly
Fudsuuailionelsn w3e3undn phage-antibiotic synergy L3usiunds A.a. 2000 Ing
unInermansdrulvgdnldwunmeslomasiudveuftiusstinng o Tunsdudauuniise
nelsanainuatesiin lnan1sdunaainussdnsnmlunisiasuuaiiss wseussansninly
msansurunuaiiselululefldy Weisuiunslduuameslomaniesfiusifissesng
e fhegnanuddeiiaulafifetestumaiwuameslemanazeufTuzsnldsuiily
nssuduuaiisernolsn iwu

138ved Hagens and et al. (2006) Fwihnsnaaaslagld gentamicin Saufy
bacteriophage Tun15v11a18 Pseudomonas aeruginosa 91nn15An¥lunaeanAaes (in
vitro) WU P. aeruginosa strain O1 wag K flanalasie gentamicin 1nniu mnideuwuaiiise
AINE1IQAUNINAIY bacteriophage Pf3 Uag Pl nou u@ﬂ%ﬂﬂﬁLﬁ@ﬁ’m’]iﬁﬂH’ﬂu%E (in
vivo) Wui1 nynaaesiiiaiie P. aeruginosa strain K luszduitldarunsofnuilddae
bacteriophage strain K #50 gentamicin \gs0e19ie7 aunsasnulalagly bacteriophage

Pf1 llag gentamicin 237U
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111398904 Bedi and et al. (2009) Fairnisnaaedlasld amoxdllin $aufu
bacteriophage Tun158v Fan1sa519 biofilm ves Klebsiella pneumoniae B5055 31N
miﬁﬂmwui’lmmL%u%uﬁﬁaaﬁqm (minimal inhibitory concentration: MIC) U84
amoxicillin fianansadudenisadns biofilm vas K. pneumoniae 85055 fe 256 Tulasn3y
defiaddns vleld amoxicillin 1lseg1afies eg1lsAntuiiold amoxicillin $7ufu
bacteriophage nuIAUTTUIes amoxicillin Agedldlunisdudinisadne biofitm weq
K. pneumoniae B5055 fiAtinania 256 lulasniuseliaadns

11338994 Nouraldin and et al. (2016) Favhnsnaaadlagld amikacin $aufy
bacteriophage TUHWiﬁugﬂﬂﬁia%ﬂﬂ biofilm 984 Pseudomonas aeruginosa AMANSANEA
wudwmmwﬁwﬁuﬁﬁaaﬁq@ (minimal inhibitory concentration: MIC) 284 amikacin 7
annsadudinisadns biofilm ves P. aeruginosa Ae 64 lulasnSusieiiadans wleld amikacin
iesegafien gnalsfiniu wleld amikacin $7ufU bacteriophage nuALTUvRS

amikacin desltlunisduginisasns biofilm ¥ee P. aeruginosa fe 16 lulasnsuseliadans

2.3 gUfuaue

Y a

g19ugaunIdusiazatiaiinalneangyd (mechanism of action) Tun1sguganisasgyves

]
oAl !

AuVETUaNaeiY wusdu 5 naln fsll (nmd 2.22)

2.3.1 nalnn1sguganisadrenilawaa (inhibition of cell wall synthesis)

(%
a1 o

gsnugauvsdlunguildrulnginazduginisasne peptidoglycan Fududiuusznauidfgy
13

voNtaraaveaUAisy Weokuanisyliamnsaasne peptidoglycan laazdinalviniagad

De

aa o § v s aa Ql' o ' v a = ]
GUENLLU@V]LTEJEJEJ‘ULLEJLL@S‘V]'ﬂ‘WLsﬁaaLLUﬂV]LﬁEJLLWﬂﬁaWEJVLUIUV]q@ W?@EJ'NEJ’]G]']U"\!@UV]iEﬂUﬂQNU

19U bacitracin vancomycin ampicillin ez cephalosporins

¥
v a LYY

g1iugdunsglunauiliinasdugslamiziuafisounsuuinmiity Neilliesin

q

WUATILSELNINAULITUVDY lipopolysaccharide apus0U peptidoglycan (ATWHl 2.23) F39in
Tiendugauvsdlianusaniudiguinaninisasns peptidoglycan 19 ogrslsinuendu

wnsgurlinlunguilanunsadudsiuaiiiownsuauuneviiale W bacitracin lafaiunse

(%
o

U84 Neisseria spp.

a
9
o

9
d



1. Inhibition of cell wall synthesis: 2. Inhibition of protein synthesis:
penicillins, cephalosporins, chloramphenicol, erythromycin,

bacitracin, vancomycin tetracyclines, streptomycin

3. Inhibition of nucleic
acid replication and
y transcription:

4. Injury to plasma membrane: 5, Inhibition of synthesis
polymyxin B of essential metabolites:
sulfanilamide, trimethoprim

awil 2.22 nalnnseengqusvasenduadunid
fiun: Study Blue (2019: Web-Site)

A 2.23 milawadvesuuaiise
fiun: The Study Hub (2019: Web-Site)

40
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Growing polypeptide [ Chioramphenicol
/ Binds to 508 portion and inhibits
e formation of peptide bond

o = —

[ Evylhiomycm
/‘
1RNA P Binds 1o 50S portion, prevents
> & translocation-movement of
> b ribosome along mRANA
| o

M 9 ./ —a R == RS
RNA / """"
308 portion

/ ~
/ 4 \
/ 70S prokaryotic \\ I -
/ fibosome ™ Tetracyclines
e - Interfore with attachment of
Streptomycin Translation tRNA 10 mRNA-ribosoma complex

“Changes shapa of 30 portion,
causes code on mRNA lo be
_oad incomectly

_—
Direction of rbosome
movement

Copyright © 2001 Banjamin Cummings, an imprint of Addison Wesley Longman, Inc.

M 2.24 mMsdugamsadelusiulagediugfunidviiamg o

flun:  Antibiotics LVSM (2019: Web-Site)

2.3.2 nalnn1sgugenisadnalusiy (inhibition of protein synthesis)
g19ugaunsglunguildnluinayinlinssuiunisasialusiiu (translation) ves
wupiliSeRaUndly auviliwuaiiseldaiunsaasislusiula dedemalviwuaiiiseldaiunse
o Sa Y v 1 4 a a ¢ ! Qill 1 . .
A15983nla faeg19vete1d1ugdunidlunguil 1w chloramphenicol, erythromycin
tetracycline wa streptomycin (A# 2.24) erdugdunidlunguildiulngidueidiy

a

Qaw‘%éﬁﬁ broad spectrum of antimicrobial activity #nt3u erythromycin ﬁqﬁjl,ﬁaﬂmﬂ
erythromycin ldanunsasuntdinuaiisounsuavunsiala ﬁaﬁ?umﬁvﬁmf?mﬁ’ugaﬂﬁw‘%m
TARnIguuASLATUUIN LazhUATILSoLATUAUUNIYTA 19U Broadetella pertussis
Campylobacter spp. Chlamydia spp. Helicobacter spp. Wag Legionella spp. EJ’]éfﬂuﬁgﬁu'vﬁEj
wiaglnlunguidismasudamaainalusiufiunnsatudel

chloramphenicol @wnsadudanisadralusiulalagluduiu 505 subunit (large
subunit) w83 prokaryotic ribosome (705 ribosome) uavilitlifinsasnsiusy peptide

erythromycin @nansadudanisadslusauldlaenisduiu 505 subunit (large
subunit) ¥89 prokaryotic ribosome W&l ribosome lilanusaindeudiluun mRNA

tetracycline ansadudensasadusiulglaglusununisduiusewing codon

ﬁa&_j‘uu mMRNA AU anticodon ﬁagjuu tRNA



a2

streptomycin a1unsadudanisadrslusiuldlasluiudsususns 305 subunit
(small subunit) Y83 prokaryotic ribosorne saginailiiinarnufianainlunisaonsia
WugNI3u (genetic code) WU nansia codon dmsunsaasiluilu stop codon FHaadanalsk
nsruIUNMSiUTAUNEAAY
233 na‘lnnﬁﬁﬂmm?‘jaﬁjuwaé (injury to the plasma membrane)
giuqdunislunduiviliauauisoveadorfuwadlunisoslviarssiudn

2 =

9aNANATHUANLSY (membrane permeability) Anunily Favzdwwaliuuaiisegayduans

o [

F19  NEAyeanINas waziwadnglunan

2.3.4 nalnn15gu8en1sa319 nucleic acid HaZASEUAUNNS transcription (inhibition
of nucleic acid replication and transcription)

U a

prdugaunidlunguiarlududanisadne DNA waz RNA ves9aunIdendiu
auvEdlunduil 1éun DNA gyrase uaz rifampin Ssaglugudanisadns RNA Tnenislduds
nsviheuveseulsl RNA polymerase tHudu
2.3.5 nainnﬂigugaﬂﬁia%'ﬁe metabolite #i51sJu (inhibition of synthesis of
essential metabolite)

TneunfufAsenfignisslasioulesiazanansogniudslilasans Tassadandneiy
substrade votioulell Feasdananaiienin antimetabolite wie competitive inhibitor &1
fuqduniafsiauaut@mdy competitive inhibitor léA sulfanilamide (s1vdinnilslunga
sulfanilamides) EJWéﬁu’qauw%é%ﬁﬂﬁmﬂiﬂa%ﬂméjwﬁu para-aminobenzoic acid: PABA
(it 2.25) By substrate vesUfATEINTA$ folic acid axlvnATenfU sulfanilamide
WNuN19M1UASeTU PABA 98unsdislaiaiuisaasne folic acid wazdanaligaunsd

lal@uns0a519 purines pyrimidines uaznsnozdluralavila

(|? (o)
|
H2N~</_\>7|SI—NHR HZN«@—C—OH
L |
Sulfonamides p-Aminobenzoic acid
(R = H, sulfanilamide)

a i 2.25 1As9a519989 sulfanilamide waz para-aminobenzoic acid: PABA

fiun: The Study Hub (2019: Web-Site)



UNNA 3

AT HUNISIVY

3.1 AunIduazamsiasaie
nsanwiild Shigella dysenteriae DMST15111 1ulsadiaag (host cell) Lilensaam
WUAMDSTOLNANITNIE NISINELAYY S. dysenteriae To 11151889188 BHI broth %30 BHI
oA a = I3 Y] & o Aa & o a
agar UuVigaunail 37 asrnwaidea 1Wuian 18-24 Falas matiusnwiwuafiseiiuiigamgil

20 sarwaldea luewnsideade BHI broth 3l slycerol Judusznevey 15% (v/v)

3.2 gufuoue
g1UTuenldlunsfinyilife ampicllin n15i3eu stock solution U8 ampicillin ¥
Igldinndulasadmiudivinazate Tagldamnududuues stock solution WAu 10 Jadansy

sofadans v stock solution ¥as ampicillin Nigangil 4 esrwalTyd

3.3 mswenuuamaslemafiiaanuaunsalunisinane S. dysenteriae 3
YrifedgneiilddnfusenwuameslomadafudiiAvaindevidadndsve
Tssmeunalszansnenenis Samiaasasine Uues 10 3adans Tdumiesfiainmss
3,500 s0Usaunft tutaan 51 9 ndutndlula (superatant) uanseedae filter
membrane fidvun 0.45 lulaswns Yidwiildainnisnses (filtrate 1) Usuns 5 fadans
Tdaslulu double strength BHI fifiuSunns 5 3addns wiousuiiu S. dysenteriae (host
cell) a1g 18-24 Flas U3ams 100 lulashns arnduvhmssaulfidrfudeinias vortex
mixer udilUUNT 37 ssrwaldea Wunan 18-24 $7lus Weasusmuadailuumied
A111L57 3,500 soureaun LWutian 5 unil indqula (supernatant) unnsesnie filter
membrane #ifivuna 0.45 lalasiuns wdufivvesnaiiiiiunisnses (phage filtrate 2) T

Talunsamamuuameslowmafidnwigse S. dysenteriae 1ng35 spot test maly

3.4 N1IATINUUANDS LI NWIZAD S. dysenteriae 1n875 spot test
11 S. dysenteriae 81y 18-24 F3lua UngasuueImisidestio BHI agar lneldldiuda

(swab) 2101t phage filtrate 2 Usuns 10 lulasans neaaauuRIntemsIae9Te BHI
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agar Niimsthewiie S. dysenteriae 13 Wluuniigaumall 37 ssrnwaidea Wuvan 18-24 Falug
mnlwuamaslomaniunizee S. dysenteriae asUsnglaula (inhibition zone) AU

‘17{‘1/1&191 filtrate 2

3.5 ASULEALUANDILELNT Lazn1SIA3EY bacteriophage suspension

1 filtrate 2 1¥N54309197aY 10 Wi (ten fold dilution) 91ntuth filtrate 2 wsias
syumLE091e Usunas 100 lalasans laaslululusmsideats BHI soft agar (0.4% agar)
U3es 4 fladdns (@sunisviasy LLﬁaﬁﬂlﬁauﬁqquﬁUizmwu 60 BarwalTYa) niauy
Fuuuafide S, dysenteriae a1y 18-24 Flas asly 100 Tulasans andunanlfidrdudae
1A3D3 vortex mixer WEINTUUURMTNEMSIAE LT BHI agar L3l soft agar udein uwén
ﬁaﬁwlﬂﬁmﬁqmmﬁ 37 pemiwaldua Wunan 18-24 $alus awUsing plaque idiuuuam
NziEes @en plaque ﬁagjﬁ&n 9 (single plaque) 11 1 plaque lngldUany pipette tip e
plaque é’ﬂﬂa'nmajuaﬂummﬂgmL%a BHI broth U3u1@s 100 lulasdns LA S.
dysenteriae ©1¢ 18-24 #2las Usuns 100 lalasans wazthuRaNfUaNTasLTe BHI
soft agar Usuas 4 fadans anvunadlidniudieie3es vortex mixer W&IWMUULRANA
9MSLAETe BHI agar BlH soft agar uiash LLé’ﬁﬂﬁﬁiUﬁuﬁqmmﬁ 37 DerLYaLTYd
Fuan 18-24 dalus llen plaque Tloehiion 9 1 1 plaque ldasluemmsidsaie BHI broth

Y

U3uns 10 adans Bl S. dysenteriae 1@3gyagwaziiainuyu (OD 71 600 wluuns) Wiy

'
=]

0.3 Unilgaungdl 37 ssrwaidea 1Uunan 18-24 Falus ihluduwiesiianuss 3,500 seu
J a a < 1 1 1 . Ao

ol 1wan 10 uii ivdiula (supernatant) 1nsaeRIUuKUNTaY (filter) NHUUIAVDIT
WU (pore size) Wiy 0.45 lulAsiuns veunadNlalutuneuiii3unin bacteriophage

suspension nsiiusnw bacteriophage suspension ﬁﬂéﬂﬂmﬁuﬁﬁqmwﬂuﬁ 4 DIFTALT A

3.6 NISHIANUTUTUVDILUALNDI DLW

nsuIAududuvesnuAnedlowa Fesrearuduan plaque-forming unit/ml
(PFU/m) 19835 plaque assay 835013091 11 bacteriophage suspension 1\94n15%11AM
WNTUYBILUAMBS Lo WANIIN191T099%Iag 10 Wi (ten fold dilution) Tuihndulasalie
(sterile distilled water) 21nULLNAIDENNTZAUANADNNA 9 UTHas 100 Tulasdns T4
aslUluemnsideata BHI soft agar Usuns 4 liaddns Ay S. dysenteriae 18 18-24 7l

Y Y v 1% Y dy dy o oA a a Id
wauldiuLainTiuasuesidesde BHI agar dnlUunfaamgll 37 eseniwaldea 1u

1an 18-24 Falug 3 ntiuvitnstuduin plaque MUTINYUUIUIMITLABLYR (Hanily
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MNAMNIEe T plaque 8¢luza 30-300 &) ¥rd1uu plaque fulgluduanmay

duduveauuamesTema (PFU/mD) Tneldgasnisiunmdll

AMLTLTUVDILUAMBILELNA (PFU/mL) = 9711au plaque x 10 x 58AUAIINIADN
AI0E1NNTATUIUAIAMUTNTUYBIRUAES lowa e PFU/mL iy dlunismeasy

meanududurewuameiloma Wusiuau plaque M 150 $u fisvduannudenns 1:10°

LAAIINAILLVUVUVDILUALNDS LaLWATAINAY 150 x 10 x 10% = 1.5 x 107 PFU/mL

3.7 mwmaaumwmu'ﬁmlaxumﬂW|a'%IaL%Iﬂun'ﬁﬁuguLUﬂﬁﬁ'ﬂgu6]
thuvaiieanewuseng o Aldnaaeu léuA Bacillus cereus ATCC11778  Escherichi
coli ATCC25922 Klebsiella pneumoniae ATCC27736 Proteus mirabilis ATCC12453
Pseudomonas aeruginosa ATCC27853 Salmonella typhi ATCC19430 Shigella boydii
DMST28180 Shigella dysenteriae DMST15111 Shigella flexneri DMST4423 Shigella
sonnei DMST561 Staphylococcus aureus ATCC25923 Aodluemsiaeaiie BHI broth
udhluunfigumadl 37 ssmiwaldea Wunan 18-24 $alus 1easuimun tuiinig
NAFOUANNTUNIETEWINLUATITEAULUALMBSLatNalaeds spot test lagn1sUILUATILTE
anenugeng | 91 18-24 Filue intheasuuemsidoade BHI agar AnTuvEn bacteriophage

suspension U193 10 TulAsaAT a9UURIMEI0 9188980 BHI USAINa1991UD 151889

17 1
1 )

P9 i lUuuNauvnll 37 asAgardea Wuad 18-24 2119 vinuuAneslawmaaiuiso

9 U

—

(%
LYY

viauailsuRInaTenule azialeula (inhibition zone) M33USIUNNEA bacteriophage

suspension

3.8 AMSANYIAITNUGNITUVBIMUALNDT BN

11 bacteriophage suspension aMafiALE1A1TRUTNITUAIBYAARA GF-1 viral nucleic
acid extraction kit (GF-1 viral nucleic acid extraction kit) mﬁ%msﬁizqiﬁ%ﬁﬁwﬁmam
QWﬂﬁNﬁ’lﬂ’]‘iﬁUQﬂiimﬁlﬁm’l@f@]éﬁ& Pstl waqlUthlunsiaaeunanisdnnaeis agarose gel
electrophoresis Ta gl 1% agarose gel wazle VC-lambda/Hindlll marker (GF-1 viral

nucleic acid extraction kit) 1)1 DNA marker

3.9 M3ANEI3UIINVBIUUAMBSLBLWAALY transmission electron microscope
N13AN¥13UT190MUAMNDTLaINAAIY transmission electron microscope M1lagin

bacteriophage suspension 1 e (Uszanad 10 lulasans) nenasuil grid Ma1uaigasueu
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(carbon-coated grid) 793 3 Uil uddounay 1% (w/v) uranyl acetate (pH 4.0) #1313 10
i ntiuiluAnwsig transmission electron microscope YuIAUBILUAMBS Lot ALy
AadsnlaanmTinvuInTeILUAesLaLa 5 @

v o Y] ] Y a A v 1 ° v
Toyaineanususnuazaisiiugnssuvadnuamesiamanldannismeassiazgninluld

UNTUAVDILUANDS Lo lngo1@aLnue (criteria) NNUALAY International Committee

of Taxonomy of Viruses: ICTV

3.10 MM3¥AT minimal inhibitory concentration: MIC vasuuamasTemalunisduss

S. dysenteriae

A1$MAAT minimal inhibitory concentration: MIC vasuummnaslatalunissuds
S. dysenteriae ¥iNlagiin bacteriophage suspension fifianududu 108 PFU/mL uideans
grotrndudasadeiielinliuideansanasfiay 10 110 (tenfold dilution) Iae
wurmeslowaiilgaydanududusad 108 107, 106, 10°, 10% 10 102 10 wag 1 PFU/ml
Mntuthuuameslomausazanududuusunms 10 lulasans luneaasuuaiuemsiass
Ao BHI agar A5in15t78 (swab) culture 183 S, dysenteriae ﬁﬁmq 18-24 F2lu99uv
MaueIMmsiae ule ﬁwmmuﬁymL%@ﬁménluﬂuﬁqmmﬁ 37 ssAnwaidea LJuan
18-24 Flua Funalavla (inhibition zone) assudnaifivenawurmneslewa wdnuTinsz

wiA1 MIC gaaikuameslaalun1sduds S. dysenteriae

3.11 N15%1A1 minimal inhibitory concentration ¥84 ampicillin Ium'ié'ué‘?ﬁ

S. dysenteriae

N15%1A1 minimal inhibitory concentration: MIC ¥83 ampicillin Tun15¢u &
S. dysenteriae ¥lagti ampicillin fiflaududu 1000 lulasniuselilasdas undoans
fethndulasnideieliiimiuiessanasiias 2 wh two fold dilution) Ine ampicillin
§azdanudududsil 1000, 500, 250, 125, 62.5, 31.25, 15.625 way 7.815 lulasniude
lulasans 9anthui ampicillin usazarudududianms 10 lulasans Tuneaasuuaiueimis
8980 BHI agar Aidnnsthe (swab) culture vas S. dysenteriae ﬁﬁmq 18-24 F7luauri
MM BT ﬁwmmﬁlﬁymL%Jaé’mzmiuﬂuﬁqmmﬁ 37 ssAngaldea Wuan
18-24 4lua Funalwula (inhibition zone) Asaudtiaiiven ampicillin W u1iAsZeim

A1 MIC w83 ampicillin Tun138u8s S. dysenteriae
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3.12 A15%1A1 minimal inhibitory concentration 1umié’u€|y’e S. dysenteriae
dielduuamadlawmaiauiu ampicillin
n159An MIC lun1sdiuds s. dysenteriae ielduunmeslowmasaui ampicillin 11
Tnerh bacteriophage suspension 1 iFeanedeindulasadolviinududuanas 10 wh
Ao MIC, MIC/10, MIC/100 tazi ampicillin 13eeieindulasmideliinnududy
anas 2 Wi Ao MIC, MIC/2, MIC/4 anntutiuuameslews was ampicilin uwaufuless

[y

madudugavneduandunisdi 3.1 thaunauusazsulUne AU LeMISIE LT
BHI agar #15in1518 (swab) culture w83 S. dysenteriae ﬁﬁmq 18-24 Flus quitaaau
DAL ﬁﬂmmﬂgmLs??aéﬁ’ménlﬂﬂuﬁqmmﬁ 37 esmiwaldua Wunan 18-24 dlas
Funaleula (inhibition zone) AssU3NMTivendIuNaNTaIRUAWaSTaNa wag ampicillin

wANIATIERIAT MIC UaskuAmeslawa wag ampicillin Tun138u8s S. dysenteriae

A15197 3.1 YSuasvasuuamaslawa wag ampicillin (uniaglulasansg) Aldlunns

§U8l S. dysenteriae

Usu1nsvaq USNINTVDILUALNDILOLND

ampicillin No phage MIC/100 MIC/10 MIC
No ampicillin 10/10 10/10 10/10 10/10
MIC/4 10/10 10/10 10/10 10/10
MIC/2 10/10 10/10 10/10 10/10
MIC 10/10 10/10 10/10 10/10

Y 1 = [ a . a ] o [y
nu1EWe: Aaauntiaseaang / Wuusunsves ampicillin (lulasdng) dudiaunds
w3owny / Luvsinsvesiuameslowa (lulasdns) lunsdlves no phage
uaz no ampicillin Tilguinaulasadsununuamesloma wag ampicillin wnu

ANUAIAU
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NAN15798

4.1 nsasamsazuenuuamadlamadiinnuaiuisalunisiians S. dysenteriae 210

Yude

nnsuenuuameslawmaidauainsalunisviiats S. dysenteriae arnseghain
msneaedd Wldidefiiuandetidmindevedsmenualsznnsngnsms Smiardeasny
$1uu 1 dhege wldifuihieddmsunisuenuuameslewaiisunizse S. dysenteria
Tnewslen filtrate 2 Mn3ouldarningredesinanlunagouauamnsalunisdudenns
\W3tyves S. dysenteriae Tnei3S spot test wuin filtrate 2 aunsadiuds nswSyvesuaiise
fananle Tnedunaldaind inhibition zone Windunsssunuaiifinismen filtrate 2 asuu
MuMsaBNTeniinstheds s. dysenteriae ihRmthwosemsideade (nnit 4.1)

nansnnaasiLandlifiuiily filtrate 2 Awdonlganidefiiuanvetivaiidesn
TssmenunaUssnnsngnens duinaSasny diasiiuunmeslomafisnnesa S. dysenteriae
wawiilet filtrate 2 1191 plaque assay Ainuitanunsavinliiin plaque Fuunemsidl s,
dysenteriae \a3ayoe] (il 4.2) nan1snnaesisadunsiuduitlu filtrate 2 Suuameslowla

A9 uweee S. dysenteriae wazlalndaluameslolnailian bacteriophage SD1

A9 4.1 inhibition zone MAATUATIALAUINANTTHEA filtrate 2 AIVUINUDINIS

\Beadaniinsteida S. dysenteriae NMRIMNTDINNLABUYD
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AT 4.2 dnwauz plaque Y89 bacteriophage SD1 M3y UUIMITLALYDNY

S. dysenteriae \A35y®

ete.

4.2 MIWIAMULNTUVBILUALNDS LB
rnnrsmaLdudureswuameslowa F9s1esududn plaque-forming unit/ml

(PFU/mD) 1agi5 plaque assay lagindingnauuamesloimauninnisiieasiiag 10 i (ten
fold dilution) Tuthnduuasmdie (sterile distilled water) Wu31 @nansatusuu plaque
ﬁﬂiﬁﬂguumummﬁLgau%alé’ 80 plague 715130913 10° (Bentunnanumiziie s
plaque 8¢/luy9 30-300 &) 11313u plaque Frulgdnaanududuremuamesloma
(PFU/mD) Taeldgnanisiunmdsdl
AMULTNTUTDILUALES oA (PFU/mU) = 97u2u plaque x 10 X S¥AUAIULTDAS

=80 x 10 x 10°

= 8 x 10® PFU/ml

fatiunaniseaastinandlmiuinwuameslamatiannuuduwindu 8 x 108 PFU/mL

4.3 msvedauaMuaNNsavasuUAmasTamalunsiusauafiGesy q
PINMINAFOUANLEINTAVES bacteriophage SD1 Tunsdudinisissawesuuaiise
du 9 Ine33 spot test wui bacteriophage SD1 @nansadudsnsiasayves Shigella NNYiA
Adlunsnaasail F9ldun S. boydii DMST28180 S. dysenteriae DMST15111 S. flexneri
DMSTA423 uas S. sonnei DMST561 waliianunsadiudamsiasaesunilidesiaduiildl

A15NAABNN (AN5199 4.1)
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M15197 4.1 AAUEIN10YY bacteriophage SD1 Tunsdiugauuaiisaaenugau o

Bacteria Inhibitory ability
Bacillus cereus ATCC11778 -
Escherichia coli ATCC25922 -
Klebsiella pneumoniae ATCC27736 -
Proteus mirabilis ATCC12453 -

Pseudomonas aeruginosa ATCC27853 -
Salmonella typhi ATCC19430 -

Shigella boydii DMST28180 +
Shigella dysenteriae DMST15111 +
Shigella flexneri DMST4423 +
Shigella sonnei DMST561 +

Staphylococcus aureus ATCC25923 -

nUene: - = LA inhibitory ability

+ = 4R inhibitory ability

4.4 N1ANYIENTNUINIINVRIUUAWDST DL

INMIANYIANTANUTNTINVDA bacteriophage SD1 Inemsldganaaay GF-1 viral nucleic
acid extraction kit #finlo1EN9GNTTUYY bacteriophage SD1 sonun wdnilusinge Pstl dq
Ju restriction enzyme wianils Lﬁ@ﬁﬂﬁﬁﬁiéﬁqﬂiimmﬂ bacteriophage SD1 #idn warlilésn
pe Pstl lUIAT12ilne7% agarose gel electrophoresis WU’iﬂmiﬁuqmiu%a\‘i bacteriophage

SD1 awnsagnantaieeuludana (1 mi 4.3)
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Al 4.3 agarose gel LLEAINAYDINITAN phage DNA #8 restriction enzyme:
1 = 1 kb DNA ladder (VC-lambda/Hindlll), 2 = phage DNA cut with
Pstl, 3 = uncut phage DNA

4.5 N13ANE13UINVBIUAMBSIBLNAALY transmission electron microscope (TEM)

mﬂmﬁﬂmgﬂiﬁwm bacteriophage SD1 ¢78 transmission electron microscope :
TEM U131 bacteriophage SD1 1Junuaneslowlafifinng w3e tailed bacteriophage ne
duhidnuazifusunaremasy (polyhedral) Sidusuguinatsuszana 81.23 + 6.41
wazdIunNlidnwazen Banala Jau1nAunIeUTEuad 26.01 + 2.73 WazA1U12
Uszanal 157.18 = 14.24 (Al 4.4)

A7 4.4 3U319984 bacteriophage SD1 meldndas transmission electron

microscope (Bar = 50 nm)
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4.6 n1591A1 minimal inhibitory concentration Yaswuamaslamalunistuds

S. dysenteriae

21NNAADINITNIAT minimal inhibitory concentration: MIC 984 bacteriophage SD1
Tunsduds S. dysenteriae Taetin bacteriophage SD1 #iflaanududy 108 PFU/mL uni3e
Meheindulasadoliiinnuideaanasiias 10 wh (tenfold dilution) wazsi spot test
Tnevudazaududunenasuuauemsias adofiinisthede S. dysenteriae danm
U31304 inhibition zone (A M7 4.5) AssU3IATMen bacteriophage SD1 W&NTILATIEI
#1A1 MIC 494 bacteriophage SD1 Tunsduds s. dysenteriae WU11 bacteriophage SD1
annsadiud S. dysenteriae Tadinaadudy 108,107, 108, 10%, 10° PFU/mL (5197 4.2)
ARaNITNAResiilia1u1s0asUledn A1 MIC 999 bacteriophage SD1 lunisduds

S. dysenteriae fAiu 10* PFU/mL

A 4.5 inhibition zone MAAINNTEULINTTITYVRS S. dysenteriae
108 bacteriophage SD1 fifiaaududusing o
(@a=10% b =10",c = 10% d = 10° PFU/ml)
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A157197 4.2 ANNEINTAVDY bacteriophage SD1 fiAMLNTUAN ¢ Tun1sdueanis

LQ36YVas S. dysenteriae

AMULINTIUVBY bacteriophage auawsalunssusa s.
SD1 (PFU/ml) dysenteriae
108 +
107 +
10° +
10° +
10 +
10° -

102 -
10 -
1 _

nUBA: + = 1AUasalun13EuEs S. dysenteriae;

- = lufimuanansalun1sduds S. dysenteriae

4.7 n15%1A1 minimal inhibitory concentration 984 ampicillin 1umi€fu€?~1

S. dysenteriae

INNIINAABINIAT minimal inhibitory concentration: MIC 983 ampicillin Tunsdiuds
S. dysenteriae tagtin ampicillin AidAududu 1000 lulasniuselulasdas undoansdae
dnduvasmidaiieliiianududuanasiiaz 2 Wi (two fold dilution) Aeilaanadudu
winfiu 1000, 500, 250, 125, 62.5, 31.25, 15.625 waz 7.815 lulasnsusiolulasdans in
ampicillin wazmnudutunenasunaeTnsaeiinisiie . dysenteriae #LNAUII
inhibition zone (ﬂ'ﬁNﬁi 4.6) AsauTIaiiven ampicillin K87U1L1ATIZINIAT MIC VB3
ampicillin Iumsé’us"j”’q S. dysenteriae Wu11 ampicillin awmaaé’uéﬂq S. dysenteriae 167
aadudu 1000, 500, 250, 125, 62.5 waz 31.25 lulasniuselulasdns (m15199 4.3) 910
uansvaaesivilfausoagulédin fr MIC vas ampicillin Tunisfuds S. dysenteriae fifn

windu 31.25 lulasnsusalulasans
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AN 4.6 inhibition zone MfAnaNATTTULINIIAIYVDS S. dysenteriae
Taeg ampicillin AfaudutUAg &

(a = 1000, b = 500, c = 250, d = 125 lulasnsusalulasans)

A13999 4.3 ANEINTAVBY ampicillin Naududusng 9 Tunisdugansiasyves

S. dysenteriae

AMULdNdUYae ampicillin AuaEnsalunsiugs
(lulasnsusalulasang) S. dysenteriae

1000 +

500 +

250 +

125 +

62.5 +

31.25 +

15.625 -

7.8125 -
3.90625 -

nuBg: + = IAnuanunsalunisduds S. dysenteriae

-= lifimnuarunsalunisduds S. dysenteriae



55

4.8 n13%1A1 minimal inhibitory concentration Mm‘sg‘ugﬂ S. dysenteriae

dielduuamadlawmaiauiu ampicillin

91011511 bacteriophage SD1 wag ampicillin fiszfuainududuriig 9 umaaeu
auarunsalunisdudenisiasyvenie S dysenteriae 10838 spot test wuinileld
bacteriophage SD1 %38 ampicillin iiggagafefoslgAmuTNTUYIAY MIC J59za1u150
fFudansasyvende S. dysenteriae I usiiiothbacteriophage SD1 anldisauiu ampicillin
wuannsaldanududuves bacteriophage SD1 wae ampicillin fidesninan MIC lunis
Fudan1siasavende S dysenterige (15197 4.4) nan1snAaesduanslfifiudn
bacteriophage SD1 wa ampicillin @ssaiasugnifulunis Sudinisiadayves
S. dysenteriae aﬂwalsﬁmmﬂﬁﬁﬂmﬁé’fﬁhjmmsaaqﬂlﬁdw n1914 bacteriophage SD1
20U ampicillin lunséiufsmsiaSaywes S. dysenteriae %%’3aﬁﬂiﬁé’mwmiﬁamﬂﬁ%w

LaZInIIN1IAD bacteriophage anag

A19199 4.4 ANMNENTIALUNITEUEN S. dysenteriae WalY bacteriophage

SD1 $9ufU ampicillin

AMUTUTUVDS AMULIUTUVBY bacteriophage SD1
ampicillin No phage MIC/100 MIC/10 MIC
No ampicillin - - - +
MIC/4 - - + +
MIC/2 - - + +
MIC + + + +

NABWR: + = dAuanansaluniséuds S. dysenteriae

-= lifimuaiunsalunisduds S. dysenteriae
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d5lduazanusnena

5.1 d5duazanusiemna
= & a a a o ] 3 v a ]

nsAnwinenlafnuuameslomandnnizse S. dysenteriae 19 1 stinanULEsNAY
nlsanenuia laglidedn bacteriophage SD1 wuameslotWasinaansadudmuaniige
nnvllatuana Shigella MNMSANBIANTRUGNTTY Uarguseveskuamesialna viliaunse
dmd1uun bacteriophage SD1 13Ty family Myoviridae N15ANYIAIIUATINITOUD Y
bacteriophage SD1 way ampicillin Tun1358u8s S. dysenteriae 1iioldagslngnantauiies
agufen wazllaldsauiuwiliaiunsaazulain bacteriophage SD1 waz ampicillin @11750

isugsiulun1sdues S. dysenteriae

[

N8l

a o

13 d{' aa = U gj a . .
mq‘dﬁzmﬂLwamaﬁmﬂLaaﬂiumiawamsmﬁmaq Shigella dysenteriae

'
=

P . . P a 9] aa % aa
Faduanmnveslsa shigellosis ienauwn wisann1sldeufue Wesnnisldenujiue

fndeliindgminisheswesdeuuaiiis Fudullgmansisuaguiiddasilan Tullagou
mATeAlFFUmauls wagdnsdudunsegraunsvarsinifedestunsfumaidin
vieasfiairenndsitinunlduny viesinfueniTue esnndudeiunainsssued
wazdianuvaende foghatu nsldayulng videasataanayulnslunmsdudadenelsa
(Bassole and Juliani 2012) n1slduuaiitgeluslulafn (probiotic bacteria) wioansfiadna

a

IINLUATISEAINGTT 10U LuAWBILedY (bactreiocin) Tumsdugauuaniseuing wagnsld

wuawmesloma Judulfaveswuaiiselun1sdudnisadyveswuaiiiseNdunig (Lin and
et al,, 2010) TuUIIAIA18819U8935N15NI0EINTINAINT NS TLUAMBS Lawa Tunisdues

asdd 1A a a

n3La3rewuAfiBeduisnteonnduss@avnm waziinuvasnsdedian Memananiselyil

17
v I

wuameslewlaazdudauanizuuaiideiisinnzivindu Tnsuuaiiseiazgninanslae
wummeslewmaazdiot receptor Tsumzsonuameslawa sfumniuuameslemaluly
Tunsudimsssyuesuaiidenelsalumaiuermsvesay wiedn? wuameslewaias
vhansuslanzuuafiienelse nglsluiinasonuadideuszsrau (normal flora) flerfeet
mMaiuems Memninislduuameilamalunisduduuaiionelsaisanunsntasan

nadaAgsiionafintuld (Lin and et al, 2010; Sulakvelidze and et al,, 2001
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Usunamuawmaslowansadldlunisdudanuaiiserdmunalidsndudeauin il
= =~ a ) N a A P &
Weosndlauuawmeslowanuiusuailiseidinune wuawmeslosaasyngnidnllugad

a oA ~ ° X v & ~ a & A
WUATLS L UNUUNY LATLANTIUIUTUY AadURINTNISAMTBLUATLS 8 d N8N

A < A o v 1 ° N a v a
LUALNBDS LN ANALANINUIUIANINTUMINTIUIUT DI UATILS LU MUY NS ETUSUN
wuAweslamanteslunsdudsuaniseidvang wenainasyigansuyunsinulsana 69
Y8aAANULFLILUNITAANAYILALISUL T BIU19NNNS a5 ugwuaTis e TuuS uaunn
(Lin andet al., 2010; Sulakvelidze and et al., 2001)

A5t w UMD Lo luNSTUTILUATIS gL UL 8L I8AANITANANSUDILUATILS ¢
Aelus19nN18v09AU K3edNINLY 9Tile991nN IS ANTIUIUVBILUAMBS 1oL NAAD I8 Ae

I
a a a o v

WUATIS NI NNE AIUUNINWUALINES lotandauuATIS oL RuERUALAD LLUF’]L‘V]E]%I@LWQﬁ

'
a a a o

aglaifinuaiseNndunglimfinsuin wuamesinafaranituIuades F9A1991nn15LYeN

UTue seasdudwuanisevlindunlendnnuaiiedmuneudiazliaunsoandiuiu
adldl wazdapsrnseglusnaniesseenilineuiinegnindnesnaing1anie (Lin and et al. 2010;
Sulakvelidze and et al., 2001)

Astwumnaslamalunisdudawuais evtrvunesdntdvinlAmfawuaisenfons
LUALNDSILELNA 31NINUITENNIULINUINATI8NULASINTULUAT LS8R DADLUALNDS LLN]
v gj dy I3 1 al I [ .:4'.:4 (v £
Pauunn Maua1duns1zIuAnaslawmatdulisanianuaiunsalun1sususi wagns

o ea v o 4 o a v o A a N a
naeusigenn duludetuuameslemaluldlunsduguuaiisedmuneg mnuwuafise
wWhnuneiinisusudilvnesenuameslawa wuameslamafazdosusudieniuieliding
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F30 wazldanunsaususimunuaiifeiiinnsususielyaosnld (Lin and et al, 2010:
Sulakvelidze and et al., 2001)

wupnaslowafinudalufl 2 Useian Ae lytic bacteriophage wae lysogenic
bacteriophage wuamoilawlafisansUszianiisunuuniafsedin uaznadeuuadide
Whvnefiuandneiy (Sabouri and Mohammad. 2012) lytic bacteriophage LHunupmneslowma
fifinnsfssiinlaenisyngnidiluiflediudauiiesnglusaduuaiiiedimuneg ainiy
haeswaduuaiioidimneliuaniieliuuameilemadiuuninvgaeenun 4
wuameslamawmajuszaiunsaldiaswaduuaiidedmunesudoluld fedu tic
bacteriophage 3uifuuvameslomafioynsnidluaglumaduuaiiFodmngud azvii

Thwaduuaisatwansuwnnaanslu Tuvaed lysogenic bacteriophage tunuamesloma
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psnsmnuameslomaietluldlunisdudnisasy
U049 S. dysenteriae fauuIITUTuAold lytic bacteriophage F991NA15NAGDY WUIN

wuaweslawaiiuenls (bacteriophage SD1) 1u lytic bacteriophage Tnedunnannisd

wuAmesleadanawiliiiin plaque Mila Fainduiledan S. dysenteriae UTLIUUUYN
bacteriophage SD1 vihliuanaately aseusiiuiuielaill S. dysenteriae Wioag 39510y
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(Phumkhachorn and Rattanachaikunsopon 2010) fstdulun1s@n w1 UTI6 0901597
wuAweslawandunigse S. dysenteriae Fuduouuafisenalsaluau Feldfiog1aid
I3 A & a a a v =
WULNINsINeIUIa et un sl Nl UNITNULUAWBS Lo NaTABINIS T9INNNSNAADY
Anuimssiudanatanisld Ae aunsanuwuameslaiafisunigae S. dysenteriae 91NN1S
THidg1uieaLAfIg19A87 Ao Uidag197AuaInl sane1u1aUILuIsn$Yns
FIMINATALLNY

Toyanisndussamsuneuiazihuuameslomalulduszlonife uuameslawanauls
gt lUlgauaIusalunIsEUg L UATIS g D UUB NN TBINNWUATIS 87 L LN LUALDS LN
#3old ws1gmnuuAneslamandasnisunluldusslosdarunsadudanuaiiseaule
waInuaaeug (broad host range bacteriophage) nsinlulduselawifenadesdiniy
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sanwuunsituuaneslomaluldldegramunvay wazilszansain lunismeasadl
wupweslowlaiuenls (bacteriophage SD1) dalu Shigella specific bacteriophage AaLlu
LLUﬂma‘%IaLV\Im?ié’ué'ju’aléfmwmwﬂﬁﬁaﬁagﬂu genus Shigella 31ATIENIUNITITUAN ) WU
‘ﬁLL‘UﬂL‘Vla%IaLWﬁ]ifimmﬁmﬁﬁ@mauﬁaLﬂu genus specific bacteriophage 1¥u bacteriophage
SAL-PG Fsdumzdonuniisely genus Salmonella (Rahaman and et al., 2014) bacteriophage
$25-3 Fasunzsonuaiielu genus Staphylococcus Wag bacteriophage WR3 Fagumnz
souuafsely genus Shigella (Rattanaborvorn et al., 2017)
N159ALUNYLAVDILUALNDS 1oL ININLNU9I VDY International Committee on
Taxonomy of Viruses: ICTV $18udioslidoyaiisrfuaiavesansiugnssy uazgusiawos
wuAmesleawa mﬂmiﬁﬂmﬁwudwmiﬁuﬁqmsmaﬂ bacteriophage SD1 aunsagndnlane
pstl Fadutoulwsifindunig (restriction endonuclease) fifinldlanzansiugnssuussian
double stranded DNA ﬁa‘li'u?jﬂagﬂléﬁ’la’ﬁﬁuqﬂiimm bacteriophage SD1 \Ju double
stranded DNA uaﬂmﬂﬁmﬂmiﬁﬂmg‘déwwmLwﬂmaﬁamaé’m transmission electron
microscope WU131 bacteriophage SD1 Juwuameslowafidnig (tailed bacteriophage)
Tnen1eidnvaze Banals wumneslomafiinigg (tailed bacteriophage) wazfians
ﬁuqmsmﬂu double stranded DNA %%’@ag‘iu order Caudovirales (Ackermann, 2009) G?jﬂ
Ty order 1§ Uszneudae 3 family Tnguvakenaiugusisvewuavasiawma (Ju family
Siphoviridae (wuAwmelawadnieed wazudanalils) family Myoviridae (WuAmasloina
w1981 uagnsBanald) way family Podoviridae (wuanoilawlafinisdu) 91ndoya
Fananivilfansadnsiuun bacteriophage D1 13lu family Myooviridae wenwiloan
wummeslawafiuenldannnsineiinga ETJWU’J"]fILLUﬁLVIEJ%IEJLWR]??IIEJE.LJJIU family Bufisume
$10 Shigella $9813LYU bacteriophage pSF-1 (Jun and et al., 2013) wag pSF-2 (Jun and
et al,, 2014) %aagﬂu family Siphoviridae wag bacteriophage SF-9 (Faruqueet and et al,,

=

2003) way Psb-1 (Jun and et al.,, 2014) %qaeﬂu family Podoviridae
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unlflunsdudainisiesgresuuaiidevinlavianiesndugodinismea MIC iaue Tu
MsAnEINUINAY MIC 389 bacteriophage SD1 dmumsiuds s. dysenteriae JANIAY
10% PFU/ml d@1u@1 MIC 994 ampicillin damfumsduds s. dysenteriae #ANVINAU 31.25
lulasn3usielulasans et bacteriophage SD1 waz ampicillin 11ld5auiulunisduds
S. dysenteriae @nunsnanAUdLTuTacte bacteriophage SD1 war ampicillin iazdasld
Tunsduduuaiienaaould Femanismnasiaenndostuauddeiiniuan wu nsld
bacteriophage SA11 s'wﬁ’umﬂgj%auz cefoxitin Tunsduda Staphylococcus aureus
(Jo and et al.,, 2016) waz N151Y bacteriophage T4 squAUe1U{TIUE cefotaxime Tun1s
€JJU§'GLLUﬂﬁL§EJ Escherichia coli (Ryan E.M., Alkawareek M.Y. and Donnelly R.F, 2012) ng
nuitemnanlfuandiiduindelduuameslemauaze1ufruzsruiulunisduds
wuAiSenagey Uszansnmlumsiuduuaiiieasivu Inedunaldannisanasmwesniny

WutuasiwuAmestaa wazenufdiusidedldlunisdudwuniiie
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Brain Heart Infusion Agar (BHI agar)
Calf brains, infusion from

Beef heart infusion from

Proteose peptone

Dextrose

Sodium chloride

Disodium phosphate

Agar

Water

Brain Heart Infusion Broth (BHI broth)
Calf brains, infusion from

Beef heart infusion from

Protease peptone

Dextrose

Sodium chloride

Disodium phosphate

Water

Brain Heart Infusion soft agar
Brain heart infusion broth

Agar

Water

Double strength BHI broth
Brain heart infusion broth

Water

200 g/l
250 g/l
10 g/L
2 ¢/l
5 ¢/l
2.5 g/l
15 g/l
1l

200 ¢/l
250 g/l
10 ¢/l
2 g/l
5 ¢/l
2.5 g/l
11

10.4 ¢/l
0.8 ¢/l
200 ml

2.6 ¢/\
50 ml
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ABSTRACT: Bacteriophage therapy has been considered as a potential approach to control drug
resistant bacteria that cannot be killed by co ti Ily used antibiotics. Currently, synergism
between bacteriophages and antibiotics has been reported to be a more effective therapeutic
approach than that using each of these agents alone. In this study, a lytic bacteriophage against
S. dysenteriae DMST 15111, SD01, was isolated from a hospital wastewater sample. Host range
study revealed that the bacteriophage was specific to genus Shigef/a. By using the spot test, the
minimal inhibitory concentrations (MICs) of bacteriophage SD01 and ampicillin against S.
dysenteriae DMST 15111 were 10°PFU/mI and 31.25 pg/ml, respectively. When they were used
together the MICs of both agent were substantially reduced. The results suggested that the
bacteriophage and ampicillin had a synergistic inhibitory effect against S. dysenteriae DMST
15111. Therefore, this approach has a potential as a therapeutic approach against Shigella spp.
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INTRODUCTION

Shigella dysenteriae is a rod-shaped, gram
negative bacterial species and classified as a

Several bacteriophages have been reported to be
able to kill S. dysenteriae including bacteriophage
SF-9 that was isolated from a river in Dhaka,

member of facultative anaerobes. It is considered
as an important food borne pathogen especially in
developing countries. Since it produces deadly
Shiga toxin, its infection can be severe and live
threatening (Niyogi, 2005). Infections with S.
dysenteriae are normally treated by antibiotics
especially ciprofloxacin, ampicillin, cotrimoxazole,
erythromycin, tetracycline, streptomycin  and
chloramphenicol (Lolekha et al., 1991). However,
many drug resistant strains of S. dysenteriae have
recently emerged which lessen the effectiveness
of the traditional treatment of bacterial infections
by antibiotics (Khan et al, 2009, Rezaii ef al,
2015).

Currently, many research works have
been conducted to use bacteriophages as
alternatives to antibiotics to control bacterial
infections. The approach is called bacteriophage
therapy (Pelfrene et al, 2016;
Rattanachaikunsopon and Phukhachorn, 2017).

Bio Bulletin (2019), Vol. 5(1): 05-09, Pornnikom, Ph

Bangladesh (Faruque et af., 2003). ShigaShield is
a Shigella specific bacteriophages cocktails
available as a commercial product. It consists of 5
different bacteriophages specific to Shigella spp.
commonly contaminated in foods including 4
strains of S. dysenteriae, 2013AM-2809,
AM11413, AM17886 and AM25896 (Soffer et al.,
2017). Bacteriophages have many advantages
over antibiotics when they are used to treat
bacterial infections. Because of their high
specfficity to host cells, bacteriophages generally
kill only target bacterial pathogens and leave
normal flora untouched; thus, causing no side
effect. Low treatment doses are required because
bacteriophages can replicate when they infect
their hosts (Pelfrene et al., 2016).

The therapeutic approach using
bacteriophages together with antibiotics have
been proposed (Wolska et al, 2012). With this
approach, less amounts of both agents are
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required. It also improves the effectiveness of
bacterial infection treatment because escaping
(unkilled) bacteria have to be resistant to both
bacteriophages and  antibiotics.  Synergism
between bacteriophages and antibiotics has been
reported to successfully inhibit pathogenic
bacteria. For examples, bacteriophages have
been used together with amikacina and
gentamycin to control Pseudomonas aeruginosa
(Nouraldin et al, 2016; Hagens et al, 2006) and
together with amoxicillin and ciprofloxacin to
control Klebsiella pneumoniae (Bedi et al., 2009;
Verma et al.,, 2010). Therefore, it is of interest to
study bacteriophage-anibiotic synergism to control
S. dysenteriae. In this study, a bacteriophage
specific to S. dysenteriae was isolated from a
hospital wastewater sample. Its host range against
a variety of bacteria was examined. The inhibitory
ability against S. dysenteriae was also determined
when it was used individually and in combination
with an antibiotic.

MATERIALS AND METHODS

A. Bacterial strains and culture conditions
Bacterial strains used in this study are listed in
Table 1. S. dysenteriae DMST 15111 was used as
a host for bacteriophage isolation and purification.
All of them were grown in Brian heart infusion
(BHI) medium at 37°C. Stock cultures of all
bacteria containing 20% glycerol (v/v) were
maintained at -20°C.

B. Bacteriophage isolation and purification
A wastewater sample was collected from
Pracharak Vejchakam Hospital, Srisaket Province,
Thailand. The sample (10 ml) was centrifuged at
3,500 rpm for 5 min and the supernatant was
collected and filtered through a membrane filter
with a 0.45 pym pore size. The filtrate was added to
an equal volume of double strength LB broth. To
the mixture, 100 pl of a log phase S. dysenteriae
DMST 15111 culture was added. After incubation
at 37°C for 24 h, the culture was centrifuged at
3,500 rpm for 5 min and the supernatant was
filtered through a membrane filter with a 0.45 ym
pore size. The resulting filtrate was examined for
the presence of a bacteriophage by the spot test
that was performed as follows. A log phase culture
of each bacterial strain uniformly swabbed over
the surface of a BHI agar. Ten ul of the
bacteriophage suspension was spotted onto the
bacterial lawn. The plate was incubated at 37°C
for 24 h before observing the presence of a clear
zone. A clear zone at the spot area, representing
the lysis of host cells, indicated the lytic activity of
the bacteriophage.

The presence of a bacteriophage in the
filtrate was confirmed by plaque assay using S.
dysenteriae  DMST 15111 as a host
(Phumkhachorn and Rattanachaikunsopon, 2018).

After plagque assay, a single clear plaque was
randomly selected and subjected to 2 more rounds
of plaque assay and single plague selection. The
single plaque selected from the final round of
plague assay was transferred into a tube
containing 10 ml of a log phase S. dysenteriae
DMST 15111 culture. The tube was then
incubated at 37°C ovemight to allow bacterial cell
lysis to occur. The bacteriophage lysate was
centrifuged at 3,500 rpm for 5 min. The
supernatant was filtrated through a membrane
filter with a 0.45 um pore size. The resulting filtrate
or bacteriophage suspension was kept as a
bacteriophage stock at 4°C.

Plaque assay was also used to determine the
concentration of the bacteriophage in plaque
forming unit (PFU)mlI (Phumkhachorn and
Rattanachaikunsopon, 2018).

C. Bacteriophage host range determination

The inhibitory ability of the isolated bacteriophage
against a variety of bacteria (listed in Table 1) was
determined by using the spot test as mentioned
above.

D. Determination of the minimal inhibitory
concentration of bacteriophage

To determine the minimal inhibitory concentration
(MIC) of bacteriophage against S. dysenteriae
DMST 15111, ten-fold dilution of the
bacteriophage suspension was performed to
obtain the bacteriophage concentrations ranging
from 10° to 10 PFU/ml. Each bacteriophage
concentration was examined for its ability to inhibit
S. dysenteriae DMST 15111 by the spot test as
mentioned above.

E. Determination of the minimal inhibitory
concentration of ampicillin

To determine the MIC of ampicillin against S.
dysenteriae DMST 15111, two-fold dilution of the
antibiotic was performed to obtain the
concentrations ranging from 1,000 — 31.25 pg/ml.
Each ampicillin concentration was examined for its
ability to inhibit S. dysenteriae DMST 15111 by the
spot test as mentioned above.

F. Study of bacteriophage-ampicillin synergism

To study bacteriophage-ampicillin synergism to
control S. dysenteriae DMST 15111, 5 pl of
bacteriophage and 5 uyl of ampicillin were
combined to obtain a sub MIC range of both
agents as shown in Table 2. Sterile distilled water
was used as a negative control for both
bacteriophage and ampicillin. Bacteriophage and
ampicillin with the concentration of MICs were
used as positive controls. Each bacteriophage-
ampicillin combination was examined for its ability
to inhibit S. dysenteriae DMST 15111 by the spot
test as mentioned above.

Lh
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RESULTS AND DISCUSSION

A. Bacteriophage isolation and purification

A filtrate prepared from a hospital wastewater was
shown by the spot test to have a bacteriophage
specific to S. dysenteriae DMST 15111 because it
produced an inhibition zone on the lawn of the
bacterial host (Fig. 1a). The result was also
confirmed by plaque assay. The filtrate produced
uniform plaques with a diameter of about 0.1 mm
(Fig. 1b). The bacteriophage was designated
bacteriophage SD01. Since the inhibition zone and
plaques produced by the bacteriophage were
clear, it was likely to be a Iytic bacteriophage. This
type of bacteriophage is favorable for using as a
therapeutic agent because it can kill the target
bacteria.

The practical way to isolate a
bacteriophage specific to a particular bacterial
strain is to use the sample collected from where
the bacterial host exists. Since the bacterial strain
used as the host for bacteriophage isolation, S.
dysenteriae DMST 15111, is a clinical strain
isolate from a hospital, the ideal sample for
bacteriophage isolation is a wastewater sample
collected from a hospitals. Previously, several
bacteriophages specific to hospital derived
pathogens were isolated from hospital derived
samples such as those specific to multidrug
resistant Pseudomonas aeruginosa, Klebseilla
pneumoniae,  Sfaphylococcus  aureus  and
Escherichia cdli (Pallavali ef al., 2017), multidrug
resistant Acinefobacter baumannii (Ghajavand ef
al, 2017) and extended spectrum B-lactameses
(ESBL) producing E. coli (Phumkhahcorn and
Rattanachaikunsopon, 2015).

Fig. 1. Inhibition zone (a) and plaques (b) on lawn
of S. dysenteriae DMST 15111 produced the
bacteriophage SDO1.

B. Bacteriophage host range

One parameter needed to be considered before
using a bacteriophage as a therapeutic agent is its
host range (Ross ef al, 2016). Bacteriophages
with a broad host range may not be suitable for
therapeutic use because they tend to inhibit
beneficial normal flora residing in recipients.
However, bacteriophages with a narrow inhibitory
spectrum may cause limitation in their therapeutic
use. This problem can be overcome by using

cocktails of several bacteriophages (Chan ef al.,
2013) or combinations of bacteriophages and
antibiotics (Wolska ef af, 2012). The
bacteriophage SDO1 isolated in this study was
found to be genus specific because it inhibited all
species of the genus Shigeffa, but not the rest of
the bacteria used in this study (Table 1). Since it
did not inhibit other genera of bacteria besides
Shigelfa, it might be a safe therapeutic agent with
no harm to normal flora.

Table 1: Inhibitory ability of bacteriophage
against a variety of bacteria.

Bacteria” Inhibitory ability”
Bacillus cereus ATCC -
11778
Escherichia coli ATCC =
25922
Klebsiella pneumoniae -
ATCC27736
Proteus mirabilis ATCC -
12453
Pseudomonas -
aeruginosa ATCC 27853
Salmonella typhi ATCC -
19430
Shigelfa boydii DMST +
28180
Shigelfa dysenteriae +
DMST 15111
Shigella flexneriDMST +
4423
Shigelfa sonnei DMST +
561

Staphylococcus aureus -
ATCC 25923

*ATCC, American Type Culture Collection; DMST,
Department of Medical Sciences Thailand

. =no inhibitory ability; + = having inhibitory ability

C. MIC of bacteriophage SDO1 against S.
dysenteriae DMST 15111

The different concentrations of bacteriophage
SD01 ranging from 10° to 10 PFU/ml were
subjected to the spot test to examine their
inhibitory ability against S. dysenteriae DMST
15111. The bacteriophage concentrations capable
of inhibiting the bacterial host were 10* PFU/mI
and above while those produced inhibition zone
against the bacterial host were 10° PFU/ml and
below. The results indicated that the MIC of
bacteriophage SD01 against S. dysenteriae DMST
15111 was 10° PFU/ml. Each MIC value is specific
to each bacteriophage-host pair. When one party
of the pair (bacteriophage or host) is changed, the
MIC will alter. For example, the MIC values of
bac’teriqaphage SDO01 against S. sonnei DMST 561
was 10° PFU/ml (data not shown). Similar finding
was also reported in the case of bacteriophage
lambda. The bacteriophages T4 and T7 had
different MIC values against the same E. coli host
(Vipra ef al., 2013)

Bio Bulletin (2019), Vol. 5(1): 05-09, Pornnikom, Phumkhachorn and Rattanachaikunsopon 7




81

D. MIC of ampicillin against S. dysenteriae DMST
15111

The different concentrations of ampicillin ranging
from 1,000-1.95 pg/ml were subjected to the spot
test to examine their inhibitory ability against S.
dysenteriae  DMST 15111.  The ampicillin
concentrations capable of inhibiting the bacterial
host were 31.25 ug/ml and above while those
produced inhibition zone against the bacterial host
were 62.5 ug/ml and below. The results indicated
that the MIC of ampicillin against S. dysenteriae
DMST 15111 was 31.25pg/ml. Similar to the
bacteriophage-host relationship, each MIC value is
specific to each antibiotic-host pair. When one
party of the pair (antibiotic or host) is changed, the
MIC will alter. For example, the MIC values of
ampicillin against S. sonnei DMST 561 was 62.5
pg/ml (data not shown). Two different antibiotics,
cefquinome and cephapirin, were found to have
different MIC values against the same E. colf host
(Sheldon et al., 2004).

E. Bacteriophage SDO1-ampicillin  synergism
against S. dysenteriae DMST 15111

When bacteriophage SD0O1 and ampicillin with
concentration less than MIC values (sub MIC
values) were used together to inhibit S.
dysenteriae DMST 15111. At those
concentrations, both bacteriophages SD01 and
ampicillin alone could not inhibit the bacterial host.
However, when they used together, they were
able to inhibit S. dysenteriae DMST 15111 and the
lowest concentrations of bacteriophages SDO1
and ampicillin that could inhibit the host were
10°PFU/mI (MIC/10) and 7.81 pg/ml (MIC./4),
respectively, which were in the sub MIC levels
(Table 2). The results suggested that
bacteriophage SDO01 and ampicilin had a
synergistic effect against S. dysenteriae DMST
15111. Similar findings were reported by Nouraldin
et al (2016) who used bacteriophages in
combination with amikacin to control P.
aeruginosa and Bedi et al. (2006) who used
bacteriophages in combination with amoxicillin to
control K. pneumoniae.

Table 2: Inhibitory ability of bacteriophage and
ampicillin against S. dysenteriae DMST 15111.

Ampicillin Bacteriophage concentration
concentration No MIC,/100 | MIC/10 | MIC,
bacteriophage
No ampicillin - - - +
MIC./4 5 5 r g
MIC,/2 - - ¥ ¥
MIC, + + + +
MICy = MIC of bacteriophage SD01; MIC; = MIC of
ampicillin

- = noinhibitory ability; + = having inhibitory ability

The use of bacteriophages and antibiotics
combination have several advantages over using
each one of these agents alone. Antibiotics can
broaden the host ranges of bacteriophages; thus,
improving inhibitory ability of bacteriophages. In
addition, bacteriophages can reduce therapeutic
doses of antibiotics; hence, reducing side effects
causing by nonspecific inhibitory effect of
antibiotics and lowering drug resistance emerge
risks resulting from excessive use of antibiotics
(Chaudhry et al., 2017).

CONCLUSIONS

Bacteriophage SDO01 was a Shigella specific
bacteriophage isolated from a hospital wastewater
sample. It had inhibitory ability against S.
dysenteriae DMST 15111 when used alone and
used in combination with ampicillin. The synergism
between these two agents substantially reduced
their minimal inhibitory concentrations against S.
dysenteriae DMST  15111.  With  further
investigation, the bacteriophage, by itself or in
combination with antibiotics, may be useful as a
therapeutic agents in controlling Shigelffaspp.
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mMsusnuazAnwanauiAvauuameilamanduwda Shigella dysenteriae
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Isolation and characterization of bacteriophage specific to Shigella dysenteriae

from hospital wastewater
a £ a &
Useies wtlau weddnd Soudunalana uag Unsund Wuwes
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miﬁnmﬁﬂi’mﬂsxaqﬁuﬁauﬂnuumwa‘%lmﬁv?ia’mmwia Shigella dysenteriae DMST15111 39midage
fiduanlsmeuia Fsomnmsmaassannsouensunmailawaly 1 viln fa bacterophage SD1 e measy
m'xummiﬂlumis?uazmuﬂﬁL‘i‘amaﬁuﬁ:m‘w 9 wrinuameslantaannsodudldiansuuaiigely senus Shigetia
winihs NNINEDUTINYAIENHLINTIUVAI bacteriophage SD1 Tnemiasadmeiaululdadimg Pst wuituamss
Tawlilsfugnssudiu double stranded DNA uazainn1siny1gus13vasuuamaiilawane transmission electron
microscope WU bacteriophage SD1 iununa3lamaiiiiviaen Saveld Mndayaiitfuvilavasansiugnisy uag
JUwasuameilamminliasadadiwun bacteriophage SD1 1l family Myooviridae wamaslamaiildon
mstnyaziilsylemitanmivlgmunu Shigella spp. wumslieiiue

Ard1Aey: wuamailami le33d Giad Sealada

Abstract

This study aimed to isolate a bacteriophage specific to Shigella dysenteriae DMST15111 from a water
sample collected from hospital. In this study, a bacteriophage was isolated and named as bacteriophage SD1.
When the bacteriophage was tested for the inhibitory ability against various strains of bacteria, it was found to be
able to inhibit only bacteria in the genus Shigella. From the examination of bacteriophage SD1’s genetic material
by digestion with Pstl, it was found that the genetic material was double stranded DNA. From the study of
bacteriophage morpholegy by transmission electron microscope, it was found that bacteriophage SD1 was a
bacteriophage with a contractile tail. Based on its genetic material and morphology, bacteriophage SD1 was
classified in the family Myoviridae. The bacteriophage obtained from this study might be useful as an alternative to
antibiotics for controlling Shigetla spp.

Keywords: Bacteriophage, Myoviridae, Shigella, Shigellosis
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unii

Shigelia dysenteriae WuwuATIGEun LAY (Gram-negative) Tungu facultative anaerobe figusnaduviou
v, e 8
(rod-shaped) L1 9auad (nonspore-forming) 'Luaﬂauﬂﬂga (non-capsolate) waghivimitmiauaniag (non-actose
ferment) S. dysenteriae @N1N30a3 AW shiga toxin dwnsfiusanariiinermsarldsnau s vinnddudes
. - - Ap— _— & o o
Vine oo wasdlld Sadiuamnisddiyuadsn shigellosis (Kotloff et al, 2018; 801) msfndavadsaiifieannisldsulitia
i iy ,
waiigeiudauluemisuay R awieniihignavdneae matawilan shigellosis aldiioug
° ety . . . . . ' o &
M0 ampicillin, ciprofloxacin, cotrimoxazole, erythromycin Wag tetracycline amﬂsﬁmuﬁﬂqﬂuwm 299 S
) PREp BRI . e . 5 X
dysenteriae varwa e ugAin s ae Ui Frusdinan dilvnisinuilsafiendis S dysenterice fimnmendunuiniiv
(Niyogi, 2007: 1141; Puzari et al,, 2018: 451}
o 5 , 5 & = i
Tutaguuiigliaruadlslunminuameilams (bacteriophage) uliumeufiuglumssnylsnfiode
LuniiBe #3ani5n155nufina11i7 bacteriophage therapy %39 phage therapy it 1unmUItiiLuamaslawan
L | R ; oW A "
ansavinaniiis S. dysenteriae I8 1y wuameslama SF-9 anldmiriivanmuiiiluiias Dhaka Usswe Uanan
et (Faruque et al,, 2003: 7028} uas ShigaShield dallundniasiiiusznaudeuunmesloma 5 silafiaisaviiany
‘ Y
Shigelta spp. simuluanms 5901 S, dysenteriae 8 ANBWLg #D 2013AM-2809, AM11413, AM17886 LAz AM25896
. - A a ey a A
(Soffer et al,, 2017: e0175256) nsiwuamailawmuililunsinynisfiadewuaiideiidadininslaeu]inevaty
; I R e T "
Usems wuwuameslama lineliifienatnades visnslidasadnadeniasniinslionfiime Miliswmnnmsviany
wpiidelpanuameslamaiuuuudume ndnie wamelamassiansansuueaiiSenalse @sil receptor fisamny
M , ;
dauwuamaslama) windu InghiluiinansenusiauuniiSeused1iu (normal flore) (Lin et al, 2017: 162) Tuvazdinig
o o as 1o, o as o, & S o o a
WansuueieleseuiFnsduwuubisune nanie endfinsashaneiuueidunslse uasuuaiiSeusssiiu
Falugiliviingdainiomsidsdudeanvinnsivueiidosssiugminae wu aduld eniou visude Wu
v, . £ o s = e o el X . a P B - W a
g agnlsimuiegiumuiiluuafiFevaneameiugiiannsafedouvameilomald Jadudaiesslunsliuvane’d
%
Taalumsinwlsefiniauuniisy
iz Bide v i are ; ) Yo i e
n1sfnwAsaliTa wliuiten maniuuamailamafidimizde S dysenteriae aMinfat1aiiivaIn
Tsomeuma wasfinwnaaudfuiadsemsvauamailaw ldun amuanansalunisduduuaiideaneiugsn 9 wilaans
“ & o) T % W
Wugnsa uagguseuuameiiams wamsslamsiildnnnsfnuniaunsmhlunwdadiefanniveannsaldumen
:
Uitinrluinsdud Shigella spp. skl

InguszasAvansidy

; j ¥ .
1. Wiannavuuameilawkiidunede S. dysenterice 1miFadaiiunalsmea
2. wisfnwinuauifuaszmsvasuameSlawaiuenls

msvsEpinmIviausnanwidvsyduiudadnm (Symposium) Aded 11

Seudieinends amvivendvswdgauauend

7Y

) S




85

ad o~

Wandumside

Tumsdinen Sas m'sLmnuaxﬁnmqmauﬁ’ﬁwaaLLUﬂma?TaLwaﬁ"a"ﬁLmsﬁa Shigella dysenteriae e
dunnlsmenuna TfumaumssliumAse 6 Sunsu sl
1. maugnuuawaslamaiisumzse S. dysenteriae g
sl msuenuunmeslawadinbilduanusth e dsvedsmenauszaningaonas
Fiardasny tnhfetaBunes 10 Tadans luthwieedtanu 3,500 sauUsiowl Wuan 5w ntahdnla
(supematant) 1NsBLLELATAY (flter membrane) illuuavasgnay (pore size) winiu 045 ilasums thwsawadii
Hiunnsnes iltrate 1) USu1ns 5 1ad8a5 ldaslulu double strength BHI #iilUSunas 5 Taddns nfeuduidiy S
dysenteriae DMST15111 (host cell) a1 24 $hla Uanans 100 llasans wasvhmasanliidniuseieias vortex mixer
WAL 37 ssmwadiva Wunan 24 Falue deasuiwusdahuduwiesdinnuga 3,500 seudawit Wunan 5
it vndndla (supematant) Insasinuusiunsasfiiivueva gty 045 Wilasims wihdaduveamadiiriunns
nsad (filtrate 2) Wislumsanam wuamasTamaiisimesta S. dysenteriae DMST15111 10e8 spot test dalu
2. manvrvaunmaslaatisnzsta S dysenteriae 1635 spot test
11 S, dysenteriae DMSTI5111 81t 24 Falaie thearuuswnsdeade BHI agar Ing UL (Gwab)
i wswaaiisiuntinses itrate 2) Winms 10 hilasams vesasunfimmiennsdsads BHI agar filnsthede s
dysenteriae DMST15111 87 24 #9lusld i luuitgamafl 37 ssmwaidioa Wunan 24 Falus Hriluameslamai
Sz S. dysenteriae DMSTI5111 U nglenla (clear zone) msauiinifivemysawaniiriunisnsad (ltrate 2)
3. msugnuuaweslamslyusavisseds plague assay
wsswmmiiiumMIngsa filtrate 2) 1 placue assay Ingidovisvaawmiikuniangas (ftiate 2) fias
10 w1 (ten fold dilution} WinhusavssFuAMIEa1e Usinms 100 lilasans Tdadiiluannsdeads BH sofc agar
(0.4% agan) Usanns 4 fiaddns (rinunnsvas LLﬁﬁT@"ﬁﬂuﬁa‘mwQﬁ\Jszmm 60 dsmigaLdua) nisufuduuueiise S
dysenteriae DMST15111 91g 24 $alua adly 100 lasdns anifusanliiiintudanindas vortex mixer udamifuuy
favihevnsidosde BHI agar #elTI soft agar uiein LLﬁ)%J’aﬁ"l"l\J\iuﬁqmuqﬁ 37 asrandioa Wunan 24 $7lus 1
Usny) placue TWuasdes Han plague ﬁagw“{m 9 (single plague) 11 1 placue Tngldume pipette tip 1y
plague ﬁ'qna'Wma"uadummngw% BHI broth U3uans 100 uilasans ¥1luin plaque assay 3n 1 59U uandan
plaque fiag#ien 9 11 1 plaque Tdasluannadsaiia BHI broth USinms 10 1adans dail S dysenteriae DMST15111
Wiyaguasiiaomuu OD 7 600 wiluwins) windu 03 Uniigamgll 37 asmweaiiua Wunm 24 Hlu iyt
AL 3,500 sausiaundi iunan 10 wii divdala (supernatant) innsasinuusiunsasiiilvwavatgrsUBintY 045
ilaswes veawanitlgluduneniiFuni bacteriophage suspension nMsifiusnu bactedophage suspension Wilaefiu
'ﬁﬁqmmqﬁ 4 pyenwalEea
4. msveaeurMmENsaauRmasTawsuintufuusisug
huuriteneiugieg auandu Table 1) idsdluamsdsade BRI broth wdnhlVusitgamai 37
ssrnmaiioa Wunan 24 Halus Wansudwue Yaminmaveasuanud e seriuuaiiFefunuameilomslayis
spot test TnsmsthuuafiGuangiugsneg oy 24 $9lue wiheasuuamnsAade BHI agar mimiunen bacteriophage

" a a & & a A G i a
suspension Yuws 10 hilasdng asuufivihawnadoada BHL USnmnaauemsisiie U’WULUU!JVIQNMIJBJ 37 93
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wadea Wuna 18-24 $alue wnuuameslaweansadufauunidedananineiils suialeula (clear zone) n9
Vinwiiven bacteriophage suspension
5. MIFENYENTNLGNITUVBMUANEILaWD
11 bacteriophage suspension 1ARALAINUINTIUAIBYAANA GF-1 viral nucleic acid extraction kit
(EZNA M13 Miniprep kit, Omega Bio-tek, GA, USA) uiasmsitssylilaevisnguan sxmfuhansiugnssuiiléunga
e Pstl udnhhiluaswasunan1sindies agarose gel electrophoresis Inelil 1% agarose gel wagld 1 kb DNA ladder
(New England Biolabs, MA, USA} iJu DNA marker
6. MsAMUTIsU9ILUAmMaTlaas Y transmission electron microscope
mifAnyguiaLunmeilamavinlagin bacteriophage suspension 1 vied (Ussanm 10 lulasins)
VeeauL grid inuieatsuay (catbon-coated grid) L3 3 117 wdadanday 19 (wA) uranyl acetate (pH 4.0) ol
103w pnduhWAnwée transmission electron microscope AvasUAmElamauanuusndeilFanasia
WIPVBIUAMBTLAWA 5 6

pan1sIdenazanvaena

msveaasiihdeitdunniathimhdvedsmennatssnningans 1. esasnudhnhdedidmiu
nswenuuamelamaiisiniesis S dysenteriae DMST15111 dlahvasmmitinunnsnsas fltrate 2) fwdenFaami
ﬁqaem6'1'4na'"niwmaaummmuﬂ‘sn'lumié’uﬁvqnmﬁtgwm S, dysenteriae DMST15111 nt35 spot test wuinvauwianii
HWMIN5 a1 (filtrate 2) awuwsnﬁugqnwsLa%mwaauUﬂﬁﬁuﬁmdwﬂo‘f Tnudansldanil inhibition zone WeRunsIFNiaT
fimsven filtrate 2 anuamuemnsdsdeiiinisthed S. dysenterice DMST15111 Wiiiviusewnsdeadio (rm
#t 1a)

nansweassiuandiiuitly fitate 2 foFeaulFmmdeiidunnistinbhdevedsmemnadssn
Fndnansiiuuameilamafisinieda S dysenteriae DMST15111 wawiiion fitrate 2 1 plaque assay Ainuin
ansaviibidie plaque Suuuewnsiiil 5. dysenteriae DMST15111 Wiey (il 1b) manrsvnassEiun LTy
filtrate 2 fuunmaslowaiis mnzsio S. dysenteriae DMST15111 waelilidawunmetowiailin bacteriophage SD1

msAnwiifasnsasanauameslawafiannsainanadswuaiiGensise S dysenteriae DMSTI5111 84
wilgieehlsmenna dnfumafesmsiialandlunsanamusunmeslaniaiigans 3dalihduammisimhde

= o, .

| 0 S mv . ww. ] o o
Tllsmenathahfeddlumsueniuamailoms wmssilnidsenamliituamailoma uasiuaiiGendumes afuin

=

] v R — o aie . ot ol o yoe Mg calionscroman
wuldhudanedaudeniy Wy dasnmsuenwuamailamafisunizrawuaiiSeiinelsalug rsegreiivunlduen

aw oy g Y oo VX vd e e X o v .
wuaiiSednaniasihnhidvnnnvsdesdiiieeinsiadswuaiiSednanuineu (Phumkhachom and
Rattanachaikunsopon, 2010: 1794)
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Al 1inhibition zone () uay plaque (b) Midntuandudinisidauas S dysenterine DMSTI5111 Tng

o = v ¥ o oK e w ¥ oo w_.v
filtrate 2 fsBoulinnidsdifiuanuarnimiidsuadlsme wiaUswnsndn

ASMATAUAT LA TLNSA1aY bacteriophage SD1 TumsfiufantsisyvauadSudu 4 TeAd spot test
WUT1 bacteriophage SD1 anunsadufanisiasayuas Shigetia ynednildlumsvas addl FalAun S boydi, 5. dysenteriae,
5. flexneri uae S, sonnei wiliaumsadudinisdiauaswaiiBeuinduildlunsunaasdls (nswd 0

Tunswaaast wummasTamafiuanls (hactedophage SD1) iy Shigella specific bacterophage Aaiu
wumnasTawlad Sudilfanzuuafid aﬁag’lu genus Shigella 15181 1UN 1518 wuTrluwamaslawiaaowdafid
AnaudFidu genus specific bacteriophage 14U bacteriophage SAL-PG FadumrzdawuaiiSuly cenus Satmonetla
(Rahaman et al, 201d: 107) uay bacteriophage 525-3 F4d nwizAauuAiidelu eenus Staphylocaccus (Takemura-
Uchiyama et al., 2018: 1453)

A99197 1 ATUEIISE9E bacteriophage SD1 TunsfuduuaiiGedu

Bacteria Inhibitory ability®
Bacillus cereus ATCC11778 -

Escherichia coli ATCC25922 J
Kebsietla preumonige ATCC2T736 ]

Proteus mirabilis ATCC12d53 z

Pseudomonas aeruginosa ATCC27853 <
Salmonetla typhi ATCC19430 J

Shigella boydii DMST28180 +
Shigella dysentenae DMST15111 +
Shigella. flexnen DMSTAG23 +
Shigella sonnei DMST561 +

a 1= v & = Y-
E ="luumwmmsm'lumsauu~:; + = fAnuerunsalun sduga
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NIANNANTHUGNTTUVE bacteriophage SD1 vilagnsliyanazey EZNA. M13 Miniprep kit afiia1ans
#ugNITYeI bacteriophage SD1 sany wdnhludindae pst Fau restricton enzyme wilautla Lﬁaﬁﬁﬁﬁiﬁuqniiumaq
bacteriophage SD1 fidn warbilddaday Pst WA eRlags agerose cel electrophoresis WUTIASHUTNTTUVEY
bacteriophage SD1 asnsogndalddisienlaifndm (amd 2

N13AN®13U319989 bacteriophage SD1 #98 fransmission election microscope (TEM) wui1 bacteriophage
so1 Wununmeslaiafifivi wie tailed bacteriophage Tngauifidnuasziuguvansmass (polyhedral) fidusnu
AudnanUTzINm 81.23 + 6.41 uazdrumafidnunedueni Savald fivinarnaniiasznm 2601 + 2.73 uazAraien
Uszanal 157.18 + 14.20 (il 3)

n1sdadnunuiinvasiuamaslomantunaians Intemational Committee on Taxonomy of Viruses
(cTv) Sniuerideyainiusiavesmmiusnia useguinvasvaimeilewls mnnadnwinuiamsiugninives
bacteriophage SD1 ansnsagndfalddny pst Fadhweulwidnd e (restiction endonuclease) Adnldlarnzansitugnssu
UszLan double stranded DNA ﬁﬂﬁuﬁﬂﬂ?ﬂléﬁﬁmiﬁuﬁqﬂﬁu 483 bacteriophage SD1 10y double stranded DNA
uaﬂﬂwwﬁmﬂmiﬁﬂmgﬂﬁ‘ﬁw@umﬂ weslawadag transmission electron microscope WU bacteriophage SD1 Huw
amesTewlafifivns (talled bacteriophage) Tngvnaiidnwazem Saviald wuamesTemafiiing tailed bacteriophage) wae
farsWugnssudu double stranded DNA azdnaglu order Caudovirales (Ackermann, 2009: 127) Falu order &
Usznaudie 3 family lngudasenmagusisvesuuniveslema du family Siphovindae Munme3lawmaiivise uagma
Bavalaild) family Myoviridae (wupmeSTawaiivnaem wazmsdavald) wag farmily Podoviridae (supmeslemaiiniadu)
mnia:uiaoﬁ”ﬂna‘nﬁv‘iﬁlﬁmminﬁmﬁmuﬂ bacteriophage SD1 14y family Myooviridae enmilenuuaimeTawafiugn
IFannmsAneniuga Samuing Lmﬂma‘%‘ﬂamqﬁaglu farily Sufidmnesta Shicella fetnaru bacteriophage pSF-1 (un
et al, 2013: 979) %Iﬂafﬂu family Siphoviriciae Wag Psb-1 (Jun et al, 2014: 671) ﬁdag‘h family Podoviriciae

1 2 3

amdl 2 agarose gel WARINAYBINTTHA phage DNA #8 restriction enzyme
1 = 1 kb DNA ladder (New England Biolabs)
2 = AFIGNTTUVEY bacteriophage SD1 Aifiadan Pst

v w

3 = ansWUsNTTUYEY bacteriophage SD1 filiilddndnuienleila ¢
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mwdl 3 319719999 bacteriophage SD1 1AN"5fnwEI8 TEM (Bar = 50 nm)
djusamside

nsfnwiuenuuamaslamafisunnesa S dsenterioeld 1 vlnainfedaiifiAuannlsmeuia Tnali
@91 bacteriophage SD1 uuawalamadianavianansadudwvaiiGaynedeluansa Shigellosmnmsfnwiasiugnss

uszgUvssuamailowe vifvawnsadadiuunbacteriophage sD1 Vilu family Myoviridae

dalauatiug

wuamsdlameildonmsdrwiifnrusmesouuafiFelu cenus Shigelio Fniraxihseloudsnnmiily
o s T R we s . 2 i) s
fisudslimugudsuuailGesinaaumnsldonufiue lwnmbuwameSlamslUidfeauguuaiiSadelinaunsa
vinldvaned® wu Wuwwameilawadisssiaden WuwuameTlomavanesiingauiu (bacteriophage cocktail) wialéiuy
R

a "o as .0 asmw = W el A O N a o
FIWIBiIBWJiIT’JJJﬂ‘UEI’\‘UQWUJUS Faurarididon uariodaaiiseiu dsiudsuiissiuwuamsslamial ldasFenafianinnng

= = P a o & o I aa
VIWI&EQLWEIL‘UiEI‘LII.‘VIElUﬂ?vaﬂﬁﬂﬁW‘hJﬂ’ﬁ&lUENLI.'IJFWIL?Ell.‘lj’mﬂ]’]ﬁ]?]ﬂﬂuﬂﬁx’]ﬁ
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