X% Y d
JEANUNTIVYRVVANY I

M3lAauELIEAMEANHMZVDWUAINDS IDBUNINUUANISY Enterococcus faecium
c;. P 1 dl.l“r 1
CE5-1 fillgnanma@iueinis Inniuiiaa

Bacteriocin produced by Enterococcus faecium CES-1 isolated from Thai

indigenous chicken intestinal tract: gene cloning and characterization

A

s09mMans 19138 A3, gndail uaisa

A3, §32390 UNIFITIN

Tnsamsideilasunuanuayuninaulszinaniufy
a LY a dJ
NI INENABAIVAIUAIUNS

szanlauiszana 2555-2556 sHialnsans AGR550004S

(1)



¥o Insan1iaan (0w ny) M5 IAaUIUNALAVANYUSVYOIUUAINDT 10T UIN

A
YonmsHI0H:

o Y
WINU 1ATINT:

Y Aa o
{391 1A39M5798:

WUANISY Enterococcus faecium CE5-1 NUOATINNINAY

21115 Lo

Bacteriocin produced by FEnterococcus faecium CE5-1
isolated from Thai indigenous chicken intestinal tract: gene

cloning and characterization

509MNEA519150 A3, gndail uaiTal

MAI N 1u TagFImngaaMns iy
AVULYATIMATININYAT
YIndeasvauaIuni Imenvariia v
Tnsew . 66-74-446728

E-mail : suppasil.m@psu.ac.th

A3, 73255 uMgITIN

MAIT I FrInLas drngaumans
AuzInF¥mans

YIndeasvauAIuni Imenvariia v
Tnsewd . 66-74-288893

E-mail : songsri.k@psu.ac.th

2)



GARNIL

G T V3 TSSO
FUINITANT I oot e
FAINIT IV TENBU e e
AN T T T NI e
TITIAGD .o
a
1Unn
1. unih
TAHMRE AL TVEINTT T e
[ 4 awv
FUTEAIAVOTATINITIVY. ..o
DITATIVONENT oo e

[

o an
2. a9 9UnIl Haz 53
o L4
AR UAZQUNTOL. ...,
ABMITNAADT ..ottt
3. WHANINAaDY
M
msanudnonmmaile s luTofnvoade E. faecium CES-1...............
o . ?_1- - :inly & T .
MEANMIAMANHNE VB UMNET laFun ld e £ fuecium CE5-1.........
M IAaUBURAAIUANAITAT I IUANET DA M.,

T TURAET 0T e,

ATEHEAAIBANUBTUNAIUALNIT
' W

mIRnIBURmURNuaaeonnunme lagu lwie £ faecium CE5-1

(Wide-type Strain).........oviii i,

4. AFUNAMITNADOI. ...t

TDMEITOTD . oottt eeeeeeeeeee e
9y a < 9 o o XN

doaaiuLazYola U MTUMIINOAD U ..o

)
(7
®)

38
42

55
65
74
77

3)



YNMIAITN

o
M15149
1. ANUUANANITEHIUDAMNDT IFUNUETURBINL. ..o
= m o = -
2. HUAMT oAU O IUATIEUANAN. .o,
al i =] L |:| =] ==
3. MEIANGUUAALIAMDS 1aFUNHAATINUUATEIINTIUIN. ..o,
l-‘-l o 0 ot oA |:] _ =
4. anzidh PCR dmiuasvmiguintugunisauunmes Tedu, ...
\ = - e i o
5. Twswasilddmivmniuiniuaunsad ueuames Todu. ...
| :i o o = .:I o % =
6. 'lwsweinlddmiuarinduinuqunisafauames Todu............
L= E=1 J U 1 o
7. MTIOATIANDUYD . faecium CE5-1 agnasniniulugniizdiaes
MUAUOTVO IR
o 1 -f ¥ : .
8. AN MG 0N Enterococci. . ..vovvviriiie
= ) EF .ng = a a ¥ o n;
9. AwnTINMEIGUGUTOAuAmmaTYamsazatudIulanldoimae  E

10.
11.
12.

13.

14.

faecium CES-1 Meimumaliuiinylfoglugae65-7.0 1ae35ms agar
Well diffUSION @SSAY....uiutitit it
povnaon laniAaRonTsun 136161981 erterocin CES-1...........veenee.....
HOVBROYADAINTTUMFHLTIV04 enterocin CES-1...........ov.ovvveen..
AUNTTUNIBUGITBBURIAIAG YD enterocin CES-1 TAB33n13 agar well
QIfTUSION @SSAY ... vttt e e e
wannmsafoniieuaiduiiong To Indunabufinaugunisad e enterocin
A ldrudrauiagTe Indlugiudoya Genbank @20T151Un33 Nucleotide
wamsnfFosufsudiduniaes i TunlddudiduniaosiTuniogly

FIUTOUD GenBANK...........covvoeeeieeeeeeeseeee e

19
20
24
47
48
54

57

60

63
66
67

73

&3

95

(4)



P
10N

10.
11.
12.
13.

14.

15.

16.
17.
18.

siwmsmwiseneu

~ =l 1 ' A A
FeumeumsuIuMsmuaiFuvonihaang Inasgnawunnsy
a 1 4 ~ o A A a 1
wananlungulalueswumninuuuanFosananlunguiemne Is
4
OFIUINTN. e
[ 4
MITTUATIZE Lantibiotic. .. ...ooeeeeeereeeeeee e,
)
A I namFiuEIun Lacticin 2134, ..o
-7} al.-' Mmoo e P : =1
'chl-ﬂﬂlﬁl IMFHNUINR UM e  lamuyna Ifﬁﬂ']ﬁllﬂlﬂ'lqllI-I-'IlEil"l'l’T"I'.Tl!"N.. i
WATHHA PGEM “T. .o,
WATAHA PBS-IANGFP. ....oee oo,
=0 T -7} ¥ d‘d_
UAHWAIA AN T TUB INTaT RO, .
J L] e P T .:{. . oo .af T
MISERUATINNUTEN I T NNLa  E faecium CES-1 wiiUlsangu
. Ad LY
Enterococci 1}1#1&:{:'11]_511":114:111‘6 1715 MRS broth.................
@
HOVDAUYQIADNINTT UM THUGIYD enterocin CES-1........ocoooeorei.e.
a S o .

HAYDIQUH U TUMINVTAY enterocin CES-1...........cooveiiiieiinn,
o = i # o
HA9INMII PRC THATIRHITUNAIURNMITAT 1 IAMET 103, ...........

A . = A o .
YUIAVOITY enterocin A T 1A 1MW £, jaecium CES-1.....c...oeveeeeeenn.
Tanunld5uTaoutuuuiwaraiialaoldimai  blue/white  colony
02 (1S3 1113V OO

WAVDINITN colony PCR YOIWATANA pGEM/eniA...............ccccee.

namsfSeudisudauionalo Indou enrsa 1InNAHA pGEM/entA 1
d1vuiandlelndlugiudoya Genbank  @20T11/51051 Nucleotide
BLAST ...
HanInMIaaA U Y lriAAs 1 BamHI $94AY EcoRL. ...
WAUDINITN colony PCR UDINA1AUA pBS-1dh/entA. ...........ccccveeeee...

A1AUNTADZH 1UVDY enterocin A VINNANFNUA pBS-ldh/entA. .................

17
23
26
27
49
51
54

64
69
71
74
75

76
76

77
78
79
80

(5)



N
19.
20.
21.

22.

23.
24.

25.

siemsmwnilszneu ()

HansUSouneua1auUNTADL U IUYDY enterocin A IINWAIANUA pBS-
Idh/entA nudeunsaogdl Tulugiudoya Genbank @2871/511n51 Protein
BLAST ..o
o ] ¥ i el i
HAAIAIU9YD PCR product 11 lAnmnmiaoanuuy Inswaiiiiavd e
AUAIUA1Y VOBUNAILNUNTET I enterocin A................o.o.ocooii.
o 1 . .-l:il
WA91NN13911 PCR #1BUAATUANAITUTA400NUAL enterocin A 1utiin £,
Jaecium CES-1... ...
~ o v A a I3 A ar .
namsfSouieudauiong Te InavoaBufin1uaunisai 1 enterocin A
o o w A L .
lanudraniingTo Indlugiudoya Genbank #2875 51 Nucleotide
BLAST ..o
[T - t 4 = = = L] 3 . -é‘:l
dAuing 1o InAvoa@unn U3 A 1A3129 enterocin A HANNA 8,037
° . o o= o= EE o P
Wa91NN1INIUIY open reading frame (ORF) Na @ UH A0 I Inavaatiun
o 4
AIUAUNTAIUATIEN enterocin A........ooooiiiiiiiiiiii
o w A =S 4 a . a 1 =
dautiinale'lng uaznsneziiluved enterocin A TUUSRUAIUVDITY

=® A
entA DYUU TMENTA . . ... et

81

82

83

89

93

94

96

(6)



fafanssnilszma

A o b ad e Fen g
ﬂmgé)ﬁﬂﬂﬂl@ﬂlﬁ]ﬂﬂml”i 171 Iﬁﬂﬂdﬂlﬁ'll!ﬂﬁll"ﬂﬁ'ﬂ:lﬁ 'inlﬂlﬂ'l'f'l!'tn.i&ﬂ'ﬁﬂ"l]’ﬂﬂllﬂ

"
i3

‘IJEI"UE'IJ’I:IH.lﬂﬂlE BALTH ﬂ'j"il}iﬂ'kjﬂ'iﬁﬁ']ﬂ”JEI'FI'I'I'JJ ﬁTEﬁ'lf'ﬁ.liﬂ']'j'ﬁ'ﬂ

Ly

4]

4 a Ao d
399PNANT1138 A3, gnfal ualTail
MAIBUNA T TadFINNYAT AT
AULYATIMNTTUINYAT

UM EUAIUATUNS

(7)



UNAAL

ma el 1T'lﬁﬁ~m'ﬁ;ﬁﬂgaﬁﬂﬂilﬂﬁﬁ}}’lﬁxﬁﬁm's%ﬂu!ﬂﬂ%‘m:11iJugﬂ
Ao Tanuazigaailu'ls wens 1ﬂﬁuﬁ'nﬂ’qﬁﬂ'liﬁ'luﬁuaﬂﬁ’ﬂﬂf':rux'luﬁ'lisﬁm'lrﬂuﬁﬁquiiﬂ
wazaniyenism msFuuames TeFusailumadonilsly n1uATyIAINE NMInAaed
ﬂ‘imQ‘T:'J_jﬂ’J lllﬁui‘ﬂ'ﬁl%ﬂ Enterococcus faecium CE5-1 ﬁwﬁmmmmﬁia@uFlumﬂLlﬁ'ﬁnﬂ
madne s lamhuveasema Inonfnuinonmmadiu Tl luTedn wudnie £
faecium CE5-1 muldaAnan= Aoy 3.0 et 2 49 Tus saz lufinududue nia
# 7 alosisud a6 31 Tue udnsed yezanntlszana 23 log CFU/MmI Mondanisiy
fifto 2.5 Hunar 2 FaTua e £ faecium CES-1 Hianu hdeenlfiiue 1dun mas 'l
adu 33 Tnsiodu muidaaud uazioulasfedu venaniitanyhaisazarodaulei 14
I £ faecium CES5-1 UAAINNNS sunsdudaonuniiGe 18us Lisieria monocytogenes
DMST17303, Pediococcus pentosaceus 3CE27, Lactobacillus sakei subsp. sakei JCM1157 1ag
ﬂijtl"ll?:l&t%yﬂ Enterococci ﬁ?:ﬂﬂrﬂmﬂﬁ’%’uw iefnu iy fusznuie £ faecium
CE5-1 ﬁutﬁﬂﬂijm Enterococci ‘f’lr?rﬂmﬁﬁ%'mz (E. faecalis VanB 3o E. gallinarum VanC)
A15103 i‘gﬁlﬂi!gﬂ E. faecalis VanB (311 6.68 e 4.29 log CFU/ml) 1ag E. gallinarum VanC
(110 6.76 113D 4.31 log CFU/mI) azaaasatasaazaniely 12 41 Tusvesmaiy nindoyn
Hadunaas R uIndo £ faecium CES-1 mmmﬁﬂﬂﬂtﬂmgﬂhhLl'uTErﬁﬂ“luﬂ'mﬂu

a 1 i.‘:I l';dl L] -y iﬂ" 11y
NI YUBINAUUBUTD Enterococci NAnAnm ¥z lummanalnld

o

MSANYIAUANYWUZYDN Enterocin CES-1 WU Enterocin CE5-1 AIHIMN1511)

1l
iy -‘{ J »r (=1 [ ar -?J ﬂr 1 (=1 -‘{' o ﬂ d’ =] N ' d.ll
vignsdiniduiigaruialumsduoaielurway TaslignsduduyouuniiGe Tdun e
ﬂEjiJ Enterococcus, P. pentosaceus 4Ce27, Bacillus cereus DMST5040, Staphylococcus aureus
DMSTS8840 1% L. sakei subsp. sakei JCM1157 WBA11N1 Enterocin CES-1 1A213A9A 807
] \l:- ¥ L I!l 1 =S 1
wrlugaan19a A 2.2-10.6 LAz NUADATIS DUAIA 30-100 par AT 081913 Aa 1
‘l =1
msaueu laides115Au uaviou el Ol-amylase 92610479ATIUV0Y Enterocin  CE5-1

] J
PYWANIY TN

MIANYINTIAAY HAZIAAI0NVBIHUANIUALNITTT 14 enterocin A FUITOATID

s

~ a oy o -y ,,J_,T'
WU!WEI\‘]EI'lI'I"iﬂ‘]'IJf]J.Jﬂ"I‘iﬁJ'NLI.UﬂI.‘i'm':“TE‘J’«'Eu‘]mﬂ enterocin A (entA gene) Twidin £ Jfaecium

(8)



]
-~

CE5-1 teppnnun s’ niin s s fudn ena uduitounstu ena i 180
NUIUABNATA PCR AUNaadia pGEM"-T Vector udsamdEnoutinusinaiaiian 14
WIONATiA pGEM/entA vfﬁgjx%ﬁ E. coli IM109 #5203 5 e ideuiiang T lnduesdu
entA WU entA 910100 £ faecium CES5-1 IAMUAREAAINUTY entA vaNadiin
p5753cA 1 i E faecium (NC_013317.1) f:lfjmj'l“ug'lmfﬂgﬁﬂ'l.r‘l NCBI 9ntiuiFaudody
ent (153 bp) H 141NN 1sAANAATA pGEM/enA dro1ou w3l EcoRT 11ag BamHI f1) wana
fia pBs-ldh uA15ad 03 neuiinuuinaraiaildudons pBS-ldh/entA ijt*d;ﬂ
Lactococcus lactis subsp. cremoris JCM16167 o1 lun lIJ.%E} L. lactis subsp. cremoris
JCM16167 W3 YUUDINI5 orudlumss TWsauindneenninvunduiivdodo 2. acs
subsp. cremoris JCM16167

l_flli]ﬁf‘l'r]lﬂ'l'iLli("I'ﬁH‘Emﬂ'l]ﬂdﬁ'uﬁﬂ'}'t.lﬂuﬂI'J'ﬂl:lﬂH enterocin A Tuiife £ faecium CE5-1
nuAniiang Tendi I muaninalszina 8,037 bp @11159M1u1814 open reading
frame (ORF) 9619170815218 12 ORF uddiifiod 7 ORF filumunasmsdans =i enterocin
A 152nDUAY enterocin A structural gene (entA), enterocin A immunity gene (imentA),
induction factor of enterocin A (entF), histidine protein kinase gene (entK), response regulator

gene (entR), ABC transporter gene (entT) b01¢ accessory factor gene (entD).

©)



ABSTRACT

The use of antibiotic as growth promoter in feed for chicken causes the evolution of
antibiotic resistance in both pathogen and commensal bacteria in chicken. In addition, the
subtherapeutic antibiotic usage for chicken production has been banned in Europe and the United
State. Using bacteriocin might be the way to solve these problems. Bacteriocin-producing
Enterococcus faecium CE5-1 was isolated from the gastrointestinal tract of Thai indigenous
chickens. It was used to investigate its probiotic potential. The competition between the
bacteriocin-like substance (BLS) producing probiotic strain and antibiotic-resistant enterococci
was also studied. E. faecium CES5-1 exhibited a good tolerance to pH 3.0 after 2 h and in 7% fresh
chicken bile after 6 h, but the viability of E. faecium CE5-1 decreased about 2-3 log CFU/ml after
2 h incubation in pH 2.5. It was susceptible to the antibiotics tested consisting of tetracycline,
erytromycin, penicillin G and vancomycin. The culture supernatant of E. faecium CE5-1 showed
activity against Listeria monocytogenes DMST17303, Pediococcus pentosaceus 3CE27,
Lactobacillus sakei subsp. sakei JCM1157 and antibiotic resistant enterococci. E. faecium CES5-1
showed the highest inhibitory activity against two antibiotic resistant E. faecalis VanB (from 6.68
to 4.29 log CFU/ml) and E. gallinarum VanC (from 6.76 to 4.31 log CFU/ml) after 12 h of co-
cultivation. The results show the future possible use of E. faecium CE5-1 as probiotic strain for
livestock to control antibiotic-resistant enterococci.

The partially purified enterocin CE5-1 exhibited a narrow spectrum of activity against
Enterococcus strains, P. pentosaceus 4Ce27, Bacillus cereus DMST5040, Staphylococcus aureus
DMST8840 and L. sakei subsp. sakei JCM1157. Moreover, the bacteriocin activity of enterocin
CE5-1 was active in the wide pH range (2.2-10.6) after 1 h of incubation at 37 °C and stable to
heating at 30-100 °C for 15 min and 2 h of incubation. However, bacteriocin activity of enterocin
CES5-1 could be inactivated when treated with proteolytic and Ol-amylase enzyme.

Only enterocin A gene (entA) was detected in the genomic DNA of E. faecium CES5-1.
After that the specific primers were designed based on alignment of the structural entA gene. PCR
products of structural entA gene were cloned into pGEM-T easy vector (pGEM/entA) and

transformed into E. coli IM109. The nucleotide sequence of structural entA gene was similar to a
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nucleotide sequence also found in enterocin A gene of E. faecium plasmid p5753cA
(NC 013317.1), derived from NCBI database. The 153 bp fragment was cut with EcoRI and
BamHI from pGEM/entA vector and ligated with the EcoRI-BamHI digested expression vector
pBS-1dhGFP (pBS-ldh/entA). After transformation of pBS-ldh/entA vector into Lactococcus
lactis subsp. cremoris JCM16167, no colony was detected on the plate because the expression
protein has a toxic effect to the host L. lactis subsp. cremoris JCM16167.

The sequence of a 8-kb DNA fragment of entA gene cluster was determined and
sequenced. The entA gene cluster containing 12 open reading frame (ORF), 7 of which are
predicted and obviously related to play a role in enterocin A biosynthesis consisting of enterocin
A structural gene (entA), enterocin A immunity gene (imentA), induction factor of enterocin A
(entF), histidine protein kinase gene (enfK), response regulator gene (entR), ABC transporter

gene (entT) and accessory factor gene (entD).
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oL5e 19 hexose monophosphate H3e pentose pathway 1&un Leuconostoc mesenteroides,

I a a
Lactobacillus brevis W& Lactobacillus fermentum Lﬂué’l’u (ﬂTﬂﬂﬁ WUVIT UasAME, 2543)
MIANEIOYNTNIATIUYBILUATGoUanaAn TAgo 1 BN YU NN TN AULANI
= = o [ 4 @ 4 ] 4 = 14
Fuall anvurdugiu osndseneuvesmivuwad nsalvdunieluwan lelywiueod
. . a . nf.- o [N % e 1 J 3 4 a
(isoprenoid) A7 Uy (quinone) TIHIANITANH1TZAL LUIANEA 15U mol 1Wo51FUA G+C VBIADY

9 1w ag o 9 '-1 ¥ [y = v ; [ r- | '
10 DTN UVDNIALUID A1AUUFAUY rRNA NTTIHHUONHUSVULANA TV HUANITULAG S

G

@ ° A A a 9 3 Y 1
ana tapiuansaodwunuuaiienananoon Iy 12 dna (Axelsson, 1993) laun
1 Streptococcus

I A 1 A ] Y ] 4 v A @
wWunuanzesdsienaw ‘ﬁi@ul"ll VUIAUTUATUGUINAN 0.8-1.2 "lnmau AULTYINT

U

dugiiols doansmsennsnaioviia wia IdNgamaii 20-30 esssadoa Uszneudae

i
A ode A

S d £ Ayt 8 ek = =] o o .ff - i
39 milaa samaatlyanlvinalsa LLﬁ:ﬁ’lJ*trif'mum'JW!.ﬂuﬂﬁ'le:luqﬂﬁ'm'rﬁmﬂ'mmﬂ
(Hardie and Whiley, 1995)

2. Lactococcus

a ] 1 =\ J I [] 9 ] 4
wnegluana Streprococeus ngu N igisruilugal lvvinadurugudnaie 0.5-1

U

J v [

- | w . & o e A e e a
lunsen daifosduiluvadiaey § viedoduilumels limaoun wigldhguugi 10

U

! iy 1 [}

par AT uA LT iTind) 45 esruyalFod U mol ledFud G+C 34-43

o 1 u

=

15 zﬂa‘uﬁ"m 5 @1/%a Ao Lactococcus plantarum, L. garvieae, L. raffinolactis, L. piscium, L.
lactis (Teuber, 1995)
3. Vagococcus
o A A 1 = e A A
A uaNGeReNININ Sreptococcus NN N 1AMTHBIDINABNTMMTDUN 1A
kY A A . iy g
sznouaie 2 allyd Ao Vagococcus fluvialis Wag V. salmoninarum ML ldnnlasanen
Ao
ntluT5a (Stiles and Holzapfel, 1997)
4. Enterococcus

=

l.'.: fll 1 a 1 L ) i :'Ii—.;
WlReura1an Sreprococcus ngu D 1B U3ilsanay daGosdntluman@n

U

[

L] \:l H b o
WinmulsaugmusnaTyneungl 10 09 45 esmwaides Td@uwaun 16S rRNA
Y [ J
InQRenY Carnobacterium 11ag Vagobacterium UNNI Streptococcus Qs Lactococcus 1 mol

R~ J
1WoFIFUa G+C 37-40



5. Pediococcus

n3Usranan vinadurugudnas 036-1.43 Tuasou Hnmsmisiludnvus 2

1
A o

ay el @ g e ) w oo ' . [ -4
AN UG 31I']'ll|.'ﬂtl']ﬂl!ﬂ'lh‘llﬂﬂﬂ'l'il'itlﬁ'ﬂ'}!.'lluiﬂﬂiﬂﬁlﬁﬁﬁﬂﬂﬁﬂﬂ U mol L‘]J’E)ﬁ!,“])'u@] G+C 34-
. . k4 [ A .
44 (Simpson and Taguchi, 1995) sznovale 6 @¥a Ao Pediococcus pentosaceus, P.
dextrinicus, P. acidilactici, P. parvulus, P. damonosus, P. inopinatus (Stiles and Holzapfel, 1997)
6. Tetragenococcus
WROUNIIN Pediococcus  halophilus 1811351900 MIUUIA W TOUNY
o w 1 o
Pediococcus WazHa@UIIALUY 16S rRNA UANA1IIN Pediococcus ABINS Iiaeunas 159 1
a = - 4 . .
NITRTYDN 18 11/o51%UA (Simpson and Taguchi, 1995)
7. Aerococcus
=) 1 [ A o = S 4 ::
u31a9anay MIUNAWULBUNY Pediococcus 1153101 mol 1Wlo5idud G+C #1
) A S A . - 5
szneuaiy 2 all¥ane Aerococcus viridans Wae A. urinae WAINBOWMIRIN Pediococcus
homari Wa Pediococcus urinae H1Na1A1Y (Stiles and Holzapfel, 1997)
8. Leuconostoc
= [ [ | TR - | -] o . Y
figilsenay daEosaluguiame wimhmang Inmu heterofermentative 16
a [ I'd a (9 4 4 ] Aana
Wﬁﬁﬂm“ﬂﬁﬂ NIALANAN ﬂ']clfﬂTi‘]JfJuhlﬂfJ@ﬂulclfﬂ UASHITITSINY BU NIADTHEHNN LUTI1UDA
4
ﬂiZﬂfJ‘U@?’Jﬁl 8 AU¥d Leuconostoc mesenteroides, Leuconostoc lactis, L. gelidum, L. carnosum,
L. pseudomesenteroides, L. citreum, L. argentinum W% L. fallax (Stiles and Holzapfel, 1997)
9. Oenococcus
= U "; a r'!| = I s
Ngﬂ’iﬁﬂau |.'tJf.“rt|uH 19171 Leuconostoc oenos N MBI INHANTHLEN HHUTNITU
1 1 J 1 -cf- W Lo
UANANIN Leuconostoc uaz‘numuaaﬂaaauazﬂm"lﬁ'ﬁm"l '3']11'1-14"HEIH1‘H"| N'i"t'“'ljﬂ'iﬁ']]‘ﬂ'l'r"l
a g e o o o w ' Aja A
Auowe: A 1w Tardu tagdinudves 16s iRNA e neatladauluana Leuconostoc
] < Y
ae1atiu 189 (Dellaglio ef al., 1995)
10. Lactobacillus
= e - o g 1 = : = = ! R =
tunuaiiFsuanannguInaigaianummamaevesansaz i TuIni Fauall
A a i = 1 72 & ,
UAZAIIZINYT LUBIRTINUATTIHIADR 11181 mol Lﬂﬂilcﬁuﬁ G+C m&“luﬁqaguzmw 32-53
J < J I 1 1 A = F 1 9
L‘l]f]ﬂ“]fuﬁ L%aaugﬂﬁwaumamw (COCCObaCﬂll) NUADNTALASADINITHITOINITINVAY

o J a

a 9 A =
¥ia Usenounie 55 alyd vaenNuTaIITONannEAZIadNeN (pseudo-catalase) WU

a
A = A

A o J v dA o @ I a o [ s v J
‘]_IiL’Jmﬂﬂﬁ’Laﬂﬂl@ﬁﬁ@]ﬁwﬂizﬂﬂﬁuﬁaﬂ WY mmﬁuumﬂuiﬂi"lﬂwﬂmmwL‘mmmzﬁm

q

L - 1 1 T §
f‘lliJJ']'ii."ILI.'].N!.‘J['H'r"Ii.‘j'J]tilE!tl].ﬁ’ﬁil'l!



10.1 Obligately homofermentative lactobacilli
R 1 Z [ = = ' s 3 o ax
TunaavundIauan o 1%‘.1]1!ﬂ'§ﬁ!iﬂﬂﬂﬂﬂ 11117237 85 Lﬂﬂilcﬁuﬁ Iﬂﬂ?ﬂ
Embden-Meyerhof-Parnas  (EMP) W@ o lass] 1,6-biphosphate-aldolase 3 lausanin
Wy Tnouazng Tanm
10.2 Facultative heterofermentative lactobacilli
ar ’nJ =1 = 1 e oy
'ITHﬂ'll"I'Fl"Ifl!E'rﬂ."]iﬁl'lj'llf'lﬁ'ﬂliﬂﬂﬂﬂm'li 1 EMP Unang TJJﬂJEZELF]'l!Il’Hﬁ
aldolase (L8i¢ phosphoketolase TaamnsomimbaiamuIna1d
10.3 Obligately heterofermentative lactobacilli
wiimbnmen Tvauazimu InalaoTa phosphogluconate IAHAAS MY
4 J
wanenuazasueu laoon lad
11. Carnobacterium
= o ' ' (5] e ' o
l'l]ull]lﬂﬂﬁﬂﬂuz'llﬁ Nilﬂ*ﬂﬂﬁ 18l Lactobacilli LL@A# T4 f‘liH"lllJJﬁ"Ill 13 i."li."i]'.]"[.H'Ll'lii‘l TH13
- - | o | ad ol & = L= 1
NUDZHIAR 197 i‘gﬂ'iﬂﬂ'l”‘“.ﬂf 3.5-9.0 ‘ﬂﬁi.'jUd'ﬂ']!'lhl!*ﬁﬂﬁlﬁﬂﬂﬂ'ﬁ ﬂiil 'Uellu']ﬂlfgf}up\l']uﬁugﬂaWQ
0.5-0.7 lunseu tazed 1.0-3.0 Tuaseu (Schillinger and Holzapfel, 1995)
12. Weissella
=1 1 e s, = e £. T 1 v -
L'IJ'I!I['IJ'FH'U.'I' BTN ﬁﬂﬁiﬂ BANHNg IT‘[I’EHTH.IE ‘JJ'J TATAMLAZUN :J'[J'.‘FE i1 U'i"hﬂ 7
fﬁﬁfﬁ ’iﬂ!ﬁ'ﬂﬂéhlﬁﬂﬂ Leuconostoc Was Lactobacillus ﬁ@ Weissella confusa (Lactobacillus
confusa), W. paramesenteroides (Leuconostoc paramesenteroides), W. halotolerans
(Lactobacillus halotolerans), W. kandleri (Lactobacillus kandleri) W. minor (Lactobacillus

minor) W. viridescens (Lactobacillus viridescens) Q% W. hellenica (Stiles and Holzapfel, 1997)

drulnguuaiGonananszwunn lundadusiomsnindin widio fn uazu;
(Flérez et al., 2005) vaniBanu14Tamia Tl wh it (sewage) Mazdaaa1ee lulseau
(Adebayo-tayo and Onilude, 2008) 11%181a (Annamalai et al., 2009) A4 @IUVBITIAY 11
1AABNVYDINY (Magnusson e al., 2003) Tuszuumuaumely LagsLUUNIUANDIMITUD
AU Az a7 (Stromfova and Laukové, 2007; Nitisinprasert ez al., 2000) 15udu wuaiiFauanan
i lunaduensues 1 dszneudrenduvewundizeludvia 18un Enerococeus,

Lactobacillus, Pediococcus W& Streptococcus

¥
Strompfova 1182 Laukova (2007) AAHONIFONEUYDIUDANITE Enterococci 91ANIUAU

1 [ aA a J == . 9
’m“ﬁﬁl’lﬂﬂiZﬂQ ﬁuﬂ’ii‘lﬂﬂllﬂﬂ!mﬂ‘lﬂliﬂllaﬂﬁﬂﬁluﬂquﬂlﬁﬂlmﬂmiﬂ Enterococci vlﬂ 17 hl’fﬂ“]ﬂa@l



R R | v - = o — oy i u"':- .;I Mo el
waznunimies s lolwannigumniamatu il TuTednng wazntnmidususouunidon
A a1 o w ' e o 3 = @
wageu dioth llfwunmeiug vuiwusiiGouanindmma s lolwan Avmeiug £

faecium

Torshizi agAME (2008) AAuenuUATEeanaAnvINNIuALeIMsUelnla 650 de
s wuafiGenandnitae iy amounIEudusonalin Ao Echerichia coli 1az
Salmonellasp. WAl 3 Mntug Ao TMUI21, 094 waz 457 Renssumsdudigage
yenvIntidA G 3 g ﬂﬁmﬂuﬁﬁﬂ'mﬂuMﬁuiﬂﬁmﬁﬂqﬁuﬁﬁumH'l'u'm‘mﬁmm
Ao o forinn 2 iy ThiowResmariug wudt @ P pentosaceous TMU45T, L.

rhamnosus TMUQ094 1g L. fermentum TMU121 CRETGRELT)

od gy E
Musikasang HagAfle (2009) 11 JoansnnuanEoanan lanaue 22 o Twan 910
lanszna 10 dauaz'ld 226 lolwman e lafiwiiess a1 wuh lduuafiFouananiil
Ay ¥ =y -l';-'.—.l : ! rh
aamnianintiu Tz TuTeanhananua 5 loTmaa ¥alsznoudan £ fecalis (1 o Twian),

E. durans (1 o 1s1aa), E. fuecium 2 loTsian) uag P. pentosaceus (1 1o Taian)

Heravi tagamiy (2011) uonnguaueauuniiiso Lactobacilli 91nM198UIM15v04 10
L I ﬂll'ilﬁ'lnﬂﬁﬂtl{iﬂllﬁl%ﬂr‘li’.::u Lactobacilli llﬁl!l,ﬂ' L. reuteri, L. crispatus, L. salivarius, L.

agilis, L. johnsonii W& L. oris

Musikasang tazAae (2012) fAa@enuUARioLananIAMLANDIMTURY InnTena

WU ouenuuaREouanan 1ananua 307 lolman 11nlonszng 6 A1 uananiing
' - PR ~ wa A A

wuhuuniGouanannanua 14 loTwas Jauautidairuoanes ledu Usznoudae L.

salivarius 14 o Towiaa 1ag L. agilis 1 o Taan

A A a A wa . y ] = # s

puafiFonananiguauialumsademsturiniaesguonaunio ldnaoyiia

. : - A o 4 d

TagRanssumsdudiau uapilupauininniauaninuaznsadunsd (organic acid) 8147
.g = J oy e e =y = = e |—_= | £ d

orRARYU NTRBUNTONgIHaRI Dram e luszuunRamaladhivSeligniilunag

o 1 =y oy .-f = o g oy .-_:-'|'

lemHﬂﬂm‘rlﬁiﬁnﬁfg.tﬂﬂﬂwmrﬂwumtruL'Hfﬂ (Caplice and Fitzgerald, 1999) Hana1nL

= o L A (i 1 e L a

uppiiFouanandindnmsou TAun az¥dad 1ad (acetaldehyde) lalasiunlosoonlad

. 2 a . oY 4 7 .. = '

(hydrogen peroxide) lapedia (diacetyl) Man1suou laoon lua (carbon dioxide) TnauxAAI3

l5¢ (polysaccharides) HAZULANDS 1oFU (bacteriocins) (Caplice and Fitzgerald, 1999; De



Vuyst and Degeest, 1999; Rodrigues et al., 2003) ﬂwﬂ’uﬁmiﬁwmiﬁﬁmmaﬁﬁ ULANANHAN

197952 Toailudruaree wu ldluasdudeandinmlunaasusiaiuerms dludu

(Chen and Hoover, 2003)
2. Tdsluledn

Tuls T TeAnilumnisindminenannin-oau v ie®ia (or life) luil

e a a 1 o E 1w = 0@
ad. 1955 laGuimsiuedmn s luTeanu laiuaiws nuada i las Iddddanm
voellsluTedn 1ieghatanu deown Lilly uay Stillwell (1965) 1@ l¥msidaanuveslels

a ' a =2 | = a4 e L
TuTedn il uauusndt TusluTedn Aemsindavunngiunidriianiiaazmaiuainig

oy = A o o a - A 0 - =1
nszdumasyuagdunidriaoug 18 MiddanruvellsluTedanibu ldmangaily

= Voo s 1 a o e o o d'e e o
¥4 Fuller (1989) a4 lalimiiaannu1in Tsluledn Ae ammaduiiluyaunidiiia

el o a ¢k

¥ = g P w 1 a ] =
darnlihiiaas Tomidodaingauninni hlodeed TasermsieSugomunnumgove

aunsdmelumaduennsvesdad
s =g [t & 1 ove- o d o - o e I
gaunsd s luTedn hiswiludeailugauniddszHionluszmma@uemsvesdad

1 o <5 e 1 = & 4 a o @
wanaatlugaun andasa inalss Tenidouyuduasdad (Fuller, 1989; Havenaar et al., 1992;
i 4':- = oy e a & - ] ay

Salminen et al, 1998) A4LUTAMITANMYAUNT T ITUEA 1N INT0E W5 g Un Y01

=]

¥ & A ' A a = a
uypdnazdailiaiy Taun nuafideuandn Bifidobacteria taz8ad (Fuller, 1992) Tasuuaiize
P | A et P - | ¥ oy - ~ A a o ~ = 1 14
uananituanGEen oAty s lulsamnniga vuaiSsuanandusuafG o duai
\:‘J o]
og luszuumaduemsuaydewaliinadlsy Towiluszuuinmiinewesdad dniununiiiie
S - Y = = ¥ .
nandAndfinnuennzmntuediteiezinn1¥ihuTUs T Tofn (Holzapfel and Schillinger,
2002)
=y any e & - ' e
TilsTuTednsznoudavgdunidniils: Tamninawyiiadarininuiauaan
= A = o o d s = = A ow w
yaunsamoluszuumaauemsuazfoaiulilddenaTsmedy TaniladaildTul
i any F L] L) sy L] i .:{‘ L] -3
luTefnihgiimoszdunizmizannsua: IhaSguasudstuiugens Tsnlunsdam:
oo A - - . - oeoog w n o .d [
Audeymaduemiseasinamuinnbeymisd 1d Taommzmid 1daanndu
w |I‘;| o I 1 a =5 [ J r
Tasunindagnioaniad 16 (vitth Tavasaamamznguuasi IdiRamsiuyens Tsnaen
a 4 = .:l.:“I =
AMAAUBINT (Karpinska e al., 2001) tazn1idn s luloanulanlaouinesemunin
(=] A pe= iy LTy L 1 |‘¥
fagalifuunTasidudumanng Suflumsnszduldiiszuugidudummzii 1484

A (t o A = A B &y
waneini s luTeandimunsaad s misomaieniadudurena Tsn 14 (Mead,



#ed = O By ity = =] 1 = a
2000) Tagadreenswmue laininaduanliniomisaiumsneuToosina hinauz G
) o aan 0o w a a Jd A %
naznszqumManauveaeu lmilulfiseimsmsadisiy (WSuni Wersd, 2539)
[ A a A a o 9 a9 o % [
madaaonyaunsd ls luTeanlumsinldhiidediuaaieds uaiinazie
Ty saarlumsi W dudornuaniesaden drmmit 114l ue s psiisaaues

anutlasans mamasiealudm 14 ﬂ'nﬁ"uﬂ'wmfiﬂ'hfq AT AINUADNTLUIUMTHAAD NG

adw lsnmmgaunidneziunladiuls luTeAnnsiinamnifdai

P

1. gaundsnlatuTls luTedndea 185 unsseufundrhilumoiugilosass
(GRAS; Generally Recognized As Safe) fIH’Iﬁu'iﬁEﬁﬂ‘iil'l_liﬂﬁﬂﬁﬂﬂﬂﬁﬁuﬁ”ﬂﬂﬁﬁﬂ$lﬂlx

A4na 11031 (Salminen ez al., 2000)

v o & -1 w E
- mdsinlumsusafedoaihmdfiinnulaeads dleasravana
[ = |:|.n'|1 .|.-.\|JII 3 v oo ; oot [r
(genus) HAZIMUNUTYDIaUNSY .‘:Jl.‘]JEN'E’I'iEﬁ‘EHIﬂUTIHJ'H'ET 13111!§11'ﬂﬁﬂﬂﬂﬂ
sy Ao ] amy
- Wlugdunsan higfumsiiv

Y = o o od e o LT = s ¥ frﬂr = d
- gaumomenugnezitlulls TuTednaesiinnudiniusineganiedls

o e

o ] ol
meius AN ARGl s luda i

L]

" B =4 £~ a [ 4
2. g anudehaasausunsante lussuumaduemisvesda Tt

L A ' s ¥ = s A A
i ndisaiaegluszuumaduenila Hﬂu'[aﬂﬂ;i’lwgmlnﬁiﬁnﬁ'm:
masazadeed luszuumaduemisvesdainu TnaTuls TuTedin mnnzadeuns i
[ 1 aa a A 9 1 s oy
danansznuaemssendiaved 1s luTeanneanizuiad aulunsznizo s iimantlu
s 5 W o o a &
n3AF4 (Lankaputhra and Shah, 1995) tazninaani@d lud lmaneuniniawsminyaduny
=y o X T L] v o ad ad f- § o
pawnidmlianlsznavd e naihumsdszan latlanaznsaluiu dniuTils luTednis

R o = [T
dpaansonuanhasazarundunialumaduemivedaild (Reuter, 2001)

v o v a

=2 A [ Y o Y Y [ Y] KX A A J
3. aunsadaaanumisar ldvesdadidithutazuisiunmsgaaanuyaunione 1sn
e t ar d ' e e [ | = R
mitanaveaunianumisd ldvesdaidniuniludedoniialunisdadonydunic
' oo - q':- &y ot od
TuTeAnusnmiipninqueauifnisnudoniauazinauazmidudwauniono Tsn (Mattila-
Sandholm ez al., 1999) dinannnistaaamud 18 Idiaea unaTals luTadn annsadi
snuldaneluszuumaduemsuaznszduszuugiiduiuvesdadidndiu (Ouwehand er
al., 1999) ¥rolumsgouusumismuauemisiazaofugaunsdne 15n (Reid and Burton,
2002)
(=1 .:é. o - [') o
4. Banwmusa lumamisi o luszuumeduemsyeadad 1dun

amy ad 5 ay Ao - =y ey @
5. Hanmssusanusone lsantlueauniemoeluszuumaduemns
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" sy L] o q.- A ad
6. floafumsiniuvegduniione lianazioiyszAuvasnidudu
- wuaienaunsntaaanueisd 1§ 0 L johnsonii Ljl wag B. lactis
Bb12 ilntiunrumnalumaiiia £ coli 7803520915 phagocyte YBdadINiAId0N
. . e ] A g aod ] 5 et L B Eee. i '
Y17 (Schiffrin e al., 1994) Mitaaamisd 1ddaiihinuveagaunio s luleaniianinane

v Ay o ) 7L A A g A AP A - .
msnszduszuugiduiu Tasnszduaadifadoaviinoghuiiobnimiosinua 1d

.l.'=l n‘.'!l %I (=} lﬂr ] 1 1 E-' .dll - %
T.ﬁtlll-.':ﬂi.l’.li]'l!'Il.'I'Tﬁi‘]QLELI‘II"I'j iz i!'lUEI;EI'EHT"}'II‘ﬂuﬁlﬂ&l“ﬂﬁﬁlﬂﬂlfﬂ? (epithelial cells) LagDANIIU

) F A ) e A A = oy o W
HOUDIUYBINA 1D (Mardara, 1997) Tl luTefnmumsonszquiisinimdonSoud 14

o a oy o - W - I - P - =
Taosa1us luTednuiarudinTuls luTadnvS amsumua lain s luTednudativ Gonia

=

] a—}'r a ;"I = b n b = r; r_‘ll
A1 10 UARY (antigen) Wmoudntnd Iy Tud IFez i bifamsnlaounlaswo stioyfis

L‘idJ U M-cells 5871 follicle associated epithelium (FAE) aauiwdaeanelud v e

"é 4 a
Payer’s patches (Laissue ef al., 1993) %4 M-cells annsosueuanula

]
== =N a5

VoS @ @ W w = 9 s
- uuaiiG e lidadadumid 1dvosda i didumuisonszduaiiduiuue

L ]

@ ' = = ] o wood a o
dafldTaoase wu dunuaiGolsziinulud 1dweadad nszdqunsgagueudnuvesdas

[ ]

uazkAnasHIoEs ugliguiL 15U umenloseu (interferon) 1 udu (Ouwehand ef al., 1999)
Tagnisnaaealuin viro WU mﬁ'ﬁ‘[ﬂﬂu'lmﬁﬁmmﬂﬁnﬁ'Tu'ﬁmﬁuﬂ'mwluﬁmmm
HEUADBA (antibody)lu319n1e WiLAaNT T4 17110 (macrophage) HaZ1H1T 11494 natural
killer cells (NK-cells) (Perdigon ef al., 2000) Payer’s patche L1173 A2 ldlﬂﬂ'uﬁﬂﬁ Willi FAE
7. finnwaedags  Tamilomadsaszye wuafizoiun sz uaumsndaud s

]
(<]

ARITRFTAR LA TE

3

aoduaziiuine 1811 (Holzapfel ef al., 1998)

8. waaoulmidmindesarsemsuaiia’la Wy B-galactosidase IHLAINTILAD
eulsl 1wy duasumsiauveaeu lal -galactosidase Tuau Tasuuaiizsuananoy
guasumsiauveuenlyl  Bgalactosidase Tumidrodooinianiuan Taaluing
(Marteau et al., 1997) aﬂmsﬁwmmmmu"lcvﬁmwﬁﬂ 15U B-glucuronidase 9y azoreductase
Faou lmimarfiluon el 4'H§'iaﬂiﬁ€1z°iﬁnﬁﬁu:ﬁa (Rowland et al., 1992)

Jin wazAde (2000) 14 L. acidophiles 13 lua s lanszna 2 nuuie ey L
acidophilus DU1UALIUDINT a0 Lactobacilius worisu 12 moiugiiuadluams
Asene nud wdsnlansenainem s ety Lacobaciius 1d19: TS nuveuew laf
amylase 114&1'1%1%133%14 udion ] proteolytic a2 Iypolytic AT st Iansenad
AUO M3 AT Lacrobacilius Hiruiu 12 wuyi ug vz 1T Tl B-galactosidase uaz B-

glucuronidase Tuyaanaq
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9. nuaAvguuyige mswaallsluTeanluszavgaaimnssulasaiulvajaz 14

as . o [ ] A - & oo
5N spray-drying #aufUeIMITHAZ AN NRUAINY IHBININTEZAIN IuMTINUTnE L0
' = - & v & & -
YUA (Ross et al., 2005) Falunszuruminane: Igumgligs dawaliamamanis gydnn

uazaoinlilszansamvealils luTeAnanas (Teixeira er al., 1995) AIUURUTHIANTNY

(]
.

oy e = o = - o | s 3
pannigavesuaiiGenziu ot Tils o TedndailugumniBn g dedoniiavey
puaiizeTlsluTedn (Rams gauiad, 2544)

X
2.1 manageupuantmuesnuveallsluladin
¥ - | =y PR ey qf ] | iy
3. TlsluTed@nfegdunianiixianazidn llegludiu duo s
Usz TominogunmveudniuTasvzsrslunsifuangavesgaunsolud11d (Adhikari er
i :‘.- U - T = ey 1 oo
al., 2000) asuu 17 luTeAnvsdasbpuruianuasanizidlunialunizimize msiaz nu
v o A o ¥ uf- sy o oy ..-E. W o ad
Aanaeni1a i 18 sumouvasmanareuguauian st s luledmiosduinacouiy
HALITITL
4. 2.1.1 NATOUMINUABNIA
- o ) de =
molunszmizomiseziantluniadisminmskaimialalasaanin
L o e | ' o o g
aonuuiom i TlsAuFoanmuazhodomsiioueuouly  Tameuwlxiidainags
e 1 - | ¥ & ¥ 2 o i
asnu lunszimzonniiodosTdsaufoouley  pepsin Futlueu Tydidiou 1ddlu
anngnsafitereglurae 2-3 maus wiuvesnia lalasanedauaziou laitiomnse
AsliiRaanuEsmedemiuyadveuanizesunsuunm lfuuaiize liansoseadia la
(Johnson et al., 2006) Minadeunisnuasninvedllsluleanludeslianisteiion
W = o =1 5] J .o w e
namoy s lulaanTuanzidlunsaiea 2-3 uasliou loil pepsin 3001 Fag2BzIa1 10
- "o o W ow e e P - - o o w da
manareuziusgiuninih Wl leruddiiela denFowiou Induuyuduaz dadiman
[ oy 1 1 R - 1 y
gnsuaz Inudimuduomsved vz dund dniuszeznaionnsdnady W luma@y

a = ar ~ o
arInTuaIn Aoszum 2 9T 30 WiR (G971 denns, 2544)

Mojgani UazANL (2007) AALENLUARIT BLANANIINMIUAUDINITVDS A

% S A a s I:' ] g = 4 ay i—.; :
aunsafauenuuaiGetanan 75 lelgan witomimidonuaiGouananinen1d 1l
NATDUAUANIANITNINUNTANNIY 1,2, 3, 4 wag 5 wuhuuaiiGouanandiulngnunsa
18usevesiitoy 4-5 Tifios 3 eeius Ao L. acidophilus RNL 26, L. fermentum RNL 44 1z
A 1 e = a a &
L. salivarius RNL 49 funsonuasaniizniaiiey 3 thina 2 49 Tue Tasdmnuwan

-] J‘.'. -7
aaoN 1-2 log CFU/ml 1 i ad A T2 9 log CFU/ml LLﬁZﬁWﬂWUfL.fermentum
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RNL 44 nudonialdlusiieriidgind 2 funar 2 $1Tus G5 wauwadanas 3 log
CFU/ml
Shin tazAmE (2008) AN IAMTAMTNUABEN AT AYEILARG oLAnANT
HAALLAMNDS 10TU 3 ﬁ1ﬂﬁuﬁ Ao E. faecium SH 528, E. faecium SH 632 U P. pentosaceus
SH 740 ern1a=nsailio 20, 2.3, 2.5 uag 3.0 1 37°C dunan 2 417w wudy E. faecium SH
528 anusanuseaaznsaldaniion 2 meiuf Taeirngnsafiies 3.0 Tswuwad
2904 1-2 log CFU/MmI LA 1M IMIFad2a0a4 4-5 log CFU/MI liianagauiinnhensaiio
2.0 Tanamefug s nmowadiuduilszana § log CFU/MI
Musikasang  ttazAe (2009) Any1Aanvansalumsnunsatazionlad
pepsin Yaauafinouananiiuon 1dan Ianszna 226 Tolman Tasvimnaaeyluanznsail
1% 2.5 uaziiou lal pepsin 531103 3 Taansudeiiaaans i 41°C dhunan 2 ¥ Tua nufidio
20 ToTaan nuaensauazioulxi pepsin 1@ Tasiuiuradanas 1-2 log CFU/mI Tagnneae
ﬁuﬁ:ﬁﬁ'mTLmn'mﬁf%uﬁ"LnJizuml 9log CFU/ml
Guo uagame (2010) AnwiANuENIselunuaeanIIznsAveILLATITE
wanan 15 loTwaa Afauon 1dnmmeduenmigni TasimamasouTuan nensadiiar 3.0
waz 2.0 1 37°C flunar 3 ¥ Tue nut uuaiiFsuanannounn loTman lulimraanives
maananIznTaRoy 3.0 uAkin ARG tanfnmareuian1znTATIOY 2.0 SIUEwAS
1Zanad 4-5 log CFU/ml T.ﬁm}ﬂf:rmﬁi:fflﬁ'ﬂﬂiﬂ-’ﬂﬁﬁﬁﬂﬁﬁ;ﬂizu!m 8 log CFU/ml
Tapm Ilmiusadveamiiounsuuinssmnninuniiouniua ¥
Uszneuaie peptidoglycan, teichoic acid (la¢ churonic acid UAS NN $0%) Tﬁtﬁ?’l'mrﬂﬂm
(peptidoglycan) ~ #wiihuno@iuedasasny disaccharide
pentapeptidesls naudaaiiaia 2 wiiaie nacetylglucosamine (NAG) — N-acetylmuramic
acid (NAM) TaufinsaozdiTu « ndu tetrapeptide) iau NAG NAM
(protein crytal)
S-layer unsnag FumaiiGaunsuanisualilalnauaumnd alszaa 20-50 iy
(Firtel e ar, 2004; Johnon er ar, 2000) dw5usniuwa ﬁﬁmuuuﬂﬁﬁmﬁm\inmﬁ'ﬁ
nszmzams lueneiininsauazion T pepsin aezdh lliraosuhl
NAG  NAM usnasnainiu dioni
yatiarmusalunmsnudensausd

= ] =i .|'.'.I| g == _= ) I l‘; o ¥ ay
HUPHTULENA DI IHO I 1 IS U NI HURAN ANLAL lﬂ‘["}ﬁmﬂﬂﬂﬁllﬂﬂ 1PT'EI'I ATEUUN AN
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Falimsdudauasinl§isedunsanaeana:
(Franz et az, 1999) wanainfimsnudensavesumitedaiodosiuTsiungumniisie
heat shock protein (v Talsfuiazuerasonn (expresssion) iiimmraddusirdu neat shock factor

U ALY naanazman duduy Tﬂﬁﬁuﬁﬂgﬂ.uﬂxjuﬁ v methionine — sulfoxine

reductase, F1FO-ATPase heat shock protein 3Family  Hsp60, Hsp70
Hsp90 aaluudas mmily F1FO0-ATPase

Hsp60 o Tl fifiaadoaifunszuauns adenosine triphosphate (ATP) adenosine
diphosphate (ADP) ATPase azsiniiiiida phosphate ATP  ADP

heat shock protein 1&Tuirasiada o land ATPase ﬂ:i_]ﬂﬁﬁ’l:t%u‘iﬁuﬁﬂi antlu heat

shock factor uiiseenaiulnsiasield s wiia fa F-ATPase, V-ATPase, A-ATPase, P-ATPase

E-ATPase dasou sl ATPase fifidufodasiumsnunsavasniiduio -ATPase

o ladihi i wansmembrane protein  #iwu 1&lupiuradvowuaiiG s unnda sty
ATP (proton) (Na")

(K) waghfuvadussuaiide il nngifnsadifudi Fnhuiilo
uuﬂﬁﬁumﬂiuﬁﬂn:ﬁﬁl MATA ITU NTZINZ01H13 u'tmﬁﬁuﬁﬂzﬁ’mﬁnagjﬁaﬁ'lﬁlﬁmm
AaanziiflunaaSoamiurad schlesinger, 1990)

g et ruenlaiuiiad 18 W L acidophilus (Kullen and Klaenhammer, 1999) L. tactis
(Kogbmann ez az., 2000)
212 nAaeuMIABINde A
iAdunszian Tnammosna Tausad oericentral hepatocytes
dnuuzihuveammifmdnioudio Taoia liifiovequiae 7580 sailizneumdnveaiia
Wsznaudan nsmiia wile acids) (cholesterol) (phospholipids)
hiliverdin wonaniidains i wmunoglobulin A mucus $hgaiAdiadaelums sy
ianadadzgadni 1 g aha il bladder)
uaz1ind 8% vosguiidezgmldemdigdrldam aodenum  jejunum die 185 umansedu
g AN aNds Tase1m1s 11?14ﬂ:ﬂﬁxﬁ'umﬁnﬁbma'ﬁuu sécretin
cholecystokinin #asa? lufameaiiianudadamsndmazs lnaduusenhdlund @
(Hofmann, 1999) wifitnanuaniadedi b luifuuandmazd i 188 s
Folumaduanns dosnnnieid bite salb ailunsai @i

& o Al A e i & I gy
ma»aﬂﬂﬂﬂ'111?Lua-€mnﬁmﬁfw:uuﬂﬂ aoasinias T azaeluiuluam Iassaalea alatla
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A g 2 w e = & o P B

voudeumad IWaatavauilummg ding e umadinanisuensenaindu dodeiy
A g ] 5 v £ o L [} =y - ,!' r.tld
dohliuuaiiGe hirunieiitinedda 14 Tavanudemnenfaiuiitinmnn
=1 k4 Ly 3 3o a =1 oW

wiolasvuagnuadudureuntend luizuumeaue rmiludidy Coleman e ar,
=3 t’ = H o ¥ lé
1980) wonvimndoride pancreatin s nausouar
o W #e # : &g -
o TaniinlsznoudaoenTand 3 amylase, lipase  protease aasiminii

minamoumamnaohdveaTis luleAnluea fridn1siii
TuTednluanzidue 8 pancreatin (Begley er az., 2005)
Lin (2007) FnwmnmannsnTunrnuni e @ud L ermentum 20
mniug idausn Tdnameduemsdadilauazgns TasmaaeuTumn e 3o wudi L
fermentum 0 PGL, PGMY, PLL, PLML SG2  SS1 firunsnsendinlduinnds
80% wo it 10 log CFUIMI ﬁl‘i‘lﬂm.!lﬁ 37°C 44T
Musikasang (2009 Fnanarmansalumanundoiidue
wunfii suandnfiun 1dnn lanszns Tashimsnagenuannz it @aaves ldnsenuaz g
pancreatin ez e 8.0 1 41°C 6 42 Tua o 2
103 Tlog CFUMI  swmmadiEuds
8 log CFU/mI
Raghavendra  Halami (2009) fnsnaamarsalumanudenioird
2 muﬁnﬁﬁuunmﬂllﬁmxm o P. pentosaceus CFR R38 P.
pentosaceus CFRR35 Faiinwmmnsolunisedven el phytase
A 2 Han1ziihing 0.3% wudwuafiouaninm 2 mﬂﬁ’uﬁ11'u'aiﬂi:'rnn:ﬁﬁ1f1ﬁ‘lé”[ﬁn
80% vouinii s ?Itégﬂl'nﬂﬁ 37°c il 6 41T
Taheri (2009) Arrgmasniimsnudeansh@vouaiitonan
Aniigumnialumsiameenisi 14 62

i 37°C 48 41T

=.

Aanuuanaaeueniig 007501503 1.0%merua

e g

L - .

ne B
anannanua insgan Tauua s

J = g = "
BUFDNUUIANTININIT03% o
wiganIa ldduuenmsninh@dnd 0.15%

=] g.-' =

anumso lunmsnuambavewuaiFnivoezia nuhote iy
. Ih‘ ¥ i'_: - | =
bile salt hydrolases (BSH) aaithuan laifiunniiizondaiin Tau BSH o

e
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e
i

Auazhmonihisvenia Taonsd s conjugated) i ovoser and Savage,
2001)
Hosseini (2009) Fnwrarmamnsalunmundei@ues £ aecim
4 (E. faecium LHICA28'4, E. faecium LHICA 34'5, E. faecium LHICA 40'4, E.
faecium LHICA 46) Hasausnninenisdaimamsd nud a4 o
annzihalduaziiohi 4 mo bile salt
hydrolase o i d ey lunsdosindorid wudnts 4 mouga
bile salt hydrolase ‘I & siamauaii i £ fuecium 4
14
GUo (2010) bile salt
hydrolase 15 'loTanaa fifauon 1dnnmudy
bile salt hydrolase naziiionamevaruainsa lumanudaaniaz
ndntha wuh wamneiugensonudeanzndonhd ldiudu
213 nameumsdudauniiteneln
ik luledniasufudesmrnisaaiumalizneussmndudauniicode
Tintammlsznoudg ilils TuTeAnnAneaniniiinadeuuniit o4 2 dnuasie g
fudamaiaiey (acteriostatic) uazqna lunsair (actericidal) (Gonzalez e az., 2007)
wbwmidoneTiaveaTils Tuleanerailunnunnnsaduns dananeenymin ey

L= = -".ii:l. -‘gl.l.l r.-' -Lﬂ. == J 1 Ll bk
1.1!11]“'131L'Jﬂgﬂﬂﬂﬂﬁﬂ‘f'iﬂﬂ’t‘{llﬂ'ﬂi]'lﬂ‘i"l'"I'.T'II'Illﬂ'ﬂ'ﬁﬂﬂtlﬂ‘l"l!.l'ﬂﬂﬂl'iﬂﬁ'.]g"lﬂ'ﬂll 114 J.J.'IJFII."I’IEIS‘IH‘H'H

Shin (2008) 291
3 E. faecium SH 528, E. faecium SH 632 P. pentosaceus SHI40
annsaniauuames ToduimuisadusatonaTsn 14uA Clostidim perfringens L.
monocytogenes
Musikasang (2009 fnuanumuan lups o arsiu

nuaiiGene lsnvaauanGouananieon 1den lanszna 20

4 K dt' L] - |

NauATINI0dusuYInNe 15AAD £ coli, Salmonella . S. aureus
w o oda N a P——
HUEANAAVUAADINNTADUNTO

Hosseini (2009) #nwin sduds 5 cerens ATCC 11040,

= d & =
Carnobacterium maltaromaticum, L. monocytogenes S, aureus WUTFoAD 170 U4 £
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= o BB B
faecium 4 E. faccium 4 moning auniodusayonolinnimuald wans
fudainatuhannmame? Tedy
Taheri (2009 AaenuuaiiBouandn 291 moiug an
62 g runsndutadosaln Ao Samonella ENtENitidis, s Typhimurium &

coli O78:K80

Guo (2010) FrspnuannsalunsiutuniGodelse £ col
055, s. Typhimurium ST302 5. aureus ATCC 25923 15 miwsiieg Fauon
5 All-1l, A2-3, B4, B4, GL-1, G3-4  GI-2

[ :l (=) L H 3 Ay -d. i'b r; 1 [T zl -'—.; = -l'i =
mEneusRANGone lin H“n]ﬂ FUANNATDY FUUENININATOUNLTINTHUSINNATUNA

2.2 msdedugaUNaaTinanlasnunRGamanin
& =1 & :ﬂ‘ 4 2 = = r‘; [y U = P ey
mpang NI I enUARG onanAnHEaty TAun nianunid lanzaiin
(reuterin)
] - n W] L é
(Corsetti and Settanni, 2007) wod1ilsimwgudnumzvaamssangnanig
=1 r -y -sf.—_l " 3
’ﬁ'.]ﬂ'lﬂltﬂ'ﬁ‘lﬁ"‘lﬁ&ﬂﬁﬂElﬂf]'ﬂﬁﬂllﬂf"lFI'Nﬂ'H
2.2.1 (organic acid)
wunieuananTungu TaTunlafnumireswimiaiang Tna il
Embden-Meyerhof-Pamas  pathway (EMP)  Tuwai=@
szmimimang Ina ldiflunsauanin e
wt o W a
nuen mMamiuou lasen lya nazuig 6-
phosphogluconate pathway (De MosS er az., 1951) nszuaumsniintimang Inaveauuniife
uanAnuaAF I NA | nsauananiidionanzinah lifiererzuniimaaaEelifioy
2 oa - o ' ' a 5 &y ef & =S ay LI =
Hlunsa sadieriiiuniassdmadonsfudinaned yveudssdunidnasiia Ttz
3
== =1 i‘i‘ =] a M M
wuAfiGounTuINuazINT YA B3 naziedadinayiia (saminen and von Wright, 1998)
r i ::- y = amy =] n':- = .-5 = am Mo
Tasgn lunmsdudigdunidveinsadunihiufatunnmiasasuasiioyuazaTadunse
E“I ) o M M 'h' =y = L]
gtluvudi liuand cndissociated form) (Podolak er ar., 1996) Aansadunidazdiudsll
(cytoplasm)
Wflunsauazanandudimasiguasgaunia 14 (Kashket, 1987)
=y Ag o " o
Fathins: ninuaanidsg

(Snijders er ar., 1985; Goncalves e az., 1997)



17

Hucnse
ATP ~y| |— AT
ane =" ATF

Gluzose 6-F
3 AT

WACH
T o e B-Flhusplioegluconale

~ N
ATP
aE - HACH
—_—i

Frucings | -f- his P Avhilose 8-P
3 ™,

fON N

f_'#ycemtgw:la 5P DHAF  talycaralcahyda 3--

P fAcety P
A KDP -
- - MAD+ - PRI
P (O SRS | i
— 3l ¢ R e BN
2 Pivets Pyruvale Aceteldehyds
B HADH _MADH - TACH
|\ F ’ B t‘
A e A PALL 75 it L _MALE
R | .'
1
2 Lastatn Loztate Fihal
-cmniactic metzholem Hatarn sct € mefatclism
A - _acme denpdrcgensss B - airchal dewamparass
- . -
vl UBDHUUAIE T I00
i
fu: Reddy (2008)
2.2.2 (hydrogen peroxide)

luanziioandeunuaitonanine:
(electron transpot)
(flavin) Tuannziddienilunais fnssumsiududeyiuniduoslalasnunles
aonledmannmsanndaiuvainaudalaaia (Sulfhydryl groups)
Hatuves luiulud e sradnusy danal
(Kong and Davision, 1980)
(lactoperoxidase) ot lasimuluniiane a1 wazsdna Ao ladi 1y
nszdumsiinaandiniuuesls Talyanua eiocyanate; SCN )
(hypothiyanite; OSCN ) &ainis Tuns i udoqduni a4 Salmined
and von Wright, 1998)
wonuni laTasinunlofoan laddudluaisdadu (precurson)

(free radicals) #i51uus aiiqns lunisainio 4w glulaosnlad (suproxide, 0;)
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(hydroxyl radicals, OH.) (Byczkowski and Gessner, 1988) Faawisa

oy L o = & ay =
mimonsatianaan TdsAunazi Taanaduq vosgaunid 4

2.2.3 (carbon dioxide; CO,)
Wundadaai lAnnnszuiumanmimbaianiiven o
o
wimaman T (hexose)
o V o & s .:{‘ = - ¥ [ [ 3 0 W=
miiuou laoon lwdignsdomsduduyeyaunialasmaariuen laoen lydeziilifa
v | = = o B 1o 5 =
szuulimimmaavuluiunadon Faezdudinniinuesveu Tulluaduidf iina
. s o —_
decarboxylation Tusnuaslusiu (ipid bilayer)

e o o L =1 v oy o ] oy A f ' 1
anzhifiinunamiven lasen lvdediesiandun5unsniyaosdaunionangy ua
- = d o &

A e lldusan

(Salminen and von Wright, 1998)

2.34 (diacetyl)
2,3-butanedione fhuqlﬁﬂrj*azﬂ111141%mmﬂﬁﬁmmﬂﬁﬂ:lu
Lactobacillus, Leuconostoc Streptococcus
Tasnezinadenuniiounsuoy Gad uazs1 anivlonuaisounsnnn aahliuade

(argining) dtaudn luawunaTlsauTununfid aunsuan (ay, 1982)

2.25 (hacteriocin)
aboviineanimnenls Tuladbgnsaons
it uiaaiunid (ibosomally synthesiszed antimicrobial pepetides)
30-60 o=iiTu fiqnanenaduda (vactericidal) (bacteriostatic) ieuumiiizuly
(Gameau e az., 2002)

3. uuAmesledu
=y oy £ A e - H
wuamas legugnauvuadwsndail ar. 1925 Gratal

lJ\.I.l \f.l'
foued

s & - L E 4 o ¥ e
(colicin) s 1m0 E. coti V Sinmumunanlumsiudnie £ coli ¢ ndawiminmisiiign
(Crupper er az., 1997)

- s - od o ) £y o B A ) ek e w =] w
Aomsni Tdsauiluosmlszney uazligniaenmistuguroaaunionimeiug Indineaiy

4 St o o e e e = oy e 4
TuaeimalgrusseilumsimdanndimTania (Tdsnid Tea uazgnid Toa) Nigniae
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w o bod asa A e d S e as o
matugamaiiiiaou (hidwaiuldinG Tea vazeaii Ten) Tuszauanudndud Fann

uANA N IE U UAmDT lesunumalnuzuaadlumam |

A1319% 1

(Application)
2. (Synthesis)
(Activity) fudiTugranny dudalusaan
4, mstosfunnsadingn
(Host cell immunity)

d.
(Mechanism of target cell)
6. mdAewiomIny asmlsznouueatiofmnd %ua;l"ﬁunm‘lnmman""ué’a
(Resistance or tolerance) ~ (Membrane composition)
7. (Interaction ~~ &snAaTuanaunewiia
requirements) (Something docking (Specific target)
molecules)
8. na'lnanisduds (Mode of ﬁmﬁwimﬁﬁﬁuwnﬁ Wi
action)
9.
(Toxicity/side effects)
s Cleveland (2001)
i:lf;i1flﬁﬁﬂmﬁtﬁmuuﬁﬁﬁ'n'uNﬁﬁﬂﬁﬁuuﬁﬁu'lﬁiﬂ'ul"h]ﬂﬂ'i
nunme’ Tadufinang Fwansluaaied 2 ilosnuuniiie
uanandm Inaifunuaiidefl (Generally Recognized As Safe;

GRAS) uanuiniiuduuames Toduindannuuaidonanin hilanuihuiivdevadon 3



(eukaryotic cell)

(Galvez er ar, 2007) nuimines Tadunndaninn

daulnaifluTuls@uiilse gl
30-60 ARbE
2005)

& aw e e
AN 2 LuAmes lesunasia

w70« cationic)

20

TaTadidinns nivga igh isoelectric point) (Lima and Filho,

(=] i L)
MU MIULaNAN

1o
gui

Lactococcus lactis SUbSp. lactis

Lactococcus lactis SUbSp.

cremoris

Lactobacillus amylovorus
Lactobacillus casei
Leuconostoc gelidum
Leuconostoc mesenteroides

Pediococcus acidilactici

Pediococcus pentosaceous
Enterococcus faecium

Lactobacillus sake

Lactobacillus curvatus

Lactobacillus helveticus

Nisin

Lacticin 3147
Acidocin CH5
Lactacin F
Lactacin B
Lactobin A
Lactocin 705
Leucocin A
Mesentericin Y105
Pediocin F
Pediocin PA-1
Pediocin AcH
Pediocin A
Enterocin A
Lactocin S
Sakacin P
Curvacin A
Helveticin J

fiur:  Parada (2007)
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3.1 MIAITOUDIUAINDITY
.4 o =y = X r oo A e
maniravInuames losu TamlnAzaslas 1o ovn s ianT ool ¥

“Cin fd1ansaaenunmes Toau Taol#ove §ive 1 plantaricin, sakacin
caseicin nas@antienisnaianuames ToduTaoldFoua e

lactococcin, lactocin pediocin udodha lsAnwmiiinsdafeunnme’ Tegui lilé%oves
Smdentl¥d iy Gonuuame’ Toduiinannnnduue e Lacococeus  lactostrepein,
nisin - diplococcin asafimsImdnusnndinguaumdaieve wuamo’
Todu Fallnmnnoddduvoansdumy W wetacin F fndnanide Lacobacilius Sp.

Aunufhudidui 6 aniBnsswaun aimaand Filho, 2005)

3.2 M3ANQUVLUAINDS DT U
Klagnhammer (1993)
aadaon s au lddluaiianieg fait
. Lantibiotic ihuuumma’ Teduiinnadnuaziniaesiluiusamlizney
19-37 Tuaga Fuilunsa o, B-Unsaturated dehydroalanine
dehydrobutyrine thioether  #a1lsznoudae unthionine -
methyllanthionine thioether 5
liTanueandwenuuames Toduriiadug u 2
- lantibiotic A HeiidnumeTaseatradiu screw-shaped
2164-3488 nisin 91740 L. facris SSP. lacris  lactacin F oo L.
sake L43
- lantibiotic B Fafidnuaz Tassadraihu gobular-shaped
1,959-2,014 aNCoVONiN a1R1% D Stvepromyces Sp.
L'ﬂ‘ﬂI*{r'h‘l.!.ll.}i"ll.‘ﬂﬂ?iTﬂ%url.ilﬂt}:'uﬁﬁﬂ’ﬂﬂﬂ'lu'l'ii'I'hIﬂ'I'jﬂuﬂ’ﬂlﬁi']u‘lﬁ Fuiusaflui
muladimbumlszgnd ¥ lusamunssuo s Tﬁuu'UﬂL'r1ﬂ?ftlr‘ﬁ1411zﬂtinrﬁﬂ::ﬁmu'lmf{nﬂ*h
5 ez Tnsandaiihnamaaiannmsaaiuszdmeiszninsass=ilu
lantionine  methyl lantionine 11uaime ToduTunduilgndunsizi Tamsneasia
Jardaimm=damasiinsansdi Tuxiia lantioning
pamlzznou weninii fantioning
serine  threonine  cysteiene Tasnis@uniiann (dehydration) (n1wi
2) o, p-unsaturated  didehydroalanine (Dha Ser)
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didehydrobutyrine (Dhb Thr)  Dha thioether  cysteine
lationine ~ Dhb thioether  cysteine methyl
lantionine
II. Non-lantibiotic w1 aidn mmmi-‘lmﬂﬁﬂiﬁuﬁﬂu’miumqm'faun 11 15,000
aadu finrwasdadandeuiigmmgi 100 30 lactacin B
IO L. acidophitus N0 L. factis SSp. cremoris 346 winfigmugii 121 15
lactacin F 9110 . acidophitus 11088 3 ndudongafl

- lla. Hununme’ Taduiiivwadnnt 10
uh! Tndfinufou jﬁuuﬂﬂﬁ1ﬁﬂt‘ﬁﬁ'ui‘ur“li’j;ll"ﬁﬁlz'd'jxﬂﬂ'ljﬁr‘}tlﬁ1ﬁ1Uﬂlﬂ{lﬂ‘jﬁﬂxﬁ‘i'nﬁﬁﬁ%ﬂ'}‘m
ndutenoiolundy Liveia  YGNGVXC  pediocin AcH/PAL, merentericin Y 105,
sakasin A, sakasin P camnobactreiocin B2 nuama? Todulunduiiaz

cytoplasmic membrang damalifiianyu hinuaaues leaouuaziianmsialna
(Abee er az, 1995)

- I1b. mn-‘uﬂtﬁTﬂﬂ‘ﬁufluﬂfinﬁan35U§4L%ﬂ1ﬂﬂﬁﬁﬁlﬁﬁ;‘ﬁmﬁmnﬁ
dhuames Teduinlaznoudonhl 2
futudesinenssunduduai oo i w enetocing L50A  L50B (Cintas
et al, 1998) unsilnaviiandesiinhTndtamesdiatirunsaiiionssunsdun 14w
lactococcins Ga/Gp, lactococcins MIN-+ plantaricing EF - JK (Nissen-Meyer er oz, 1992;
Van Belkum er oz, 1991; Diep er az, 1996)

- llc. wummai Torulunguinilunguiamunmes Tasudaaugh

lla 1lb 'E‘i']'l!:ll‘fﬂ&i'll‘i’l_lllﬁﬁﬂaﬁﬂﬂﬂlzﬁdﬁ ﬂfjuu.ﬁﬂndlumjnﬁﬁ
Renssumisduduiasinnsae=iiludo oysteine  cysteine 1 thiolbiotics
cysteine 2 cystibiotics 1Tlunamlszna Lmzﬁﬂnﬁutﬂ'LJ'H'mﬂ'lﬂﬁﬂmﬂzm!mﬁﬂ
cysteine lactococcin A acidocin B Taouunme? Todulunduiiass

sec (sec-dependent pathway) Fauand1a91n

uuamas lawu lunguiug
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a m
1000 Bar | Mo | ""-'J H'jmlﬂil h)h}mlﬂﬂlmlﬁﬂlﬁrlﬁn}*ﬂlmlm"

T I : 3. Fasarins s

Dehydration of sslecied
I-fh--l‘lm

L o f P { o u'ml -ﬁmlmlm.mlm\m i | oro) o

e @@ )
Bs | Pva | Ao g{“ur‘mi.”“H;ﬂ o e
N ronre %
b *_E-;_
@& {,... ' 3 .m O}? g ToPeee
=5 Ly 5= IHI!L,;- ~5= i |
© Lacticin 3147 ;Ei.;"' -.a-' 5%)
e = et
Lactecin Al () :1&:].--‘-._
005-6-0-6 66 &
Laztazin AZ “lmfﬂ'r L\nl
09+ 9r @ P @ - 0~ . 00 ©
M 2 Lantibiotic
(@ (lanthionine) gner¥radiuannis aehydrated serine
ehydroalanine; Dha sulthydryl group
Dehydroal Dh Ithydryl
(cysteine; Cys)
(h) nisin
() lacticin 3174
fiun: Cotter (2005)

III. non-lantibiotic wuralua) iFhuwunme’ TeduiuaaTuwanamand 30,000
A1aAN ‘I'w{ﬂm'm-‘}'ﬂuﬁqmm_iﬁ 60-100 10-15 caseicin 80 a e L.
casie B80 Lactobacillus (Klaenhammer, 1993)
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IV. complex bacteriocin ifluuame’ TaduiiiiTas aad rauh Induas Tuiunde

. ¥ = o Y ok
lactacin 27 airudie L. hetveticus LP2T Failunumma’ Toduiia lna

A13197 3

A13190 3 MITRNGUUBILLAMDT lDAUHIATINILA’

. Lantibiotics

1. Non-lantibiotic, small

molecular weight

1. Non-lantibiotic,

) Indfiadrann'ls Ty T uazdunszuaums post-translational

modification

(<5kDa) lanthionine  p-methyl
|anthionine
la. (Flexible molecules) b
Ib. (Globular peptides)

Wl lnantvinndn Tmanad < 10 kDa)

-1 T g o y L] al
ﬂﬂi‘l’?ﬂﬁjuiﬁ gludutludoariunizurunisalaoundas

inactive prepeptides
active peptides by post-translational cleavage
3. whlIndmo@er Taoy Iﬁﬂi1§ﬁﬂi1'liﬁﬂ§d!%ﬂ Listerid
N (N terminal)
YGNGVXC
lIb.
lIc. vuame3 ToFufieaaennszuns se-pathway

! ndRidminTuanags < 10 kDa)

large molecular
weight

V. Complex wuamo’ Taduifi Tassad ududountadeaginlvii
bacteriocin

fn: - Gameau (2002)
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3.3 MSMNNUVPIMUANL3I 10T
disannuuame’ Teduiinmoriia¥wdazsiiafiosfilszneuuas Tnsaad1ai
uandsfudsiimmholunsutuiiesilinuuandtaiusen I wh dudinszuaun
transcription, translation, replication, fudimsFuns i imiurasua
Ranssuiinmnnaiigadomsiididofusadvessadithwinodag mu Tudulanumnse
Tuntstudeldlugaants Téud vuafidvunsuuanuaz annsodut Bacillus SPP.
Clostridium $pP. (Gross and Morell, 1971) Tuwai=it 13ctococcin A finmennsafudalusag
uAw fio dudunme 1:t000CC ﬁ‘lﬂﬁﬂﬁiuﬁﬂ?ﬂ (Stoddard et az., 1992)
nszuaumsh lfiRagusadilmnoizRal§itnssnhudefumad iy
LA ek li’;ﬂw'I-'rﬂj,lmf]aﬂj'ﬂm.uﬂnmﬁﬂt?m%aﬁﬂﬁg'u’Jmmxﬂﬁx noudaod i ]
wo1ni1 (ydrophobic patches) SuRansdududunidomravo udaruadvo uthmnoma
(Chen er ar., 1997a,0) Llﬁﬁf'lrIHE!iI#Lf.IEI-'}i{uMﬁﬁlﬁﬂ?imx‘l'ﬂ‘iﬁﬂ'.}uﬂ‘iEI_I‘J'lsﬂT.T'n?'}IH'I’LI
(proton motive force)
f1lwavealoeoudemalfimadae | lantibiotics fifinalamaialif
dagudoifusadsanalas tacticin 3147, peps, subtilin -+ epidermin (Lucy s az., 2006)
yenvini Tuadiinademafunseimivyad %uﬂm:imﬁﬂ;iuﬂnqmquwa*c'i'

= - & W TR R nl""t A oy B )
Llﬂﬁtlﬂuuﬁi'ﬂf‘fﬁﬁlﬂﬁ!qﬁﬁﬁ ﬁ'l'l’f'll"l"ﬂﬂ'i‘]Iﬂilﬁﬁ"lﬂgl'“l“ﬂﬂﬂ .ﬂ?ﬁﬂg'l3111I§'luﬁiﬂ~'lilﬂﬂ1'll'iﬂﬂ3 &

fid ey peptidoglycan wupfiounsnnnesiduinanuunfitons
3 lipopolysaccharide  sfunaumits
peptidoglycan polysaccharide & aadufuszvidng
~-acetylglucosamine (GIcNAC)  a-acetylmuramate (MurNAC)  side chain
( - 2533) wuama Teduaansaduiansad e deptidoglycan

lipid 11 Fafluemsdadulunianaa peptidoglycan

dudsdontsdunizimivwad (Breukink e ar, 1999) uaziiinsninmivsadiiudiuii

i »
= =]

L =y a Ly [ -F:-
W IzRz U IS loFuniinenssumsdusauiig
=y i) r;-.l ) 5 ] H H i::l.‘I -5 oy B 0 \:'
daflunummas Teduifinis dudanaei (bacteriocidal) wanantinuamas Tedudadudanms
- 5 AW ] V A - g A oy 4
Laaﬁ'mjﬁummumﬁﬂ'lq'ummunm!:mmmwmﬂuﬂ'mﬂnm‘mmummﬂ NN VBUEDH UADD
m lReiminihogo@and i (osmotic barrier) Tasiivibmauguniindi-e

A149) DINFAH UBATINTILLIANG Proton motive force 1m¢.t?]m¥;u
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K* mulunaznieusmmadnfdounlasll 1 K’
gl uadntuiazsdants azetiilies sdulumad liruga
1u"|""|t:rﬁ (it 3) Hoover (1993)
Aavnmsfibofuadgady  (adsorption)
(inactivation)  sulfhydryl groups

N
ATP
dependam / ‘_\ lacticin 3147
ion transport p /V‘
\—) K s
inside cell ﬁ
ATP e

outside cell

lactate glucose

i—; | - -:l P = Gl d'i -3 T
nwt 3 nalnansdugaees Lacticin 2134 TasTfumumnszdunFnamodinyad i liina
K" aslunaznsusnmsaanlaounlasl ATP
na".--.il - = ] o a = " W o
muhuyadiu 1 ATP Hunumasnmisineinalnave usad mu auquiioyinbofumad
dudu diona lnausaradgmita sz luiige

fan - McAulife (1998)

=B

pannngfAAssuM s B 18 enan: nmsdudinisatinsa
2 deoxyribonucleic acid (DNA)  ribonucleic acid (RNA)

iy 1 w fJ o us q -%‘ =1 o
Tumswiguasmidrveuyadvunumsduaiizd DNA Sutlumsiugaiisu RNA

( ,

2549) MRNA Tunou
translation nszuaumstidatuly ibosome ribosome 708
( 2 305 50) madudaimsdunnzii lsAuezananunme’
Toduiti Tnseadrauun sminoglycoside — amino sugar glycosidic

Hai 30S ribosomal subunit il luduganisdunsizi Tlsauuazaa
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wannniidsi limsswsialunisadis MRNA
dawalianuaunsalumsad i TlsAuiifue T
A
in'ly
L - o -n. P , e 1 @ W A R
wawiuasuinuames laguduss laiuaunsanduganidy ladeaannuuduas A
n:I."I oy iy d:i -{-:u 5 i = L} L] =] wr 5
watluames Toeduisangnsdusinisduanied lsdudmIngTafifans sununduds
(hacteriostatic)

ﬂmwmn‘lﬁnnﬁﬁ mm;maﬁmﬂwumm fl {l'llul.lllﬂﬁ'lﬂ‘ﬂﬁliﬂuﬂ‘aﬂh TAUNANTIUNTOLO
(hactericidal)

¥ - e = c; = = =
34 ﬂ'lﬂl.ﬂﬁl.'ﬂﬂ“‘l.lﬁ"ﬂl".iﬂ!-lﬂﬁﬂﬁ'ﬂﬂ'ﬂﬁﬂﬂﬁl'ﬂﬂ'ﬂﬂﬂi“
minaieauuniiGouananfindauunme’ Toduiinee 195 msunssvadens
l—:l'.‘I j M M -'% E=] ey 1 ¥ M
Tuameimsidouio (ager plate diffusion) maiivareds 18un agar spot test, disc assay, agar
well diffusion triple agar test
- o B - Y R [} - L oy =1 4 & o

WlahaunsaduswuniiGodufmaniiiug 14 Fauames TesuezBukuenninaiiane
P - =y o - - — v ar
fudinsiiguewnfiGodudnans mmi 4) Fannundiaweandoeziinnuuandiaiy
..-! Vo & -y - oy =y
vuegnuaTmduiueeauamo’ Tosu USumveawunmes Todu armm
0 . S )
SrunuireduAmmoisudu (100ver and Steenson, 1993)

agar

wr b

bacterial growth in or on

zone of inhibition

= a B = A e, 1
NN 4 131ﬁ1]€!~lﬂ1‘5t|1.|i‘.|~'1"1!ﬂdllliﬂl'ﬁﬂ‘iT'Elﬂh’il’il!ﬂ'ﬁ‘i]'lﬂﬂ'l'illﬂ'i

#iun - Hoover  Steenson (1993)

agar spot test s 1&Taunisidng

)

P R R S} a ] e ay = a
LLUF]W.'.TUEFH‘FH?ILFIH'J'I.lﬂﬁll.ﬂﬂ'ﬂ!.‘iUilﬁﬂﬂﬂﬂ'ﬁﬂ«lﬂﬁﬂﬂ’ﬁﬂllFH'.:IHﬁ'ﬁltl.'Uﬂl'In'Iﬂ‘ﬁ.ﬂ“h'ucl'l!'El’l‘ri'
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MAIHINE A 9N spread ApAuRAMD IO ITHR Az sp0t ApuuaiouanAniii
armaTeuasd LY ez Taadlnveansdud (DYKeS er ar, 2003)
spot  agar test i1 14 Taooaidanun i suandnfidesmsnameunisnan
5 i Tnsdnsasuumuemisaesoanennsdmiuliun id o

. 2 . 2 24 b
24 4Ty mmiwhinsmiudee saouionwwe (soft agar) 1

nniidudmaed TaoliTideisuduilszana 10° 10g CFU/MI 24 42 Tua iz ¥
anundiedlavaamsduds Chimanee, 2008) agar spot test ~ spot agar

test il aE e s Id houdmzdmsumsdadandio wumi niy dadsnnmsnanoy

o

¥
ot gA- 24§

e o = I"_|1:|.'.3 ;‘:;:‘.idﬂi"l Aer qﬁlﬁr = 15 e s
HANAHDINIEO U0 FEHD MU I8 LUATTNARTDUNT L HHABN 170U LAD 19 2Ina e ine s

a fom A s - n = e
fudariiadunTomsous wivmishdaanisnarowi ransnase i 1doaaiamiou

paper disc assay wameuTaudsaaiiuuananiidesmsnageunissin
Lummaﬁa%n%wmf’uﬁqu;ﬁuuﬁmmnﬁiwﬂf‘?ﬂaﬂ ensazaod i launl S iy
LTI (paper disc) ﬁahﬁ':ﬂuﬁ'm1ﬁ1ﬂ'15ﬁﬁvi'umm:mnr.l'cr
vounfiZoaniaudnh linanensiasedennms spread @
nazSanuniaaalavesnsiuds (savan and Manivannan, 2000)
paper disc assay SidedAnmmandiunamsidons
namou ldionfFoudouiuit agar well diffusion assay Tavns14usuAaaz aunsaiuaa
duduvasmsitldnaaon dlosnududaiilazininmlunsaaduns 14 2-3
s amua s udm LA i dams Tutl wimiosq 14 (Lorian,
1980)
paper disc assay Aodadiialumsunivesmslunimsdoaie
ufaiiuanmany wenvniinnaneyTaons ki@ aunns funtrameuiidus usens
ﬁ'ﬂﬂmﬁnﬁ'a;i;r:uﬁammnmiﬁaﬂw%ﬂn:ﬁﬂaﬁ’nﬁ’ufﬁummwi"uﬂ:mwﬂummnﬁmn%a
(Lorian, 1980)
agar well diffusion 1 Tavidoanuaiiconaninfidesnsnameumsnia
wuAmas loau il‘iﬂ&1411341“11%”&#31kﬂflﬁ?twaﬁﬂﬂﬂ hmsazawdmlmnlFufinylhiy
pour plate iefidaants 1dfhuniiissiufnned
cork borer mmbudumsazanlaiinsawdraalugfn: tnuasdanny
A lovoamsiuds (Tichaczek er ar, 1992) agar well diffusion
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]
= !

FEmanamounannioiuaziana lddeludsamanissiaidudauudeiesidawiny
e e T ¥ s a—f .:t"I d e p oy ey

misnilizgoursmniaiudungudnmavesomsnouiouva ldi hidazdnsamns
1 ] d -:lﬁ =5 -"h L] 1 -ﬁ.‘

unsluemiauisaaasi i lavasmssusiinnadnasiendiodonaninaandiion

amamaen 14 (Lorian, 1980) uanantintinamen Tauds ajar plate diffusion

dom i &y 1on K - yi it

sonfinamesman limamouda1a hinumavemguininmee Hnnosiinmedududoine:

¥
Limnnsouaasianssu ldde51

triple agar test spread plate 1¥o g s nAROUMTHAR
aund Taduimiumyiudawe s MRS agar fiu devocid 50 [dns iitadud gad
(De Kwaadsteniet e az., 2005) fmsiasdennuemisaouieniialafives
nunfisuandndin 30 semi-solid agar AilFesuAmAReTidaims
nagoumsdudlszina 10° log CFUMI 10

W .
madiuas (rodorov and Dicks, 2005)
uuafidedudamand 1 lumsdmdonuuaiiGouanfnnedanuames Tedu lu
\E’ -y [ J 1 =] oy IJ i'll o uwr -1 1
sudutiouldde lunduuuaiiGouanin Tasdeitionldlunsdadon1dun L saker JCM
1157, 1. sakei ATCC 15521, L. sakei DSM 20017, L. casei LHS, Leuconostoc p.
wuniremoiugouinthuuniiGodasn 9 S aureus  Listeria . (Jumriangrit,
2004)
wo F (- oy o .
Ohmomo (1998) Aisdnmianndauunmas Tnau Taold paper disc
Ly . - 1 oy o
8 findmas Beruingatumiazaiw1d 20 lulasdas oimivanu
5 A da £ a a &g s ~ ' wo X A ot
aIaoure e uamaet i1 10° log CFUIMI wuthminsnduduie £ feacium
E. faecalis
Noonpakdee (2002) 14,020
.!: l;l -d. Eal el Y Iﬂ.
HovuFaiHaauUAMDT la%u Taums pour plale MRS i
30 48 41 Tus madumiudsuuaiiteduRinme modugaie (o
curvatus ATCC 25601 L. plantarum TISTR 850 P. pentosaceus TISTR 374
Propionibacterium freudenreichii TISTR 446 ) 18-24 w1 Tua ﬁl]?iﬁﬁ'ﬁﬁf{’lﬂﬁ
Tiaosluennsvad udnivhinagouas TeonmsUSuiiesasazainlmilu 6.5

- .-*:‘ o =] L = R e L
VATOUN U UAITIADBTONATINU WS 1 L. lactis WNC 2011Flﬁﬂl.lﬂﬂl?1'€lﬁiﬂ
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Jumriangrit (2004) asasmemFeuRRGouandnima 59,509
10 #aethaii
aaRdamsdudugetein direct plating 0.27
oA iR nsonsamstusaz i L plantarum PMU33 HRAmTEUE Ut
T:IH‘I-%:I E. faecalis, S. aureus Listeria miﬁuuxqi’:ﬁqmﬁnu“ﬁ
L?J'lﬂ'lj‘iﬁ'lllﬂﬂuﬁ'lﬂﬁﬂﬁﬂ&ﬂﬁ'lﬂleﬁﬂ prot¢inase K, a-chymotrypsin, trypsin, pepsin
papain 2-10
Todorov ~ Dicks (2005) fadondonunfiGouandniindauuames Teduan
mnhaa Tanl¥33 wiple agar layer waz 14 4. casei LHS
L. plantarum 2 ST28MS ~ ST26MS 4si
arnnsalunsfududesuinnes1d Tao L planarum ST2OMS aunsadudadoduam
h 14 L. casei, L. sakei, E. faecalis, Pesudomonas aeruginosa E. coli
1wiu:°ﬁ L. plantarum ST28MS ﬂ'lll'l'iE‘IET'thfﬁllg 3 L. casei, S. aureus, P.
aeruginosa, E. coli, Acinetobacter baumanii E. faecalis
Mirhosaini (2006) ArudonuuaiiGauandninaauuames Taduen
agar spot test %414 £, detbrueckii ATCC 1333
spot ieidosniTnareunisuaauuame’ Todu i 20
wunfitouananiiuen 14 nraaduaiuy 53 1 loTwman fndnuunme’ Todu
Ao10 L. lactis TmonTdanionds
Todorov (2007h) wenuuaiGanandnfndauuamed Taguainuumiin
agar spottest  agar well diffusion method wunasdudadenive

E. faecalis, E. mundtii, L. lactis SUbSp. lactis, L. casei, L. curvatus, L.

sakei, E. faecium, L. innocua, L. monocytogenes L. ivanovii SUbSp. ivanovii %ﬂi'}uﬁd
E. coli Klebsiella pneumoniae
Srionnual (2007) suanAnfinAauImes Taduanml
agar well diiffusion Weissellicin 110 Fasnainii . cibaria

110 fifsnssudutmonuniiGuduaimaos Ao L sakei JOM 1157
Chimanee (2008) usnironuafiGuiouniondauuamss laguaindisdininmg
AunnTmlnAnaz Tniidlu Tsmdnmdmey 1 spot agar test sir laluamgaivipii 37

24 41Tua 1 MU I N UA
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BHI fraiman (s0ft agar) wanlaznaudanfu 0.7 (wiv) Taulfirodudmne 4
S. aureus RMB203 S. aureus RMBlGOl S. dysgalactiae DMST10953 S.
agalactiae DMST 11366 HU'.J:'I.L%‘H Leuconostoc ). RMMT701, s. povis RMM703 S. bovis

l‘; [} E -y ~ - -y oy ws d -
RMM902 #itan ldamiuauiinnummnsalumandanuamas leFududauuniise s

dysgalactiae DMST 10953 i g Tsma o ly Tauula

Todorov  Dicks (2009) nenuuafiGauandnfisdauuames Taguainna lif
(marula) Faftupaldainilszmemuaini1d §10% agar spot test Taeldido 2. ivanovii SUbSP.
wanovii ATCC 19119 fluiadufinnnsl 60 windiin
aninavesnsauas Idamudoufinamgi sd 10 w3 Wud1iEe P. pentosaceus
Rensumstudiieiesufinmefuaz iR umsdudivemunme’ Todu Tauunme’
Tﬂ“ﬁl!ﬁﬂaﬂmm%‘ﬂ P. pentosaceus marula 6.5

2
Hata (2010) plantaricin

ASML Findnviniiin L. plantarum A1 Tasmamoudnisumsdudidenuniidouanfnuaz
wunfiGomoiugaug 1 plantaricin ASM1 fRonssunt fudiseide L
plantarum, L. pentosus, L. curvatus, L. lindneri, L. mesenteroides SUbSp. mesenteroides, E.
faecalis agar well diffusion assay

Rivas (2012) #nw Manssunsiudiuasunme’ Tosuinaasinie £
Jaecium Hanon 1AnnminmnunzuazFaandszmaorioudu d105% agar well- diffusion
assay HUTHININT UG glléiﬁﬂlﬁﬂ L. monocytogenes, L. innocua S. aureus
Ttﬁuﬁ'm15ﬂﬁ1'uqmwgﬂq¢ﬁ; 100 30 wiit lduazTiRans sufifews e

2.5-95

3.5 MSHAAUUAINDS 1oAY

MRS broth
%quu-ﬂ‘ﬁﬁmmﬂﬁﬂﬁ'nﬂmﬁﬂmlzﬂﬁﬂuuﬂrnﬂﬁﬂ%uw%’ﬂuﬁunﬁm‘ﬁ'fgwn%ﬂ TENGEERT
Renssuannindiesiad uiodhgazes sationary phase yaiiowdleunanmsiou

, , protein - aggregation complex
formation (Paynter er ar, 1997; O’keeffe and Hill, 1999)

R | = -, P 1 P & A
mnm;'q'uﬂ'mmﬁj.I_'uﬂl.ﬂﬂﬂmmﬂuuﬁmaﬁ"‘ummiﬁn: lo] phase mezummimqqﬁmmmﬁ“l
stationary phase sz i 1 (10d0rov er at.,
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2007h) 1mﬂinﬂﬁﬂ'1m$ﬂu'uafm'm‘ﬂﬂf-?uﬁﬂgﬂﬂﬁzﬁ‘nTﬁu-ﬂ%ﬁ'ﬂﬁﬁﬂﬁu*ﬁi'm iu Tuern oz
i;mmgﬂ'f'h ﬂ'ﬁmiqﬁnﬁ’iiqﬁuﬂ?tﬁﬁﬁgu naziledonndmesdlszneuvesonisazing
(O"Keeffe and Hill, 1999)
L. plantarum 423 plantaricin 423 exponential
Renssuganaailodigeaduvassze: sationary Aoiant is Falusveanisideade Taoil
6,000 AU/mI ﬁﬂﬂﬁm%mﬁ'ﬂgjﬂﬁw 3 40 Tag udmiuinsTuszaaaun o
2,600 AUMI dinfuganmisiosiinm 31 $aTus vonaniaenssuiiutuse duiugduiio
vo4o MITBaA Haaae1n 5.8 150 4.0 15 42 Twausn athalsAamfanssnun:
plantaricin 423 sz geiigalefiod uduvasonnsiRoaiengi 49 uennniidsniuag
plantaricin 423 azifivaiuan 6.000 AUMl 9,60012800 19200 iiferdnariialu MRS i
meat extract 1.9 casamino acid 3.4 tryptone 1.9
peptone 1.7 (Verellen er 2., 1999)
L. plantarum NCIM 2084 saanuAme’ Tosuidudimadonfigounsunn (.

cereus F4810, S. aureus FRI 722, B. licheniformis CFR 1621, B. subtilis CFR 1604, b.

amylovorus DSM 20531) (E coli D21, P. aeuginosa CFR 1704) L'ﬂﬂlﬁﬂd
L%ﬂﬁﬂﬂlﬂ.‘g‘!ﬂ 40 01 36 42Ty 114&']ﬁ13ﬁﬂﬂgiﬂmﬁwm slszno
(glucose medium) latelog  stationary

dtesi culture supernatant sty Tasn s szmeieandaa roiry evaporator

oy L ﬁ- o ¥ wt # A
sanazoza law navanminih lliuasdu sephadex G-25

T.Ei"?il!ﬁ’l:;’l‘}l‘liﬂ?.mm]nﬂéiu%’]I 1-5 nTaaiaau wumn E!‘ﬂEli}uﬁ'iﬁﬂuﬁimtm‘?m:ﬁﬂalmﬂﬂ
121 20 trypsin
chymotrypsin (Suma ez az., 1998)
L. plantarum 823 L. curvarus DF126 plantaricin 423

curvacin DF126 awséd Tamitorhudon saosaiiaun 14 hun1snia Ostrich mieat salami
amp3 Toauts 2 silaansoduginises 184 Micrococeus SP. MC0 L. monocytogenes
salami 15 4214w L. monocytogenes LM1 iy
Fanrwezilupaninn1s i sdami Sfewmiaaas danadonsnssuanaame’ Tadu (DICkS e
al., 2004)
L. plantarum tuonldnnmnbmasdauunmes Todu 2 ¥ ST28MS

ST26MS Taui¥e L. plantarum ST28MS (12,800 AU/I)
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ST26MS (6400 AU/ml) J.LFELfIlﬂWHQTﬂm?hmmhﬂ'lglmu nu Lflmug:rlu
annziiifiydind 4.0 | ST28MS 50
dniuludafertinazwudinsndanunme’ Tady STZBMS sxdiuiuiafinid
typtone  KHPO,  KHPO, s 10 gl wenaaniinu ascorbic acid, vitamins B1

B12 ST28MS (Todorov and Dicks, 2004a)
ST712BZ findan o L. pentosus STT12BZ Faunn1da1n
Boza nsndutansini e L. casei, E. coli, P. aeruginosa, E. faecalis, K. pneumoniae
L. curvatus 12,800 AUMI todnaluaming Mrs 24
w2 Tus (radorov and Dicks, 2007)

3.6 qmﬁﬂnmxﬁﬁwmuunmﬁfﬁu
wuame’ Tedu Idsumainuazauladiosninuunme’ Todudlims i 14auds
3ol ﬁamﬁuﬂ”ﬁ'ﬁﬁwnm%”m -ﬁ?mmrjmh‘l'diiﬂuﬂﬂiﬁﬂuqﬁmﬂnﬁimi‘laq"lﬁ’ Tawnia'lal
(cationic) waziinu Tuweunirga (ydrophobic)
Tilsauniunadnuaz ifenssu 18 lusefioriinte o 3.09.0)
mrr:xﬁmmﬁﬁmmzjuuﬂ"lﬁlﬂ&u o 1.0 110 acidocin B bavaricin A
(Oscariz and Pisabarro, 2001) wenwniiuunime’ Teduiiala Tuddnnin asoelectric point) 7
goibiiawannsalunamzAasuminsadvamuniidorsiliz eiluan 188
aunsodssmmsdusiaiinamnian livouh hldubefusadvewuniiG ouazdaliifag
it 18l
i gnsiuames Tasudas iu mstaduTaomsldnam livenh (yarophobic interaction)
wionsBai TasmsuanilAuulszquan cationic exchange)
3.6.1 AaENDANINUZoUYLINUAINGS 10T
ﬂfuﬁ‘uﬁﬁﬁuﬁ’mﬁﬁufumu'umﬂaﬁﬂ:ﬁuﬁﬂ nudor dssaanunmo’
1 2 dunllIndilsznaudeniaasiTulamawz Cysteine
(di-sulfide bond) 1&intimanaduuns eysteine (Selensminde e
at., 2009) itnaniaviuss Tada Tlddhuiussifianuniaes gaiann1dn dnfusadann
Tnuda gapiiga1d wanointivuama’ Todufigasuiani liwewd (hydrophobic)
dinsnmlsznoudaonsansiiTunguit livenit (hydrophobic amino  acid)
nﬂmﬁﬂ'unumam»uﬂwmzﬂ‘iuiunrjnﬁ’iwﬁnmﬁmﬂfa';uﬂqﬁmaﬁ*l

aunsonuannziiigamgigeld Gelensminde er ar, 2009)
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. 3 ar. B a, F
Messi (2001) wamaugnsnIsdutIeLAmMas Tadun

134 mwiughuon 1don ldnsonuuudauasumui 6
i 3’. A w e o [ o gl =4 o &
dusauaiiGomoiugnlnddosiummivgindauumme’ Todu i L plantarum 350
Rangaumaiuds 320 AUMI wazounsadudauafiGouandniing s awreus, L.
4 d R
monocytogenes Aeromonas hydrophila TR0 pangnsluy kdCteriocidal
(=] -1 Qs n.—_;
80 120 widi uazennsamuinei 4
6 @ou uazwuTuamos o IdiinninTuanmlszum 4.5
L plantarum Auon ldnnmmiiaiasdanummnes latu 2

¥ amy
ST28MS ST26MS TNNTIDOUDINTTTYUDL L. casei, L. sakei, S. aureus, E. faecalis, P.

aeruginosa, E. coli Acinetobacter baumanii Tann spananaiuy dacteriostatic
nuame’ Todui 2 121 20 (Todorov and Dicks,
2005)

Rivas (2012) waaesliarudaumsazawdwlanaia £

. n o m &
faecium TW1D, E. faecium TW20  E. faecium TW22 Fasmunsanaauunmas logu Tamiio
BT iadouh 100 515 30
L A - & .0 ’ -
mstiudaanaionBouiouduyananes Ty iuialinufouin 121 e

15 30 wdmumndinalinanisunsoudg

Jie (2012)
Todufinaannde L sakei LSJ618 Tﬁuﬁﬂﬂﬁ'ﬁﬁﬁauﬁqmnqﬁ 60, 80, 100 121
30 121

14 TaoTiRnssumssusanad 86
0 P, acidilactici Tmon dvmnuminy Hﬁﬂumlmﬁmﬂ@1¢ﬁﬂﬂ11§ﬁﬁﬁ’ﬂ§'q
100 30
121 15 w118 naziinnunsdaegugefioad e 3.0-10.0
astiudevesuame’ TeduaegniinuTamen ad wypsin (Stonsaovapak er oz, 1994)

3.62 AMANDANANINAIMIUYISHIBTN I

;}mnnﬁ’ﬁquﬂqﬁ'“;ﬁiﬂi‘imrﬁ’an?ﬁuﬂmnnﬁﬁﬂﬂﬁuﬂn6'115&1511;“&1«31?13‘:3%’3’13 Tat
Oscariz  Pisabarro (2001) wriisusfeniiend
1.0 11018 Tuaiii prngsulaka (2012) wudwwnmes Teduiinanan
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lg £ ad -Iﬂa' [} 1 = E L]
W0 W, confusa N31 mmannsnonssumsiuoaldlursiovawa 20 8.0 2
4 T44
=, - & [} =
uumnes lesuneaann L lacis WNC 20 auenldainumuy Saung

i
e

Aangumgi 121 15 wiii finrmasia lurasioadad 2-10 nozfigns
mstudalugaant %uif'mﬁﬁfr’mf'm'%ﬂﬁ'mﬁuﬂﬁﬁ’tﬁmf?umuﬁufﬁmﬁmmmwﬂ‘%Tﬂ%u
wasi¥orelsn Ao L monocytogenes, C. perfringens, B. cereus  S. aureus
proteinase K o-chymotyrpsin  Tusaeztia logsf
papain, pepsin, trypsin, a-amylase  lipase
114 1w (Noonpakdee er at.
2002)
L. plantarum ST8KF fuan1duinfinlad efin

bacST8KF 35 FaenNadues L. casei, L. salivarius, L. curvatus
L. innocua Tasnuames Tedudanu ldmou lyifdonTlsdu Sanuasdrluansififioy
2.0-10.0 121 20 (Powell et az., 2007)

302 'le Twanermina@ud g 43
3 Leuconostoc $p. RMMT0L, s, bovis

- o 3 PR 4
RMM703  s. bovis RMMI02 Hirunanuaanummes laqudusinuniGe 8, dysealactiae

'b ot & "] '
DMST 10953 ruunﬂuuummurrtu'rﬂ'lsmﬂ”muﬂmnfu“lf.%’

40, 40 20 AUImI upames Tesudnaaldnnuuaitnt 3 m

ﬂqﬂ'u@inﬂﬂu%’au‘},ﬁqaﬁﬁjﬂﬁqquﬁ 80 § 60 wuame’ Teduiuannn
Leuconostoc ). RMM?701 S. bovis RMM902 2.0-1.0 S.
bovis RMMT703 20-6.0 uenmniinenIsuuBLAmo} Todu

mariigmime ldTaodu lydnduiidesTalsdu mh proteinase K protease (Chimanee,
2008)
nnpamnianama i Wuuames Tedumnizeudanisii Tl 14
i (i L =1 o el et e P ] - 3

gammns T lduanuawhitnztlusmaminniiieyid viens ldlugaamnssuide
(=1 ! =y "‘} = e [ E=] L] r E
i ldgum giigalumianaa Fawuame’ lasuezdmetonsrnmioog luszniaiuasums

Usginsnmlunsih W dieiangnaiuinu aans Iasdugaiiiu
[T [} w5y f=] r_'t. o e ) .
dunsedoud Tnandalddlund e Tumsminomswind 199 18 (R0SS er az, 2002; Deegan

et al., 2006)
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: 5 ;
3.7 M3lnAau KAZMIUAAIBENVBIEHNAIUANNITT UATIZHUUAINDS loT Y

uandnuariiafionegniinanieedalia wied e msningeld Ewerococus
daluszpumadueimsi biflusuasio uiinehnssemd & faecium  E.
faecalis Shudeinu 18 lunsaadoluTsmeng (Riu-Biha e al., 2007)
L?“:luﬁfﬁﬂun'mi‘luﬂi:lﬁﬁugﬂu‘nfﬂ%*mﬂmi'Jﬁ*?&ﬂ'm 13 (AbriOUel et az., 2005)
enterococci ananuon ldninnmnaA1eg Hl;HETﬁ'ﬂ'ﬁ?’l ALY BIHIT/DINIT
uazapdnA1eq sasiaandaitln Strompfova and Laukovd, 2007) uuama’ Tadufindasin
enterococci finmdnums Tasia Talmiiauiuuuam o3 ToFuiinannin

mm'ﬁﬁmmnﬁﬂﬂﬁuﬁ'im i ianuasdaragum ginaz ey luaanha s
mstus iy dldiaroyiia oroad spectrum) }‘f'mtjuﬁ'ﬁﬂﬂﬂnﬁ:ﬁmmmmﬂﬁ'm"mn'ﬁju
enterococci nanuniBounnnnnuasiaiiteunsuau1dud L monocytogenes, S. aureus, B,
subtilis, C. perfringens C. botulinum (StrompfOVé and LaUkOVé, 2007) ﬁﬂ'tfr‘lll.l'll‘m'! 1lums
Hagnﬂiim citerococci Aents Tnavdufinauauns adbraunuame’ Tedu I lddusouuniiie
uandni 145 unsneusuinlaaads (Generally Recognized as Safe, GRAS)

Wilaipun (2004) ﬁn'ﬂlﬁlmﬁuﬂ'ﬁﬂmmumwﬁh%uﬁnﬁmﬂ'hﬁ;%ﬂ E
Jaecium NKR-5-3 finon1daimlan?1 -nu':iu.mﬂmﬂ?'irzt?mﬁ']ﬁ"ﬁqmﬁ:Ju”ﬁﬁ"uu:ux%ﬂuuaEuuﬂ
SuAnuaziATiGous Ay desunszrammaid ans nuhaunsonsnrunme’ Tedy

2 enterocin NKR-5-3A  enterocin NKR-5-3B  enterocin NKR-5-3A

5,241 N-terminal ~ Tyr-Ser-Ser-Lys-Asp-Cys-Leu-Lys-Asp-

|le-Gly-Lys-Gly-lle-Gly-Ala-Gly-Thr-Val-Ala-Gly-Ala-Ala-Gly enterocin - NKR-5-3B
6,320 N-terminal 1diinas N-

terminal (blocked  N-terminal) e nmame’ Toduitaan e iy

1 LasildiiRenssumsdudaitut 64 ol
Martin (2007) enterocin A (£n/A)  genomic DNA voifn £
faecium  PLBC2L nnzifousdoiunnmas pMGIEC fdadrmaulwsidadunizio mindll
Hﬁﬁ“ﬂ]F‘Iifl!'i‘!'j'l‘lilHi‘lﬂ‘ifllﬁﬁ"lﬁﬁﬂ!'lfl'g‘lil%ﬂ L. lactis WU 198 L, lactis

: o e n o 5 X
enterocin A E. faecium L. lactis MO EnA annTnduoaso Listeria SPP.
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Sénches (2007, 2008) HirM 21050 £ hirae DCHS nazioudo
PMG36¢ v wmtfum11mﬂﬂﬁu-ﬂmﬁﬁﬁm‘i"wj:§a L. laetis SSP. lactis 1L1403
udamsnaeumanaanuamas Taduuazmdduovesbun o w2 acis SSP.
lactis 111403 HirIM79 14 wisnmbuasanmiaiiafinaununis
{ 'Mu\1|ﬂ1'nﬂ':iTﬁ%‘tﬂf’iﬁ"ﬁtjléﬂfﬁi'tu'q A0 L lactis, L. sakei, E. faecium, E. faecalis  Pichia
pasioris HIIM79 structural — gene #ilai lausiuas 1 HiM79  immunity — gene
(hiriM79) Tasdaudaiumaraiia pMG36C i constitutive promoter Py, pNZ8048 4
inducible Py, promoter sawiud v Pichia pastoris DPICZOIA wirdh o
HirJM79 E. hirae DCHb

Kumer (2009) enterocin LRIG #wdnainido £

faecium LRI6 60-100 30

J-'n-l 2 w " J
uazgamginlEdmiumssinge (121 15 ) 2.0-8.0

i

o | = =1 w = A od iy e o
ﬂﬂl"l']ﬂ'llllﬁmi’]'ll l"]ﬂﬁﬂ'ﬁﬂmﬁ HAZUA TR U000 7l inu !.'TTHU'I!!.%H'.i:i[lﬁl‘]ﬁ']:'ll]'I:J |
= n:'!.l a U 1 o iy -ﬂﬁ’ 1 .
i hldwumaiGgns ot enterocin LR/6 6.1

N-terminal ~ GSLXEKQXDI

&
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un 2

U

J ax
Jaq gUnsas naziEms

o

d
aq uazgilnsal

1. !%uillﬁuﬂ%rfl

11 E faecium CE5-1 Sudeuuaii onananfindauuamo? Teduuon 1dur
e Tafut (Saelim er ar, 2012)

1.2 E durans 3L20, E. faecatis 2L.24, E. fuecium 4S13, E. faecium 8510, E. fuecium
L7-45 P pentosaceus 3CE2T FudpuuniiGonand ﬂ*ﬁ-ﬁiqm autiadluIds TuTednuen

(Musikasang e az., 2009)
13 L. plantarum DOSM3 l.cfl'ulfﬁmumﬁﬁmmﬂﬁﬂﬁﬁﬂﬂmnﬂ"ﬁ:ﬁufﬂﬂuh
(Hwanhlem et 4., 2010)
14 E faecatis VaNB, E. faecium 139, E. fuecium 118, E. faecium 348 E.

o, A& 4 o o
gallinarum VANC udAanMIABnIveuse lsnannailuiulay

15 B cereus DMST5040, E. coli DMST4212, L. monocytogenes DMST17303, P.
pentosaceus DMST18752, s. Typhimurium DMST16809, s. Enteritidis DMST15676, s. aureus
DMST8840 V. parahaemolyticus DMST5665 l.ﬂm%t‘m'lli"lﬁl?j EITc";f“:FfJJTthEJ’E]'!ﬂ'

1.6 L. sakei SUBSP. sakei SCM1157 ifhuionuaiis oildaoningudi
(Japan Collection of Microorganisms) 15zt
L7 L lactis SUbSp. cremoris JCM10167 l.ﬂ'll!%ﬂmlﬂ'ﬁﬁﬂﬁﬁﬂ'
l.ﬂl!ﬁ?lléﬂrl_uﬂﬁ|.1'1'III‘I'E'IH'I.-!'JJ MTnaanans i 19
wirAtaBnYBEufin ﬁa%amnw-

(Japan Collection of Microorganisms) 15zt
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2. E1H15!gﬂﬂl%ﬂ

2.1 MRS medium (de Man Rogosa and Sharpe) HiMedia Laboratories Pvt.
Ltd., India

2.2 BHI medium (Brain Heart Infusion) HiMedia Laboratories Pvt. Ltd.,
India

2.3 LB medium (Luria Bertani or Lysogeny Broth) Hardy Diagnostics, USA

24 SOC medium (Super Optimal broth with Catabolite repression) Bio
Basic, Canada

2.5 ML7 medium Merck, Germany

3. Al

3.1 (Sodium chloride; NaCl) Ajax FinChem. Pty Ltd,,
Australia

3.2 (Sodium dihydrogen phosphate; NaH,PO,)

Carlo Erba, Italy

3.3 (disodium hydrogen phosphate; Na,HPO,)
Carlo Erba, Italy

34 (Hydrogen chloride; HCI) Labscan Asia Co., Ltd.,
Thailand

35 (Sodium hydroxide; NaOH) Ajax FinChem. Pty
Ltd., Australia

3.6 (ammonium sulfate; (NH,),SO,) Labscan Asia Co.,
Ltd., Thailand

3.1 (glycine; C,H:NO,) Applichem Inc., Germany

3.8 (citric acid; C4H,0) BDH Analar, England

3.9 (sodium citrate; NaH,C,H;0) Carlo Erba, ltaly

3.10 (tris-hydrochloride; C,H,,CINO,) Bio Basic Inc.,
Canada

3.11 (glutaraldehyde; C:H,0,) TCI, Belgium

3.12 (ethanol; C,H,0) Labscan Asia Co., Ltd., Thailand



40

3.13 (deoxyribonucleotide  triphosphate;
dNTP) RBC Bioscience, Taiwan

3.14 (agarose gel) ISC Bioexpress, USA

3.15 (magnesium chloride; MgCl,) Bio Basic Inc., Canada

3.16 (calcium chloride; CaCl,) Bio Basic Inc., Canada

317 (Isopropyl p-D-1-thiogalactopyranoside; IPTG) Bio Basic Inc.,
Canada

3.18 (5-bromo-4-chloro-3-indolyl-g-D-galactopyranoside; x-gal) Bio

Basic Inc., Canada
3.19 shaangTne (glucose; CgH,,0,) Ajax FinChem. Pty Ltd., Australia
3.20 thaayTnsa cucrose; CoH,0,)  BioBasic Inc.,, Canada

3.21 (glycerol; C;Hz0,) Ajax FinChem. Pty Ltd., Australia
4. 1oyl

4.1 (pepsin) Sigma-Aldrich Pte Ltd., USA

4.2 (pencreatin) Sigma-Aldrich Pte Ltd., USA

4.3 (proteinase K) Sigma-Aldrich Pte Ltd., USA

4.4 (trypsin) Sigma-Aldrich Pte Ltd., USA

4.5 - (ar-chymotrypsin) Sigma-Aldrich Pte Ltd.,
USA

4.6 (pronase E) Sigma-Aldrich Pte Ltd., USA

47 - (oc-amylase) Sigma-Aldrich Pte Ltd., USA

4.8 (lipase) #o amano Amano Enzyme Inc., Japan

4.9 (Tag DNA polymerase) RBC
Bioscience, Taiwan

4.10 (T4 DNA ligase) Fermentas, Canada

4.11 BamH| Fermentas, Canada

4.12 EcoR| Fermentas, Canada

5. )y
5.1 (Chloramphenicol) Sigma-Aldrich Pte Ltd., USA
5.2 (Erytromycin) Sigma-Aldrich Pte Ltd., USA



5.3
5.4
5.5
5.6
5.1
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(Penicillin G) Sigma-Aldrich Pte Ltd., USA
(Streptomycin) Bio Basic Inc., Canada
(Tetracycline) #a Fiuka Sigma-Aldrich Pte Ltd,
(Vancomycin) Bio Basic Inc., Canada
(Ampicillin) Bio Basic Inc., Canada

o Ao
6. E}l'ﬂﬂ"iﬂ!. HAZIATDIHD

6.1

ﬁru'm'?r’a (ncubator) fganni 37 TOKYO RIKAKIKAI

Co., Ltd., Japan

6.2
Japan
6.3
6.4
6.5
6.6
6.7
6.8
Germany
6.9
USA
6.10
6.11
6.12
6.13
6.14
Kingdom
6.15
6.16

witailsain¥odaonrmdn e (autocldVe) TOMMY Seiko Co., Ltd,,

(hot air oven) Memmert, Germany
drasiinauaugang i (vater bath) Memmert, Germany
wioeamadlunsa-  (pH meter) Orion Research Inc., USA

wioaiaziBon 2 A&D, Japan

WanadinziBea 4 ¢ Sartorius, Germany

l.ﬂ?lﬂuug i oen Tufuau n.i:!ﬁ uufrigerated centrifuge Eppendrof,
304 dadniaganiuuas (Spectrophotometer) Thermo Electron Co.,

3nasud i luTasman (microplate reader) BioTek, USA

(dialysis) Spectrum Medical. Industries Inc., USA
ot smsdionudls (reeze dryer) FTS Systems Inc., USA
w3naituFadiue (pcR maching) Techne, United Kingdom
CH ] (Gel documentation; gel doc) Uvitec Ltd., United

wiansinTouu Tasldnaznaldih clectroporation) Bio-Rad, USA

o ¥ n o @ Phg. k) F
T THI U NRTIZEHN QFHF ne
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I5Msnaasd

1. msanmdnosnmmaiullsllefinve s e Enterococcus faecium CE5-1
1.1 msnameunnummsalumnudensauazing
o E. faecium CES-1 MRS broth ﬁn‘ﬁqmuqﬁ 3/
24 d2Tue vimbni hkhuwisefinnwia 10,000 70UADUIR ﬁt}mﬂ.ﬂﬁ ]

10 vurann 1dndndemaaz o Tndounaa lsdnnndudy

0.85 (0.85% NaCl) 2 a¥1 lunsdimsfnuinisnudonsa nsadi
085% NaCl #fifiowmilu25 3.0
JinanivAsans ll.t'?’.‘l'l?lll.ﬂ‘].iuﬁ?}mhrlﬂ 37 2
$2Tu4 asnmmasoadialaniims dop plate ( Madureira e az, 2005)
TuvmzimsAnminsnudai® ahmadidnsdadaomiazats 0.85% NaCl
2 A% (phosphate buffer) 8.0 ol
(pencreatin) 1 findn3udedas uazihbdland st
(freeze dry) 1,35 7 alofidud udniliiu
31 6 42 Tua aseninissandiaTasisas drop plate
( Madureira et az., 2005)
nsfnumnrunsalunanusensauazhanuudeiios eluwadiduns
0.85%NaCl  2afaum 0.85% NaCl i
3.0 3 Hadnsudedns udnhhhiviigungi 37
2 i1 Tue mxminh llhfumSuasnasfinama 10,000
Ao Hgamai 4 10 Huowadinlddromsazan 0.85%
NaCl 2 s udninwadi 18

8.0 #ifonlwfumundeauanududu 1l Sadniudoing vazihhid lafdwnisiuts
7 ulofidud ﬁ1'].ﬂ'duﬁqm'uqﬁ 3
6 42 Tua asa9mimisseaninlasisna drop plate ( Madureira e az,
2005)
1.2 MINageuMIMumMuaee§yius
{650 £ faecium CE5-1 wiaiangu ENterococei #anml§iane (1514 8

MRS broth 24 H1Tue Mmsdenadouaazyialdndsinamad
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10° (CFU/mI) snmimateneml§iuzdieg 1d
Chloramphenicol, Erytromycin, Penicillin - G, Streptomycin, Tetracycline ~ Vancomycin
MRS broth TsffanudutuvesonlfFus gadiodang 0625 1,282
two-fold serial dilutions 100
96-well microtiter plate 1iuiourazyiiaiiiuasadsudu 10° CFUMI
100 'luTasdas aclumsazaoonliFuziifoninds o2 18 mawadga
10 CFU/mI li‘l'lﬂ'ljuﬁt!mﬂf_}ﬂ 3l 24 42Tuq Tams
Wiy Taoi I Sadm nuguiinnueaaidu 560 (ODy,) &aendag alicroplate

reader yira1i 18 lddnamonlodidudveanmsiugive U E R ER AL STHRE

2o OD&60 vy vugu — m ODEED won

A5t (ledigud) _ x 100
> OD660 Tuyr——

yanuguisyanliznoudisnnis MRS broth #ilufinisidue il i

100 1uTnsdns uaz@urandaamsnaaouiuiag 100

=

U éh ity =4 iﬂ. o uﬂ .ﬂy = -'dl

manudutudigavenlfiusionnsaduuionuaiiGoi ldnaney
(Minimal inhibitory - concentration; MIC) wuiwds avnmaiuduvesonlfiiusdrgan

wr ":' ﬁy ol o= -lﬂl | r =l ] % -'ﬂl
aunsadusudanuniiG o ldnaaeulduinadimTominu 9o n Tuvmznnsm

Aty umigaunand §Euziawisasd useuuniiTon lanaasy (Minimal

Bactericidal concentration; MBC) 96-well microtiter plate #1110 s
ouuniieil¥nameu1dunnhindeniify o MRS agar
udnhhhivigamgii 37 24-48 41 Tua udnsnmouningia
voaro Taud1 MBC 7l mi'!’fm’fuﬂﬂauﬂJﬁ%ﬁumhgﬁ%:ﬂmﬁim' Wonuafic o 14

( MRS agar 24-48
i T1)

3 (D’AImmo et at,
2007)
1, (susceptible) ~ MIC 8
2. (moderate resistant) ~ MIC
8 32
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3. (clinically resistant) ~ MIC 32

= | = e -:511.-
1.3 nanssumsdudayeanuanEenl¥naaey

e £ faecium CED-1 siasaluois MRS broth 5 fiaddns 1t lthiud

31 15 42Tus samburiifudoednnuga 10,000
ﬁﬁgnmqﬂ 4 10 w1 If'i’ﬁlrtﬂ"‘?;nlgli'Iﬂ?‘Uh#ﬂﬁlﬂ"ﬂﬁé
65-7.0 0.1 (0.1 N NaOH) rite

aaBninaveinsadurts uazih AR 95 serraiFun Meaadninavotlalasounled

(Hydrogen peroxide; H,0,) firasdatu sintiniidmdait 14 i linamoudansa
msdugiveanunme’ Towu Agar well diffusion assay

uaaluaui o0 mennsnaddonnsauduiniite L. ke SUDSP. sakei ICM1157

(indicator) 20 findians Feiidouuniitodufinne fau

10° CFU/ml 1'14ﬁq"1ﬂ.1fnﬁiﬁqw11f_:rﬁﬁm ﬂ'lmfumznqﬂﬁfuﬁuﬁmﬁ'uﬁﬂm41111;m 5

50 Tulasaas srmini lii

3 24 7 Tug i'ﬁ:ﬁupimﬁuﬁnmwmqﬂﬁﬁzﬁﬂﬁ'u

(Schillinger and Liicke, 1989, Ammor ez at., 2006)

. X . &
1.4 MINATOUANUANTOVDTUITIMAUIZTHINYO E. faecium CES-1 puiyenau
T
Enterococci iaaeilfiiuz

e £ faecium CES-1 wioiwangu Enterococc faoslfias (£ fuecalis

VanB £ gatlinarum \anC) MRS broth 24 41 Tua iundudod
MRS broth 200 10° CFU/m

tI'fllI-lqu‘rqmﬂqﬁ af 6 42 Tus win13s ﬂﬁ%?ﬂﬂk!dl%ﬂﬂt}'n

Enterococci ﬁ?:ﬂunlﬁ?ﬁmx (E. faecalis \laNB E. gallinarum \anC) drop

plate MRS agar i tetracycline 100

aanng ==nm’tif'uﬁ'lll'lhiuﬁt}ﬂi'nqﬁ 37 24-48 41Tua asaniiy

alty, -] ::-
nmaIuaaa e auauue1s MRS agar

=5 ar & = .:'q.‘ F A .
2. ﬂ't'a'ﬂﬂ‘H'lE]ﬂ&i‘lﬂ'Hﬂdﬁﬂﬂﬂ!!ﬂﬂ!ﬂﬂ‘ﬁiﬂ’l“"ﬂ laamye E faecium CE5S-1

e £, faecium CEb-1 wioaTuo s MRS broth 1,000

4 = d Eooln S
nomngil 37 15 42 Tws ;i lihfumissiinnwia 10,000
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=1

' - iy B, et o =
TouADuN Ngavnl 4 10 wd ahaauled TG gasuy

= a, g =y - w Ao . .o
a3 Todwiiosiy Taomadaunon Tudioudaanueldududa 60 mladiiug i hidun

= P M L a 4 - - o
4 nymwramon Hiu o Tl deae ez neunin11ui 1 10,000
W Nongii 4 10 17di azowaznoui ldaumsazaorlomla
5.0 (dialysis)
(Iyophilization)

d
2.1 EMIVATLHNINITINVBILUAMBS loBH 1A8IBNT Agar well diffusion assay

mama A s auua e L sakei SUDSP. saker JCMLL5T 20
fadans TG uadagahoniidy 100 CFUMI naita 13 ud dfigumgitas mimiune
5 (culture

Supernatant) 50 luTninas '-:l*lmfm?ﬁﬂﬁuﬁqﬂmqﬁ 37t

i w wo 1 & A e oA
24 47T unaea Tavms daduruguanatvosalamnaiu (Ammil e al,

2006) _ Arbitrary unit (AU/mI)
(AUmI) = = x 1000
o D Ao ﬁ'ﬂﬂn'mﬁﬂﬂ'uuquqrﬁ*ﬁfil“l|’ﬁﬁﬂ'm1ﬁ

CR- [T :- = =
2.2 Nﬂﬂli’)ﬂ!@ﬂl’l“ﬂuﬂi’)ﬁﬂﬂﬁﬁ&lﬂﬁﬂﬂﬂ&"ﬁa‘llﬂjﬂ!ﬂﬂ‘i‘iﬂﬂi'ﬂ

= T I £ 4 o
ﬁ&ﬁ]ﬂﬂzﬂ'ﬂulmm'ﬂEll‘iTtlfli"llﬂ‘ll'l'l'l.l'jt’!‘l'lﬁI.'IJ“EHI.'FIF'HT'I'IJi"l"1

75 dinadudu 1 proteinase K, trypsin, -

chymotrypsin, pronase E, o-amylase  lipase 1

lannn; 1i'|‘1-d1i-ui’.|qquﬂ 37 3 Tua
Tduindeailuizezia s RenssunsEusIveaLLRme3 Toau

Agar well diffusion assay
2.3 HAYDINIDFABNINITHUATIHUNI UAZANHUAIA IV WUAINDI 10T Y

o o e oy & .:l.:"I 3 a P
AzAouAmes lngunmuianidssdumazmelumsazamiviedoiniiay

glycine-HCI buffer fifiio 2.2 - 3.6 citric acid-sodium citrate
buffer o 3.0 - 6.2 phosphate buffer fifio 5.7 - 8.0 tris-HCI buffer
70-9.0 glycine-NaOH huffer it £.6 - 10.6 fina i 1

uanans 1 hhivngamgi 37 1 43 Tue vauzinmadnuaung
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ﬁ"mmu.'uﬂmﬂ"hﬁﬂ@m:ﬁuﬁt}ﬂmqﬂ 37 24 41 Tu
NANTTUM3 tTuEf' BTN Agar well diffusion assay
2.4 wamaaqmﬂgﬁdaﬁﬁnﬁumsﬁué’a HAZANNAIAIVOWUAINDS DT
ﬁEEﬂﬂﬂEﬂ“ﬂl!LI'LIﬂJ.'ﬁH?Iﬂ“?uﬁﬁ'!ﬂ?qﬂélﬁﬂﬂﬁltﬁlJﬁ' glycine-HCI buffer
3.0 phosphate buffer 6.5 glycine-NaOH buffer
8.6 Hnnmududu 1 fafnfudeiinfang 1?1"11|1}uﬁ53m11f‘}ﬁ 30, 40, 50, 60, 70, 80, 90
100 14T, ?I:qm'uf‘}ﬁ 110 20 Lmaﬁqmm_iﬂ
121 15 Ronssumstudaesnme’ TosuTs
Agar well diffusion assay
2.5 #aYRRUHHN UM IRUTNHIALANNAINIVDIUANDS 10T U

azavAzNoUULANGS loFu G gniiessuaumsa:  glycine-HCI buffer

30 phosphate buffer 6.5 glycine-NaOH buffer
86 finanndudu 1 Hadniudelinddas ﬁﬂ'lﬂ'lju"fd;qnl'l:gﬁ'ﬁuﬂa,ll -20
3 Renssuntsiudaeauame’ Tadu] Agar well
diffusion assay

2.6 wamsiudavenunfidavemunme3Toduild
AZAAZNDUNUN Ef"jTtl%n‘ﬁ%‘?uﬁqn%ﬁmﬁuﬁuﬁ'm‘-
6.5 a1 Ranssunstudivaaname’ ToduTs
Agar well diffusion assay Taslduuniiduiufimaes dumaslumai 12

= i o TR .
2.7 ﬂ'l"jﬁﬂH'Iﬂ'Eﬂﬂﬂ“Iﬂiﬂ'l'.iﬂllﬂﬂ‘lfﬂwl!Iﬂﬂ!ﬂﬂﬁiﬂﬁumﬂﬁﬂl'ﬁﬂ E. faecalis VanB

B0 E. faecalis \/ANB MRS broth 24 2T oo 14
MRS broth 50 10° CFU/ml
11'11'|J'dn1”fliqmm;]ﬁ 37 6 41 Tue mndduunmas Toduii
11?‘;:{11?11%»&51;21- 2,560 AU/ml i
37 Aumntiei Gk lSins s innisseaiiaveuie £ faecalis

VanB drop plate MRS agar

2.8 mﬁﬁnmmm}ﬁﬂuuﬂmwumn5nm‘lﬁﬂﬁmqnmmﬁﬁaﬂﬂﬂmu

B0 E. faecalis \/ANB MRS broth 24 2T oo 14
MRS broth 50 10° CFU/ml

i lluvgamni 37 6 %1 Tue SIRUMANILANES IoFuNI



A

U3 q’ﬂgrﬁmﬁ’um'l 2,560 AU/ml i
37 BarTuar  unismenadnnamda 10,000
souABIT Ngamgil 4 10 2 nf1 da
7.0 0.2 azauAznouEadn 1Any

1.0 0.2 Tuard thidehlindo (srear)

a'lad avmbhnialaan 141 fix (glutaraldehyde)
25 wladifud udnilddsheon (dehydrate) afinandudu 10, 30,
50, 70, 90 100 wlesidud awddy vimhudaaladi 1808 Tl a IAINGA

(critical-point drying; CPD)
(scanning electron  microscope; SEM) figudiadnsiiadnueand us

3. ﬂ'[‘iﬁ'lﬁ‘l!ﬁﬁ]u%!imﬁﬂ%H!IHFIE‘I‘!B%IB%H
i Tuiinadweieda 1dlasmBuiauaunsafawame Tadyu Taold Inswos
foonuuudanaasluaisiei s (Sompfovd e ar, 2008) PCR
25 (DNA template) Tag DNA polymerase
1.25 dNTP 0.1 luTas Tuarf Insweiieenuuy1dodias 02
10XPCR 2.5 sntuliulfnasgatiedanih
25 luTnsdns vl ldluindes BCR maching PCR 30

ANIZAIUATT N 4

Aai 4 an1azih CR dwiuasom ‘|ﬁuﬁﬂ'ru=f]m'ﬁﬁﬁ’“lqu'um'i1ﬂ‘ﬂﬂ-f&u
VuRa
EntA EntB,EntP  EntL50B  Entlla

1. 4 pee-Genaturation  95°C 5 9%5°C 5 94°C 5
2. A denaturation 9%5°C 30 9%5°C 30 %°C 1
3. annealing 58°C 30 5°C 30 51°C 40
4, 4 E<tention 72°C 30 72°C 30 72°C 3
5. s postextention  72°C 5 72°C 5 72°C 10
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asrvaounaniaaii 1d0nnai PCR (PCR product) agarose  gel
electrophoresis

- [ del & ar a1 A e Ea
ATTTN 5 ].'I-'lﬁlllﬂ']'i"i:].'#ﬂll'l'i‘].f'l'i IEI'!».!,'I"I'FT}'H‘I"_]'jJr"I 1'.TT3T"'JL"NHIJ'F'I|."|1EI'.iTiFJ"]f'H

EntA F 5-GGTACCACTCATAGTGGAAA-3
R 5-CCCTGGAATTGCTCCACCTAA-3
EntB F 5-GCTACGCGTTCATATGGTAAT-3
R 5-TCCTGCAATATTCTCTTTAGC-3
EntP F 5-CAAAATGTAAAAGAATTAAGATCG-3
R 5-AGAGTATACATTTGCTAACCC-3
EntL50B F 5-ATGGGAGCAATCGCAAAATTA-3
R 5-TAGCCATTTTTCAATTTGATC-3
Entlla F 5-TAYGGIAAYGGIGTITAYTG-3
R 5-CYTCDATNGCRTTRTC-3

e c’. ¥ = =
4. ﬂ'l“éiﬂﬂ‘l—iﬂ‘l-!i’lﬁ]i.!ﬁlﬂﬂ'l‘iﬂ‘iN!.Iﬂﬂ!ﬂﬂ‘ﬂﬁ‘“'t—l

4.1 MIaNAIUNNAOUID (genomic DNA) INUUANISE

nouyenunGe £ faecium CES-1 MRS broth b findans vun
37 24 43T i lihiTum e sene newaadnn1uG )
10,000 souanui Ngmmngii 4 10 wait shmznowmadan 141l

Geneaid  aanals=meldn Ty vimiuar s ooy
aan iz name @i mei 14dn agarose gel electrophoresis
42 maftudnauiuin IWAMMITTINUAMBE3 13U enr A AINUNALA PCR
Tnsmoin 14 lunrsfneiu enh ﬁﬂ‘l'ﬂﬂuﬂ'lﬁ ainuamas oy
Ent-F1 5= CTGGAATTCATGACCACTCATAG-3*
Ent-R1 5’- TATGGATCCTTAGCACTTCCCT-3'
- Taun GAATTC
EeoRl =i GGATCC

BamHl vz iddnusamnuaasdnive st codon
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AV L. - A = & ool
nimfu iy e Anugumariiauameiledu  TaoldInsmain

PCR 25 (DNA
template) Tag DNA polymerase 1.25 dNTP 0.1
{Roonuun1dotieng .2 10X PCR 25
nmhulfinfinasgatodehilif1d 25 Wlasias gl ldlumdes PCR
system Pre PCR fiaimiqii o4 5
PCR 30 (Denaturation fgaingi od 0,
Annealing finaimaii 46 30 Extention #igaimgii 72
30 ), Post PCR 'f:lE]'r'll“ri{]ﬂ 72 5
Cooling finarmnii 4 nnituasnaeuRAaTasih e eCR (PCR

product) 1%¢ﬁ$§ﬂﬂﬂlﬂ‘lﬂllﬂ$ﬁi] Ao 14d 075015 agar0se gl electrophoresis
smamondiue i NN agdiose gel RBC
43 maouRoRBUeRIETY vector
PCR product fi1dvindn 42 wihnisisoudaiumaraia pGEME-T

Promega anilszmaouing (nwit 51 Tanladudiduie | (50 )

pGEM®-T 1 2X ligation 5 T4 DNA ligase

%

1 lulnsans ﬁﬁﬂﬁuﬁqmﬂgu 4

- | ! ki

So 1890 .~ — e Ml 2707 1 &ta
P e o f [ Apal ] 14
o F y Aatll 20
£ 1 e \ '\ / Sohl 26
[ ,W_; / BatZl | 31
! [ T f Mec ar
[ . o T f B=tZ 3
| | Armp Mot A3
| pGEM*-T Easy vl I'_T(\ Sapll | 40
. Vector " .| EcoFt | 52
II |II (3050 { Ill'll_'—- -1 : "
| J Spnl K
Ecofi i
hodt Fid
\ o=zt | 77
Pstl BA
1 Sall By
Nidel a7
\ | Sacl 108

Rexi 1 =

l=il ) %

\ £

T = g

I S pGEM®-T
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- &= X
4.4 REIATHURADU Hlﬂuﬁllqﬂﬁlﬂlﬂi!ﬁﬂ E. coli IM109

oo £ cor IM109 LB broth figaingii 37 assuwaifue sunsziaIdan
03-05 T e Fuszozam 30 wif Tamsazaimien 16
15 (microcentrifuge tube) 15
Tundsaemznoumadnniudi 40005 aud ﬁﬂ_ﬂl‘!’!j‘]ﬁ 4
10 it hinznaaadi 1dazaelumaazans ice-cold MgCl,-CaCl, 900
hilaninds fuszozna 30 wdnhlihhudeseweznemsadinimda 4,000 7
ABuTH ﬁamﬁqﬁ 4 10 haznoumadin 1dazaiely

0.1 Miice-cold CaCl, 50

4 = = d = w1 . Yy v v
4.5 ﬂ'['iﬂ?iﬁﬂ“l—!"iﬂﬂil‘l]ll“‘l—!l’l“ﬁ1ﬁ3-lﬁlﬂ1g!'ﬁﬂ E. coli IM109 Iﬂﬂﬂ]iﬂﬁ%(ﬂﬂﬂ?ﬂﬂ?]uiﬂu

(heat shock)

ineuiinninanadiaf ldninde 43 yimuivadveuie £ col

IM109 140 nda 4.4 1 lihiufgangii 42 45-50
Tluglminduiud duszozna 2 SOC  medium 950
luTnsans ﬁ'l'lﬂﬁ'uﬁqﬂmqﬁ 3/ 15 4Tus i Thnde (spread)
LB agar ftfiunsiigauarmndudi 100 IPTG 0.5

X-gal 80 'luTnsnsudodianans 1 liufgangd 37
16-20 41 Tus asraaouTnauil 18513 aeutimminaaia Tamden TnTalifi i

(blue/white colony screening) colony PCR

4.6 MSANFINMIHNGUTINTD INAVDIEY entA
o = B = F & A "
Wi laaun lasuiaouinuunnaaian 1dvnte 4.9
Geneaid

dauiindlaTng uazshmanSoudoududduiiong Te lnaniiedlugmdeya enBank

- ¥ ag o
5. ﬁ"l'il.!.i!ﬂﬂﬂﬁﬁ'!lﬁiﬂ“‘ﬂFI?HF.lNﬂ'I‘iH‘i'Iw‘IH.UﬁITiBE.E"h"H

Y ¢ o
5.1 ﬂ]iﬂﬂﬁ?ﬂ!ﬂ‘lﬂ“ﬂuﬂﬂ%“W'l%

i nouiiinaeiiafi 1dends 46 pBS-1dhGFP (expression vector)
(ﬂ'lﬂ?ll 6 BamH EcoR| 10
10 Tango 4

pinmisdnffasgadedaei 114 20 i lhiuigaimgil 37



2 1 Tua wyailfiTeneamaii 8¢
=y s s o
ATINTBUHAAN AT JADINMTARA"

agarose gel electrophoresis

L= Ha
|

LA lch |
'
|

[ |
)
pramzi! |

1
0
|I|I| II
..1!1I I-' II

il
e y .il.I DI
Lalhd ]

P |

A = LR
'.I.llll &
By T (M55 X gl SEFP
! ; 3 5 ¥

Dt RN ETEE|

e
! |.;_1.-.4!!|'_.__________.f.__§;%:§

= A DTy

£ . enFPR
I g
TALREMEFERMEEE Jitt . T COFIAmEN
T e
K8 Smerse .--"l,:F T Senzimgpss |
M= £ St
| acs pramas "l"{»\-.. BT SR R S L
CelC1 & u ¥ 3 z oot PP ey
| sBs LDE GFRE
|| et ] W HesHT T 4—
3331 I R
i - <. TT prinerprames
f"e,.. RS Unlve sal
-':-'._ “ -l
& R
2y I L P43 orlgin
amp’
-
NN 6 pBS-IdhGFP

BamHl EcoRl

3,932 bp szneudrutiudomlioue amplicillin (amp)
(GFP)

Lactococcus lactis IdhL
- i'mmlﬁnﬁﬁ'uq a*r1u'1ﬁf.}i#1nfm‘;ﬁ11ﬁﬂ'|ﬂ netp:/www.addgene.org/2 7170/

5.2 M3WOUABEY ent NIATUNAGTA pBS-IdhGFP

ent #ldnnda 5.1 wnhmndoudedunaiaiia pBS-IdhGFP
e et
FURBUOUBITU ens

1 (50 ) pBS-dhGFP L

2X ligation 5 T4 DNA ligase 1 TuTasdns b lhiuiigaingii

5.3 MaEoNneNIMUIYad e E, coli DH5O
oo £ coli DHYA LB broth figaimgii 37 samumaniuer sunsziie lda
0.3-0.5 1y i Fluszezem 30 wi tnlamsazaowan 14

51
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15 (microcentrifuge tube) 15

fundeaemznowaadinnuda 4,000 soudoui ﬁgtm'n.ﬂﬁ 4

10 i shagnouaadn ldazmnlumsazas ice-cold MgCl,-CaCl, 900

g duszezom 3 ednhhhusdesemzneusadinnmuda 4,000 7

ABUIN ﬁqm 4 10 haznowmasn 1dazaroly
0.1 M ice-cold CaCl, 50

&
5.4 matwlowineuduuunmmaliondngi¥e £ coli DHSO Taamsnszqualonnudou

(heat shock)
] Y ' . ) & oy S Ca :t:p
H']ﬁﬂﬂullil'll'llﬂ'ﬁﬁ'lﬁﬂﬂﬂ‘].ﬁﬂ'lﬂ"liﬂ 22 F#ﬁl]lﬁl']ﬂﬂi’lﬂuﬂl'ﬂuﬂ!“ﬁﬁlﬁ"ﬂﬂwﬂ‘ﬂ'ﬂ £ coli
DHSa i ldminda 2.3 si liviganigii 42 45-50
Tlua i daius Suszozaa 2 SOC  medium 950
TuTasaias v lldungumai 37 1.5 4 Tue i hihn@ouuemas

LB agar sillweusizauanuduan 100 Tulnsniudeiiadaas i lihivfigungi 37
16-20 42 Tua areaeuTIanuin lduTaouiinuuinmoia lanly
colony PCR  saninnirTnauii 14515 naniinud naiadia
Geneaid
a & IR T = o a =1 [ T T e el e '
Wnszimdduiiong To Ind vazihimanBeuifeududduiing To Inaniioglug edoya

GenBank

d ¢ 4
5.5 MSAIBNADNNNUNBAAVDUYD Lactococcus lactis subsp. cremoris JCM16167

(O L. actis SUDSP. cremoris JOM16167 SGM17broth ( M17 broth
ﬁ'dﬁzﬁmuﬁ'ﬁuﬁ'lmanqiﬁﬁ 0.5 nlofidud “Li’l?l“iﬁ‘l'ﬂﬁiﬁ 0.9 1 )
100 fiadans vuluaaiz¥ornme fgamgii 30 24

de _— X - o o ' e s o
1 Tue M M TusiGeuemz nawmaann 1157 4,000 T00ADUN Nounail 4

¥ "

10 waii dreaznammaddanmsazaiohilfieds (washing  solution)
sz nﬂuﬁ’qné"lﬂmrg'[am 0.9 10 nloddud siniimhnznowsadn 14
washing solution 1
5.6 n‘tiiimTaﬁmmﬁuuuﬁwmnﬁmﬁujnﬁn L. lactis subsp. cremoris JCM16167 1ag 35
electroporation

=] ay ' & AW N B oy g o g
WirnsulnuuAnmaian ldante 54 sauiiunouimuimaaue atn L lacris

SUbSp. cremoris  JCM16167 ‘iéihlﬁ)i]‘lﬂflﬂ 3.5



53

(electroporation) Holo  Nes (1989) TﬁUﬂﬁﬁauﬁawum{;mnﬁ’mwﬁa L. lactis
SUDSP. cremoris JCM16167 fudsi3 nonfinunsinataiia aslu cectroporation cuvettes (

ay =y o W 1 :I 4 a Ll A l‘ﬁ
2 fianwas) i Tdug i g Suszezoar 30 win udni hlawiudamnies BlO-

RAD Gene Pulser |1 Electroporation 2.0 25
200 Toriu imfusinenns SGMITMC  broth (
SGM17 broth filsznaudas MgCl, 20 CaCl, 2 findTuad) i llus iy

5w udrSah Tl luan1az Wanw figangi 30
34 Tus i lhnReuuenns Mi7 agar ffuouidaua ittt 100
linnnng ﬂﬂ]]'ﬂuﬁﬂﬂlﬂ.ﬂﬁ 30 48-72 #1Tue asanmen Tnaui
colony PCR arniuif Tnauii 153 aouiiny
Geneaid

a2 ™ A
6. mannduinIugunsuaaeentuamesuladuluie £ faecium CE5-1 (wide-type
strain)

6.1 MIANAIUNNADUIBINULANISE

- 4 ] oy e
oAU ouUAGs £ frecium CED-1 MRS broth b fiadans vui
37 24 47 Twa i lhiTunssemenowaaann i
10,000 soudewIi fganni 4 10 il shmgnowadn 1411

Geneaid  aantlszmeldn Ty srmiuas1eaou
aan iz name @i mei 14dn agarose gel electrophoresis

6.2 M1IHIEH NaIUn UM TR LAIND T DY Y

i TufindidwenadaldllasemBuiinuaunis e auames Todu TaoldIns
weisenuuudaaalua1s i 6uaznng 7 PCR 25
Tag DNA polymerase 1.25 dNTP
0.1 luTasTuand Inswosiosnuundodrins 0.2
10X PCR 25 antiliunfunasgatiodani g 25
iwiand PCR system Pre PCR finausqii 94 10
PCR 30 (Denaturation finaimnii 94 1
 Annealing fioamaii 59 1, Extention fipaingii 72

3 ), Post PCR finarmqii 72 10
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Cooling ﬁt‘gﬂmgﬂ 4 iniaTnaounaatuii 1danniai PCR 1
szdugmamuaslFiaesiduei 1ddo garose gel electrophoresis antondid e
13 gnsan ajarose gel RBC PCR product 14

I1ﬁ'ﬁﬂﬂ;ﬂ'll
GenBank

2

a5 6 Iwswesnldfmsuasemitunm UANNITE 1IUAMeT Tody

P1 F 5-GAAATTGGAAGAACTGCTGGA-3 MsnARBIRTai
P5 F 5-TGCCCCAGAAAAAGTAGTGC-3 MsnARDIATaT
P11 F 5-GTTGTTTTGAGGGAAGGAGGA-3 MsnARDIATaT
P13 F 5-TCTCGTTTTCTTGATGCCAGT-3 MsnARDIATaT
P16 F 5-CGATGTGTTGGTTAGATTGGA-3 MINARDIAT L
P17 F 5-TCAGGAGGGGATCTCTTGATT-3 MINARDIAT L
P4 R 5-CTTGCTTTGGTCGGAATTGT-3 MINARDIAT L
P10 R 5-CCCCTGATTTTCTCGTAGCA-3 MINARDIAT L
P14 R 5-CTGTCATCCGTTGAAAACAAA-3 MEnARnans il
P9 R 5-CTTCTAAGCTTTCTTCTGTGATTTC-3  O’Keeffe er ar. (1999)
P18 R 5-TCCTCCTTCCCTCAAAACAA-3 MINARDIAT L
(enry B (enfit) T 250 287, tenft)y WA
(entd) B8, {enr1) T 635 aa -
Cimdine Ay YT

Centiy T 55 - [

" Fil B3 13 F1g
-y - - [ w—p
Lie-gi L TTH U AR (i 1], RISl N BTl Wl PR ETEE b o U S o vl G w8 4 B tr Aot ATAB W B P dver il e e a o Boer I EIWIJ
= - - -
P4 riz Pin Pl PO

= & g ' i ¥ o
nmwnm 7 LHHEHIA T UINITI U 1“'3!'”3'.1'1’]'\':_1?}“1.!1]“
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unii 3

HanNINaaoy

A = i

1. msanmdnenmmniuldsluTofinveu¥e Enterococcus faecium CE5-1

1.1 managsuANuanNsalumInuAsnIALazIng

(gastrointestinal tract)
s = A - a 2 . W wa 5 W7 1
HABABTHIT T2 NTzMza5 e nazinzuavionu 1 lddn 168 &1 18w gnas
= W A 1 [ PR Y 1 o & & e s -
ihudu yawanzdiudiuiisninodomsreatiiaueavanuniiGouanan Tasinnizod 1o
Tudvmeanszmzemmsiianzanuiuns ( 2.719-3.54) (krdl et ar,
= A T on Y .

2012) awuaidodinlua ligunsaniay 1dluanzanwiuns  (Lin er ar, 2006)
venanind ludrvesnszmzonnadiioulainhly  dhueulniflaamni@El

' e & ' o 4 v w o PR
misgeslilsay maanione linan nuemnsaemiuraaue G 14

wan1InagsunIInuaanianmoy 2.5, 3.0 1.0
oy ay far [] =y J 1 .E’III
JunaniuAnans upaxe £ faecium CES-1 wuiwwa £ faecium CES-1

aonsa ldluszaualuiieaiuinnd 3.0 TasldfGinamssea¥iave uieminu 9.38 log
CFUImI nowdamistuiamnqii 37 2 91Ty vmznmox 1.5
10 £ Sfaecium CE5-1

a v a & o
vouominy 7.46 log CFUMI @waaasainGudualszua 2 10g CFUMI

82 wlodidud (mra1ei 1) Sasiiude £ faecium CES-1

L]
=}

ATAnTieY 2,

4 < Ay A "y w 1 4 = e o W
vouwpomduiuld iesnnmssgiunuszn ugogduniddus s iauad T

o

misesuriasienlumidosdudninaninnsalunszimiz 14
Ao lunsnudonsavesaiiGessiuagiufnssuvoney  H-ATPase

(cytoplasmic membrane) vouiagduyiid wiiauns
L%ﬂqﬁmﬁﬁa'lmﬁﬁ.clfﬁﬁuu uaz a1z lunsuy (Hood and Zoitola, 1988; Charteris ez as.,
1998; Wang er ar., 1999; Zarate e 2., 2000; Huang and Adams, 2004)

o Ll A r - ] -
1i.#l.i:"| ﬂ[ﬁu TIHUEIVEATZUUNTUAUD TV ITNAD TN T IUUDINTEIWIZOINIT U

5.7-84 ( , 2544) wa auInit

i1
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| v & = ¥ Pl o E s b l oy - a
ey lﬁﬂlﬁ'ﬂ'm‘ﬁu'ﬁllﬂﬁmﬂﬁ Iﬂﬂtﬂ“'l:’ﬂﬂ'ﬂﬂﬂl'lﬂﬂﬂﬂﬁﬁqﬂﬂﬂ'ﬂ"IL“'EI’E'I"I‘:EﬁIl“leH!.‘FI 197

.

| '

unztridinhilds vennnihafiuadensseadsave e ouandnlud 1fidns
(Park ez az., 1998; Hosseini et az., 2009) dieanimndernasailunsmiariianiia v
WidouwodvowuniiGndsTaons TlazoreluivTuduveaTassad o T
wuﬂﬂﬁmmﬂﬁﬁmﬂﬁlﬁﬁrrﬁ wonepnv AL DaiIaed nududurenhalu e
ndesfimsnffounlastuagduaigues1d uazernsi s 185w I @win e ar, 2007)
gnfumsnanasnsaiisemnsravesBnanmdutuvenialidenissaaiiaveuio
E. faccium CE5-1 99nHan1snansanui 1o £ faecium CE5-1
anmeiaaswesrzuui 1danve 1 vennniidirnsanudenudutuvashdi 1,
3.5  Tulefdud Tasliifinanissea¥invouteniiiy 9.16,9.39,9.27  9.14log
CFUMI audrdy sauaaslumsiait 7 masoasSaveusauuaiiieluanududuye
haluFinageg maitesnannisuaaeTad vile salt hydrolase (BSH) #afumuinlu
miationnsahauaziilifadlufiuaans (Moser and Savage, 2001; Taranto e az., 2006)
AR NUABRTANAL AL IR B aadaMT5aRTIAva T £ faecium CED-
1 I"I"LI'J:?I%EI E. faecium CE5-1
mudusmizvedlild Tasli3 s seaiiave udoniiit 8.78 log CFU/MI
sinzomsuazd1 1ddnveslnuuudaiies dadufudeds

ﬁﬂﬁuﬁ'ﬁtﬂlﬂﬂﬂﬂﬂﬁﬁﬁﬁ



- = . A i
ATTHN 7T MNTTOATIAVDIND Enterococcus faecium CE5-1

o/

mssoatrinveada (10 CFUMI)

0 . 2 . 0 3 6h
pH 7.0 9.1410.10 9.3810.04 -+
pH 3.0 9.1810.08 9.3810.04
pH 2.5 9.14£0.09 1.4620.08 - - -
araduturandiali 0 - 8.93£0.05 9.04£0.03 9.06£0.02
( ) 1 8.7310.11 9.20£0.13 9.16£0.02
3 9.3240.03 9.45£0.03 9.39£0.03
5 9.47£0.03 9.3910.04 9.27£0.02
I - - 9.4110.04 9.2810.02 9.14£0.03
ATMATELILYABILDY *x 9.2540.02 9.36£0.05 9.36£0.05 9.44+0.02 9.4240.01
1% FCB 9.2810.03 9.21£0.01 9.21£0.01 8.8410.07 8.7810.06
*
*oysiyuudeiies dnnluanznsaniiey 20 3 fiou lasfumuadodunndudu 1
HndnfuAnaas uasfihd lnadunstudauesidenuds (FCB) 1 8.0

LS
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1.2 MINagouMIMuMuaaen§yius
mﬁ-ﬁﬂumnﬁaﬂ'ﬂn'njfﬁmwammamuﬂ Culeimnidfiddidgaons
duTs luTedniia uﬁ‘:rmunﬁﬁmmﬂﬂﬂﬂﬂdwrg&'::.L!Jum’gmmuuﬂmmﬂuﬂﬁmm
asiluTus luTedniia Erthulhﬁmm%ﬂm’jn ENterococc %Jﬁﬁ!ﬂuﬂfj:mlﬂdll'ﬁﬁﬁﬁ'mmﬂ
an wemeiugmiumoiugineTsadug 1 u Tsaauialasae endocarditis)
Tafiafludfivanidenunfice (bacteraemia) TinAadavoamiaduilamaz (urinary tract)

Tsadaielwdnnisausniiia (neonatal) Tsn daoluszuulszamauna: (central

nervous system) (Franz et azr., 1999) uanainiliinndu EnterdC0CC] dniiummiugi
gﬂﬁaﬂulﬂ%'mmm'mq SATCRE T (aminoglycoside)

(glycopeptide) (MLS antibiotics asilsznoudaouuninglad

(macrolide) (lincosamide) (streptogramin of the B

type)) (Chloramphenicol) (Tetracycline) (quinolone)

(oxazolidinone) (everninomicin) (Klare er az.,

2003) wonwiniliFendu ENErOCOCE] ﬁ'ﬁﬂ'numunn’l.uﬂmimmﬁﬁuﬁfﬂu

| . ey A g e A & oo v a’ :t‘ e
UgFue higyaunidwiiaou orwflugugilififansuwinsznove ulieaeonl jius
4 3 . :
it 18 (Klard er ar., 2003; Abriouel er az., 2005)

] ..‘r ! - H ! In‘jI 1 oy e I ]
vinmanansanuiwrengy ENerococel Tanaauluajandnsnlfiauz Tdun

PINATNABBITINUTUYE  E faecalis VanB E.
gallinarum  VaNC Lﬁuﬁfaﬂnﬂmmuwﬂﬂﬂumdﬁmuﬂnmmﬂum manoulung
4 ot sy
Tamanizad 98310 £ faecatis VANB Aflammnizaedonmn pE14In HiohIin
= . H H o A AF o )
Tude vancomycin-resistant enterococci (VRE) idhwiwaiaadoml§iuguiu
i é A 1 i ! d‘r T ﬂ:.. L i'.l':d
pnlfFuziug naroyiia Tasaiulngiwelungy VRE szdfudonanTonaludilohi
I 1 ] L [T =) !:' 1) 3 3 Lal=] =y ﬂl llé (=]
Jumwdouis Hildonaonsinm danamnezinmdosIdonl §rue viiaduiadinm

- . W 1 1 ; 1 A4
wna 0 lungu VRE wuldvia ) wiu Tsawenna Ta dludu TasmmzTulanuaely

VRE Robredo (2000) wusiongu VRE

Tusetasdnsusinnla Uszneudands £ duran (11 ) E. fuecalis (10 )
| a‘j‘ o A

E. faecium (10 ) E hirae (2 ToTaan) ennquoamisaoo TunuaiiGonan

e £ (] A [ e v v £ A R |
gitaluhiwaesIn omdisunanmslsenl jrouzeduminarglumshimneddn vie
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(Apata, 2009)
amy e ] j :’l‘ 1 amy n v o a’ : =
Uy dwmalinuyeasdormaiowiialuli edralsnain®o £ faecium CES-1 wausn
" ﬁ’ = 5 r.'l..l d a W g )
1rvedIninuiiasninnisnaaesaiail e dnareunisaeden
oy ol n J‘ = . e lﬂ. u’al l; ﬂl
U us wudnio £ faecium CES-1finnmTadomilfimeildluniinasounisiide
=) [ n.‘i' n - . d.l i:: i 3 ] J
affowioududendy ENterococci auq ildnanoudioiu naaaliiiuinie £ faccium

CE5-1 avads ot ifhade s luTednlunsiaes 1818
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AN 8 pad el fEe hudeagy EAerococci

( )

MIC®  MBC" MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
E. faecium 139 10 320 1.25 40 1.25 5 80 160 <0625 40 1.25 40
E. faecium 114 80 1,282 5 40 20 20 >1282 >1282 160 >1282 25 80
E. faecium 348 80  >1282 25 80 10 40 >1282 >1282 >1282 >1282 125 40
E. faecelis \/anB 80 80 320 >1282 10 80 1282 >1282 40 >1282 160  >1282
E. gallinarum \/anC 160 >1282 160 >1282 10 0 >1282 >1282 80  >1282 10 80
E. faecium CES-1 10 320 2.5 40 1.25 2.5 320 640 <0625 40 1.25 40

)

“MIC (minimum inhibitory concentration) fe armudududigavesonlfFmsfinunsadudin 13Lﬂfjtym'ﬂuﬁ§aﬁ;ﬁulﬁﬁ
" MBC (minimum bactericidal concentration) fie avudfudumaavesenfius fonnsasiuiegiuid
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= s :.- J e 3
1.3 ﬂ'i]ﬁ'.i?llﬂ'l?ﬂut”l'\iﬁllﬂﬂ“!ﬁﬁm%ﬂﬂﬂﬂu
sinminansanumsazaiwdulai ldnne £ faecium CES-1 firhumsusudi
=, r -:- J ol o r
6.5-7.0 (culture supernatant; CS) uaasfsnssunisdudusonuniiiolus

(narrow spectrum) CS 9101¥0 £ faecium CES-1 fifonssunisduh
Lflr?:'!rl'l!ﬂ?;fu“llﬂJ}LElIi’tﬁlTjﬂl[ﬂﬂﬁﬂ waznuafiGounsuuanuavia 1dud e
Enterococci , P. pentosaceus 3CE2T, L. sakei SUDSP. sakei JCM1157 L
monocytogenes DMST17303 CS 9wie £ faecium CES-1

- o 1.

nanssulumsdutudn 8. cereus DMST5040, L. plantarum D63M3, P. pentosaceus
== o i:;. -r:'.ln i:l"I

DMST18752, 5. aureus DMST8840 unsnuniiti sunsuaunnaioviuginldluninanoaniai

M. = o ] & d A e
n13 1111‘1'!]!‘11]\’1'5 TUHMTHUDIN UMD i.ll..l.ﬁ'jllEI'UﬂEILﬂul‘iEN'IJﬂFIﬂﬂ

Rehaiem (2010) #nwifenssunisiudavesmiaazato CS a1mie £ faecium
A& o e B at
MMRA CS armitia £ faecium MMRA Bifanssunisdugiromoiuguo
lﬂy 1 ' =y w ::l L] d’.‘l
VA8 Lactobacillus, Leuconostoc, Enterococcus Listeria WA LUWURINTIUNITOUUIAOIYD

! = w l\ﬂ L dt’ll o el
(Hafnia, Serratia E. coli) M3 lununanssumsduginuyauuaiGe
A y " ey = ' - o &
unsuauBINie N iqueuia lumsdud e juruuanveuyaa QUEEr
A , 1
membrane) (Jack er az,, 1995) disannlunisnanoanud CS a1ni¥0 £ fuecium

= Wy . g
CE5-1 wasfanssumaduosgaaaanie L. sakei SUDSP. sakei JCM115T Aniulumananas

W
[

-8 4 & A a s B
s udenlive L sakei SUDSP. sakei JCML15T Fhuiodudmmeidmiunisiananisy

¥
=T

r ‘ X - v &

uanTINIE MU IETaz a0 €S 910 £ faecium CED-1 umasfanisunisdugiae
Ao lunguuauie Enter0COCCH aoananlGFuz 1dun £ faecium 114, E. faccium 348, E.
gallinarum \anC E. faecalis \[anB sduiiie £ faecium 139

J | =T o :l . llﬂ."I
CS 9 1md E. faecium CES-1 hiifinanssumatuniamdo £ faecium CES-1
o e |/ | oy e A4 = o =

wufTnssuMIsusne ksl uiananmuee luresausenndanunmos To
B tieaan lagdnado e ames TeruuonInaenuouNAILRLMITHGALININGT

Todu dynuduiinoydoanugiidmig w5e immunity gene of bacteriocin

W

[

afaii luGasfinmimsuaasoenuesBufiniugunisads aterocin A ( 5) e £
faecium CE5-1 181kansadu ndndeassonubuiinauguaisatis enterocin A
enterocin A immunity gene i 1& 010 £ faecium CE5-1
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sy 5 -'-.;. L] I‘;I n!:'
nngarmutianian ldwuhmsazate ¢S fldnndo £ gecium CE5-1
il lumsauqumasiguaayelunguue e ENErococc finodonl{saus iva

U n‘.il = ! L3 ! g r fa =
AANIIUNTNTZ LB UTDAINA1 W 1T I8 1A TUATUNINTZ 0 1URINTADA EIU']'F_J[]‘II’J'L!

1.4 mﬁ'ﬂﬂnnummmuﬁﬂhaﬁﬂﬁ!uﬁ’m:ﬂimﬁﬂ E. faecium CE5-1 ﬁ'm%am;im
Enterococci ﬁﬁamﬂfﬁ:uz
ﬁ‘liﬁﬂﬂ'm'I'jmiHlf‘llqﬁuﬂ'Tiiﬁ]?jm‘i“’ﬂ';:H.l%E E. fuecium CE5-1 fifiammnialums
enterocin A ﬁ‘mé’andn Enterococci ﬁgﬂmﬂﬁ%'mﬁ (E. faecalis \anB E.
gallinarum VanC) MRS broth 200 ﬂuﬁé}ﬂi'ﬂ{}ﬁ 37
24 42 Tug nerasnadanind 8 a]'mm‘mﬁﬁaumri’:mm'%fgwagﬂ E. faecalis
VanB  E galtinarum VanC 12 41 Tuawnanisty Taons
6.68  6.76 429 431 log CFU/MmI
12 42Tus muadaazannsadisdig minaaedlundaiinetuilunisinu
afasnlumsinonde s TuTodnd 1duieo £ faecium CED-1
L*ﬁﬂﬂﬁju ENterococci ﬁgﬂmﬂﬁ%m: éﬂﬂﬂﬁ‘]ﬂhfﬁd'nﬁﬁhﬁﬁhuuwzzg:«lnfuﬂ“ﬁﬁ'uﬂ'
msaiai Idnndenioende Ts Tudn 19 lunsmuguuuaiidofine iifalsn
(pathogens) % aradisiliarmisuiuie (food spoilage) Rehaiem (2010)
hasazmed oo £ faecium MMRA uﬂmﬁm‘,waaﬁ’a L. ivanovii
BUGA6 Tuwmzii Todorov  Dicks (2009) finwin1s 14e £ mundri STASA
ﬂ'l‘ii‘ﬁﬂ:laﬁm\uﬁ;‘ﬂ L. innocua LMG 13568 Hﬂ*jﬂléﬂL innocua LMG 13568
4,8x10° CFUmI 20x10% CFUIMI mamdsnisiaoadiudiuszos e 32 42T
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- = L o U = i &
AT Y ﬂ’IJH'I'iLli1']'it|l|-ﬂ~tﬁﬂ‘.‘lﬂ'llﬂlﬂlﬂﬁl'j'ﬂiﬂwlﬁ‘]ﬁﬂﬁ'ﬁ!'ltlﬁ*.!'ll-llf’l"l .['g‘i]'lﬂ.l"liﬂ ff._."f’:ecium CE5'1

agar well diffusion assay

wrmnalioiieyiod e 6.5-7.0

P e &
IHORHAFALIATT

= .
SR R P T

e
TEUUDANVTELE

(

)

Bacillus cereus DMST5040
Enterococcus durans 320
Enterococcus faecalis 2L.24
Enterococcus faecalis \|aNB*
Enterococcus faecium 139
Enterococcus faecium 114*
Enterococcus faecium 348*
Enterococcus faecium 4513
Enterococcus faecium 8516
Enterococcus faecium CED-1
Enterococcus faecium LT-45
Enterococcus gallinarum \[aNC*
Escherichia coli DMST4212
Lactobacillus plantarum DOSM3
Lactobacillus sakei SUDSP. sakei JCM1157
Listeria monocytogenes DMST17303
Pediococcus pentosaceus SCE2T
Pediococcus pentosaceus DMST18752
Salmonella TYphimurium DMST16809
Salmonella ENteritidis DMST15676
Staphylococcus aureus DMST8840
Vibrio parahaemolyticus DMST5665

DMST
Qur strain collection
Qur strain collection
cU
cU
cU
cU
Qur strain collection
Qur strain collection
Qur strain collection
Qur strain collection
cu
DMST
Qur strain collection
JCM
DMST
QOur strain collection
DMST
DMST
DMST
DMST
DMST

O O O O

0

EE ] A H rlld‘; i j W oa's 3 £ A - ,; b 1] A
* o lunguusu®a Ente0COCCH Hﬁﬂ!rmullh_“]-‘.f‘.u-.-.|'§]|:il.-‘||§1r£".=‘|-fl waviRemvaa¥aliaemadhii Taoawi wile

** DMST: Department of Medical Sciences; CU: The WHO Global Salm-Surv Regional Centre of Excellence: South-East Asia
and Western Pacific, Faculty of Veterinary Science, Chulalongkom University, Thailand; JCM: Japan Collection of

Microorganisms.
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19
H |
o o ——— l—-——'t—___—_!? -_T!
i A fires i g -
= S 3 .-.-Yfi'f’
2
E - '
U A
o o
= o o
) “
E 5 &,
g =
= B
2 A
: A —
B 2
TE. —a—ulal | A8
2 |eemtiisd
. + Vank
——Vanlh (1.5-1
0 . . .
L - 12 1% a4 3 0
14
b
} s el
»’j:-::""_’_!: """" e, T . d. |
= _ _.:_{_'.- I'
8"
o T
= 7 L
o &
"
= ™,
g5
i &
5 s -
: 4 e - A
=
L il
= 7 m o fnkal [LALL
Z .| » cER
— Vand
! ——=Fanl—CES- L
a . . .
i i 12 T 54 0 p..

Incabation time {hy

= R ! ool R | ' s ad
AN 8 MIABITINAUTENTNTEM YD E. faecium CES-1 # nuyangu Enterococcl naa
MRS broth
'ﬂ. L] b ! .ﬂy 0 -:ql
(a) MFRET AU TZNTIWED £ faecium CED-1 Ao £ fuecatis VanB

'ﬂ. L] = 1 .ﬂ’l s -:ql
(b) ATHRUITIAUTZUNNYD E faecium CE5-1 mnive . gallinarum VanC
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2. n‘mﬁnmqmﬁ’numzﬂaa!mﬁmﬁiﬂ%uﬁlﬁmnféa E. faecium CE5-1
2.1 naveselasidenanssumsifud se wunme3Todu
proteinase K, trypsin, o-chymotrypsin, pronase E,

pepsin, o-amylase lipase donrmnsivesdsnssunisduduns enterocin CES-1 #iy
113 'r.‘!"?’l%l‘ﬁﬂx‘d'ﬁ'll nudnis@auan Tl wpsin, a-chymotrypsin, Proteinase K, Pronase E~ o
amylase RanTaunsiueawes eterocin CES-1 wass o Tl ripase
mstudaues enterocin CE5-1 (13197 10) Tasiinsdmen lafdon TsAufinadoniatud

enterocin CE5-1 uraalidiuhRensuveansduduRannas i
Tilsdwiluesflsznends Gupta (2010)
AnunsRIvsRonsTmsiudauna anterocin FHI9 wudiAens sumadudave enterocin
FH99 gﬂﬁﬂ&ﬂﬁﬂﬁng'jﬂf wasamnnaroudsnou lanidesTis@u Tdua proteinase K, pepsin,
papain, trypsin, pronase E, ficin, protease XIII, chymotrypsin  protease | vausfinasidu

lipase, catalase  rennin luiimaneRenssumstudaund enterocin FH99

oeha lsfauTumaiin u':ﬂ'?qﬁ-riﬂ'iﬂﬂwﬁnﬁul_au'lr-ﬁﬁlipase TifinadoRansiumssus

enterocin CE5-1 o-amylase SuaiiliAenssumsdutiues enterocin

CES5-1 gnifutis Tasmruysal nmaaldituiifenssuesnmsdusufannmsio Tlsaunaziing

Tmasaiuasdilznauiididylumsoongnt Fumame’ Todun1dmetaaglungu 1v fe

complex bacterioncin (Gameau er ar., 2002) Faeraandasiunisnannved Lee Kim
(2010)  enterocin DBL @10 £ faecium DBL

o-amylase wonanii chmomo (2000)
a-amylase Tuadudafions suvaa edterocin ON-157 avauiée £ faecium

ON-157
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13190 1) Runssuniadudauna enterocin CE5-1
(AU/ml)
x 15 80
Trypsin 15 0
ow-chymotrypsin 15 0
Proteinase K 15 0
Pronase E 15 0
ow-amylase 15 0
Lipase 15 80
*

2.2 WAYRINIBFADNANTIUNTIEUL T HAZANNUAIAIVOIMVAIND3 1D HU
[} - i Er . l‘; o oy d{ ..-;
aonansaunatudives enterocin CES-1 fivinigniitioadu
. =S U I::' n =1 1’3! L ]
enterocin CE5-1 Sifenssunisoudslusasntiivosiiey awaiioy 2.2-10.0
] ,—1 - ! -\.:- i—_: -%‘ b
NNMIUNADUHT 37 19 Tua (m3nd 1l) Faaeandasiunis
, P
Franz (1996) enterocin 900 a1 £ faecium BFE9O0
= w B e - . 2
nInTIuMatugIniey 2-10 unzh eateroCin A 9 1m¥a £ faecium MMRA
5 L} -dl =1 . Fi‘ ai 1 s s l\:.:l
dugaluaandiaiifiey 2-12 (Rehaiem er oz, 2010) vonmntidamuhinenssumsdugmey

enterocin CE5-1 gugaiiioazay eaterocin CE5-1 v gniuflosdulumsazat glycind-

HCI buffer fifoa 3.0-36 phosphate buffer i 5.7-6.5 glycine-
NaOH buffer fifiios 8606 (ms1eit L1) enterocin CE5-1 fndmarniiia £
faecium CES-1
enterocin CE5-1 v qniiloadu nmmaaninms
ﬂ'ui’lsqmmlﬁ 3t 24 d2Tus | anazamilivlod e
wudinnsTuntsiudaves enterocin CE5-1 Tavaulvgzaand udanT TR UGN IR
Tiliiloazaw diterocin CE5-1 phosphate buffer fidtioa 6.5 - 8.0 tr-
HCI buffer 1.0 glycine-NaOH buffer fifho 10.6 niewdsnnmsiug
31 24 2 Tus wenvndidinudiieniiunsaes

enterocin CE5-1 antiiewiiilunaauazdis
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ar3ai 11 AefunsTumdus e eiterocin CE5-1
(AU/ml)
1h 24h
Glycine-HCI buffer 2.2 160 160
30 320 160
3.6 320 40
Citric buffer 3.0 160 160
4.2 160 80
6.2 160 40
Phosphate buffer 5.1 320 80
6.5 320
8.0 80
tris-HCI buffer 1.0 160 0
8.0 80 20
9.0 80 80
Glycing-NaOH buffer 8.6 320 80
9.6 320 80
106 160 0

2.3 waﬂlmqmﬁgﬁﬁaﬁﬂﬂﬁmnﬁﬁ’ué’&ﬂmulmﬂmﬂﬁmﬁu
fl 'Iﬁﬁﬂ'ﬂ'HHﬁﬂ'ﬂx‘di}ﬂl1Tijlﬂ'ﬂrElﬁ‘itﬂ‘i‘iuﬂ‘I‘itlwlli‘:lﬁil'lll‘ enterocin  CE5-1 ﬁﬁ'l“ﬂ%iﬁj{ﬂg
doaduiazaelumsazaietiinlosdieg (i o) glycing-HCI buffer
3.0 phosphate buffer 6.5 glycine-NaOH buffer 8.6
ansTuntsiudaves dterocin CE5-1 30-100
2 4aTua uh eaterocin CE5-1 inzanelu glycine-NaOH buffer 8.6 iuil
90-100 2 i Tus wenniniidiafnunuaidaves

= wr E-’ H l'llc oy -‘glg o =y ¥ dt'
Ranssunisdudsuas enterocin - CES-1  iniGgmsiiesdunieldgamgiilumissinie
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(sterilization condition) fiaigii 110 20 11it uaziigaimngii 121

15 wuhienssunsdudiung eiterocin CE5-1 fiazaiuly

glycine-HCI buffer 3.0 50 wladidud vasiinenssunisuds

enterocin CE5-1 fiazarwlumanzain phosphate buffer 6.5 3
L1JElfs.':?mﬁ'muﬁﬁ'&ﬂﬁ'u'nﬁﬂﬂmfﬁ 110 20

enterocin CE5-1 finzanelumisazate shosphate buffer 65 glycine-NaOH

buffer 8.0 ﬁ'duﬂqﬂmgﬁ 121 15w ﬂll'jlﬁ%ﬂiﬁ'u‘i.;‘l_ﬂﬁ'uﬂ:rd

(nwi 9) gamgifmnzaudanishausemames Tofunazanua i

= o} 4 i A iy sy ad I“; [ L]
L!'Uﬂi.'rlﬂ‘i‘zw’]f"l!ﬂ.l'“ﬂU‘b"’Llﬁ‘UEI&LI.'UF]H'IEI':TIE!"E'H Llﬂgl‘f'ltl"l'lu‘gﬂﬂﬁﬁ Y 1001 Manadun-

Franz (1996) wudidanafifenssumsdudives 2nterocin 900 niouFanisaui
121 15 it vaizi Bacteriocin STI5 azgniudantig
sl nMewdamsiufgamai 121 20 (De Kwaadsteniet

et al., 2005)



=
nmny

Bacteriocin activity (AL ml)

Bacteviocin sctivity (AT ml}y

Bacteriocin activity (AL mly

T

LN

04

104

)

2K

LK)

il

T

a0

sS40

i

1410

i

146

T

AU

200

400

3040

2040

[ERTH]

THT

Glyveine-HCl pH 3.0

.
L R{FTHIT

D1k

Phosphate buffer pH 6.5

3

C2h

LITEELL.

Glveine-NaOH pH 8.6

il

L_RSIETTHIY
l L i
S el i Tik Sk

[ 1 1100 [ 121 =0
mn | 15 pem

Temperaiure {~') Antoclave

NaNT3 un'ﬁﬁun:"w:]u enterocin CE5-1

69
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2.4 wasuaaqmﬂgmunmﬁﬁnmﬁeﬁﬁn&';aunﬁé‘{ué’hﬁmmﬂmﬁiﬂﬁu
doRnssumatudiung
enterocin CE5-1 ﬁﬁ'nﬁ1111%!.1‘]94514‘:7";%muiuﬂ'ﬁﬁxﬂ'mﬁﬁn'lagﬂ"wq 18ua msnzan
glycine-HCI buffer 3.0 phosphate buffer 6.5 glycine-
NaOH buffer 8.6 enterocin CE5-1 figmugiishannsasnuinsnsaunis
fuden  enterocin CES-1188ndriigngiige (ot 10) iilonfoudonlumsaza
enterocin CE5-1 finamgii 20

ﬂuﬁ"awuﬁ%ﬂﬁlm'ﬁﬁ’uq&fh']ﬁ'%m"ln't'it?"rui"ﬁt.rlﬁqm'ﬂaj]ﬁ4
(2912 ) Solichova (2012)

msdutand etterocin (enterocin- like substance) fedainidto £ mundai 1282 7

6 -20 sartuwardun wuRensTUMsEUG e TG A 1Y cntefOCIN
ﬁ":ﬁiﬂqﬂmqﬂﬂ'mﬁu?w'|ﬁqiuﬂ13ﬂ 6 -2 8
lmﬂu‘mﬂﬁ'&'wuﬁ'm'mﬁuﬁ'ﬂ"u':ﬁqiurlqﬂlﬁtraﬁ'u ms o enterocin - CE5-1
aazaoiiiesiilunsay Wradnhmsfulumsazawibfoniiue vazmsazae
fiflunats awddu (it 10) madusamfgamgi -0 enterocin CE5-1
e 2 dew lenzao eiterocin CE5-1 glycing-HCI buffer 3.0
enterocin CE5-1 fiazanlumisazann dlycine-NaOH buffer 8.6 phosphate
buffer 65 Ifmsfusnuiasosan Tas enterocin - CE5-1 fazatslumisazae
glycine-NaOH buffer 8.6 TnmAusnunnuiiaa 1 enterocin CE5-1 fiazann
phosphate buffer 6.5 TimmAusnum 'I'li"i?lll‘_l"['ﬁ 24
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o X - a3
2.5 HANSHUHUTBUATISHYR UMD DA U 1A
enterocin CES-1 fisiusgm

A e - ' H w . X =]
wonFeuunfidodufmmoiviianieg wodienterocin CES-1 musndudunwizuuniiGe

JE' |:|-:|‘I n ar : ey
BiladAuABNTTUEIN 171958

Enterococcus Strains, P. pentosaceus 4C627, B.
cereus DMST5040, S. aureus DMST8840 L. sakei SUbSp. sakei JCM1157
fugauaieunsuan i £ cori DMST4212, s. Typhimurium DMST16809, s. Enteritidis
DMST15676 V. parahaemolyticus DMST5665 HﬂT’HHﬂ'ﬁTﬂJ'j'l enterocin CE5-1
a3 uedues (& faecium CE5-1) (319 12) iilosnnTavdanInajuuniicuiinga
wuamnes Towaeiiuiinuguszuunidudu fedesfudnesnnuuamo’ Toduiinga ain

Rehaiem (2010) (supenatant) avnnsidoain £, fuecium
MMRA ﬁ1ll'1iﬂﬁ1]§¢ﬂﬁlﬁ?i§ﬂ asdonuniounsun 1dud Lactobacillus, Leuconostoc,
Enterococcus  Listeria wd WmnnsadudimswgruasmuaiiGounsnanld #iermun
enaaE A odter membranes (Jack et at,

1995)
snsamsiudan et enterocin CE5-1 ﬁﬂmﬁuﬁ%iuﬂ1ﬁ&l]§dl’§ﬂ1u‘]§ﬂllﬁﬂ (nalTOW
spectrum) TaviiRanssududunmznuniiouanin uasiunitounsuunasiia udni
enterocin - CE5-1 ‘enmmﬂ’uu:annu]'%tymmuuﬂﬁﬁnEnterococcus ﬁéﬂmﬂﬁ%ﬁux 1Y £
faecium 1148, E. faecium 348, E. faecalis \VaNB E. gallinarum VanC ﬁﬂ'l?’li%dﬁﬂ')‘l]lt:ﬂujﬂ
I]ﬁ'ﬁ*ﬂﬁﬁ] edterocin CE5-1 Enterococcus ﬁ

Aotz ulnldluowan
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assay

[

il

wng entef0CIN CE5-1

13

agar well diffusion

T
TNV 1T HLE

Indicator stains ( )
Ccs* 1 mg/ml°

Bacillus cereus DMST5040 0 5.1
Enterococcus durans 320 15 4.6
Enterococcus faecelis 2L.24 1.0 2.2
Enterococcus faecelis \[ANB 2.0 49
Enterococcus faecium 139 0 0
Enterococcus faecium 114 15 38
Enterococcus faecium 348 15 3.7
Enterococcus faecium 4313 15 38
Enterococcus faecium 8510 2.0 47
Enterococcus faecium CES-1 0 0
Enterococcus faecium L1-45 2.2 4.6
Enterococcus gallinarum \aNC 2.0 40
Escherichia coli DMST4212 0 0
Lactobacillus plantarum DOSM3 0 6.0
Lactobacillus sakei SUDSP. sakei JCM1157 6.0 6.0
Listeria monocytogenes DMST17303 50 50
Pediococcus pentosaceus SCE2T 3.0 2.1
Pediococcus pentosaceus DMST18752 0 1.0
Satmoneiia Typhimurium DMST16809 0 0
Salmonella ENteritidis DMST15676 0 0
Staphylococcus aureus DMST8840 0 56
Vibrio parahaemolyticus DMST5065 0 0

“eisnzawdulanim¥e £ faecium CES-1 fiehmnisufuitoTiog luaas 0.5-7.0

enterocin CE5-1 ftsinss f!tlﬁl'ﬁjﬂl'.ﬁlu
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3. mslnaviiufinoupumsaduuamesTody
nnmsadas Tudndduonnis & faecium CE5-1 wiloiiid Tufin@iduio Tlasron i
EntA finsaanundasuaii Idanmsih
PCR (PCR product) sfiuanatlszunar 138 bp (nwdt 11) Fansafvnnavosiufinauaunis
enterocin A (eneA gene) dnfueroasilld41 £ saecium CE5-1 fiuun
o IRis niauunme? Todusiia enterocin A

w11 PRC Tumsaenidusinauguasadunnme’ Todu
1 STufindiduonindie £ fecium CE5-1
2 (100 bp Leader DNA)
31 PRC EntA, EntB, EntP,

EntL50B  Entlla
8 (1kb Leader DNA)



5

ionudr STufinfiduioainide £ frecim CES-L  enterocin A (end) a1miiuniings
ponuuy Tnswes s s iy arh EcoRl start
codon (ATG) enth BamHl  stop codon
fmaits i end Tanl#lwsmesioanuuy1ddumaiia PCR wurdadusii1dan

PCR 171 bp (n1wii 12)

()

1000

S
40
G

K]

¥ature eprA enc

]

N 12 enterocin A #18010i%0 £ faecium CE5-1 Tan
() PCR enterocin A #1800 £ faecium CE5-1
(1) nwuruiivna pCR product 7 ldvasiiu etterocin A

| =] =1 & g a
imiusouAiy enA 1 ldnnmaiuinaudomaiin peR pGEM®-T
] iy P = oy v oA
Vector udrisdidaouiivumninmadiai ldwionaraiia gGEMlenA ingive E. cori IM109

asaveu InaunldsuTaoniinuinaaia lasdenTaTatinidvia blue/white colony

screening) LB agar fifiuosigauanuiudy 100 IPTG

0.5 X-gal 80 colony
PCR sardoninTafinfiduinmemis 1B agar (nwii 13) PCR product

colony PCR (n1wit 14) DGEM/eniA DGEM/enA #1414l

= d g ar - o a A A g B e o 1
Wnnzimimaviiong Te nd uashnsnBeuieuiudwuiinnd o Inanieglug ndoya
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GenBank uaa adan i 15 enth 1180 £ faecium CES-1
enih oy lugwidfoya GanBank 100

awit 13 Tnawi 18515 naudinnninaaiiaTasl4imadin bug/wnite colony screening

1]

A

i 14 colony PCR DGEM/eniA
M (1 kb Leader DNA)
17 PCR product i 1¢nn Taauii 17
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R R S CweER CINE SEI0d0CE -
o M IeE0 I ATIATERA
i g M T il Tl IRI0gED
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M el

I B =eas = 4=l moeran |36 e ol seee a- & =add-barg mnes i a1, = ECUEE | B | S e |
LI = e o M1 e W i e v e .00 i R e e | i O ¥ N G 1 e 1 1 5 R di il R ZeIll TS SRR

T Eh e sdbhmpady solamsnoeaean anp B4 aonasl sran Mo s s L TR T | € L0 | Bt I L [ Ce |
™ Efrdoment 3t easnas i W e il TIut zia9Eid

T e s s dememed =i h=idéama P P L R Y e T O PR YR T T B [ e o T E [ o= TRY. TRY RS wER IO sk
L B B L B Ty e L T T R T P T T T R T et TR R e R e e R TR e TRY. SRY BN CwsR CIOX EaIineEat
™ Efe ez sdameniongs = & e 371 opl el Lol K R A e [ H e O - R R R R L
[T hma a0 ] e R B e e W S e "Rl L% I e A R | LA -3 s
I T T F R T T T R LT o TR R I S CHRT LY TN T O] T Moo TES dmdt S N T
[ R i T E e T T TR S EAR T o T A TS [ TSR PR T TR G e T I md RS Aw TR R

ENTerocoIius Taecium partiia ertaricin A operon (ental-k ceneas)

A W 1L 2753

Sequence [T emiblAMTAEI70. 1 Lenutln 2240 Humbe: of Maluhes; 1

Kamge 1: 544 to £35 Lzziank  Jrapkics

ldenl:i:;z:

144/ 144(1007%)

“Scar Cxpect

Score
2G7 bitsi1as’ D=-G]

Strand

Plaz/Plu=

Gaps
0/ 144{C7%)

Qumery 22 AT O AT L CT oA AT TTATC AR ATCCACTCTATTCCACTRRNAATRIATITACS B
i YN NN R AN NN AN PN NN
Shyot a4 ACLAITTaTART LA AT AT T AT A ATRERS T TA T ACTBAEAATALATIYAIE  F4
Qoery G2 I AT TGO RAGECARCIAC I IGTATICCAGTRRTEICIATASEIGEITIIIIACGT 1<l
.:::|='|::|l|I::||i:::'|'::'i|:-;:|.|| i 111111 |
Sbjct 552 ETCCA':T:CECCP.F:EGmCTﬁCEICTETTCéHC:F'TGECIETB:ETECETTTTFECI&T b e

NN 13

Genbank

em‘A
Nucleotide BLAST

pGEM/entA

- ¥ =
4. ﬁlillﬂﬂﬂﬂﬁﬂ'ﬂﬁiﬂ“"ﬂﬂ]“ﬂ&lﬂﬁﬂimllu‘ﬂlﬂﬁ'ﬂﬂ'ﬁ“

dimbimanadia pGEM/enA

BamH| EcoR|
PBS-ANGFP Fanssfumanaraiia pBS-dh
153 bp

entA (mwﬁ 16)

pBS-ldhGFP
3209 T23bp
ofv (Green fluorescent protein gene)
DCEM/endA Famssiimniiaung
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(TEs-ldh vector
gﬁtg.gt:ut:
enid pene
.'I'I'I'I'Il‘ﬂ 10 BamH| EcoR|
1 pBS-ldhGFP
M1 (1kb Leader DNA)
M2 (100 bp Leader DNA)
2 pGEM/entA
anthafeudeiu ena 7 180AM56 PGEM/encA pBS-Idh o
f udS et noniinmninaadai 1dvi enanadia pBS-ldh/enA
{0 £ coit DH5O a3 anmren Tnawit 145 umanedia pBS-dh/enA LB agar ifiuouiis
100 colony PCR (n1wit 17)

colony PCR shinaufidadon & ulafanaraiia (BS-ldh/enA
pBSHdenA H1d 1Az ndduTiong Ta Ind uaziimsulZeumisusudiy
fndTeInaniaglugudoya GenBank  namamadsnni 18 O
faecium CES-1 enth iingTugwidoua cenBank 100

lofidud dalikaassdudiduiiondTondluwaaia POEM/enA Tnaudui



9

[RIKL
3030
N 17 colony PCR pBS-ldh/enA
M (1kb Leader DNA)
1-7 PCR product it 1&un Taaudi 1-7
ilerhd eniA 7 1d0100 pBS-ldh/en:A
nsmasiilu dwaasluniwi 18 enterocin - A
48 MTTHSGKYYGNGVYCTKNKCTVDWAKATTCIAGMSI
GGFLGGAIPGKC athalsianmiimhddunsanziTun 14 hhimsn Roufivuddunsaasi
Tuiitioglugdoya cenBank Protein BLAST (n1wi 19)
enterocin A enterocin A fiitelugidaya cenBank
100 47 nsaesiTy Sannmsnaanendel 18R ud

startcodon  ATG sl TudruduitedhusaiiudussimsmlasimilunsansiiTu
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5-AAAaggagaCTTGAATTC ATG ACC ACT CAT AGT GGA AAATAT TAT GGA AAT
m T T H S G K Y Y G N
GGA GTG TAT TGC ACT AAA AAT AAATGT ACG GTC GAT TGG GCC AAG GCA ACT
G vy _CT KNIKTZ CTVDWAIK AT
ACT TGT ATT GCA GGA ATG TCT ATAGGT GGT TTT TTAGGT GGA GCA ATT CCA
T¢Il AGMS I 6GGFL G G A TP
GGG AAG TGC TAA

G K C Stop
GGATCC-3
M 18 enterocin A pBS-Idh/enrA
1 40002 Lactococcus lactis IdL promoter, GAATTC
EcoR|, GGATCC BamHI, ATG  startcodon ~ TAA  stop

codon
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S Ak 13 l..'u:_r'.' L A e
L L] (= wlot el

| o P 3o 1 1 X e e B e | Rl PR e 1 3 8P Rl e 1 4 sl 1 1 oL o ol A P 11 s Y ind % Zea S o
|= & E ] ERNS S ledn TR SR e
[r 2 033 s2[2 06T 6T e el A EIoeTieis ol 23 SRS OIRISIOE ML And BN S g TUDM ZS 01020009
1T * R TP T e PRt BT | [RTT T [ O CR | Bl | FYCR [ TYE RO [T 3T R TTCERE Y IR Tt | N 1 ST IV R | 1oL TR [T B T |
[T amds = amnzesrems b0 I o T S TR Tl I B
| T zagetocn BelSorcoossie fooy= SI6Tiach ELAGETYE Y cqoiizd~ Soi Brecooriic aod m EGST MIMOOALMETH Bedn #E% S Temn
|r | et e 3 PO AT e T kPR P21 TR Sk W 3 v S 1 Pl
| T il e AINONTAOTEY, FeE OV aniaet)
= I ik A RYD ERC BN WERMIN LAl
| T Sl B —ud] LT o RS [ T EL LR |
| T smwsa-Emecwo: o oFis BEM FRM I Ee [& % SEALIENY
| T zmezed* B ezoous fazelom LEE 5EL Ieh e [0 MWZW. A0
| | IS CIRTRER R ST TR EITR TR ST REEqF ETE wed AL S SR |
i | R TR TR TRAE Rt T 1T RFR | B Bt B IR 3lR ETH dwed I LT [T
| T o ckecnea s PO P GLG SLb- 50% e lT E ARTASANY
|T# & Gl FLE Ewn e T It AnEnIT

BACE2Na2IN ERLA _I:nterumc CLES 1Iaeciur BN '.-_'!"_‘IHJ

Soguence Dy rofl2P 19471625 1| Longth: 65 Humber of Matcnes: 1

P Zee T oroe Lels)

Mange 1: 19 to 65 O=nPert Craphics

LSCore kxpect Methoo Ldentites Positives Laps

974 bis(241) 3e-25 Curnpus Luval inauria adjusl. $7/47(100%] =7/47(100%) 0/47(0%)

Qiery 2 CTRNRCTVIMIRRATTETAGMATRGFTLGRATPRRD 48
CTEHECTVDWAFRETTCIAGHNIIGGYLGEGATIPGRC
Sbyet’ IB TCTERIECTVIWAEATTCIRCGHMETIGGFLEGATIPEED 65

A 19 enterocin A PBS-Idh/en:A
Genbank Protein BLAST

pBS-
ldh/eneA Hogluiia £ coni DH5O mmiuiinmsadamariia pBS-ldh/ensA E. coli
DH5a DBS-ldh/enA 1A Tawdgide L. iacs SUDSP.  cremoris
JCM16167 (electroporation) wud1 liwuide £ factis SUBSP.  cremoris
JCM16167 M17 agar ffueudidauanududu 100 yiafi
madisannnhllng dterocin A figasdasinnanaiia pBS-ldh/enA
Tndfindourhan1d ctive peptide) L. lactis SUDSP. cremoris
JCM16167 L. lactis SUDSP. cremoris JCM1B167 aneluazfindanhil Ind eaterocin A
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5. n‘tﬁﬁﬂ‘uﬁuf:'tﬂ:uqunﬁsmﬁmﬂmmﬁmB'%Tﬂﬁu"lm%ﬂ E. faecium CE5-1 (wide-type
strain)
dionumdhlanazilszaunad uxﬁ‘ﬂuﬁﬂﬂmmmﬁuﬂt}nwﬂﬁu’ﬁﬂ'nnjuﬂ1711*?
enterocin A ﬂﬁﬁrltrjﬁﬁfuﬁfﬂq'dmﬂ wlumau lﬁuﬁﬂ‘ﬂﬁ}uﬂmmﬁmﬂrwE::u enterocin A
e £ Jaecium CE5-1 Tavmsoonuun Tuswodifinnudumsfudinedieg uaaﬁ'uﬁﬂmﬁm
enterocin A #1140 ngudoya Genbank Accession number AF099088.1,
AB292463.1, AM746970.1 AB038464.1 Tnsimaidaumasluais1ah 6 uazaiuit 20
PCR  PCR product 1,824,3,100,1,784  1,320hp
Tunindi 21 ¥ense !Jﬂf!urlI..lﬁ'auﬂﬂﬂﬁu'ﬁfi'ur'rll"I'r1lr’lrﬂfl'lfiﬁilﬁ1'I$'F enterocin -~ A
Induction factor (F), Histidine protein kinase (K), Response regulator (R), ABC transporter (T)
Accessory factor (D) tifaii1 eCR product #1855 vindiduiiangTalng uazihins
L'd*su-u;ﬁuuﬁ‘uﬁﬁuﬁ-mﬁh‘1115%?;&3;:?1143114%’&3133 GanBank uaaanadin i 22 e
fiandle Indn1&uidoudedy v 1dinaTa Inavnalazum 8037 bp (i 23) e
WRowioudiduvesiiondlelnan 1ddudduiiaalondlugude  Genbank
Nucleotide BLAST (a5t 13 naznmii 14)
danduiinugunsdunsiz eterocin A Tuiiio £ faecium DPCL146 (Accession number

AF099088.1) 99 uladidua naasdanmi 22
Fli-Fl
PL-F1 —_—
PLL-T1In Ple—Fo
R — >
N 20 PCR product # 1dwinmsoanuun lnsmssainnudumefudau

199 andabunnugumTai edderocin A
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Nl 21 PCR wiuiiniuqunsuaasonnues anterocin A Tuiife £ faecium
CES-1
(1 kb Leader DNA)
PCR PL P4
PCR P11 P10
PCR P13 P14
PCR P16 P9

-hwl\)l—\z

A9 13 iind T InduesBuiinugunisadia ederocin A

Genbank Nucleotide BLAST

Pies iz Wescp bl paiemy Ln | | it

P VIR AR ER e N1 I T | T

T A LS i o R B TR

o PR ol o) e | et § oo { . IV ] ol 1 T T ] T 1 LI Pl R 1 i 1 (= e LI el 3 L P o0 LI L I B

B A LS - LA R

o A Y e iee B S

[l LR | R B Il Il 4 LM | LK ] 1 Ll ol AL e 8 1 - L S E R RS SR L Gdh AR CHILT
T LR s AR A Al ALK Rl i R e (il e P N I I T | I | I DR Y 0 o R
T b s mlaH St el dae e Wt oelr wie L sdn CEeZinan
T otumn sl A=l e R - e e R o B 5 TEOf LFdTia
T obwweovmi mlamine sl indn - b melele e - T T I ¥ oY - A P W |

T O N Rt T R (L o I 0 [E N PSTTU W SE | Mt T YR T P (S T LT U B | L B L IR T [ NI CTTEE U T TE [ I3 TR TR 14 ar LR LA TR S N |

B TRE mpteet
o I S T

ol - ERe © et JL tdh o eMdl 0

I -1 7 T TR PR et T Y P L1000 (TR o ol 1B o Bl o e i Kol B 1 (e it 111 P PP Teo CELd o %% L tdh ZE0IEGG
B B e L e L R T S T S TR LI R R I E R AN S - L BT L 1 ok o
T olin s mlam bR e e L R EETOWIOTRy RwES mE,  JEgdaios
R T TPty E v L PP P e o [ RPN LY L LAP T R o YIS Rt xR 40 AwFR TR 2424364

Lo s s e liens B0 S s il RO 4 TREYCOGTE LAI9EGE
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TaTndAvosduinunumsdansizd eaterocin A wanua 8,037 bp

.I C-N - B T I I o r‘ [} & . M
dimiidauiianala InaveuiaunumsTuasT 1M entei0CN A

8,037 bp

open reading frame (ORF) wuinndiduiiandinlndildiismua

ORF wavuails=uim 12 ORF 7 ORF i
. A g —— a £
enterocin A wanuinibiaduaididunsanzil luuadang 7 ORF

owRoudrdunsaeyiTui HogTugnideya cenBank Protein BLAST

warad lua13 190 14 uaznimin 24 wune 7 ORF

1. enterocin A structural gene (enzA)

100

65

enterocin A fiiind’ GenBank

2. Enterocin A immunity gene (imen:A) 103

GenBank

100

probable  immunity protein #ifiaglugudoya
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3. Induction factor of enterocin A (ens) 48
EntF ﬁﬁﬂﬂug‘ruﬁfﬂgn GanBank
100
4. Histidine protein kinase gene (en:K) 415
histidine protein Kinase fifiag Tug mstowa cenBank
99
5. Response regulator gene (enR) 250
EntR ﬁfjﬂ;ﬂ'ug'l!.iﬁrﬂuﬁ cenBank 99
6. ABC transporter gene (eneT) 695
ABC transporter fifinglug nudiaua cenBank
99
7. Accessory factor gene (enD) a1
EntD #ifiaglugudoya cenBank 99
FH1rd- 1 BEcokY Lk 1=1 %3zl Lidel
el R A5
Ude Himdlll Mnel 1ZgH ] sFaMl Bool. Lpa-il Sfanl ekl
B T #HSaa i Pl = il 47T 58 e
Bethl Pe: iy el Bzall FrRpuiH ¥
Az JEEEa R
Lacal M¥e._
o EEalE =
e rnpornadioa g wa aepe o e o Miner e e gl g o e Bl i e e e e ol e o PR

i 24

open reading frame (ORF)  dduiianiTalnduasfuiinaunu
enterocin A
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13191 14 uFswieuiidunsaozi Tui 1ddudduniaozi Tuiitioglug ETETE
GenBank
( )
entA (65) 100 enterocin A (ZP_05660016.1)
imentA (103) 100 probable immunity protein (ZP_00603732.1)
entF (48) 100 EntF (AAD29134.1)
enK (415) 9 histidine protein kinase (ZP_05661870.1)
enR (250) 99 EntR (ZP_06679718.1)
ent] (695) 9 ABC transporter ChaT (ZP_06679721.1)
entD (477) 99 EntD (ZP_06702002.1)
iloiidn enth Warn 240 bp

enterocin A fimdunsan=iilu Faruaylseanm 65

nini 23( ) dleshddunsaesiiTuues enterocin A favua 63

enterocin A 2 Leader
peptide 18 MKHLKILSIKETQLIYGG
enterocin A fiumasiianssundo «Ctive peptide

iy TTHSGKYYGNGVYCTKNKCTVDWAKATTCIAGMS

IGGFLGGAIPGKC uaasdianmii 25 )
wenvIntiila s EHa g imentA
imentA ATGAAAAAAAATGCTAAGCAAATTGTTCATGAA
TTATATAA udadislsAnmnilohdiduiinglondi 18 Thulaswmluniaazilu wuh
enterocin A immunity protein frame

enterocin A nmasdan i 23 ()
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(myAIATTARA 1o Inavua 30U enra

5 ATGAAACATTTAAAAATTT TG TCTAT TAAAGAGACACAACTTATCTATG GGG G TACT
ACTCATAG T GEFAAAATAT AT GGAAA T (GAG TG TAT T GUACTAAAAATAAATGTAC T
CCATTOGGUCAAGGUAACTACTTGCTAT TG CAGGAAT GTCTATAGGTGGTTITITAGGT
GGAGOCAATTOCAGGGAAGT GO TAAAATGAAAAAAAATGOTAAGD AAATTGTTCATGAAT
TATATAAGATATATCIAIAAGIAAAGATCCTAAAIA ICTGATANICTTGAGH L I TACAASAG
GTATATTTAAAAT TAGAAAAACAAAAATATGAATTAGATCCCAGTOCCTTTAATAAATAGAT TG
COlGEA ATTATCTATA T T FACTGO U TATACTAATAAA AT AG AT ICACTTA ATATCAAGAGHA A
TAATAAGAAMATTTGAGTGAAAT TOGAAGAACTGC TEGEAATAANTGGETTTATATC GAGCAGAT
FATGOAGATAAATOUTCAATT T TAA TG A TAC-F

(1) AR UNIADET TUUDY enterocin A 110 frame 1

MKHLKILSIKETOLIYGGTTIHSGEYYONGY Y CTRNKCTVDWAK ATTCTAGMSIG
GFLGGAIPGELD

=]

(A) AW unTADzI TUUD4 enterocin A immunity protein 30 frame 2

MEKNAKOIVHELYNDISISK DFK Y SDILEY LOK VY LK LEKQRYELDPSPLINELY NY
LYFIAY ITNKIRFTEYQEELIRNLSEIGRTAGING LY RADY GDICSOQF

NN 23 enterocin A entA
imentA
() entA imentA TABNATBNHTHU WLTALAUWHUIVDIDY

eniA naziadnus AidulAuaasiumlouo B inend

() enterocin A Tasfidadnuanuanasdan Leader peptide
enterocin A Active peptide  enterocin A

() enterocin A immunity protein
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Probiotic properties of Enterococcus faecium CE5-1
producing a bacteriocin-like substance and

its antagonistic effect against antibiotic-resistant
enterococci in vitro
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ABSTRACT: A bacteriocin-like substance (BLS) producing Enterococcus faecium CE5-1 was isolated from the
gastrointestinal tract (GIT) of Thai indigenous chickens. Investigations of its probiotic potential were carried
out. The competition between the BLS probiotic strain and antibiotic-resistant enterococci was also studied.
Ent. faecium CES5-1 exhibited a good tolerance to pH 3.0 after 2 h and in 7% fresh chicken bile after 6 h, but
the viability of Ent. faecium CES5-1 decreased by about 2—-3 log CFU/ml after 2 h incubation in pH 2.5. It was
susceptible to the antibiotics tested (tetracycline, erythromycin, penicillin G, and vancomycin). The maximum
BLS production from Ent. faecium CE5-1 was observed at 15 h of cultivation. It showed activity against Listeria
monocytogenes DMST17303, Pediococcus pentosaceus 3CE27, Lactobacillus sakei subsp. sakei JCM1157, and
antibiotic-resistant enterococci. The detection by polymerase chain reaction (PCR) in the enterocin structural
gene determined the presence of enterocin A gene in Ent. faecium CES5S-1 only. Ent. faecium CE5-1 showed the
highest inhibitory activity against two antibiotic-resistant Ent. faecalis VanB (from 6.68 to 4.29 log CFU/ml) and
Ent. gallinarum VanC (from 6.76 to 4.31 log CFU/ml) after 12 h of co-cultivation. The results show the future
possible use of Ent. faecium CE5-1 as a probiotic strain for livestock to control antibiotic-resistant enterococci.

Keywords: chicken; gastrointestinal tract; bile salt; acid tolerance; Enterococcus

Several years ago, antibiotics were used in feed
for chickens to promote growth and this caused the
evolution of antibiotic resistance in both pathogen
and commensal bacteria in chickens. In addition,
the subtherapeutic antibiotics usage for chicken
production is banned in Europe and the United
States except for the use of ionophoric antibiotics in
EU until 2013. In recent years, due to the increased
use of antibiotics in animals and humans, ente-
rococci have become a major concern worldwide.

Enterococci are widespread in nature and found
in the gastrointestinal tract (GIT) of humans and

animals (Franz et al., 2007). Although they belong
to a group of microorganisms known as lactic acid
bacteria (LAB) and are useful in cheeses or other
fermented foods production, several of them are
not considered as “Generally Recognized As Safe”
(GRAS) (Ogier and Serror, 2008). Some enterococ-
ci were isolated from patients possessing virulent
genes. They are the second to third most frequent
bacterial genus in hospital infections. They cause
endocarditis, bacteraemia, urinary tract, neona-
tal, central nervous system and other infections
(Franz et al., 1999). Moreover, they are known to
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be resistant to most antibiotics including penicillin,
aminoglycosides, glycopeptides, MLS; antibiotics
(macrolides, lincosamides, and streptogramins of
the B type), chloramphenicol, tetracyclines, qui-
nolones, oxazolidinones, and everninomicins (Klare
etal., 2003). In addition, the genus Enterococcus can
transfer the antibiotic-resistant encoding gene to
pathogens and may be involved in the spreading of
antibiotic resistance into the environment and food
chains (Klare et al., 2003; Abriouel et al., 2005).
Probiotics is a live microbial feed supplement
which affects the host animal beneficially by im-
proving its intestinal microbial balance (Fuller,
1989). Probiotic strains are widely used in the food
and feed industry to enhance the health of humans
and animals because they produce various antibac-
terial compounds, such as organic acids, hydro-
gen peroxide, diacetyl, and bacteriocin (De Vuyst
and Degeest, 1999). The most common probiotic
strains from the GIT of chickens belong to the gen-
era Enterococcus (Strompfovd and Laukovd, 2007;
Musikasang et al., 2009), Pediococcus (Shin et al.,
2008; Musikasang et al., 2009), and Lactobacillus
(Souza et al., 2007). Ent. faecalis KT2L24, Ent. du-
rans KT3L20, Ent. faecium KT4S13, Ent. faecium
KT8S16, and P. pentosaceus KT3CE27 (Musikasang
etal., 2009) are considered to be the best probiotic
strains from GIT of broiler and Thai indigenous
chickens. Tolerance to acid and bile salts in the
GIT is usually considered one of the main criteria
required for LAB strains to be used as probiotics.
Enterococi belong to the group of LAB and are
well-known producers of antimicrobial peptides
called bacteriocins, with the ability to inhibit (bac-
teriostatic) or kill (bactericidal) the growth of simi-
lar or closely related bacterial strains (Cleveland
et al,, 2001). Several strains of Ent. faecium are re-
ported to produce more than one enterocin. The
examples include enterocin A from Ent. faecium
CTC492 (Aymerich et al., 1996), enterocin B from
Ent. faecium T136 (Casaus et al., 1997), enterocin P
from Ent. faecium P13 (Cintas et al., 1997), and
enterocins L50A and L50B from Ent. faecium L50
(Cintas et al., 1998). Several researchers dealing
with the application of bacteriocins have focused
on the use of bacteriocins or probiotics to con-
trol the spoilage microorganisms and foodborne
pathogens, displaying a potential application in
food preservation and in prevention or treatment
of other diseases in hosts. The aim of the present
study was to evaluate the primary probiotic prop-
erties of bacteriocin-like substance (BLS) producer
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Ent. faecium CE5-1 isolated from GIT of Thai in-
digenous chickens and its usage in the control of
antibiotic-resistant enterococci.

MATERIAL AND METHODS

Bacterial strains and growth conditions

Ent. faecium CE5-1 was isolated from the GIT of
Thai indigenous chickens (not fed with commer-
cial feed). The procedure is described further in
the following text. Parts of organs containing crop
(small intestine, caecum, and large intestine) were
homogenized with sterile normal saline (0.85%
NaCl) and spread onto MRS agar (MRS broth,
Hi Media Laboratory Pvt. Ltd., Mumbai, India)
(pH 6.5). After 24 h of incubation at 37°C, the plates
were overlaid with 10 ml of soft MRS agar contain-
ing Lb. sakei subsp. sakei JCM1157 as an indicator
strain and incubated at 37°C for 24 h under anaero-
bic conditions. Colonies exhibiting the inhibition
zone were isolated and purified by 2-3 times re-
streaking on MRS agar. To verify bacteriocin-like
substance (BLS) production, the supernatants of
each strain were adjusted to pH 6.5-7.0, treated
with catalase and proteolytic enzyme and used for
antibacterial determination by agar well diffusion
assay. Only the strain CE5-1 produced BLS and it
was identified as Ent. faecium based on 16S rDNA
sequence analysis. The 16S rDNA sequence was
deposited in the DNA Data Bank of Japan (DDBJ)
with accession No. DDBJ ID: AB512765.

The bacterial strains used as indicator for the
inhibition study are listed in Table 1. All the LAB
strains were grown in MRS broth (pH 6.5 + 0.2) at
37°C for 24 h. Other indicator strains were grown
in Brain heart infusion broth (BHI broth; Hi Media
Laboratory Pvt. Ltd., Mumbai, India) at 37°C for
24 h. All the strains were maintained at —20°C in a
medium containing 25% glycerol. Working cultures
were grown at 37°C in appropriate media at least
twice before use.

Characterization of primary probiotic
properties of Ent. faecium CE5-1

The effects of simulated gastric juice and bile
on the growth of Ent. faecium CE5-1 were test-
ed. Briefly, 1 mm of overnight culture of Ent.
faecium CE5-1 was centrifuged in an Eppendrof
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Table 1. Antagonistic activity of cell-free supernatants of Enterococcus faecium CE5-1 determined by agar well

diffusion assay

Species Strain code Source Radius of inhibition zone (mm)
Bacillus cereus DMST5040 DMST 0
Enterococcus durans 3L20 our strain collection 1.5
Enterococcus faecalis 21.24 our strain collection 1.0
Enterococcus faecalis VanB* CU 2.0
Enterococcus faecium 139* CuU 0
Enterococcus faecium 174* CuU 1.5
Enterococcus faecium 348* CU 1.5
Enterococcus faecium 4813 our strain collection 15
Enterococcus faecium 8516 our strain collection 2.0
Enterococcus faecium CE5-1 our strain collection 0
Enterococcus faecium L7-45 our strain collection 2.2
Enterococcus gallinarum VanC* CU 2.0
Escherichia coli DMST4212 DMST

Lactobacillus plantarum D6SM3 our strain collection

Lactobacillus sakei subsp sakei JCM1157 JCM 6.0
Listeria monocytogenes DMST17303 DMST 5.0
Pediococcus pentosaceus 3CE27 our strain collection 3.0
Pediococcus pentosaceus DMST18752 DMST 0
Salmonella Typhimurium DMST16809 DMST 0
Salmonella Enteritidis DMST15676 DMST 0
Staphylococcus aureus DMST8840 DMST 0
Vibrio parahaemolyticus DMST5665 DMST 0

DMST = Department of Medical Sciences, CU = The WHO Global Salm-Surv Regional Centre of Excellence: South-East
Asia and Western Pacific, Faculty of Veterinary Science, Chulalongkorn University, Thailand, JCM = Japan Collection of

Microorganisms

*antibiotic resistant Enterococcus strains

Centrifuge 5415R (Eppendorf, Hamburg, Germany)
at 12 000 g for 10 min. Pellets were washed twice with
sterile saline before being re-suspended in either
simulated gastric juice containing 3 mg/ml pepsin
(Fluka, Steinheim, Germany) at pH 2.5 and 3.0 for
2 h or in simulated intestinal fluid. Simulated intes-
tinal fluid containing 1 mg/ml pancreatin (Sigma-
Aldrich GmbH, Hamburg, Germany) and various
concentrations of fresh chicken bile (1, 3, 5, and 7%)
were used at pH 8.0 for 6 h. The viable counts were
determined by the drop plate method on MRS agar
(modified from Madureira et al., 2005).

Survival of Ent. faecium CE5-1 in simulated in-
testinal juice after incubation in simulated gastric
juice was tested. 1 mm of the selected strains was
centrifuged in an Eppendrof centrifuge at 12 000 g
for 10 min. This was then washed twice with ster-
ile saline before being re-suspended in simulated

gastric juice with a pH value of 3.0. The tubes were
incubated at 37°C for 2 h. After incubation, viable
bacterial counts were determined by the drop plate
method on MRS agar. After gastric digestion, cells
were harvested and suspended in simulated intes-
tinal fluid which contained 7% of fresh chicken bile
at pH 8.0. The suspension was incubated at 37°C
for 6 h and the viable counts were determined by
the drop plate method on MRS agar (modified from
Madureira et al., 1993).

Antibiotic resistance of Ent. faecium CE5-1

The antibiotic resistance of Ent. faecium CE5-1
and Enterococcus strains is listed in Table 4. This
was detected by broth microdilution assay follow-
ing the method described by Parente et al. (1995).
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A two-fold dilution of each antibiotics listed in
Table 4 was prepared in a 96-well microtiter plate
by using MRS broth as the diluents (final volume
was 100 ml). Then, 100 ml of culture broths of each
enterococci were added into each well (final con-
centration was 10* CFU/ml). The microtiter plate
cultures were incubated at 37°C and after 24 h the
growth inhibition of the indicator strain was meas-
ured by optical density at 660 nm (OD )
croplate reader Powerwave X (BioTek Instruments,
Winooski, USA). A positive control was obtained by
the use of 100 ml of MRS broth and 100 ml of each
culture broth. A negative control contained 200 ml of
MRS broth without the LAB strain. The percentage of
inhibition was expressed by the following equation:

Inhibition (%) = [(OD, in the positive control
group — OD in the group)/OD, in the positive
control group] x 100

Minimal inhibitory concentration (MIC) is defined
as the lowest concentration of the sample tested that
could restrict bacterial growth at an inhibition rate
higher than 90%. To determine minimal bactericidal
concentration (MBC), aliquots (10 ml) of each well
at MIC and higher than the MIC were subcultured
on MRS agar. MBC is defined as the lowest concen-
tration that allowed no visible growth on the MRS
agar (Almeida et al., 2008).

It was observed that bacteria develop antibiotic
resistance. The following may be considered in
terms of resistance to the antibiotics: when MICs
are < 8 mg/ml, the bacteria may be classified as “sus-
ceptible”; when the MICs are > 8 mg/ml, they may
be classified as “moderately resistant”; and when the
MICs are above 32 mg/ml, they may be classified as
“clinically resistant” (D’Aimmo et al., 2007).

in a mi-

Table 2. Primers used in the study

Growth curve and BLS production
of Ent. faecium CES-1

11 of MRS broth was inoculated with 2.5% of
an overnight culture of Ent. faecium CE5-1 and
incubated at 37°C with agitation at 100 rpm. At3 h
intervals, pH and growth by absorbance at 660 nm
were measured. The antimicrobial activity was cal-
culated as arbitrary units (AU/ml) defined as the
inverse of the highest twofold dilution showing a
growth inhibition divided by the sample volume.

Effect of antibacterial activity
of BLS against bacterial indicators

Ent. faecium CE5-1 was grown in MRS broth at
37°C for 15 h. Cells were removed by centrifuga-
tion at 12 000 g at 4°C for 10 min and supernatant
was collected. The cell-free supernatants (CS) of
Ent. faecium CE5-1 were adjusted to pH 6.5-7.0
with 0.1N NaOH and used for the determination
of the antibacterial activity of the BLS using the
method of agar well diffusion assay as described
by Schillinger and Liicke (1989).

PCR detection of enterocin structural gene

The genomic DNA of Ent. faecium CE5-1 was ex-
tracted and purified using the Genomic DNA Mini
Kit (Geneaid, Tao-Yuan, Taiwan). The sequences of
primers used for PCR-amplification of the structur-
al genes of enterocin A (entA), enterocin B (entB),
enterocin P (entP), enterocin L50B (entL50B), and

Primers Sequence Reference
- STTICATAIGIOONAT s 099
oo - SCTICHGTIOMNISTINTY o )
e CMNISTANMITIENTCSY G 197
s et o

F = forward primer, R = reverse primer
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enterocin Ila (entlla) are shown in Table 2. The
PCR reaction of entA detection was composed of
the following steps: initial denaturation at 95°C for
5 min and then performed in 30 cycles of denatura-
tion at 95°C for 30 s; annealing at 58°C for 30 s and
extension at 72°C for 30 s; and a final extension at
72°C for another 5 min, then immediate cooling
at 4°C. The same profile was used for entB, entP,
and entL50B detection, but the annealing tempera-
ture was 56°C (Laukova et al., 2008). For entlla,
the amplification program was as follows: 94°C for
5 min; 30 cycles at 94°C for 1 min; and 51°C for
40 s, 72°C for 3 min with a final extension at 72°C
for 10 min (Yi et al., 2010). After PCR amplifica-
tion, PCR products were separated by 2% agarose
gel electrophoresis and visualized under UV light
after staining with SYBR® Gold nucleic acid gel
stain (Invitrogen, Eugene, USA). The PCR product
was then gel-purified before sequencing. Finally,
the nucleotide sequences were compared to the
sequence database of GenBank through a BLAST
search (http://www.ncbi.nlm.nih.gov).

Effect of co-culturing of Ent. faecium CE5-1
with antibiotic-resistant Eunterococcus
in MRS broth

The overnight cultures of BLS producer (Ent.
faecium CE5-1) and each antibiotic-resistant
Enterococcus (Ent. faecalis VanB or Ent. gallina-

rum VanC) were added to 200 ml of MRS broth.
The initial cell density of each strain was approxi-
mately 10° CFU/ml. Then the mixture of cultures
was incubated at 37°C. Samples were taken at 6 h
intervals. The viability of the antibiotic-resistant
enterococci was assessed by using the drop plate
method in triplicate onto MRS agar containing
100 mg/ml of tetracycline and incubated at 37°C
for 24—48 h. The total LAB of the mixture cultures
were determined in MRS agar. Similarly, the control
consisted of the separate strain in 200 ml of MRS
broth and incubated under the same conditions.

RESULTS AND DISCUSSION

Characterization of primary probiotic
properties of Ent. faecium CE5-1

The GIT is the major location affecting the viabil-
ity of LAB cells. Most bacteria do not survive well
at low pH values (Lin et al., 2006). Consequently,
the application of LAB as feed additives should be
tested for the probiotics profiles such as tolerance
to acid and bile salt conditions, adhesion to the
intestine epithelium of the hosts, and antimicrobial
activity against pathogenic bacteria. In this sense,
the low pH of the stomach and the antimicrobial
action of pepsin are known to provide an effective

Table 3. Survival of Enterococcus faecium CE5-1 in the simulated gastric and intestinal juice

Viable count (log CFU/ml)

Treatment simulated gastric juice simulated intestinal juice
Oh 2h Oh 3h 6h
pH 7.0 9.14 + 0.10 9.38 £ 0.04 nd nd nd
pH pH3.0 918 +0.08 9.38+0.04 nd nd nd
pH 2.5 9.14 + 0.09 7.46 £0.08 nd nd nd
0 nd nd 893+0.05 9.04+0.03 9.06+0.02
1 nd nd 8.73+0.11 9.20+0.13  9.16 £ 0.02
Fresh chicken bile concentration
%) 3 nd nd 9.32+0.03 945+0.03 9.39+0.03
5 nd nd 9.47 £0.03 9.39+0.04 9.27 £0.02
7 nd nd 9.41 £0.04 9.28+£0.02 9.14 £ 0.03
Sequential incubation in the simu- control* 9.25 +0.02 9.36 £ 0.05 9.36 £0.05 944 +0.02 942 +0.01
lated gastric and intestinal juice 7% FCB 9.28 £0.03 9.21 £0.01 9.21 £ 0.01 8.84 +£0.07 8.78 £0.06

*sequential incubation in the simulated gastric juice at pH 3.0 and in the intestinal juice without fresh chicken bile (FCB)

nd = not detected
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barrier against the entry and survival of bacteria
in the intestinal tract (Huang and Adams, 2004).

In the present study, the viability of the Ent. fae-
cium CE5-1 was determined after a 2 h incubation
in simulated gastric juice (pH 2.5 and 3.0) con-
taining pepsin. Ent. faecium CE5-1 exhibited good
survival (9.38 log CFU/ml) at pH 3.0 and retained
a moderate rate of survival (7.46 log CFU/ml) at
pH 2.5 after 2 h of incubation (Table 3). The acid
tolerance of LAB depends on the pH profile of
H*-ATPase and on the composition of the cyto-
plasmic membrane. This is largely influenced by
the type of bacterium, the growth medium, and the
incubation conditions (Hood and Zoitola, 1988).

Bacterial resistance to acid in the pH range of
2.5-3.0 is desirable for probiotic cultures. What
should also be born in mind is that the combination
of probiotic bacteria with other food ingredients
present in food products may improve the viability
of microorganisms during gastric transit. This is
because of the protection exerted by certain food
components leading to an enhanced gastric survival
(Charteris et al., 1998; Wang et al., 1999; Zérate et
al., 2000; Huang and Adams, 2004).

Bile salt tolerance is considered to be one of the
essential properties required for LAB to survive in
the small intestine (Park et al., 1998; Hosseini et
al., 2009). The concentration of bile salt is the key
factor which affects the viability of LAB. The con-
centration of bile intestinal contents of animals is
dependent on the age and the foods or feeds taken
in (Lin et al., 2007). Most Lb. fermentum isolated
from swine and poultry were acid tolerant in the
pH 2.6-3.2 gastric juice but less strains were bile
intolerant (Lin et al., 2007). Ent. faecium SH328,
Ent. faecium SH632, and P. pentosaceous SH740
isolated from GIT of broiler chickens were resist-
ant to 0.5% bile salts and remained viable after 2 h
at pH 3.0 (Shin et al., 2008).

In the present study, Ent. faecium CE5-1 showed
good survival in the presence of 1, 3, 5, and 7% fresh
chicken bile (Table 3). The probable reason for this
was that the bacteria isolated from animal intestines
have had more chance to be exposed to bile salts
(Tanaka etal., 1999). Bile salts at high concentrations
can rapidly dissolve membrane lipids and cause
dissociation of integral membrane proteins resulting
in the leakage of cell contents and cell death (Begley
et al., 2005). It has been suggested that the major
effect of bile acids would be the disaggregation of
the lipid bilayer structure of the cell membrane.
The tolerance to bile salts was initially associated
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with the presence of bile salt hydrolase activity
(Moser and Savage, 2001; Taranto et al., 2006).

The two stresses resulting from stomach tran-
sit and small intestinal transit might interact and
thereby affect the viability of the strains in a syner-
gistic fashion. Therefore, it is important to evaluate
all components (enzymes, low pH, bile salts, and
food vehicle) in one system, rather than to evaluate
the effect of each component in separate experi-
ments. In this investigation the effect of exposure
to gastric juice was combined with the following
effects of exposure to bile salts on the viability of the
probiotic strain. Ent. faecium CE5-1 could survive in
the sequential study by showing a survival of 8.78 log
CFU/ml (Table 3). These results indicate that Ent.
faecium CE5-1 may resist the effects of pepsin during
gastric transit and may also be intrinsically resistant
to the action of pancreatin during the small intestinal
transit. Overall, Ent. faecium CE5-1 showed high
capacity of upper gastrointestinal transit tolerance
and could provide an alternative source to entero-
cocci for future probiotic development.

Antibiotic resistance of Ent. faecium CE5-1

Our enterococci were observed to be clinically re-
sistant to chloramphenicol, streptomycin, and tet-
racycline (Table 4). On the other hand, they were
susceptible to erythromycin, penicillin G, and van-
comycin. Ent. faecalis VanB and Ent. gallinarum
VanC were strongly resistant to almost all antibiot-
ics tested in this study. In addition, Ent. faecium 139
was strongly susceptible to almost all tested antibiot-
ics. However, Ent. faecium CE5-1 isolated from the
GIT of Thai indigenous chicken was less resistant to
tested antibiotics when compared with other strains.
Robredo et al. (2000) established that vancomycin-
resistant enterocci (VRE) were found in chicken prod-
ucts and were identified as Ent. duran (n = 11), Ent.
faecalis (n = 10), Ent. faecium (n = 10), and Ent. hirae
(n =2). The increased use of antibiotics in poultry pro-
duction to treat infection and as a growth promoter
in feed has led to the problem of the development of
antibiotic resistance in recent years (Apata, 2009).

Growth curve and BLS production
from Ent. faecium CE5-1

The highest antimicrobial activity of Ent. faecium
CE5-1 (320 AU/ml) was reached at 15 h during
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Figure 1. Growth curve and bacteriocin-
like substance production of Enterococ-
cus faecium CE5-1 in 1 1 of MRS broth
with agitation (100 rpm) at 37°C
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the early stationary phase (Figure 1). However, it
sharply decreased after 15 h of cultivation. This
may be because of the digestion of the antagonistic
compound by proteolytic enzyme released from
the cells (He et al., 2006) or the binding of bacteri-
ocin to producer cells (Todorov and Dicks, 2009).
A decrease in the bacteriocin activity has also been
observed for bacteriocins produced by Ent. faecium
MMRA (Rehaiem et al., 2009), Leuconostoc mesen-
teroides E131 (Xiraphi et al., 2008), and Lb. acido-
philus (Karthikeyan and Santhosh, 2009). On the
other hand, bacteriocin production of Ent. faecium
MMT?21 was detected from the early logarithmic
phase of growth; this reached a maximum at the
end of exponential phase and remained constant
until 34 h of incubation (Ghrairi et al., 2008).

In the same way, the pH strongly decreased from
the initial pH 6.7 to around 4.8 in 9 h during the loga-
rithmic growth and slightly decreased towards the
end of incubation (pH 4.3 at 28 h). The decreasing of
pH during the growth rate was usually found in the
fermentation of LAB, the most common being lactic
acid, acetic acid, propionic acid, and carbon dioxide
(Salminen and Wright, 1998). Similar results have
been reported for bacteriocin ST311LD production
by Ent. faecium ST311LD, where the pH decreased
from 6.2 to 4.4 (Todorov and Dicks, 2005).

30 48

Effect of antibacterial activity of BLS
against bacterial indicators

The CS of Ent. faecium CE5-1 adjusted to pH
6.5-7.0 were observed to show a narrow spectrum
of activity towards the strains tested (Table 1).
It could inhibit almost all LAB strains and some
Gram-positive bacteria such as Enterococcus
strains, P. pentosaceus 3CE27, Lb. sakei subsp sakei
JCM1157, and L. monocytogenes DMST17303.
However, no activity was observed against B. cere-
us DMST5040, Lb. plantarum D6SM3, P. pentosa-
ceus DMST18752, Stap. aureus DMST8840, and all
tested Gram-negative bacteria. That no activity was
shown against Gram-negative bacteria may be due
to the relative impermeability of their outer mem-
branes (Jack et al., 1995). Rehaiem et al. (2009) re-
ported that CS of Ent. faecium MMRA could inhibit
Lactobacillus, Leuconostoc, Enterococcus, and Listeria
species, but there was no inhibition of Gram-negative
bacteria, Hafnia, Serratia, and E. coli. Moreover, the
largest inhibition zones were observed against Lb.
subsp sakei JCM1157. Thus, Lb. sakei subsp sakei
JCM1157 was used as an indicator for the determi-
nation of antimicrobial activity for our study.

Furthermore, CS of Ent. faecium CE5-1 showed
inhibition against antibiotic-resistant enterococci
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Table 4. Antibiotic resistance patterns of enterococci
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Antibiotics (pug/ml)

Erythromycin Penicillin G Streptomycin Tetracycline Vancomycin

Chloramphenicol

Bacterial species

MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

MIC

160 <0.625 40 1.25 40

80

1.25

40

1.25

320

10

Ent. faecium 139

80

>1.282 160 > 1.282 2.5

>1.282

20

40

1.282

80

Ent. faecium 174

40

>1.282 2.5 80 10 40 >1.282 >1.282 > 1.282 > 1.282 1.25

80

Ent. faecium 348

10 80 1.282 >1.282 40 > 1.282 160 >1.282

> 1.282

80

80

Ent. faecalis VanB

> 1.282 160 > 1.282 10 40 > 1.282 > 1.282 80 > 1.282 10 80

160

Ent. gallinarum VanC

320 2.5 40 1.25 2.5 320 640 <0.625 40 1.25 40

10

Ent. faecium CE5-1

= minimum bactericidal concentration

minimum inhibitory concentration, MBC

MIC

strains including Ent. faecium 174, Ent. faecium 348,
Ent. gallinarum VanC, and Ent. faecalis VanB ex-
cept for Ent. faecium 139 and Ent. faecium CE5-1
itself. However, it was normally observed that bac-
teriocin from the producer’s organism had no in-
hibitory effect on the organism producing it. This
was due to the presence of structural enterocin A
gene (entA gene) and the immunity enterocin A
gene (imentA gene) located on the genomic DNA of
Ent. faecium CE5-1 (data not shown). These results
suggest that a BLS from Ent. faecium CE5-1 could
possibly be used to control antibiotic-resistant en-
terococci infections.

PCR detection of enterocin structural gene

The results indicate that only the enterocin A gene
was successfully detected in Ent. faecium CE5-1
(Figure 2). The PCR product was approximately
138 bp. After sequencing of the 138 bp PCR prod-
uct, it exhibited 100% homology with the enterocin
A gene of Ent. faecium E9 in the GenBank sequence
database. Similar results showing the presence of
structural entA gene in Enterococcus strains iso-
lated from animal, food, and feed were observed
by Strompfova et al. (2008). Enterocin A was first
characteried by Aymerich et al. (1996). It was
grouped in the class IIa subgroup of class II bac-
teriocin, otherwise known as pediocin-like bacte-
riocin, and had high anti-listerial activity (O’Keeffe
et al., 1999). However, the presence of structural
entA gene in genomic DNA of Ent. faecium CE5-1
does not necessarily mean the production of the
corresponding enterocin A. In order to confirm
the production of enterocin A from Ent. faecium
CE5-1 it would be necessary to purify antimicrobial
peptide in the future.

Effect of co-culturing of Ent. faecium CE5-1
with antibiotic-resistant enterococci
in MRS broth

Competition between Ent. faecium CE5-1 and the
antibiotic-resistant Ent. faecalis VanB and Ent. gal-
linarum VanC was brought during their co-culture
in 200 ml of MRS broth at 37°C. The results showed
that the viability of both Ent. faecalis VanB and Ent.
gallinarum VanC strongly declined from an initial
6.68 t0 4.29 log CFU/ml (Figure 3a) and 6.76 to 4.31
log CFU/ml (Figure 3b), respectively. This was after
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Figure 2. Agarose gel electrophoresis of polymerase
chain reaction products of the bacteriocin encoding gene
from Enterococcus faecium CE5-1 obtained using
enterocins specific primer

1 = chromosomal DNA of Enterococcus faecium CE5-1,
2 = 100 bp DNA ladder, 3 = enterocin A, 4 = enterocin B,
5 = enterocin P, 6 = enterocin L50B, 7 = enterocin Ila, 8 =
1 kb DNA ladder

12 h of cultivation and the count decreased slightly
after 12 h of cultivation in a co-culture.

This is the first report on using Ent. faecium as a
probiotic strain to control antibiotic-resistant ente-
rococci. Almost all researchers have been interested
in using Ent. faecium or enterocin to control food-
borne pathogens such as L. monocytogenes. Ent.
faecium MMRA supernatant reduced L. ivanovii
BUG 496 at 60 AU/ml (Rehaiem et al., 2009). In
the same way, the number of cells of L. innocua
LMG 13568 decreased from 4.8 x 10> CFU/ml
to 2.0 x 102 CFU/ml for 32 h in a co-culture of
Ent. mundtii STASA and L. innocua LMG 13568
(Todorov and Dicks, 2009).

CONCLUSION

This study suggests that BLS-producing Ent. fae-
cium CE5-1 showed better tolerance to simulate
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Figure 3. Growth of the inoculated indicators in Entero-
coccus faecium CE5-1 culture

(a) growth of the Ent. faecalis VanB in MRS broth with
Ent. faecium CE5-1, (b) growth of the Ent. gallinarum VanC
in MRS broth with Ent. faecium CE5-1

gastric juice in pH 2.5 and to simulate intestinal
juice which contained 7% of fresh chicken bile at
pH 8.0. It was sensitive to tetracycline, erythromy-
cin, penicillin G, and vancomycin. The culture su-
pernatant showed activity against L. monocytogenes
DMST17303, P. pentosaceus 3CE27, Lb. sakei subsp.
sakei JCM1157, and antibiotic-resistant entero-
cocci strains. It may be concluded that Ent. fae-
cium CE5-1 can be used as a probiotic strain for
antibiotic-resistant enterococci control in chickens
in the future. However, biochemical and genetic
characteristics of the BLS produced from Ent. fae-
cium CE5-1 should be studied, too.
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