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Abstract

In this study, a LCH1227 bacterial strain that possesses anti-listerial activity was isolated from fermented food and iden-
tified as Lactobacillus salivarius LCH1227 based on its morphological and biochemical properties, as well as its 16S rRNA
gene sequences. Anti-listerial substance also inhibited the growth of various Gram-positive bacteria, such as vancomycin-
resistant Enterococcus faecalis, Streptococcus agalactiae, Bacillus cereus, Lactobacillus fermentum. The highest level of
production of antimicrobial substances from L. salivarius LCH1227 occurred during the early stationary phase. The anti-
listerial activity was found to be stable over a broad range of pH values (2.0-12.0) and after heat treatment. However, it was
inactivated by proteolytic enzymes, indicating its proteinaceous nature. The apparent molecular mass of the partially puri-
fied anti-listerial substance, as measured by Tricine-SDS-PAGE, was approximately 5 kDa.
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Listeria monocytogenes= B, &, AlR B 559
H 5 AAgE] de] EEEo] glof S, A4 E 7}
Z 7182130 2 FE] o] (Faber et al., 1989; Karaioannoglou
and Xenos, 1980) ListeriosisE A7 WY nAE
2 EHA k. L monocytogenes= Murry 5(1926)°] 2]
A AE FE e HAdY To= A3 AUfE o,
595 4E 1T 9 ALAT Fol A AFES I
O7= Ao dHA Qo ™(Laura and Elmer, 1990), ©]
Sg 3wl A2 W 4EAFS 34 2l
w2} EAA] FHa QA (Johnson et al., 1990; Vasavada,
1988).

Ange 4% TR Ao ol A5 23k ol
A et Bo 9 A o] EE S| 7)d(Tagg et al., 1976),
Z<so AU &4 =R (Cavard and Lazdunski, 1979) &
oJe] A Ol ALAEL Vel wze] AE, o

a7 =

*Corresponding author: Dae-Kyung Kang, Department of Animal
Resources Science, Dankook University, Cheonan 330-714,
Korea. Tel: 82-41-550-3655, Fax: 82-41-564-3655, E-mail:
dkkang@dankook.ac.kr

609

oFE AR A SO = o] &Eal QJtH(Fredericq, 1958).
w3t Zaktol o]l Hhe| 7] LAl (bacteriocin)e] AYAto] B
T ol R B o] v el g B AT
7} Z1gE]o] gith. whe|E] e lolg mjdEo] Ailkele 3
8 SAEA A2 At fEfol=y g 3
el Jlom, fARE Al BES FE Atk &
Zo|th(Reevs, 1965; Tagg et al., 1976). HHE|2] 2.Al0] T
B A7k Bus AYED e EA RFeRE
Lactobacillus 2] L. fermentum(De Klerk and Smit, 1967),
L. helveticus(Jeoger and Klaenhammer, 1986), L. acido-
philus(Muriana and Klaenhammer, 1991), L. plantarum(Ruiz-
Barba et al, 1991) 53} Pediococcus 42 P acidilactici
(Ray et al., 19899} P. pentosaceus(De Sad and De Nadra,
1993) 5o Ut " A &5p7|Ae] ofe] duid
e Eae] ofal EalEo] QA Faistar Aol |l
= Aol 7] Wi, HTele HA AFEHEARE &
3t7] g A5 Edte] &= UTHCleveland er
al., 2001). A Ao g A8l = FLdg v
FRAlo Z = nisine] gloH, ok 507l A 7=, W
AFAIE, ok, B TxH TY BREAEA AREEH
1 thH(Delves-Broughton, 1990). W& -F-A|Fo A E23gt
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Lactococcus lactis®ll 23l AJAHE lacticin 31475 249
9 X80 avdo = 83 H9rt oM (Ryan er
al., 1998), Escherichia colidll 2&] AJ2+E = colicind}
microcin® 7FaF v A0 595t Salmonella X E.
coli O157:H72] AL AAYct= vl thDiez-
Gonzalez, 2007; Gillor et al., 2004).

2 AF= SAREY 78 A5 sl Listeria
monocytogenes©l| WIsted 73& et gt S48 Ad 475
Adetar, Ak w#7F Aiele daEEY S84S5 T
Hal7] fste] AAIH AT

R

AEEF A K]

0.02% sodium azideE % 7}3$F de Man-Rogosa-Sharpte
(MRS) HiA|(Difco, USA)Oll AEHEAEI} FH 53 &
wato] kS sttt Eed 2kt MRS broth
ol FF3ted 37°Coll A 48AIF mljggh §- 4°Coll A Bashd
A ARG, S SAEE] flete] ARESE AATE
£ ATCC(American Type Culture Collection), CCARM
(Culture Collection of Antimicrobial Resistant Microbes),
KFRI(Korea Food Research Institute), KCCM(Korean Cul-
ture Center of Microorganisms), KCTC(Korean Collection
for Type Culture)ZFE EF Hto} AR50 ™, Lacro-
bacillus fermentum SBO02, Lactobacillus salivarius CPM7,
Lactobacillus johnsonii PF01-2 2 A& Aof A E2|sle] B
T2 #F5 AHE-SITHTable 4).

st EMo| £H
B3 FF2 MRS AAEjR|olA 297t vt ohe,
o] FAdAdS 53] I8 agar well diffusion

method(Tagg and Mcgiven, 1971) AFE-3}ATE 1.5% $F
& 33 Tryptic Soy Broth(TSB, Difco, USA) 9ol A
AlAt v FlS- =5}e] Bioassay plates A 23} 13k
AdE dFE9 wjddS 428,000 rpm, 10 min)
&}3Z, membrane filter(0.45 pm, Advantec Co., Japan)E ©|
g3l AFS ThS, SN NaOHE ARE-3lo] vt s
pH7.02 FSIA|ZTE AAlTo] FEE TSB Hgul =] el
55 o Fofl 200 uLe] v LT HE FFslaL 37°ColA
HjFeE $of], A% FAHARE Ao IHN, EH
AGHFE HFHo = ALSIATHLim et al., 2007).

oMEe S8

e AR5 543H7] 915k Bergey's Manual
of Determinative Bacteriology®l|] W&} ZAFSIATHHolt er
al., 1994). 122 catalase test & T2 AyEsHE E
A& ZAFsH7] 918 API 50 CHL kit(Biomérieux, France)

= ARgsilen, ek 59] 16S rRNA 73} 47]

s 5 ]
g3tk 2l v FEjshd]l 5742 Sohn 5(2004)
o] WS F3te FARAAE W] (Scanning  Electron
Microscopy, SEM)°. & #2351t}

HHQEA[ZLO]| }E &S E 2| Mot

AdE gaEA AETE MRS brothel]l HE3kal
37°CollA] 48A17F Bt v gstaA ABAIRT EE ujd
< Fste] A, pH B g 48 SHSEH. St
=49 24 wskE SAsh] flste], i pH 7.02
2 Z7A3}al membrane filter(0.45 pm, Advantec Co.,
Japan)Z A¥}3F T3 spot-on-lawn B (Mayr ef al., 1972)
o2 TS SASIATE F, L. monocytogenes ATCC
191147} 1.7x107 CFU/mLZ %7}H soft agar 9ol w4
THE "ojmmgal 37°CollA] 12A4]7F v st ThF, clear
zone FAFAFE FFFT S ke widY mLT
AU(activity uni)2 EAISI. 5, vldAE A4 o=
2 B350 RS AT A) 5 He] @
F3kaL, o] kol 1 mLel disA] it == bAlG
F3le] AUMLE UERHQITHPaik ef al., 2003).

o

S Golry) 915l v edS 4, 20, 37, 40, 50, 100,
120°ColA 22} 303 FAE|gh $oll JFE8AES 3798
ATHChang ef al., 2001).

72l W ATEMof ChEE LHA

21E 7hsl el gk Jd2 Lokir] flstod, &
Tado] X3 v s de 7| E A proteinase
K(EC 3.4.21.64, Sigma Co., USA), trypsin(EC 3.4.21.4,
Sigma Co.), lysozyme(EC 3.2.1.17, Sigma Co.), a-chymo-
trypsin(EC 3.4.21.1,type I-S, Sigma Co.), pepsin(EC 3.4.23.1,
Sigma Co.), lipase(EC 3.1.1.3, type VII, Sigma Co.), a-
amylase(EC 3.2.1.1, Type VIII, Sigma Co.), catalase(EC
1.11.1.6, Sigma Co.)E 2 mgmL F=& zZ}z} 37135k &
o 7 Fadde ST AMLEA N gk HA
S 3Q13}7] $3H, Tween 80(DAEJUNG Chemicals &
Metals Co Ltd., Korea), Triton X-100(Pharmacia Biotech.,
Sweden) HIF TR -2 HIE(viv)E EFBAL A
NA SAIRE WhgEE &, ZE IS SASIATHKIm
et al., 2003). =] =L agar well diffusion assay

WS ARk
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AL
gt |
22 AAFTE 37°C, 2487 Wi H, vjekelS
3] wRFSPHA] AR FS Hrtete] s 314
<, 4°CollA] 24717 AAEte] 4] (12,000 g, 25
min, 4°C)3}3th FIAES 345} 50 mM sodium phos-
phate buffer(pH 8.0)°l =9¢]3l, Dialysis Cassette(MWCO
3,500, Thermo SCIENTIFIC, USA)S A}8-3}a] 4°Col| A
Y T ol FaAHET APl AHESIATHLee
at el., 1999). TS =72 agar well diffusion assay
PES ARSI, AHSE AATS Table 2014 B w
s} 2},
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Tricine sodium dodecyl sulfate polyacrylamide gel

electrophoresis(Tricine-SDS-PAGE)

PR BARE SHe] fetel, Al W
AL ARE31] Tricine-SDS-PAGES 2A13FTHSchgger
and Von Jagow, 1987). 16.5% acrylamide gelS AF2-3}%1
a1, = A% 522+ Precision Plus Protein Dual Xtra
SDS-PAGE Standards(Bio-Rad Laboratories, USAYS A&
SRt A719=LS AAIZ & 0.12% Coomassie Brilliant
Blue G250(Bio-Rad Laboratories)©.2 QAs}3 oW, At
d SHTE AHSIAT. A3 gels TSB aLAlElA] ¢
o 31, 71 9ol L. monocytogenes ATCC 19114(1.7x107
CFU/mL)°] g% TSB soft agar(agar 0.8%)5 553t TF
o 37°COlA 24417t vl o, A oJAIgke] FA
HE band2} GAE geldoll 4] bandS HILEIATH

A3

]

a

sa|25e| 53
Listeria monocytogenes A= FE 4 LCH1227
TFE FARANE R 8% A3 1Hto|loH (Fig. 1),
a7 4, catalase v, Pl B 7R A=
Bt HEA] EAS AYal AATH APl CHL
kit(Biomere, France)Z AFE-3le] 49l o] 84S ZANSH
A3}, D-glucose, D-fructose, lactose, sucrose, raffinose %
o] &g 4= AN, glycerol, starch, xylitol 52 &3]
T $ATKTable 1). &gt 4S5 98k LCH1227
2] genomic DNAS &3k 9] 16S rRNA FZA}F
A7 ES AN O H, GenBankol] 559 TS o
=9 A\ g vt A3 L salivarius$t 99.7%2]
S et ety A dFE L salivarius
AN C, L. salivarius LCH12270]2} W31t}

ol

% rlo
_|

N 1o =l
o

)

T
ox, 19

o
[}

f

HHQEAIZHO]| HE SEEE | Wit
L. salivarius LCH1227 2] vjFA|Zte)| whE A=
e ST A, WG 24030 Ho T 1.6x10°

Fig. 1. Scanning electron micrograph observation of L. sali-
varius LCH1227 (x20,000). Under an electron micro-
scope, the cells are observed to be rod-shaped.

Table 1. Biochemical characterization of Lactobacillus sali-
varius LCH1227 by carbon source utilization pattern

Characteristics Result Characteristics  Result

Shape rod

Gram stain + Arbutin -
Catalase - Esculin -
Control - Salicin -
Glycerol - Celiobiose -
Erythritol - Maltose +
D-Arabinose - Lactose +
L-Arabinose - Melibiose +
Ribose D-ribose - Sucrose +
D-Xylose - Trehalose +
L-Xylose - Inulin -
D-Adonitol - Melezitose -
Methyl-p-D-xylopyranoside - Raffinose +
D-Galactose + Starch -
D-Glucose + Glycogen -
D-Fructose + Xylitol -
D-Mannose + Gentiobiose -
L-Sorbose - D-Turanose -
Rhamnose - D-Lyxose -
Dulcitol - D-Tagatose -
Inositol - D-Fucose -
Mannitol + L-Fucose -
Sorbitol + D-Arabitol -
o-Methyl, D-Mannopyranside - L-Arabitol -
o-Methyl, D-glucoside - Gluconate -
N-Acethyl-glucosamine + 2-Keto-gluconate -

Amygdalin - 5-Keto-gluconate -

1) +, positive result; -, negative result
2) API 50CHB kit was used.

CFUmMLZIA] A7stiom, olujo] pHe 3.83¢] ATHFig.
2). AW wE yepd A7) 2706 A 89S
Uetilen, ik 3712 2aE dagAo] oAl
s G99 5 Sl Zrkto] Arlshe ddEde] &
3ol AAZIE Ay AFE7Iel =EEHA AstE= 54
< 7] Barg v 413} vl FARsEAtH Aasen ar el
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Fig. 2. Antibacterial activity of the supernatant of L. salivar-
ius LCH1227 against Listeria monocytogenes ATCC
19114. Antibacterial activity was assayed by spot-on-
lawn method. The cultures were incubated at 37°C using
static culture and were taken in designated times.

2000). Lactococcin 1402] 735~ t<=7] SHHLE F2 3]
o] A= .. (Parente at el., 1994), Mesenterocin 5
T ek 24X)7F THE 90% oY A HAE U
ERNSItH(Daba at el., 1991).

[ 1':']_—01_5]—7] H°H
AEE pH 2,004 pH 12.
ARSI, 37°CAlA WSS & [E IS %7‘355} A7},
PFHLS FFolA FHEAES IUE FAShe Fo=
eI THTable 2).
Zrkto] Aikshe o

Table 2. Effect of pH and temperature on the antimicrobial
activity of the supernatant from L. salivarius LCH1227

Treatment Residual activity (%)
None (control) 100
pH 2.00 100
3.00 100
4.00 100
5.00 100
6.00 100
7.00 100
8.00 100
9.00 100
10.00 100
11.00 100
12.00 100

Temperature (°C)

4 100
20 100
37 100
40 100
50 100
100 100
120 100

Hol A, w9 =gke H9)e] pHolARE 9HY
3 Aog 4EA Sled|, 2 dlE L plantarum C-119]
A 2FS1= plantaricin A= pH 4.0-6.5 AFo]2] He o A7t
S FA15FH .21 (Daeschel and Mckenney, 1990), nisin
2] A= pH 2.0014= 43S FAISHAEE pH 8.0-12.0
or= o] Aashe Ao HAEUtH(Liu and Hansen
1990). olel] sl BAkol ASHE P94l F 2

of BAEATE He pH FHoIM=E g B9 9,1‘—
o, L. brevis B37°] A2FE= brevicin 372 pH 2-10 A}
ol9] FY& &S 2zt 3)O m(Rammelsberg and
Radler, 1990), Lactococcus lactis CNRZ 4819°] *g*}’c_ﬂ-—‘:
lacticin 481 pH 2-112] 5-& HeM = XS 75}
Aoz HuEAHPiard at el., 1990). 3HA 5]"T1L§70
2ol tid S AR A3t 120°C9) a2l
T gadEs FAGeEN WA B s &

ASATH(Table 2).

Lo

L. salivarius LCH12272 3¢ A2hEE 3228 pH
2-129] FHL2 pH HeHOE olyg} o= w9 <t

T AN

JlrEslEa ¥ AlHENof chst LHY

L. salivarius LCH12272] ¥ J5dl A FF< 7}
T EALE 2 mgmLe] FET} HESE H7Feto] vhEA|
71 3 shtEde EEAS SAS 27, proteinase K,
trypsin, pepsin Z12]3 o-chymotrypsinol] 2J3|X= d+t &
Ao AE] AAEAC M, catalase, a-amylase, lipase2}
lysozyme©l] T3+ o8l F3F= Hbx] gIltH(Table 3).
3HH, Tween 80, Triton X-1002 w5l F3F H7}
Bl AL A 5A)7F ZoF Hjkst o el
5 S mAA 3] wiEel, ARl digk W)
A of$- 7Fe AoE VERGTHTable 3).

webA] L. salivarius LCH12270) AJAbels spEdo
H,0,7} obd ¥int ofug} ghpslEo] E3hEA] ok ol
2 e deloleg o]FojR EFUAS A5 5= 9IdTh.

Table 3. Sensitivity of supernatant from L. salivarius LCH1227
towards different enzymes and surfactants

Treatment Residual activity (%)

None (control) 100
Enzymes

Proteinase K 0

Pepsin 0

Trypsin 0

o-Chymotrypsin 0

Lipase A 100

o-Amylase 100

Surfactants

Tween 80 100

Triton X-100 100
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Fig. 3. Cell growth and antimicrobial activity of L. salivarius
LCH1227 in MRS broth. Symbols: H, viable cell count;
A , pH; black bar, antimicrobial activity. The cultures
were incubated at 37°C using static culture and were
taken in designated times.

Tricine-SDS-PAGE

L. salivarius LCH12277} A2¥s= Tl A a9
BAE 2957] te], FsHee AHESte] Tricine-
SDS-PAGES A8}t (Fig. 4). L. monocytogenesS A
Ao 2 sl 3t AdS AAS 23, oF 5kD HEe
A XA Tt JATS SR1T = AATHFig.
4). e A BFA Class Tao] <3} sakacin P,
leucocin A, pediocin AcH, Z1&]3l enterocin A & B}
29219 it BEalgo] 3.4-49kDadl AoZ L4HA 9
THEnnahar at el., 2000). L. salivarius LCH1227 757} AY
sbele dhtEAe] A Class 1la 2] 2417 fA}
iAoy, dtEde] 548 FAFeE FRIsH] Hs)
AMe FaEde] erdy B oA g E4 5ol

Zad Aol

kDa
75"

37—
25—

20"
15

10

Fig. 4. Tricine-SDS-PAGE of supernatant from L. salivarius
LCH1227. A. Tricine-SDS-PAGE from the supernatant
of L. salivarius LCH1227 and Coomassie brilliant blue G
staining. Lane 1, Precision Plus Protein Dual Xtra SDS-
PAGE; Lane 2, Supernatant of L. salivarius LCH1227. B.
Antimicrobial activity of the supernatant of L. salivarius
LCH1227.

&

L. salivarius LCH12279] v]Fs=5Y-S A8-810], Gram
FT 135 Gram 54T 6= WEeE It AHE
HE ZASIAITE. Table 494 B vle} 2], L. salivarius
LCH12277} ¥1l8l= 3HtE2-2 L. monocytogenes ATCC
19114, Enterococcus faecalis CCARMO011 (vancomycin
resistant Enterococcus)dl &l 71 7323 341 v
Bl oH, a5 o9 L. fermentum SBO02, L. delbruekii
KCCM11357, L. salivarius CPM7, L. johnsonii PFO19]] T
M= ggrdo] JFEHATE o] A% Sweptococcus
agalactiae ATCC 13813, Bacillus cereus KCTC1661, Bacillus
licheniformis KCCM121459)] HeiX % adgAdo] Bz
Aok 28y Gram AT Pseudomonas aeruginosa
CCARM 2003, Salmonella Enteritidis KCCM 12021, Salmo-
nella Typhimurium KCCM 40253, Shigella flexneri KCCM
40414, Escherichia coli K88l el = shtdAdo] oz
A ket 7] BaH L salivarius K79 S ~HEH
S Bacillus coagulans, Lactobacillus sakei?t+S A} .S
™ (Pilasombut et al., 2006), L. salivarius UCC118°] A4k
sl= st ERAQ 7S, E faecalis, L. fermentum, Listeria
innocua 55 AAISIFLeH, S aureusE: AR E3=
7AeS JeERAAtHBarrett et al., 2007). ¥ ATE 53
AE L. salivarius LCH12272 L. fermentum SB02, L.
delbruekii KCCM11357, L. salivarius CPM7, L. johnsonii
PFO1 ¥4t oluz} L. monocytogenes ATCC 19114, S.
agalactiae ATCC 13813, B. cereus KCTC1661, B. licheni-
Sformis KCCM12145, E. faecalis CCARMO011(VRE)S} 7
o] BE OFFIAANTS JAlske 5 7] Hare v
A= b8 548 UERileH, 350 o] 2] A
g9 72 W B4 7 59 477 e A0 AR
Ho}.

L. salivarius LCH1227 7} Arkele drEde
W2 AS 3151 oY, Class a2 E7F 2Hg 2
o] 5ARI Listeria®l Wit &7t e 54T A
13 S W (Ennahar at el., 2000), FAHAEH= =}o)7}
AATE. o]H R w0 Hikete tEA ] shsl vt
HlE] 2419 e whiidou Jlefo|= 4= o] Fo|A
1A o] Aslr] e Holl A Tl d s aie] o) walE e
A A F=0]a Aol glvke Aolth(Galvez
at el, 2007).

Al glzdHglolse] o] H= L. monocytogenesOll
LFE SAFS A=, 7 TY HAFE Aa, ZEE
25, Halv ste1 59 7SAE T owe- 3
&}l (Ramaswamy et al, 2007), QA S 2R =)
SH71% sfaL, QIZHE 23%9] 7 B0 Q¢E o
FEE7I= gt AN kS ARE TYsidEi=
=25 ZEehs FFME 29E 7Fs/do] ATH(Oraveov

El

ATEH

>

(
=
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Table 4. Inhibitory spectrum of the concentrated antimicrobial compound from L. salivarius LCH1227

Microorganism Indicator species Medium" Temperature Inhibition?
L. monocytogenes ATCC 19114 TSB 37°C ++
E. feacalis CCARM 0011 (VRE) TSB 37°C ++
S. agalactiae ATCC 13813 TSB 37°C +
S. aureus KFRI 00188 NB 37°C -
S. aureus KCCM 40510 (MRSA) NB 37°C -
L. fermentum SB02 MRS 37°C +

Gram positive L. delbruekii KCCM 11357 MRS 37°C +
L. salivarius CPM7 MRS 37°C +
L. johnsonii PFO1 MRS 37°C -
L. acidophilus KCCM 32820 MRS 37°C ++
L. plantarum KCCM 11322 MRS 37°C +
B. licheniformis KCCM 12145 NB 37°C ++
B. cereus KCTC 1661 NB 30°C +
P. aeruginosa CCARM 2003 NB 37°C -
S. enteritidis KCCM 12021 NB 37°C -

Gram negative S. typhimurium KCCM 40253 NB 37°C -
S. flexneri KCCM 40414 NB 37°C -
E. coli K88 NB 37°C -

DAbbreviations: TSB, Tryptic soy broth; NB, Nutrient broth; MRS, de Man-Rogosa-Sharpte; BHI, Brain heart infusion; LB, Luria-Ber-

tani broth

D Activity was expressed as the diameter of inhibition zone against each sensitive indicator. Degree of clarity of clear zone by growth

inhibiton: —, no inhibition zone; +, below 13.5 mm; ++, 13.5-15.5 mm

et al, 2008). ©]#3t o-FZ L. salivarius LCH12277} £
Hske 3rEd-e SAREY AL 2 7, el
X L. monocytogenes A A| 241 2] —o~%—7]—-g*§ o] =& A
oz Az,

o ot

L =
AENFAE O ZRE L monocytogenes ATCC 191149]]
73 f%‘_fé}/\% Hole #5% Relsiyth. Rejd #F
o] Fejsty 2 Aslehy 543} 16S rRNA 97144 &

28 B3 Lactobacillus salivarius LCH12272.2 53 =
R}, L. salivarius LCH12270] #H|8l= Jd=2L L
monocytogenes ¥R+ ol g} vancomycin-resistant Entero-
coccus faecalis, Streptococcus agalactiae, Bacillus cereus,
Lactobacillus fermentum 53 2 1% Alxtol dis)
Z g gt 84S YERNIYE L. salivarius LCH1227
o] Weo W it FAS =43 An), WA %
719l o) 24300 AUmLYE RN, A7) o
FRE) BAo] WA AT, FFEA) DAL pH
2-12 A A QPgston, Aol ofsiix

0] 24514 oo} Lol AT BAYL % 5 U
t}. L. salivarius LCH12270] Aksh= 528 oz
gl A 2 230 Q¥Hony Buay 23
ol A FAEY 2, Tricine-SDS-PAGE 2 &S &3}
o 30 L%Z%lgl AR oF 5 kDa AEYS & 4 AT

7I-A|. |
B =50 w2aE Y ko] Q121 (A
Z.: PJ00812701)2] Aol oJsle] =8¢ Az o]df 7+
AS =49}

F

I
o
rat

a
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