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Probiotic Properties of Lactobacillus salivarius CPM-7 Isolated from Chicken Feces. Lim, Soo Jin, Sung
Sik Jang, and Dae-Kyung Kang*. Department of Animal Resources Science, School of Bio-Resources Science,
Dankook University, Cheonan 330-714, Korea — To isolate probiotic lactic acid bacteria for animal, we have
screened the microorganisms from chicken feces, by random selection and agar well diffusion assay. Among
them, CPM-7 strain showing superior inhibitory activity against Escherichia coli was selected. By examining
carbohydrates utilization, morphologic property and 16S rRNA gene sequence, CPM-7 strain was identified
as Lactobacillus salivarius, then named L. salivarius CPM-7. L. salivarius CPM-7 produced thirteen enzyrnes
in the test using API ZYM kit, and showed resistance to low pH and bile salts. It survived at pH 2 for 30 min.
and pH 3 for 6 hr. And, it was able to grow in MRS medium containing 0.2% (w/v) bile salts. L. salivarius
CPM-7 adhered to the jejunal epithelium cells of pig. Both the supernatant of L. salivarius CPM-7 and the its
neutralized one showed high inhibitory activity against £. coli K88.
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K88o] =45 LB H#ujA|o] & F Fof, it &
100~200 u AF3)3L 37°Col|A] wiskslsdon, Ui GAI%
o] & fAHFS FEH oz Aisigict
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&4 o) EA].& A }&v] 7 (Scanning Electron Microscopy)
22 HFs)%].2m, Sohn F[151%] Wl F3sict 459
A3 EA4S A7) #sA = APL S0CHL kit
(BioMerieux, France)® AH-8-3}ict, =3k Ee|3t #5379
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TF2HE genomic DNAE FE3F ©}&, eubacterial 16S
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TCC TGG CTC AG-3)%} reverse primer(S-AAG GAG
GTG ATC CAG CC-3') setZ A}&-3}od polymerase chain
reaction(PCR)& #83}¢v}. 50 pmole primer, 50 ng
template DNA, 10xTaq DNA polymerase buffer 5 uL, 2.5
mM dNTP mixtue 4 ul, Tag DNA polymerase(Takara,
Japan) 1 U7} 23% PCR mixtureZ 95°Col|A] 587t wiA
A7 Fof 95°Ce) ] 18-, 55~60°Col|A] 18-, 72°CellA} 18-
7F 30 cycleg HFE-3Fo 24 PCRE 3312t} PCR AHE
£ pSTBlue-1(Novagen, USA)y 2433t v}&, BigDye™-
terminator sequencing kit¥} ABI PRISM377 sequencer
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Anbgl F59] 54 F4E 2AKP] A8iA AP ZYM
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7E MRS AR AA wiefst Foll ZAE )53l 0.85%
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Fig. 1. Scanning electron microscopic (SEM) observation of
strain CPM-7.

Table 1. Characteristics of the isolated strain, CPM-7.

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-BD-xylopyranosicle + 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 +
a-Methyl-D-mannoside - L-arabitol -
a-Methyl-D-glucoside - Gluconatee -
N-Acethyl-glucosamine + 2-keto-Gluconat -

Amygdalin - 5-keto-gluconate -

1) + : positive result, - : negative result
2) API 50CHL kit was used.

ZHF(rod) FElS] FF9E & 4 AUN2H (Fig. 1), Gram %
A, catalase 542 TAE HA 3R] shh(data not
shown). k48 o]-8-A] x}o| 2 FASR= API CHL kitE A}
£3le] CPM-7 #F5 13} A3 A3}, Lactobacillus
salivarius2. FAEHATGAIHAE 99%). CPM-T TF+

glucose, galactose, fructose, mannitol, sorbitol3} -2 6&t
2 7 39, maltose, lactose, sucrose®t 22 o] 3
& AdHeR o] &3l BAL vERIH. B o84 A
o] Z o] 83t TA o|feol EAMIENH TALE Al =3
CPM-7 T529] 16S rDNA A71MQ-& ¥ 3 Foll(data not
shown), NCBI2] BLAST search program& ©]-83}e] A5
A-g vl Er A3} 99.9%2) AFEZE L salivarius® 57
Hioh wepa, B dTeA Addt CPM-7 55 L
salivarius CPM-72.2. 9= 35}ic},
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buffer(pH 6.0)Z H7}3le] wiokl-& F3}A|7] Fof A
AAsE 2ABIAS. F3F $¢] AT A EHFig. 2B(b))
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Fig. 2. Time profiles of cell growth (A) and antimicrobial activ-
ity (B) in the flask cultures of CPM-7 strain on MRS broth.
The cultures were incubated at 37°C on a shaker at 50 rpm and
were taken in designated times. (B) a, Supernatant before neutral-
ization; b, Supernatant neutralized.
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Fig. 3. Resistance of L. salivarius CPM-7 to low pH in MRS
medium. Survival of L. salivarius CPM-7 in MRS broth adjusted
to pH 2, 3, and 4, respectively, was determined. Culture samples
were taken in design:ted times and spread on MRS plate to count
surviving cells.

CPM-7 #57} Hu|3p= {714k o] el = o}& 3FEA o
=l e Ao FSEIT k] dHYE F2
wjeFgel AAEE 1Akl 3 Ao, o] = vz
LA, FAPA | diacetyl Tl &8 Aoz A=A Qlods,
14, 16]. ¥ A&l vepd ulel 7ol CPM-7 @57} £
H|ER= f714F o|9)e] B Hid F71Hel A3t 2
83 Aoz AlmEd

=2#Fe| WA (acid tolerance)

Al 757 AgAIZA 7155 EFE] $siME pH
3 olste] 27l 29 HE FHstoF It IN HCOE
pH 2, 3, 42 Zt7} A3 MRS BA vl Aol L. salivarius
CPM-7& AHE37E Foll 370 wiokshmA] oA 7PH A+
o W3E #Asg ot Fig 3ol B wiel 2], L
salivarius CPM-73- pH 20|A 30%-7F 7318 o A9 Aut
o] AL} 2™ (43%), 30 o FHE| L= AEEe] FA3]
zhastgdet. 8k, HH 304 Adre AF 2719 A9
H|&gt 55 7R18 2, pH 49143= control T-(pH ©]
ZAT)et AR wi kR Zte)] wet Adrrt 238 Fo)
Stgieh, Mutai®] B.31[970]] 213} Lactobacilli®] 7§ pH
25°Co14 308 F<t AL 0 1965] AEELS vebig]
o], Fx|] HollA] Eelg L. salivariuse pH 39 271
A} AAIZE Fofl 78%, 2417 Fell Auk 0 AEES
it Bag vl Qo1l]). =3, Lactobacillus
acidophilus PFO1-2 pH 20| A% 24|75t 712] &gt vk
W ([1], L. acidophilus KCTC 31552] 7-$-oll= pH 33 pH
4o M 2A17F Fo] 22% F 51%2] AEES e
[10]. &21E2] AdF eIt S5l wet Apol7t AT &
AlEe] 915 B3l 2-3412e] 285 94k} pHY}
2~322 A= AS e 9[10, 11], HAMSE 71
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Fig. 4. Bile tolerance of L. salivarius CPM-7 in MRS mediam.
L. salivarius CPM-7 was inoculated into MRS broth containing
0.1, 0.2, and 0.3% (w/v) bile salts, and incubated at 37. Culture
samples were taken in designated times and spread on MRS plate
to count surviving cells.

L. salivarius CPM-70] AAZ. 2 33} o|Fo] AZEE
< APAES v & 7FsAS WAE & gidk

22|73 WeE (bile tolerance)

ARAZA] ZFojof & 27] Fo shis FFA) ot
WA et} L. salivarius CPM-72] &4 WA-S SA317]
sk, FF5AM (bile salt) 0.1~0.3%7F 2472 73 MRS
brothell L. salivarius CPM-7 ¥j ek} 0.1%E HE3 Fo
37°Coll A weksbaA wiokAIZbE Ade] WEE s
o} Fig. 494 Bx kel 2ol bile salt 0.1% 2 0.2% A
7Foll M= controb-(bile salt F3H7VFH)et A Ad<
7} 2318 F7IAE VeI, bile salt 0.3% A7l
ME 6217t o) 3ol = HE 27)9) v|S5E S FAI8IA
t}. Lactobacillus 4~ @5Ak1 H3F WAlo| ofst Helefal
Bl W} 9lew[4], Park $[10]& L. acidophilus KCTC
31555 Al 0.3% - iAol A7k Ay a4t 34
3] ZHasigiet ¥ sk vl glvt. 2@y, Ahn 5100 ¢J3F
L. acidophilus PFO1+= bile extract 0.5% ®] A<l A 24
A7t o] Fol = o] ZHAvt glglem, A Aol B
38t L. acidophilus: 0.3%2) FFANA 24417 Foll =
76%2] AEEE veple] "gAkel Ak A S el
oH11]. B A#eiA vepd vke} 2o, L salivarius CPM-
7 HEAl dig WAo] gt Hom velyty] wiEel A
A ZA 7EA7) U Ao wE

=2 Fe 54 Y

u|AEe] FA AQAted H-E A Ao F8 A FF0)
shtolt, B Aol A 22]gt L. salivarius CPM-7¢] o{nd
3 B8 e Jeplier) gelsl] 8] APL ZYM kits
AF-8-31g o}, Table 20| A X wlel Zol, L. salivarius
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Table 3. Enzyme activities of L. salivarius CPM-7 by API1 ZYM
analysis.

Enzyme Result?

<o

. Control

. Alkaline phosphatase

. Esterase (Cy)

. Esterase Lipase(Cg)

. Lipase(Ci4)

. Leucine arylamidase

. Valine arylamidase

. Crystine arylamidase

. Trypsin

. a-chymotrypsin

. Acid phospatase

12. Naphol-AS-BI-phosphohydrolase
13. a-galactosidase

14, B-glucuronidase

15. B-glucosidase

16. a-glucosidase

17. B-glucosidase

18. N-acetyl-B-glucosidase
19. a-mannosidase

20. a-fucosidase

10, 0 nmol; 1, 5 nmol; 2, 10 nmol; 3, 20 nmol; 4, 30 nmol; 5, =40
nmol.

—
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O NN OO AU R RO COR PR WLDNWLWLW

[l

CPM-7& 733} a-galactosidase B4d-S2 vteh|g]e, o] 9
o| = alkaline phosphatase, esterase, lipase, acrylamidase
dAE HellE}. 53], a-galactosidasel ofFeb 22> =
Froll @ol EAsted A 7k S Ul raffinose
v} stachyose®} 22 FHE A7) e fdo|2= Alghol
v EEe M AREAE 71T 5 sde2].

& MOM=E g&s

ST5E AW Y FE2 ATAL AV T8
A A4S 5] g AA R o HH13]. B AF-E F3)
AREEl L salivarius CPM-70] 52 AoA| Eol|8] F3%
o] IR ARE Zho|AYE F3l ZAKEIYT). Overnight
WloF3L L. salivarius CPM-78& SR8 A Alu|A| . &gt
3} 37°CoAl A 3082 £33 A, L salivarius CPM-7¢]
A A A ] FATE I 4 UK Fig. 5). ATA
o AR/AME F25 AF - SF5E 5] (host-specific)
olgfarl ex] A3, 8], ¥ AT-E Fdle 5
A B2)3t L salivarius CPM-77} SR 2] A3 Abs] M) Eo))
= S U 5 sk

giSE e 7Y H|n

L. salivarius CPM-7 wjof o} dfa dA15E 2 714
FAEA T v|asldeh. A= AAE AT RS oY
A E. coli K88& =3t LB H x| ol L. salivarius

Fig. 5. Adhesion of L. salivarius CPM-7 to the duodenal epithe-
lium cells of pig. The epithelium cell suspension was mixed with
L. salivarius CPM-7 cell suspension, and the tube containing cell
mixture was rotated at 20 rpm at 37°C for 30 min. Adhesion of the
bacterial cells to the epithelium cells was examined using light
microscopy (x1,500) after Gram-staining.

Fig. 6. Inhibitory activity of the supernatant of L. salivarius
CPM-7 against E. coli compared with the those of antibiotics.
24H, culture supernatant of CPM-7 incubated for 24 hr; 48H, cul-
ture supernatant of CPM-7 incubated for 48 hr; K, kanamycin (30
pg); P, penicillin (10 units); T, tetracycline (30 pg); C, chloram-
phenicol (30 pg).

CPM-7 wieke} 100 pL 2 FAE2 o] F% paper disk
E &8% T overnight ¥jeksl 3o A3 =7)E ww
FA3s o). Fig. 6914 H= wiel o], L. salivarius
CPM-7 TF2] 2417k 9 48A17} wiofel o) shaba <Als
2 chloramphenicol(30 pg) 2ohi= w9}k o1t penicillin(10
units), kanamycin(30 pg) ¥ tetracycline(30 ug) Rri= ¥
skeh. & Algol M vehd S EsE CPM-7 #57) 39
sk 14N} B A o} FEA] ok drEAls}
9] B3PHal 2Hgo2 vehls Zlo2 Algsd o]kl A
3 A A] B uje) Zbo], A AT ¢ e ATA
2A L. salivarius CPM-78] 7F543-¢ & 4= slsdeh
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2 AFdME E colivl W3 dF3Adel & L
salivarius CPM-75 AFetA| o] R o 2 XE] Ralslgon,
AFAH EAol disle] AW L. salivarius CPM-7=
AR f WEFAdel st HoE vepdS 9 o
frafol Ak Aol Fsly] ajFell, F7HH dT+E
%3 L. salivarius CPM-70] ¥u]3l= 3752 EA F
A9 FES ATAIEAL 2E AFE A&7 dF o))

™

(] (o]
)

Ak 9] FH e 2 RE A A M S B
2|3}t7] flste], 5249 AU agar well diffusion assay
WS R3] o] FARES 13} sl e o] o
A g Aol 7B 3 CPM-7 F5E 32819
o HF A CPM-7 O g 54, o o] 84
2 16S rRNA M4 848 53} Lactobacillus salivarius
CPM-72-2 $AHA. L salivarius CPM-7-& WA &
WEA el -+ 2 velyi=dl, pH 2914 308 F
ok 2 pH 3ellA] 5A17E F<t AErE A FAENLH,
bile salt 0.2%7} H7}g MRS wiA|l A F218 4= gl
L. salivarius CPM-7-2 a-galactosidaseS- ¥3H3F ohr2] &
&2F Akl e gkiEglen, Sx|9 A AJu]M 2
F3& 4 Jglet. L salivarius CPM-72] wjjokel] =l Z3)ol
- AR AARE APEehs o2 4elal E coli K88l H
gk 733t A% eligle)

ZAtel 2

o] AT A7) ol Addeh A7)EAS FHATFAE
Ao g A=)g AEsple] AR,
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