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Abstract

The purpose of this study is to isolate probiotic lactic acid bacteria (ILAB) that produced bile salts hydrolase.
One hundred twenty strains were initially isolated from human feces. Based on their resistance of acid,
tolerances of bile salts, and inhibitory activity against Escherichia coli, five strains were selected. A strain
producing highest activity of bile salts hydrolase was identified as Lactobacillus plantarum using API
carbohydrate fermentation pattern and 16S rRNA sequences, and named CK102, Lactobacillus plantarum CK102
survived at a level of 1.36 x 10°CFU/ml in pH 2 buffer for 6 h and showed exhibited excellent bile tolerance.
When L. plantarum CK102 was cultured with E, coli in MRS broth, no viable cells of E. coli was detected after
18 h fermentation. These results suggest that Lactobacillus plantarum CK 102 may be commercially used for

the probiotic culture.
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olz]3t R9E F FFAIS FHLHE date] FEZA
Aol o] TEALe 41% cholate, 39% chenodeoxycholate, 15%
deoxycholate, 4% ursodeoxycholate, 1% lithocholate = FAH
o] QITHEliot, 1985). BFL 2 HH|=H& FHTe Lt
A AL FHEAY AR AFLH BFe
i EolQ A7 sl 97%7 o] ARE FFET
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N2 FEA IS 9% A7EAR YU ES I8
2 3174 BrHDe Rodas et al, 1996; Driessen and De Boer,
1989).

39, A AEEL BESFLS amide BHS 7T
slate] 2] EAE AAISt, 7 carbon hydrosyl groupS
AR 23 GBS A0, I hydrosyl groupE-S A
- gsle] GEAE WEAIF 5 A ri(Hofmann, 1988).
HEAE glycine EE taurine™} 37 N-acyl conjugationg ¥
35l BE o 2 HE] )= vj(Hofiman and Mysels, 1992), Al
ol A 2 2HES AAsHe F74 224 (Turley and Diets-
chy, 1988), AW ZH 28 hALS 2AeE F23 $°]
“HChen et al.,, 1995). ©&At7} taurine T glycine®] Z 3
bile salt hydrolaseol] ¢]a Eal€ 0, o] BEHEFA £l
4] @A) Lactobacillus, Bacteroides, Bifidobacterium, Fusobacte-
vium, Peptostreptococcus, Clostridium “12] 3L Streptococcus &=
QA L= 2 ltiHylemon, 1985; Macdonald, 1983).
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Fig. 1. Deconjugation of conjugated bile salts by Lacto-
bacillus sp. CK 102 grown on MRS agar plates
containing bile salts.

Table 1. Deconjugation of bile salt by lactic acid
bacteria under anaerobic condition

Deconjugation

Bile salts
CK 101 CK 102 CK 103 CK 104 CK 105
Oxgall - ++ - +
Bile extract + ++ + +

—: No halos of precipitate around colonies.

+: Halos of precipitate around colonies.

++: Big halos of precipitate around colonies.

+++: Very big halos of precipitate around colonies.
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Table 2. Hydrochloric acid-tolerance of various isolates of Lactobacillus sp. at different initial pH

pH CK 101 CK 102 CK 103 CK 104 CK 105
Viable cell(CFU/mL) 0 1.36x10° 0 6.92x10° 0
pH 2.0
Viability(%)* 0 68.2+3.4 0 34.6+1.7 0
Viable cell(CFU/mL) 3.08x10 1.65x10° 0 1.52x10° 6.64x10"
pH 3.0
Viability(%)? 15.420.8 82.7+4.1 0 75.8+3.8 332+17
Viable cell(CFUmLI) 1.90x10® 1.98x10° 8.32x10 1.98x10° 1.89x10°
pH 4.0
Viability(%)" 95.1+4.8 99.0+5.0 41.622.1 99,0+5.0 94.6+4.7
Viable cell(CFU/mL) 1.94x10° 1.98x10° 1.54x10° 1.98x10° 1.92x10°
pH 5.0
Viability(%)* 97.2+4.9 99.0+5.0 772439 99,0+5.0 96.2+4.8

Yiability(%)* =(cell number in MRS containing HCI or bile salt + cell number in MRS)x100. Inoculated various Lactobacilus sp. were

approximately 2.0x10® CFU/mL at initial time and regarded as 100%.

Table 3. Bile salt-tolerance of various isolates of Lactobacillus sp. at different concentration of bile salts

Bile salts

o CK 101 CK 102 CK 103 CK 104 CK 105
()
Viable cell(CFU/mL) 1.98x10° 1.98x10° 1.52x10° 1.98x10° 1.32x10°
0.1
Viability(%)" 99.0+5.0 99.0£5.0 76.2+3.8 99.0+5.0 66.1£3.3
Viable cell(CFU/mL) 1.10x10° 1.98x10° 9.02x10’ 1.98x10° 6.24x10’
0.3
Viability(%)* 55.142.8 99.0+5.0 451423 99.0+5.0 312416
Viable cell(CFU/mL) 7.06x10 1.98x10° 2.38x10’ 1.98x10° 0
0.5
Viability(%) 353£1.8 99,0£5.0 11.9+0.6 99.0+£5.0 0
o Viable cell(CFU/mL) 2.42x107 1.84x10° 0 1.30x10° 0
1.
Viability(%)" 12.1+0.6 92.2+4.6 0 652433 0

Viability(%)" =(cell number in MRS containing HCI or bile salt + cell number in MRS) x 100. Inoculated various Lactobacilus sp. were

spproximately 2.0x10° CFU/mL at initial time and regarded as 100%.
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Fig. 2. Growth inhibition of E. coli KCTC 1041 by Lacto-
bacillus sp. CK 101, 102, 103, 104 and 105 in MRS
broth.

@: only E. coli, *: E. coli by Lactobacillus sp. CK 101, A:

E coli by Lactobacillus sp. CK 102, x: E coli by

Lactobacillus sp. CK 103, +: E. coli by Lactobacillus sp. CK

104, Ot E. coli by Lactobacillus sp. CK 105

shown). Z4dgtel] 23t R3] AT A= Fikdoe] kst
© bacteriocin] JEjA o]FoIRE ZoE LA itk
(Huttu-men et al., 1995; Gourama and Bullerman, 1995). ©]
o e AdzRY ol 2wl @ dEel Age
= 4Md pHe} bacteriocino] «l??l A2 AR 71Q18tE AL
2 AlgHuh
Z S{(1984)2 L. acidophilus, L. casei %
2-8td E coli®} Salmonella typhimurium 52) Z2]9] 9|X]&
F3e ZAIF =Y L bulgaricusel] 3l & 33~34 A|7H
742 W FStR & W] E. coli®} Salmonellad] 2412 B5 A
3l o1} L acidophilus} L. casei®] 7359l 1079] T4 o
3] 4017t &, 10°~1074%) A5t L. bulgaricus B8} A
5ol AzaTh Bnsldth aet B ATl Beld
Lactobacillus sp. CK 1029 thajA = 18A]7F o] Zd| &= th A+
o] HEHA ot = F(1984)] AFE ) g Azl i
o] AES dAshs o2 Jelyth

2 L. bulgaricusE ©]

fu7 57

E Aol Adte RAHE F 7 $43 23S B
& Lactobacillus sp. CK 102&- API kitE o] &3 9itg A&
7} 16S RNA 45 T3t F4 5ttt APl kit EA o=
Lactobacillus plantarum®. 2 JEVJTHTable 4). 12|31 168
tRNA B\ &= Lactobacilus sp. CK 1029] 510719] &7l
o) Lactobacilus plantarum U5 & 4 AU tHFig. 3). wz}
A B3E CK 102 3 PYEA 2N A8l 715 ok
Aol Qe RS & F UUTh

o|Ate] Ast2XE EE]¥ Lactobacillus sp. CK 102 #F

0Hl

Table 4. Bacteriological characteristics of Lactobacillus
plantarum CK 102

Morphology
Cellular rod
Gram staining +
Colony(at MRS medium) gray(flat)
Spore-forming -
Motility -

Physiological characteristics
Optimum pH 6.0 ~ 7.0
Optimum temperature 35 ~ 37T
Growth at 15T -
Growth at 42T
Growth at 0.3% bile

Growth under aerobic condition

+ o+ o+

Catalase -

B-Galactosidase +
Acid formation

Amygdalin +

Arabinose

Cellobiose

Galactose

Glucose

Fructose

+ + 4+ o+ o+

Mannose
Ribose -
N-acetyl glucosamine
Esculin

Salicine

Maltose

Lactose

Melibiose
D-Raffinose
Amidone -

+: positive, —: negative

+ o+ + o+ o+ o+ o+

CTGGTTAATCCGTCCTACCTGACAGTTACTCTCAGATATGTTCTTCTITA 50
ACAACAGAGTTTTACGAGCCGAAACCCTTCTTCACTCACGCGGCGTTGCT
CCATCAGACTTTCGTCCATTGTGGAAGATTCCCTACTGCTGCCTCCCGTA
GGAGTTTGGGCCGTGTCTCAGTCCCAATGTGGCCGATTACCCTCTCAGGT
CGGCTACGTATCATTGCCATGGTGAGCCGTTACCCCACCATCTAGCTAAT
ACGCCGCGGGACCATCCAAAAGTGATAGCCGAAGCCATCTTTCAAACTCG
GACCATGCGGTCCAAGTTGTTATGCGGTATTAGCATCTGTTTCCAGGTGT
TATCCCCCGCTTCTGGGCAGGTTTCCCACGTGTTACTCACCAGTTCGCCA
CTCACTCAAATGTAAATCATGATGCAAGCACCAATCAATACCAGAGTTCG
TTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCGTCCTGAGCANGGN 500

ATCAAACTCT 510
Fig. 3. 16S rRNA sequence of Lactobacillus plantarum CK
102.



HEA

r-{n:

2 Ee Bells g, EEdAel Helud, dids

AAEI7} = Lactobacillus plantarum® 2 5 5] ] ch
= RAFL WG AA ] ZRAAN B8ty Wi of

=AE b FEEO glg Ao FHHY, GFA B

o2 QA3 ZFUHE AEANE 717 dde
gelvhd AZEFAE £ AIEHIA 59 483 A7)
2 Aol 7hed Aoz AZESIh
Q ok

A% Agele] o 2 HE] GEAN B so] 53 2
el e fsted R Y 2uye AMgsle
Z 12059] ZAE 13 Belela, a5 559 akts
HE gttt 483 ZAokto] Zhgojotd F a3 A4
A WA, UigEH, oidT Aslee AEd A

=
Lactobacillus sp. CK 1020] 1 st 32 LElhg.
Lactobacillus sp. CK 102 % pH 2.0l 4 68% ©]e] U4
%} 1.0% @Fako] 35 uﬂz ol 90% o] Ate] WAL LI}
Ao MRS WAl g3t &3 vl FA] 18A)3 ool
N2 100% APEAIZ T BAAEA A 7)ol 7P S5
8t T539l Lactobacillus sp. CK 1022 API kite} 16S rRNA
sequencing WS AlLSle] FHAS A3} Lactobacillus
platarum 2.2 ¥ra{ At} o] el ZAxloja] Eel3 Lactoba-
cillus sp. CK 1025 A 2A QHABIA o] 88 4 e A

o2 Jvehydr]
AAtel 2
2 dTE 20033 nEAZEE 52AE YAU|ed
TAEHKRRC)S] 4] Aoz d¥ A7 Syt
Skt

1. Ahn, Y. T. and Kim, H. U. (1999) Bile salts deconjugation
of lactic acid bacteria found in the feces of normal Korea
adults in fermented milk products. Kor. J Anim. Sci. 41,
183-192,

2. Booth, I. R. (1985) Regulation of cytoplasmic pH in
bacteria. Microbiol. Rev. 49, 359-378.

3. Chen, Z., Herdt, T. H., Liesman, J. S., Ames, N. K., and
Emery, R. S. (1995) Reduction of bovine plasma cholesterol
concentration by partial interruption of enterohepatic circu-
lation of bile salts: a novel hypocholesterolemic model. J.
Lipid Res. 36, 1544-1556.

sh5o] Holwt alakite]

2 2 54 169

M

4. Dashkeviez, M. P. and Feighner, S. D. (1989) Development
of a differential medium for bile salt hydrolase-active
Lactobacillus sp.. Appl. Environ. Microbiol. 55, 11-16.

5. De Roadas, B. Z., Gilliand, S. E., and Maxwell, C. V.
(1996) Hypocholesterolemic action of Lactobacillus acido-
philus ATCC 43121 and calcium in swine with hypercho-
lesterolemia induced by diety. J. Dairy Sci. 79, 2121-2128.

6. Driessen, F. M. and De Boer, R. (1989) Fermented milks
with selected intestinal bacteria: a healthy trend in new
products. Neth. Milk Dairy J. 43, 367-382.

7. Elliot, W. H. (1985) Metabolism of bile acid in liver and
extrhepatic tissues. In Sterols and Bile Acids, 12, Danie-
Isson, H. and Sjovall, J.(eds..), Elsevier Science Publishers,
B. V., pp. 303-343.

8. Femades, C. F., Chandan, R. C., and Shahani, K. M. (1992)
Fermented dairy products and health In: the Lactic acid
Bacteria, Volume 1, Wood, B. J. B.(ed.), London, New
York : ELSEVIA Applied Science, pp. 297-342.

9. Femandes, C. F., Shahani, K. M., and Amer, M. A. (1987)
Therapeutic role of dietary lactobacilli fermented dairy
products. FEMS. 46, 343-356.

10. Gilliland, S. E. (1979) Benefical interrelationships between
certain Microorganisms and Humans: Candidate microor-
ganisms for use as dietary adjuncts. J Food Prot 42,
164-167.

11. Gilliand, S. E. and Speck, M. L. (1977) Deconjugation of
bile acids by intestinal lactobacilli. Appl. Environ. Microbiol.
33, 15-18.

12. Goldin, B. R. and Gorbach, S. L. (1984) The effect of milk
and Lactobacillus feeding on human intestinal bacterial
enzyme activity. Am. J. Clin. Nutr. 39, 756-761.

13. Gourama, H. and Bullerman, L. B. (1995) Inhibition of
growth and aflatoxin production of Aspergilus flavus by
Lactobacillus species. J. Food Prot. 58, 1249-1256.

14. Hepner, G., Friend. R., St. Jeor, S., Fusetti, L., and Morin,
R.  (1979) Hypocholesterolemic effect of yogurt and milk.
Am. J. Clin. Nutr. 32, 19-24.

15. Hofmann, A. F. (1988) Bile Acids. In The Liver Biology
and Pathobiology, Arias, 1. M., Jakoby, W. B., Popper, K.,
Schachter, D., and Shafritz, D. A.(eds.), 2nd ed., Raven
Press, NY, pp. 553-572.

16. Hofmann, A. F. and Mysels, K. J. (1992) Bile acid
solubility and precipitation in vitro and in vivo: the role of

conjugation, pH, and Ca™* ions. J. Lipid Res. 33, 617-626.



170

17.

18.

19.

20.

21.

22.

23.

24.

FREAFEA A 247 A 252004)

Huttumen, E. K., Noro, K., and Yang, Z. (1995) Purification
and identification of antimicrobial substances produced by
two Lactobacillus casei strains. Int. Dairy J. 5, 503-513.
Hylemon, P. B. (1985) Metabolism of bile acids in intestinal
micro flora. In Sterols and Bile Acids, 12, 331-334.

Kim, J. H, Oh, M. K,, Rhee, Y. H, Lee. Y. K, and Shin.
S. Y. (1999) Selection and physico-chemical characteristics
of lactic acid bacteria which had cholesterol lowering
activities. J. Kor. Soc. Agric. Chem. Biotechnol. 42, 83-90.
Klaver, F. A. M. and van der Meer, R. (1993) The assumed
assimilation of cholesterol by Lactobacillus and Bifidobac-
terium bifidum is due to their bile salt-deconjugation
activity. Appl. Environ. Microbiol. 59, 1120-1124.

Lee, J. Y., Hwang, K. Y., Kim, K., and Sung, S. 1. (2002)
Isolation and identification of lactic acid bacteria inhibiting
gastro-intestinal pathogenic bacteria of domestic animal.
Kor. J Microbiol. Biotechnol., 30, 129-134.

Lidbeck, G. J. and Nord, C. E. (1987) Impact of Lacto-
bacillus acidophilus on the normal intestinal flora after
administration of two antibiotic agents. Infection 16, 329-
335.

Loffler, F. E., Sun, Q., Li, J,, and Tiedje, J. (2000) 16S
rRNA gene-base dedection of tetrachoroethene-dechlori-
nating desulfuromonase and dehaloccoides species. Appl.
Enviroron. Microbiol. 66, 1369-1374.

Macdonald, 1. A., Bokkeheuser, V. D., Winter, J.,, McLer

25.

26.

27.

28.

29.

30.

31.

32.

non, A. M., and Mosbach, E. H. (1983) Degradation of
steroids in the human gut. J Lipid Res. 24, 675-700.
McDonald, L. C., Fleming, H. P., and Hassan, H. M. (1990)
Acid tolerance of Leuconostoc mesenteroides and Lactobaci-
llus casei. Appl. Environ. Microbiol. 53, 2124-2128.
Park, C. J., Pyeon, J. S,, Cho, Y. K,, Hong, S. S., and Lee,
H. S. (1996) Characteristics of Enterococcus sp. isolated
from animal intesting and its powder. Kor. J Appl.
Microbiol. Bitechnol. 24, 393-398.

SAS (1989) SAS User's Guide. Statistical Analysis System,
Cary, NC.

Suzuki, Y. and Kaizu, H. (1991) Effect of cultured milk on
serum cholesterol consentration in rats which were fed
highcholesterol diets. Anim. Sci. Technol. 62, 565-576.
Turley, S. D. and Dietschy, J. M. (1988) The metabolism
and exxretion of cholesterol by the liver. In I M Arias.
617-641. .

Williams and Wilkins (1986) Bergey's manual of systematic
bacteriology volume 2. Waverly press, Baltimore, U. S. A.
Wood, B. I. B. (1992) The lactic acid bacteria in health and
disease. Elsevier Science Publishers. UK. Vii-X.

FAAZ, 7r5Z 7188 1984. Lactobacillus T&0] AA}
ArEellA At Bl ARdAEY F2el nAe B
3 AU 4 SARZTATAE 11, 7381

(2004. 1. 29. F4= ; 2004. 6. 9. A=)



