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Abstract — We studied the influence of culture conditions on the acid tolerance of Lactobacillus
caser YIT 9018 in artificial gastric juice with respect to relative amount of membrane bound ATPase
and their biochemical characteristics. With raising incubation temperature from 30.5C to 40.5C
and lengthening incubation time from exponential phase to late stationary phase, the acid tolerance
of L. caser YIT 9018 was increased. As acid tolerance enhanced, Cis, content of membrane fatty
acid was reduced and Cyyg 0o was enriched but the others were not changed greatly. At high
ATPase activity, proton permeability was relatively low but this phenomenon did not correspond
to acid tolerance. In conclusion, it was considered that changes of Cy; and Cio ae were closely

related to the acid tolerance of L.

Probiotics B4 f&3F fAHES ZHE: 52 3hy
of At gk 282 oK), AT AFe
2ol = L. acidophilus, L. casei, L. fermentum, L.
saltvarius, L. plantarum R L. cellobiosus 52 4k
7Hte] EAsle AoE BAECH?, 3). olF F4F

& AA AR A A R-2] starter, YT FLE
de) o] 851 gleKl, 4-6). Z2Iv} frAbgro] Aol A
& &g 7] Y= A sz e
AN, 2H5 o3las, A2 AFis
(immune response) gl ‘%”% 5
AEE Adse & F5-3foof Fhol(
Zoll A HL o5 ‘3] E% | A& R AR
#Halx] E3teE zhg-ae, o)#d Adte
Aboll 2]3 e pH ujfolgls o] B
ols) USEAHT-9). 2 BER FATS AT oA
olAlol A4-3}7] e A Ao AEF
e #FT5 Aol s oju] Algxe] 2 FF9

.

H

Key words; Acid tolerance, Lactobacillus casei YIT
9018, membrane fatty acid, ATPase
*Corresponding author

17

caser YIT 9018.
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Fig. 1. Growth curves of 1. casei YIT9018 in TYG
broth at different temperature.
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Fig. 2. Effect of pH on the viabilities of L, casei YIT
9018 precultured for 11 hours at 30.5, 35.5 and 40.5°C.
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Fig. 3. Effect of pH on the viabilities of L. casei YIT
9018 precultured for 23 hours at 30.5, 35.5 and 40.5°C.
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Fig. 4. Effect of pH on the viabilities of L. casei YIT
9018 precultured for 32 hours at 30.5, 35.5 and 40.5°C.
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Fig. 5. GC spectrum of membrane fatty acid in L. casei
YIT 9018.
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Fig. 6. Changes of fatty acid in cytoplasmic membrane
of L. casei YIT 9018 during incubation at 30.5°C.
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13 2nte] GC spectrum-2 Fig. 58} 7to.u] A peak+
n-tetradecanoic acid(C;o), B peak< hexadecenoic
acid(Ci1), C peak+ n-hexadecanoic acid(Cieq), D
peak+ octadecenoic acid(Cys.1), E peak+ 11-12 me-
thylene hexadecanoic acid(Ciop oao)® &8 FH ).
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Fig. 7. Changes of fatty acid in cytoplasmic mem-
brane of L. casei YIT 9018 during incubation at
35.5°C.
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Fig. 8. Changes of fatty acid in cytoplasmic mem-
brane of L. casei YIT 9018 during incubation at
40.5°C.
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Fig. 9. Effects of incubation time and temperature
on the ATPase activity of L. casei YIT 9018.
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Fig. 10. Proton uptake by cells of L, casei YIT 9018
precultured at 30.5°C for 11, 23 and 32 hours.
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Fig. 11. Proton uptake by cells of L. casei YIT 9018
precultured at 35.5°C for 11, 23 and 32 hours.
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Fig. 12. Proton uptake by cells of L. casei YIT 9018
precultured at 40.5°C for 11, 23 and 32 hours.




22

fralgozd HEsE= AE 932 ApHE 305C
o4 11, 23, 32| 7F vhok=l A2l 7S 0.106, 0.069,
0.0920]1¢] o= (Fig. 10), 35.5C o] 4] wokgl A= 7t
7+ 0.078, 0.063, 0.112¢] 2 xKFig. 11). %3} 40.5T o} 4]
wjokel Aol zFzE 0.054, 0077, 0.1122 vielhdr)
(Fig. 12).

o
*

oJubx 0 2 G AFFI} 78 87
e g X} A5 7%k pH H
whe pHell M= A-§e] 7}5d 7oz odedx gl
(15,16). Zzv} o]#{gt Wik o] 7]zbe] o34+
shAls] ghe] 2] QR 9dck(16). gl 13 A wute)] A}
zlof Q= H'-ATPase®] #Ala} ko] rga)x]i
abe] Wakdel] foldles 2oz HaEly 9r}
(12,15,17,18). 5 asp4el4 A== {71 4ke]
ol 2|5 pH7} dlolAlw Al EWEZ protong] &
el wofuiAl ==l oju] H'-ATPase &4jo] &
= protons G¥AH R HEEsie] M EUHe] pH
Ao 24 kel ik A2 Vel A xiche
o]}
B Alglo| ] wlekz el wiel L ocaser YIT 9018
2] H"-ATPase Aol zle]z} 9lslem(Fig. 9), H'-
ATPase®| &4do] %25 pH37 Akelr Axu
F22] proton AT AiHoRE Yo 7jo g )
ebsbeiFig 10~12). weba] L casei YIT 90182 A
Alo| 715&F #H A pH7LA| H'-ATPase2] 4o u}a}
A2 L) pH7} 245 Aol tidh WiAdE Jehl=
Roz Azrgoh 1eivt o]o) wls HCl Fx7} -
ol F9ldef Ae] wiokxe wE Wik wW3KFig.
2~4)x= H'-ATPase 4(Fig. 9)¥ proton 3%
(Fig. 10~12)2} L A|8H7| ¢+ 722 vJepydsd
ol dFHAxzAer AAF pH2~3 P ellA
H'-ATPase7} W4ibAdol A od3FE T3] 337
o) ol eb 4 zheich

&} A Benderi} Marquis(l?)w&- L. casel 4646% DH
Fog w2 pHellA 133wt
-2 Mg %%7‘4E- 2 "“3'5{} 7"-3-1*}, pH 4”?*1% %%

;:-:& mlm

El?l *lﬂ%ﬁ}% ™ pH2°ﬂ M= 1247 oo of -
o] FE&Egorng 9zl e s e pHel
&g ddute] Aol gl W*oﬂ w2} A EFo|

°.% Mol U3 AIHFig 2~4)o] vield
vpel o] qlFgl el oidk W] 27} 30.5C of A
40.5C & geppE, okl zbe] 114]7bellA] 3247}

Kor. | Appl. Microbiol. Biotechnol.

TE ¥ ol213t HA
HAE Sl M Ciga @l 722t Ciog aon 5
gkl ol %3} 7l e B (Fig. 6~8) ¢]E9] L. caser
YIT 90189 W4tAdell Ze] A=} &8 AlA}s
Foh ol MhAEH, WopeE o) wokEAs W)
vl L] A 2 B o]}
‘il?;it}—c Farrel¥} Rose(14)¢] B 8} £-2}8F 7lo s
oo} zF& Zjupile] W slel] sl Goldbergel Eschar
(200= Cuo gao?t AET F5Ade wi-g F2350,
Mxe] F2A APE-ES A ZY A R skg] o
Veerkamp(19)+= M| ¥7} 5318 8 Cip & 7H43811
190 o w7 FEFel e B4 EapAde 7k 4slodct
sleit) Rizzo = 2. F-Ab9] fatty acidE S &)
3 L. casei, L. plzmtczmm, L. acidophilus ] Cio cyeto
5“%}“’ 35~39% % Fs Wk, L bulgaricus+ L
3:0] 13% A% u)-$ orokohar v wapedvt ednl
caset, L. plantarum, L. actdophilus®] W
w8t L bulgaricus+ WA o] kgL
u ] Cigg eyered] 83 WA = &8
AAde] 9l &S siwtrAsl &} Benderg} Marquzs
(17)2] ¥ B AYPZAAE F3te] B o FU3t
Aol HA wiekZ el ube}l qlF-9jdo A WEEe
2! 282 gy cycio”] =712}
Cisa® A7) 13 alute] ol3dglole] ofdt WAS
! A zbgich A ek, o
FAZF 5w a}}—?d‘%‘ WA A L. caser YIT 90189)
e e 74y E_L}.IH o2 WAL

Holl A AdFk F

2 o

Lactobactllus caser YIT 9018-& iAo g Alejz]o
2 83 gabke]l Zaojof & FQa3k MAlel Y
X 27| o=} ZA3
B4 v %‘&?{iol ‘H"‘&"é‘ﬂl ol 2= o ek WAL o
dxl s zAbe] Yt AdE FsEigic)
aoF2 571 305C ol 4] 405C & Eold £2
WAzl Al Ak ziol A AA 7] Fukoe R 7oA
5 A2 Friskeich WjadAdel Eolghel ule)
L&At 2akat ghek = Cipq2 ZFAade vk Crog
qents WA B Frislgl ot 1owte] zjubile)E £
H 57} eldok ATPase %*" o fF e e} ik
xlolzl elel o &EAjol =2 A9 proton FIEIE=
Ao g oot ol: ?fﬂ Aol 33 efia] 9
WAt o= dR]812] @ e R ey, AX L



Vol. 23, No. 1

casei YIT 90182] WAIAE ZxIx]7]= Qele u
;{]BJA} %‘C}“’H Clﬂlg'} ;{:}'.ﬁﬂ CIQO cycfng‘] %7}61[7:]
o] Zo] Y3 Aute] ol-F]elol tfFt YAIS Z31A]A

T Aeg AtEso)h

ZAte| 2

2 Agel g8 =3 % FAl ol e E Fo(F
Are] o ;
b=,

HoFH

[. Fuller, R. 1989. Probiotics in man and animals.
J. Appl Bacteriol. 66: 365-37%.

2. Moore, W.E.C. and L.V. Holdeman. 1974. Human
fecal flora: the normal flora of 20 Japanese-Ha-
waiians. Appl. Microbiol 27. 961-979,

3. Yakult Honsha Co.. Ltd. 1971, The summary of
reports on Yakult. Yakult Honsha Co., Ltd., To-
kyo. Japan.

4. Gilliland, S.E. 1979. Beneficial interrelationships
between certain microorganisms and humans:
Candidate microorganisms for use as dietary ad-
juncts. J. Food Prot. 42; 164-167.

5. Kurmann, J.A. 1988. Starters for fermented milks.
Bulletin of the IDF, 227. 41-55,

6. Fuller, R. 1991. Probiotics in human medicine.
Gur. 32: 439-442.

7. Mafter, HV.L. and F.J.N. brega. 1975. Gastric pH
and microflora of normal and diarrhoetc infants.
Gut. 16: 719-726.

8. Dare. R.. J.T. Magee. and G.E. Mathison. 1972.
In-vitro studies on the bacteriocidal properties of
natural and synthetic gastrnic juices. J Med Mic-
robiol. 5. 395-406.

9. Giannella, RA.. S A Broitman, and N. Zam-
check. 1972. Gastric acid barrier to ingested mic-
roorganisms in man: studies ir vive and in viro.
Gue. 13: 251-256.

10. Kobayashi. Y.. K. Tohyama. and T. Terashima.

11.

12.

13.

14.

15.

17.

18.

19.

23

1974, Studies on biological characteristics of Lac-
tobacillus: 11. Tolerance of the multiple antibiotic
resistance-strain, L. casei PSR3002, to artificial di-
gestive tluids. Jpn. J. Microbiol 29; 691-697.
Sasser. M. 1990. Identification of bacteria by gas
chromatography of cellular fatty acids. MIDI Te-
chnical Note # 101. MIDI. 115 Barksdale Prof.
Center. Newark, DE 19711,

Bender, G.R.. VWSS, Scott, and EM. Robert.
1986. Acid tolerance, proton permeabilities, and
membrane ATPases of oral streptococci. Infect.
Immun. 53: 331-338,

Dryer, R.L, and G.F. Lata. 1989. Experimental
biochemistry. Oxford university press.

Farrell, J. and A.H. Rose. 1967. Temperature effe-
cts on microorganisms. Annu. Rev. Microbiol. 21:
101-120.

Booth, [.LR. 1985. Regulation of cytoplasmic pH
in bacteria. Microbiol Rev. 49; 359-378.
McDonald, L.C., H.P. Fleming, and HM. Has-
san. 1990. Acid tolerance of Leuconostoc mesente-
roides and Lacrobacillus plantarum. Appl. Environ.
Microbiol, 56. 2120-2124.

Bender, GG.R. and R.E. Marquis. 1987. Membrane
ATPases and acid tolerance of Actinomyces visco-
sus and Lactobacillus casei. Appl. Environ. Micro-
biol. 53: 2124-2128.

Kobayashi, H. 1985, A proton-translocating AT-
Pase regulates pH of the bacterial cytoplasm. J
Biol. Chem. 260: 72-76.

Veerkamp, J.H. 1971. Fatty acid composition of
Bifidobacterium and Lactobacillus strains. J Bacte-
riof. 108: 861-867.

. Goldberg, L. and L. Eschar. 1977, Stability of lac-

tic acid bacteria to freezing as related to their
fatty acid composition. Appl. Environ. Microbiol
33: 489-496.

. Rizzo, AF.. K. Hannu, and M. Ilkka. 1987. Gas.

chromatography analysis of cellular fatty acids
and neutral monosaccharides 1n the identiflca-
tion of lactobacillt. Appl Environ. Microbiol 53:
2883-2888.

(Received 1| October 1994)



