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Abstract

We isolated wild lactic acid bacteria from kimchi and identified as Lactobacillus brevis by using API 50 CHL
Kit, some morphological and physiological tests. In order to evaluate the acid tolerance of Lactobacillus brevis,
its survivals rate, glycolysis assay, membrane permeability, and pH profiles of H'-ATPase were also determined.
When Lactobacillus brevis were incubated in Lactobacilli MRS broth adjusted to various levels of pH for 2
hours, the decreases in its population at pH 4.0 and 3.0 were about 2.61 log cycles/mL. and 5.89 log cycles/mL,
respectively, but there was no decrease at pH 6.0 and 5.0. Glycolysis by Lactobacillus brevis had optimal pH
about 6.5 and glucose degradation was reduced by 50% at a pH of 5.2. Mg" release from Lactobacillus brevis
cells in medium with pHs of 4.0 and 3.0 was 24.3 and 71.2% of totals, respectively. The H'-ATPase of

Lactobacillus brevis showed a maximal activity between pH values of approximately 6.5 to 7.0.
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deep freezer (-70°C)el] gol HAstHA] A AH3-3)
Aot Felde] $AL 7184 22 Bergey's mannual
of systematic bacteriologydll &3¢ 3 eljahd], |3tz
2 A3k BAJ& FAFshal, APLS0 CHL Kit (France)
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Lactobacillus brevis2| WH&HAH

Agar platecllA] 3]4=%F FAE saline solution® 2
AAHT F Ad57t o 100mL $5F0] HEE d5s}
odc}. FARE o] 8-3led Lactobacilli MRS broth (Difco,
USA)®] pHE 3.0, 40, 50 ¥ 6022 xA3l4ict
pH7} ZA % Lactobacilli MRS brothel] 4 &bl
10%S A2 F 25°CE wjeksiaa] AA A F4
2] ¥i3}-E pour plate method 2 23 8} o},

Glycolysis assay

Bender™®} Marquis®] ¥HH-& w3)sle] 345 Lacio-
bacillus brevis T3 & AX ¥ Foll MEfol L3}
glucoseS AR A]7]7] $1al 1.0 mM MgCly} A-d#
potassium phosphate $+&=}ellx} 37°CE 3087} ufjof
A7 o] woklg WA (10,000, 20 min)3h
o FAE 343k A - oL 1.0 mM MgCL2} 13.9
mM glucose”} 3 7}5 saline solution (pH 3.0, 4.0, 5.0,
6.0, 7.0, 8.0)ol] Fehs}ar 37°Col| A 247k F-<F whekdh
F o] ujokel-g FA] YA Ee(10,000% g, 20 minys}e]
At g dgict Glucosed| #2542 glucose assay
kit (Sigma Chemical Co., USAY& A-&-3}d A1 A|bg]c}.
o]u) glycolysis 5~ # 2 7} glucose ol i3}
o] Lactobacillus brevis cellol]l &3] djAl=l ok9] vl&
2 3ot

Mg“e| +&

Mg" 2 248wt 402 o] 23kt 3,
MRS brothel} 2] 24X 7} wleF8t Lactobacillus brevis -
A2 vhoFol o 2 xE] 3)4=3}e] saline solution & & ¥
gal-g HE F, ZHAHE o]83t pHE 3.0, 4.0, 5.0,
6.0 % 7.02.2 A3 Aol 247 A3t} 2
% e e FA YAES}(10,000x< g, 20 min)3le]
A7) e}-2- #3137 Atomic absorption spectrophotometer
(AAS Varian spectra AA 30/40, USA)E Mg™ &
2351 FAZNE FEY Mg F22 3. o]
o FAYL F Mg" FE2 2] 4L HNO::
HCIO, (2:1, viv)& W-4-Fo] F-A40] & uj7}x] £33}
o] AASE Ayl AAS B Z7]E Lamp current

& 3.5 mA, Wave length-2 228.8 mm$] 2w, Fuel&
acetylene )it}

H-ATPase 22| ¥ #4453

Lactobacilli MRS brothel|&] 24417} w]ef’t Lacto-
bacillus brevis 7315 3], A sle] g} o] F4A
£ 0.4 M sucrose®} 2.0 mM MgSO.0}] &#3F 75 mM
Tris buffer (pH 7.5)el] 31=bAl7] 2 20874 2834 (Dan-
bary Model LC 500, 16 kHz) A2l & #& 73 ¥
A He](5,000X g, 20 min, 4°C)5led shaiElx] oS
cell debris-&- A A38}tg ). cell debris7} AAX AR N
2~ DNase2} RNase (10 pg/mL, Sigma Chemical Co.,
USAYE 7zt Aglsted Aol 4587 w3l o)
o] o il Al E2](35,000%xg, 20 min, 4°C)3}e]
cell membrane fractiong- 7 -20°Col|A] B#3bAA] A
ol AL2-slgdet 2 A AN cell membrane fraction-S
10% glycerols} 10 mM MgSOe| &% 50 mM Tris
buffer(pH 7.0)0l dsle] Axsloich 2HEY Fof
whalz] #}eke BSA (bovine serum albumin, Sigma Che-
mical Co., USAYE ¥EchiA g o] £3le] Lowry 5
o] wpH& ALgSHRT

ATPase ¥4-2 Sutton'2] ubHell £3F 72 100
uLe]l zEsgoe] 10 mM MgCLe 5 mM ATP
(Sigma Chemical Co., USAYE #§3F 50 mM Tris
maleate buffer (pH 7.5) 900 pl& 7Fs}3 37°Cell 4]
10871 wh-&-2 71 & 3 mLe} Z59=9} 1 mLe] 35N
H,SO, 8o oiz uk-g-& AR A Zc}. o] vhg-8-He] 355
% (NH.)Mo-O-; £-4-8- 1 mL 7}8F § 2.1% NaHSO:e])
0.7% Developer (Kodak, D-76)8 &§&t 8 1 mLE&
H71slm Al2-olja] 2087} 8Fx|8}o] spectrophotometer
(Varian spectra AA 30/40, USA, 660 nm)Z. §4 =& &
Aatgiet, oluf ATPo|A #-2l%l inorganic phosphate
9] oF-2 standard curve2.5-E] FAlstgc) &40 <
9+ 189 1 umole?] inorganic phosphateE §2]A|
7= Ao ok 1 unit® gt

da % 1§

x|Febmel B2 ¥ 3

A" A AFY F AL Lactobacilli MRS
agarg o83l R spHon, FeiEl 44 ¥
ejatd, Aelety BA)-g AR 2= Table 154 7
o] gram °FA 8] 7H-F O, catalase?} oxidaseZ} 84
ol o, arginine 2 HE] NH;& AMAstdx, A&
HA LT 25°C o]g] 01} 45°Coll A= A 2] A§31A]
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Table 1. Morphological and physiological characteristics
of strain KS-27 isolated from kimchi

Table 2. Carbohydrate fermentation of strain KS-27
isolated from kimchi

Morphological test
Shape rod
Gram stain +

Physiological test
production catalase -
production oxidase -

NH; from arginine +
Temperature sensitivity

25°C ++4+
35°C +
45°C -

+ : Positive, - : Negative

231915}, API 50 CHL Kit& o]-83F 497 % o] 44 &
ZARRE A= Table 29} 7o} Z, API 50 CHL Kit2]
identification table®] type strain¥} ¥] 2% w] amygda-
line 544 % 5 keto-gluconate FAJ<] ol gt z}olr}
URE B 2] 477) & ©)-8KXL Lacwobacillus brevis
o} FUE AE ehde). olake] delshA, Aejst
A 545} API 50 CHL Kitg- ©]-8-8 o o]-849 2] Az}
£ ¥, HESlY Rejge HFHOE Lactobacillus
brevis 2 £33 8-}

LHE=Z0IM Lactobacillus brevisQ] MEE

Z1xol| Al B2l’} Lactobacillus brevis-& pH 6.0, 5.0,
4.0 % 3.0°2.8 =& Lactobacilli MRS brothol| 2] 24]
Zb Fok wekshiA HAH o g 248 QT4 Fig
13} 2}, & pH 6.03} 5.00 41 2] AFS5t wloF 247k
b A9] Wl glo) UdAZ F4E skl o)
pH 4.091 4= wefa| ko] 7 ohgtell mhal A48 ZFa
ale] 27194 7.63 log cfu/mLof|A] sioF 24]7} Foj)
= 5.02 log cfu/mL ~F2 2 2.61 log cycles/mL A%
o A7 A4ag Ao g velgto}. w3 pH 3.00]
A= 27144 7.63 log cfu/mLollA] wijo} 227k 3o
1.74 log cfu/mLZ, 5.89 log cycles/mL2] ¥}-& 429 7
o] AbEgt Zl o 2 viehde)

Glycolysisoi| Ch#t pHe| A&

pH W3lol| & Lactobacillus brevis®] glycolysis
S ANl A7HR glucoses] AAFFE 2R
224 Y=ok (Fig. 2). &, Lactobacillus brevis2)
glycolysis-& $]8+ 22} pH+ <} 6542, Bender =7
o] ¥ 1]} Lactobacillus casei®] #= pH 6.0 Brle=
3. Actinomyces viscosus®] 7.0 Ruh= WY& Ho &
yebstet. 3 pH 6.5 2o} ¥ pH (pH 8.0 74A] )l
A19] glycolysis 53-& vlaA kA elg o) Yo

Carbohydrates Isolated strain Type strain

Glycerol - -
Erythritol - -
D-Arabinose
L-Arabinose
Ribose

D-Xylose
L-Xylose
Adonitol
B-Methyl-xyloside
Galactose
D-Glucose
D-Fructose
D-Mannose
L-Sorbose
Rhamnose - -
Dulcitol - -
Inositol - -
Mannitol - -
Sorbitol -
o-Methyl-D-mannoside
o-Methyl-D-glucoside
N Acetylglucosamine
Amygdaline

Arbutine

Esculine

Salicine

Cellobiose

Maltose

Lactose

Melibiose

Saccharose

Trehalose

Inuline

Melezitose - -
D-Raffinose
Amidon
Glycogene - -
Xylitol

B-Gentiobiose + +
D-Turanose -

D-Lyxose - -
D-Tagatose - -
D-Fucose - -
L-Fucose - -
D-Arabitol
L-Arabitol
Gluconate

2 ceto-gluconate
S ceto-gluconat

A
R

o+ o+
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+
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+ : Fermented, - : Not fermented

pHollA = w17ksted 2|4 pHl 6.5() A1 glucoseds;
100%)o11 4] pH 4.5(tHA}El glucosedk; 20%) Abo]of|A]
¥ glycolysis 50| F43] 24t 12t pH
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Fig. 1. Survivals of Lactobacillus brevis isolated from
kimchi under acidic conditions. Each values were the
average of triplication +—+: pH 3, X—X:pH 4, »—=:
pHS, O—O:pH 6
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Fig. 2. pH sensitivities of glycolysis by Lactobacillus
brevis isolated from kimchi. The data presented were
average values of triplication and indicated the percentages
of the glucose added initially that was catabolized after 2
hours at 37°C
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Fig. 3. Effects of acid damage on the magnesium leakage
from Lactobacillus brevis cells isolated from kimchi. Each
values were the average of triplication and indicated by
the release of magnesium from cells in suspension at various
pHs.

A3t =lo] Aol A9zl Fiidr|zte] EAFS
A= 1 o] 2 alsf A FHS] cytosolic materials Eo)
Axe 2 rEEvln deix ok gl Al ¢
&t Lactobacillus brevis cellstof] &xf|3= Mg™ 728
9 #FE FAYEN AET &4 mHE 4
od3k8- Yr1sldch(Fig. 3). pH 7.000A Lactobacillus
brevis cells25-€12] Mg” &2 ZE=A W@shov,
pH 6.00114 €] = Mg™o] “+&x]7] A)2}sle] pH7L 3
2¥84E 0 52 S8 &, pH 6.0 5.00]
AE Mgro] ¥2E70 S5 ot 33| Heapolgend
pH 4.05} 3.000 A= Lactobacillus brevis cellsol] ¥-5-%!
AA Mg" el 247t 24.3%2} 71.2%7} FEEICH

H-ATPase2| pH profiles

AENZ F-U= protonS A £ HAFA] H-ATPase
of o8] Azl uEEe] AxUe] pH A&
) 3A] = B2 H-ATPase ¥4-& v B2 A}
DAE A7 v AR B uEa b, Lacto-
bacillus brevis cells®] A|E2toll4] &2]%F H'-ATPase
o] ¥AJol| i’k pHe| d32 Fig. 49} Zr}l ZF, H-
ATPase®]| &3 pHe o 6.5-7.001% pH} F7la4-%
1 8AL FA3] At oAl gk WE-g
o] 50%2} BAEHE ZHe pH FHS oF 7.7 A =gk pH
9.0 M= 1 EAdol A9 A= HoZ Jelgton],
pH gtol GholAl wi= 1 A9 7haa¥o] wimA] vt
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Fig. 4. pH profiles in the membrane-bound ATPase
activity of Lactobacillus brevis isolated from kimchi. The
points showed average values of triplication. 100% activity
was defined as the maxium activity seen from the averaged
values.

AL 50%2] B3-S 2 pH 3 G 47 A =g
=, pH 3.00]]4] H'-ATPase 843-& #¢] 2Alslgc}.

2 %

=A% X NA Lactobacillus brevisS ¥-2], $4) 3}
3 WA} 2.9k B4 glycolysis assay, Al ¥t 3}
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ZA % Lactobacilli MRS brothollA] Lactobacillus brevis
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T 5000 ek 2217 Bt Ae #H3b g
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