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v-Aminobutyric Acid Production and Glutamate Decarboxylase
Activity of Lactobacillus sakei OPK2-59 Isolated from Kimchi
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Lactobacillus sakei OPK2-59 isolated from kimchi was found to have y-aminobutyric acid (GABA)
producing ability and glutamate decarboxylase (GAD) activity. When the Lactobacillus sakei
OPK2-59 was cultured in MRS broth with 59.13 mM and 177.40 mM monosodium glutamate
(MSG), the optimum temperature range and pH for growth were 25-37°C and pH 6.5, respectively.
GABA conversion rates in MRS broth with 59.13 mM and 17740 mM MSG were 99.58% and
31.00%, respectively at 25°C and 48 h of cultivation. By using the cell free extract of Lactobacillus
sakei OPK2-59, MSG was converted to GABA and the conversion rate was 78.51% at 30°C, pH 5.
Conversion of MSG to GABA was enhanced by adding salts such as CaCl,, FeCl;, MgCl,. These
data suggest that the ability of Lactobacillus sakei OPK2-59 to produce GABA results from the
activity of GAD in the cells and GABA conversion by the cell extract containing GAD can be
enhanced by CaCl,, FeCl;, MgCl,.
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Ao AlAl st AFAF T SR A9 uk Qdtk12). = g GABAE= A, ANES, & 8¢ & 49 5 9
g 2001'd 7€0l= Codex =A| 2F 4SS &53HATH10). Ao} g2 A m7hFe] 24-dd Hojshe AoR 4
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&) mAEY B8-S JAlste] A TES 7§38k probiotic 1,000v}e] i EEE EAFTE 1 9 FF, A4, B S
#7¢} 3 avian influenza £55 2= ZACE2% 474 ok LAY, 259 A doldAuE HIRS Wol=R, =3k, Hl
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g 7] WlFolke, 27, 28, 29). GABAS Aalsl= 540
A= AHtol= Lactobacillus strains (6, 27, 28, 33),
Lactococcus strains (20, 21) 5°] HiFo] glom o5 F
AXGANS GABA AA TF+= Lactobacillus  buchneri,
Lactobacillus brevis, Lactobacillus sakei 52 o457} H1%
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broth (Difco, USA), monosodium glutamate (MSG) (Daeyoung
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Chemical Co., USA) S©|th
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100 mM Tris-HC1/200 mM HCl $%<(pH 8.0), 100 mM
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bicarbonate/100 mM NaOH $-(pH 10.0)°-2 modified
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36, 48 AJZF HjFEFAA 600 nmollA FREE Qs FF

o] 473} pHHEE TUEY 31t
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o cell lysis €%[20 mM sodium phosphate buffer, 0.1
mM PLP (pyridoxal-5-phosphate), 1% triton X-100, 1 mM
PMSF, pH 7.0]5 AE5FA% A3 & st £ %
lysozyme (200 pg/ml)S 231 37°Cel] 3087t Iysis 3to] L&
o] 587t AX] & sonication (500 W, 1%, 53)S LSl
W AAlEE g E AEoA FEAE F5at] flste]
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GAD 2418 9]5la] 7]12 $5[100 mM sodium acetate/
100 mM acetate S+ (pH 3.0, 4.0, 5.0, 6.0), 59.13 mM
glutamate, 0.01 mM PLP]E Z&4 97} 2:1 (vv)HIER &
Frated 25, 30, 37, 40°CoIA 242} 6081 WHEAIZ F B
Eoll 283 Yo ANk FA| AATE ¥k TEH &
2 HHS-AS 045 pm PVDF 22 £3}A]#A TLC9 GABase
B4 A8 2 ARESIATH6). GAD &4 449l v]X|= pH, 2
Zo] JIS AR {5k 712 S A(100 mM sodium
acetate/100 mM acetate $5H)2] pHE pH 3.0, 4.0, 5.0,
6.0, =5 25, 30, 37, 40°C el MSGE #H7Fste] Wt
2A)71 ¥Whg-alS- TLC9 GABase® GABAE =33} HiL
3tk F71de] gl riXe JS golEr] ¢8|
MgCL, NaCl, MnCl,, CaCl,, FeCly& 27} ¥h-2-94)| 20 mM 2]
TEE A7Iehal 2EAdR E F 37°C, 601 Wt
A’d¥ GABAE GABaseZ HH3I3Th6, 13). GAD H4%
Qe FasEd Zo] vl megd GABA AAH 5o F7
& 37k tig A2 GABA Ao E R8It

GABA 2 glutamic acid 2

TLCE 0|88 ¥48 93 7 75 w9l T wd
S 09 pE TLC ol BF3le] ofgfo] x7olA EA4E&
AAEIEE. 7 A|l&E TLC o E53F & butanol:acetic
acid:water=4:1:12 /)82 ALgsled Astdct AA=E
TLC L& 02% ninhydring ©]83l] s AYAHE
GABA spot¥} 7] glutamic acid spot2 215}tk GABase
£ o]83t GABAS] AHFE WEEA(F 1 ml)oll AlF 20 pl, 1
unit GABase [Pseudomonas fluorescens (Sigma)] 40 pl, 10
mM B-NADP® (Sigma) 140 pl, 100 mM potassium pyro-
phosphate (pH 8.6) 780 pl, 100 mM o-ketoglutamate 20 ul
S 96 well plateo] ¥l &9t} 37°Coll 6023 RH-AIX)
T 340 nmelM FFE=E SHSYY. GABaseEs ©|8%
GABA 32 GABA 3T 34(Abs=0.0004xX mM+0.028,
R*=0.9878)% o]8-3}o] 2F=3199tk6). HPLCE ©]-&3 GABA
2 glutamate %2 Baum 5(4)°] AHE3F opu|iAt Bk
HE 71Z2 o] o 8% e S ARSI ekt
Al methanol:chloroform:water”} 12:5:32.2 &3t% g4 800
plE §ANRg S0 wjekel Alg 200 ulol] 715k vortex 2



318 Yu and Oh

@)

oD 600

0.0

w
=
|
)
n
1
=]
=]

10
PH

—
th

oD 600

4 10 25 30 37 40
Temp. (C)

Fig. 1. Effects of pH (A) and temperature (B) on the
growth of Lactobacillus sakei OPK2-59. Growth was
estimated by monitoring the ODgoo after 24 h.
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Fig. 2. Growth and pH changes of Lactobacillus sakei
OPK2-59 in MRS broth at different temperatures and MSG
concentrations. (A) 25°C; (B) 30°C; (C) 37°C. e, cell
growth of 0 mM MSG; A, cell growth of 59.13 mM MSG;
m, cell growth of 177.40 mM MSG; o, pH of 0 mM MSG;
A, pH of 59.13 mM MSG; o, pH of 177.40 mM MSG.

mM 37HE MRS HiA|(Difco, pH 6.5)2 ©]&3}lo] 25, 30,
37°C Z79A FFE Wik & TLCS GABaseE ©|-83}1
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Fig. 3. GABA production by Lb. sakei OPK2-59 in MRS broth at different temperatures and MSG concentrations. (A), 25°C;
(B), 30°C; (C), 37°C. Lane M, spot of standard MSG; G, spot of standard GABA; 1, 2, 3, spots of Lb. sakei OPK2-59
cultures at 0 mM MSG, 59.13 mM MSG, 177.40 mM MSG concentrations, respectively. The spots with circles are in the

same locations as the standard GABA.
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3 89S BYh = MSG7F A KA L wlA|e] A9 2
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AEES & F Utk 37°C Wik ASE= Adigem
MSG9] A%V} F31 AAdE GABARE AAE wujdl Aow
eI THFig. 3). ©]& GABaseZ o83+ EAdAe <18
% 4tk 59.13 mM MSG H7Fe] A9 25°C9} 30°C HIjSk
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Table 1. Conversion yields of MSG to GABA by Lb.
sakei OPK2-59 in MRS broth at different temperatures
and MSG concentrations

GABA GABA
production  conversion
(mM) yield (%)

Temp (°C) MSG (mM)  ODew

0 2.33 0.70 -
25 59.13 2.37 58.88 99.58
177.40 2.35 55.00 31.00

0 2.38 0.48 -
30 59.13 2.37 51.94 87.84
177.40 2.38 55.92 31.52

0 2.40 0.49 -
37 59.13 2.37 0.76 1.29
177.40 2.38 0.85 0.48
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= 8490 GAD9| #A4ste] 257t & Fe Ae=w
Tty AR Lb. sakei OPK2-592HE] ¢ GAD
Ade 250 ujgl GABA FEgo] = S &
ATHole GAD &43slol| vixle 2% % pHO| F3p. w3
Cho 5(6)2 5% MSG”} Z7}E MRS HjA]o] 1% NaCl, 1%
glucose S 7SIl viFx7] pHE 5.0, €5 30°C 1o
2 314 484171 wiYgEl] MSG2] GABARS] A3hE 4% S
& & rkar Btk Kook 5(14)2 Lb. sakei B2-16
T2} 4% sucrose, 1% yeast extract, 12% MSGE -3l
rice bran extracts ©]&3F] ] 660 mM GABAES IS
T Aokl BTk HE3SF 4% sucrose, 1% yeast extract,
5% MSGE FHirdsh= MRS HiAE o]&3te] Huf 272 mM
GABAE 945 & Qlthar Bushrh(14). o]9} 22 &2 A
g8 AUy A4 HA, widERA Zol(d, slow
agitation ) 1]l rice bran extract 2] AR} Sof 7191
H Aoz AL, oE 59, rice bran extractso]= GAD
7} A8t GABA 8o 3k vE F e A= &
HA Jom(25), od A= ikt GAD 4% FIS
vE 4= 9lg Zo=E AAEnh weki MSG et HiA| el
Lb. sakei OPK2-59 2] GABA #3hg S7& gt A+
7b @93t A 28 5o 2dd we 9% %
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Fig. 4. Changes in the production of GABA by Lb. sakei
OPK2-59 cell free extract at different pH and temperatures.
GABA levels were assayed as described in ‘Materials and
Methods.” All values are expressed as means*SE of three
assays.

B8 78.51%). H3F 71-8- Mol H71e MSGE 30°C, pH 5.0
Z00A HH oz AA FEdE oF UERTHARE
AAN. Fikt frEe] GAD 49l vIX= 3 pHE thedst
A Yeldar Qo) ol & 59, Lactobacillus paracasei, Lacto-
bacillus brevis, Lactococcus lactis 522 GADE Z}Z} pH
5.0, 4.2, 47914 A A4S BHAK13). 53 Lb. paracasei
S} Lb. brevis 2 GAD®] & &= 27} 50°C} 30°CE
2ol Hel vl QIt(13). webA, Lb. sakei OPK2-59 -ef 2]
GAD Z84M9] 3¢ HZF &%+ Lb. brevis GAD £42,
#% pHE Lb. paracasei 537} AR RS2 UERHTh

GAD 4ol o|xl= 27|g ol2e| J&t

Lb. sakei OPK 2-59 frEfe] GAD X&4 &4 wX|&
F719 ol29] 93-S ZARE AF= Fig. 59 2tk 20 mM
F719 (MgCl, FeCls, CaCl)S %713 &4 whg-doXe=
T719 F FH7F ks dolA Bt GABA RS JEFo=
3 GAD &AJo] 23] 713 & Ao 7 ZALEUtKFig. 5).
T3 NaCl2 54 8448 ozt 57 A7l v MnChe 74
AFle AR FAMEATE Lb. paracasei GADS] 73%- 10
mM Ca™" ol 934 114% 744 &4 ot v 10
mM NaCloll 9J3jr= 38.5% 2 EA4o] 7AF2-S Hudl vt
A(13). oJ9} B2 T4 E4sl P Fikre] EA o
E Aolgial #hEm, o5 FU]H o] of" A& <
A frihlt GAD /40l S mXEAE ofF] ¢#AA
231 ok ot fakre] wikS 53 GABA A AS
CIoll 9slA] Lactococcus lactis GADS] do] FEx]o]
GABA AAl#Fo] @oldo] Hud ul 9rk30). 3 Lacto-
bacillus buchneri® 735 1% NaCle] H7I=2 AxEF2]o] &
713k MSGS] GABAZ9] HEE % NaCl F37}ol| Hlste
ot FREHE A Yehls Aog Ba HATKE). AE
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Fig. 5. Influences of salts on the activity of Lb. sakei
OPK2-59 GAD. Control, no salt added; MgCl,, NaCl,
MnCl,, CaCl,, FeCls; 20 mM of each salt added. The
influences of salts on GAD activity were assayed at 37°C,
pH 5 buffer condition and expressed as relative values on
control activity. All values are meanstSE of three assays.
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A Tl gk Eie §lof o5& xS &3 WiAYUS A
T7} ZgPE|ojok & Aolck

=

s

AR ZHE Bel$t ARt Lactobacillus sakei OPK2-59%
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