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Isolation and Utilization of a Lactic Acid Bacterium, Producing a High Level
of y-Aminobutyric Acid (GABA)

Yoshie Ueno'?, Kazumi Hiraga', Yoshiharu Mori®, and Kohei Oda! (Department of Applied
Biology, Graduate School of Science and Technology, Kyoto Institute of Technology, Goshokaido-cho,
Matsugasaki, Sakyo-ku, Kyoto 606-8585"; Kyoto Prefectural Technology Center for Small and Medium
Enterprise, 134 Chudoji, Minamimachi, Shimogyo-ku, Kyoto 600-8813 2 ; Mori, Inc., 17 Uzumasa,
Katsuragaharamachi, Ukyo-ku, Kyoto 616-8165 *) Seibutsu-kogaku 85: 109-114, 2007.

A lactic acid bacterium, producing a high level of y-aminobutyric acid (GABA) was isolated from
Senmaizuke, a traditional Kyoto pickle produced through a special fermentation method. This lactic acid
bacterium was identified and named Lactobacillus sp. L13. The strain L13 required glutamic acid for its
growth, and produced large amounts of GABA in high concentrations of sodium glutamate. When the
pH level of the medium was at 5.0 in its cultivation, a maximum of 650 mM (6.7%) GABA was produced
from 800 mM sodium glutamate. By using this strain as a starter, Senmaizuke with a superior flavor having
0.1% of GABA, was successfully produced in a shorter period of time compared to the traditional pickling
method.
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W72 Lactobacillus brevis IFO 12005 DR5#E 13, GYPIARE
# (1% glucose, 1% yeast extract, 0.5% polypeptone,
0.2% Na-acetate * 3H,0, 20 ppm MgSO4 * 7H:0, 1 ppm
MnSQ, * 4H:0, 1 ppm FeSO, * 7TH:0, 1 ppm NaCl, 50
ppm Tween 80, pH 6.8) ZH\>, 30°C THEREEL.

SYBEBERE Lactobacillus sp. L1313, LEITIGU TGYPHR
R 7V &2 L R B Y T L ERTRINL, 30°C THE
Feg BT o7, %712, Lactobacillus sp. L13 DB BIAIE
E5% 7 NR VT M) 7 A EETGYP ERE A
W, FRTREEREICL DfTo R kB, TRETHD
Lactobacillus sp. L18 DAEHME TIE, 20=— DR
WX DO E DRI ERIT o 7.

GABALXEIMEONE  EHHMEZAWTTH
MO REHIM AR CHE I N THETOE R, T
R EOBEY PR ELT, 5% INEI BT YT L
ZE&3GYP EREHICHEA L, 30°C, 5 HEOHEER,
ooz —%H ZNZTN%E GYP RAEHICHER
L, 80°C, 2 HHI#BEREELT o/ BohliE biF
T DOGCABAXEE 70~ b 7T 7 THREIL, GABA%Z%
{HEPEY DAL Ak L7z,

IEBEORE TV ToYt, hx7—EEk FR
DS, LERE, BB, FLBIEGE s IO
DEMERBRIZ, BEERY= 27V ICX DT
7o, BEOBEALMERERCIE, API 50 CHE L U'CHL (B4
A o —3EY AEA L% b, - FLERIE, Fkit (9w
YaB) XD pRlEEL T

DEIBELISHERZ—Z—FHE L TRWTKE
IFoREE  EERES RS T kg & 0.2% HFEBEIKICTE
T, ERFEHE 2mm ERICAT A AL
D52 EE L kg ZIRMUEHL S 6 HICEAER,
4°C T—HEEE D Lo, EHUICHOKAREREL, HRD
‘D55 & 10 con BT L 7RI AT 2 B, FLER
B (Lactobacillus sp. L13) % I A 7218 ' 3A %K 500 ml
(> afE ZNRIVEETF )L BATFA, FFE,
FLEEE 1 x 108 cells/ml) ZEEMULEHS, HLOE 60
WWEIEA (RED), 10°CT6 HMREI .

TFHEGOBRERARZ THEUOEYD, B8IUK
WA, EYORE L TEERRIOES L 724 ATRHEL 7.

GABABIER  GABADEMAITICIE BET L —
N (U 177060 F254, Merck #8Y), 3 L ORBHEEE
(1- 7%/ =)V B . K =8:2:1 (wviv) 2RV, =
L FY T L) GABAZRIH L 72

GABA DEENHTITIZ, HPLCIZ X 57 I /B %
o7z, bbb HPLC (BEH(EFTE, Prominence)
T BN T b GREBYERS A A 3L ikilE i 7
2 Shim-pack Amino-Na ) #H\y, o- 7 XL T VT

110

FAERGREKE LT ¥XFEE (Ex=348nm, Em =
450 nm) LV T I BNz {To 7.

L] R

GABAYEEDNEE  GABA VKM 7z THOIED
R, T ELEDOEWH S 100 OF IR = 7 HE L7z,
FLEAET &L 0, GABAEPEREDR bimhr o 72 LIS MR8tk
L, DBEOEBRIHEI L. ZOLISKIE, FHRIEY O
) L0 oHER N

DEABEORTE  LISKIIERESE (Fig. ) THY,
AEALFIEE X Table 1 DB O TH 5.

75 NGRS, HFRERRET, hx 7 —ERIGkE
MR RLTY, 2 AMOBETRI V- ARbBEE
B Lotz D DM I Lactobacillus DYEE & FH{LL
TBM, NI —-ADEMETRE . ZORD, 7
JUa—ZADEREATRGI Lc & 25, BRI Y —HE
Mg L7 NVa— Ak 0REERTL EMHBL
Fro o F i, FEHLCLZ I VEEF MU T LERENT S C
ST 0IERICHEEL, ZVa—2X0 - HRETH
J—=VEERTEIELY, ~NTollTho7 ET,
16S rRNA (77— X 4 #%) O¥EAEF]% DDB] (DNA data
bank of Japan) 7 — & X — XK L THREL R
Lactobacillus  hammesii & Lactobacillus — parabrevis @ 168
rRNA DIEEETI & 98% DE—tEx2RL72. LaL, i
bk & A LFER R EE DR, B TH 5 nJREtED
REINT. INHLDORERL Y, KEME%E Lactobacillus
sp. L13 &g L7z

GABAS%EMDEE L. brevis IFO 12005 & Lacto-
bacillus sp. 113 & D GABA A pEMEZ LI L 72, L. brevis
IFO 12005 O GABAZAFERYL, ZNVH I VBT MY T L
B ICBBRZ L, 70 ~ 100 mM D GABA Z4AFE L 72
(Fig. 2A). —J, Lactobacillus sp. L13 ¥k, #5Hh D7
VR P LIREICREL T GABA AL,
340 mM D7)V I VBT H T LADOEMTIE, 290 mM

Fig. 1. Scanned electron micrograph of strain L.13.
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Table 1. Phenotypic characteristics of L13. 400 ) 400 ®
Characteristics LI13 S 300 S 300
E E
Cell form Short Rod < 200 | < 200
(0.5-0.8x1.0-5.0um) Eg ﬂé
Gram staining + © 100 f EE ; © 100
Catalase reaction - 0 0
Spore formation - 0 1 2 3 4 5% 0 1 2 3 4 5
7 R/4R°( / _ .
Growth at 15/45°C + Time (d) Time (d)
Fermentation type Hetero . . .

. L Fig. 2. Time course of GABA production by L. brevis IFO 12005
Optical form of lactic acid L (+) (A) and Lactobacillus sp. 113 (B). The strains were cultivated
Acid production from: in GYP medium (pH6.8) in muliple concentrations of

D-Xvlose n sodium glutamate (@, 70 mM; A, 200 mM; M, 340 mM) for
’ 5 d at 30°C.
D-Galactose w
N-Acetylglucosamine w
Gluconate w % 2.0
2-Keto gluconate w g 1.5
D-Glucose w = 10
£ 05
D-Fructose w g

Rib (CI ]

D-Ribose + 0 1 5 3 4
300

The L13 did not produce any acid from glycerol, erythritol,
arabinose, L-xylose, adonitol, f-methyl-D-xyloside, D-mannose,
L-sorbose, L-rhamnose, dulcitol, inositol, D-mannitol, sorbitol,
a-methyl-D-mannoside, a-methyl-D-glucoside, D-amygdalin,
arbutin, salicin, cellobiose, maltose, lactose, melibiose, sucrose,
trehalose, inulin, melezitose, raffinose, starch, glycogen, xyli-
tol, gentiobiose, D-turanose, D-lyxose, D-tagatose, D-fucose, L-
fucose, arabitol, and 5-keto gluconate.

w, weak.

250

200

150

100

GABA, Sodium glutamate (mM)

50

D GABA #4EPE L7z (Fig. 2B). 723, ZOEEMEOK 0 1 5 3 4
i, BEHO® R pH 6.8 TIT o 7z, Time (d)

s /380 T 1) vy ),

B OY)5E pH O E 7N 3 /Eﬁ% PV LR Fig. 3. Effect of initial pH of medium on production of GABA
% 270 mMIZIEE LT, GABAZENEIZ FIE 3 #)5 by Lactobacillus sp. L13. Lactobacillus sp. L13 was cultivated in

-4 + v - 3 different initial pHs (@, pH 4.0; A, pH 5.0; H, pH 6.0; &,

DEBEMGET UTRER, % pH 5 (< '5 DERLE < @ pH 7.0) of GYP medium all containing 270 mM sodium
GABAZAERE L2 (Flg 3). WIT, *}J%pﬂ 52LT, 7 glutamate for 4 d at 30°C. (A) The cell growth monitored at
VR VBIBE AT Z CREEYT -7 2%, 800 mM Asgso. (B) GABA (—) and sodium glutamate (- ) contents

in the culture sup.

DITVE LT Y7 L5 5550 mM D GABA %4
THIEMWTE L (Fig. 4).

EMOpHRAE E GABALE  MAEWD GABA 24 (Fig. 5). CZ OB BHFOZNVE I VBF Y7 L5
BT 2EBFHIERD—DF, itz %ﬁ“éféﬁ?ﬁl HEIDEE CREITHEE LT

TH 50, FRRIC, BEHFOI7 N EZ I AR GABAIC FHEEITORME Lactobacillus sp. L13 % A X — & —
BmINnd L, KEERCBWTLE®D pH 75‘J:3Frb7": HE LT, THETOELE 23472,
(Fig. 4). ZORUTE B L, BEEF DR pH 28 (pH 5) LIS R L 2VWTHREN (artao—) TliE

WCHERF T UL, LISKRDI I B2 L D GABA R EET 5 GABAIZIF E A EEREING o7 (F—REWE). Ly
DT EZBEZL, INEPREFLE. Z0O8R, Bk L, LIS ZER L THET TR, RESHE, »485

pH%, AL CTpHHIZHEL 208 ET 52 10k 0, EEIIAL01%, 5HH, 04%DGABA BERI T
800 mM D7 IVA I VBT MY T ALY 81%DEHR (Fig. 6). BREREDHER, FVIZ1IHE»S5HEET
T, & K650 mM D GABA #£ET 252 LW TE R BLTIN—T 4TI Ly aRBFEINDH T HRE
20074 3% 111
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Fig. 4. Effect of sodium glutamate in the medium on production
of GABA by Lactobacillus sp. 113. Lactobacillus sp. L13 was
cultivated in GYP medium (pH 5.0) containing several dif-
ferent concentration levels of sodium glutamate (O, 270
mM; A, 530 mM; [, 800 mM) for 5 d at 30°C. (A) pH
change during cultivation. (B) GABA (—) and sodium
glutamate () concentrations.
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Fig. 5. Effect of pH regulation in a medium on Lactobacillus sp.
L13 GABA production. Lactobacillus sp. 1.13 was cultivated
for 5 d at 30°C in GYP medium (pH 5.0) containing 800 mM
sodium glutamate. The pH level of the medium (4) was
adjusted to pH 5.0 every 24 h (shown by arrows) by adding
lactic acid. GABA (@) and sodium glutamate (A) contents in
the culture sup., and cell growth monitored at Aseo (ll) are
shown.

1 HEHDOTHIET TR R Ay F U & LK 28H
BILUSHATHADD VEREZG DRV Ay XY EL
72RO L b7, 4 BEOTHIRD TRHEAEIH L0
BWRICRIT B, 5 HH TR L 54, 4 HHLIE,

112
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Fig. 6. Time course of GABA production and viable cells of Lac-
tobacillus sp. L13 during fermentation of Senmaizuke. Senmai-
zuke was produced by fermentation using Lactobacillus sp.
L13 as a starter for 6 d at 10°C. The GABA content (@) and
viable cells of Lactobacillus sp. 1L13 (A) are shown.

REOE PR SN b, 3 BERE L THRE
FIZGABA®0.1% & &, HD 3> b 10— )T [d7e iR
DF B REL TV F£2, 3 HEORETE
WEELTVWEZ &%, BREIORETHRALL: (T—
EE N

% =

KRB EEND XTI RRESEDELEH L
1, FLERE, #EB L UL EHREROFREEE RN
HRAIN T MENDEE P REINTN D,

MERETERSLA P ARBIFAPREENTNDS
GABA 1%, BRANOFIAMSHET SN, FBEH, WL
R LU EE MRS N TV S,

—}, BEARGDOEDTHHENREIIDONVTAD
&, EFEOBRWELER, ARRGAELOMEL, BLEHM
EiE SNE O iz E Db, FERFERICEN
ICHELEZNDE DA, 20700, BAETRIEHK
BRI L 2 BADEMELE ZHIR L, HWED L
ENBEWHHBDERE L > TVD,

DX D, EELIIFEANERT HEHNEND
THOET £ D, GABAESAEFLMRE Lactobacillus sp. L13
BT D EITRTI LT, Lactobacillus sp. L1313, 14
FEWC 7N R L VERRLEE L, B VE I VBT b
Vo LERGINT 5 &I X DIERICHEEL 7.

GABA E B LT ARICIZZ EXEH DD, L0
T 22 T KALIEIC & D GABADMEIL, XK™T
WBRFIEDLIEITLY GABAEINT 5. F£72, XK9
PA. oryzae X, TNV I VEENREEEESE (GAD) Off
BETHHE) FEH—)1) VB (PLP) OHMICELY
GABAWHEINT 5. &7, HILL. paracasei NFRI 7415 2V
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ZOWTHE, BEMipH 2 pH 5ICHHE L, X 5ICPLP 2k
Mg 5 EITL D300 mMD GABAZEEE DS XN T
5. ZDXIIT, GABARBEMEE DI ZEXER
FIEPR LN TE,

SEEE S L, FRBE L LISKEHERAL, PLP %
AT S, 8P pHS IR L ConrEET 5
Z&ET, 800 mMDZINVE IV MY ALY 81%DE
PR THRA650 mM (6.7%) DGABARAEFET D I LT
DLtz D GABA LB &3 L. paracasei NFRI 7415 2V
(300 mM, 3.1%) . Rhizopus microsporus IFO 32002 24
(170 mM, 1.7%) 72 £ DA THE I N TS GABAKE
PEREICHNLT, 25l LDEERBTH S,

48, Lactobacillus sp. L1312 & % GABA A EEMED (A
IiE, B pH REXEHTh o7z, BEEFIZ, 7L
XL VEEDRRERIEGIC & O GABAICEIAT 5 2 LITHE
W, BHpHM ER T L. 2D, EBRICHHEPH 5T
BE LU T O pH 3B EICE-TCLEH L. 2Dk
72 pH LR IZHEEDEIE S GABA DEERITHEL,
GABADEAEITIZHE L A RWHFIHETH S LHESN
72, TDI, FBEFOEME pH5IZaY Pa—)LT
22 ET, GABAZEEMENMLI:bOERbND. %
72, TOMOERE L THKEPNEBED LA I VRS
MUY LFAET (~15%) THRFEALWERETH b Hh3%
Foisd, PR TIE, L. brevis IFO12005 2155 &
T AMDCGABALERE L 15%D 7V X I BT b)) L
FAE T CIIEEAR & DD TEL Lo 7h, LIS KA T
T TIEETH - 72,

GABA = BEH & U T B L 72 Lactobacillus sp. 1.13
i, EFPeRERLE (&8 O Itk vadisntT+
MEGTIODBT I ENTER. LAL, THRETD
BLEITBWT S, TofldeiEE (S 3 B Ewidn
BT B2 O TICEEIND OB, &
D &5 R REE THEI N THET I, GABA%®%
CEDDDERLNRV. £, ok A ERARREEE
TELNLTFHRET TYH, GABASHER—EICHHT
ER/4%

FEEDIEE, DX BRERDS & Lactobacillus sp. L13
ETHEIDRAZ -2 —EHELTHWRZEREZ, &
AEhnzfe. ZOFER, KL (EROREEDER) TIES
HEIZEL CW-8LEHIM %, HElkc4 A GERY
1H, BB3H) WKEMTLIENTE. F, 3SHME
DREEETI, TEMIZEL TV I R EREORIET
R LT (F—X A,

S HEZHBA THEEZMITT 2L, GABAEG®E LAN
Rt o7 LWE Bbhien, MEFRICLDE
OB RO LN, B@EOTHETOELE T, R

20074 535

EERF D pH234.5~5.0TH Y, HMEBEOHEIEHSIEH I N T
WBDY, Lactobacillus sp. L13 2 L 7 THIE I OHL ik
T, 7R I UERABRBRIGIC X D GABAICE RS
2 EITHVPHD ER TS, 2D, LIsERE%S O
HCpH6.4&7%0, GABAIFAERER Ch 2HmHHEE L
7z

DIk, BAEDBIETIED 2%, FEHLIZTHETHIC
GABA 2L EWITHEET D5 LRI L, i, 5
LI THREBETOERMED R {, #EROTHEIT LB
Bk, ORI INLLOVEETE. 5%, B
MBS T 2R TEER AT, E5ICGABASH
ZEME R THE D ORENHFEINS.

F72, Lactobacillus sp. L13 1%, FHIEFDEES T T
W<, TOMODEYEE~FIHTE 2 EMENH 5.
7o, FEVEVEERCOEMREPER LV L X
0, BYLADZ £ ELBESENOFIFOM, 73
DD GABADTEAELRE, KNEAIAFEINS.

B #

TORDRERE R TS U mEY, THRET XY
v-7 3 VE&ER (GABA) 2 B4 E T 23 MBEDDEEX 1,
Lactobacillus sp. L13 & [R7E, & L7z, REL, HEHEIC
TIWVEIVBEERL, BREDIVE I VBEETT
GABA Z @4 L7z, BRI D pH 2Btk (pH b) ICHER
T5E, 800 mMDYIVE I LVEEF N7 AL D8I%D
FERT, FAK650mM (6.7%) D GABA #4FE L 7-.
COHBEA A - —FHELUTHEAL, GABAZ0.1%
EGEHLURLTHET ZEMELL. EREHNOME ko
WL O LREARDT SN TFHETORENIETH D
ZEREN.
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