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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,
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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. 1L13. 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 DE5% 1%, GYPHAKRS
(1% glucose, 1% yeast extract, 0.5% polypeptone,
0.2% Na-acetate * 3H0, 20 ppm MgSO, * 7H20, 1 ppm
MnSO; * 4H,0, 1 ppm FeSO, » 7TH,0, 1 ppm NaCl, 50
ppm Tiveen 80, pH 6.8) ZH\», 30°C THHERIE L 72.

5T BERERR Lactobacillus sp. L1313, SEIZIE L CTGYPH
EREEHUC V2 X VBT D) 7 ARIEIL, 30°C THE
REEX{To7. &7z, Lactobacillus sp. L13 O A4 BEGRIE
WE5% 7 NR IR M) T LA EREINGYP AR A
WV, WRCEREERIEIC L VITo 7. Bk, THREDHO
Lactobacillus sp. L13 DAEREENE T, 20=—0DE
WX 0o E DHBI AT - 7.

GABALEFBEONRE  EZHHELHNTTH
D FEELAME 2 8 THLE XN TROET DED, §<&
REDEWERELT, 5% NVE I VERST MY T A
ZET GYP EREHICEA L, 30°C, 5 HHDE#ER,
B—ao=—%f/. ZhZN% GYP AR HICHEE
L. 30°C, 2 HHIMEREZIT -7 3 oh7eiik Lig
HOGABAZHE 7 0~ 777 THRINL, GABA%%
{AEPET DFLER 2 E K L 72,

IEEORE 7T LBRE, R T—YiRER Fh
DR, EERE, RN, FLEBRIEOE BIOUHE
DELHERRIL, ABEERY=2T7 VL0 TT-
72, BEOBAMRERICIE, API S0 CHB X U'CHL (B4
A a—#8) 2HEAHLL b, - ABRIE, Fkic (T
o) KX pREREL.

DRILBELIIMKERALZ—2—RHE L TRAWTHE
T ORGEZE BB 55 7 kg % 0.2% FRRERICHE
TSR, RAEHE, 2mm BT AL
DWROZRIE 5 kg ZIRIM LGNS 6 BICEAER,
4°C TR Lo, W L7k 2BEsEL, KD
BOMED & 10 cn AITYIWT L 7RI EAT 2 E4Q, FLER
W (Lactobacillus sp. L13) % I Z 728 (F A A ¥ 500 ml
(Zaf, ZVxIVEFT M) TLA BATXR, iR,
FLFABH 1 x 108 cellyml) 2RI L A5, HLWIE (610
WCETEZ ORED), 10°CT6 HERFEZ ¥,

TRETOERRARZEZ THERUIOEYD, LUK
W, EYOME & HRERBRICKHE L 724 A TR L 72.

GABABIEE  GABADEMENHTICIL, #E 7L —
b () A7 V60 F254, Merck #:81), I X O BT
(1-7'% =)V Bl : K = 3:2:1 (viviv)) ZHV, =
B FY T X 0 GABAZRH L 72,

GABA DEESHTICIE, HPLCIZX 2T I /o %
1To72. 372 H HPLC (BEREUEFTSL, Prominence)
TR BT L GRERMERS A A > Ac g 77 7
2 Shim-pack Amino-Na &) ZHW, o- 7X LT LT E
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F2RIGHRFEE LT, ®EHEE (Ex =348 nm, Em =
450 nm) W2 X9 7 Bt EiTo 7.

] g

GABALEEDHEE  GABA B X472 THUE T
, T &R EDEWH S 100 EDFLEREE 2 70 #E L 72,
FURE &V, GABAEPEBEDIR b i - 72 L13 Bk 28k
L, DEOERICHEHA L. ZOLISKIE, THREY OL
#eE) L0 oEEZh.

PEFBEEORE  LISKIZERE (Fig. 1) TH Y,
LRI E I Table 1 D& B0 Th 5.

77 LGN, FhrEsed, hx 7 —-ERIEKE
MaRL7eds, 2 HHEORETEZ/ )V a—Arbiet
WL hr o7z, s OB IR Lactobacillus DYE'E & $E
T20, INVa—ZADEMTRZ ST 207020, 7
VA= ZADEAREZ G L7 & 25, Kk 2 —3
MICT LNV Ia—AXVBREERT DI ENHBL
Jo. Fio, BEHLTZ VX I VS M) T LRRINT S Z
EICKDIERICHEL, JVa—R X0 L-FME X
J=NVERERTDEIELY, NTulMThHoT2 Fo,
16S rRNA (7 — % 4Hg) OEAES]% DDB] (DNA data
bank of Japan) 7 — X X — ZITH L THE L 7245 R,
Lactobacillus  hammesii & Lactobacillus — parabrevis D 16S
rRNA DHEREEF) & 98% DR —H: 2 /R L7z, LarL,
BIRR & SAEAL AR EE R D, HTEETH 2 nTRErED
RRE NI, TNHDEERLY, KEE%E Lactobacillus
sp.- L18 &d@nf L7z,

GABASEMDLE L. brevis IFO 12005 & Lacto-
bacillus sp. L13 & O GABA A EMEZ LI L 72, L. brevis
IFO 12005 O GABAZPERL, VK I VT M) 7 A
TR ICBIfR 7 <, 70 ~ 100 mM @D GABA % 45 L 72
(Fig. 2A). —7, Lactobacillus sp. L13 #kiZ, 5o 7
VB VEET M) 7 NREITRTEL T GABA RAEL,
340 mM D7)V & L VT b ) T LAOEHINTIE, 290 mM

Fig. 1. Scanned electron micrograph of strain L13.
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Table 1. Phenotypic characteristics of L13.

Characteristics L13

Cell form Short Rod
(0.5-0.8%x1.0-5.0um)

Gram staining +

Catalase reaction -
Spore formation -

Growth at 15/45°C + /-

Fermentation type Hetero

Optical form of lactic acid L(+)

Acid production from:
D-Xylose +
D-Galactose w
N-Acetylglucosamine \
Gluconate w
2-Keto gluconate w
D-Glucose w
D-Fructose w
D-Ribose +

The L13 did not produce any acid from glycerol, erythritol,
arabinose, L-xylose, adonitol, f-methyl-D-xyloside, D-mannose,
L-sorbose, L-thamnose, 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.

D GABA Z4FE L7z (Fig. 2B). 73, ZDEENDMK
i, o ¥)FEpH 6.8 TIT o 72,
BEHhOWMEpHOEE VXIS M) T LR
J& % 270 mMIC[EE L T, GABAEPEMEIC RIZ T W% pH
DB LTRR, I pHLICT2ERLE LD
GABA Z/EpE L7z (Fig. 3). RIC, MI%pH5& LT, 7
WA VIRIRE R EZ TREZ{To72£ 25, 800 mM
DITNVE LT Y7 Lh 5550 mM D GABA % /E
T2 EemTER (Fig. 4).
EDpHFAE L GABALE  WAY» GABA 2/E
Y B AEBFERD—DL, REHERYE(LIT K3 25
TH 5%, FEIC, BHibPD 7 )L Z I VRIS GABAICE
BINBE, AEKICEOTHEHD pH AL
(Fig. 4). ZORIHEH L, 8Os pH %Mk (pH 5)
ICHEFF T 2UE, LISHEAE 5IC% L D GABAREET %
DTV EEZ, TNERFT L. ZO8E, i
pH %, FLEECpH 51 L e bRk T2 2 LItk b,
800 mM D7)V & I VT MY ALY 81%DAEHK
T, K650 mM O GABA ZEFET 5T ENTX T2

20074 %35
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Fig. 2. Time course of GABA production by L. brevis IFO 12005
(A) and Lactobacillus sp. 113 (B). The strains were cultivated
in GYP medium (pH6.8) in multiple concentrations of
sodium glutamate (@, 70 mM; A, 200 mM; M, 340 mM) for
5 d at 30°C.
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Fig. 3. Effect of initial pH of medium on production of GABA
by Lactobacillus sp. 1.13. Lactobacillus sp. 1.13 was cultivated in
different initial pHs (@, pH 4.0; A, pH 5.0; H, pH 6.0; ¢,
pH 7.0) of GYP medium all containing 270 mM sodium
glutamate for 4 d at 30°C. (A) The cell growth monitored at
Aseo. (B) GABA (—) and sodium glutamate (- ) contents
in the culture sup.

(Fig. 5). ZOBE RHirfD 7 N4 I EF MY 7 AE5

HREDE# TR A L.

FHEGFORE  Lactobacillus sp. L13 % A X — X —
WeELT, THEDOREZRATL.

LIStz fefi L 2w THiEY (2> ba—)) T,
GABAIZIZ E A EER I Nl oz (F—XE0E). L
L, LIS AR L THIED T, HEES HH, &5
HEICHLO0.1%, bHH, 04%DGABA WK X 72
(Fig. 6). BREMEDHR, HVIZIHH»PS5HHET
—HBLTIN—T 4TIy ahEFEONH o7 KHE
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Fig. 4. Effect of sodium glutamate in the medium on production
of GABA by Lactobacillus sp. L13. 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; [J, 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. .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 (#) 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 Ags (M) are
shown.
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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. L13 (A) are shown.

W DOEADED LN, Dk 38 HEREEL 72 THOE
FIZGABAZ 0.1% & &, 723> b O —)UITId A\
DT SNLWEEZEFE LT, $£12, 3 HEOFREEE TR
MEELTNWD I &%, HBEORFETHALL (7 —
EELIN

Z =

REEMICEEND X X REREEMEITE L
1, FLEEH, NI X OWEE 2 & H AR E RO 80 R I
FHHENTOWRMEYOBE P REIN TV,

MERETERRX P AEBIEAP#RE I N TV D
GABA (Z, BMANOFIH G SN, FLMRE, Wik E
R L 7R RS ABR I N TV S,

—J, RERHDOUEDOTHDEMAEITONTAHD
&, EFEOEYEER, Rl EoRBEE, BLEHIE
EAE, MERE OBk EDR iz, JEREENICEL
FITHEIND DML, 2D, BTETIHERD
RFEFHEIT L 2 BARDBEWELE FHI L, F%RE T &
BENDEHH LD ERE 2> TWVWD,

DX Irh, EHS I ZNRET 2 ERIIEY D
THOET L0, GABAEAEEFLRE Lactobacillus sp. L13
ZoEET 2 Z LTI LTz, Lactobacillus sp. L13 1%,
JEIC T NAR I VLS L, BT VR I T b
V7 NI 5 2 Tk OIERITIEIE L 72,

GABA ZEH L BMICIZZ X EH DM, fEAH0 P
T 2R TIIBREALIEIC X D GABADEEINL, XK T
FRFEX DT EITL D GABADEMT 5. £z, K9
A oryzae L, TNV I VIBEBURIEREE (GAD) Dl
HETHZLE) FEH—) U E (PLP) OFEMICLY
GABADHEINY . F 72, BITL. paracaset NFRI 7415 2D
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ZDOWTIE, HhpH ZpH 5ICHEL, X 5ICPLP AR
352 E12L 0300 mMD GABAEEEDHRE X LT
5. ZDEHIT, GABAZHEMEE D704
FEPR LN T,

SEE 5L, FlE L LISKEEERHL, PLPZ
BRI Y, A pH 5 ICHE L CINERET %
ZET 800mMODI VA I VS Y7 ALY 81%DE
BRTHRA650 mM (6.7%) D GABAZAHET 5 T LITH
L7z, T D GABA 4 PE & X L. paracasei NFRI 7415 20
(300 mM, 3.1%) , Rhizopus microsporus IFO 32002 29
(170 mM, 1.7%) 7 & DWEM THRE N T W5 GABAA
PERICH LT, 2B EDEERETH 5.

48], Lactobacillus sp. L1312 & 5 GABAEEM:D 1A |
ZiE, B0 pH ARV ER CTh - 7. ®igEdhi, 7
2L EERDSBREEIGC X D GABAIZEMRT 2 Z LIt
W, BEhpHA ERT 5. 2070, EBICHFEpH 5T
e UC b pH SR I o C LA L2, 2D X5
7% pH EAIE R DHIE X GABA DL FE & ICHEL,
GABA DEAEICIIITFE LA BRWEETH 2 LHEE I
f2. ZD7ew, KEhOEME pHS5 IC2Y b a— )L
52T, GABAAEEMEMMLI:bDEBbD, &
72, TOMOERE L TAEDERED VA I V)
M) LGEET (~15%) THIMIENTEETH 2 HAv%E
FoHid., AR TlE, L. brevis IFO12005 215D &
T BDGABAEERIZ15% DNV E L U F b )7 A
TFHET CTIEHEEL E LD TEL L o72h, LIS KL T
T ITHERTRE T H o 7.

GABA &4 E R & L CTo i L 72 Lactobacillus sp. L13
I, BRI RESE (BLE S A X vEEs T
MBI LTS 2 ENTER. UL, THETD
BEICBWT Y, mlems (&3 HiE) Sidh
D KRR A D TICEE I NS DS, T
D & 5 gk TG X N TRIE T ITIE, GABA 2%
CEDBDIFRLNR, i, ok A(ERINERRENE
TIELNT: THIE T TH, GABAGHELZ —EIZHIET
ERAQRY

EHELIL, DX BERDS & Lactobacillus sp. 113
PTFRETDODAZ -2 —HELTHWL I EREZ, K
ez ZOER, fekik (RRNREESL) TlEs
HEZEL ChcBLEIR %2, ik <4 HFE GEEY
1H, #REE3H) ICEMETHZENTE . £, 3HMH
DHEEETIE, TEMZELTVND I EZEREIORET

BL (F—XHHE).

3 HEIZ@BA CREFZ MG T 2L, GABA & LAY
BT aoirz LnEBbhed, MEBRICEZE
REOEALRD DN, BHEOTHIETORE T, F

20074 %35

BFED pH 345 ~5.0TH D, HMEOBEIALMH I T
WBH, Lactobacillus sp. L18 2 L 72 THUE S DG
T, IV I BHBREERIGIC X U GABAIZZE T
22 ETHVPHA LR TS, 2070, LISEMERSH
HTpH 6.4 70, GABAIFAEPER TH 2 M2 HA L
7z,

Dk, SRIEOBMETldd 205, FHEHSIZTHIETFIC
GABA ZREMICHAEFET D Z TR L. 7, Sl
L7 THOETOERMNE S B <, RO THET LD b
B, /mOHKIZT NG TR L. S1%IE, B
HIREEIC BT DHHTTHA R 2T, 2 HICGABASG &
I X TR OGS RSN S,

%72, Lactobacillus sp. L13 1%, THIET OREZ T T
W37 L, ZOMOBEMEE~FIHTE 2 iEEND 2.
7o, KEPEYRERICOEYRLPER L NI & X
0, BEYLASOX X E R EMNDOFIHOM, 7V Ex 3
DD GABAD TEAELR E, [IKWVEHAPIARFE 2.

= #

TR D FREEE 2 W TCRLE L&Y, TROED XD
v-7 3 JBSlR (GABA) Z b E T 2B i X 11
Lactobacillus sp. L13 E[F7E, L7z, K@, B
TNE I VEBBREERL, SREDIIVE I VBEFETT
GABA % &/EPE L 72, B5EWK D pH Z &M (pH 5) ([THERE
T25E, 800mMODYNVLEIVEEF M) T ALY 81%D
BHE T, A 650 mM (6.7%) D GABA Z4pE L7z,
CDHABREEAX =X —EHE LU THHAL, GABA%0.1%
GRH L THREG ZHREL. BEREFHEOREE, #kD
L0 bEEKDOT S FHRIETORENTTRETH %
Z EAURE T
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