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Isolation of a Lactic Acid Bacterium, Lactobacillus brevis mh4219, Producing
High Level of y-Aminobutyric Acid (GABA) in Tea Extract and Stress Reducing
Effect of Cultured Tea Beverage Containinig GABA

Hisako Mori*, Kyoko Watanabe, and Yoshikazu Isono (Biwako Research Institute, Otsukafoods Co.,
Lid., 1-11-1 Karasaki, Otsu, Shiga 520-0106) Seibutsu-kogaku: 85, 521-526, 2007.

A screening test was carried out to obtain a lactic acid bacteria that produced GABA in green tea extract,
and strain mh4219 was isolated. This isolate converted 94.4% of glutamic acid to GABA even in a green
tea extract containing 4.3 mg/ml of tannin. The isolate mh4219 was identified as Lactobacillus brevis from
the partial base sequence of 16s rDNA, the mode of fermentation, and the phenotypic characteristics.
A green tea beverage cultured with mh4219 was assayed for anti-stress action by a Krepelin’s stress load
test. The cultured green tea beverage alleviated subjective fatigue determined by POMS and subjective
symptom tests in the healthy adult test groups. However, such stress markers present in saliva as
chromogranin A and a-amylase did not show significant differences between the group who took the

cultured tea beverage and the placebo group.
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BIAX RV, ABERRIZEENCEGZVMLNT
WRWY, XL REBEREEL, EERZETE K
IR ZINT WS, §H, FEORARGEDIRTEIN
TWEH, FRCHABRREELITY J LI L D ERENLRE
BT 275 L L LICGABARAER I E DL I ENTEN
i, ANV ABRRIER 2 ED AR TE 25 L WARNRE
WEFETE 5.

2T, AMETIEAMERTTHEE L GABAZAER
T2HABEORER{To7. £, BoHABE
W, HABRREERAREHEL, XML ABRBRIRICOW
THiRafL e,

S PP

GABADAIEZE  HERTDOGABAIZ, HE /o~
FNSTT7 40— (TLC) BIUEERKZ O~ 7T
74— (HPLC) THIE L. TLC OMIKICIIREE LIE
ZHEWV, HPLCIZIZ, X HICRAAE CREIEMRE Y )L
NI 4 VE—2=y FUSY-1) ZITVWENE. TLCI
Cellose F (Merck) % F\», n-butanol/acetic acid/H.O
(821, viv) ZRBBBEE L TiTo7:. REREI=>
MY 2BV, HPLCIZ X 2HEIER, WA 4>~
Toav 277 40—/ RA AT LBEKIEE
DIRD & S 2 r>72; 517 L : Shim-pack VP-ODS150
mml x 4.6 mm 1.D. (SEHIEFT) , BEHE  10mM
TR ZNKREEF P YT L EET 20 mM Y VRN Y
77— (pH2.5), V& : 0.8 ml/min, KIGHIE ; OPAR
¥y b (AEHER), & : 0.4 ml/min, g &
Y2 (Fx = 350 nm, Em = 450 nm).

GABAXEIBENDRAV)—=>U  REREZE
5L 7o FEET 136 BRICOWT 1% 7 VR 3 2k
£ MV 7 A1 KR % E& T MRS broth (Difco) T,
30°C, 48 BifilRs#E L, TLC T GABA DARATED H1l
TeERE BN L 72, RICGABAE DR B T R
DWT IR T IVE I VBRKET PV 7L 1 KR EEts
MRS broth (Difco) ZZHi 4% Brix 0.25% (X% > =
Y E®S360 u/ml) L7425 & DI 2B T 30°C, 48
FFRIES# L, HPLC CGABAALEEZAIE L 7.

FERUTABE I OWTORRKIE, Brix 0.25% (X
ZVEE360 u/ml) OFEMHE GEF DAL ~NIVIRE)
7 Na—21%, BET*205%, KEXTF FSMP
(N8 1% 28 L 72852 vz,

IBBEORE EBENBROINVI-—ABIUHARY
JNWVA—ABT A MTa— (FOEAE) L F-Fv Fd-FL
B/ 1-2# (Roche) F\,BET % Z & THEFEA
RHEL, 7Y 50CH/B0CHL (¥4 XY 2 —#) %/
W, OB RHE L 7.
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16S ribosomal RNA {5 (16S rDNA) DIEFEES]
&, PCRIZ & O 5 Kml# 500 bp DFEK 23406 L, 1
7Ny —27 L2 A THRE L 72, PCRIZIE MicroSeq 500
16S rDNA bacterial identification PCR kit (Applied Bio-
systems, CA, USA) ZffHL, ¥4 7V —7 T R
l%, MicroSeq500 16S rDNA bacterial identification
sequencing kit (Applied Biosystems, CA, USA) %/ L
Applied Biosystems #0701 b = —)UITHE - THT o 72.
B 57z 16S rDNA OIEARCF] %2 AV T MicroSeq bac-
terial 500 library V.0023 (Applied Biosystems, CA,
USA) (TR T 2HARE 21T\, & 52 BLAST 2\
T GenBank/DDBJ/EMBL) (X% 3 B AHEHRER 24T > 7z,
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RS HA RN ICL 2 A P LV AR R 21T
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KU N (HARERBEFRERLIIER, 2002 F)
2RV, EBE7ORER L. wk, #ARE1ER
DA T a XA —N—TER L7z, HHREZE
AR, IRES, @EEETOFZRNL, HERBG24
FEEICAPIIC GABATR I Rl 2 IR Y, S BEOMIEZ
LCwanZ EREMFE L fEEICIENNCRRO

B ToRB LS AT, AADEHEEI L 235k
SMNOYEI L 2 ABEERER. BBRERICOVWTI TR
B L DHRERE LT 7. ' A

BRADA LAY —A—BIFEE R Salivette

Table 1. Nutrient contents in cultured tea beverage.

Nutrients Placebo / 100 g Sample /100 g
Energy 14 kcal 15 kcal
Protein 0 mg 02g¢g
Lipid 0 mg 0 mg
Carbohydrate 35¢g 35g
Theanine 2.8 mg 2.7 mg
GABA 1.1 mg 109.7 mg
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(Sarstedt#-8) 2 FV, BRI B RAT 2 805> FvE e X
HHZECIOFRM L. T4% 1000 x g T2 /3 REhED
L, ZOR0L EEZEEARLE LT o-7 3 7—HOHE
lZ Z 41 Z 1 Salivary a-amylase assay kit (Salimerics #-8)
ERVT o 70%7 T 2 ADRIEIZYK070 Human
Chromogranin A EIA (RAEFZEATE) 2 HWHlE %
frotz. 70E7 7 =2 ADEIZDWTIEFEFIT Protein
assay kit IT (Bio-Rad Laboratories) 2\, #2374
ERWEL, WRPOZ VT BHLY OHEHETHR
L7

ERERBLUER

GABAXEENAI ) —=27, RE  RERSE
Er 5oy U HEEE 136 Bk b G AR BT TH
B GABAEFERE 2 7R L7 mh4219 ¥k 258k L. 20
mh4219 #kid, WERTEEI N X LF IO DEELT:

Table 2. Identification of strain mh4219.

mh4219

Cell shape Rod
Growth at 10 — 45°C +
Gram staining +
Catalase -
Oxidase reaction -
Fermentation type Hetero
Lactic acid isomer DL
Acid formation from

L-Arabinose

Ribrose

D-Xylose

Galactose

Glucose

Fructose

Mannitol

a-Methyl-D-glucoside

N-Acetyl-glucosamine

Maltose

Melibiose

Gluconate

£ 2 2 + 2 4+ = 4+ + + + + +

5-Keto-gluconate

The mh4219 did not produce any acid from glycerol,
erythritol, D-arabinose, L-xylose, adonitol, f-methyl-D-xyloside,
mannose, sorbose, rhamnose, dulcitol, inositol, sorbitol, a-
methyl-D-mannoside, amigdalin, arbutin, esculin, salicin, cello-
biose, lactose, sucrose, trehalose, inulin, melezitose, raffinose,
starch, glycogen, xylitol, gentiobiose, D-turanose, D-lyxose, D-
tagatose, D-fucose, D-arabitol, L-arabitol, and 2-keto-gluconate.
w, weakly positive.

20074 125

1 TGGAGAGTTT GATCCTGGCT CAGGACGAAC GCTGGCGGCA TGCCTAATAC
51 ATGCAAGTCG AACGAGCTTC CGTTGAATGA CGTGCTTGCA CTGATTTCAA
101 CAATGAAGCG AGTGGCGAAC TGGTGAGTAA CACGTGGGGA ATCTGCCCAG
151 AAGCAGGGGA TAACACTTGG AAACAGGTGC TAATACCGTA TAACAACAAA
201 ATCCGCATGG ATyTTGTTTG AAAGGTGGCT TCGGCTATCA CTTCTGGATG
251 ATCCCGCGGC GTATTAGTTA GTTGGTGAGG TAAAGGCCCA CCAAGACGAT
301 GATACGTAGC CGACCTGAGA GGGTAATCGG CCACATTGGG ACTGAGACAC
351 GGCCCAAACT CCTACGGGAG GCAGCAGTAG GGAATCTTCG ACAATGGACG
401 AAAGTCTGAT GGAGCAATGC CGCGTGAGTG AAGAAGGGTT TCGGCTCGTA
451 AAACTCTGTT GTTAAAGAAG AACACCTTTG AGAGTAACTG TTCAAGGGTT
501 GACGGTATTT AACGAGAAAG CCACGGCTAA CTACGTGCCA GCAGCCGCGG
551 TA

Fig. 1. Nucleotide sequence of 16S rDNA of strain mh4219.

HhTH 5.

mh4219 BRDA (L FERIMEIL Table 2D E B0 TH .
mh4219%kD 16S rDNA DI EAR S (Fig. 1) 1, #
[812 99.5% T Lactobacillus brevis {28z b S \WAHBEMEZ TR L
7. BLWHBIEBERAIL, ~7T 0 To/ LABEPERT
%2k, 7Y 50CH/B0CHL T & 2 DB/ (5 —2>
B L brevis ERET 2D TH B &ML 7.

BEGABALEFBEORF TOGABALEEHE

FRHEH TDOGABALERE 2 th D GABAEER & [t
B 572, mh4219 £k & GABA LEFFEE % Brix3%
(% > = &E4.3 mg/ml) OFMPRICI I T—Z1%,
BT ¥ 20.5%, KERTF FSMP1% %R L /- 554
(pH5.85), BLUAHHM A& E L WEH (VN a—2
1%, BRFT¥*205%, KEX7F 1% (pH6.04)) T
30°C, 48Rz E L 72

ZORER, Table 3I1TRT &£ 912, mh4219KIZ
W Th GABAAERIIE T Lz o7, LT
Lactococcus lactis FERM P-13646 13, X+ TliEE
TEY, OBKFEELLSDDORMEYF T
GABAAEEMET L. MOBEKE, £FIEITE N
R T =) =L TINE L EEBRIEREDIEMD
mEEatd, b LRI NVE L BRI E DA K
ZD—HHHEZINGCABANDEBEENK N LI EH X
L5,

GABA4E (BEEZB)  mh4219 K% % Brix0.25%
(%> =360 p/ml) OFMHIRIIT V- 1%, Bk
T¥RX0.5%, KERTF FSMP1%, 7/ NV&E I kRS b
Vw7 I 1 KR 5% AU L 72 5T 80°C, 72 BERES &
L, FLBEH, pH, GABARE, /L4 IVBEERK
BRI E LTe, ks, ZVE L VBBRBEFEDEE
pHIFBFHE LB A HN BN, HEEE & b ICTBKERRITIT
L OpHA LR T 270, 24RIEIZ50% 7 T2 RV
PHOTpHZ45ICREL L.

mh4219E DB, 24 K[ET10° CFU/mlICHEZEL
DI BRBIZT VE L VERIZEA L GABADHE I
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Table 8. Production of GABA by lactic acid bacteria.

+ Tea extract — Tea extract
Strain GABA Conversion GABA Conversion
Growth (mg/ dl) rate Growth (mg / dI) rate
(%) (%)
Lactobacillus brevis mh4219 + 535 94.4 + 544 959
Lactobacillus brevis NBRC12005 + 32 5.6 + 537 94.7
Lactobacillus brevis OFC31 + 25 4.4 + 552 97.4
Lactobacillus brevis OFC34 + 0 + 178 31.3
Lactobacillus plantarum JCM1149 + 0 + 7.7 14
Lactococcus lactis FERM P-13646 - 0 + 12.8 3.2
LTwote, 72 BERICIZZ VY I U BRIE, GABA ~
. 98.2% A Z N7 (Fig. 2).
= FRERICZ VR IV BOKERT b ) 7 L 1K 10 %63
L725&TH 72 R TEHEEIZIZ 98.5%, 5.6 gdl D
GABAZEL L7z, AEISRMEMFH CTCABAZEAT
Z DALY, TOAENMS ZNE THRESINLTWD
S el GABA EEAFLERE] 101720 L [ L CH BV L ~LT
E g BB EELBNL.
b 5 RBERMHONZ L APRIRIABRER 71X
E g Y UREICL AN LAATRBEEL B OEE
E = R B R% Fig. 6 X U'Fig. 4 1R, POMSH
P © KR C L BBRIPEIRE T TMD 2 17 O LRV RICH
o L #l& 7. %72, B (confuson), ¥ (fatigue),
o 0 I-O 20 30 40 50 60 70 !

Time (h)

Fig. 2. Time course of GABA production by strain mh4219.
The strain mh4219 was cultivated for 72h at 30°C in tea
extract (Brix 0.25%, tannin content 360 ug/ml, pH5.0)
containing 1% glucose, 0.5% yeast extract, 1% soy peptide
and 5% sodium hydrogen L(+) glutamate monohydrate.
The pH of the medium was adjusted to 4.5 after 24h of
cultivation by adding 50% citric acid sol. Symbols: @, GABA;
B, glutamic acid; <, viable cells; A, pH.
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0 - (anger-hostility), #1959 D-¥%iAA (depression-
dejection), FIE-T% (tention-anxiety) D&IHH T
BEROBED LR, £720ER (vigor) DHHE TIEEMED
E&F EFREO LA PHF N ERSR L7,
7o, BREERLONCBWTHEFAH FEER
(unsettled feeling), 2T (drowsy feeling), HREK
(unpleasant feeling), TOED L7 ZEET 2 (A
Rotie. InoDRERD 5 GABA L &L REERMEHNT
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*p<0.1 Vigor
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{
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Fig. 3. Effect of cultured tea beverage measured by Uchida-kraepelin stress test with Profile of Mood states
scores. (A) Change of TMD (total mood disturbance) score on Uchida-krepelin test. Symbols: @, cultured
tea beverage; O, placebo. (B) Difference of POMS score before and after Uchida-krepelin test. Symbols:

, cultured tea beverage; [, placebo.
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Change of score of subjective symptom test. Symbols: @, cultured tea beverage; O, placebo.

a-Amylase activity
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50 | |

Before Just after After 15 min
the test rest

Fig. 5. Change of chromogranin A and a-amylase activity in saliva. Symbols: @, cultured tea beverage; O, placebo.
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NUAR—H—Thd70F7 T ABL N a- 73
T—YORREI—HK Lot BMERFDA LAY —

20074 H12%5

H—EXNIWBENEEA T 1 TREOTREREL EDLE
FEHRERFERITEINT VDI TIERL, FHE
S REDRRE K L2V L, REBIIFEL
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DEBERLE—H L2V, BESOFEBRTEIHL2LD
ODHRFEHEEROANEEREL L TEY, ZOZL
PREEFD X b LAV —H—ITxT 5 GABADYE T
PAEURREENEZ DD, Ei:, #ERYIF D GABA
DADRES DEEDLEZ LN, L HIFHELVREDLE
LEbhD.

F7:7 LAY UREDIEFERIICGABABRH TORE
ol BEFHEEZEIRDoNRL o7,

mh4219 R CHREL L RITHROEKPET L2 L bR
, BEMIZLFELVHDTHo7:. i, KFTOD
GABAAEEIZ2-5% LA EITET 2720, Hon L DR
BELT R RBEORDZDMDFEHTHERT LI &M
TX, BERLPR—ZLEHEOHR ORISR L
EZ 7.

F72, SEORR T mhd42198RIT & 2 REERHEHL 7
LR VBB L B A N L RARITHR U CEBIIE %R
PEBTAHRERBIRBING. A L ADEZVEAES
KBWCHARERTHD EEZ 54, mhd219 BEIZ &
DRI DL D 2 BEERH T 20~ DILA AR
TX 5.

3 #

W THEB L, GABA REA T 2IMEDKRE
1TV, mh4219%k % BEL 72, AEIL, Brix 3% 4 > =
VIRE 4.3 mgml OFMER P TS TVE I VBN
DEHFK94.4% TCGABA R EA L1z, mh4219%kI, 16S
tDNA O EARS, REVR, BOB(ELEL S
Lactobacillus brevis & EIZE L72. mh4219 k& FIWREEX
ROV T 7 LR VREICE DA DL XA
RERICBIT PR PV AEAEZRE L. ZORER, #
BEZRCRE D BRI & > TPOMSHB L U HEAEIR L &I
BB FEOEFEPBR I LERANRRING. L
PUBERFDA P LAY =N —TH27UES TV A
BLUa-7 I 7—EROWTEIRD NG o7
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