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Abstract

Lactobacillus sakei B2-16 producing high level of y-amino butyric acid (GABA) was previously isolated from
Korean traditional fermented food, Kimchi. L. sakei B2-16 converted 99.3% of mono sodium glutamate (MSG) to
GABA in Lactobacilli MRS broth supplemented with 1% MSG. In order to enhance the production of GABA by
L. sakei B2-16, growth parameters such as media components and concentrations of major components were eval-
uated. The maximum GABA concentration was obtained by a modified rice germ extract broth containing 4%(w/v)
sucrose and 1%(w/v) yeast extract. L. sakei B2-16 converted 100% of MSG to GABA in modified rice germ extract

broth supplemented with 7% MSG.
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glutamate®} GABA®] =
—7r—’ﬂ7§ A AA 274 ﬁ

E7F 2- =5 9th(Ueno, 2000).
=4 F oF 30%= AHAsHH o

2 AgEHo) vlste] oF 200-1,00081 2] LFLEE A3
T} A7kl GADE prydoxal-5’-phospate(PLP)E Z 2 2 3}
w65 kDa(GAD65), 67 kDa(GAD67) F 7§ 2] isoform©]

A 3tk (Namchuk et al., 1997). £3], GAD65E T4
Wy Aol A7t o m Zgste] A7t A ] EEE]
Hed, ol B 7] B tig rhe A B
of gk olslle] HAHog W2 A7 o|FX L Utk
(Yoon et al., 1999).
GABAE A73AE&4
&2+, o= AHE, F-E5AE, s
1:1%0} AR &5
= &x7t 2
B2 oFFe 24 TH(Krgsgaard-Larsen, 1989;
Leventhal et al., 2003; 49, 2002) o]# 3l GABAS] 9&=
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GABA7} BAAE 5, F, 2, &=, 2242 2 ZH4
IS FO e HFE AoE HAEUTHADe et al,
1995; Aoki et al, 2003; Hayakawa et al., 2004;
Nakamura et al., 2000; Tsuji et al., 1992).

GABAE 7}& opill, &4, &, & 5ol e B2
Ao g2 dHA ot 1 o] vrol A Fe-S
s d7l= ¥EM, A&d GABAY 7sAel

TFE TR Abell gk A 9o
kst A 2o 9]F GABAS] A4to] ® %% tHHao
& Schmit, 1993; Kono & Himeno, 2000; Maras et al.,
1992; Sailusa et al., 1994; Tsushida et al., 1987). 3 <=¢ll
=2 9 F e AF AX 9 A FolA wEe oS
gt faHtEo] GABAS AEERE Aitels 2108 By
I THCross, 2004; Han & Kim, 2006; Jeun et al., 2004;
Ueno et al., 1997). dEolA= AR A B3 FAdFS
o]-§-3td YAHE GABA7} 21 3Fol AA2 8855 low
2Fo A B3 Lactobacillus. brevis IFO 120055 ©] &
el 2mMe] GABAE Absttha  Hska
(Yokoyama et al., 2002), ¥4 & #g 2F< funa-
sushiZ25-E] L. paracasei NFRI 74155 23l 302 mM
9] GABAE A4FsIA Tt B 331 th(Komastsuzaki et al.,
2005). F=oAME=  Streptococcus  salivariusE  ©]-8-3F
78 mM<2] GABA AJAFslA T R 1SS tHYang et al,
2008). # o= =] ATHEE GABASH HHE et
A+E Y3t AW L. brevis OPK 3, L. buchneri %
9] GABA A4 45 A 59 A3 UE AFoEH
B E2l3lo] 242F 19mM, 251 mM2] GABAE A3ttt
3 B389 THCho et al,, 2007; Park & Oh, 2006).

B AFAELS GABAE IEEE Alete nAES A
AzRE PSR B2 1%2] mono
sodium glutamate(MSG)E 99% ©]+ GABAZE Z&A]7]+=
frabt L. sakei B2-16% 2] + 4§ vF 212 (kang et
al,, 2006), WehA] 2 A= ikt wEo) o3
% GABA®] 4193 AAHE flste] wujol FEES o) &
3 W R|o\ M L sakei B2-162] LAFHL o] &3]
GABA®| A A2t =78 gyttt
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GABA AAF 7= 3l HHQF

Feluel dE LaAF HAZNE F23 GABA A4
Ab Bl Lactobacillus  sakei B2-162 1% mono

sodium glutamate(MSG)E 3 7}$t Lactobacilli MRS Bl A]
(Difco)ell FE3ted 30°CollA oF 10417k &<t gX] wj st
of A FY o2 ARt

L. sakei B2-162 ©]-&3F GABA A4t H A vjA] A4S
gtolsl7] 915kl MRSE 7] X & 3], etada) A4

A - AEE - R - oldE

Ao JFS HESATE L sakei B2-162] GABA AAHe
9% 27 Ba9e AR Ak glucosed A AT
Lactobacilli MRS 8JA] 9| sucrose, fructose, glucose,
lactose, xylose, maltose, galactose, arabinose & % 87}4]
Sads 747 2% FEoR HUtete] HESIAH. o2

Y] JFS dolR T 2 AAYS AA37] $181A
Lactobacilli MRS ¥jX|o]] H7IEo] & 7|2 FAYE
o mx
= 3T

A A& =, beef extract, tryptone, soytone, yeast
extract, peptone, casitone, casamino acid, proteose peptone
No. 3 & & 89 HA&YE Lactobacilli MRS Hj x| o zk
7t 25% FEC §RE FHUbsted, L sakei B2-16°]
GABA A4te] Mt §7] Ah9e] T LA
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. °] FEES 8000 rpmolA] 1587
Feds 3t gads Id A
4% sucrose, 1% yeast extract® 37131 GABA
A& A2 T, monosodium glutamate(MSG)2] &

g3t Hriste] 2 a3E AESCH, A4H 9
2 Lactobacilli MRS ¥ A & A8t}

Ao 2 AFE AIEE 8000 rpm

F, A" wAE AR A
2 AFstal dA7 wirz A2l Al gMste] uv/
VIS spectrophotometer DU®530(Beckman Instruments, Inc.,
U.S.AYE ©]831A 600 nmol|A] 2= SA 3T & vl
A e] pH+= MP 220 pH meter(Mettler Toledo, Switzerland)
o]-g-sto] A48l

=

GABA2| =4

L. sakei B2-162.25E] A1t GABAE A& #4135}
#3Fe]  RP-HPLC(Waters 2487 Dual A  Absorbance
detector, Waters 1525 Binary HPLC pump, Waters 717
plus Autosampler, U.S.A)E ©]-€-3}%tl. RP-HPLCE o] &
Sk A ZZAL Ibolya & Vasanits(1999), Tcherkas et
al2001)0] Bu3 AL Az FGaarh 9N A2
8000 rpmoll Al 10%7F L4 E2lgt & 45N 045um
cellulose acetate membrane filter(Advantec. MES. Inc.,
Japen)Z A8t AR TR AT oA THH
A B o-phthaldialdehyde(OPAYE ©]-&-3F =43} 74
& RP-HPLC9| #8399 t}h. HPLC column® 2= XTerra
column(Waters: RP18 5mx4.6 mmx150 mm, US.A)S A&
stF o, o] FA S E = 0.05M sodium acetate(pH 7.2)E
L] AZ, 18]35 0.1 M sodium acetate, acetonitrile (HPLC
grade), methanol(HPLC grade)®] Z}Z} 46:44:10(viv)2-Z 4]
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?l Z(pH 72y & BE AHgsiltt. ol&de] &
vl 8] AZ 100% 2 3to] 2412 A ZE|A] 308 7
Folle &1l B7F 100% 7} S5, 405 A3} F71A] &)
B7} 100%, 455 73} 37x%= oA 0] A7F 100% 7+
A e, 608 F7HA &) A7} 100% 7t HEE
zAsA ol 5 F42 ImLminE 25,

358 nm2] U.V. detector® GABAS 7A&3}3it}.
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Zoy &
M XS] MH
GABA A72ks S A wiAlE A8k flsto] & 8
71X 2] WA S FAVSFATE. L. sakei B2-162] Aol 71
S 7}A 2 A= Lactobacilli MRS BRI oH, T} S
= APT broth, 223 0.5% glucose’} 3 7Hel M17 broth
=X ATH(Table 1). L. sakei B2-16°1 £33+ GABA AAHe
Lactobacilli MRS brotho| A t}2 vjR|E0) H]3le] 53]
EUTH(Table 1). @A A5y GABAS] A2ke] glojA
MRS #lA]|7} Hojd G545 7H AE A oE o2
A8 A ERT SN (2% glucose)Z A4, £3] yeast
extract(1%)5 F< FE2 FFatal thE 77129 7%
g wiHels] W AoE FSum,
Lactobacilli MRS BJR| = Akt v oFol] dabe =A% &
oz Q3 faE Mg A WARA AHgHe] Ut
(Aasen et al., 2000; Guyot & Morlon-Guyot, 2001).
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MRS brothol] 1% MSGE ¥ 30°ColA L. sakei B2-16&
5] | FetHA] S 3 #Al9] 52, pH, GABAS] AJAHA
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Fig. 1. Batch fermentation profile of L. sakei B2-16 in static
culture on MRS broth (1% MSG supplement) at 30°C under
uncontrolled pH conditions.

M: cell density (OD at 600 nm),4: pH, A : GABA concentration
(mM), @ : GABA conversion rate (%)

Data are means of triplicates. Standard errors were less than
5.0% of the means.

ek 4 91lem, o]= Aasen et al.(2000)3} Champomier-
Verges et al.(2002) 5°] B33 L sakei®] S A3 #
AFeFATE. GABAS] A2k vl oF A|ZF 5 6A17HEE A Ats]
71 A Al A 18R] A 3] S, L - 484 7F
7HA] &uksl F7tste] HI FE 533 mMol| =2ETh
A7kl MSG X0l ek GABA A3HE-S AAtsha 48
A7kl A 9k 993% = MSGE 7] €3] GABAR s
=Tt ]9} o] "5 2r)9k X 7] 2719 GABA
o] AyiteFo] FA3] F7tehs AL glutamateS GABAZ
AZA 7= d o] Bl 49 GADS E4o] A=A 7]
Al # 37} ®Ths Hayakawa et al(1997)2] B} A X3}
v, o] GABAS] A4t F71=AS GADS] &3} pHe
e 71018k o2 FAHL

AL HEX|S| = &S}
A&t ulx) AolA L sakei B2-169] AEu)A =
MRS H]A] 7} 7} 958t 022 MRSE 7]E wjx) 2 3}

Table 1. Effect of culture media (1% monosodium glutamate supplement) on GABA productionby L. sakei B2-16 in static flask

culture at 30°C.

Incubation time (h)

Culture Media® 16h 48h 16h 48h 16h 48h
pH Growth® GABA (mM)
MRS 4.48 4.36 6.16 6.04 22.6 53.1
APT 5.43 5.39 3.52 3.48 9.8 15.4
BHI 6.18 6.13 1.86 1.72 0.9 4.1
TSB 5.60 5.56 1.41 1.30 0 0.8
L 498 4.97 0.69 0.62 0 0
NB 6.33 6.31 0.25 0.24 0 0
M17 + 0.5% glucose 5.51 5.47 2.48 2.35 0.6 1.6
MI17 + 0.5% lactose 6.47 6.47 1.18 1.21 0 0

@ Monosodium glutamate (MSG) was added at 1% level.
® 0.D. at 600 nm

Data are means of triplicates. Standard errors were less than 5.0% of the means.
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Table 2. Effects of carbon sources on GABA production by L. sakei B2-16 after 48 hours static culture in MRS broth (5% MSG

supplement)

Carbon source® Final pH Growth® GABA (mM) GABA conversion rate (%) ©
Control@ 6.34 0.87 0 0
Glucose 6.27 5.64 149.13 55.9
Lactose 5.64 3.63 46.7 17.5
Sucrose 6.37 6.47 216.89 81.2

Xylose 6.18 0.83 0 0
Fructose 6.17 5.94 155.96 58.4
Maltose 6.08 1.02 0 0

Galactose 6.26 4.01 136.12 51
Arabinose 5.92 4.12 122.4 458

@ Carbon sources were added at 2% level.
® Q.D. at 600 nm

© GABA conversion rate (%) calculated by the age of the produced GABA concentration (mM) over the supplied MSG concentration.

@ Carbon sources in MRS broth were eliminated.

Data are means of triplicates. Standard errors were less than 5.0% of the means.

o, kAt
o] GABA AJ4
F §7HA] Ao
Ao A e e

AESIY. L. sakei B2-16
A7) 9lsked]
. frate] GABA
o = 719 o] FolAA]
%o}, Table 20 YERA Z3} 7Fo|, L. sakei B2-16<]
+A S 7P 2 27 AU
fructose, glucose®] <<=ANS™, GABA AAbHE T3
sucrose, fructose, glucose®] A1t} 53| sucrose?] 739
2% Fx4 MSGE GABAZ 81.2% #3A|7]=H, ¢l
MRS ®A] B4l 2% glucose’} 55.9% HAEA| 7= A
of Hla) Y53 EHE Hole AR YEyT) o]t
A= WE F pHYl 9gt YFoE HAZIT) o] ©Aa
Ao Z sucroseE o] &3te] e E £ S ul, L. sakei
B2-169] @A &Kol 7P ¢railen, ¥y F U &
217] o] pHE 43192 U2 BhAgof ulsle] vt
< pHE EAthAZ plA|A]). o]2f g ¥ pHE glutamic
acid decarboxylase(GAD)2] W&ol FA7} AL Holzh &
et GAD®| I3 tiF F2]7] FREEE Eidd] o]
FolA AL, pH| 4, CI 59 o]2F kel W pH %3St
<} glutamic aicd®] F=o FEEFS W= o2 BRIFHATH
(Sanders et al., 1998; Biase et al., 1999). Ueno et al.

SEO

Aa9e) P
MR
=

9

BAY9L sucrose,

(1997)3 Nomura et al. (1999) 52 L. bevis 9} L. lactis
o] GAD?| FH3Z pHE 429} 452 Z+zF Busin f4t
@ F2d GADE| 842 W2 pHollA -8, o3l 5
’do] sucroseE ©o|-&st WY SIS o 7P ST
F5 HQ Aoz ATEXT GABA AAtE 9
sucrosed] HHFE=E FAES A3} Table 39 Yehd A3}
7ol 4% sucrose =04 GABA A4HaFo] & el
A AAFE Sl A GRlekTh B3 4% sucrose
T e MSGE GABAZE 993% HFAIA lF-£e
MSG7F GABAE e = 3445 &<1d 4 3ot

L. sakei B2-16%] GABA A4bol| WA= 7] A
9 &2 Table 49 YERN AT Lactobacilli MRS broth<]
Z A~ (beef extract 1%, proteose peptone No.3 1%, yeast
extract 0.5%)S hEZO R ALE3ITh oJ8 A4 o
e dotr i HA HAAads 27437 fleiA MRS HiA]
of A7tEo] e 718 FAYES BF AAT F, A
ol A 7} AAY9S MRS iAo 2.5% s=2 A7t
SFATh. L. sakei B2-16 #5-2] oA 2 2 GABA A2t
o 7bg T AT H Y2 yeast extract, proteose
peptone No.3, ZZZ] 3L peptone =41 %L ™ (Table 4), yeast
extract®] EE7F 1%14 ) GABA AAFFS el

o

el

Table 3. Effects of sucrose concentration on GABA production by L. sakei B2-16 after 48 hours static culture in MRS broth (5%

MSG supplement)

Sucrose concentration (%) Final pH Growth® GABA (mM) GABA conversion rate (%)®
1% 6.33 4.87 156.48 58.6
2% 6.27 6.67 222.49 83.3
3% 5.59 6.75 24793 92.9
4% 5.15 7.33 265.01 99.3
5% 5.14 717 261.76 98.1
10% 5.01 6.63 22591 84.6

@ 0.D. at 600 nm

® GABA conversion rate (%) calculated by the age of the produced GABA concentration (mM) over the supplied MSG concentration.
Data are means of triplicates. Standard errors were less than 5.0% of the means.
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Table 4. Effects of nitrogen sources on GABA production by L. sakei B2-16 after 48 hours static culture in MRS broth (5% MSG

supplement)
Nitrogen source® Final pH Growth® GABA (mM) GABA conversion rate (%)

Control® 5.03 7.53 265.86 99.6

Beef extract 4.78 1.61 4.38 1.6
Tryptone 4.50 3.23 12.67 4.7
Soytone 451 3.08 11.95 4.5

Yeast extract 4.98 8.16 255.11 95.5
Peptone 4,51 4.27 34.18 12.8
Casitone 4.52 2.92 9.31 3.5

Casamino acid 5.43 0.17 0 0

Proteose peptone No.3 5.03 6.97 161.53 60.5

@ Carbon source (sucrose) was were added at 4% level and nitrogen sources were added at 2.5% level.

®Q.D. at 600 nm

© GABA conversion rate (%) calculated by the age of the produced GABA concentration (mM) over the supplied MSG concentration.
@ Nitrogen sources in MRS broth (beef extract 1%, proteose peptone and yeast extract 0.5%) were added.
Data are means of triplicates. Standard errors were less than 5.0% of the means.

(A3 nAA]. FAYP O ZA yeast extract’F Y| 24 T2

2 29

Aol Hls) &3Z< olf= HE HadE

o] g

o3l 7H EallE A =R o] Fof3l WA, yeast extract
= B Be o] growth factors®} 2] ofn|xAk ZHe
Hqepo| = Fo] Ffreo] 7] wfFolet Azt th(Aasen et

al, 2000).

OJH{O} === HHXIE O|STH GABA 2Lt

H2 dEAM = BA 58 25 FE8 &
Hj A o] H71E A9 MSGolA GABARS] A&
=, A2 ARSSAS W GABA AJAbEo] A&
etk B s thdE (2001). BACE & G4
95%7F Fz=lo] o] T, A, Hgl, 7= 5
& Aol FHsH rElo] S W okt H2o A

o2 12 oo ox flo

o
o o

ol o]shH BIEFY E, oryznaol, coenzyme Q-10(CoQ-10),
glutathione peroxidase(GPx), superoxide dismutase(SOD),

proanthocyanidins, inositol hexaphosphate(IP6)E 1] &3}
o8] 7HA] @ELTE SHrEe] Stk ol g BAA Fo n

Hjolo = A olm Aty EFHE, WEM BI, B2, B6
ol9lol = Athle] A& AR 412 vFdLd
Zrg, vk, ZF, i 5ol U FREo o, &
PEEL 66%5 FRotal Yo, nEe] mujolrt A2
o} 2 dEE AME W 7hEe 98 AE AR
g8o] A9 gl & 5 At mepA] £ AFAES A
Hjo} FZES o] 83 GABA A4+ vix] 2Ao] thsle
HAESIA.

GABAY] AF1A AARS 98] wlujol &2 miAE
Azste] MSGE] FE9 9FS AESIATh nulo} &
A wjRlE wujol FEdo) AyPE AN AAH
GABA A2bo 33l ehAhdat A AYU O F sucrosed}
yeast extract& ZHZ} 4%, 1% 7 & o8 w%
(5~10%)°] MSGE #7Iete] 2 JaFS A HUT}. Table
5ol 49} 7+o] 5-7% MSGE H7Feh wjujjo} F& uljxo|
A L. sakei B2-162 W3S wl, 37HE MSG7F 100%
GABAE A3he v, 8% MSGHEIE H38o] 7HasA
t} 7% MSG 55 u] GABA AAHke Hujglon, o]

Table 5. Effects of MSG concentration on GABA production by L. sakei B2-16 after 48 hours static culture in rice germ extract

medium containing 4% sucrose and 1% yeast extract

MSG concentration (%) Final pH Growth® GABA (mM) GABA conversion rate (%)®
Control® - - 0.20 -
5% 5.08 1.9x10° 267.10 100.0
6% 5.44 3.3x10° 330.20 100.0
7% 5.69 2.3x10° 385.00 100.0
8% 5.80 3.0x10° 312.54 732
9% 5.53 1.4x10° 284.26 59.1
10% 5.01 2.0x10° 258.52 48.4

@ Viable cell count (cfu/mL)

®GABA conversion rate (%) calculated by the age of the produced GABA concentration (mM) over the supplied MSG concentration.

© Control was GABA concentration of rive germ extracts

Data are means of triplicates. Standard errors were less than 5.0% of the means.
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AL, oliels SO TR AU TAE e
= y-amino butyric acid(GABA)E X2 =ZE Aibst=
A9l Lactobacillus sakei B2-16S ©]-83Fo] GABAS] At

JA A iR E AT

L. sakei B2-169] & 48 WA= Lactobacilli MRS
WX O™, Lactobacilli MRS BJZ] 9 1% mono sodium
glutamate(MSG)E 3 71313, L. sakei B2-16S vl SIS
W MSGS] 99.3% &= GABAZ Z3= T} MRS viA| &
Z|Ro® HA wiARAS HES A3 BAYoR 4%
sucrose®} HAYOE 1% yeast extractE Z 715 -& u
A 523 GABA AiteFo] 7 73tk AR A )
A& ggsh7] fsto] mlujols 27 FEot] 42 FF
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