Check for
updates

Received: 128 42!, 2020
Revised: 122 112!, 2020
Accepted: 122 21, 2020

*Corresponding author :
Jae-Yong Park

Dept. of Food Science and
Nutrition, Daegu Catholic
University, Gyeongsangbuk-do
38430, Korea.

Tel: +82-53-850-3521,

Fax: +82-53-359-6580
E-mail: jaepark@cu.ac.kr

ORCID

Eunyeong Hwang
https://orcid.org/0000-0001-6851-3767
Jae-Yong Park
https://orcid.org/0000-0002-1088-3930

64 |

Curr. Top. Lact. Acid Bact. Probiotics 2020;6(2):64-69
https://doi.org/10.35732/ctlabp.2020.6.2.64
ISSN 2287-853X

Research Article

UXIZEE Gamma-Aminobutyric Acid(GABA)S A4kk=
ikl 22 2 4

o - Tlg

ISt ABEYs

Isolation and Characterization of Gamma—Aminobutyric Acid
(GABA)-Producing Lactic Acid Bacteria from Kimchi

Eunyeong Hwang and Jae-Yong Park’
Dept. of Food Science and Nutrition, Daegu Catholic University, Gyeongsangbuk-do 38430, Korea

Abstract

To develop Gamma-aminobutyric acid(GABA)-producing probiotics we isolated
GABA-producing lactic acid bacteria from kimchi. 17 strains of GABA-producing
lactic acid bacteria were isolated among 703 lactic acid bacteria originated from 21
kind of kimchi. Two strains, K991 and K998, were selected with highest GABA
production ability. The results of 16S rRNA gene sequence analysis, K991 and K998
were identified as Lactococcus lactis, which showed 99.93% and 99.87% similarity,
respectively. When the two strains were cultivated in MRS containing 5% MSG at
30°C, GABA began to be produced after 12 hours, reaching maximum production
at 40 hours(13.20 mM and 13.35 mM, respectively). In contrast, GABA production
was about three times lower when MSG was not added.
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ME
Gamma-aminobutyric acid(GABA)= @HAS /35t = 7154 obv|iAtold, glutamate
decarboxylase(GAD)°l &8l L-glutamic acidZ25E AJAHETHKook and Cho, 2013). GABA=
oA, Y ZFolAl, YA, P B} 59 of7] FeHy 715 7HAH, Eo, 1 AlZelA A1
ABHLEAR o] &Eo] Ad FFE 70l X BRE SAFCEHN X A HALE S2gHt
(Cho er al, 2007; Kook and Cho, 2013; Lee et al, 2018). GABAE= A% 2719] 9] sfule}
@] $83F A= 7] 2ol A=A AFAGEARE S5, 7t JetHA] S22 245t
= JA AAFLEL R 551 FHLi and Xu, 2008). AN GABAS A= 9 AEA
% dfyo|d, ol& Lactobacillus brevis?t B2 lLactobacillus 49 3 |4kt0] glutamate
decarboxylase A|2EE 7FA] 1 Q17| WlEo|tHLee et al, 2018; Lim et al, 2018; Sa et al, 2015;
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Wu and Shah, 2017). GABA AJAF fARE
FE 27 7Fs0tH, GABAE AAlsls 4 o83t 7154
HRAE /Y A7 F8A AP Qi 9 52
AAERE GABA BAkso] =2 fANFS Eafsto] 4l =}
of o]- &3ttt AY, GABA A4t 58S 7= fAS AR ©
19| AEEE o]&sto] GABAZ} 71 7154 AlES Aok
Aot Cho er al, 2011; Lee et al, 2018; Wu and Shah,
2017). &2olle AR A7 925 3 B35 8ot &
EfA ¥hE o4 3Pt Qo s Ed AT By
o™, GABASLY] g Adsto] fiketd} ¥, GABA AP]
of| ARl tigt A2l Zol o A AR K Barros-
Santos et al, 2020). Cho 5{(2007)9] ¥FoAE A =EH
213t GABA At FARt9] HiYF EE0] A8 54A R4 Al
APHo] sl A7 Al BS 37} ks ZIE EUsHYct
TS A uBES M 759 A3dS o HEE T A
AtEo] 40, Naseribafrouei ${(2014)2 Q17 1 0|3 &E
TR S-S50 A0 et TS APste, =5
Ape] Beof| A @2 BHAS HolE Oscillibacter 49 HE o
AFEAR]] e 24to] AFHAGEAR] GABALE FAlSH}AL Halst
Fom, S5 R AT k& A0E FE5IqIrh A
o AF} ¥ A7 Alo|Q] A= E3), Lactobacillus rhamnosus
JB-1(oI5} JB-DAF N W& At &, s Wt gk A7t
wo] B 151 It} Bravo 5(2011) JB-19] &2 a4 &3}
GABA©] 93t WlAUZT} Axt=o] ltkar 5510 1o, F4
GABA =84 &9l st EQksat 92359 ¥ llolH,
T34 JB-1 A =7t GABA 484 9] #IgkE fslo] AEH
A fr E20 IEHIAHE 327 9K, 25 T P
S ZAsidttal R skt Bharwani 6420172 JB-19] A+
AFol w2 vl A ujYE HEel A WY whs Wk
AEF A W3t 52 Aol JB-19] AEHA B a3 fist
A+ A BUs9IH. Janik S5(2016)2 vR-A0fA JB-19] A
F 3%l GABA, 2584t 258 59 ARAE=EEY S7t
o A7 T Fol|l ST} ST A S7RIT= 23
£ B EQFS, =5 ¥ 5 H 99 &4 7159
[ANFo] ToJstth= A& Hsk9a, Kochalska (202002 &
EFAE B2 29| X WS IEE 59f GABA, =5F54L 25E5
o] ¥igk7} JB-10f| 9fsf AEHA ¥7] o)A
T It w2 Aqe GABA
H7F AW mgE} Al o 71 B
FiAoR ol e & 4= AU2A o
3 920 ©Z 37| 93k WA o2 AFTURAE] AXEHE
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7PIROIA B wiedA 78, E4A

|, A 2 15, 35 Al ofd= 4
]

=]
42 6%, AT 33004 d2 44, &

N

NaCl2 24 s}4sto] BCP H2HHA|(0.5% glucose, 2% tryptone,
0.5% vyeast extract, 0.4% NaCl, 0.15% sodium acetate, 40
mg/L bromocresol purple)ol] &St & 30TAA] 24417t 53t
vikstoltt. vk &, ik Sk Ueill=s SRYE FA9E 2
Z319] ¢4 EE51, glycerol stocke TS0l -70CoA B
StHA] ARl o] &5t

GABAE ‘difsl= R4kt A32]d

AX2HE et fANFE2 MRS dAHRR|oA 30T, 24417
iRt &, HHEEI2H0.20 #m syringe filterE ©]-851 FAE
AAT P deHS At HFET AL Tsukatani 5(2005)
9] microtiter plate assays #15t GABA &5 SAoI3itt
WA, 80 mM Tris-HCl buffer(pH 9.0)° 750 mM sodium
sulfate, 10 mM dithiothreitol, 1.4 mM NADP+, 2 mM «
-ketoglutarate, 30 pg GABaseE X &5t0] microtiter plate]
90 pLA E5olth. th oA H[eE vl e S 10 plA
Y11 30CNA 60% &% RESAIXT &, 340 nmolA SB=E 5
A3lgich. BB GABAS 5.0x107%~1.0x107% M HJollA
2 HRoR FFEE S0t ¥ BEFAE ol85 GABA

o)

A} S fARES MRSOIA 48A17F, 5% monosodium glutamic

acidMSG)E 715t MRSOIA] 24, 48A17F vlikst 5, wljoRAlSoH

16S rRNA

#% ke #5%= Chromosomal DNAS 55319 16S rRNA
A} A7IMEE Bl A71ME BAL ()IAEAE
(Cosmogenetech)l 2J=3}11, NCBI(National Center for
Biotechnology Information) BLAST A%& &5} 57319}

FHA H7IME ENE Set 3
D
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GABA it R4k0| M0 M2 GABA
FZ A F5= MRS HIXL}F 5% MSGE 3.5%} MRS Hj=]of
22 1% @*o?oi 30ToNA] 48A17F B2t HiFBFHA 4A7 A}
600 nmollA FBEE Aot A5 AL At S F4L
TI2HA 47 zl—zﬂ,_g A7kt AERI9}E 0.20 m syringe
filterE ol-8sto] BiPAFGHE AXALL, 2 v AlTto] w2
GABA9] 5 EE Z4519it}h. GABA ZHPHLS AT 2|yolA] o
Bt Wt SdokA Fysct.

-

Za 2 %
GABA Mt {4t A32|d

AAZRE 70349 #4FE 2ottt 703709 +5FE5 MRS
iz wfekoto] *o SHE A9, GABA sE &4oto] BE
=4 9] ol B 75 17708 12 AEstgie) 14} AEst
GAFES MRS HIRIQF 5% MSGE E35H= MRS HiRo] 24,
48A17 Hjokolo] A2 AJSHO R 22 AL o9, HE AR
oA GABAE 7F¢ &7 Aok & 719 45 2T Adstel
o} & #5= K9913 K9980|™, K991 MRS HiAOflA] 24,
48AI7F MRS W, Z42F 3.52 mM, 4.24 mM HE2 SHEY
7, K998 1.66 mM, 3.85 mM& &A=t 5% MSG7F &
el MRS BiRIo A= 24, 48A17F B o, K9919] 3¢ 2+
ZF 2.43 mM, 9.60 mM, K9989] 7% 27} 2.68 mM, 9.00 mM
2 ZH=cHTable 1).

GABA AHAI- _ﬁ_&mgl Ex'l
16S rRNA 5314} A714YE £42 B9 K991, K998 27}
99.93%, 99.87% VXL HE Lacrococcus lactisE F7 =
QoH, Lactococcus lactis K991, Lactococcus lactis K998ZE
Hrololct. Table 29} Table 304 Hi= Hje} o] K991t
K9982 JE&OZ [actococcus lactis subsp. lactis bv.
diacetylactis strain SD963 Lactococcus lactis strain
IL1403(°]st IL1403)°l THsl 99% olde] &g Helomn, F+
= TF A2 Ao AEFE R o€t Dorau et al, 2020;
Bolotin et al, 2001). 1 &l Lactococcus lactis strain 116288
9] A%, 1L1403004 Z2u2)7} AAE #4558 fAFE ABEE
A 73S Bst¥tHBolotin et a/, 2019). Table 22} Table
30 AIE A 2ol NCBI BLAST A4& 53 K9913+ K998l

7 =2 AA-(Z 99.93%, 99.87%)2 Holx [acrococcus
lactis #F 55 5 F549 #FE0] Wgton, I FoA

Lactococcus lactis subsp. lactis NCDO 21182 3% FollA

66 | https://doi.org/10.35732/ctlabp.2020.6.2.64

Table 1. GABA production of lactic acid bacteria isolated from
Kimchi

GABA production (mM)

Strain 24hr 48hr 24hr 48hr
(wlo MSG)  (wlo MSG) (5% MSG) (5% MSG)
K339 N . 1.90 2.99
K428 - - 0.70 1.43
K437 - . 0.05 0.45
K450 - - 0.26 0.49
K592 - - 145 1.39
K593 - 0.12 1.49 1.37
K594 0.04 - 1.72 1.57
K973 . - 2.18 2.61
K984 - - 1.96 2.24
K991 3.52 4.24 243 9.60
K996 - - 0.09 0.08
K997 - - 3.32 2.9
K998 1.66 3.85 268 9.00
K1002 0.13 . 0.12 0.23
K1004 - - 0.59 0.47
K1005 0.06 - 0.25 0.46
K1006 - - 0.27 0.29

Y No production
The first selected 17 lactic acid bacteria were cultivated in MRS
medium and MRS medium containing 5% MSG for 24 and 48
hours, respectively, to measure the amount of GABA production
in the culture supernatant.

Table 2. Identification of K991 by 16S rRNA gene sequencing

Strain dentity (%)"
Lactococcus lactis subsp. lactis bv. 99.93
diacetylactis strain SD96
Lactococcus lactis strain 1L1403 99.93
Lactococcus lactis strain 1L6288 99.93

" This result was obtained through NCBI (National Center for
Biotechnology Information) BLAST search by analyzing the 16S
rRNA gene sequence of the K991 strain.
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Table 3. Identification of K998 by 16S rRNA gene sequencing

Strain Identity (%)"
Lactococcus lactis strain CJNU 3001 99.87
Lactococcus lactis subsp. lactis bv. 99.87
diacetylactis strain SD96
Lactococcus lactis strain L1403 99.87

Y This result was obtained through NCBI (National Center for
Biotechnology Information) BLAST search by analyzing the 16S
rRNA gene sequence of the K998 strain.

ET3t f4EOo 2 GABAE A4kol= A 02 B ETHOliveira
et al., 2014). K991 BLAST A Aloll= 9IAE Lactococcus
/lactis strain CJNU 3001(°]a} CJNU 3001)< K9987F 99.87%
9] AX&E HoFUA, CINU 30012 & Staphylococcus
aureus BHH|Z| 41L& ABAGSIE HF2 E1ES 9™ (Yang and
Moon, 2018), AAoA E&=| k= HoflA K9987}F 3 &
o}l

Lactococcus lactis K991t Lactococcus lactis K9982|
M0 CHE GABA i S
L. Jactis K991} L. Jactis K998 MRS A 8iZ|2} 5% MSGE
Z33E MRS A4 HiR|o)A 30T, 48A17F B2t vljokshaAl A<
2 GABA A4 58S SHo19t L ]actzs K9919] 7<%,
MRS®} 5% MSGE EFHok= MRSOIA HIS:gt 3o = Ad45H3
o}, v 4A17E o] tir7]o] HotEo] 8AIRE o] % A1l =
oI5t A7t Aok A BIRRIAINE, GABAE Akl
soll= HiA ol w2t Zfol 7k 9Iit. MRSOIA B3 wie Hl
& 124171 o] FHE GABA AJAl=Fo] A1A5] SolubA] 28A17F ©]
U‘:'Ei Y4t F71Fo| eakelA fAI= Tk ¥HE, 5% MSG7F &
%l MRSOIA= i 16A17E o] 3-5E] AJAilgo] Eolur] Al&st
04 28717t o] &R H FASH 7151, 4441710 F1Xof =
Zoi3itt. o] off, GABA AJAFF0] 13.20 mM=E MRSOJIA] 22 A
Zholl AgARE Rl 4.53 mMETE oF 3H[u; =2 A4S Holsgl
HFigure 1). L. /lactis K998 7%, L. lactis K9919] 343}
HIZS5HA 5 7HA] BijR|oflA] B HiQF 4A17F o] S5E ti4=7]7} A
21911, 8417 o]Fof Az|712 HoETE MRSOIA GABA A
AR 16A7E o]FHE AMA5] F7KeIAL, 5% MSGE gt
MRSOIIA = HA] 16AI7E o] 58] GABA AJ4to] S71sl7] Al&kst
of 20417t o] HE FA5H F7Fol3lal, 40417l iAo &
ot RAISIAT. L. Jacris K9913 vl 2 & 74A] 8jA] A

%SLAW

\% w/

=#—=MRS =®=MRS+5%MSG ==+=GABA in MRS =>*=GABA in MRS+5%MSG
5.0 15.0

120

9.0

ABS 600nm

6.0
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30

. 0.0
0 4 8 12 16 20 24 28 32 36 40 44 48

Cultivation Time (Hour)

Fig. 1. GABA production by growth of L. lactis K991. L. lactis
K991 was cultured in MRS medium and MRS containing 5% MSG
for 48 hours to measure the change in GABA production. Growth
in MRS medium, @; Growth in MRS medium containing 5% MSG,
H; GABA production in MRS medium, A; GABA production in
MRS medium containing 5% MSG, x.

«#—=MRS =®=MRS+5%MSG ==#=GABA in MRS =>¢=GABA in MRS+5%MSG
50 15.0

40 A r 120

30 1 r 9.0
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GABA production (mM)

r 30
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0 4 8 12 16 20 24 28 32 36 40 44 48

Cultivation Time (Hour)

Fig. 2. GABA production by growth of L. lactis K998. L. lactis
K998 was cultured in MRS medium and MRS containing 5% MSG
for 48 hours to measure the change in GABA production. Growth
in MRS medium, @; Growth in MRS medium containing 5% MSG,
l; GABA production in MRS medium, A; GABA production in
MRS medium containing 5% MSG, x.

o]9] GABA Fofj AJ4kgFo] MRSOIA 4.49 mM, 5% MSGE st
Sk MRSOIA] 13.35 mM= OF 34 zto]7} HtKFigure 2). E3H4
07 [ Jactis K991} L. Jactis K99829] GABA AJARS A A]7]0f
Holgo] 37kF| ARR6IAal, MSGE ZFoIS o Aol
=7 UeRdth Cho 5{(2011), Cho $(2007), Lim $(2017)9]
Ao} Zo] tir F4jo] ARIEHA] GABA KA SVt A
A]710] o5 XthA]12] GABA A4HE HojF= Ak tiv|s]

ot E3F MRS HiX9 MSGE E3gtet MRS HiRoA] A49] &
ZJo] FARHAIRE GABA A4k 71 -o] FHet S04 =4 YEet
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W Aos B, 71& tiEE9] GABA ik 75 227 MSGE
Hshz wiRloA AP olFE & = A T, ikt
AFeloke o, MSGRt 22 GABAS Ak 4 Sl 7|&o] S5
St P LAE & = 10l AU ol B S7te] egolM =
GABAE A3t o= Slohd & 7R)7} Q1 Zlolw, 1190 dfet o1+
T 2388 Zos At

Qo
£ 9= GABA A4F ZzHlo|oHA Jids 9fsf HA =R H

GABAE A4bol= fAikts Eelote] 11 EAS Lot 14} 51l
o} AA, S 2159 HAAZEH 703719 fANEE ot
11 ol FollA GABA A4tsdo] =2 Akt 17705 13} Adst
k. oI5 & GABA AJ4tsEo] 948t F #5= K9913} K998
Adstoltt 16S rRNA f412F 9714 9E 24 23}, K991
K998 Z+z2} 99.93%, 99.87%2] A& HoE Lactococcus
lactisZ 7=t 30CoIA MSGE X33t MRS Hjx|of &
5 WIS o 12417 o]0 GABAE AJ4kel7] Al&tgiom,
40A1ZE o] %ol Hff AJAFES Hoja=qlnh. BHHo MSG7t 371s]
A A9kE wh= oF 38 A W2 GABA ARS Hh

B
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