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Gamma-aminobutyric acid (GABA) is a non-protein

amino acid with several important physiological functions,

including mitigating hypertension, diabetic-vascular, and

neurological disorders [1-3].  However, the bioavailability

of naturally occurring GABA and the restriction on

synthetic GABA is limiting its beneficial effects in

humans. Increasingly, the use of lactic acid bacteria (LAB),

which is generally regarded as safe (GRAS) with numerous

health benefits, have emerged as a feasible approach to

improve the bioavailability of GABA in food [4, 5]. To date,

several GABA-producing LAB strains have been identified,

including Lactobacillus bucheneri [6], Lactobacillus brevis [7,

8], and Lactobacillus plantarum [9]. These high GABA-

producers are generally found in acid-based fermented

foods [7], suggesting traditional fermented foods could be

a potential source for novel LAB strains. Therefore, in this

study, we mined the high GABA-producing LAB

from kimchi, a Korean traditional fermented food. 

A total of 26 Lactobacillus strains were isolated from

homemade traditional kimchi in Gwangju, Jeollanam-do,

Korea and maintained in de Man, Rogosa, and Sharpe

(MRS) medium (Difco, USA) at 37°C (data not shown). Due

to the association between acid tolerance and GABA

production, the LAB isolates were first screened for their

ability to tolerate acid [10, 11]. The activated lactobacilli

cultures were incubated in acidic MRS (pH 2.5 with

1,000 U/ml pepsin) at  37°C for 2 h and the viability was

then determined [12]. As a result, only eight out of 26

isolates, including the LAB strains 5, 11, 12, 13, 16, 18, J1,

and Bmb5, possessed a prominent ability to tolerate acid.

No significant decreases (ρ < 0.05) in the number of viable

cells were observed in these eight strains after the acid

challenge (Table S2). It has been reported that glutamic

acid decarboxylase (GAD) system, a biosynthesis system

that maintains the intracellular pH homeostasis in LAB,

can contribute to the acid tolerance and GABA production

in LAB strains. GAD has been shown to be associated with

F1-F0 ATPase, agmatine deiminase (AgDI), and arginine

deiminase (ADI) system. It improves the transmembrane

electrical potential and consumes intracellular protons

during the decarboxylation of glutamate for the production

of GABA, thereby contributing to the acid tolerance and
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Gamma-aminobutyric acid (GABA) plays important roles in host physiology. However, the

effects of GABA are greatly restricted due to its low bioavailability in the human body. Here, a

high acid-tolerance GABA-producing strain, Lactobacillus brevis Bmb5, was isolated from

kimchi. Bmb5 converted glutamate to GABA (7.23 ± 0.68 µg/µl) at a rate of 72.3%. The

expression of gadB gene, encoding the enzyme involved in the decarboxylation of glutamate to

GABA, was decreased upon incubation. Our findings indicate GABA production in Bmb5 is

not directly correlated with gadB gene expression, providing new insight into the mechanisms

underlying GABA production in Lactobacillus.
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restoring the intracellular pH homeostasis of LAB [10, 11,

13, 14]. It is therefore implicated that LAB strains with high

acid tolerance could also be the potential high-GABA

producers. 

Next, we used monosodium glutamate (MSG), a

common food additive, as a substrate to elucidate the

production of GABA in the selected LAB strains. All strains

remained viable upon incubation in MRS media containing

1% (w/v) MSG. However, the growth of certain strains was

suppressed in the presence of 2% and 5% (w/v) of MSG in

the media (Fig. 1). To this end, MSG at the concentration of

1% (w/v) was used for subsequent analyses.

To investigate the capability of these LAB strains to

convert MSG to GABA, we then determined the levels of

GABA upon incubation via GABAse assay, an enzymatic

detection method as previously described [15]. While all

strains were capable of producing a significant amount of

GABA, ranging from 2.22 to 7.23 μg/μl, L. brevis Bmb5

exerted the highest GABA production (7.23 ± 0.68 μg/μl),

with a bioconversion rate of 72.3% from MSG to GABA. Its

capability to convert MSG to GABA was highly

comparable with the high GABA-producing reference

strain, L. brevis KCTC 13094 (7.43 ± 0.60 μg/μl) [16]. Several

studies have reported that the species of LAB and

Bifidobacterium isolated from acid-based fermented foods

produced a similar concentration of GABA [17, 18].

Additionally, we also obtained similar findings in the

HPLC analysis, with both L. brevis Bmb5 (713 ppm) and

KCTC 13094 (720 ppm) had the highest GABA production,

as compared to the other strains.

As stated earlier, GABA is known to be produced via the

GAD system, which consists of gadB and gadC genes. L-

glutamic acid is transported across the membrane via the

glutamate/GABA antiporter (gadC) and irreversibly α-

decarboxylated into GABA through the enzymatic action of

glutamic acid decarboxylase (gadB), which is localized in

the cytoplasm of most GABA-producing LAB [10, 13].

Previous studies have reported that the activity of GAD

was maximum at acidic conditions (pH 4–5) [14, 19]. In this

study, the expression level of the gadB and gadC genes in

the GAD system of L. brevis Bmb5 and L. brevis KCTC 13094

was determined using qPCR. 

As shown in Fig. 3, the gene expression of gadB and gadC

Fig. 1. Effect of different concentration of MSG on the growth

of Lactobacillus strains. Lactobacillus strains were grown in

MRS media supplemented with 1%, 2% or 5% (w/v) of MSG

at 37°C for 18 h, and optical density at 600 nm was recorded. 

Results are expressed as the mean ± standard deviation from three

independent experiments. Black bar, 1% MSG; shaded bar, 2% MSG;

grey bar, 5% MSG.

Fig. 2. GABA production by Lactobacillus strains in the

presence of 1% (w/v) MSG measured via (A) GABAse assay

and (B) HPLC. 

Results are expressed as the mean ± standard deviation from three

independent experiments for GABAse assay; Data from one of the

repetitions are shown herein for HPLC analysis. Tukey’s multiple

range test was performed for GABAse assay, with difference lowercase

letters (a, b, c, and d) demonstrated the significant differences between

samples (ρ < 0.05).
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was initially unaffected (at 18 h). The expression of gadB

gene was decreased after 18 h, where the cells began to

deteriorate, as shown in the growth curve of L. brevis Bmb5

(Fig. S1). GABA is produced via the decarboxylation of

glutamate, catalyzed by the glutamic acid decarboxylase

which encoded by the gadB gene [10, 13]. Recent studies

reported that the gene expression of gadB was unaffected

by glutamate, suggesting high GABA production is

attributed to the catalytic activity of GAD instead of the

biosynthesis of GAD [20-22]. Our findings showed that

GABA production was not directly correlated to the gene

expression of the gadB, indicating the mechanisms

underlying GABA production in L. brevis Bmb5 is yet to be

discovered. In contrast, the gene expression of gadC was

gradually increased over time, indicating the glutamate/

GABA antiporter remains active during the later stage to

actively transport the GABA produced and glutamate

across the membrane, thereby contributing to the

intracellular pH homeostasis and high acid tolerance in

L. brevis Bmb5.

The use of GABA-producing LAB offers an alternative

approach to counter the restriction on the use of synthetic

GABA and the low bioavailability of naturally-occurring

GABA in foods. The findings from this study indicate that

the high GABA-producing L. brevis Bmb5 isolated from

kimchi could be potentially used for developing GABA-

enriched foods for promoting health or for pharmaceutical

purposes. In addition, the correlation between the GAD

system and the bioconversion of MSG to GABA provide

new insight into the discovery of mechanisms underlying

the GABA production. 
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