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Abstract In this work, γ-aminobutyric acid (GABA) was prepared by the decar-
boxylation of L-glutamate via L-glutamate decarboxylase in the resting cells of
Lactobacillus brevis CGMCC No. 3414. The influence of cell concentration, cell
age, buffer system, reaction time, and substrate concentration were investigated.
The optimal composition of bioconversion system was composed of 50 g/L resting
cells, cell age at 48 h fermentation, 0.2 M disodium hydrogen phosphate–citric acid
buffer, and 25 mM monosodium glutamate. When the bioconversion system was
performed at pH 4.6, 30°C, and 180 r/min shaking for 4 h, GABA production in
biotransformation solution was 23.29 mM and the molar yield rate of bioconversion
reached 93.15 %.
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63.1 Introduction

γ-Aminobutyric acid (GABA), an ubiquitous natural nonprotein amino acid, is
widely distributed in plants and animals [1]. GABA, which acts as an important
type of inhibitory neurotransmitter in mammal brain and spinal cord, could play an
important role in hormone and nutritional factors in non-nerve tissues [2]; so
GABA has an important regulating effect on the normal physiological functions of
an organism [3]. GABA has several well-known physiological functions, such as
antihypotension effects, improving cerebral function, delaying senility, tranquilizer
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effects, activating renal and liver functions, and promoting the secretion of growth
hormone [4–9]. GABA, therefore, has the potential as a bioactive component in
foods and pharmaceuticals due to its bioactive effects. Glutamate decarboxylase
(GAD, EC 4.1.1.15), which is widely distributed in prokaryotic and eukaryotic cells
[10, 11], is the unique enzyme to catalyze the conversion of L-glutamate or its salts
to GABA and CO2 via the single-step α-decarboxylation [12–14].

With the increasing commercial demand for GABA, various chemical and
biological synthesis methods for GABA have been studied [15–17]. Chemical
synthesis of GABA has a high cost and a low production ratio. Furthermore, it
cannot be used in the food industry due to dangerous or poisonous solvents used in
the synthesis. Microbiological fermentation method is characterized by easy
operation, moderate reaction conditions, safety, and low cost, whereas the down-
stream process and production cycle is long. Bioconversion method of GABA may
be a much more promising method due to simple reaction procedure, high catalytic
efficiency, saving production cost, shortening production cycle, less by-product,
less pollution, and environmental compatibility [18]. In the current study, the
process of enzymatic conversion for γ-aminobutyric acid by Lactobacillus brevis
CGMCC No. 3414 resting cells and the influence of several factors on GABA
production were investigated and the optimal composition of bioconversion system
was determined in order to provide reference for using GAD of GRAS lactic acid
bacterium to catalyze the conversion of L-glutamate or its salts to GABA.

63.2 Materials and Methods

63.2.1 Materials and Equipment

The L. brevis strain used in the present work was isolated from naturally pickled
Chinese vegetables in our previous work, and it is stored at the China General
Microbiological Culture Collection Center as L. brevis CGMCC No. 3414. The
experimental equipments are high performance liquid chromatography (Agilent
1,260 infinity, Agilent Technologies, USA) with an Agilent ZORBAX StableBond
C18 column (4.6 × 250 mm), Hitachi CR22GIII high-speed refrigerated centrifuge
(Hitachi Koki Co., Ltd., Japan), and desk high speed centrifuge (Hunan Xiang Yi
Laboratory Instrument Development Co., Ltd., China).

The glucose-yeast extract-peptone (GYP) medium for seed preparation con-
tained (g/L): glucose, 10; yeast extract, 10; peptone, 5; sodium acetate, 2;
MgSO4·7H2O, 0.02; MnSO4·4H2O, 0.001; FeSO4·7H2O, 0.001; NaCl, 0.001; and
pH 6.8.

The fermentation medium consisted of the following (g/L): glucose, 30; yeast
extract, 30; peptone, 5; sodium acetate, 3; FeSO4·7H2O, 0.001; MgSO4·7H2O,
0.03; NaCl, 0.001; MnSO4·4H2O, 0.019; L-sodium glutamate (L-MSG), 10; pH 6.8.
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GABA standard was purchased from Sigma-Aldrich. L-MSG (purity ≥ 99 %)
was provided by Tianjin Red Rose Food Co., Ltd, China. Chromatography reagents
were obtained from Tianjin Kemiou Chemical Reagent Co., Ltd, China. Other
reagents were of analytical reagent grade and biochemical reagents.

63.2.2 GABA Biotransformation by L. brevis CGMCC
No. 3414 Resting Cells

One loop of slant culture of L. brevis CGMCC No. 3414 was inoculated into a
50-mL seed medium in a 500-mL Erlenmeyer flask and incubated without agitation
at 30 °C for 24 h. The seed culture was then inoculated at 10 % (v/v) into 200 mL
fermentation medium in a 500-mL Erlenmeyer flask and cultivated without agita-
tion at 30 °C. After 16–72 h cultivation, the cells were harvested by centrifugation
at 5,000×g for 10 min at 4 °C, washed twice with sterile water, and then resus-
pended in 0.2 M disodium hydrogen phosphate–citric acid buffer (containing
25 mM L-MSG, pH 4.6) containing 50 g wet cells per liter. The bioconversion was
performed at 30 °C and 180 r/min shaking for 4 h, and then the bioconversion broth
was detected after centrifugal filtration.

63.2.3 Analytical Methods

The volume of 1 mL bioconversion broth was centrifuged at 12,000 r/min for
2 min, then a 10-μL supernatant was pipetted into a 1.5-mL centrifuge tube, added
with 100 μL derived buffer, 100 μL derivative agent (2,4-dinitro-1-fluorobenzene),
and 790 μL potassium dihydrogen phosphate buffer, uniformly mixed, water bath at
60 °C for 1 h. After that, the derivation mixture was filtered by a 0.22 μm cellulose
acetate membrane filter, and the filtrate was stored at 4 °C for HPLC assay. Gra-
dient elution conditions: Agilent ZORBAX StableBond C18 column, 30 °C column
temperature, 360 nm ultraviolet detection wavelength, 0.8 mL/min flow velocity, 10
μL sample amount, mobile phase A: water, mobile phase B: acetonitrile, mobile
phase C: methyl alcohol, and mobile phase C: 0.05 M sodium acetate solution [19].

63.3 Results and Discussion

63.3.1 Effect of Cell Age on GABA Production by L. brevis
CGMCC No. 3414 Resting Cells

The glutamate decarboxylase produced by lactic acid bacteria is an inducible
enzyme [20]. The current study evaluated the resting cell of different cell age
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bioconversion of MSG to GABA. L. brevis CGMCC No. 3414 cells were harvested
at culture time of 16, 24, 36, 48, 60, and 72 h, respectively, which is collected
according to the above methods. The resting cells with the same concentration were
resuspended in bioconversion system, and then the bioconversion broth was
detected after a period of reaction time.

As shown in Fig. 63.1, the GABA yield was greatly improved with the increase
of culture time. When the L. brevis CGMCC No. 3414 cells were harvested at
culture time of 60 h, the cells had the strongest transformation ability, whereas at
72 h, the transformation ability of cells decreased. This is mainly because that a
great amount of secondary metabolites produced by the cells began to accumulate
after strains were developed to the stationary phase, especially the glutamate
decarboxylase. When L. brevis CGMCC No. 3414 cells were harvested in this
period for transformation, the yield of GABA could reach the highest. However, we
conjecture that the content of GAD had little difference between the cells cultivated
at 48 and 60 h. Therefore, the yield of GABA is of no significant difference between
them. Considering the fermentation period and cost, culture time of 48 h was used
for subsequent studies on GABA production by L. brevis CGMCC No. 3414 resting
cells.

63.3.2 Effect of Cell Concentration on GABA Production
by L. brevis CGMCC No. 3414 Resting Cells

Generally speaking, the yield of GABA will increase with the increased cell con-
centration. As shown in Fig. 63.2, the yield of GABA increased rapidly in the
concentration range of 10–25 g/L. When the cell concentration increased further,
the yield of GABA increased little. The specific conversion ratio was investigated in
the current study. Figure 63.2 indicates that the specific conversion ratio decreases
with the increased cell concentration, and the turning point appears at cell con-
centration of 50 g/L. Given the yield of GABA, training cost, and efficiency of the

Fig. 63.1 The influence of
cell age on GABA production
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cell culture, 50 g/L cell concentration was used for subsequent studies on GABA
production by L. brevis CGMCC No. 3414 resting cells.

63.3.3 Effect of Bioconversion Time on GABA Production
by L. brevis CGMCC No. 3414 Resting Cells

When GABA is produced by bioconversion, glutamate reacts with GAD after
penetrating the cell membrane and getting into the cell cytoplasm. The reaction
ratios of GABA bioconversion were the highest at (0–3) h, slowed down at (4–5) h,
and then became almost constant after 5 h (Fig. 63.3). This is mainly because that
substrate consumption and product accumulation reach relative balance, and the

Fig. 63.2 The influence of cell concentration on GABA production

Fig. 63.3 The influence of bioconversion time on GABA production
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decrease of substrate has an effect on reaction ratio. Thus, considering product
accumulation and reaction ratio, a conversion time of 4 h was used for subsequent
studies on GABA production by L. brevis CGMCC No. 3414 resting cells.

63.3.4 Effect of pH on GABA Production by L. brevis
CGMCC No. 3414 Resting Cells

The reaction pH of GAD from different sources has a great difference. GADs of
plant origin show the highest activity at pH 5.5–6.6 [21]. Nomura et al. [22]
reported that the optimum pH of GAD produced by Lactococcus lactis subsp. lactis
was 4.7. Huang and Mei [23] reported that the optimum pH of GAD produced by
L. brevis CGMCC 1306 was 4.4. Figure 63.4 exhibits that the effect of pH has
influence on bioconversion. The result showed that the suitable pH range of GAD
was 4.6–5.0. The study proves that L. brevis GAD displays good pH stability in the
pH 4.0–5.0 and the optimum pH is about 4.5. The optimum pH of bioconversion in
the current study is 4.6 which is similar with the references. Thus, pH 4.6 was used
for subsequent experiments.

63.3.5 Effect of MSG Substrate Concentration
on GABA Production by L. brevis CGMCC
No. 3414 Resting Cells

Substrate concentration has great influence on reaction ratio in enzymatic reaction.
Substrate usually has double effects of accelerating the reaction speed and inhibiting

Fig. 63.4 The influence of pH on GABA production
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enzyme activity. The influence of initial MSG concentration on GABA production
and the ratio of bioconversion by L. brevis CGMCC No. 3414 resting cells were
studied in current research. In Fig. 63.5, the yield of GABA by resting cell trans-
formation at lower ranges of MSG substrate concentration (10–25 mM) gradually
increased with the increase of MSG concentration by 4-h biotransformation. The
final GABA yield was almost constant while the substrate concentration increased
to over 25 mM; however, the conversion ratio decreased significantly. This result
indicates that low concentration of substrate has little effect on enzymatic reaction
and the product inhibition is not found during this bioconversion. Thus, 25 mM
MSG was used for GABA bioconversion by L. brevis CGMCC No. 3414 resting
cells.

63.4 Discussion

Lactobacillus brevis, which has full GAD activity and is the preferable species to
catalyze the conversion of L-glutamate or its salts to GABA, is a GRAS microor-
ganism. Using bioconversion method for GABA production not only has advan-
tages like high yield and short production cycle, but also obtains high purity
product and overcomes the limitation of microbiological fermentation method.
Since each influencing factor of GABA production by L. brevis CGMCC No. 3414
resting cells was analyzed and discussed, the optimal composition of bioconversion
system contained 50 g/L resting cells, cell age at 48 h fermentation, 0.2 M disodium
hydrogen phosphate–citric acid buffer, and 25 mM MSG. When the bioconversion
system was performed at pH 4.6, 30 °C, and 180 r/min shaking for 4 h, GABA
production in biotransformation mixture was 23.29 mM, and the molar yield rate of
bioconversion reached 93.15 %. Overall, this study laid a foundation for catalyzing
the conversion of L-glutamate or its salts to GABA by L. brevis resting cells.

Fig. 63.5 The influence of MSG substrate concentration on GABA production
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