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Introduction

Gamma-aminobutyric acid (GABA) may lower blood pres-
sure [8, 35], increase the activity of choline acetyltrans-
ferase in the brain [31] and is a component of pharmaceu-
ticals and foods [16]. In recent years, microbial GABA 
production biotechnologies have received growing atten-
tion because of GABA’s broad applications in the pharma-
ceutical and functional foods industries [10, 22, 24, 25].

Lactic acid bacteria (LAB) are of interest for GABA bio-
synthesis because of their probiotic status in humans and 
animals [28]. During the biosynthesis of GABA by LAB, 
the fermentation medium must be supplemented with the 
precursor glutamate [14, 17, 37]. However, the bioprocess 
is uneconomical because of the purification of glutamic 
acid, thus it is necessary to establish a new approach for 
sustainable industrial production of GABA [36]. Gluta-
mate decarboxylase (GAD, EC 4.1.1.15, encoded by gad) 
catalyzes the conversion of l-glutamate to GABA [2, 20]. 
Corynebacterium glutamicum is a nonpathogenic bacte-
rium [6] and a well-known glutamic acid producer. Taka-
hashi et al. [29] successfully developed a one-step strat-
egy for producing GABA from glucose by cloning the 
gad gene from E. coli into C. glutamicum. The maximum 
titer achieved of GABA was 12.37 ± 0.88 g/L. The pro-
duction of GABA was later enhanced (31.1 ± 0.41 g/L) by 
improving the flux of 2-oxoglutarate to glutamic acid [22]. 
Shi et al. [26] reported that co-expression of two GAD 
genes gadB1 and gadB2 using recombinant C. glutami-
cum could enhance GABA production to 27.13 g/L under 
the optimal fermentation conditions [25]. However, the 
GABA yield and productivity remained prohibitively low 
for commercial viability. Furthermore, the relatively high 
cost of conventional substrates (l-glutamate or sugar) is 
one of main factors influencing the economic viability of 
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GABA production. Cassava, a readily available starch crop 
biomass, is relatively inexpensive and is not affected by 
food and feed shortage concerns [3, 32]. Cassava has been 
widely used in the microbial production of bulk chemicals 
such as 2,3-butanediol [32], acetone–butanol [7], ethanol 
[3, 21], and glutamic acid [1, 9]. However, there is lit-
tle information available on the microbial production of 
GABA from cassava.

Corynebacterium glutamicum, generally recognized as 
safe (GRAS) microorganism, is widely used in the indus-
trial production of glutamate and other amino acids [15]. 
Recently, we isolated a GRAS and high glutamate pro-
ducer, C. glutamicum G01, through multi-mutagenesis 
and metabolic evolution, capable of achieving a maximum 
titer of 119 g/L l-glutamate from glucose (data not pub-
lished). We also obtained the modified strain Lactobacil-
lus plantarum GB01-21 through multi-mutagenesis, and 
showed that it had high GAD activity [19]. Inspired by 
these advances, a safe biotechnological route for produc-
ing GABA from pretreated cassava was designed using two 
GRAS microorganisms, C. glutamicum G01 and L. plan-
tarum GB01-21. After optimizing the reaction conditions, 
a high concentration of GABA was achieved from cassava 
crop biomass.

Materials and methods

Microorganisms

Corynebacterium glutamicum G01 was isolated from soil 
and L. plantarum GB01-21 was obtained through multi-
mutagenesis as described in our previous study [19]. C. glu-
tamicum G01 and L. plantarum GB01-21 were deposited 
in the China Center for Type Culture Collection (CCTCC) 
under collection number CCTCC M2013418 and CCTCC 
M209102, respectively.

Preparation of liquefied cassava powder

Commercially available amylase (20,000 U/mL) and glu-
coamylase (100,000 U/mL) were purchased from KDN 
Biotech Group and Sigma-Aldrich, respectively. Liquefied 
cassava was prepared as described in previous studies [3, 
32]. The liquefied cassava mash was used as the medium 
for glutamate production.

Production of glutamic acid from liquefied cassava 
powder

Stock and inoculum cultures were grown at 30 °C with 
shaking at 160 rpm in medium containing (g/L): glucose 
60, urea 5, yeast extract 15, MgSO4 0.2, K2HPO4·3H2O2, 

FeSO4·7H2O 0.02, MnSO4·H2O 0.02, biotin 5 × 10−6, 
and thiamine HCl 8 × 10−5, pH 7.0. The composition of 
the fermentation medium was the same as the seed cul-
ture medium except that liquefied cassava powder was 
used as the sole carbon source instead of pure glucose. 
C. glutamicum G01 was incubated for 12 h in 500-mL 
flasks containing 100 mL of the seed medium. The incu-
bated seed culture was then inoculated (6 % v/v) into the 
fermentation medium. Simultaneous saccharification and 
fermentation (SSF) and fed-batch SSF were performed 
as described in a previous study [32]. For SSF, the lique-
fied solution of cassava powder was added to maintain an 
appropriate glucose concentration, and the SSF was car-
ried out at 30 °C and pH 7.0 (addition of 4 M H3PO4 or 
6 M KOH). In fed-batch SSF, liquefied cassava powder 
(500 g/L) was added to maintain the glucose concentra-
tion between 20 and 40 g/L.

Preparation of gamma‑aminobutyric acid 
from glutamic acid by L. plantarum GB01‑21

The seed medium was designed as follows (g/L): glucose 
10, peptone 10, yeast extract 5, sodium acetate 2, monoso-
dium glutamate 10, MgSO4 0.2, MnSO4 0.2, and pH 7.0. 
The cultivation medium contained (g/L): corn steep liquor 
20, glucose 25, yeast extract 15, sodium acetate 2, MgSO4 
0.2, (NH4)2SO4 0.5, MSG 20. The initial pH was adjusted 
with 4 M NaOH to pH 7.0. Culture conditions optimization 
was conducted in 250-mL Erlenmeyer flasks that contained 
80 mL of the medium. The flasks were inoculated with 6 % 
(v/v) seed culture grown at 30 °C for 12 h, and incubated 
under static conditions in an incubator. The batch fermenta-
tion was carried out in a 5-L fermentor (BIOTECH-2002, 
Baoxing Biological Equipment Co., Shanghai, China) 
under the following conditions: medium volume 3 L, inoc-
ulum size 6 % (v/v), temperature 30 °C, pH 7.0, agitation 
speed 100 rpm. The pH was kept constant at 7.0 by addi-
tion of ammonia. After incubation for 36 h, cells were har-
vested by centrifugation at 8000×g for 15 min and washed 
twice with 20 mM acetate buffer (pH 4.8) and then resus-
pended in the same buffer.

Analytical methods

The glucose concentration was determined as previously 
described [34]. GABA and glutamate were determined by 
high-performance liquid chromatography (HPLC) [37]. 
Optical density (OD) was assayed at 600 nm by an SP-2100 
UV spectrophotometer (Hangzhou Chiheng Technology 
Co., Ltd. China), and was converted to dry cell weight 
(DCW) using the following equations: for C. glutamicum  
G01, DCW (g/L) = 0.395 × OD600 nm; for L. plantarum 
GB01-21, DCW (g/L) = 0.332 × OD600 nm.
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Results

Enzymatic hydrolysis of cassava powder

Cassava powder as a source of starch generally requires 
pretreatment when used as a substrate for microbial fer-
mentation. Amylase and glucoamylase were used for 
its hydrolysis. The liquefaction was carried out in 250-
mL Erlenmeyer flasks by adding appropriate dosage of 
α-amylase to the suspension (pH 6.0) and incubated at 
95 °C for 120 min in a water bath (100 rpm). The lique-
fied cassava mash was then saccharified by adding appro-
priate dosage of glucoamylase at pH 4.5 and 60 °C. The 
resulting saccharified cassava solution was used as the ini-
tial carbon source in the fermentation process. The optimal 
concentrations of amylase (for liquefaction) and glucoam-
ylase (for saccharification) were 100 and 90 U/g cassava 
powder, respectively. After liquefaction and saccharifica-
tion, the rate of hydrolysis of starch in cassava powder and 
reducing sugar concentration were about 88 % and 60 g/L, 
respectively. For SSF and fed-batch SSF, the liquefied solu-
tion was autoclaved and the glucoamylase filtrated by the 
0.22 mm filtration membrane was added to the medium 
with the inoculum for fermentation.

Production of l‑glutamic acid from cassava powder 
by C. glutamicum G01

The effect of the cassava powder concentration on glu-
tamic acid production was investigated in 250-mL Erlen-
meyer flasks by varying the initial cassava powder con-
centrations from 150 to 300 g/L at an initial pH of 7.0, 
30 °C, and 200 rpm. As listed in Table 1, the highest DCW 
(8.2 ± 0.28 g/L) and maximum glutamic acid produc-
tion (80.6 ± 3.6 g/L) were obtained with an initial cassava 
powder concentration of 200 g/L. When the initial cassava 
powder concentration was above 200 g/L, the glucose con-
sumption, cell growth and glutamic acid production were 
all suppressed. To improve glutamic acid production, fed-
batch SSF was adopted as described in a previous study 
[32]. When the sugar concentration was reduced to about 
20–30 g/L, glucoamylase and liquefied solution of cassava 
powder (500 g/L) were added into the bioreactor. For the first 
6 h of cultivation, the consumption rate of sugar was lower 
than the saccharification rate; sugar concentration was, there-
fore, gradually increased, followed by a sharp decline due to 
the rapid consumption of sugar. Under these conditions, the 
maximum glutamic acid concentration was about 99.7 g/L 
after 40 h with a productivity of 2.49 g/L/h (Fig. 1a).

Table 1  Effect of cassava 
powder concentration on 
glutamic acid production in SSF

Cassava powder concentration (g/L) DCW (g/L) Residual glucose (g/L) Glutamic acid (g/L)

150 7.3 ± 0.22 2.5 ± 2.1 73.7 ± 2.8

200 8.2 ± 0.28 15.8 ± 3.5 80.6 ± 3.6

250 7.5 ± 0.25 64.1 ± 4.3 74.2 ± 3.4

300 5.1 ± 0.18 125.4 ± 6.5 50.5 ± 2.5

Fig. 1  Time profiles of glutamic acid production by C. glutamicum G01 in fed-batch SSF. a Temperature and agitation speed were separately 
controlled at 30 and 500 rpm during the whole process; b temperature and agitation speed wereset at the multi-step operation (see Table 2)
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Previously, Kishimoto et al. [12] had reported that 
temperature shift-up was capable of improving not only 
the yield but also the specific production rate of glutamic 
acid [5]. l-Glutamic acid fermentation is a well-known 
typical aerobic fermentation process. In our preliminary 
tests, we had found that temperature shift-up was favora-
ble for glutamic acid production. In addition, we had also 
observed that dissolved oxygen level controlled at 25–35 % 
by adjusting agitation speed was crucial for glutamic acid 
formation. Inspired by this information and based on 
the results of our preliminary tests, a multi-stage culture 
parameter (temperature and agitation speed) combination 
control strategy, aimed at enhancing glutamate production 
by C. glutamicum G01, was designed (see Table 2). The 
time course for glutamate production from the SSF pro-
cess using the multi-stage culture parameters strategy is 
shown in Fig. 1b. The maximum titer of glutamate reached 
116.2 g/L after 36 h with a productivity of 3.23 g/L/h from 
the fed-batch SSF using the multi-stage culture parameter 
control strategy. The results also showed that cell growth 
and glutamate production were both higher than that 
obtained from the constant parameters process (Fig. 1). We 
concluded that this multi-stage culture parameter control 
strategy could considerably improve glutamate concentra-
tion and increase glutamate productivity.

Optimization of nutrition conditions for GAD 
production by L. plantarum GB01‑21

The effects of the carbon source (10 g/L of glucose, 
sucrose, glycerol, lactose or soluble starch) on cell growth 
and GAD production were first determined. The highest 
DCW (1.82 ± 0.12 g/L) and GAD activity (48.2 ± 2.66 U/
mL) were obtained with glucose (Fig. 2). In addition, the 
effect of glucose concentration on GAD production was 
investigated by varying the initial glucose concentrations 
from 5 to 25 g/L, and the highest GAD activity was found 
at 10 g/L of glucose.

Subsequently, the effects of the organic and inorganic 
nitrogen sources (2 g/L nitrogen, including peptone, beef 

extract, corn steep liquor, soybean meal, yeast extract, 
urea, sodium nitrate, ammonium sulfate, ammonium ace-
tate, ammonium nitrate and ammonium citrate) on cellu-
lar biomass and GAD production were also tested. When 
an organic nitrogen source was used, the cellular biomass 
and GAD production were superior than when an inor-
ganic nitrogen source was used. As shown in Fig. 3, more 
than 51.2 ± 2.72 U/mL GAD was obtained when soybean 
meal or yeast extract was used as a sole nitrogen source. 
The highest DCW (1.86 ± 0.13 g/L) and GAD produc-
tion (53.1 ± 2.46 U/mL) were observed with the yeast 
extract, however, the highest activity of GAD per DCW 
(3.13 × 104 U/g) was obtained when soybean meal was 
employed as the nitrogen source. These results indi-
cated that soybean meal and yeast extract could also pro-
vide some factors to improve cell growth. For further 

Table 2  A multi-stage culture parameter (temperature and agitation 
speed) combination control strategy for glutamic acid production (the 
other two parameters pH and aeration rate were maintained at 7.0 and 
2.0, respectively, during the all over process)

Time (h) Temperature (°C) Agitation speed (rpm)

0–6 30 450

6–12 30 500

12–24 32 550

24–30 32 600

30–36 34 600

Fig. 2  Effect of carbon source on cell growth and GAD production 
by L. plantarum GB01-21

Fig. 3  Effect of organic nitrogen source on cell growth and GAD 
production by L. plantarum GB01-21
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enhancement of GAD production, a mixed nitrogen source 
containing 15 g/L soybean meal and 5 g/L yeast extract 
was tested. The mixed nitrogen source provided the highest 
DCW (2.07 ± 0.14 g/L) and GAD activity (64.5 ± 2.72 U/
mL), which was an increase of 11.3, 21.5 and 26.0 %, 
20.8 % higher than when soybean meal and yeast extract 
were used as the sole nitrogen source, respectively.

Optimization of culture conditions for GAD production 
by L. plantarum GB01‑21

The effect of temperature on cell growth and GAD produc-
tion were investigated by conducting four batch fermenta-
tions at temperatures varying from 25 to 40 °C. From the 
results obtained, it was apparent that the cell growth and 
GAD production by L. plantarum GB01-21 were affected 
by temperature (Fig. 4). The optimal temperature for GAD 
production was 30 °C, while that for cell growth was 35 °C.

Subsequently, the effects of the initial pH (5.5–8.0) 
on cell growth and GAD production were investigated 
by carrying out six batch fermentations at 30 °C. The 
highest DCW (2.16 ± 0.14 g/L) and GAD production 
(65.1 ± 2.81 U/mL) were obtained at pH 7.0. Nevertheless, 
GAD production was nearly constant within a narrow range 
of pH from 7.0 to 7.5; it decreased noticeably when the 
pH was beyond this range. The comparison between flask 
cultures performed at different initial pHs, suggested that 
pH 7.0 was more suitable for GAD production. Batch pro-
cesses without pH control (initial pH 7.0) and with the pH 
maintained at 7.0 were then carried out in a 5-L fermenter 
at 30 °C (Fig. 5). In the batch fermentation without pH con-
trol, the pH sharply dropped during the first 24 h to about 
5.5, after which a consecutive gradual drop of pH occurred. 
These results are in agreement with a previous study which 
reported that the pH of a MRS medium inoculated with the 

GABA-producing lactic acid bacteria L. paracasei dropped 
from 6.5 at the beginning of the fermentation to about 
4.5 within 50 h [13]. In addition, the results corroborate a 
report where the pH of a Lactobacillus brevis GABA100 
fermentation dropped from 6 to 4.7 after 48 h [11]. When 
the pH was maintained at 7.0, the cell growth was higher 
than that without pH control. The highest GAD activity 
(132.8 U/mL) was obtained when the pH was maintained at 
7.0 compared with the GAD activity (85.3 U/mL) obtained 
without pH control. The results above revealed that pH 7.0 
was the most favorable for GAD production.

Efficient preparation of GABA from glutamic acid 
by L. plantarum GB01‑21

After 36 h of culture under the optimal conditions, the bio-
catalyst L. plantarum GB01-21 was harvested by centrifu-
gation for use as the catalyst for the glutamic acid conver-
sion. The C. glutamicum G01 catalyzed glucose conversion 
medium was then harvested by centrifugation and the glu-
tamic acid (about 116 g/L) in the supernatant was used as 
the substrate for L. plantarum GB01-21.

The biocatalytic conditions were optimized in our previ-
ous study [19, 30]. Under the optimal conditions (0.15 M 
acetic acid-sodium acetate buffer (pH 4.8), 35 °C, cell den-
sity 15 g/L, 200 rpm), the final concentration of GABA was 
80.5 g/L with a mass yield of 0.69 g/g after 30 h of bioca-
talysis in a 5-L stirred bioreactor. The biocatalyst retained 
over 90 % of its residual activity.

GABA production was also conducted with 15 g/L of 
cells and 116 g/L of glutamic acid from the glutamic acid 
fermentation solution to investigate the biocatalytic prop-
erties of the recovered cells. The cells were recovered 
three times and resuspended in the glutamic acid fermen-
tation solution for GABA production. The results of the 
transformation achieved by the recovered cells are shown 

Fig. 4  Effect of temperature on cell growth and GAD production by 
L. plantarum GB01-21

Fig. 5  Effect of pH on GAD production by L. plantarum GB01-21
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in Table 3. After 30 h of biocatalysis, the productivity of 
GABA decreased from 2.68 to 1.08 g/L/h, and the maxi-
mum titer of GABA decreased from 80.5 to 32.8 g/L, with 
increasing recovery times. However, about 0.68 g/g of 
GABA was obtained for each of the three cycles.

Discussion

In microbial fermentations, the costs of the carbon sources 
to the total production cost are significant. However, most 
research into GABA production have focused on using 
pure l-glutamic acid or its monosodium salt as the starting 
material [10, 14, 25, 37]. The cost of materials makes up a 
large part of the microbial GABA production cost, while 
biomass starting materials can help to reduce the cost of 
fermentation. Therefore, the development of a fermentation 
method based on raw materials, other than l-glutamic acid 
or its monosodium salt, is important for reducing the costs 
of GABA production. In this work, a safe biotechnological 
route was proposed to produce GABA from crop biomass 
cassava powder using two GRAS microorganisms C. glu-
tamicum G01 and L. plantarum GB01-21. To enhance the 
efficiency of the GABA production, the culture and reac-
tion conditions were investigated in detail.

First, we optimized the operating parameters for the 
production of l-glutamic acid from cassava powder by 
C. glutamicum G01. Cell growth and glutamic acid pro-
duction were suppressed at the high initial concentration 
(>300 g/L) of cassava powder. This inhibition probably 
resulted from a decrease in water activity that affects the 
metabolic rates [32]. Fed-batch fermentation can help to 
avoid the influence of high concentration substrate limita-
tion and inhibition by controlling the substrate concentra-
tion below the toxic level [33, 34]. In this study, the glu-
tamic acid production was also improved under fed-batch 
SSF. Controlling temperature and the DO level is impor-
tant for successful glutamic acid fermentation [5, 23]. To 
enhance the production of glutamate, we designed a multi-
stage culture parameter (temperature and agitation speed) 
combination control strategy. Under the optimal conditions, 
the maximum titer of glutamate reached 116.2 g/L, with a 
productivity of 3.23 g/L/h by fed-batch SSF. The proposed 
multi-stage temperature and agitation speed combination 
control strategy and the fed-batch SSF were successful 

at improving glutamate production. To date, Brevibacte-
rium sp. G012 and C. glutamicum were employed for glu-
tamic acid synthesis from cassava whey hydrolysate, but 
the highest concentration of glutamate achieved was only 
9.8 g/L. Jyothi et al. [9] has also tried to utilize cassava 
starch factory residues for the production of glutamic acid 
using Brevibacterium divaricatum, but the maximum gluta-
mate production was only about 4 g/L. Thus, the 116 g/L-
glutamate obtained as a result of this research was superior 
to the previous reports.

GAD catalyzes the conversion of l-glutamate to GABA. 
The cell growth and GAD production conditions are highly 
affected by culture conditions and medium composition 
[13, 17]. However, there is no general defined medium for 
GAD production by all microbial strains because every 
microorganism has its own special nutritional requirements 
depending on its environment. In the present investigation, 
glucose was found to be suitable for GAD production with 
L. plantarum GB01-21, soybean meal, and yeast extract 
stimulated GAD production. Li et al. [17] also found that 
soya peptone affected GAD and GABA production. Soy-
bean meal, the by-product obtained after extracting most of 
the oil from soybeans, which are rich in protein and energy, 
is a cheap nutrient source available on a large scale that can 
help to reduce the cost of GAD production. Therefore, soy-
bean meal could be used as the sole organic nitrogen source 
for GAD production with industrial applications. Sub-
sequently, the operating conditions for the production of 
GAD were also investigated. First, the effect of temperature 
on the production of GAD was observed. The production 
of GAD was accelerated as the temperature increased until 
high temperatures were reached which resulted in thermal 
inactivation [24]. Experiments conducted at variable pH 
indicated that GAD production by L. plantarum GB01-21 
was pH dependent with an optimal pH range of 7.0–7.5. A 
pH maintained at 7.0 was the most favorable for GAD pro-
duction, which was higher than that (pH 5.0) for Lb. para-
casei NFRI 7415 [13].

A highly effective method for the production of GABA 
has been achieved via the conversion of monosodium glu-
tamate using an engineered glutamate decarboxylase from 
Escherichia coli [10]. Lactobacillus species are generally 
the most applicable microorganisms for GABA produc-
tion because they are probiotic to humans and animals. 
Previously, several strategies have been utilized to improve 

Table 3  Repeated use of L. 
plantarum GB01-21 cells for 
GABA production

Repeated use times Consumed glutamic acid (g/L) GABA (g/L) Productivity (g/L/h) Yield (g/g)

Original 116 ± 2 80.5 ± 2.3 2.68 ± 0.06 0.69 ± 0.02

First 102 ± 2 69.8 ± 1.8 2.33 ± 0.05 0.69 ± 0.02

Second 81 ± 3 55.5 ± 1.4 1.85 ± 0.05 0.68 ± 0.02

Third 48 ± 3 32.8 ± 1.5 1.08 ± 0.05 0.68 ± 0.03
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GABA production. Zhang et al. [37] established a model 
system for the conversion of monosodium glutamate to 
GABA using Lactobacillus brevis TCCC13007 resting cells, 
which could achieve a maximum concentration of 61 g/L 
GABA. Li et al. [18] optimized fermentation operating con-
ditions for L. brevis NCL912 to obtain 35.7 g/L GABA. 
Kook et al. [14] introduced an extra copy of GAD into 
L.sakei B2-16, and the GABA titer increased to 27.3 g/L; 
however, the GABA precursor l-glutamate or monosodium 
glutamate had to be added during the process. Preparation 
of GABA from glucose has been reported by Takahashi 
et al. [29], Shi et al. [25, 26], Okai et al. [22], Zhang et al. 
[36], and Choi et al. [4] using engineered C. glutamicum 
(expressing exogenous GAD). However, the GABA yield 
and productivity were prohibitively low for commercial 
production. The highest concentration of GABA obtained 
herein was 80.5 g/L. To our knowledge, this is the highest 
yield of GABA obtained by GRAS microorganisms. Sig-
nificantly, the results were achieved by employing cassava, 
a relatively inexpensive and available starch crop biomass. 
More importantly, the strains C. glutamicum and L. plan-
tarum employed in this work are widely used in medicine, 
animal feed, and as food supplements.

Although we successfully presented a process of GABA 
production from cassava as a raw material with industrial 

applications, cassava requires pretreatment with amyl-
ase and glucoamylase for hydrolysis, which ultimately 
increases the total cost of production. Consequently, in the 
preliminary experiment, we constructed an amylase secret-
ing C. glutamicum to avoid addition of extra amylase hence 
lower the production cost, however, the amylase production 
was very low resulting in an inefficient GABA production. 
Future studies will focus more on developing the strategies 
to amylase production with C. glutamicum. Furthermore, it 
is generally known that one-step (microorganism) process 
is generally preferred for industrial applications. Engineer-
ing of C. glutamicum for GABA production by gad over-
expression could achieve this goal. Some investigators 
had successfully developed a one-step strategy for produc-
ing GABA from glucose by cloning the gad gene into C. 
glutamicum [25, 29], but the GABA yield and productiv-
ity remained prohibitively low for commercial production 
(Table 4). One factor that limits GABA formation is low 
level of GAD in engineered C. glutamicum, assumed to be 
the rate-limiting factor in the conversion of glutamic acid 
into GABA. While in this work, we could increase cells 
addition to improve the GAD level. Alternatively, the pH 
may limit the GAD reaction, because GAD shows its full 
activity around pH 4–4.8, but completely loses its activity 
at or above pH 6 [10, 27, 30], while pH 7.0 favors glutamic 

Table 4  The current progress in GABA production

P peptone, BE beef extract, YE yeast extract, SM soybean meal, SP soy peptone, CSL corn steep liquor, NR not reported

Strains Engineered 
methods

Substrates Fermentation 
conditions

Organic nitrogen 
source

GABA References

Titer (g/L) Productivity 
(g/L/h)

Corynebacterium 
glutamicum

Expressing GAD 
mutant

Glucose One-step,  
fed-batch

P 38.6 0.536 [4]

C. glutamicum Expressing GAD 
and disrupting 
pknG

Glucose One-step, batch SP 31.1 0.259 [21]

C. glutamicum Expressing gadB1 
and gadB2

Glucose One-step,  
fed-batch

CSL 26.32 0.439 [24]

C. glutamicum Expressing GAD 
and disrupting 
argB, proB and 
dapA

Glucose One-step,  
fed-batch

CSL, YE 70.6 1.01 [35]

Lactobacillus 
brevis

Wild type Sodium glutamate Two-step,  
fed-batch

P, BE,YE 61 0.904 [37]

Escherichia coli Expressing GAD 
mutant

Glutamic acid IPTG induction, 
one-step,  
fed-batch

NR 103.1 34.3 [10]

E. coli Expressing GAD Sodium glutamate IPTG induction, 
one-step,  
fed-batch

P, CSL 204.5 8.52 [30]

C. glutamicum 
and L.plantarum

Wild type Cassava powder Two-step,  
fed-batch

YE, SM 80.5 2.68 This work
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acid production. Therefore, expending the pH range of 
GAD will be a promising way for one-step production of 
GABA from glucose or other low-cost biomass materials. 
While using the two-step strategy presented in this work, 
the conflict of reaction pH could be ignored, because glu-
tamic acid production and GABA formation were not per-
formed in the same system.

In summary, preparation of GABA from cassava, a 
relatively inexpensive and available starch crop biomass, 
was realized through a two-stage fermentation strategy 
using C. glutamicum G01 and L. plantarum GB01-21. 
The maximum concentration of GABA reached 80.5 g/L 
with a GABA productivity of 2.68 g/L/h, which is the 
highest reported GABA yield from cassava or glucose. 
Since C. glutamicum and L. plantarum are GRAS micro-
organisms, they are excellent candidates for the micro-
bial production of GABA from glucose for the pharma-
ceutical and functional food industries on a commercial 
scale.
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