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ABSTRACT

Gama-aminobutyric acid (GABA) is a natural functramino acid. In present study, we successfulhjaied
Lactobacillus brevis SIIA11021 which presented ghbr GABA-producing ability from Chinese traditidméckled
vegetables. A cellular biotransformation process haen taken for the production of GABA, usingnigstells of L.
brevis SIIA11021 as enzyme systems. Firstly, lid@l1A11021 was incubated anaerobically in 3 %mosmdium
glutamate (MSG)-containing medium to obtain céllse L. brevis SIIA11021 cells’ conversion actiafyMSG to
GABA was induced by MSG. Then these induced restitgwere used to build cell-factory to producABa by
suspended in 0.2 M disodium hydrogen phosphatie-@tid conversion buffer which contained substiMSG)
and incubated with appropriate conditioris. this process, ethanol has been added into tiwesion buffer and
played a key factor to the GABA yield. The effe€tsH, temperature and ethanol on GABA-producingehbeen
studied. About 134 mbf GABA has been produced at a conversion ratesaf 9% under optimal conditions at pH
4.7, 30°C, supplemented with 1.3 % (v/v) ethanol for 4 h.id=s a fed-batch fermentation has been takengusin
the resting cells biotransformation process in dJeaker fermentor, to produce GABA for 24 h atirat
conditions and the final yield of GABA reached 44l. Furthermore, real-time PCR (RT-PCR) analysgpliiyed
that the GAD gene of L. brevis SIIA11021 exprestsival was induced by MSG.
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INTRODUCTION

Gama-aminobutyric acid (GABA) is non-protein amiacid which is widely distributed in nature [1].Has been
proved to be a major inhibitory neurotransmittertihe mammalian brain [2]. Moreover, GABA has selera
well-known physiological functions, such as neuwmnsmission, hypotensive acitivity, diuretic effedtsinquilizer
effects, depression and autonomic disorders obdetueng the menopausal or presenium periods [3A4¢cent
study showed that GABA was a strong secretagogumsafiin from the pancreas [5] and effectively pets
diabetic conditions [6]. So GABA has the potent@be utilized extensively in the food and pharnuical fields.
Many GABA-enriched functional foods are currenthamofactured, including GABA green tea, gabaron ted,
mold rice, tempeh-like fermented soybeans, yogiheese, and fermented milk products.

Glutamate decarboxylase (GAD: EC 4.1.1.15) is édpyal 5-phosphate (PLP)-dependent enzyme, whitdlyses

the irreversible decarboxylation of L-glutamate teaminobutyric acid (GABA), associated with a
glutamate-dependent acid-resistance mechanisnatio kcid bacteria (LAB) [7, 8]. GAD can be prodddey many
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microorganisms, such as LAB, fungi and yeasts. Gi.actobacillus brevidFO 12005 has been purified and
characterized [9], and a more detailed geneticystudthis GAD has recently been performed [10].

Among the various methods to GABA-producing, theslnthetic approach appears to be promising duéeo
simple reaction procedure, high catalytic efficignmild reaction conditions and environmental cotiplity [11].
Lactic acid bacteria (LAB) are an important grodgmam-positive bacteria and frequently exist imfented food,
vegetables and in the intestines of human and dsifBacause LAB possess special physiological iietsvand are
generally regarded as safe, many studies haveddaus the GABA production by LAB. Several GABA-puming
LAB species have been reported, includingprevis[10, 12, 13]L. lactisandL. delbrueckii[14], L. paracasei14,
15], L. delbrueckiisubsp. bulgaricus [14, 16] ahdplantarum[14] in recent decades.

In the current study, we successfully isolatedrevisSIIA11021 which exhibit a higher GABA-producingility
from Chinese traditional pickled vegetables. A well biotransformation process has been takengusiduced
resting cells ot.. brevisSIIA11021, for the production of GABA. Real-tim&€R method has been used to analysis
the expression quantity of GAD genelofbrevisSIIA11021 cells which induced by various concetidres of MSG
when it was cultivated in MRS broth. It can profattthel. brevisSIIA11021 cells’ conversion activity of MSG to
GABA was induced by the initial MSG. Cell growthdanell conversion activity have also been studthatsame
time to seek the optimal quantity of induction dtdte of MSG. Ethanol can enhance the permeabdizaif cells,
which add the mass transfers between cells andamaent. It has been used in the resting cellsdmieersion
process and played as a key role for GABA produciiden a fed-batch fermentation was taken to prosBA

at optimal conditions, using the resting cells t@nsformation process.

EXPERIMENTAL SECTION

Strain, medium and identification of isolated stran

To obtain GABA-producing LAB, 15 pickled vegetabdamples were employed. About 1 mL samples were
inoculated into 250 mL flasks containing 100 mL MBR®th supplemented with 2 % MSG at°8for 24 h without
shaking. One millilitemliquots of 16-fold diluted enrichment culture were taken andeagronto MRS plates which
supplemented with 2 % (w/v) CaGQCalcium carbonate was used as an indicator fdr@oducing strains since it
dissolved when interacting with acid then a clearezis observed [17]. LAB could easily be identfigy clear and
transparent circle formation because LAB produeetid acid. MRS broth was used as seed mediumnidum

of strains cultivation was composed of (g/L): glse®0;yeastextract powder 20; soya peptone 5; beef extract 5;
sodium acetate 5; KPQO, 2; ammonium citrate 1; Tween 80 1; MgS@2; MnSQ 0.05; monosodium glutamate
20 and pH 6.0. Morphological observations and anGstaining test were performed on the isolatedrstréth the
best GABA production ability. The morphology of therain was observed under oil immersion (x1,000,
magnification) at light microscope level (OlympusXZ1BIM-SET6, Japan). A 16s rDNA gene fragment was
amplified using a pair of primer as the forwardnmeis: 3 AGAGTTTGATCCTGGCTCA -3 and the reverse
primer: 3- GGTTACCTTGTTACGACTT -3by PCR and then sequenced for phylogenetic aralyse

Strains cultivation and L. brevis SIIA 11021 resting cells preparation

L. brevisSIIA11021 was cultured in the seed medium at@@and pH 6.0 for 12 h statically. Then 2 % (v/v)setd
culture was incubated in the cultivation medium abhcontain 3% of cell activity induction substar{é4SG) at
same conditions of seed culture for 24 hbrevisSIIA11021 cells were harvested by centrifugatio®,800xg for
20 min at £C, washed three times, using 0.2 M disodium hydnq@esphate-citric acid buffer (pH 4.5).

GABA biotransformation by resting cells ofL. brevis SIIA11021

The prepared resting cells were incubated 2.5 hdifierent temperature in 0.2 M disodium hydrogen
phosphate-citric acid buffer containing 2% MSGhat pH 4.5 to observe the production of GABA asrafion of
temperature. To seek optimal conditions of pH anidamol for enhancing GABA production, single-factor
experiments has been employed respectively andtlaefuoptimization has been taken to determineoigmal
conditions of the two key factors. Various concatitns of MSG-containing buffer were used to indaelta brevis
SIIA11021 resting cells at optimal conditions for52h to research the optimal MSG concentration tfos
biotransformation process. Then at optimal condgiwith the optimal MSG concentration in the cosi@n buffer,
the prepared resting cells were incubated up toahchl mL of sample was withdrawn at each 0.5 lenTihese
resting cells were incubated another four timethatsame condition continually, 3 h at each timesttaly the
conversion ability ofL. brevisSIIA11021 resting cells by repeatedly used. A Bdaker with 1L buffer has been
used, after above steps finished, for the fed-bfgaientation to produce GABA and 100 g MSG hasmtedded
averagely in five times for 24 h incubation. Biomas each experiment was 2.0 of optical densit§Q&t nm. The
conversion rate of MSG to GABA was calculated d®ves:
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. Final GABA concentration (mM
Conversion rate = — : (mM) 100%.
Initial MSG concentration (mM)

RT-PCR for GAD gene mRNA expression quantity

To amplify the glutamate decarboxylase-encodingeGere used a pair of degenerate primer as the fdrpr@mers:
5-CGGGATCCATGGCWATGTTRTAYGGWAAA-3 and the reverse primer:
5-GGGAATTCTTAGTGHGTGAAYCCGTATTT-3 [18]. The glutamate decarboxylase encoding genes wa
amplified using PCR and sequenced by Sangon Biof&tlanghai) Co. Ltd. Then the homology search was
performed with the BLAST algorithm utilizing the tdhase at NCBIL. brevis SIIA11021 was cultured in cell
growth medium with different concentrations of M$@ 24 h and 1 mL samples were withdrawn to do tieaé¢
PCR (RT-PCR) to detect the mRNA expression quartftyglutamate decarboxylase-encoding gene by Sangon
Biotech (Shanghai) Co. Ltd. The gene of 16s rRNA wsed as control.

Analytical methods

Biomass was determined by measurements of optmasgity at 600 nm (Mapada UV1100, China). Pre-gtgini
paper chromatography method [19] and automatic @ragid analyzer (membrapure A300, Germany) hava bee
used for GABA determination. Sample preparation wastrifuged at 12000xg for 5 min at°@ and cell-free
supernatant was withdrawn for GABA determination.

RESULTS AND DISCUSSION

Screening and identification of isolated strains

It was found that 20 isolates exhibited clear zoard growth on MRS agar supplemented with CaClbree
isolates showed GABA production from the pre-stagnpaper chromatography results and were confiraged
GABA producers using the automatic amino acid arezly The strain of SIIA11021 exhibited the highest
GABA-producing ability. It was preliminarily ideriied by morphological observation. The gram stagniesult
showed gram-positive of SIIA11021 and appeared agpa of brief-rods under a microscope. The colony
morphology of SIIA11021 showed whiteanslucence and edge roughness. Phylogenetic sisalff 16s rDNA
sequences indicated that SIIA11021 are closelya@lto the species in the brevisand showed 99.8 % similarity
with L. brevis ATCC 14687(T). Overall, the results showed thdA$1021 belongL. brevis.Ilt was namedasL.
brevisSIIA11021 and was deposited at Microbial Resourert€& of Sichuan Industrial Institute of Antibiatic

Optimization of pH and Ethanol on the GABA production of L. brevis SIIA11021 resting cells
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Fig. 1 Effect of pH on the GABA production byL. brevis SIIA11021 Fig. 2 Effect of ethanol on the GABA production byL. brevis
resting cells. The GABA concentration (slash filledar) were SIIA11021 resting cells. The GABA concentration (sish filled bar)
monitored at various pH in 250 mL flasks containingl00 mL were monitored with different concentration of ethanol in 250 mL

conversion buffer which containing 2 g MSG at 30C for 2.5 h of flasks containing 100 mL conversion buffer which cetaining 2 g
incubation without shaking MSG at 30°C and pH 5 for 2.5 h of incubation without shaking

The result of single-factor experiment of pH, aswh in Fig.1, GABA concentration increased withregse of pH
from 3.0 to 5.0 for 2.5 h cultivation at 8G in 2 % MSG-containing buffer. When the pH was\abb.0, the GABA
concentration dropped significantly. PH was se€b.8sn the single-factor experiment of ethanol.shewn in Fig.2,
when the bioconversion buffer contained 1 % (vilgeol, the yield of GABA is almost twice as muchvehen the
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buffer didn’t have ethanol. However, the GABA comitation tended to decrease when the ethanol econgaabove
1%. In further optimizing, using response surfacthodology, the maximum production of GABA was dixtal
when the buffer contained 1.3 % (v/v) ethanol atH

Effect of temperature on the GABA production ofL. brevis SIIA11021 resting cells

The effect of temperature on the GABA yieldlofbrevisSIIA11021 resting cells was investigated. The roptn
growth temperature df. brevisSIIA11021 was 30C, coinciding with the optimum temperature of piedf GAD
(EC 4.1.1.15) inL_. brevis[9, 11, 20-21], as shown in Fig.3. Thus, a temipeeaof 30°C was chosen for optimal
batch cultivations for GABA production by brevisSIIA11021.
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Fig. 3 Effect of temperature on the GABA productionby L. brevis SIIA11021 resting cells. The GABA concentration (ash filled bar)
were monitored at various temperature in 250 mL flaks containing 100 mL conversion buffer which contaed 2 g MSG at 3C°C for 2.5
h of incubation without shaking
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Fig. 4 GABA production of L. brevis SIIA11021 resting cells with different concentraton of MSG and the conversion rate of MSG. The
GABA concentration (slash filled bar) and bioconvesion rate (filled diamond) was monitored at variousconcentration of MSG in 250
mL flasks containing 100 mL conversion buffer with1.3 %(v/v) of ethanol at 30°C, pH 4.7 for 2.5 h of incubation without shaking

The effect of substrate concentration on the GABA duction of L. brevis SIIA11021 resting cells

The effect of initial MSG concentration on GABA plection and the rate of bioconversionlhybrevisSIIA11021
resting cells at an optimal level of biotransforimatcondition were shown in Fig.4. The yield of GABy resting
cell transformation gradually increased with ingiag MSG concentration at the range of substrateautration
[(40 to 140) mM] over 2.5 h of biotransformationdasmost constant when the substrate concentrat@aased to
over 140 mM, however, the conversion rate decresiggificantly.

Time-dependent changes in GABA concentration bi. brevis resting cell

GABA concentration was a function of bioconverstone in the optimal conditions. The GABA yield wgseatly
improved with the increase of bioconversion timehat time range of (0 to 2.5) h, as shown in Figlhe GABA
yield increased slowly at the time range of 2.6 B th and was almost stable when the time over 3 h.

The effect of repeatedly usé. brevis SIIA11021 resting cells for biotransformation on he GABA production
Another four same experiments, like the time-depenhdhanges in GABA concentration bybrevisresting cells,
using the same cells, has been conducted to igeg¢stihe effect of GABA production d&f brevis SIIA11021
resting cells by repeatedly used. As shown in Figu@n these cells were re-used for five times,GASBA yield
could be maintained 79.5 mM.
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Fig. 5 Time-dependent changes in GABA concentratioand MSG conversion rate byl . brevisresting cells. Bioconversion process was
performed at 30°C for 4h in 250 mL flasks containing 100 mL conveiisn buffer(pH 4.7) with 1.3 %(v/v) of ethanol and 40 mM MSG.
The GABA concentration(slash filled bar) and MSG caversion (filled diamond) rate were measured each.D h
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Fig. 6 Effect of biotransformation times on the GAB\ production of L. brevis SIIA11021 resting cellsThe resting cells were repeatedly
incubated for five times at same conditions at 38C for 3h in 250 mL flasks containing 100 mL conveiisn buffer(pH 4.7) with 1.3 %(v/v)
of ethanol and 140 mM MSG. The concentration of GAB (slash filled bar) was monitored respectively

The effect of substrate concentration of MSG on GAene expression level in growing cells af brevis
SIIA11021
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Fig. 7 Effect of substrate concentration of MSG ot brevis SIIA11021 GAD gene expression level in gwing cells and the activity of
resting cells for GABA production. The relative expession quantity of GAD gene (filled inverted triargle) and cell growth (filled square)
were monitored at various MSG concentrations for 24 of growth in 500 mL flasks containing 100 mL cuivation medium without
shaking at 30 °C. The resting cells were incubateat 30°C for 3h in 250 mL flasks containing 100 mL conveiisn buffer (pH 4.5) which
contained 2 g MSG. The GABA concentration is indicgd by filled upright triangle
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Using the degenerate oligonucleotide primers asriesl above, the partial gad genelLobrevisSIIA11021 was
successfully cloned. Then the degenerate oligontidie primers was used to determine GAD gene esjmesevel

in growing cells ofL. brevisSIIA11021 which had induced by different concetitra of MSG, using RT-PCR. As
shown in Fig.7, the relative expression quantity obrevisSIIA11021 GAD gene gradually increased at the eang
of substrate concentration[(0 to 60) g/L] and reacmaximum when MSG concentration was 60 g/L. Tital
sample without MSG was used as control. At the séime L. brevis SIIA11021cell growth was significantly
restrained when the substrate concentration wageaB0 g/L. But there was a slightly increased alibet cell
growth when the substrate concentration was beldw/P. Thel. brevisSIIA11021 resting cell activity of GABA
production reached maximum when the substrate corat®n was 40 g/Lstepping up when the substrate
concentration was below 40 g/L and decreased a#@wgL. The result showed that thebrevisSIIA11021 resting
cell conversion activity didn't absolutely fit upitw the Glutamate decarboxylase expression qua@grall, 30
g/L of MSG concentration was added in cell growtbdimm for cell culture.

Fed batch fermentation

According to the above experiments, the fed baéchhéntation has been proceeded using a 3 L beakeefitor
containing 1 L conversion buffer in optimal condits for 24 h conversiorl00g MSG was added averagely in five
times into the buffer. The final yield of GABA wd40 mM with a conversion rate of 82.3 %.

In present study, a lactic acid bacterium was sssfodly isolated that produced gamma-aminobutycid §GABA)

from monosodium L-glutamate (L-MSG) at a hyper cension rate. The 16s rDNA sequences analysis showed
99.8 % similarity withL. brevisATCC 14687(T). Several LABs have been reportedhows GABA-producing
ability andL. brevisproduced the highest amount of GABA (345.83 mM)49]. Most GABA-producing strains
were isolated from traditional fermented foods sastkimchi [23, 24], cheese [14, 25], and paodai[26]. It is
clear that traditional fermented food stuffs argdmtant isolation sources for screening GABA-pradgcLAB.
Although many GABA-producing LAB strains have bedsolated and identified, further isolation and
characterization research is needed because LABclaasified as “food-grad” organisms [27], scregnarious
types of GABA-producing LAB is important for thedd industry [15].

Formerly, resting cells bioconversion was neverduse a major way for GABA-producing. Normally, iagvjust
proceeded as a recycle of growing cells fermematio current study, we uséd brevisSIIA11021 resting cells for
GABA-producing. Although, there was study showihgtt compared with growing cell bioconversion, irestells
resulted in both a lower yield and conversion iat&ABA production [21]. But in this study, besidskortened
reaction times, non-sterile reaction conditions)vamient product separation, and fewer requirementsquipment
and energy, resting cells biotransformation alse &ahyper conversion rate and high GABA yield. Abtay,
resting cells biotransformation can be used asva major way to produce GABA when the optimal corsi@n
conditions have been controlled. Cell density adlgd in resting cells biotransformation could slypp more
stabilized conversion process. Because the optieligrowth conditions do not fit the optimal GAB#ynthesis
conditions, a two-stage pH and temperature costrategy has been designed in growth cell biotoansdtion for
GABA-producing [21]. However, when the bioconversiosed resting cells, the conditions control hasolre
simpler. To compare with immobilized cells, restioglls could also be re-used. But we didn't needemextra
materials for immobilization and could avoid extnapurity in the production. To enhance the GABA production,
several culture conditions have been optimizedh siscpH and temperature which were consideredeasaimmon
important factors for GABA production [28]. To tfieal optimize, pH of 4.7 and temperature of°8were chosen
to be the two optimal culture conditions, whichaisnost in agreement with the findings in a previsusdy that
utilized purified GAD fromL. brevisTCCC13007 [23].

Ethanol is an ideal solvent about chemical perniigation of cells, via destroying the structuraldafunctional
integrity of cytoplasmic membrane of cells [27]h#s been used successfully for permeabilizingtyeas LAB [27,
29, 30]. Because the structural and functionalgirite of cytoplasmic membrane has been destroyedintflux and
efflux of small solutes became more easy, which mmayefit to the biocatalytically process. Georggisdy has
showed that permeabilization of LAB cells could antep-galactosidase activity markedly [27]. In curretidy,

the bioconversion buffer with different concentat of ethanol has been used for GABA-producing.fiié that
the yield of GABA up to 2-fold to the initial yieldvhen added 1 % (v/v) ethanol in the buffer. Insieg the
addition of ethanol to 4 %, the result showed that GABA vyield decreased but still more than thigidhyield.

After further optimized, 1.32 % (v/v) of ethanoldhbeen taken in the further fermentation.

The study of biotransformation bly. breviSTCCC13007 resting cells proposed a simplified MalgaMenten
model [21]. In current study, when the substratenceatration below 140 mM, the bioconversion of
GABA-producing byL. brevisSIIA11021 resting cells fit first order reactiddowever, the GABA yield was almost
constant, which the conversion process fit zer@iordaction, when the substrate concentration db46@rmM. With
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all optimal conditions, the reaction of GABA-prodiug by L. brevisSIIA11021 resting cells was almost stabilized
after 3 h. Moreover, biotransformation of GABA-ptmihg byL. brevisSIIA11021 resting cells could be repeated
five times and biosynthesis activity didn't decreasarkedly. To obtain optimal initial bioconversisting cells of

L. brevisSIIA11021, it has been found that the expressioglidamate decarboxylase genelotbrevisSIIA11021
was induced by MSG and when the initial MSG coneditn in the growth medium was 6 %, glutamate
decarboxylase gene had tinraximumexpression quantity.

At last, a fed-batch fermentation, using a 3 L leedkrmentor, with optimal conditions, has beencpesled using
resting cells biotransformation process. A GABAlgi®f 440 mM was achieved. Overall, this study ke
foundation for the new strategy for GABA-producimgresting cells.
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