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Screening, identification and flask fermentation
optimization of a high-yield y-aminobutyric acid
Enterococcus raffinosus strain
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Abstract: [Objective] A high-yield y-aminobutyric acid (GABA) producing lactic acid bacte-
rium (LAB), strain M1 was isolated from pickled Chinese vegetables by our laboratory.
[Methods] Its physiological and biochemical characteristics and 16S rDNA sequence were
analyzed. GABA fermentation medium, based on MRS medium, was optimized using single
factor test and orthogonal design, as well as the shake flask condition for GABA fermentation.
[Results] The results indicated that the morphological, physiological and biochemical charac-
teristics of strain M1 were accorded with Enterococcus family. The identity between the ob-
tained 16S rDNA sequence of strain M1 and Enterococcus raffinosus SS1278 was up to 99%,
strain M1 was accordingly identified as Enterococcus raffinosus. Moreover, its GABA fer-
mentation medium was optimized, and the shake flask condition for GABA fermentation was:
inoculum of 10%, growing temperature at 30 °C, initial pH at 5.5, fermentation period of 60 h
and monosodium glutamate substrate concentration of 10%. Under these conditions, GABA
yield by flask fermentation achieved a 1.22-fold increase. [Conclusion] The isolated E. raffi-
nosus M1 strain reveals its potential for industrial fermentation of GABA.

Keywords: y-Aminobutyric acid, Enterococcus raffinosus, Pickled Chinese vegetables, Isolation
and identification, Medium and fermentation optimization
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TOHRHE | BCEREAR . BUAEE . SeERR IR
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alifk, AFEpAR R, HavEE. Y E SR ER
PRAETAE, (2R RAL, XELANH T TolkfbAE
72 VA R B, (AL 4
PAFmEREES, Ry AR, SERBR
fi# (Glutamate decarboxylase, GAD, EC 4.1.1.15)/&
HEA A SR 8 — B R (RORE ) O i 0 1 2R A Al
GABA [ME—Riff . R ML H—hEh o gt &
PR ARAS R A 7, s AR e B, B
A= RS T ) A R B R A A A R R R A=
77 GABA J&— AR

B A SCRikfiE 7L Bk 8 (Lactococcus)® | 5%
Bk J& (Streptococcus)™ FI F, #F &
(Lactobacillus)™ 145 J& i) — Lo LR AN 2o &
B GABA HREST, (H A WA AR ek i
(Enterococcus raffinosus) % %4 7= GABA I #iH -
ARS SCHEE T A LI % N A 4 R I I
S i e i —BR R B AR R
GABA HIMTHiAEKE (E. raffinosus) M1 TR,
FER AR ZMIEAS B, XL MRS K
FHNELANY GABA FEI A B A5 5 KW 5%
PE#EAT T AL

1 MBEHE

11 EHRSEFE

1.1.1 E#: A7 8% ERE (Enterococcus  raffi-
nosus) M1 Gk (H 6 3K 368 ol A4 ) i o (e 3 v
L% 5 E. raffinosus CGMCC No. 5584), A5k
W% e AL T AP RT3

112 $EsFEM: W MRS EkEFRE, AT
FLER B B4 B AR, MRS AR %L, HTH
R A AL B SR AR O MRS R FBE 3R 2,
AT IRENF PR, MR MRS WKL TR
e, HTILRWIRZ L WE(g/L): FeEbE 40, FERk
k3 30, ZMREN 4, BRIRE AT 2, #RARHS 0.03,
FiEREE 0.02, fifR%L 0.06, Htii-80 2, pH 5.5,
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8x10" Pa K 20 min % .
12 FE
121 7 GABA Z.EREBIS BFAGHIE: B
K5 mL EF 95 mL W3 kA T s AR R,
SRIGLL 10%M 3 4 T MRS JRIAKE SR, &
22 R, RIGBRES, B SRR IR AN
AR, 30 °C 15FE 48 h J5 MEAR EHRBURA TS
AT MRS WA EE 73 1L 6 %2 )5, T30 °C
B 1 d JEInA 10% 4 2R —4h, #iE 2.d, B
FEFTAUZ R, BUSEl & GABA KB,
FH RSO A A T i GABA j= i, L
GABA rF=it i R, —XRZkaifb)m, K
7 GABA [tk 4 °C {47 T MRS @b, Jf-HI T ik
— BT o
122 7 GABA FBEREE: WIARHKEIEES
J A FURRAE S 50 2 B SCHR [17-18], AEfR R R
FHZ:EAMF IR VITEK 32 ZEY A e 25 %
E; 16S IDNA P I ZATAL RN A RIE R B
A BRA FII E
123 AEEEFEHMA: 1) HRELR:
JE MRS KSR HARL IS, J3 54
Horp I . A TTHLER T S5 iR-80, X
GABA [ BTN, FHAEsLIEah XA
[FIELEE . R I pH 4511 T GABA RYFEH ™ &
HEATINAE o

(2) IEACE T TR ZR SRR HEml 1, X hE
FTLHEAT 8 NE 3 KT Lor(3™)IF ALK
it
124 KBGO Xk R 5 LR
WL . WG pH . IRYIREE | B35 I X
GABA =it (2 M AT 52505, 1 F e I & 1%
oo
1.25 GABAMEFE: FEMFIALI: B 1mL &
FET 1.5 mL B5.0% 1, 8 000 r/min B5.0» 10 min
&, W 1045, BUEWE 10 pL T 1.5 mL .04,
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SRIGARUK A BN AR A 8 v 100 pL . firA= 5
2,4- Rl K4 %5 (DNFB) 100 pl, & & 2% ik
790 uL, ¥R%IR~A], 60 °C K 1 h, FH 0.45 pm fi
MREFAE R UE T IR S, BT 4 °C KARIRER
B BE VRN 451 Agilent ZORBAX StableBond C18
FE, AR 30 °C, EAMEIIP K 360 nm, ik
0.8 mL/min, ¥EkEE 10 uL, WhA A: /K Fsh
FHB: W WBhAH C: 2, Wizhil D BEIReN
WL

A B C D E 1 2

2 G50

2.1 &7 GABA FLERH EH #EBYIF %

WA SR B B0 10 MREA RN FLR
B PR AR FT T MRS WA & s 37 3L, 30 °C #F i
KR 72 h Kl GABA 1Y &g, 455321, ok
H R R XA 440 T SRR A B AR MRS &
e SRR T A GABAIIE AR 2R, X 10
WILFR T ZEART GABA B4t EHT45 5L,
K1,

4 5 6 7 8 9 10

1 10 RFBREFERAERTD GABA RIREMER
Fig. 1 The paper chromatography of GABA production in fermentation medium by 10 LAB strains
E: A-E: #IE 1-5 g/l 19 GABA FRIfIVKIFL 1-10: AFIFURREIRARAR. FedhmibFE 1 pl, GABA Brif i 5 ul.
Note: A—E: 1-5 g/L standard GABA solution; 1-10: Different fermentation broths of LAB strains. The loading volume of each

GABA standard is 5 pL, and each specimen is 1 pL.

X 1 TR A A GABA B2 LR T A 1%
WHEATEE 2 IREREMTGIIGIN, SRS F 46t
JEHHIAE R, LA % GABA FE i A A I
o SmAOR A A5, M 5 A EA
23.95 g/L GABA WA ERK, 1ZH Pk M1 H AL 5
O HIL T A PR T B ST, mHAR LA
FEM YA GABA & /NT 10 o/l B9 LT
22 BHMLBIETE
221 FETSHHE(E 2): FtkM1TE MRS AR AR
K 24nhJ5, E¥EAG, HE 1 mm-2 mm, Rt
R, REE, WIFh%EST. FL YAk
PE, i OPRDE, KEECE X HES) sl 55 HES,
Wb UL ACEE, JEAEM, R EARZR 1 um,

2 EHk M1 BYEEFE AR ZS(1 000%)
Fig. 2 Colony and cell morphology of strain M1
(1 000x)

2.2.2 TE#E 16S rDNA F3l5 M1 125 R4 A
LA MERII E: 16S rDNA 7 31 it I > 2%

(GenBank 5% 5 JQ347592)K W], SAR T Wk
B SS1278 itk 16S rDNA 751 (GenBank % 5%
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51 GQ337035) 1Y [ PR ik 99% . = HE STk
[17-18) 47 K% 37 e A= BRUARAE SE 56, A fL AR AE
VITEK 32 B RGUE, 4R IN%E 1 R, %
TR Y454 SCHk[17-18]56 T Enterococcus Fi#
R, HRE M1 %5 7B % ERE (Enterococcus
raffinosus).

23 KREEFENML

231 BREXMAZEEFT GABA RIEZM: FLAR4M

WAV GABA IR A 2 IR s H— AN L,
FIF LR KR BE RN 100 g/L A EBR—4
SRS . . 2R, FLBE. . T
EElE AT HE R S A ME—RRUR, ShNEh 20 giL,
HA & R SR IE R DL MRS 2 BERS IR 5 Ay JE Al
AT A, 30 °C FRERiFE 3 d, Kl A mER
GABA (&, 45 WE 3, S5 BN, bR
LR AR T i R A K W 0 9 B () e A e VR,

F1 EH ML BEFT REIRE WHFE

Table 1 Identification results of cultivation and physiological characters for strain M1
SEE T H 45 SEE T H 4
Experimental test Result Experimental test Result

B _ 75 S5 _
Mobility Idol test
10°C 4K N LR .
Growth at 10 °C Esculin hydrolysis
45°C EK . RE WG _
Growth at 45 °C Urease
it £S5 6.5% NaCl EK . HEE IR .
Growth in 6.5% NaCl Acid from sucrose
TS5 pH 9.6 4K N HE R ~
Growth at pH 9.6 Acid from inulin
T 40% it . FUBH 1 N
Growth in 40% bile Acid from lactose
PUE RN _ TR TR .
Catalase Acid from trehalose
PR X 5 .
Lactate production Acid from melibiose
0.1% 3243 . HERBE R .
Methylene blue reduction test in milk Acid from mannitol
KRR I ) QAT N
Starch hydrolysis Acid from arabinose
R R . A N
Ammonia from arginine Acid from cellobiose
IR RS N R 1R .
Gas from glucose Acid from raffinose
Frigmh s K . U N
Growth with citrate Acid from salicin
V-P [ Ji . ABE R 5
\Voges-Proskauer test Acid from xylose
Wl L% . NETaS "
Gelatin liquefaction Acid from sorbitol
B Al ™ A S

Hydrogen sulfide test

http://journals.im.ac.cn/wswxtbcn
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3 WRiREX A EELE = GABA BIZ
Fig. 3 Effect of several carbon sources on yield of
GABA in fermentation broth

GABA 77ty 33.27 g/L, HlikzJy 29.67 glL,
IR AWl 24.95 g/L, Wik P TIEREVE A T
WHIAER B B9 A= K GABA A= 7= BRR TR .
232 TIENAEEETT GABA RIS @it
MERHEA . BRI SEAPARR, MR .
TSR BN AN A S TCHL AR, X ZURIEA TR
PEALIE EERA N 20 /L, A2 RR—ENEn 100 g/L
G R E F R S — AT GABA PP

S, SR LB IR B A R R R RTR A A
DRI R R, 45 5 BRI BB O By, B
B AR R AR A IR o FEEA T2 — 2R
R HAINER 20 o/, TEdE TR G K
INF, [EVRE LRGN N 20 o/l EATHRE., PA—
RGO SLEREE R ULE 4. E 4 ATH1, TEs—R
TR SEEG T, BERHR M RO AP, GABA @it
h 45.95 g/, VIBRER IR RIEE R 52 A AR
) GABA F= 1k 42.17 g/L, AUER—FERER Y
RO, 5 AT R R A 0 A2 B R LY
A FI TR ERAER B 0 A RS

233 SEEBFHEEET GABA HWIFM: 7F
KR FEFT A 5 mmol/L A1 50 mmol/L
AT IR E T, B IEE X GABA
B, GRLE 5. MINANEEE TWE
95 mmol/L B, NH,*. Mg®F1 AP*X} GABA 7=
HE A EANFERENEmR, Hh AP 1E
FB W, GABA F=&EHE5& T 7.72%, NH, Fl
Mg> 4 3Iffi GABA F=htE T 3.85%#1 3.09%,

& 4 TIREMAEET GABA £

Fig. 4 Effect of several nitrogen sources on yield of GABA in fermentation broth
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AN 3 FiLfE S FRATBEEIE T ML &
i GAD 1136, HiAth 4 )@ B 1% GABA j= i
A ARRREEE IHIVER, Hidp Cu® . Zn® 1 Mn?*
AR ek, ol fE GABA i N T
41.42% . 9.31%F1 7.17% . M & B E THE N

50 mmol/L i}, B Mg™ 4k, Fif ik 4 m a1
P40 = i AR, U 0 A TR B Tk X
GAD BG4 TIHIE- . I, HEHAE MRS
REEEEFESET S IR AN 5 mmol/L ¥ NH,* . Mg?*
AP, DIMEHE GABA PR AU .

5 €RBETX M1 ERAEELER GABA HIFME
Fig. 5 Effect of metal ions on yield of GABA in fermentation broth

234 MHiE-80 X A&EEYE GABA RIFZMG: Nt
Jik-80 J&—Fh R KPR AR G R, KT 40
W GABA A — & B HEAVE, A RV B iy nt:
Tik-80 JIMA A IR % 25 5 AN S i 315 -80 Ay xof ik
frxtre, g5 ILE 6. 0.1%-0.3%F\ntiR-80 Xf
GABA =i 4 S R EEAH 22 TC L, 17 0.2% v B
FHXT R G —26, 7250k 42.08 g/L, LEANER
Tit-80 X ARZH 4R = T 8.93%.,
24 EXIRE

DATERE AR, TRk R AR, L RREN I
e AL, PR . BRIREEFIBRIRES N
AR, mHE-80 RIS LR, DL MRS A&
RSN 3Ent, TR Ly (3R IER &I, IE
SCRIZEACERMEER R 2 FEk 3, Hfsh
27 H1Y GABA P gl sy, it LA R B SR
A (g/L): TERE 40, LR 30, LPREM 4,

http://journals.im.ac.cn/wswxtbcn

El 6 rtiR-80 X & EELE = GABA RIFNT
Fig. 6 Effect of Tween-80 concentration on yield of
GABA in fermentation broth

BERR A 4 2, BRFRES 0.03, BRMREE 0.02, Wik
0.06, M:i-80 2 mL,

25 EEFMHHMHMK

251 BENAEEETT GABA BIFNE: MR T
WK ML FRR S GABA 5o & TR kAT
ST, HERRE R 10%, 30 °C B AT 3 d, 45510
K7,
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*2 ARSKFREBENM

Table 2 Factors and level sunits (%)
K- HEVE TERER A LR BERE TR TR EE TR EE - if%-80

Levels Sucrose Yeast extract NaAc K,HPO, Al (SO,)3 MgSO, (NH,),SO;  Tween-80
1 2 1 0.4 0.1 0.03 0.02 0.02 0.1
2 3 2 0.5 0.2 0.06 0.04 0.04 0.2
3 4 3 0.6 0.3 0.09 0.08 0.08 0.3

*3 EXRBRERRMESTER

Table 3 Analysis of the ogonal experimental results
A hass THEME WERHE Ky CREN BRRETH WM mREE Rk i3 -80 R
Test No. Sucrose Yeast extract NaAc K,HPO, Al (SO4); MgSO, (NH,),SO, Tween-80  Result

1 2 1 0.4 0.1 0.03 0.02 0.02 0.1 24.38
2 2 1 0.5 0.2 0.03 0.02 0.04 0.2 25.73
3 2 1 0.6 0.3 0.03 0.02 0.06 0.3 27.99
4 2 2 0.4 0.2 0.06 0.04 0.02 0.1 38.85
5 2 2 0.5 0.3 0.06 0.04 0.04 0.2 35.46
6 2 2 0.6 0.1 0.06 0.04 0.06 0.3 35.83
7 2 3 0.4 0.3 0.09 0.06 0.02 0.1 33.75
8 2 3 0.5 0.1 0.09 0.06 0.04 0.2 33.71
9 2 3 0.6 0.2 0.09 0.06 0.06 0.3 44.61
10 3 1 0.6 0.1 0.09 0.06 0.02 0.2 24.83
11 3 1 0.4 0.2 0.09 0.06 0.04 0.3 26.51
12 3 1 0.5 0.3 0.09 0.06 0.06 0.1 28.86
i3 3 2 0.6 0.2 0.03 0.02 0.02 0.2 40.98
14 3 2 0.4 0.3 0.03 0.02 0.04 0.3 39.78
15 3 2 0.5 0.1 0.03 0.02 0.06 0.1 42.87
16 3 3 0.6 0.3 0.06 0.04 0.02 0.2 41.42
17 3 3 0.4 0.1 0.06 0.04 0.04 0.3 40.97
18 3 3 0.5 0.2 0.06 0.04 0.06 0.1 42.50
19 4 1 0.5 0.1 0.06 0.04 0.02 0.3 35.35
20 4 1 0.6 0.2 0.06 0.04 0.04 0.1 24.96
21 4 1 0.4 0.3 0.06 0.04 0.06 0.2 38.20
22 4 2 0.5 0.2 0.09 0.06 0.02 0.3 37.98
23 4 2 0.6 0.3 0.09 0.06 0.04 0.1 38.71
24 4 2 0.4 0.1 0.09 0.06 0.06 0.2 40.55
25 4 3 0.5 0.3 0.03 0.02 0.02 0.3 42.45
26 4 3 0.6 0.1 0.03 0.02 0.04 0.1 37.17
27 4 3 0.4 0.2 0.03 0.02 0.06 0.2 47.11
K1 33.4 28.5 36.7 35.1 35.60 36.50 35.60 34.7
K2 36.5 39.0 36.1 36.6 35.20 37.10 33.70 36.4
K3 38.1 40.4 35.2 36.3 37.10 34.30 38.70 36.8

Ii%aife 4.7 11.9 15 15 1.90 2.70 5.10 2.2

http://journals.im.ac.cn/wswxtbcn
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7 REXAREESE T GABA HIS/D
Fig. 7 Effect of temperature on yield of GABA in fer-
mentation broth

AR 7 AT, AR THEIAERTE ML BERRLE & %
YL R 30 °C i, GABA =t fem, M 42.08 glL,
I PEHE 30 °C iy M1 bk GABA K BEREE
252 #liAE pH 3 AZEEAE = GABA HISZME: XfH%
FREEGEWILG pH FEATHISE, R E N 10%,
30 °C # i AW 3d. SEhn kK BL(EL 8), HIEFREA]

7 pH R 5.5}, GABA P~ f i, A45.54 g/L, Fr
DL B R 3E01 4 pH.

8 #I%A pH X & E24 = GABA BI%2M
Fig. 8 Effect of initial pH on yield of GABA in fermen-
tation broth

253 KA MEN ZEEET GABA HIFM:
H T AR — AR ARER, AR AR T8 2R
B, ARSRCR A AR —E R kA
GABA IR, FFXFARIEPIHR EEXT GABA - &
(R RE AR T AR, BRI o ISR B SR BE N
10%M), GABA =it m, “HAREE KIRYk B
i, GABA =i MRE(EL 9), JEi N AT g it &
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PRI P Sl iR A2 E K, IEX GAD il r=A:
B A, i H & B A R — AR B T
m, WONFF e SR B H, T DLk B & e
GABA WMV R 10%.

B9 RYIREXAEEE ™ GABA ISR
Fig. 9 Effect of substrate concentration on yield of
GABA in fermentation broth

254 EKRGHBAEN AEEET GABA HIE
Ma: F AR HE I BR R AR R AR, A SAT L
AR EE, A TAfEHERE T Y
BRI ZRE T A S B
KR, T LAASZ I8 1 X P A RN 4 77
X GABA F=HE R REI, 1 R Hebe R & 1 5K
[FIFERE K B R A A AR ZFE A R GABA
o, MWK 10 i AE , AT
GABA [ S EATAR B Al VE o L PR 2
GABA & & TCA i L —S B @MMiR I
NS, e A ERIR A GABA, X jE—
AP AE ATP TR, & 0 GABA AT H BEFHFR
P S AL BRI R (RT3 TCA 3R, HATE
BLRMISMET, R AT, BEFARR I A
it or- i NG PR 0 Sl R A Bl OS2 A, A IS 3
GABA & W31, VIR A R 98 i A KA fiE
i, I AR AR Ko B R R 15 5% (18 R e
160 r/min) RS R A ZAE B TR, TAEFR
£ GABA WrEt, i KFERIRCRY] 2 kT
KWL o BT LASR FAR A&7 OR AT IR . ) 0]
i
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E 10 #R7HAEREIEF T LEEE = GABA BIS/IN
Fig. 10 Effect between shake and stationary fermenta-
tion on yield of GABA in fermentation broth

T 1 BEREET2 h; 20 SR REE 24 h, TG TRY
K48 h; 3t Sl AT 24 h, WSIIKY)IE S & W 48 h; 4:
PRz KW 72 h.

Note: 1: Stationary fermentation for 72 h; 2: First stationary
fermentation for 24 h, and then shake flask fermentation for

48 h; 3: First shake flask fermentation for 24 h, and then sta-
tionary for 48 h; 4: Shake flask fermentation for 72 h.

3 i

GABA [ RIRE AR, MBtEHAH L R
PR R, HRTA " GABA Mk 8 A
f2E G U A 2 . AR, fh2E B Bl
Bt HAE IS Y&, MY e A
GABA I~ AR, A & ek B8 &

R HE R K T2 A RSl g 18 i LAY TE 5
VRN, e RN EAT BRI A2 FEFERE TT, LA
KM EABSRPLEYE, T T REEE SEE R
AT sh Wikl TR 3 I iE s Fss sl
WK . AFRIRGE T — R A SEI0 % 402 H 1L
TAPHRTE WS EA A MR &
GABA FLERH ML TRAK, 258 AT HEAER T
WL PR R R AR B, X H GABA K EEE; 773
AT T AL, CAFIEUESS, FLIRE T GAD X}
BREFRRA N GABA, 1 HFLEAH GAD &
VR BE 5 il AR KR B B 0, ML TR 1Y
eif AR KIEE N 30 °C, WA AT GABA By
F. A, 4iE GAD M fid pH —M7E 3.5-5.5

2 [a) B Bk M1 (Ko pH 5.5 5 i Sk
i —3; KA AR T INE A 10% 1)
GABA =it ik S, FHARSHS IR BExT
GABA i i% A HE 5, Sy KI5k i vk
FE, AFITE IAER G 78 0 BRI BeR 5 55 57,
R GABA BB E 7= E A F]T GABA
AR, FEDL IR RIS T, GABA HIHEH
PR F 53.34 g/L, %5 23.95 g/L I TGS R
T 122.71%, AWFIEE UARIE T A AR BRI Bk
PRSI S A B 7= GABA, M4 5
GABA [ AT 2 o AL T 37 A o o %
IR, ZM TR E IS T TR LS & GABA &
it Rl W AL 25 A B R B R, BLAT R N

YN

A 5o
S £ X ®k
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