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Continuous Production of 7 -aminobutyric Acid by Immobilization of Lactobacillus brevis. Ryu Beung
Ho* and Jeon Jae Ho. Department of Food Science and Biotechnology, Kyungsung University — The optimal
conditions for the continuous production of y -aminobutyric acid by immobilization of Lactobacillus
brevis BH-21 using column type reactor were investigated. The optimal conditions of operation were
2.2 mm diameter bead of 3.0% sodium alginate at 10 mL/h of substrate feeding rate. Continuous
production by immobililzed cells showed the highest productivity with replacement of fresh medium
in every 48h for fourth fermentatoin cycle following the condition of 7 -aminobutyric acid productivity.
A productivity of y-aminobutyric acid could be obtained for 25 days by continuous column type

reactor under optimal conditions.

Key words — Lactobacillus brevis, 7 - aminobutyric acid, immobililzed cells.
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3E67]. 1 o= GABAE 4¥s229 FulxA[11],
EZ98H16], AN dRAE[6], L] ACE
A &427150) Aol AHTACE g {4F AT

GABA9] BA7NZe Azt glutamic acid’} gluta-
mate decarboxylase (GAD)9] &Aol| 9|3te] Dehito] ofF
o] W 4] glutamate7} antiporterd] 9Jata] HEFOE Sof
7ty A7A 0 2 GABAVF ¥ ez F&5o 23]
GABAYX olnli-2te] Aojul2o] 28] succinic semialdehyde
2 HgE g Al 9f3fe] succinatert "o

o]} o] GABAY tAkE A& A4tsta TCASE
oM 232 9T Bae FF, Fd ALGTE 4 o=
A gAtE 59 o 7hA 7o) EElA TH24].

GABA9Y] 7]54o] ¢aAWA JekFozA il ofy
2, 7154 AFaAZA Bl HobAL ok A4 GABA
E dn), 51, do}, )3 Fo) AAAH R 7 FhH ol 8l
o1} 1 gego] Yol A@ AF0E A Foge A
e 7|87 odeh 23 EE 99F o Z GABAY &
S molglE ATyt B Ha Utk 2 o2 thdelA
g QYL 9o ¥718 HeE shH GABAY &
o] Z7lgtte Hurt Axn[526] Al Lo Z o
glutamic acidS 7188 GABA 3afol 26]2 Zridicte
ByE gon[18], ajmol A= Al wold BIE HIH
o2 st GABAY &g FATHT st TH24] T
A2 AAEE 3 GABAY At A7 B2 o
ZFA a7 YelME HYES ol &% A7t a7 EH. A
AEL o83 ATEE RATS starterZ 3o TEOT
cheesest §-2bd W E oA GABAVE A48T E Bt }
o m[20], 2 ©)F FA+F 5 Lactobacillus brevis, Lactobacillus
plantarum A B& %9 GABAS A& & e B
27} Qod13,27]

i

&
g
F



168 Journal of Life Science 2004, Vol. 14. No. 1

ox

Lactobacillus &
dr|Hog 24 Qe I U4 Ao

& ZIAE 43R @3, FNHY £ F
2, AdAd 9Y

o] 9L w 0}‘43} At A B E ASE T 9]
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g7 AlgEm All:} Lactobacillus= &% 9] A3tdfoA
AT F4g dAs T HHlE diddn deA Al
U 59 Z=2ulo] 2 E(probiotic)2. 2 I o] &7} 7} off ¢
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S

ME 3 2y

MEZF
2 A7 A" 335 GABAE vt Lactobacillus
brevis BH-212 A}&8} 9 tH12].

oAl nHE

Lactobacillus brevis BH-21-2- MRS v} A 2 5L, 30T, 24X 7}
WEAZ g 94 Esla A E B FF542 238 He
T 2% gAY #AE 112 343 oL 23 gauzed] FA}
HlE 2 A] ofn]
2 A E beadS B FHTE 23 4 U3 0.025M g3}
g §do & F 4THM 447 BA§ g ALE3 g
oH2].

S 2H S5 AN
FANY AF5Y 2He AN
AR F AF5E ZRIYT,

#5§9(pH. 7.2)9] &3]

GABA &%9| 53

Lactobacillus brevis BH-21E MRS s ] o| A sjcksl & ¢

AEE(3,000xg 15 min, 4T)3 F A5HL JARg
(12000x g, 15 min, 4C)3} At A D& B ZFSFE 7138}
o Foll & AT REE GABAE 23 —%—% 391, 1,22 9
ARYZRE 4 459 gt WE - AZsA o9

wrEol BFE 0IM 4524 S0 Yojm -

2% B2 888 £ 0.45um PVDF ZE|(milipore)2 o 7}
ato] Aol AH8-3tgth GABA 9 ofv]iitel 83 {54
& 9 3.9%150 AccQ - Tag™ (Nova-pak™ Cig, Waters)
columng AH-8t gt Column B HEH FEHE £24)7)
7} 918 = AccQ - Tag Eluent A} 69% acetonitrileS 98:2

o HgE B 1mly §402 EFUch GABA ¥ o}
o)At 3eke EF GABA £4] Aol Hiwste 4&31g
tH27].

A2 glutamic acid decarboxylase #M2 £

Lactobacillus brevis BH-215 MRS w =]l A w33t & f
ko 30 mLE 1087 AR & 10 F4E 20

Atz g A(pH 7.2) 30 mLE 23] ﬁl?‘*ﬂ oE HF
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el

10 mL2 3le] 233 7|2 A5 B3 T A48
3ttt 2 A5 AL 5000 rpmof Al T}HA] 10%1—1 LA E-2 5

o A8 G902 3tk /)2 Sdo2E 20 mM
(MSG), 04 M NadCl, 0.2M-pyridine HCL -(pH 4.5)¢ < 1.3
mi¢ 4M AR UL 01 ml 2 §49 01 mlE 283 &

37TANA 6087 ¥HEA AT

587 89 F ws-S AAAZ g 44 E GABAE &
Attt 47 248t A 187k 1 umole) GABAZ A 4
e A 199(U)E stAcHis]

Column# reactor2| &x|

GABAE d&xog A3y 95ty oladAz e
column¥(Fo] 100 cm, 74 6 cm, 3¢, &% 08 Y
column ¥F§-Zo] 1R E #AE F & 50%HA FTF
b TF2 peristalic pump2 AFE-3le] Qo)A 9
dstm A A% wEsdohFig 1).
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Fig. 1. Schematic diagram of the air bubble column reactor for
production of GABA from Lactobacillus brevis BH-21.
1. Culture medium stock vessel, 2. Peristaltic pump, 3.
Continuous column reactor, 4. Water jacket, 5. Water
jacket pump, 6. Warm water pool, 7. Air pump, 8. Alir
filter, 9. Gas filter, 10. -Harvest tank.

Table 1. v-aminobutyric acid production of immobilized wholl
cells of Lactobacillus brevis BH-21 by various polymer

matrices
‘ Wet cells Concentr'atlon GABA
Marices (® of matrices  production
5 (%) (%)
Agar 1.0 25 72.8
Sodium alginate 1.0 3.0 100.0
Polyacrylamide 1.0 35 66.3
k-Carrageenan 1.0 6.5 87.6

=T 4ol doln g gelol FAjso) oFslci2]. Agar
9} polyacrylamide®] 7438} gel& Hejo} 2717 n27) &
sto] AFT BAE ZA R A 2E A& gelo] B
Y571 # g dHo} e} caalginater A4 wE Lz
HAAE ¢Be T B2 22NN BHI}AE gele] ¥ 3
7t A doiutA g3 A% G A B Yo
He o4 143 G2 sodium alginateE A48 712 4
45+ cH{2,19,25).

EAHQ! sodium alginate? B&

2R3 FARA FAE 2ASE o FA Y Fxo| et
ele] Aol depxy wAle uQs 4 BaY F8E
F&g vlAA €k Fig 29 yehd zle} 2o sodium
alginateE 2.5, 3.0, 3.5, 4.0% 9 552 FE35 o GABAY A
458 2AME A3 sodium alginate 557} 3.0% 2 2 of
zA o] F2o] AY Fhew, GABAY WYE dorg
2 AP e 3.0%9) sodium alginateZ FAS 1A 8 ety
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Fig. 2. Effects of various sodium alginate concentrations on 7 -
aminobutric acid production in culture broth of Lac-
tobacillus brevis BH-21.

M: GABA production, [ Viable cell per mL.

ALt ATt ofgh Zo] FH ek BE AR E wik gE2A)
 ZAE 18T o gAY F=vt BE A A F&3
Atk Osaki [22]5-2 7+7o} FAgstel 4§ 2710 LR
Aol 3.0% sodium alginate2A) Zygosaccharomyces rouxxiis
A5 H 3, Yongsmith$t Chutima [28]2 AFS 3.0%
sodium alginate2 1338 wew BpE A9 dn
B 9o

Lactobacillus brevis BH-21 o2l F2l ¥ THS0]
olst GABAMAIG] EMH|

Lactobacillus brevis BH-21 #+2] A9 1133 F)d 9
%t GABA A2t 5& vlusty] sto zhzte] 38 442
Aog wioksir A wEE 4A 7 vtk 42 GE WS
TRAFHA RABAT. Fig. 39 YElR uhg) 2o] #)
Ao o3 BEY} A FAd 3 YEE vl A 13}
HE A 719 4A AR E GABARANS L frE] FAS o) &
sto] WE Y nf o7 ok 2 23 dadiNE 1335
A 48 27 98 FAF v fEl 2AY Fee
GABA9] Ats5& Wo] "Holgon 33 4 43 2F A 1
A3 gl 93 GABAY A4te A Wyt glddevt &
g aA o] 9 GABASY A5 43 At ol
frel TAE 43 AL ALEFo2H 759 o] HolA7)

o7 A5E Wt a3 FAd 3 GABAY 4
AR 4% BEAE 2AgE S48 Ao uof A ¢
Ao o3 A&3 HFrt g&Hoga Ay 2y 4
A g ol¥ Arizke] #a A mPst 7A 2 GABA At
Ao} 2734 oA AL A FHA sodium alg-
nateof] FH L 7]Ho] B FE& o[F A= HEYA
oz AEHA(1] 94 2FE A o9 2L BHE 1
3 #AY ARAPLE BB F Ue ALE AZHEY.
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Fig. 3. Repeat fermentation of 7 -aminobutyric acid production
by free and immobilized cells of Lactobacillus brevis
BH-21 in column reactor.

One fermentation cycle took on every 24hrs.
®—©; Free cells, O—O; Immobilized cells, | ; Ex-

change of fresh production medium.
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Fig. 4. Effects of flow rate of substrate on the production of
r-aminobutyric acid by Ca-alginate immobilized cells of
Lactobacillus brevis BH-21 in continuous culture broth.
B—N: GABA (mg/L), ¢—: Viable cell per mL.
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Column#® reactor0ff 2|8t oidtg

GABAE A4ts17] 98t iy elA &8 AF L&
ZA Y HFLEEE 7| 2§ column® reactorE AME3}
of A& Ee AX Ak Lactobacillus brevis BH-212 3.0%
sodium alginate2 3173 38}3}e] column® reactore]] 3173}
TAE 250 g¥ 5 A% F 350 A peristaltic pumpZ 713
£ A7V 10 ml, A FAZEE 10A171 0.2 3t FF3HEA
3047 FEdHE o LEA Fo GABARA, pHO w3
2L WF+E 248} Fig. 5914 Uehd wie} go] #g
2 Aaste] 239 A3} A GABAY A5 o 26 mg/
100 mL2 A4 ey, 597+ 2.8 mg/100 mLY o™
104 Aol A= GABAS] AJ4+59} 3.0 mg/100 mL2 33|
of @8t9, ¢E 2097hA GABAAAte] fAHT}rt 25U
723} A& 25 mg/100 mLE2 Eo|x|7] Alsle] 30 A3
Aol 2.2 mg/100 mLe] GABARASS et ot 2&
A gele) AFSE FEAT 5YREE 14x107 cells/mLA
=2 BgAs uet 3t S7tetn, 5974 AT A
F42 §A5T7} 308 A Ao)s 1.0x107 cells/100mL
0% oz gastgth 28 f2dY YFrE 42x10°
cells/mLo) A 1.0x10° cells/mL AEE L&A 5YRE
2g 30Y7tx] 9 BAEFE Ao ¢E A pH
T 40~504= 8 & WstE FotE F §isith

GABAY] A2he @& A st 2097HA = 94 &
FA 57 259 o] FHE Aate] HojAE AL column
RS2 A A7) BERA F gelUlo] FA7 ZAHL
71t 719 /2 Aste] nAFAAT BHH7] 9
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Fig. 5. Continuous fermentation for production of r-amino-
butyric acid by immobilized cells of Lactobacilus brevis
BH-21 in column type reactor.
A—A : GABA production (mg/L), @—: gel cells/
mL, B—B: Number of effluent cells/mL.



B Zygosaccharomyces?t 309 [11,22] o4 Streptomyces aur-
eofaciense 36PN T WA At FHE ANY & o
ol Bagln Qe8] ol 9} Zo] Lactobaciflus brevis BH-21
= A1 4B 7Hesle GABAZ A4 & AT

Lactobacillus brevis BH-212] #¥ IR%0) Chst &
ojd 2

Lactobacillus brevis BH-21& A fw) A o) A wjeksl 5 34
E 94 289 9% 27 2RSSR 28 A8 7S 30
% sodium alginate® 1A3tA1Z0 ohg& H2HE v 7 (manifi-
cation, X 10,0000 #2359} Fig. 6. AdX HEvtsh 2
o} Lactobacillus brevis BH-212 A3 7 3 dnjAo s #©

Fig. 6. SEM of an immobilized cells form spheres of outer
surface.
{A) Spheres attached on matrix, (B) Close up of bead,
(C) Clossed linked bead.
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€ B 4 Yo, Fig. 6. BE sodium alginates} 21743}
A TA bead 14 & FHA BLY £ JAReonH,
223 Fig. 6. Co A3 GAlE cross section & & %S
Jehd st
83 Lactobacillus brevis BH-21 # A& sodium alginate
2 1nAZ A7 cbe column reactoro} 4 244]7k, 15¢ 2 30
A7y wE A7 & ujZog AAFHEY, Column reactor
N} BEA) R AT Fo) & Lactobacillus brevis BH- 215 &
Aol wolgle FAG A7t o> AL (Fig. 7, A) 2

Fig. 7. Scanning electron micrographs of immobilized cell
spheres in column reactor.
A: Immobilized cells spheres before fermentation.
B: Immobilized cells spheres after 15 days fermen-
tation.
C: Immobilized cells spheres after 30 days fermen-
tation.
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10 mL/ho] A Z Ao At Lactobacillus brevis BH-219) 1
A8 FA Y F2 dAE A8t 7 - aminobutyric acid ]
g A 248k 1,2, 3, 2 4% 2R T 4843wt
o AAE J1AS FYEAM vl - AN AR A3
A e ALE Ao garaxe] o] @etch Columnd reactorol] 9]
3 A% BE A BF 5974 Aito) ¢4 P HE 30
7HAE 7 - aminobutyric acidE A4 = QIATH
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