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Abstract: In this study, the effects of pH, temperature, IPTG
concentration and substrate (MSG) concentration on gamma-
aminobutyric acid (GABA) production in engineered Escherichia
coli were investigated. Glutamate decarboxylase and glutamate/
GABA antiporter were overexpressed in GABA aminotransferase
knock-out strain for GABA production. The result of optimization
study showed the GABA bioconversion was optimized at pH
3.5,30C, 0.5 mMIPTG, 10 g/ MSG. At this condition, 5.23 g/L
of final GABA concentration of was achieved from 10 g/L of
MSG, which corresponded to a GABA yield of 85.77%.
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HZ AAARRJ] A5 233 A Ak 1498 59
Q10 % QIsle], Af3stAIE2] 7H o] 7htEA AdsEtal
AT} A3lekAIE L] tieto 24 nlo] Qou], o] @ e}
2F 5o Hlo| el AREE ksl flsh o] 254
O F o]FojA|aL it vio]| @ FepAE 2] Z-9- 2002 &
F2F (poly lactic acid) 2] 7313} ©1%-, polyhydroxyalkanoates,
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poly (butylene succinate) ‘5~ TFFsH vjo] @ Ze}AE 9] A1)
s} ghis] X3y Folnk e 4= AT 7 A4 =4
o] FHoju} A YRR AE Zhg-E vkl glow, bt
0] 2 2] gamma-aminobutyric acid (GABA)S ©]4-3}o
ARSI [12]

GABA+ Aol A7 dGE2 A avfel ot Adst
g WEarpt Qlehar A, @A) A5 9 SJokE Al EE-
=31 It} [1,3-7]. GABAT =584k 985 = =58 7t
EAZHA| (glutamate decarboxylase)®ll 2J3l] #7322 4= 310,
GABAZ] 44 o400 Qlato] AEsH4<] o=
GABAE Aiksh= TRk A0l Fa8s]olA gkt [1,3,4,89).

£ A= pH, =5, monosodium glutamate (MSG)
5%, isopropyl B-D-1-thiogalactopyranoside (IPTG) &%
9] 9]F-x710] GABAAAe A= G Ao,
GABA i1x710] HA3ks aqith. 84?0 GABA
W fleto] S FEAC 25 GABAE Wiksh= 278
AF )72k (GadB)2F GABAS 9472 Enleh= 2%
EMVGABA 93554 (glutamate/GABA antiporter, GadC) &
YEFAAT HA-5 ARESISITE [1]. 553 GABAE succinic
semialdehyde & A 35}= GABA o= E AT 2fo}A|
(GABA aminotransferase, GabT)E &3} sl Aikd
GABA®] sl E <fAlsisint [1].
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2.1. 25 H ujg
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SHATE. HFS 91510 Luria-Bertani ¥i|A] (Bacto Tryptone
10 g/L, Bacto yeast extract 5 g/L, NaCl 5 g/L)7} AH-5 )
™, ampicillin 100 mg/LE F7}38190}. 7+ 37C and
250 rpmollA] BIFE AT

Table 1. List of bacterial strains and plasmids used in this study

Strain, Plasmid Genotype and/or property Source
Escherichia coli strain
XBT XL1-Blue AgabT [1]
Plasmid
pHBC pMAL-p4X containing gadB&gadC  [1]

22. 9820 g EH

A Z3 = ampicillin 100 mg/LE 57FF 100 mL 9]
LBUlA] oA wek=| Sl om, el2710] GABAAYAT] W]
© IS AL pHE 2.5,3,3.5,4,4.5,5% 24
Qom HjekL = 25C,30C,37CE ZAE}. w3
71491 MSG2] 55+ 10,20, 50 g/LE EIAESI{H O
o, IPTG] F5+= 0.25,0.5,0.75, 1 mM=Z H3FAZL
ANzg g2 dAlSE7F 0D600 1.29] TE8hd, #5
= AAEelste] ket 50 MSGY IPTGE X383t
AZE- LBHXI Ol HE3). g5 4821754t okl o
o, o] 1247} Ak GABA 55 HA8I3T)

2.3. GABA 4

GABA 553242 HPLCE 018311 o]F015.9m, OptimaPak
C18 column (4.6 x 150 mm) (RS tech Corporation, Daejeon,
Korea)©] ARFE|ITH ABE2- 12,000 rpmolA] 537F L4l
2] & A 100 pLE FH 3t} 1 M Sodium bicarbonate
buffer (pH 9.8) 200 uL, 80 g/L dansyl chloride/acetonitrile
100 pL, Z57 600 pLE F7kste] F wkgHe] Fa&
1 mL2 9=t} 80 Collr] 4087 W8 %, 20 pL/mL A4k
100 WLE F7Fete] RS FA%H) 12,000 rpmollA] 5+
7F QARe 3 AS9S 0.22 um Millipore filterE ©]8-
sto gAg)

Eluant A (tetrahydrofuran/methanol/50 mM sodium acetate
pH 6.2 (5 : 75 : 420, by vol.)) $}eluant B (methanol) 2] binary
non-linear gradientE ©]-&-3to] MEEAS T3t
ElutionZ712 th2¥ 2t} equilibration (6 min, 20% B),
gradient (20 min, 20-80% B), cleaning (3 min, 100% B). ©|
B 52 1 mL/AE ©1310H, column?] 25+= 30CE
ZHEQIT) AETAE UV 286 nmellA] oo 3ict.

3.89% 4 1%

2 A7lME pH, 2%, MSG &%, IPTG 5% 59 o1
£310] GABAA ] mA= e Al aaHdl
GABA®] S 91310 GadB9} GadCE Hgddir7]ar,
GabT& =273} & A w55 ARSI [1].

3.1. pH 9% &4

Q- pH7} GABAA mix|= JakE w4sh7] flste]
HjeFale] pHE 2.5,3,3.5,4,4.5, 5% WH3IA]7|WA GABA
Arkse] WskE AT (Fig. 1). sl 2] pH7F 591
ol M= GABAZF 34| A] edskct. wljefee] pH7} 4.5,
4.0%1 1oM= 36A1KF 78 GABAZF BAk=7] A4}
stgdom, HER o7 ok 0.4 g/LS GABAZF AT
pH7} 3.0,2.591 A ko] AlZFshHA GABA )
Aako] AZFE AR, 12413 ©]F GABA 2] AJAko] Sat
o] FEAoT °oF 16 gL GABAZ} AAIEIT} (Fig. 1).
sl o] pH7E 3.591 A= HESAIHEQE |43
9l GABAS] Aato] o]Fojxlom HFA 07 527 g/1.9
GABA7} A=) 2 A¥E vleo = GABAAALS] #
A pHE 3.598 Il
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Fig. 1. Time profile of GABA concentration at various pH. pH 2.5
(®); pH3 (0); pH3.5(V); pH 4 (A); pH 4.5 (m); pH 5 (D).

32. 2% JF 24

S 2571 GABA Aol mX)= 43S #4Eh] lsto]
=S 25,30,37C2 HskA7]HA GABA “ibse] wish
S A EYT (Fig. 2). wlFee] 257} 37°C1 Z24exie=
GABA7} AAFEA] 9kttt nfjokolo] & =7) 25CQl ZHo
A= 24417 $9E GABAZE AiE]7] AR o, At
St ATl 0= vlobd HFA 0= oF2.11 ¢gL°] GABA
7} AP QE), wjeFe] 17} 30°CQl ZdelA TP e
5128 GABAS] Ailo] ool om], HFA O 529 g/L
] GABAZH AAFEISIEE ¥ A2 BP0 GABAAL]
2 25 30CUS RIS

3.3. MSGEE %3 B4

GABAJAI1-8-9] 71421 MSG2| %7} GABA At 1]
A= G A8 flsked MSG E%E 0, 10,20, 50 g/L
2 HEA7EA GABAAAFE2] W3kE AT Bt (Fig. 3).
HjeFloll MSGE H718HA] &2 79, GABAAO] o] 5
oA A] k3t 10,20, 50 g/L o] MSGE HiFell 718kl
S A%, 247t 5.17,7.2,1035 gL GABA7} FFA o=
AAE QT =8 0 MSGE #H7lebH HE GABAY



X =gt Escherichia coliZ& 0|25t gamma-Aminobutyric Acid Zi&t H

S 2|Hst 129

57t FolE AoE 43tk GABAyieldE H]isto]
B 10,20,50 g/L] MSGE viklel H71steie 49,
Z}7} 84.79,59.04,33.95%2] & GABAyieldg 43It
=, MSG9] §5E FolH HEF GABATEE FoHAANE
GABA yieldi= Sobds 13t
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Fig. 2. Time profile of GABA concentration at various culture
temperature. 25C (®); 30C (0); 37C (V).
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Fig. 3. Time profile of GABA concentration at various MSG
concentration. MSG 10 g/L (e); MSG 20 g/L (0); MSG 50 g/L (V).

3.4. IPTGE X 95F B4

iz AF AR IPTGE] 55%7F GABA AT wlx|=
ke B8] 9J519] IPTG 5% 0,0.25,0.5,0.75, 1 mM
= HAsIAZEA GABAAFES] WIslE AT (Fig. 4).
IPTGE 7FsHA] &2 A% oF 2.14 g/L2] GABA
7} HAEH o2 AL o) Wil kA AR 0] B
ek 8o oJst 71441 (basal level expression)©]]
71018k Aoz Al Et IPTG] %= 0.25,0.75, 1 mM
2 RSMARSES 4F, FF GABAETES] So]%Ql ¥
35 BekA] Eit) IPTG 557F 0.5 mMQl 7o)
A, a1 552 GABA (5.18 g/L)7} AAkEQlL) 2 Av=
o2 GABAARS] HZA IPTG %+ 0.5 mMS=
FRlsk3ltt.
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Fig. 4. Time profile of GABA concentration at various induction
levels. IPTG 0 g/L (®); IPTG 0.25 g/L (0); IPTG 0.5 g/L (¥ ); IPTG
0.75 g/L (A); IPTG 1 g/L (m).

K

2 A= GABA AAMES-S A 3)s17] 918k pH,
25, MSG §%, IPTG % 59 oF-21S HspA7]w
A, oI5 2ol GABAA ] M= 3 sl
t}. 2343} pH3.5,30C, 0.5 mM IPTG, 10 /L MSG %71
o] GABAAY bl HAQ1S RIS 9 Z710ll4] 5.23 g/
o] GABA7} HE# o7 AAtEQom, o] o] 2489
85.77%°] ©]2&= e ot}

AR

A= 20129 % 2k Sk o] o] |07 o] Fo]
AU
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