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ABSTRACT

Study on the fermentation of recombinant £. coli for

glutamate decarboxylase (GAD) production

Nam, Bo—Mi
Advisor: Prof. Lee, Jung—Heon, Ph.D.
Department of Chemical Engineering

Graduate School of Chosun University

y—Aminobutyric acid (GABA) and glutamate are thought to be the
most important inhibitory and excitatory amino acid neurotransmitters
in the central nervous system (CNS).GABA, a four—carbon non—protein
amino acid, acts as the major inhibitory neurotransmitter of the central
nervous system. GABA is generated from glutamate by the action of
glutamic acid decarboxylase (GAD). GAD has been purified from several
brain tissues and it is generally accepted that the diametric protein
possesses a relative molecular mass of around 110,000 Da.

In this study, the fermentation technique was applied to produce
GAD using recombinant £. coli(BL21). The effects of ammonium sulfate,

magnesium sulfate, glucose concentration, three different feeding
vi



methods, agitation speed, aeration rate, and pH on the production GAD
were investigated in this work also.

The optimal medium composition was glucose 40 g/L, (NHy).,SO, 6
g/L, KHoPO4 3 g/L, KsHPO, 3 g/L, yeast extract 1 g/ and monosodium
glutamate (MSG) 20 g/L. MSG induced the expression of GAD. GAD
activity and specific GAD activity was 248.6 units, 4.2 units/cell mass
under optimal culture conditions. The fed—batch fermentation was
performed to increase the cell mass (3.7 g/L) and GAD activity (337.3
units). The production of GAD rate was increased with the oxygen with
increased agitation speed and aeration. The cell mass, GAD activity and
specific GAD activity was 3.9 g/L, 764 units and 5.7 unit/cell mass at
300—350 rpm and 7 vvm, respectively.

Since GAD were fermentation pH—dependent, pH was controlled at
pH 5.5 to enhance GAD productivity. With pH—controlled conditions,
the cell mass, GAD activity and specific GAD activity was 3.7/L, 834.7
and 6.6 unit/ cell mass, respectively.

Finally a concentration of 1 M of GABA was produced from glucose
10 hr enzyme reaction.

In summary, this fermentation system would be considered to be
suitable for the product of GAD at the condition of glucose 40 g/L,
(NH4) 2S04 6 g/L, KHsPO, 3 g/L, KoHPO, 3 g/L, yeast extract 1 g/L
MSG 20 g/L, 300—350 rpm, 7vvm aeration, and pH 5.5.
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7y —Aminobutyric acid(GABA)+= A Aol Y] &3t vjgkid -
4 ohrxAte g Hrlsg FXATIE 59 AR

(CNS, Central Nervous System)dA] FQ3F A A AAFHdGE4 o]t}
GABA<+= glutamate decarboxylase(GAD) % L—glutamate? & ®AF HE-$-
o] oJ& CO,¢} 3+ WA ¥ ™ pyrodoxal—5 —phosphate dependent (PLP)
BEE AT AoZ gEA drh[1-3]

GABA: AAddE=d < ofvwat Al AFdLEde] e

g s 2HA

ol HFo| At AAAGERAZ ¥ HFE JfAEH M9
AaFEE SVMAA HE dAEz 9o¥ T]els S A7l A9
FAAZ LA AFALED 4SS Fd ¥ HFRANA, ARTIFIL
HAZ giab SRR st AlAMYAE T Zes UMt A
Ao ol9let AEHAHA T &b, 719957, B, vnk
oo A el &t vk 1 |%= GABAY: Az =Ee
oz, Soesh, AR kAAg, ddAsta g, ACE A3l &4 5ol
Aol At o g w9 folst Eo|th olydt 75 E wiel GABAE
AFEA, ABEZAE, 7158 AF %k 5, 593, AA T AFHA
oke Al ol A8 ik [4-8]

PLP coO y-amino butryic acid
L-Glutamic acid 2 (GABA)

Figure 1. Schematic diagram of GABA synthesis from glutamate.



GAD+= PLP dependent &4AZA v o}, THTE, AEFH 7o)

ZAA AN AR 9tk GABAS A 7122 AU ER A
glutamic acid’}  GADE @Ao] 93te] wrlgFHow R

o] Fojx W M glutamic acid’} antiportere] 2&]&o]  AMELoE A
So17HA Hul AxA 0% GABAZF AIXE vt 2 fEHo] Y2t [9-10]

GABAS F7do] Z a3 ul cofactorell &3t B84 GADZE 43 =
g A dvk maAsHAE At ¢Jstd GAD AHelA apoenzymet
holoenzyme®] 3% %2 GADO] FHujatgo ogt Ao oste] o
ofupm wi¢- #F FEH glom 2] groupolld GADE  HZEAelA
multiple form® = EA)stal vt vrs ot HiE GADS w25 T
N groupritt ThEARE ¥ ZA A= HoJE 59-67 kDaE2 27H4]
Bj 7} A de A ok

H2N-Lys-E

Transimination

Figure 2. Amino acid decarboxylation with GAD.



GADY #&ARESS 49 active siteo] &A= lysine EW@ERS]
amine 135 ¥} pyridoxal 5° —phosphate (PLP) 2] carboxyl ZiF°] A3t}
o]  holoenzyme©°] A" o]gA 3FAE  holoenzymes PLP
carboxylZZ1& ¥ MSGE amine’lFo] AE3 F HAA7} o] FsHA H A
Ao o]gol 98l decarboxylation®] YAl EHWA o]iksierA Tt WS}
A EHA gamma aminobutyric acidE AAFSHAl H}, o] 3k Hl-go] X3y
HiE B¢ HY & 2deHA 5o aaw-so pHiE S7kskAl ®ttk(figure 2).

GABAS] Aejsta], AR 7ls& ol&3sk A7 9olx HZLol= GABA
o] opmi7| 9} FF=HAT] Atole] 3709 wE# ZFe] ofgh A fFAA
= o8 A7 oA EEs] WY Folw ol GABAZE A ring-
formation Hb-&-°ll &3] @ FxE 7F 2-pyrrolidones JAE 7 glon,
o] 2—pyrrolidones S5 ZA3}|A ring opening ¥FH&o ]3] Nylon 49
e 2 WH3lo] 7Hs3kek Nylon 4+ Nylon 6, Nylon 669 =84 549]
AR Wefl 7h7ke A wiEel GABAS] 4t4 7 o] &7bsdS Wl =
g & g it a8y Aes dAEE skl GABAS AAtele AL
NerE= g Baketr] fleiAdE mdEel o9 A9 .9 [11-18]

b 2 Aol s MSGE F7bske] alE=oGAD AAE 913k A7
A& FHAA GABA Aol F7tadE A7 stk Aol
oA IFE Ml e B R Fole Vel AHTE

Fo 9g2s ¥ weEbq dAZH s wieE (high  cell—

rr

ko g dbAEoe]  ghow mwek wjkRyle] 7H4,  downstream
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2 AFoNA AFESE B colis A SR GAD AAHS & ¢ UAEE Alx
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A2 Ad A5 2 UH

1.

Alek 2 7]7]
2 Ao e AP0 F  glucose(DUKSAN) 9 AAgdow
(NH,) 2SO, (DUKSAN), At o 2= KH,PO,, K.HPO,(DUKSAN)

{

= Atestg v g AEE MgSo,-7H,O (DUKSAN) & AFE 3HS)

o 7]e} AE O F = monosodium glutamate (MSG) (DUKSAN),
yeast extract (BD) ¢} ampicillin(SIGMA)—% o] &3ttt AXZAE
antiform (SIGMA) & AH&-&FATh ¥ Wik S 2 LAlZsto] 121°T
oA 1531 Hatsto] ARESRith Wax2 = 5L (biotron Co)E
AH&-aFl .

jus)
——
(e}

=X

RoFS wob AHGAGT AR AXF FS 300 ml Eekazel
100 ml wiFAs Wk $ 37T oA 6A1F A% Wiy & 50%
glycerol(DUKSAN) # Fdst nj2 & 4> & —70TCe| Hsto]

Aol ALgSH .



2.2 WA 24

Aol ARRE FuleF wiA] 242 tryptone(BD) 10 g/L,
NaCl(DUKSAN) 10 g/L, yeast extract 5 g/l & LB A& A}g-3t
Gdom B owjok wjx] AL glucose 40 g/L, (NH,) SO, 6 g/L,
KH,PO,, 3 g/L, Ky;HPO, 3 g/L, MgSO,-7H,O 0.4 g/L, yeast

extract 1 g/L, MSG 20 g/LZ v vt wix]&= 121 T
A 1583 Easte] AFE-eRel o pH 242 3N NaCl(DUKSAN),
IN HCI(DUKSAN) & Abg-3Falth. viA ] 292 table 1.° 27|13}
At



Table 1. Medium composition

Component Concentration (g/L)

Glucose 40
(NHy) 2SOy 6
KH,PO, 3
KoHPO, 3

MgSO,-7H20 0.2

MSG 20
Yeast extract 1




2 159 5%°l sidsts E2k~a WA (LB media) & 100
ml REHEo] X% wjk7loll A 4A1%F wieFst Fofl 1.9 L & Hjxlo]
T SFQith kR 37CE Flon Wik S ] whet
200—400 rpm, aeration rate= 3~7 vvm, pH &= 7.0 ¥ 552 =%
9 skt

3.2 Glutamate decarboxylase (GAD) #3&

2 Hjeke] B¢ g S BT Rob YA E7] (Mega 17R,
Han—il Inc., England) & ©]£€3] 8000 rpm 10%¥7F g4 &a] g},

HAHE #AE pH 5.0 sodium citrate bufferE ©]£3l sonication
(VCX 500, Betatek Inc.)& 20%3F 3+ & QR 7|5 o] &3¢
8000 rpm 103+ A48 st Asds FHgoh F8d dsH
10 ml® 3] =70 C deepfreezer (DF8517, ilshin Bio Co.) ©]|
Hysto] A3el ARE-sFith

HX| 2]

(B HAXE
\oo pH Air

CI::% —> By B3] —>
@—»&—»

~

I+

Figure 3. Schematic diagram for E. coli fermentation.
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Az AR 4715 o83 8000 rpm oA 10 &<t
At AAE dAE SHTFE AFHS F 60T dry oven ©ll
A 2473 AEAA Ax TEE AN dx dAZI OD
600 nm oA SAHT FFLE=g A GHAAE 15
standard curve® WrEo] AR SHITE @Al I#Z= figure 4.
of vebslvh. $FRE o] indophenol [24]%H o=
o] W] AFE-3l standard curvet figure 5. o YEFATH Glucose &
1= dinitrosalicylic acid(DNS) [25] WS o] &35t 4315 th
(figure 6). &A1l A& w3 F =A== Z2H: Ultraspec 2100
pro, AZA}: Biochrom Inc., #A|Z=7}: England & ©| &3} 43}

AT
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Figure 4. Standard curve for the determination dry E. coli weight.
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Figure 5. Standard curve for the determination of ammonium ion
concentration.
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4.2 GAD activity =74

=25 §45 o]83] GABAR H3IS A7]7] 938 GAD HH<

W EQ 37 CE Whg Alth 242 gabase[26]H2Z 60%-7t
25 C= WHEAIZl 3 AAE NADPHO 55 B4 on, 44
¥ NADPH? FEE %34 GABATEE sy, AAd"
GABAS] oF& o] &34 GADQ activity®s w2438F3Ith olul GAD
activity®= % A ¥ GABAS M (£M/min)< lunit 02 4
315l 01 specific GAD activity: %9 A E GABAS k& A

ZFo 7 o] Fth (unit/cell mass).

GABA + «a —Ketoglutarate D Succinic Semialdehyde + Glutamate

Succinic Semialdehyde + 8 —NADP*—2_p ¢inate + NADPH

Figure 7. Simplified diagram of gabase reaction.
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Figure 8. Standard curve for the determination of GABA concentration.
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4.3 High performance liquid chromatography (HPLC)
B A3
-

GAD W¥g& 3 ¥ AFd¥E GABAel 1-Fluoro—2,4—
dinitrobenzen (DNFB) [27] & 2AS& AJ7l & HPLCZ =43
th. olE4E (A) 0.05% TFA/water , (B) 0.05% TFA /ACN <
AHgskoleh 48 AYS XRerra RP18 (5 l, 4.6 x 100 mm) &
AFE-38La1 UV-—detection 400 nm ©lA &4 3ok olu, flow
ratet 0.7 ml/min ©]" GABAS ZFE4S wH50] peak? W3

S 0] &3] standard curveES WSS

|

O

Ho)k/\/NH2 —I— F \_/ No, =D \/\/\NH@_NOZ + HF

Figure 9. Simplified diagram of DNFB reaction.
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4.4 g ZA ¥ E¥dH F4A  (response surface
methodology)

-2 3 A1 (Response surface method, RSM) & o] 7}
A 5, 5 59 15 AsFge mE 45 A5 WHs)
tfste] FHd vESAE YEdlE HA 21S Foldlr] fl& o] &

EOEARQ B ol webd 7 289 FE Qg o

il

#AE HolH2RY F4sto] 5 sE ¢ Walel we v

| oj@A et e 5 o1, ojmd Sww

o

UTH31]
2 AFoA = ammonium sulfate?} glucose, WG| wp&
g W BAES eIt Ao 2qls 7HA A sHHS (X1, X2)
S (V)2 3

Z sta vk A3 AAE = GAD activityE 5
om A 4-4-19 H¥-& thgt 22 BP0 7 AEst] Y Fho] &
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A3 AddH
1. #jF =4

1.1 %7] ammonium sulfate &E°| W& 3k

2L #ax oA ammonium sulfate (NH,) ,SOy sl wp&
& A7 Figure 117 2tk (NHY),S049) $%% 2 g/L, 4g/L |, 6
g/ 2 o] AdE o9l A 231 2% 37 C, 200 rpm,
452 3 vwm, pHe 72 & F AA wiYg &tk 2 A%
(NH4)ZSO4—§— 2 g/L, 4 g/L, 6 g/L ¥o| vlFetx] 24 AJZF whe] A

F gAFe 2.1 ¢g/L, 2.1 g/L, 23 g/L & (NHy,S0,%5 6 g/LE 4
of Fol= wl, Ax dAZo] 7HE = e A 9 &
AT,

(NH) 2S04 2 g/L, 4g/L, 6 g/L 2o] vjFe =319 Hol GAD
activity @] #t& ZFzZF 159.5 unit, 272.1 unit, 274.8 unit & 4
g/Le} 6 g/Le (NHy) 2SO0l A vlszebAl YEbRtaL, specific GAD
activitys= Z+2F 2.3, 3.7, 3.8 unit/cell mass = 4 g/L9} 6 g/L9]
(NH4) 2SO0l M vl 8 Al 578 = 3.

o] AdS wigoewR 4 g/Let 6 g/ oA GAD activityt}
specific activity7} BIS28tAl WgtAIRE A A2 6 g/Lold S0 =
Al AArES]. 6 g/L 9] (NHy.SO7F H4 A 5= Az o

HA Ads A s
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Figure 11. Effect of (NH4),SO,4 concentration on cell growth; (A) 2 g/L, (B)
4 g/L, and (C) 6 g/L.
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Figure 12. Effect of (NH,),SO4 concentration on GAD activity and specific
GAD activity; (A) 2 g/L, (B) 4 g/L, and (C) 6 g/L.
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Table 2. Effects of (NHy) 5S04 concentration on cell mass, GAD activity, and
specific GAD activity

(NH,) S0, DCW GAD Specific
(g/L) (/L) activity GAD activity
(unit) (unit /cell mass)
2.1 159.5 PE
2.1 272.1 37
2.3 274.8 3.8
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1.2 %7] magnesium sulfate %o W& J3F
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Figure 13. Effect of MgS04-7H;0 concentration on cell growth; (A)0.2 g/L
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Table 3. Effects of MgS04-7H;0 concentration on cell mass, GAD activity,

and Specific GAD activity

MgS0,-7H;0 DCW GAD . ASI;)emf'lc'
(g/L) activity activity
@ (unit) (unit /cell mass)
0.2 2.1 274.1 3.8
0.4 1.9 291.4 3.9
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Figure 15. Effect of monosodium glutamate (MSG) on cell growth.
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Figure 16. Effect of MSG on GAD activity and specific GAD activity.
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Table 4. Effects of MSG concentration on cell mass, GAD activity, and

specific GAD activity

GAD Specific
1(\/1/88 ?C/:X\g activity GAD activity
& & (unit) (unit /cell mass)
0 2.1 274.1 3.8
20 2.1 291.4 4.1
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Figure 17. Effect of glucose concentration on cell growth; (A) 10 g/L, (B) 40
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Table 5. Effects of glucose concentration on cell mass, GAD activity, and
specific GAD activity

MgSO0,-7H;0 DCW GAD . ASI;)emf'lc'
(g/L) activity activity
@ (unit) (unit /cell mass)
10 1.4 76.2 1.8
40 2.1 248.6 4.2
60 2.1 220.0 3.0
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Figure 19. Effect of glucose(2 M, 100 ml)addition at 8 hr (A) growth curve
and (B) GAD activity and specific GAD activity with the fed-batch
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Figure 20. Effect of glucose (2 M, 100 ml)addition at 18 hr (A) growth curve
and (B) GAD activity and specific GAD activity with the fed-batch
culture.
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Table 6. Effects of fed—batch on cell mass, GAD activity, and specific GAD
activity

Glucose DCW GAD Spec1f'1c'
(g/L) (g/L) activity GAD activity
(unit) (unit /cell mass)
40-1 2.3 124.8 1.7
40-2 1.9 94.7 1.5
20 2.2 88.2 1.6
10 3.7 337.3 3.6
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Table 7. Effect of MgSO4-7HyO concentration on DCW, GAD activity, and
Specific GAD activity

Agitation speed DCW GAD Spe01f'1c'
(rpm) (e/L) activity GAD activity
(unit) (unit /cell mass)
200 2.1 274.1 3.8
300 3.5 468.9 5.4
400 3.7 424.7 5.3
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Table 8. Effects of aeration rate on cell mass, GAD activity, and specific

GAD activity

Aeration rate DCW GAD Spe01f'1c'
(vym) (e/L) activity GAD activity
g (unit) (unit /cell mass)
2.1 274.1 3.8
3.5 468.9 5.4
7 3.9 764.3 5.7
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Table 9. Effects of pH on cell mass, GAD activity and specific GAD activity

Fermentation DCW GAD Spe01f'1c'
H (e/L) activity GAD activity
P (unit) (unit /cell mass)
5.5 3.7 834.7 6.6
7 3.9 764.3 5.7
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Table 10. Estimated regression coefficients for total GAD activity (A)
ammonium sulfate : glucose, (B) ammonium sulfate : agitation speed, and (C)

glucose : agitation speed)

(A) Coefficient Std. Error t P
Yo —407.43 28.8597 —14.1176 0.045
a 136.3775 15.1448 9.0049 0.0704
b 16.4325 0.7346 22.3683 0.0284
C —13.3213 1.8366 7.2533 0.0872
d —0.1936 0.0105 —18.3633 0.0346

(B) Coefficient Std. Error t P
Yo —1143.75 65.4082 —17.4863 0.0364
a 136.3775 15.1448 9.0049 0.0704
b 7.7633 0.4357 17.8163 0.0357
c —13.3212 1.8366 —7.2533 0.0872
d —-0.0117 0.0007 —15.9563 0.0398

(C) Coefficient Std. Error t P
Yo —1.22E+03 3.89E+02 —-3.1341 0.0885
a 2.10E+01 4.15E+00 5.07E+00 0.0368
b 7.85E+00 2.99E+00 2.63E+00 0.1194
C —2.50E-01 6.37TE-02 —3.92E+00 0.0592
d —1.23E-02 5.00E-03 —2.46E+00 0.1333
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Figure 30. GABA production form MSG using 50 ml enzyme reactor.
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