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ABSTRACT

Optimization of GABA production process using recombinant

glutamate decarboxylase

Kim, Eui Jin
Supervised by Professor Lee, Jung—Heon, ph. D.
Department of Chemical Engineering

Graduate School of Chosun University

Recently, bio-based fuels and polymers from renewable biomass have drawn much
attention due to the increasing environmental concerns and concern over the limited
nature of fossil resources. For example, polylactic acid(PLA) made from corn has been
considered as a good alternative to petroleum-based plastic and has widely been
employed for general purpose plastics because of several desirable properties such as
biodegradability, biocompatibility, compostability, and low toxicity to humans.
However, most biopolymers cannot be applied in high-value-added areas such as
automobile manufacture and electronic devices because the mechanical and thermal
properties of biopolymers are not able to meet high performance requirements of such
applications.

Nylon 4 is four-carbon polyamide suitable for application as an engineering plastic
due to its superior thermal and mechanical properties. Contrary to other nylon polymers,

nylon 4 is heat-resistant, biodegradable, biocompatible and compostable. Nylon 4 is
XV
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synthesized by ring-opening polymerization of petroleum-derived 2-pyrrolidone.
Because 2-pyrrolidone can be prepared from gamma-aminobutyric acid(GABA),
GABA produced from renewable resources such as L-glutamic acid, which is
eventually used as the monomer for the synthesis of nylon 4, could broaden the
industrial applications of GABA.

In this study, we have demonstrated the hybrid process composed of biological and
chemical processes, in which biomass-derived 2-pyrrolidone was used for the synthesis
of nylon 4. High concentration of GABA was synthesized from MSG with recombinant
E. coli expressing glutamate decarboxylase and then GABA was converted into 2-

pyrrolidone that was finally used for the synthesis of nylon 4.

The fermentation process was developed to improve the GAD production using
recombinant E. coli(BL21). The effects of ammonium sulfate, magnesium sulfate,
glucose concentration, three different feeding methods and pH on the production GAD
were investigated. Results showed that the production of GAD was the highest and
reached 830.5 units when glucose 40 g/L, (NH4),SO4 6 g/L, KH,POy4, 3 g/L, K;HPO4
3 g/L, yeast extract 1 g/L and 350 rpm, 7 vwvm, and pH 5.5.

pH controlled batch reactor and bubble column reactors have been developed in this
research. They were used to produce high concentration of GABA and to determine
optimal pH for GABA production. Glutamate decarboxylase (GAD) was isolated from
recombinant E. coli and used for GABA production from monosodium glutamate
(MSG). pH control was inevitable because the pH increased with MSG consumption.
GAD showed highest activity at acidic conditions at pH 5.5 but the optimal pH for
GABA production was pH 6.0. When 1.5 mole of MSG was used as reactant, the 1.05
mole of GABA was produced after 10 hrs batch reaction. Using bubble column reactors,
80 % of MSG was converted to GABA for 6 hrs reaction and 1.2 mole of GABA was
produced.

XVI
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2-Pyrrolidone was synthesis with high pressure reactor using produced GABA.
The sodium chloride in the GABA solution was removed using acetone precipitation to
improve 2-pyrrolidone synthesis.  The bulk polymerization process using 2-
pyrrolidone has been developed for the production of Nylon 4. The NMR results
confirmed that the produced polymer was Nylon 4.
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0 0 GAD Q
H
w Tb ZN\/\/U\OH
HO OH
NH; y-amino butyric acid
L-Glutamic acid (GABA)

Figure 1. Schematic diagram of y —aminobutyric acid (GABA) conversion
from glutamate by glutamate decarboxylase (GAD).
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1.2. Glutamate decarboxylase (GAD)

1

Glutamate decarboxylase + pyridoxal —5° —phosphate dependent
aaEA BE ol EfEa, e o] A de ddE itk
GABA 9] A37122 MaEuutel A glutamic acid 7} GAD ©] & 4ol 23}t
o H|7}d A o7 EEkito] o] Foj XA glutamic acid 7} antiporter ©f <]
sto] AlEtez A Eo7HA = ARA % GABA 7F ME Wo®
ZF¥o] Yarh[12-14].

GAD ¢ %+ monomer unit ©] 3 7}¢] domain &= /¥ o] Qlt}. 3
7H€] domain & Z}7} N—terminal, PLP—binging, C—terminal domain &=
=4t WA N—terminal domain & F71¢ %33t @ —helices +x2& 7}
A2 31T}, PLP—binding domain < 3}l B —sheet o o}F&/0 a—
helices 7} B —sheet ol B4 A F = EA gt} C—terminal domain
= 370 a —helices FEH7F 4 702 BEHeHA] b= B —sheet 9 A T4
=o] Sltk. Monomer uint ©] F/HZ AFE FefelA GAD & A=
PLP—binding domain & 7}-d] -l §1A @} 242) 749 2 %9 =
PLP ¢} Schiff base A%< star 45919 lysine o &3 X @15
17].
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Figure 2. Schematic diagrams of the role of cofactor in pyridoxal—5" —
phosphate—dependent glutamate decarboxylase.
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Bl 7} EAscka 224 ok
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amine 155 ¥ PLP9 carboxyl Z1F°] ZA%3FY holoenzyme©] ¥4 Ht}.
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a9 active siteo] F£A3= lysine ¥ WEH

oldA #HAH holoenzymes PLP2 carboxylZH3 monosodium
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o] &l 98l decarboxylation®] Uo|UAl HA ofatstekaT) WA EHA H
WA GABAE AAFsHA fr) ol# g wkgo] AAH = Fek HY & A&n|s)
Al =3 a4ANEES] pHE S7FshAl |tk [18-20].
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& ol&3s AT oAl &ds] ¥y Folm o= GABAZF A ring-
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1.5. BB A<E (Specific growth rate) ) B|EA
(Specific activity)

H|2AIRE de Eetel FA sk

TAF X = 1 NFol EAetes AxaAZ X AuaEs, 71 v

AN pE WEASE (e sk AT AREEES Uehi o5
Sol, MEASE(u)7h 0.1 Aol AbE 10% EAFS ovishi, wF
NE% gl 45 FAGET At olgd wAREEes w7t 4L
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[-2 % 28 A5 2 I
1. A2k 9 7]7]

B Ao = ©HAYO R glucosedt AAYORE (NHy) 2SOy,

Qe o2+ KH,PO,, KoHPO,E AMEslla A=z

)

MgS0,4-7TH,0& AFE stgien 7] AHESEE monosodium
glutamate (MSG), yeast extract®} ampicilline ©] g3t ch A3E A
2 anti—formeS AFESISTE E wjFN S 2 L Al Fste] 121TCelA

1587 ditste] AFLetgich wHax2= 5 L (Biotron Co.) & AL

B Ao AFE-® #F+ Glutamate decarboxylase(GAD) &
B3t Ecoli BL-21 Wlo|FE F5dAT F F2diguelr &
g Wb ARESHTH30]. AFEE AIZF 2 300 ml FekAaAe
100 ml WS e F 37T oA 64 A= Wik F 50%
glycerol 7} &gt vjE & A& F 70T Haste] Aol At

233k
2.2. WA=

2 ATl AFEE FaleF wilx] 24 tryptone 10 g/L, NaCl
10 g/L, yveast extract 5 g/l & LB WA & A}g3tgom, B ujok
WA 242 glucose 40 g/L, (NH4) 2SO, 6 g/L, KH,PO,, 3 g/L,

Ko,HPO, 3 g/L, MgS0,4-7H,0 0.4 g/L, yeast extract 1 g/L., MSG
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20 g/L 2 v wHEQlth wiR= 121TColA 1583 Esho]
Ab&stglom pH %228 3N NaCl, 1 N HCIE AH&3s19lt},

Table 1. Media composition of recombinant E. coli

Component Concentration (g/L)
Glucose 40
(NH4) 2SOy 6
KH,PO, 3
K,HPO, 3
MgSO, -7H,0 0.2
MSG 20
Yeast extract 1

Monosodium glutamate (MSG)
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3. A3
3.1. HjF L
2 Bl 5%°) st EetAA wiA (LB media) & 100
ml TH50] AT k7)ol A 4A]ZF wjekst o 1.9 L & Hjx|e A
T St ks 37CE P om wEEE o uhet
200—400 rpm, aeration rate= 3~7 vvm, pH += 7.0 ¥} 552 %
A sl

3.2. Glutamate decarboxylase (GAD) &3

2 owjpo] By F ujope)

D5 ol YR 7] (Mega 17R,

o
{

Han—il Inc., England) & ©]€-3] 8000 rpm 10%7+ 42 a3t
A" #3E pH 5.0 sodium citrate buffer, =& &2 837
AHE-E = pHEF Y3 o ®E 259 A E FHsAH 259}
g F 42 amplitude 20%F7A A pulse 1:1, 0C =4

sto] & st dAEg7lE &3] 8000

E
rpm 1087 4% sk 9%e F FEAS HAske] —70 C
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4, A

4.1. AZ dAFED ALY, d2¥ =%

A 24NZE AZRAA X FZFE S5k standard curveE Vs

<2 Indophenol WH [31] 0.2 #2435}5]
o™ glucose FE+ dinitrosalicylic acid(DNS) W] [32] 2 o] &3}
o] 33357 (Ultraspec 2100 pro, Biochrom Inc., England) &

ol g-3to] kgt

0.25
0.20
2
2
£ 0.5 o
2
(5]
=
© i
3 o010
>
a
0.05
b[0]1.884139271e-4
b[1]0.3300926968
rz 0.9981653759
OOO T T T T T T
0.0 0.1 0.2 03 0.4 0.5 0.6 0.7

ABS (600nm)

Figure 3. The standard curve based for the determination dry cell weight of
recombinant E. coli.
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S 0.006 -
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IS
©
kS
< 0.004 -
S
<
‘g
o 0.002 b[0]9.3059662272e-5
S b[1]0.0126356415
O r2 0.9994792391
0.000 . . . . T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
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Figure 4. The standard curve for the determination of ammonium ion

concentration.
1.0

= 08 A

=2

[0}

1]

o

(&)

3 0.6 1

5}

S

c

o |

d§ 0.4

1=

[0}

(8]

5 0.2 [ )

O ' b[0]0.0233726751
b[1]0.8130987152
r? 0.9968590249

00 ‘ T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2

ABS (540nm)

Figure 5. The standard curve for the determination of glucose concentration.
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4.2. GAD activity =4

FE¥ aAhE o83 GABAZ H3E A7|7] 913 GAD wHE
0

=

monosodium glutamate (MSG)E 0.4 ml, %

PLP & 0.1 ml, =3t GAD 4% 0.5 ml = 30
W FQt 37C = NbE AIZTh A2 GabaseW[1, 33, 34]0®
60-27F 25TCE W27l & AAE NADPHO 5%&5 FA438F5C
W, AAAE NADPHO &5 B34 GABATEE 1stsli, A
¥ GABAS 9FS o]&3l4 GADY activitys #A3F T ol
GAD activitys 9 A E GABAS «M (£M/min)< 1 unit &
Z Aot o specific GAD activitys= 3 A% GABAS <F
= wAF 22 o] F v (unit/cell mass).

10

Concentration of GABA (mM)

b[0]-0.0127773446
b[1]8.3844073226
r? 09998405732

0.0 0.2 0.4 0.6 0.8 1.0 1.2
ABS (340nm)

Figure 6. The standard curve for determination of GABA.
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4.3. Glutamate £ GABA &&=

GAD WFSS

ot

5 AdE GABAl 1-Fluoro—2,4-—
dinitrobenzen (DNFB) = &85 A7l § HPLCZ FA3th ol&
42 (A) 0.05 % TFA /water ©]aL (B) 0.05% TFA /CAN o]t}.
EX8 A9 XRerra RP18 (5 wl, 4.6 x 100 mm)<= AFE3laL
UV-—detection 400 nm °|A +4 3ttt o], flow ratex= 0.7
ml/min ©]" GABA® ®FEHAS W50l peak® WHE o] &3

standard curveE WEATH[35-37].

Glutamate Gamma-aminobutyric acid
(GABA)

Cr ) o ™
HO OH J\/\/NHZ
JJV\l/u\ o o
NH,
HOWOH

0.N
DNFE(1-Fluera-2 4
NH dinitribenzens) derivatization HO
\ o " / \ i /

Figure 7.The derivatization of glutamate and GABA with 1—fluoro—2,4—
dinitribenzene (DNFB).
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uV(x100,000)
o

8e+6
6e+6
©
g
]
X
]
o 4etb 1
<
m
<
)
2e+6 A
b[0]-18334.0530893616
b[1]14726428.61
rz 0.9953748297
0 T T T T

0.0 0.1 0.2 0.3 0.4 0.5 0.6
Conentration of GABA (mM)

Figure 8. The chromatographic separation and standard curve for the
determination of GABA concentration.
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[-3 3 Ag4y
1. vjeF x4

1.1. Ammonium sulfate %2 43k

Aoldle AlEeE I HeollA vpeksk Astel whgo] Ao R
dojrbar gl whE7| 9k Ak o]elgh whgL daAnkgel g
=, thAES-E2 metabolic pathway®t A 25 T3 243} Hof

c} =]

CAEES YA Fote] FRORRE oyt S

oJHE V)% BHEBATH WA, W, AW, YR 5 7]

e Age] Bed YABAC

R Y

>
P
o,
e

- ﬂllO
r]j
w4
2
L
=
N
x!
10
I

v A, g9, A, ks FA ks anabolisme® R
ok AFelAE ARG gt el anabolisms SXIA1717] sk
ammonium sulfate?] FxZo] W& GAD activitys &<2135}$ ot

2 L ¥ax oA ammonium sulfate(NHy) 2SO, &Xol wp&
vty A3 Figure 11 3 2vk. (NHy) »S0,9 5+ 2, 4, 6 g/L
2 yFo] AFS FR 1 YA 242 2% 37C, 200 rpm, 5
< 3 vvm, pHe 72 3k 5 wjeF sl 1 A3 (NHy) 2SO, E 2,
4, 6 g/l ¥ol wjeFstA] 24 AIZF whel Az A2 2.1, 2.1, 2.3
g/l = (NHy) 80,5 6 g/L= ¥ F3l& w, Az #AFe] 7H3
A UEiE 2l gl & 5 Sl 6 g/L o] el o
Al 57k, activity & Ws7F ERUbA] kol A <toll A Al ekl
.

259

23

Collection @ chosun



(NH4) 2SO45 2, 4, 6 g/L Ho wiekst xx18 Hof GAD
activity® k2 Z+7z; 159.5, 272.1, 274.8 unit 2% 4 9} 6 g/L9
(NH4) 2SOy olA Bl58bAl Yebtar, specific GAD activity: 247}
2.3,3.7,3.8 2 4 g/Lst 6 g/Le] (NH4)2SO,olM wzatA 54+
Atk o] AL ntgoRz 4 g/Let 6 g/L °lA GAD activityyt
specific activity7} BI28HA] U vE #AZFS 6 g/LolA £ =
A AArEo] 6 g/L 2] ammonium sulfate & %=7F GAD2] AAke] A

G Zlew ddHo] yrx] dds A wEE A9 S
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° e —- Glucose ©
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= 1540 [0y rso s
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Figure 9. Effect of ammonium sulfate on the growth of recombinant £. colr
(A2 g/L, B)4 g/L, (C)6 g/L.
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Figure 10. Effect of ammonium sulfate on total and specific activity of
GAD:(A)2 g/L, B4 g/L, (O)6 g/L.
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Table 2. Cell mass, GAD activity and specific GAD activity according to
different ammonium sulfate concentration

Ammonium DCW GAD Specific
sulfate (e/L) activity GAD activity
(g/L) & (unit) (unit /cell mass)
2 2.1 159.5 2.3
4 2.1 272.1 3.7
6 2.3 274.8 3.8
27
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X

0 e}
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o
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c
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H‘
X
o
o
off
krt
1o
of
g

3 vvm, pH 72 243 & wjek 319 th. 77 A3} magnesium sulfate

E 0.2, 0.4g/L ¥o] njekstA] 24 AJ7F wholl A AARHS 2.1 g/L,
1.9 g/L & magnesium sulfateE 0.2 g/LE Yo] A& W, A%
wAFe]l F O A4 veve 2e g9l & 5 AT Magnesium
sulfate®] %=7F ZH2F 0.2, 0.4 g/l Yol ujekstr] 2443 &<t9
GAD activity®] a2 22 274.1, 291.4 unit &2 YEROH,
specific GAD activitye 247} 3.8, 3.9 2 0.2, 0.4 g/L 9
magnesium sulfate®] %7] 52 &2 nH]=st &2l & = Q3]
ok Az #FENE QAR GADE o] MESE &4l JuErt #
o] W¥-oll (endo) A8 wtel dAFS] F7h= GADSY T/t o
old 4 vt ey #A#e 7= magnesium sulfated FEo 4
Fe wA e AoE FAFrh o] HYE WO E magnesium
sulfate®] %7] WA ¥%& 0.2 g/L & 13 & Yz A& A

% sl
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(A)

Dry cell Weight (g/L)

(B)

Dry cell Weight (g/L)

Figure 11.
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Effect of magnesium sulfate on the growth of recombinant E. colr.

(A)0.2 g/L, (B)0.4 g/L.
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Figure 12. Effect of magnesium sulfate on total and specific activity of GAD:

A)0.2 g/L, (B)0.4 g/L.
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Table 3. Cell mass, GAD activity and specific GAD activity, according to the

magnesium sulfate concentration.

Magnesium DCW GAD Specific
sulfate (e/L) activity GAD activity
(g/L) & (unit) (unit /cell mass)
0.2 2.1 274.1 3.8
0.4 1.9 291.4 3.9
31
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1.3. Monosodium glutamate MSQ) %2 &3t

GABA Aate] AFA9l MSGE H7bsle] GAD #HdS FE3)
71 A& wiH] ol MSGE #H7bsted A ¥E GADO activityE W] w3k
Aok WA Zekaa el 2 L 239 vieF uiA] AElE MSG
FTEE 0, 10, 20, 50 g/L & WH3slE Fo] 37TColA 12417 vjeF A
ATk Eepaa el A 12A1F wiekst v S AAEE] = 77
°] GAD activitys &Qlsiint. 1 A3 4748 MSGE =
activity+= 236.66, 243.33, 630.00, 250.00 unit®] d¥E FJ3s}
Atk 20 g/Le MSGE 23t wjek o] g oA 12A13F wa
st Al 23t el GAD activity7F 630.00 unit®. = 7} =9k, 50
g/Le MSGE X3Fst oA+ 250.00 unit® = controla 3} H|
58 &4do] yebsith

o] wgew 2 L waxe AH&stol AF stk 1 A
MSGE #7hetA &shd A3 sdshA &9 glucoser ¢
As] AREHET 2047te] Ao Eglow, dAFE U ARE
LFERSITE. SEAIRE, GAD activity 9] k& 274.8 unit ¢4 283.4 unit
2 F7) 3R 3L specific GAD activity 3k 3.8914 4.12 57} $F
= & F Ak #AFS S7EA FRANE activity7F S7FgE A
T iAol EAskE MSGE Agdor o] &3et7] flstel GAD7F
o o] wo] Hol yehd Aiolty. 18y A S ® glucose
7F MSGE dAlelA vk BRI dsta, §9shr] wiis
of MSGell 9J& dAl#e] T7hs UehdA &= Jor oAAXIH
o] A¥S BEdlZ MSGE 7l do=zM Az E colitl GAD ¥

=
de 5 ANULS A Aon, of Fo| AP MSGE FE

ﬂlﬂl
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Figure 13. Time course of growth and GAD activity of recombinant E. colr:
MSG concentration was 20 g/L.
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Table 4. Effect of MSG addition on the total and specific activity of GAD

GAD Specific
%\/[/SS I()Sg activity GAD activity
& s (unit) (unit /cell mass)
0 2.1 274.1 3.8
20 2.1 291.4 4.1
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1.4. Glucose®sx9 43

Glucosew 8 A&l 283 dF-dars Bads FH3H]
2 79 A AuRor Qg dsolth olYF &
o ygow AL ¢

TH 9 dHl uebA AREE AT dosHA Wd 5 gk

B Ao glucoses 7|EAHOZE E colid] A AMEEHE
= 2

do
o

O Ok &

o

o b

o 2 A3 10 g/LA 841 = glucose® ARlEH A7
olZR A AX F#AFES 1.4 g/L vk 40 g/LolX= 20 Azt
glucose®s 5 AH] 3¢laL #AlF 2.1 g/l T} ol &4
7kl Hlate] A F7F @A "olAl= ARE it
RS B A3 {7149 w57 S71e AS Flssith 79
%ol GADS A, = #Ale Tl HFskA i F714ke
Ao g oo A o SHn A HOo R 60 g/L oAM= 2
Zrell glucose® A8 &R 3o A7 FHolgo] Las

SAth 60 g/L oA wAFe] Tk & oz oA FRod 27
AERY] JAE HAE A A el vEhd Ax dARS 40
g/Lok 22 2.1 g/LYIth olw 9] activitys ¥ X GAD activity

= ZZF 76.2, 248.6, 220.0 unit 2 40 g/l 7} VE =1
specific GAD activity B3+ 1.8, 4.2, 3.0 2 40 g/LoA 7} =
A ebgth B Ao E glucose 5= 40 g/l & A AEo] o}

£48s TR
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Figure 14. Effect of glucose on the growth of recombinant E. coli; (A)10 g/L,
(B)40 g/L (C)60 g/L.
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Figure 15. Effect of glucose on the total and specific activity of GAD: (A)10
g/L, (B)40 g/L, (C)60 g/L.
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Table 5. Effect of glucose concentration on the total and specific activity of

GAD.
Glucose DCW GAD SpeCIf.IC.

(2/L) (g/L) activity GAD 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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1.5. pHS 43

ANZF E. colic W% pH 7 7oA o] &itatd, #4
F T7te =k A% AAdE GADS g4 2 HA 9 pHE 5.5
= geA Sk olglst 11 FAsty] flste] wiYF pHel wE
A WM3tel AAE GAD @AEA o] A at}.
GADS HZ pH ¥ 55% E. coli )4 GAD 2d& F53817
}

flel Faxe £7] pHE 552 a3tt 25= 37 C, wit S+
¥

R
offt
[-' (e}
jur)
=
OO
off
o

300 rpm, aeration rate 7 vvmOlZ 3}¥ 1 204
vk 1 A %7] pHE 552 WEE W Ax gAFS 3.7
g/L2 ko] Ay vzsidloy #A%F di¥] GAD activity 2F
specific GAD activitys 834.7unit ¥ 6.6= aeration rate =7 7
vvm Bt} 28] 7} Z7} o2 pH WHElZE £ coli YellA GAD

ol FE HASS &+ ANk

39

Collection @ chosun



(a)

59 14 r 40
12 4
4 4
r 30
- 10 4
2 Py
= 3 = S
£ E s 2
2 |8 L20 8
= ) 20 g
= Q 6 S
§ 210 6
fa
5 4 —8— oD
L —a—pcw [ 10
2 —l— Glucose
0 - 0 T T T T 0
0 5 10 15 20 25 30
Time(hr)
(b)
54 14 50
12
4 + 40
- 10
= —
= 34 Fso =
5 | E e E
T =] b3
= < S
= 5 64 - oD E
Q24 F20 =
g ° —A— DCW o
a 4 4 —— Glucose
14 10
24
o0- 0 0
0 5 10 15 20 25
Time(hr)

Figure 16. Effect of pH on the growth of recombinant E. coli:(a) pH 5.5 (b)
pH 7.0.
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Figure 17. Effect of pH on the total and specific activity of GAD: (a)pH 5.5
(b)7.0.
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Table 6. Effect of pH on dry cell weight, and total and specific activity of

GAD
Fermentation DCW GAD Speaf.lc'
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
42
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1.6. gzl wE WHEEE £

2 AT wiA]9] 2AF Sl ammonium sulfate 9} glucose
st GAD activity S sAEAS &
th Glucose? A5 v5& T7/RAATS dAFo] S7kste S
VERH © ™ ammonium
v A%E dERllth & ATl e €40 & GADE UEoE
Adste Aol HAol7)e GAD specific activitys #2402 3o
ammonium sulfate ¢} glucose® s%xe°| W& GAD activity2] "t
SXEHRTAS FYett 2 A3 GAD  specific  activity &
ammonium sulfate$} glucose®] %7} T74ael weh Hak S71st
t}7} glucose 40 g/L oA ¢FzF 7431 T)

S5HWHFE GADY %o Y9¥FES  FE  ammonium
sulfate (X) 9} glucose(Y) 2709 @clow AHAF Yo, HH-SHIE
= GAD activity® AA3t] HESEHRA (response  surface
methodology, RSM)& o] &3dte] #Aslh. 4 ARt t—
statisticell 2718t SHWFY] FAS &Rl Ay SHWSF
ammonium sulfate X) & Aol AGEA ko (p<0.05),

glucose (Y) 9] 4% Aol A4 A (p>0.05).

sulfate®] 73-¢ specific activity7} Z&7}s}t

B oagzow dojx M HWEA(RSM) S Eal 284 27
oz HAH Wik AHE ngsel #o 4FEI} ES GAD

activity S 7] st 23S APt
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Table 7. ANOVA results of GAD activity with ammonium sulfate and glucose
concentration.

f=¥,taX+b¥+cX +d¥’

Coefficient Std. Error t—value P—value

Yo —-407.4300 28.8597 —-14.1176 0.0450

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
X (ammonium sulfate), Y (glucose)

350

N
[2.]
(=]

N
(=]
o

100

GAD activity (unit)
g

(2]
o

30 2.
&
GIUCOSe (g/LJ 20 ¢

20

Figure 18. Response surface graph of GAD activity of recombinant E. coli
with ammonium sulfate and glucose concentration.
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Hj =] o] =
KyHPO, 3 g/L, MgS0,-7H,0 0.4 g/L, yeast extract 1 g/L, MSG 20 g/L

rlo

glucose 40 g/L, (NH,)»SO, 6 g/L, KH,PO,, 3 g/L,

ARG S W TP xR dARS 2.1

specific GAD activity= 4.2 2 7} =& kS vehg otk
7 kS AT, AT, AERTE Wik A4 nludd &

Ak AFAAA7], A7 glucose & HEFSH A7 w|dE HgyYdHT)

So A GAD activity, specific GAD activity &= &<l st A%

71 wieke] A9 A%, GAD activity, specific GAD activity 237} 2+2;

3.7 g/L 24 hr, 337.3 unit, 6.6 2F F<AH At}

GAD ° #Z pH 5.5 & E. coli |4 GAD 2d<& G537 ga 2+ a

=
%9 %7]pH 5.5 & A4 &3t 1 A3 Ax dAHES 99 A5 v
3% 3.7 g/L 2 YEFSAW GAD activity 9 specific GAD activity +

834.7 unit ¥ 6.6 2= 71 =4 AAHES & F UG o]F F3 pH &
HAA zAo0w WH FA Howmn ANx3 E coli oolA GAD 7F =t A

gxoz YaHt 3 2 el & & A
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A I 3 GABA AAE3 A
I-1A4&

o] &% W7
1.1. AAZEZBiopolymer)

AAAL R 2 7HA9 /S gagd whst A7 A4 2]l
ot U229 polymer = AFE25E wtEoUi= A4l (Precursor)
= vFst Sk AL Al (Initiator) & o] &3 FHREE2 F8te] WEoluaL

ATH41]. A8 7FAo] sobAaL dAA 1o 9ol 3le Aol w2

LA A Ho] H7E ofHb[42-45]. ol Htel biomass & AA 7}
& BRE ofyet s oleks 7 A SHelA Fosh oulE 2
g2 A2t g 4 9lt}l Biopolymer # biomass oA ¥FEolz A G-
& o] &3l WhEolA= biopolymer 2 T1¥ZThAE, Hiol @ HEtAE ol
E¢7]% 3t} Biopolymer ¥ 100% biomass & ©] &3t #r50jz7 A
TAE olgstAY AFstetvInte] ZefAgo] E9E FEE biopolymer

e} T ETH46].

R
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¢l starch, cellulose, pectin, protein = 7]&o] 1EX}¢l A A7} &HA
el nA3stE™ 71de A717F AX @47t 4 Hol Sl AlvHe=z &

AE7] ofR7] wEel whEo] &8 wWol vhwhbd Zlojth w3k ;o] v

40 uAste i oR g4 e TUHTIAL, EA8AE =Y
7 3 FHo]l dASHA Buh vk A Eol o7 aankge] At

A 43 wrg o] AP
ARG 1438 AeA Y K, pHES fSA 22T F A
= FAE IR ARgSHE A ws) Rurge] How, mysh Hae

b
N
=
ofo
o
o
on
2
2
S~
ek
ofo
o
N
-~
ojr
off
on
=

a
G)AAE =, 718dAN7F A= EaARks, (MH]FA EARgo =2 Yz 4 3l
o} [56—-59].
(DAIARS 71418 Q78 a4adks-2l A9+ glucose oxidased

2 F 7 Ut Glucose oxidased] ¢ st XL Absls ] EI

51

Collection @ chosun



7 8 mg/Lel

Th

g u] s

& BTt ofF 2

k)

“

3)
2o pute] free

1

ko]
pal

322 catalase2}

S

Gl

S

A
A

[<]

)

=

_‘|

g

. BNl IR AR

enzyme N Bl 24 AF&-3h=

of WeEEol TS © Uk 4aZ olg

il

I

a7

S

Ak g oo}

o

o] A$ ATP, NADH So] 17lo|= &

el

slofterg ol g

-

0
el

=

=

whA 7}

1

.

of Bl Aol A k7] el
]_

}o 2t ATP, NADH

°

NADH, 7|
tol 13t
A we WA et

°

B

A

o|]

)

—_
o

oy
]

s
o

i

obF

o= glucose oxidase, penicillin

A A ERE AA

i

2 A%

=
=

b2 of 7ot

Ry

=LA em7E i

acylase

E‘l‘

o

=2 TuizE iAW of
52

O -,

- =

Collection @ chosun



-

o)
pal

a0k 3

olo
jant

_50

uzel

™

—
file)

A

bl wEgA Y A

<]

FowE A 2] A

h s

kel

1

[e)

= 7t

A7 9] lipase °l 9]

o|J

(6) B9

56, 60—64].

53

reverse micelle

Collection @ chosun



2. 78 ATEF

U] Be AFAELS biopolymer 9 AAFS 93 A4S Wt
Atk ATFAES AW Thedt AEALOZRE oy ARIAE Qatets V]
S5 MEsty] flstel e ATE W Folth A st dAEE dF
ARl EA olgle] AMEHE Y W dPEoklA fEE AFoE Fod
. gedtER FAEHE vlolemAE BE A4S, HAVMAY ©3paR

& Stk A 7 dAER AFEE 5 9l
T AT volemiA ARl FabdolE,
o] mj~ g 0% 53| AujE #E, Fo|, HAHIE o] xFHT}. o]
gk volem A A8 I AES n#ste] AE(65, 66], a1 MEEA
Hpo] @ i A [67—-69], A=F[70-72]192F @A [73-75]%2 w7 5 Slth

A 7 EAE= polymer E monomer B Ew Aol FE3t
sER Astdn olgfs A vs ¥ ol MAyHI vk SFFE
g Aze] FPAoE AF AHEE FEolH, o] ¥4 Cargil Dow
A3t @ AoR “NatureWorks” 2hi= AEZ &5FoA PLA & A
otk Az S w8 S55E B FJ FFVIE 122CHdx

1o

ofshste] A¥E Reldt ¥ Aow ARAUT AFE wAE LET B
£

= o2l AlFEAlze] AHgEn

Starch ©] 1,3—propanediol ] %2 Ays}st A o] tar]eS AL
sk a]lse] o8 AR AR AR wpolemiARREH Uow Y
AFg-ste] 1,3—propanediol & “Atelk= wlAEo] AA U o] WReA

EowaAg AR weadsl E£9E 4R ke, 13-
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propanediol < A& wjA oA FE]dttt. 1,3—Propanediol < terephthalic
acid ¢ 37 PTT o Aol Abg-dn) PTT + A4 359 5+ A4
7B EFEHME O, AW, SFFAsel ARREn s R AolA
furfural Ak furfural @ 7 FEA49 ik S| AE2AE 7HAES o] &
3l pentose ® 7}l ¢ furfural 2 188t doh 1S F5UIR &
L& 248, furfural & 75712 St 28 = Aot o]gA4 +g
H furfural & ©]-83}9] furan derivatives & #|%3}9] biopolymer & #| %
gttt Ethylene & 7H¢ Q3 Afstdtela fojx= sg=olt}. viole
WAz HE AiE s oehES ARESEe] ethylene & AAME 4 lon, of
< AFEHE dAA = ethylene o vl&l] 7H2 AL it gade
A S At ol gHe ATAFAMW)EI1de A2 dEE T
o] Qith. LMW #d& gk, obAlE 59 dnk {7 &Ale] 7HAdol =
A

Y

2, g4 FxA<0 Wgo] Jhsettt duiAGE VIRt R ok AR &
2w AEf FolM IAvkAaTlE gl Ml FA4o] Ares SH A
AZste] o] Fo Xl dgroltt. Jwkakf-o] FARQ! ricinoleic acid &= FAHY]
gy FAAdoR F7EEAQle] EYtdw Axfd 48R AR AMHE F
ATt PAAEZSEH PHB & AAtsh= 7]+ Alcaligenes eutrophus 9 32

o 9 542 0§ o= AAME AFY 90%E PHB 2 o] o
ROE AT FH 5
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oI-24dd As 9 94y
1. Ak 9 7]7]

= A3 o AL-8-st HCl, PLP (Pyridoxal—5" —phosphate),
MSG (Monosodium glutamate) < Sigma AFZHE F¢ste] AFE3F S
GAD (glutamate decarboxylase) &&AT+E s Fostuor] &

oF "kC recombinant £, coli R5-E] Hg]ste] A3E& S8}

2. & ¥k37)

2 Aol A biopolymer A4kl ATI TFAS Y] g15te] 1

2715 AASAT. RSNE FUAALR oFAA Wzl Fus s

e FYAdR o]Fod olF AAFEE VPN e, pH & FAS
pH sensor & ©]&3sto] S433th. 4% pH = pH control box = A%}
= d¥sty ¥ pH RS mokAH AP ddo] Fsotes A
ARt AFE I = acid bottle 3 AdHeo] Aol Folewd A IS
QF acid bottle Z%E enzyme reactor o] A FE2] acid & FYIE=ESE A
Akt .
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Acid bottle pH control box

Peristaltic

pump @@

Enzyme reactor

A s

Figure 19. Schematic representation and photograph of continuous control
pH system used for GAD reaction.
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2.2. 7|1X% 4k87] (Bubble column reactor)

2 A¥olA= biopolymer ZAabe]l A3t w=EAE AFibstr] 9k
bubble column reactor & #|23F3ith. Bubble column reactor = RES7]
F3 2L o] Fy A9 bottle & ©]&3st e, Wk3-7]¢] dead zone & =
ol7] Sl stde FAHAoE Ageplown, whET]e] wyRe  air

circulation & ©]&3s}At}. &

b
BN
i)
rlo
\1
10
éé
>4
kY
o
ro
ki
BN
i)
o

A8kl water circulator & °©]&3t] 2E=x4& St pH %=
HCl & F42 wh57] WF9] wrkE 9138k aeration Tl FZFHZE ©]
g3ko] F9letdth pH ¢ control & A% pH Rtk WA Q) pH 7} =o}
A Aol AFHFZE Zssto] acid & FHL A olskE "ojA A
Az 2ZHes A sk HHe st w3 AIE AAE olstE REE-
& & =& YAk FATh Air circulation 9 %+ WHE719] pH & Al
ofst7] f1ste] ARG-E = HCL o ghitell Agetar vbg-7| U e] a4 stress &
=

9 % 91t bubbly flow 7h @A EE WA P A

_

58

Collection @ chosun



s

-

e =

T

=

g Control

5 box
Bubble Peristaltic
column pump
reactor

.

i qi," ,l_;g@u

A
ii‘
N

Figure 20. Schematic representation and photograph of bubble column
reactor used for GAD reaction.
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o0-34Ad43
1. GAD ¥-g EX

1.1. MSG &% #¥3lo ©& GABA BAEA

=
Zto]l AdojAm, Y BB FExE FAASA ol wAE A
AE S Fd3sl] deide aantsol A9 7149 Frs A%
gtk 2 AFrelAs AT A8 E (GABA) & AiES #9]
71 98k g gaErE ¥ MSG & VIHE AAslt L-
Glutamate 9] % Fgdo &a|%=7} 25T ol 8.64 g/L ¢ld vls] MSG
= 740 g/L & 80 ¥ ot &7t vk MSG 9 8oy 5® g
RS A9 4 Mo Sutsls FE2 vl$ asEolth MSG 2 GAD 9] 714
&

AE A7l S8kl 7] MSG ¢

N
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8
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o
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& PLP ol &JafjA] vEg-A1S] Aol uhd wghao]x|nl, whg-o] FA % o]
= HESAIY] Aol W= S gl 4 Qg HEsk vESAS] pH A
=T
sk S ggelsk 4 It
GAD?] A3 PLPE cofactor® glutamateE decarboxylationA|
AX GABAE A 3= WES decarboxylationih-gS HYol &S AH|st:=
¢ o7 ez 9t} Decarboxylationo] X & E = EoF Ho] &S 4H|E}

7] izl Rbgo] s = wks Ale pH7F WAl HaL ofo] mEbA ma
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o Ao AsE WA Hrh. =3 pHE W3Ele] 93 cofactorZ o] EEH &=
PLP&E Wge YehiA dojub= Al 2oz oS5,

61

Collection @ chosun



1.2. Cofactor &% W3] W& GABA A4t

qk-S- Ale]l pH Wsle] wE& PLP ¢ ®stE &lstr] fste] UV-vis
spectrophotometer & ©|&3}o] PLP 9| spectra & #<lsict. 1 A3}
389 nm A HU FF TS YEM= spectrum & RIS O, F 5o

ATt

FBANkgo]l WEEHA Rk Ale] pH 7} Wgtete] wE PLP ] W3}
= FI3t7] $Jste] PLP ¢ pH o W& spectrum = B3R T HE-g-of| A
w2 4 Qe WA pH 4 94 pH 10 ¢ PLP W3tE vlwslE A3 pH
7h el webA PLP o ol F3 =3 YE= 389 nm 9] peak ©]
deshes Ade #gAe 5 Stk o€ A Adhs PLP 9 peak < 350 nm
MM wAEE o] FHEA 330 nm A EASHE peak o] AFEAIE AE

3t A3l pH o 9& PLP & A7t Wit A8 g9l

X
r o
ol
=
32
o
)
v
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35
Coefficients
g'gigs'“MM b[0]0.1172586207
-3125m 307 p[1]4.7694127613
— 015625 mM r? 0.9966093961
34 —— 0.078125 mM
0.0390625 mM T
=) —— 0.01953125 mM c
< —— 0.009765625 mM 2
° 3
2 o
g 2 3
s 8
5 8
3 2
2 2
< o
1 <
0 T T T T T T T
200 300 400 500 600 0.0 0.1 0.2 03 0.4 0.5 0.6 0.7

Wavenumber (nm) PLP concetration (mM)

Figure 21. UV—vis spectra of pyridoxal—5" —phosphate, and standard curve
in buffer solution(pH 7).

300 350 400 450 500

Figure 22. UV—vis spectra of PLP according to pH.
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aanks Al el PLP o W3tE #lshr] §lsko] whg-e ARt
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Figure 23. UV —vis spectra of the GAD reaction with time.
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Figure 24. Effect of rising to conversion according to increasing PLP
concentration on GABA production(pH 7, 377C).
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1.3. &AWS pH Wale] B2 GABA 44 =4

ARG = XS GABAE Ast7] 98kl GADWHE 9] pHE
x4Ast7] fste] AdS FdskTh tFEe &449E8-o] buffer solution
JEfoll Al F& == o]+ buffer solution®] pHWHS}| tf-& 4= 7] uf
ol AFgET T8y 2 Aol A¥sk= §HS Al buffer solution]
bufferz-§-¢] 3§ 9E dolA7] wiitel GADE #HZA pHYSE FA5H]
Al e F2HE H'Y Z=9jo] Fasith ¥ Ao H oS "ks
Alel =st7] f1ske] 7 Wol o]8¥ = hydrogen chloride® ©] 833
ok AAAke] A 24l RIS 4or7] Wik A sEE Wkl A
oAl slAsto] Ads FAsl o, pHESHl GADS &4 o] HojA =
Al A el A hydrogen chloride® ¥WolF 3t xS & PLPE YolA REE
< X383k 2™, hydrogen chloride®] PLPE %94 hydrogen chloride 2}
PLPS] T & del thalir = A

T A3 3 A%kl 1 ml o] AAF-e] 2 M ¢ HCl & 0.2 ml ¥o]F3]
=, QoA &2 dixdtol Hlgto] A E GABA & FE7F RESAIZEO]
10 AlZke]l A& o 3 8] =2 600 mM = #2450 PLP ¢ HCl & =
Ale] geojE w719l A9 10 Altel 780 mM ¢ GABA 7F #4159l 3
AZE AR ] A2y ib-g-71 8] s & Apol7t glo] vlszekgi o, 3 ARE o]
FHE REE717Ee] GABA 529 zol7t AR 7] A& #H whg-7]e] PLP ®F
gol# WkE7]= control wHEU ZE H> 210 mM o] AElow,
5 mM ¢ GABA 7} #4533tk 7] MSG ¢ %7 1 M
Y& A, Ao d3kEo] 80%l =2et Aytoln], PLP ¢ pH <] %
Bl7F GAD 9] AgkyAel wojst= w7t Avts s dEsh Aol

59 T2 98kl 3 A7 kA= HCl 3 PLP & F7H4
oz Jojxglen, HF GABA ¢ % =°]7] 9189 HCL, PLP ¥
MSG & Aol JolFm nkg7]e] Algke] m2 GABA 9 %5 w483
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—@— HCI
....... O PLP
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800 ~ /A - Control
=
E 600
3
c
o
(8]
<
o 400 -
<
O
200 -
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Figure 25. Effect of HCI, PLP and MSG on GABA production. Inoculation
volume was 20 % of reaction volume. Inoculation materials were
used 2 M HCI, 5 mM PLP, 100 mM MSG.
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1.4. 2483 GABAY A4t

GAD ®H&-& F3te] A ¥ GABA & 353H7] 918t
Az sk Be Ak FAARE F WSAIE 15 ARt
WA HCL 7 PLP & #7bslE (A) W83 3 Alztell $hs HCL 9k 371t
(B) ®k& ¢ a miAlg o2 HCl, PLP, MSG & #7138 (Owr-$S 7474 =
A Axsto] 44% GABA & Atk (A),(B),(C), W59 HF GABA 9
E } 0.9, 0.8 1.0 M2 &4 en, MSG ¢ 5%+ 0.1, 0.2, 1.0
M & A gkgo] T4 7242k (A), (B), (O 100TeIA 10 &
Frdste] g4 W B vhiide B Al7a, AR st &

25 AAT | $40% s AF MSG 9 GABA 9 §E% nF
TAANZ Lo FAE dEsoE A7 (A), B), (OZ479 ol&4 74
+, 0.108, 0.112, 0.250 g 0.2 AS5H Ut} AA #2108 29 FA=
SAe 49 5% Bmoh B =4 Ukt ol &ae] e =
f8ked AFg-gt buffer 2FE FAJE doll oJgt A= A SHT)

_1\1

Table 8. Effect of additives on the freeze—drying weight: (A)added HCI with
PLP, (B)added HCl, (C)added HCI, PLP and MSG

(A) B) ©)
Theoretical
107.521 111.922 250.25
weight (mg)
Actual weight
127.00 135.20 281.40
(mg)
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sddx A3 4] g2 A7HAE olgd (A), B), Oxs BF

buffer solution °f &3t A2 oAl FARY ¢ B2 FU4S At

U2 o] dehdth (A) W9 B wwale] Ao
om, (B) W& 7

Aol dol gle el FAUES AdERE YEbwth (A) w9 B¢
HA7FA7F HCL 2k PLP & A 80kg2 A2 90%°] 2ot 2 dekgo]
Bl whgolth BEue] AR L GABA 7F 90% oS A stith. 1EY
HFato] wgkAS el =d ol PLP 7} B0 g Eoj7ka Eide| PLP
7 e Aoz AzbdEch B3] A4S GABA 9] 50 AFofA
oFzhe] AAS W= GABA 9 543 YA sk Aot (B)= HCI vk=
Yol 7] Wil d3ES 2k 80%%E PLP 5 #gFo = Yol whgr|n

Biopolymer ¥4 polymerization ©] Q&34 dojyr] gajdes 2
TAY X9 FE7F Fastth ol#dt o]FE biopolymer $AAS 9|3t
GAD ¢] #H32 A X9 buffer solution & ©]&3to] Hb-g-& st A

ol mAlE xZelA HCIRbE o]gate] pH & F4dsdk= Zlo] 2 dsih
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Figure 26. Effect of additives on GAD reaction products: (A)pyridoxal—5" —
phosphate and HCI, (B)HCI, (C) monosodium glutamate and HCI.
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1.5. &4 pHAY] We7]) 8 WA EH

EE2 GABA Axhg 9t A HCL 7 PLP & 3 Al (HA 0%
dolFowM 1 M & MSG & 15 Algtell 1 M 2] GABA = A%y = A&
shelatoint. olelst APAd s oA A8 stest HAZ AV E F
7EN 7171 flste] dAlA e w2 AFS FAElth ¥hE F39E 50 ml, 100
ml & AR FUMAIRoH, V-, a4, X
7 PLP & % 9 Hu= Fds njg=E dE8ste] Aol

50 ml, 100 ml & GAD & Rbg- F3|& F7HA[A REGAI7|HA A 7o
2 MSG ¢} GABA 9] &5 s A7 F ¥bEEF 9 AlZke|A] MSG
7} B%F GABA 2 Agd A& Fas
AL ¥-go] FdshA Xy
Atk

&ﬂ

o

ol
it
o
_! U
rO
ol
ol
2
o
s
2
[-'O
0%
r>«
o
N
N
olr
%
o
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rO
ol
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(A)

Concentration (mM)

Time (hr)

(B)

Concentration (mM)

Time (hr)

Figure 27. Scale up test of GAD reaction; (A) 50 ml, (B) 100 ml.
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GABA ¢ A F AQZE Fsfo] Qojzl Ruel: 4IFe ol

Zeo] Stk olgfd A2 aARESOlM dgH o AREE= buffer ©f
oA A AT mANESClA buffer & AHE-3HE o]f= pH o] Wsle] vl
#E mal MgAde FAS] f1gelH, G A4 pH 9 x4o] &
3% Wk A9 buffer 9 F&T © Fobd Aol Qlth o3t

buffer 5%=2) A5 Ads] de) S}
ak7] 9lskel bufer o @& Fol, pH 24& 3 A%k 44 HCL & H7halF

= U diAlel Asor dAERY pH & FATFE Aest FAE =4

il
o
2
™
A
o
AV
s
Mo
2

2

[o
o
i,

M Eo] dojub= @ wiiel pH ¢ sz W9leE AFo] dolvbA gde
4L pH 4.5, 5.5, 6.0, 6.5 & 2z A
Fateon, w93 v HCl & AHEate] Adsisitt. 7 A3 pH 6 o] 9]
o] A oA 12 AZE o] FHE = GABA o AAHo] A o153 e
¥ GABA ¢ ¥&+ Hd 90, 110, 380, 50
mM Z It 252 pHE A A0S vusE o pH 6.0 A<
Aol 7L Hojwkow, pH 7} wtold 5 GABA ¢ AT Eol=e
A4S Yebth. GAD ®ES-9] pH ¥ Al7bd Aabd S wlwste] i, =
1 A]ZkellA pH 5 Z7o] 71 &2 IS deplon, o] & AJ7he]
UM pH 4.5, 5, 6 EF Aabdo]l HA Zdasks F¥Ee vebdllth v
o] & AIZA pH 4.5 oA iAol 7B Eokou, mixm A E GABA
o] &2 pH 6 22 =¥ wheelA 78 we GABA 7t A4t
&ttt GAD 9] 7&Kl M= H4 pH7F 5.5 2 vEt 91y pH 6 ©f
A 7HE w2 GABA 7} AE ol WhEAS] F-a 7t FUhEe wE A
oltt. Rk AIZF AR e HCL o FAFH= sdsteh o8 d¥s vk
Alel F=¢8ll= HCL o] ¥--g-Alel g4ats o] homogeneous phase ©] E¥3sh=
AZko] F7bekAl |tk o]# g o] FE HCl o] =&EHE &xe o] Frtst

rkﬁ
mlo
fa
o
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A Ha aie] wmE T4 s kst ojgdt o] & Alzte] A
ghofl wet AJAbde] pH 4.5, 5 B}y fHAsks Adrh yEbdAl H it pH
6.5 2 W-§- GAD Whgo] 2 At o] &7 o o M HA] ¢k Aow
Azt 2 AT A= GABA o Aate] A3 21S pH 6 22 443}

of the AEL AAHGPOM, Aofel AHEY HCI Bue] e YL I
sk AFL FAst
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Figure 28. Effect of pH on GABA production.
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A Rk g4 Rk o) HnE Eaho] vk Agd muks:
L5 #elsly] 9ste] tdAH o7 Zolrks 9 160 rpm ¥ EWo] 424
Zol7} A7) AZEtE wRkEEQl 700 rpm S H WS TE wREE T O

sAWETOE 50 rpm & AT 2 A3 x7] 1 AlFelA= 700
rpm oAl GABA ¢ A4d2ke] 265 mM & 160 rpm 2.t} 21 mM o] o o]
A7 E A 1 AI3F o] 7B = 160 rpm & Aol o ol Frlstalon,
10 Azl A= 160 rpm ©] 260 mM 4] GABA 7F o A4® #& shl

g 5 gtk g @ dubs 2rlel: Add aWEEL skl BAAY
]

o] A&atA o]Folxl Aol 7|Agk Fojw, 1 AZF o]F AYggFo] A
AL Ade wrkel] o3 Ee Al FAo] FRkE o] GAD 9] kA el "o
A et A3tolth, GABA 9 Al 9 AEd wntETE g ow
wyro] = E = 160 rpm A7t AEe AS FAssict

AEsk pH A7 w-gollA 9] A4S HAssh] 918kl buffer 9] At

=
pH ¢ Wsle= @49 FxWstsE &5t dd. o]k w2 HCl 9 -5

=7 vtAl =W pH & AASH] 8 ARE-E= HCL 9 &3] St &
T olgA F7He HCL 9] F-9) whsr]e] ®uErtz oo A A} Wk
719 FuF7hs wbg7] Aol Qlol arEEojof sk itolw, ojgA F
Tt BES HA4sEl] YaldE HCL S whsoll 938 mxA o=
9] ol nEEE ALgstoiol Fhut,

1719 pH 22& §38te] AHg-¥& HCL 9 sxe g 4ids g

7] glakel HCl 9 el mhe A9S a5tk 1 43 HCl 9 5=
=
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Figure 29. Effect of agitation speed on GABA production in a stirred tank
reactor.
—@—— 3.0MHCI B
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¥ -— 1LOMHCI -
- A - 0.5MHCI
800 -
s
E
S 600 o
c
o
o
<
2 400
0
200

° R

Time (hr)

Figure 30. Effect of HCI on GABA production in a stirred tank reactor.
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Hhe= AlASE A3 46 Aol 85%°] HEES UERHom, ojmo Wk

75 100 g ) GABA & Aate
Zol 170 g 9] GABA & AgArst 4
A& st g W 7+ 10.31, 3.6
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ROt BEge] 100% Fo] =
Al 7] wZel MSG 9+ GABA 9] #& ¥42 =do] Basteh. dA i
o GABA AAEA oAM= column §9 HE3HS =Yste]l Agatd
GABA 5 w3723 E2lato] GABA & AAketa gl AA o)t ol# g
e ko] AulE ol gAY suE Ayt Feste] GABA 9
AAAAE AdfskE a9l Hal 9tk o] d olfE B Aol ukg]
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Figure 31. Result of scale—up of GAD reaction at initial concentration of 1 M
MSG; (controlled pH 6, 170 rpm).
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Figure 32. Result of scale—up of GAD reaction at initial concentration of 2 M
MSG; (controlled pH 6, 170 rpm).
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Table 9. ANOVA results of GABA production with pH and HCI concentration

f=¥,taX+b¥+cX +d¥’

Coefficient Std. Error t—value P—value
Yo —-16007.104 7372.9996 -2.1710 0.1621
a 5975.328 2750.0699 2.1728 0.1619
b 205.772 617.0836 0.3335 0.7705
c —-535.988 253.0045 -2.1185 0.1683
d

—88.686 169.1543

-0.5243 0.6524
X (pH), Y (HCI concentration, M)

1200

1000

M)

800

600

GABA concentration (m

ce 1.0
nha“bn(mv 0.5

4.5

Figure 33. Response surface graph of GABA concentration with pH and HCl
concentration.
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Table 10. ANOVA results of GABA production with agitation speed and HCI
concentration

f= ¥, taX+b¥V+cX*+d¥*

Coefficient Std. Error t—value P—value

Yo -536.8230 217.8742 -2.4639 0.2454

a 8.2636 1.3301 6.2130 0.1016

b 540.1709 258.9723 2.0858 0.2846

c -0.0099 0.0017 -5.8890 0.1071

d -200.6610 71.5817 -2.8032 0.2181
X (agitation speed, rpm), Y (HCI concentration, M)

2000

1500

1000

500

GABA concentration (m)

Figure 34. Response surface graph of GABA concentration with HCI
concentration and agitation speed.
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Table 11. ANOVA results of GABA production concentration with pH and
agitation speed

f= ¥, taX+b¥V+cX*+d¥*

Coefficient Std. Error t—value P—value

Yo —13909.006 11332.2430 —1.2274 0.4352

a 4.493 4.7910 0.9379 0.5204

b 5036.329 4248.0871 1.1856 0.4461

c —0.004 0.0061 —0.8087 0.5671

d —453.620 391.9024 —-1.1575 0.4536
X (pH), Y (agitation speed, rpm)

2000

1500

1000

500

GABA concentration (mM)

-500

-1000

bH ' 45

Figure 35. Response surface graph of GABA concentration with pH and
agitation speed.
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2. GABAS AAHS 9% HHE7] scale—up
2.1. BAIFH Y |

GABAS tgAEe sl lab scale®] A3E pilot scale®
scale—upS eldflof sty dHbx o=z 3 [ u|vke] wEg7]oA A3E lab
W23k, pilot scaled] A¥2> 50~2000 L =719 w-37] 4
315 WAt} Lab scale ©|A pilot scale® scale—up & 2% Hk-&-7]9]
Fu7F A wpef vpekst EAd o] WAy A © k. Scale—up testA] YRE
Aoz vehthes EARS ALY e EvdA, 3 of 1A 1] A}
8o JEgAIRRe] AT stolnt o]y E wAlAE 1L
= @ o aHste ARS8 IEE, 871U A dAsdEE,
dAe e HAFEE, ddy EFelMe dAT HdIEHEE, Reynolds
number, kpa 3k, 712 TE A EL FEE]
acid®] ¢ ¥, wibdgo] Wl 2 &= <
Al pHE Alojehr] flako] Abg-shk= HCIE gito] wbg7]e] #
Aol web kst A e oA A vk Ad AR R & o,
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meter & pH & 743t Aloj & A H=dl Ato] FYE I vk
akE 7] 744 2 QE = AR B9 pH meter & AAE 1A F3H7] wjiE
o] A7 pHell Edst/le] Zod ARt Rgos FY=A dct upet
A ake]l F9] WS WEE Jddsty FUHE #e AVE

He SRS,

1

87

Collection @ chosun



50 ml reaction (3 hr) 2 L reaction (3 hr)

350 70
[ Added HCI
300 - - 60
= 250 - - 50
=
£ =
5 2001 L 40 :E,
S O
g £
S 150 - 30 s
(&) —
c
o
O 100 A - 20
50 - - 10
0 T T T T T T O
0 5 10 15 20 25 30
Time (hr)

Figure 36. Result of scale—up of GAD reaction on the 2 L reaction volume; (1
M MSG, controlled pH 6).
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"olAd Heje] o] fYPeE ELWTA
shato] S ukE FHOW WY1 WRelA SRS kE 45717 9
stel f9IEE e 4 Fdste] FATHOR FagA o] sHa
GRS werE AL A ERN U e FAE 99
o f

impeller & AF&3F3l Qlt}. Pitched blade impeller = tank baffle o] A&7
o] gl %9 Ay uFA Al AgstH, FASF W
impeller 29| 7] W&ol we} f1%o|u} offjF oH 2= Thset V&
= FEoA AA7A thekattt [76-78]. Hydrofoil impeller € 7
blade FEfellA A3 impeller & & 3oz W7ol FA4o] 7 54
7HA 2 QAT

mebA 2 ATelM s mal] FEAQ MEAEe ST flEk
dEH] FFE arefste] o] PAol A2 hydrofoil impellerE A&t
o] GAD W= % T F = parallel typel & tjzx}el
A 27l Rbg7] FHel I EH=
&

rlo

7]

—o

o
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sto] WEZ719] WREFEIE impeller & ©]&38 #HlA air & ©] &3t
bubble column reactor & YARISI T SFA S 2 air & o] &3 wHk 1l
5719 7§ stirred reactor © H]3te] WEEAS] £ A= HAUA] A=
oz dHA 9t} o]t o] = air lift column reactor & AFE3HAl F
< air lift column reactor = WE37lel baffles 5& ©]&3}o] riser site
9} down comer site & ©]&3sto] E}EIANE ASATh T2y ol s &
2= baffles & & A8H4] 942 bubble column reactor © H]&Fe] A& o
2 WE air flow & 73} Air flow 2 A5 WESAY] S =Es)
Rouf WAsk= EZejAo] E49 FUFR Qlete] mae] HnAE s
Hch w2k E Ao = bubble column reactor & A3t WHS71E
A 2rsk oA et
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Figure 37. Alternative flow fields and the various impeller.
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Parallel types acid inlet After 1 hr

-—-—

250 1.35
—@— GABA - 1.30
2097 = Added HCl - _
= | @ 125 7
E 4 =
150 o
5 r120 2
= =]
g 7.=-—-/./ °©
S L1152
9 100 - 2
[
8
F110 @
50 ~
L 1.05
0 T T T T T T T 100
0 1 2 3 4 5 6 7 8
Time (hr)

Figure 38. GABA production and reactor volume ratio using parallel type acid
inlet.
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al

o Z1xgels Z1xse] U9 Feof webA multi staged, with
static mixers, multi tubes, with external back flow tube, with external
back flows %2 FFATHT79-81]. &7 EAE Foto] EAHA ==
b @3] BV Eolds 434 (static sparger) $F &7]19F HA7} jet
FHZ ZARE S F2AM] (dynamic sparger) o]+ MR UE ¢ 3o
[82—84]. #7119 HH 7|4 % (superficial gas velocity), ugZF 5 cm/s ©] 38}
W= 7129 A7l ddstal AsSHEE AR st [85-88]. o]
§57d= bubbly flowstil gt} o] FEEAHL Welx AAES 7]Ee}
2 WEgow FY V|EAFEFE E3L bubbly flowx HYstEth 7]
T Al

Jojit=t] olw= 2 7)3E7F AA churn—turbulent flow7} A71tH[86

Jo o

A

S7HA7I S 71EE ] A9 AA7F @A flooding©]

a4 REE7IUe EENtE 1dE e oFE 4o 4 e churn
type 9| flow pattern ©] Z3spx|RE o]elgt 9472t & bubble & bubble
column ¢ HFZFHA &4 FxE BT 7FeAol Atk webA 2
Aol A= bubbly flow 7} 7}&3t=% bubble column reactor & Tt]A}el
shglom, 3719 =43 HClL & 44l o3t stress & £0]7] flgte] &
A}7] (dynamic sparger) 2] SHE #3513t}

71 A3} bubble & ©]&3dto] wHbstil FREAMIE ]38t Abs 9]
sl+= bubble column reactor ¢ 7-%- WHEAIZF 6 Al7bell GABA 9] %7}
400 mM o Supsiglon, ojuf 4kl 912 wkg-7] -y 2.0 uf o]7F o]

Gk @4 HEE-o] BuFUel GABA 9 FEE 1HE U, o] T HE
9| 80%¢°l g3t Aot} Bubble column reactor £ impeller & ©]
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Figure 39. Flow patterns vertical upward flow in bubble column.

94

ZICollection @ chosun



500

1 Added HCI 2.4
—@— GABA
400 -

. >

s Z,

£ >

— 300 - o

° IS

7 3

= >

® 200 5

c 3]

(e}

o 5
14

100 -
0
0 1 2 3 4 5 6
Time (hr)
100
—&— Bubble

—O— Impeller

Conversion (%)

0 T T T
0 1 2 3 4 5 6

Time (hr)

Figure 40. Effect of bubble and stirring on GABA production and conversion.
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B Ao A &3 bubble column reactor? As< Hlwal7] ¢34
Michaelis—Menten equation®l ¢}Ztste] ®WEG719] scale—up ©]&9] HEE-
7] (stirred reactor)®} K., V., %= #luwstdct. ZH2E  michaelis
constant@t=> 7} Wk-g7]9 Hke A= Lineweaver—Burk plotting method
°f wz} plottingdh 3t

HF-S-719] scale—up #AolA wHbe] 23 Egjzel FAo® 49
o] AstE= FAEY HCIO F¢ W wE gho 724 539

= Aol AstE Hrtetr] 918kl tlAk1E bubble column reactor?)
Je& vlwstr] f18ke] 50 ml ¥HE-719] michaelis constantE Y] w3} T,
50 ml ¥EZ7]19] michaelis constnat#t= Ky, Vn#kel ZH2b 277.26 mM,
200.0 mM/hrZ eSS ™ bubble column reactori= 480.125 mM, 312.5
mM/hr2 50 ml Rb-g7]1Ht 2% A5 daghs glsoi

rl

Knd #2 84714 Aaz89 ddof O3t A& ghoz K akol =
olx HEL bubbleo] 93t wmubo] wWFSAIY Q] Zgtof| AHgsrS ghelsr 4=
o

Q= Adolth, Voghe Favt /AT FRE 2HYS W o mavt
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0.018
b[0]3.2007276154e-3
b[1]1.5363691869
0.016 r? 0.9962337076

0.014 4

0.012 4

0.010 +

1V (hr/imM)

0.008 -+

0.006 -
® Bubble column reactor (2 L)

— Plot 1 Regr
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1/S (mM)

0.013
b[0]5.0055053589¢-3
b[1]1.3862571648
0012 4 r? 09732242427

0.011 4
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0.009 -+
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0.008

0.007 4 ° ® Stirred reactor (50 ml)

— Plot 1 Regr

0.006 T T T T
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Figure 41. The Lineweaver—Burk plot of the enzyme reactions in the bubble
column reactor (2 L) and stirred reactor (50 ml).

97

Collection @ chosun



Table 12. Values of K, and V, for glutamate decarboxylation on bubble
column reactor (2 L) and stirred reactor (50 ml)

Type Ko Vin
yp (mM) (mM/hr)
Bubble 480.125 312.5
Stirred 277.26 200.0
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I-442&

of 34 stk FYH AF pH Aol YL W/ ¥ 2L =
scale—up test & F3 35} t}.

%7] GAD 9 MSG 99| WSolq Z& 4w o 45 PLP 9 x| o
£ GABA A9E< shlstgon, WA pH o HE AREL WY

$EZ wolut buffer & FRHFE BASA WAL pH £8% 915
of AdAlel WEI1E Adstel EANS] AAE TR, W)
o 23F 2 L7 F7HA 0718 AZSHATE W71 scale—up o) F

ARo] vy 9 wRE BhH o R ISt stress & Asto] @A FgAdo] A
%7] MSG &%+ 1 M, "k$
&3te] pH 6 2= AojstH, s A& ©l &
b
B 4
2 AFNA =Y 342 biopolymer Al Afe FHOE WHE
719 Uif-ell 92 buffer & AFESHA] otom, 919 o= JHgS
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A I % GABAE ©]£3 Nylon 4 433N
ImIm-1 A&
1. o]&3 W7

1.1. YdE Nylon)

a2 FHxo /-2, 1938 @ Dupont AFollA hexamethylene

diamine ¥} adipic aicd 9] %3538 (Condensation polymerization) ©l 2] 3

S E A ZEo] 1 A ZxE A polyamide 66 F+= nylon 66 ©.2 WY 11
Atk o]wF-E nylon ol#t= AEH-S ¥4 polyamide & A A3t At

o2 AFgE 1 Qt}h thE A<l nylon A2+ caprolactam & A ZE ©
2-3to] k= nylon 6 £ nylon 66 ©] SItH[92, 93].

g ol E (polyamide) & 1 FHE olF& Fx2EH7E ofnET]e] 9]
3l dde ¥4 nRAES o, oiv=rle ddE TR FE AW
= GFAZ o] Folxl Lol EE YdE olgta ok YU e WS
UAdE mn 9 JAE m 22 ¥ o] A+=d nylon 66 ©] A} nylon 6 ]
T x}o]] &3k Wolt), AA}= dicarboxylic acid % diamine ©] ¥F-$-3}o]
olu| =715 A A$E  diamin o ETE A9 FE m,
dicarboxylaic acid ol 2%%¥ 49 5 n 0% YEpdt} ofn|=7] & of
1719k FHEEAATE

i}

S BAo] 2 @A olgstel Y4E F AUtk o
o wEAle] LY e £2 m oy s Zelopr =i UUE m of
e g aeh[94-98].

GRS wFA B MR A FF
Wbl sliE AHew dEAel UUEE wAel 54 thed

table °f] 1+ sk3lth,
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Table 13. Typical properties of Nylon 6, 6—6, 6—10, 6—12

Nylon Nylon Nylon Nylon
Properties Unit
6 6—6 6—10 6—12
Specific
- 1.14 1.14 1.09 1.07
gravity
Melting point T 220 260 213 210
Mold
% 0.6~1.6 0.8~1.5 1.2 1.1
shrinkage
Tension kg/cm? 740 800 600 620
Expansibility % 200 60 200 200
Izod impact kg—
5.6 4 5.6 5.4
strength cm/cm
Rockwell
- R114 R118 R116 R114
hardness
Deflection
T 63 70 57 60
temperature
Water
% 1.8 1.3 0.5 0.4
adsorption
101
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1.2. Yd& 4(Nylon 4)

Nylon 4 += 1953 @ 2—pyrrolidone =

Pn S A4S M 3

= g [99-102]

olglAl ¥/4d¥ Nylon 4 + &§HRTY W&
2o A Nylon 4 7} €85 9HA Eall7F EA]
o}, w3k wEkAQl 2—pyrrolidone 9 =2 714

Aot $HAIE BT
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1.3. 2—Pyrrolidone

2—Pyrrolidone & 27t& 9] &g olv]=(cyclic amide) Z TAE 7]
stgEolty. FAE] MAE 2o HF Ao, HRAA S ol &,
ethanol, diethyl ether, chloloform, benzene, ethyl acetate, carbon
disulfide 59 tgst &gl 284 & 3= 54 wjTol Ad4 ez g
o] &1 UTH[103, 104].

2—pyrrolidone ¢ ¥4 A2o|x BF30Et2(Boron trifluoride
diethyl ether complex)<=A]slol] w24 A ET} o] wf 7| EZZE Yo
= azido alkanoic chlorides & ®¥A7of webA] lactam ©] X<oFo] A
T} Toluene &wl’FE]ellA]l aluminum oxide & #7Fst ¥ 100TeA 10 Al
bEek WEskAl H™ 2-pyrollidine & $4F & vk &y o] ¥4

CHEFE I vlwd w ANl Ao FEE Ao R vton {7] &)

rl

= ARESE dH S 7EA a0 TH105-108]. & thE AN H oz s A9t
Z73skell Al 2—pyrrolidone = €& AFE-5Fo] S| GABA & A3}
120C oA WESAZIth WESAIZEE w21 FEE HS Ho|x vl o

GABA & AMgshs @8S 71 Qv 2 A7+ MSG ZFFH A
GABA = & AHel &3x¥co] e, 2—-pyrrolidone & 4 o] F
nylon @ FH O R olojAol st= 54& 7FA AL Utk webA GABA &
of Hjst E-=2 HUME WiAlsty % %2 2-pyrrolidone & 4 ko]
ofvt gty olEdt EAEL aste] £ AT mERkgTIelA

methanol A7+ &3t%] 2—pyrrolidone & 3/d33 ot

>

;:O
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9 0.1 eq. BF,OFt,
R—H + MNHZ
cl DCM

r.t., 25~50 min

AlLO,

NH
2 Toluene

n
O
HOM
@)
MNHZ

Reduce pressure

HO 113 mbar

Figure 42. Synthesis route for formation of 2—pyrrolidone.
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$9]& 7183 (Anionic ring—opening
polymerlzatlon)

HAAE Fold7]|= #87], alkyl, carboxy, nitro, nitrile, vinyl”7] <
X338} 5tE 2 OH—, NHy— %+ carbanion¥ &2 Jo]&of 93}
=3E 4 ot G F55, alkylely aryl lithium38HE, Grignard A<k
alkyl aluminum, 7] &tt)Z So|23 % amideso] 7NAAZ AREHTh
MAAE S 425 7H =4 g8 ofF wizkst== Ak, &, alcohol,
mercaptan, amine, acetylene F+EA 5 AAS] A|Asteo]oF o). AbA,
o] AbslebA, AAbstEr A carbonyl $F3HE, alkylhalides ™= 7|AlA|3} HE-5-&
T ATH [109, 110]. AZRESAAE At Fol& Fo]2 Atolof g
A7F AdEel o] MIPATh JAALE Do) o]0 ® Ho glorng
Folol &l &AL dojdnh AGARES] Fol&d AR Ak
AtEolERRSS
AV AR AR & 5o BeEo] flv & AE 9 &4

& @ol Stk ol & living S&oletal 3tth. Living T3 whsol &4
¥R SFAE Q)T AS Fdeke] EAEe] FrhskAl @k
Living %> THF, dioxane & A &AF&ES Hol&3 At&oless & F ¢l

golE Agstoloku k.

rr
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IT-248 Ag 9 4y
1. 2—Pyrrolidone ¥4

2—Pyrroidone HPLC (high performance liquid chromatography) &
o] &38te] EA3 k. 2—Pyrrolidone®] 4= Partisil SAX 10 column
S AHEEF e, 5 mM KHoPO, + 2 % acetonitrile2 mobile phase® 9]
£33tk 0.8 ml/ming %22 200 nme oA UV-vis detector®

% shoint.

o

Glutamic acid STD GABA STD

2-pyrrolidone STD

25017 12007
10047 oo oot
80046 oo 006
s <
3 s s
< 2 H
4046 soess 40er6
b[0]85011.8360655747 b[0}468347.3905 b[0]136424.1475
20046 b[1]1094166.156 00 b[1]34657.8899656064 20046 b[1]947848.4098
12 0.9998012657 1% 0996649163 r* 0.9998589682
00 00
0 2 4 s 8 10 2 0 W W W a0 s e 70 o 2 i s 3 0 12
conc. (mg/mi) conc. (ug/mi) conc. (mg/mi)
uy'{x 100,000)
9.0
8.0+
] '
7.0+
6.0
1
5.0 \
il
4.0
1 GABA + 2-pyrrolidone + Glutamic acid MIX
3.07
1 GABA
2.0+
2-pyrrolidons
1.0+
1 Glutamic acid
0.0+
A.0- . . . . : . . . !
5.0 7.5 10.0 12.5 15.0 m

Figure 43. Standard curve of 2—pyrrolidone using HPLC.
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2.  2—Pyrrolidone 34

MSG Z4¥E GAD & o] &3sto] ©%3s GABA £ 2-pyrrolidone &%
s fste] AN TIE ARESEIth SHRES-7]= Multi pressure
bomb reactor (Reaction Engineering, INC.)¥F-3-7]5 Alg3lgi o, &%
A+ Refrigerated bath Circulator (Lab Companion, RW—-0525G) &
ARE-sto] EE Aottt

HhE-719) b wisl: LC-20AT (Shimadzu) & ©] 83k ¢&& Aot
Stk aREE719] k¥ 300 psi(2.06 bar, 2068.44 Kpa) = =743k
© 1 methanol & #7}35te] 2—pyrrolidone & A WHES FUA| AL &
Aol EAS 1133t 2—-pyrrolidone 9 Fwe 5o & IS H
A4

Figure 44. High pressure reactor used for the synthesis of 2—pyrrolidone
from GABA solution.
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3. Nylon 4 34

Nylon 4 ¢ 342 2-pyrrolidone®) catalysts®} initiators ¥3. N2
2 2" d9-g7] delA 24 hr ¥FEAIZITE HEgo] FAH HESES

AAde A7 H FAAES dxste] 24380t A2 nylon
w5t AEe] DA E A nylon 4 & BAA = F
0.1% formic acid® A|Z3}o] v]Hk-g- monomerE Al A TE £ A3 o A
+ catalyst®i= sodium, KOH, potassium tert—butoxide®E ©]-&3}% 2™,

initiator 2+ benzoyl chloride, SiCl, & Z}7} Blw &4 3} ).

initiator

H
N catalyst
( 740 NH,
HO

n

Figure 45. Reaction scheme of Nylon 4 synthesis from 2—pyrrolidone.
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IIm -3 24343
1. 2—Pyrrolidone ¥4

APHES 75 0] 83 2—pyrrolidone 9] P FF2 =1 dHs7] $
3to] methanol 9 FZ2 Fule fFe wE F&ES STt 2-
Pyrrolidone ¢ $$4 < ¥F$ % nylon ¢ &4 o ]
of X¥}H= ETES F
<% FulE xS RS vwekgithk. o] W Fvli= ammonium
bromide & AFE3IATH Fule F5+&= 0.6 mM & o439tk 12 mM 9

= 211 =¥ 111 & Z7] 24 st
100C, 300 psi 2xelA 3 AlZE WESAIZAT wEg Aol EAs= GABA
¢} 2—-pyrrolidone & HPLC & o]&sto] LA aqlty. 71 A3 s
gole AdwelA methanol 3 FRFFC &9 C 11 ' Yol
3 /Mol Aol 5 2—pyrrolidone ©] A E Z& ggeolsk 4= I3}
Ty FujE goFA ¥ Aol methanol ¥ FRFE EFHUL
1:0, 2:1 <1 A3+ oAt 2—pyrrolidone ©] FAAH AL gold 4= 3
o wEbs SHE ARESHA] 95 el methanol 9] F
Ag gRlstglon, Hrtete & & EAlste FRTEUY w2 4ol

A7Eolo g shalatgt.

N
—
L
A\
p_n

Methanol ¢] %
&to] methanol o] E&lo] WE WS FASAT. EEH = 101 oA &
ol HA e AdE FaE st 1:2
S5 gAsilvh. 1 A3 1:3 014 94% 9]

)—‘

FHE
u?i'
=
o
\S)
o
<
=
=
=k
a
)
5
19
1o
o
i
O
—
w
—+
=
Q
5
=X
[o
i
N
N
ol
ol
2

=
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u\ix100.000%

g No-catalyst

6.0
5.0
4.0

3.0+

STD

2.0
] | L Only MeOH
1.0] }\L MeOH : DW=(2:1)

003 j\ MeOH : DW=(1:1)

T —T— =T —T— T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 min

uM{x100.000}

.o Ammonium bromide

7.0

5.0

4.0
1 ﬂ STD
3.07
] Only MeOH
2.0
] [k MeOH : DW=(2:1)
1.

MeOH : DW=(1:1)

0.07

a0l

Figure 46. HPLC chromatogram of 2—pyrrolidone with methanol ratio and
catalyst in high pressure reactor.
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Table 14. Yield of synthesized 2—pyrrolidone according to methanol ratio in
high pressure reactor

GABA D.W. Methanol Methanol ratio Yield

(g) (g) (g) (M) (%)
10.31 50 100 2 89.2
10.31 50 150 3 94.0
10.31 50 200 4 95.7
10.31 50 250 5 94.8

Yield = 2—pyrrolidone (g)/GABA (g )x 100
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GAD 9] 4HI&-2& o]&3slo] A3tE GABA & 100% #3to] mojx g
%] NaCl, cell debris 59 E&°] X35 o] Qit}. 0|83t E4ES Y
O

7] SsAE chere e 088 9l

of &3 8= 2As] fleiMe Bo st A-E Zdegol &

A% A gRlstglt.
1 M ¢ GABA ° #7] v¥& 59 MSG & &3A7 § g9
sample ¢ pH & 57433 3 M ¢ HCl & ©|&3l pH shift & F33}3ch
i=]

=
50~80 mM & ¥ ¥ om, GABA 9 §%E 780~890 mM & H3E3}S]
Th GABA ¢ %7} 1 Mol 5#] ¢ o]+ pH shift & $J3 HCl 9 I
7}2 Q13 HkgAY] BuAdso R 913k Ayjolt), o]ydt Atz n|Fo] =
w pH shift o] 9814 MSG = 80 mM o]st2 E=AsA ¥w, GABA &= A
Aoz JFs WA o= FoE I 919 AFPAAE EUYE &

2dbg-olof A 83k Ay} cell debris & AAEY 5 Ao, njuk-&® MSG
s
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Table 15. Precipitations of MSG and GABA using pH shift method.

Initial After MSG concentration GABA concentration
pH pH shift (mM) (mM)
(A) 7.64 3.17 75.6 894.0
B) 7.68 3.14 81.1 840.1
© 7.59 3.17 49.5 868.5
(D) 7.56 3.12 66.1 836.3
(BE) 7.51 3.64 62.4 787.2
113

Collection @ chosun



Figure 47.Effect of on the precipitation of GABA and MSG mixture: (up :
initial states, down : after pH shift).

114

Collection @ chosun



ARG HE pH shiftE o] &3te] cell debrisE AlA3stal  high
pressure reactorE ©]83}9 2—-pyrrolidoeng &A433tE 100 T, 300
psi Z7stelA 3 A% A3} 2-pyrrolidones A8k A=
Hhe=olls v 8= Edstal lolA nylon 4 ¢ A4S AsiM= +

t}. FEAAE rotary evaporatorE ©]-g3}o]
_]

)
(L
olo
>,

S+X 8k 2—pyrrolidone &

_'ﬁ_
AL 7] MSGE AHEE o)

= O 2AHIE EAEHE o]l FAAF AAEEA e fEE o]
NaCle] HA® Ao ZE o]lyst AFL nylon 4 & FAst= T4 a7}

¥ @40tk webd NaCle AAsH] $8te] NaClel AA 348 F71
How ZRIsZ stk BARAME Fake] NaCle $alm7t 2owA
AAs7] A2 2 acetoneS AEFF] NaClS A A3 T}
GaoHkgd o g HE 2-—pyrrolidone 8 S FAH Y 23 o a4
W gde 3 M 9 HCl & ol&3te pH 3.1 22 HAs+= pH
shift 3785 AAA €} o] W A= FHdES kg MSG ¢ ¥H-&
of o]&¥ JaAS cell debris Tolth Edel &A= GABA &

8
()]
@
jon
)
j=
=B
N
N
=
o
=
rl
r]I.
oo
N
=2
>
w
o
=
=)
N
=
2
rlr
BN
M
ol
o
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>
]
olo
ol
o
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2—pyrrolidoe & $A%HA Ht}t. 44 ¥ 2-pyrrolidone & Y TH7E
0]§-3to] methanol & A|AS, Foldle A= acetone precipitation
< %35l NaCl & FAd AY. JHdE2 filtration & F3t9] AASIA &

ZRkgN o 7 HE] 2—pyrrolidone & A sHA )
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Solubility of NaCl in various solvents|
(g NaCl/ 1 kg of solvent at 25°C)'%) |

Hg0 360
[Formamide s
.Giycarin -33
Propylene glycol '7|
pH shift (pH 3.1) |

Formic acid 2
Liquid ammonia |02
Methanol la

—3 [Ethanol loes
Dimsthyormanids loa
1-Propanal o124

Added methanol (synthesis of pyrrolidone)

N N Sulfolane 0.05
‘L Filtration 1-Butanol acs
2-Propanal loos
[1-Pentanal loois
Acetonitile o

Acetone 00002

Vacuum evaporation (remove methanol)

Precipitated by acetone

=l

Figure 48. Diagram of 2—pyrrolidone synthesis process from enzyme
reaction solutions.
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A9 I FFE et s 2—pyrrolidone & 72E AE8hE AL
+= 2-pyrrolodone ¥ H|WEA 37| 95t NMR 4L st 1 43
43tE 3l 9l 2-pyrrolidone ¥ FH3 F2E FAsta = AS g9

shot.

|

* ko8 a2 &

JL Wﬁ 2-pyrrolidone (Sigma CO.)
J

L
#

G‘x ‘ y-aminobutyric acid(Sigma CO.)

25
Chenical SR (som)

Y B |
-pyrrolidone (experiment)
o 1 JJVL jubiu\,._

2%
Cnencal SR (som)

B 8 x &

Figure 49. NMR spectra of synthesized 2—pyrrolidone from enzyme reaction
solution.
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2. Nylon 4 34

7t
o} MAIA L FFel webd T 9 AIRE 9 F el wEkA Nylon 4
o] FHE, FET WUt A

A3 GABA & o]g3te] gt 2
FAHE A3s st @AY Nylon 4 & 7]Ed 443 Ho A&
Nylon 4 ¢} FT-IR, NMR & ©]&sto] Hlw A8kl e, Fujel 7RAIA=

& gerstel AW FYAAT,

o
3
S
3
<3
o
S)
=
)
o
o
oo foi
ol
ol
2
Z,
o
=
i~
N
)

-
fifo
2

HES-ol o 2 A E 2—-pyrrolidone < ©] €3 Nylon 4 oA 7H3

Ea
Ha e BEE sodium chloride ©]

_ﬁl
oo
o
rfo
ofy
i
(=
olo
=2

o
2
>

o] &3to] NaCl & AAs=E 4ol THHAT, FAE 2—pyrrolidone
neFo] g=ito] ol Q17] wliEe sodium ©] EASH Bt wEkA 2
Aol A= Nylon 4 & #4d3t7] dell WA sodium chloride © 9]t 34
AsllE gelst7] flste] sigma AbellA #wjet= 2—pyrrolidone & T-wist
o A" Fulgt MAAE o] €3] 1%2] sodium chloride & 238}l

31+ 2-pyrrolidone ¥ A FES v w3 T}
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Table 16. Inhibition effects of residual sodium chloride on the synthesis of

Nylon 4
Title Yield (%)
Include 1% sodium chloride 29.5
2—Pyrrolidone 57.6

Table 17. Effect of pH conditions on the synthesis of Nylon 4

Synthesis conditions Yield (%)
pH 3 21.3
pH 7 57.6
pH 10 -
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I A3 1%9 sodium chloride & ¥3+$F 2—pyrrolidone ¢ 2% &
d7&0°] sodium chloride & ¥393F4] ¢k thxaol Hlgto] 51%2] Al
7F dojip= RS el aadks Ao A5t cell debris & A AS)
7] $18te] pH shift 3414 pH 3.0 2& A7%& 3tA €t webA pH
shift o o]t &5 vlwstr] $13ke] pH B=E nylon 4 ¢ &S ¥ w3skS]
ok 2 A3 pH 3 9 2AAME 51%2 A7t dojwten, pH 10 oA+
nylon 4 7} @A ¥A skt whebA gankgS o] 83 nylon 4 ¢ ¥4

S @ o] E]lste] pH 7 2 Z24sHs ¥74¢] nylon 4

o FES Y 7 AUS AR odE
ANESNoRE FE nylon 4 & @57l AEE Fuiet AAAE
A7str] Slstel Zujel JHAIAIS] sEE T Det
AelA nylon 4 9 &S ATt FE= sodium, potassium
Ao, JAI A= silicon

tetrachloride, benzoyl chloride & 2Z}Z} v}, 1 A¥ FujE&=

o

tert—butoxide, potassium hydroxide & 9]

potassium tert—butoxide & 7WAIAIZ= benzoyl chloride & AFEE uwj
nylon 4 ¢ F4FFo] 74 £ 2 BAT 5 At 2] BE Sujg
MAAE olg3ate]l F4¥ nylon 4 & x4
FT-IR ¥ NMR ¥4 %3to] vlwa}

N
2=
TZ2= HEE nylon 4 7F §4€ S FAT 5 Ui

[-'O
Jn
o,
o
E
r-\m
X
ol
ok
N
do
ol
ok
2
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Table 18. Synthesis yields of Nylon 4 according to different catalysts and

initiators.
Monomer Catalyst Initiator Yield
(1 M) (60 mM) (3.7 mM) (%)
SiCly 8.7
Sodium
BnCl -
SIC14 -
Pyrrolidone Potassium tert—butoxide
BnCl 57.6
SiCly 1.3
Potassium hydroxide
BnCl 3.2
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(b)
(c)
(d)

T T T T
4000 3000 2000 1000

W avenumber (cm-1)

Figure 50. FT—IR spectra of Nylon 4 synthesized by different catalyst and
initiator; (a) sodium, silicon chloride, (b) potassium tert—butoxide, benzoyl
chloride, (c) potassium hydroxide, silicon chloride, (d) potassium hydroxide,
benzoyl chloride.
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Figure 51. NMR spectra of Nylon 4 synthesized by different catalyst and
initiator; (a) sodium, silicon chloride, (b) potassium tert—butoxide, benzoyl
chloride, (c) potassium hydroxide, silicon chloride, (d) potassium hydroxide,
benzoyl chloride.

123

Collection @ chosun



Has 3 BAE GAD £ ol§3ste] 8A4¥ GABA £ biopolymer ¢!
4 5 A8k AL ot gl o] 1heks] AelE ¢ vk &
2Rbg-olg o]§38te] §d e 2-pyrrolidone & ©]&3% nylon 4 & §/d3t
2Ath Nylon 4 9] 3del AFE-E 2—pyrrolidone & & ANHEHS o] &-5}of
FAdst7] f18ke] pH shift & ©]&3k] cell debris & AIA3FTE pH shift
L HCl S olg3t9 o, o w ¥r1&e a3z MSG 7} pH 3
7F w48 "ol = AS skt pH 3 oA GABA & A e
o] dojupx] kgkom, ojgfst Wi o] &ate] Whgo] FAE nkg Ao
A8tz cell debris &} P MSG & AAT & & 245 gtk
]

A5 NE 2—pyrrolidone & nylon 4 ¢ &4 F&& FXAI717] 95t

iy

acetone precipition & 3t%] NaCl & A A3}t wd =

acetone 9 £31=7F 0.42 mg/kg, 25CYS &elstgc). T3 acetone &
B Aol 57TTE HlwA Yol FAo =9 F doA=S AAs] A &
ol 3t NaCl o] AAE &-sH2 tAl pH 7 dsk3lth. Nylon 4 9
T3l o] && 2—pyrrolidone 9] Z-¢ pH ol webx 7kA12Q1 Ao o}
20, dFEolE pH7 Y o 45 E0] B A& s,

Cell debris ¢} NaCl & #| A3 Wk-go| methanol
q

h
o £ py

t}.

u, o] 74zo] =0, nylon 4 %
Aol A= W 2 ZAQ1 Rbg2 Alofsty] flste] Fuje] H7HE Hl
Aste] AFS FHstFTE. A E 2-pyrrolidone & =W E potassium
tert—butoxide & 7NAIAIZ benzoyl chloride & ©]€3t°] nylon 4 & &4

a3t

124

Collection @ chosun



|l I| Jl"'LFIrjlll

Dynamic sparger system
Bubble column reactor

¥

Nylon 4

No buffer system
pH control system (using HCI)
Scale up (2L)

Figure 52. The overall process diagram of synthesis of Nylon 4 from
monosodium glutamate.
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