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Abstract: Glutamate decarboxylase (GAD) can catalyze the decarboxylation of glutamate into y-aminobutyrate (GABA)
and is the only enzyme of GABA biosynthesis. Improving GAD activity and thermostability will be helpful for the highly
efficient biosynthesis of GABA. According to the Ramachandran plot information of GAD1407 three-dimensional structure
from Lactobacillus brevis CGMCC No. 1306, we identified the unstable site K413 as the mutation target, constructed the
mutant GAD by site-directed mutagenesis and measured the thermostability and activity of the wide type and mutant GAD.
Mutant K413A led to a remarkably slower inactivation rate, and its half-life at 50 ‘C reached 105 min which was 2.1-fold
higher than the wild type GAD1407. Moreover, mutant K4131 exhibited 1.6-fold higher activity in comparison with the
wide type GAD1407, although it had little improvement in thermostability of GAD. Ramachandran plot can be considered

as a potential approach to increase GAD thermostability and activity.

Keywords: glutamate decarboxylase, protein engineering, y- aminobutyric acid, Ramachandran plot
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pH 48 (kcat/Km)
2.56 Shi % Lactobacillus
brevis Lb&5 PCR
GadBlE3lZS GadB1T17I/D294G/Q346H
pH 60 (kcat/Km)
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Chondroitinase ABC |
Q140
Q140A 40 °C 7 min
3.5
GABA Lb. brevis CGMCC
No. 1306 GAD1407
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GAD1407
1 #R5FE
1.1 ##
1.1.1
Fast Digest Dpn I Fast Pfu DNA
1 kb DNA Ladder marker TaKaRa
( ( ) )
PCR
( ) ( ) DNA
Ni-NTA
( ) LB
TB 50 pg/mL
1.1.2
E. coli BL21 (DE3) pET28a(+)-
GAD1407
1.1.3
LB 10 g/L 5¢g/L
10 g/L
TB 12 g/L 24 g/L
4 mlL/L 17 mmol/L 72 mmol/L
(pH 7.4) 2 mmol/L
10 mmol/L 2.7 mmol/L
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1 mmol/L 137 mmol/L
12 RENEFERWE
Lb. brevis CGMCC No. 1306
19 1
GAD1407
PCR PCR 10 uL 5xPCR

4 uL ANTPs (2.5 mmol/L) 1 uL
(10 mmol/L) 1 pL (10 mmol/L)

1 pL (50 ng/pL) Fast Pfu DNA
5U 50 pL
PCR 94 °C S5min 94 C
30s 55 °7C 30s 72°C 4 min 30
72 C 4 min PCR
PCR Dpn I
0.5 h PCR
PCR 10% VV)
E. coli BL21 (DE3)
50 pg/mL LB
37°C
13 HFAEARIRTERAMLGL
19
1-3

E. coli BL21 (DE3)

*1 ERRTIIYRERFT
Table 1 Primer used for site-directed mutagenesis

Primer name Primer sequence (5'-3")

CACCTATCCCTTACCAYYYAACATGA

KaI3X_F CGGACCGC
K413X R GCGGTCCGTCATGTTYYYTGGTAAGG
- GATAGGTG

X represents the other 19 kinds of amino acids except
Lysine, and YYY represents the codon corresponding to
the amino acid X.
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50 pg/mL
SmLLB 37 C 200 r/min
2%
(VIV) 50 pg/mL
100 mL TB 37 C OD600
0.6-0.8 IPTG
0.5 mmol/L 25°C 150 r/min
8h
1.4 FABg®HFAL
10%
300 W 3s 6s 90
10 000 r/min 4 C
30 min
Ni-NTA
SDS-PAGE
15 RELLETFI
19
20°C 55°C 10 min
5 min
55 C 20 C

S

16 HAEAMIMRTIBHEFSHRRRBEN
M xE
0.2 mol/L -



AZES %0 AR REE R EI RS SRR e

(pH 4.8) (1-100 mmol/L)
L- (L-MSG)
[S]
[V] (1-1)
[S]
V=V 1-1
max K, +[S] ( )
Origin 8.0
Km Vmax kcat:Vmax/[EO] ([EO]
umol/L) Kcat
kcat/Km
(tin) 1 mg/mL
PBS (pH
7.4) 50 C
Origin 8.0
tin
GABA 15 pL (1 mg/mL)
400 pL 48 C 10 min
10 min
GABA 17
2 BER54M
2.1 GAD1407 BJHLiX B #& K 5 4h
[18] GAD1407
1 Swiss Model
Lb. brevis CGMCC No. 1306 GAD
o/p 12 o- 4  B-

Loop
PROCHECK

& 010-64807509

(Most favored

regions) (Additional allowed
regions) (Generously allowed
regions) (Disallowed regions)
2 413 Lys MODELLER  Swiss
Model
413
GAD1407
(D 413
(Lys) C p-
(PLP-Lys279)
22 TERRLEERNFMIFIE
DNA
1.5
55°C 10 min
( 3 20 C 10 min
(4

Bl 1 GADI1407 By =4 &g i& Ll &
Fig. 1 Three-dimensional structures of GAD 1407 by
homology modelling. PLP is shown as purple sticks,
which forms a Schiff base with Lys 279 (gray sticks),
Site 413 (Lys) is shown as blue sticks.
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Fig. 2 Ramachandran plot of GAD 1407 model
generated by MODELLER (up) and Swiss Model
(down).
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1.35 4 K4131
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Relative activity (%)
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KGEFARVMQPHYTLWCDTI SN
Amino acid

3 55 CALIE 10 min fF ¥ A BIRE 5 SR T RETE S X b
Fig. 3 The relative activity of wide type and mutant
GAD at 55 C. Enzymes were heated at 55 “C for 10 min,
after which residual activities were determined taking
L-MSG as substrate. The error bars show standard
deviation calculated for three replicate experiments.
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Fig. 4 The relative activity of wide type and mutant
GAD at 20 C. Enzymes were heated at 20 ‘C for
10 min, after which residual activities were determined
taking L-MSG as substrate. The error bars show
standard deviation calculated for three replicate
experiments.
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23 BHHEBMMRTERIERGEK
2.2 K413A
K4131
SDS-PAGE
5 56 kDa
24 FHBRBMRTEAARRE
K413A
K4131 6
6
K413A K4131 50 C
(0-120 min) 5 min
Origin 8.0
K413A
K4131 50 105 46 min
K413A
K4131
( K413A> > K413I)
413

25 HHEABMRTBHHNDFZSHNE

L-MSG pH4.8 48 °C
K413A
K4131 1.6
1 mg/mL 1-100 mmol/L
2
2 K413A

& 010-64807509

K4131 K K
Keat K413A
K4131  Kea
133%  167% Keat/Kim
K413A

1 2 3 4 M 5 6 kDa

- —97.0
- — 66.0
- . —30.0
—20.1
-
-— ——_— — 144

Bl 5 EF4RBESINKLEEHY SDS-PAGE 1l 45 R E
Fig. 5 SDS-PAGE analysis of wide type and mutant
GAD. M: protein marker; 1: purified wide type; 2:
supernatant of wide type; 3: purified K413A; 4:
supernatant of K413A; 5: supernatant of K413I; 6:
purified K413I.
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Fig. 6 Thermostability of wide type and mutant GAD
proteins at 50 C. Enzymes were heated at 50 ‘C for
increasing time, after which residual activities were
determined taking L-MSG as substrate. The error bars
show standard deviation calculated for three replicate
experiments.
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*2 BEABNRTHBESHLE
Table 2 Kinetic analysis of wide type and mutant GAD proteins

K (mmol/L) Keat (571 Keat/ K (L/mmol-s)

WT 25.28+0.99 19.35+0.67 0.82

K413A 25.56+1.14 25.77+0.84 1.14

K4131 27.71+1.39 32.39+0.73 1.28
K4131 Keat/ K 139% A413 Al63 P184
156% K4131 Kcat MI185 P412 MA415

Keat 67% K4131
A

Met 185

3 Wik -
GAD1407 Pro 184
413 Lys MODELLER
iss Model
Swiss Mode A e
Lys
B \ Val 182
K413A Pro 18
K4131
3' 34 o
50 C ¥ Ty r165
K413A 105 min (50 min) 3y Alal63 “,
2.1 \
GAD 1 TA Gln 166
K413A Ile 413
K (Lys) A (Ala)
K413A  PDB B 7 KA413A(A) #1 KA4131 (B) B9= 4% HtaHlE
(http://pic.mbu.iisc.ernet.in/) Fig. 7 Three-dimensional structures of K413A and
( 5 A) K4131 by homology modelling. (A) In the mutant
K413A, substituted Ala was shown to involve in
el K413A hydrophobic interaction with the neighbouring
413 hydrophobic amino acids M185 and P184. (B) In the

mutant K4131, a view of the hydrophobic interaction
among the substituted Ile, V182, P184, A163 and Y165
was shown.
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148
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K4131
pH 4.8
1.6 GAD1407
1 7B K413 C

413
1413
V182 (4.5A) P184 (3.8 A)
P184 A163 (3.9A) V182
A163 (3.4 A)

Y165 (3.5 A)

Y165 Q166 Q166 GAD
(16] K413 1413

GAD1407

GAD1407
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