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Construction of a recombinant Escherichia coli BL.21/
pPET-28a-Ipgad and the optimization of transformation
conditions for the efficient production of
y-aminobutyric acid
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Key Laboratory of Industrial Biotechnology, Ministry of Education, Laboratory of Applied Microorganisms and Metabolic Engineering,
School of Biotechnology, Jiangnan University, Wuxi 214122, Jiangsu, China

Abstract: In order to enhance y-aminobutyric acid production from L-glutamate efficiently, we amplified the key enzyme
glutamate decarboxylase (GAD) encoding gene Ipgad from the strain Lactobacillus plantarum GB 01-21 which was obtained by
way of multi-mutagenesis and overexpressed it in E. coli BL21. Then we purified GAD by Ni-NTA affinity chromatography and
characterized the enzyme to optimize the conditions of the whole-cell transformation. The results showed that the recombinant
E. coli BL21 (pET-28a-Ipgad) produced 8.53 U/mg GAD, which was increased by 3.24 fold compared with the GAD activity in
L. plantarum. The optimum pH and temperature of the enzyme were pH 4.8 and 37 °C, respectively. At the same time, we found
that Ca®* and Mg?" could increase the activity significantly. Based on this, we investigated y-aminobutyric acid transformation in
5 L fermentor under the optimum transformation conditions. Accordingly, the yield of y-aminobutyric acid was 204.5 g/L at 24 h
when the 600 g L-glutamate was added and the mole conversion rate had reached 97.92%. The production of y-aminobutyric acid
was improved by 42.5% compared with that under the unoptimized transformation conditions. This paved a way for the
y-aminobutyric acid construction of the industrial applications.

Keywords: y-aminobutyric acid, glutamate decarboxylase, recombinant Escherichia coli, whole cell transformation, optimization
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K ¥ # Escherichia coli JMI09 . BL21
(DE3) M A S 40 = ff ik , ¥ AW
Lactobacillus plantarum GB 01-21 HA S50 % 0
WIFHAEIRTS, a4k pMDI8-T 14 4 TaKaRa
N, JERL pET-28a (+) 1 | Novagen 23 ).
112 MR

SRR BE 37 °C, e =R RE%# 200 r/min,
BN HFERWE N 100 mg/L, RIRERUKE N
50 mg/L i vEF ik F, IPTG i FARWKE N
0.5~1 mmol/L,

WA PSR (/L) #i%5hE 1.0,
FEAM 3.0, kI 1.5, NaCl 0.3, K;HPO,0.1,
MgS0,-7H,0 0.05. 7 pH 6.5~7.0, 121 ‘C KB
10 min,

WA R LRGSR (o/L): #4HE 5.0, A
ik 10, EK¥ 7.5, NaCl 0.5, K,HPO, 0.1,

MgSO, 7H,0 0.05, L-A4 % 1.0, LE4 % 2x107°,
pH 6.5~7.0. 121 ‘C F K} 10 min.
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kLR IR & e DR &l B b
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1.2 Fik
1.2.1 ARERBR R 89 e e

45 NCBI H A ¥ 3L #T 74 Lactobacillus
plantarum subsp. plantarum ST-1II (GI: 308044682)
I HAZIRFS 3 254 376 bp Y Ipgad A
FeAN AT R R B A P B R i 5 1, i |
#) P1. 5'-GACGGATCCATGGACCAGAAGCTG
TTAAC-3'; T34 P2:5-GGCGCGGCCGCCA
GGTGTGTTTAAAGCTGTT-3' (FRIZ M Ew
BamH 1 Al Not [ EUIf7s1) . $&H Lactobacillus
plantarum YL fASHBNR, FIHE BT 15149
PCR ¥ #3513 H S BL, PCR ¥ 34450420
94 °C 5min; 94°C50s, 57°C 1min30s, 72°C
2 min, 35 MEFR; 72 ‘CHE(H 10 min, FFiS A B
RIS 5 e AR pMDIS-T #42, 1k E.
coli IMI09, Zid W& RIUIE- Pk, Pk
WA PR AT o SRR DI 5 , 4 F 4 Ok
440 T-Lpgad, ¥ i i Sangon 22 &l 58 %

cjb@im.ac.cn




ISSN 1000-3061 CN 11-1998/Q ChinJ Biotech January 25,2012 Vol.28 No.l1

1.2.2 EHFR. pET-28a-Ipgad KR K% GAD
FERGFFH BL21 iR IX
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FRZE T (pH 9.0) ZL 1k ; FFIMA 1.0 mL 6%
WA 400 pL m%%’s%@%ﬁ%ﬁ TG,
WKW R 10 min, dRE TE VKIS R4 H) L6
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T, % 109 B2 Rl b 15 35 47 1 B 1 B
A 5 LAHZARRE GRtE N 3L),58T 37T,
250 r/min 5532 % ODegoo 4 0.6, 5w HrPis izl
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HEME, 30 CIBHES AN 14 h & ODgy M 13.6,
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ANFIER LN FrBE (K 1), 3% 8 pMDIS-T # A
M. Blast /rHrat B, PR AY I A
HIRFH 5 NCBI HAMR Ipgad % 751
(GenBank Accession No. ADO00011.1) [ i
ik 99.36%, HAHZE 9 oKL, 4 DR, L.
plantarum GB 01-21 Z£[H Ipgad E %2 &
GenBank %45 % (Accession No. JN248358).,

bp M 1 bp

2000

1410
1 000

1 lIpgad EE &) PCR ¥ 1&
Fig. 1 PCR amplification of Ipgad gene. 1: DL2 000
marker; 2: PCR products.

22 BHEAXBHRAREHIKGE
# T-lpgad fH BamH T F1 Not [ JEA7 XU 1],

I Ipgad F B, HH 5 2 A R B ED 4tk
Y pET-28a (+) #ARiE4E, BEUISRAE, SR
2 BamH I 1 Not I #47 XUEGYT, B 5 369 bp
1410 bp K/ R B (B 2), 0ol % T
PET-28a (+) #il Ipgad K/, S5 5R KB H 4 Bk
M, K H A 444 pET-28a (+) -Ipgad.

bp Ml 1 2 M2 bp

23130

9426

6557
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2322
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1 000

2 [R#I pET-28a (+) -lpgad BIEGHIIE IE

Fig. 2 Identification of pET-28a (+) -Ipgad by enzyme
digestion. M1: ADNA/Hind 11l marker; 1: pET-28a (+)-
Ipgad digested with BamH I; 2: pET-28a (+) -lpgad
digested with BamH | and Not I; M2: DL2 000 marker.
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2.3 Ipgad EEZE E. coli BL21 (DE3) H&ix
5EHEH GAD g4k

¥4 pET-28a (+) -Ipgad ¥ A BL21 (DE3), 7£
A& RPiME LB AR L ¥k IS b1, W
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K &) — 2573 T H 290 53 kDa AR E4AT, 5
B HARE A Rh—8, e 3 R, i
T F5 LU B A 8.53 Uimg, A S AT Bk e 4
LI REL VR AR 1Y) 4.24 1 o AR SCI0 e FH I 3R 4K
Kk pET-28a (+) H#&A 6-His-Tag Zifi%/351, KH
Ni-NTA Ziifb A 2RI R [ GAD. 2ifk)5 1) GAD
2t SDS-PAGE 74 R ILIE 3, wIE &4tk
JEARBIAXT B — Y55, B E AT LI B33
FHXT AL GAD ik [ 2liAk )5 B 1 LU 35
| 32.45 Uimg, EALATHIBHR RS 3.8 %,
IS5k 53.32% . 453 ILE 1,
2.4 BREIIREE GAD HWEEFEERAR
241 Bl pH & pH e

GAD 7E pH 3.6~6.0 1 [l P S i i s i
W, HhE 400, ij:r48 HEMmiE R
IR GAD N Gl pH 7 4~5 2 [t
FEA—F pH FE 7 TH B GAD 7£ pH 3.6~6.0
A pH &0 R AR 2 h 505 i 16, GAD 7E
pH 3.6~5.0 i FE AR 2 h JE 4 RESRHF 809% LA I

*| EHZER GAD difksk

MBS S, pHEKT 5.2, BEIEEARHE N,
YiHiZ GAD 7ERRMEMEE T FE, HAKS
AR MR

2.4.2 %ﬁﬁiﬁ@i&%ﬁ%ﬁ

£ 20 "C~70 ‘CyEHE N #FT GAD e 52 i

DA A BEG 25 S WL 5, MR HNZ GAD 7E{%
TR BESE L P, B TS (0 T, G 5 T,
37 CHFEE VIR B ey, R EEFRARSE T8, WG
W RS, AR AR R E 5 FiR
GAD 1t 20 C~40 ‘CHA35E , /KRR 10 h J5AH
XF G AT AE 85% LA 1, 158 B2 Bl A I 3 32 915
WRAE TS, EREZENTS, MiE

1 2 M 3 kDa

- —116.0
p— —66.2

L — - 530
proeg - —45.0
- —_— —35.0
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L — — 144

3 FikFLLF1H) SDS-PAGE 434

Fig. 3 SDS-PAGE analysis of expressed and purified
GAD. 1: supernatant of E. coli Bi21; 2: supernatant of E.
coli B121 with recombinant plasmid pET-28a (+) -lpgad;
M: protein marker (kDa); 3: purified GAD.

Table I Purification of recombinant GAD
GAD Total protein Total enzyme activity Specific activity Recovery percent Purification
(g/L) (U/mL) (U/mg) (%) ratio
Crude enzyme 38.87 331.56 8.53 100.00 1.00
By Ni-NTA 5.45 176.82 32.45 53.32 3.80

http://journals.im.ac.cn/cjbcn



HRZ F/I—tEHXBTE/PET-28a-Ipgad MERESRE v-E & TREMRHEOML

A
50 1
g" 40 + v i\i
2 i \
=30 K
£ P
Q
§ 20 | \.
B}
\i
~
O 1 1 1 1 1 !
36 40 44 48 52 56 60

4 BARBRBRREARE pH SEERHE pHREM
Fig. 4 The optimal pH (A) and pH stability (B) of GAD.
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Fig. 5 The optimal temperature (A) and thermal stability (B) of GAD.
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2T RO R 48 B T X AL GAD
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Ca® I 343 A e W i, AR R 35 1549%
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PR NIRRT GAD fiiE, WomIi L-5R
R GABA fig /1.

Table 2 Effect of metal ion and EDTA on the activity of GAD

lon Ca?* Mn?*

Mg?* Fe?t R cu*  Li* K* Na* Ag" AP EDTA
Relative activity (%) 121.0 109.0 359 162 303 162 966 926 960 320 920 907
A
160 - 135
150 | e 130 ¢ e
S S5t P
<140 | < .
g z10f S
LU S st /
2120t ¢ 20| S
< <
2 110 / - 2 105 ./
l/
Lo k —, 100
1 1 1 1 1 95 1 1 1 1 1 L 1 1 1 ]

Ciesy(mmoL/L)

6 ARERE Ca’. Mg™ X GAD & B 8200

0.0 05 1.0 1.5 2.0 2.5 3.0 3.5 40 45 5.0
Coug (mmoL/L)

Fig. 6 Effect of different concentration Ca** (A) and Mg?* (B) on the activity of GAD.
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Fig. 7 Lineweaver-Burk plot of recombinant GAD.
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Fig. 8 Map of GABA and L-Glu of whole cell transformation solutions analyzed by auto amino acid analyzer. (A)

Original condition. (B) Optimized condition.
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ARG | AT R R AR ) pET-28a F ik Tk
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