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Construction of recombinant strains co-expressing PPK and
GMAS for the synthesis of L-theanine

Yuan Li’, Shan Liu’, and Jun Zhu

Tianjin Institute of Industrial Biotechnology, Chinese Academy of Sciences, Tianjin 300308, China

Abstract: Recombinant strains expressing enzymes for ATP regeneration and L-theanine production were constructed and used
for the synthesis of L-theanine. The ppk gene encoding polyphosphate kinase (PPK) from Rhodobacter sphaeroides and gmas
gene encoding y-glutamylmethylamide synthetase (GMAS) from Methylovorus mays were synthesized, and two recombinant
plasmids, pETDuet-ppk+gmas and pET21a-ppk-+gmas were constructed for co-expression of PPK and GMAS in Escherichia coli
BL21(DE3). SDS-PAGE analysis showed that PPK and GMAS were overexpressed in soluble form in both recombinant strains.
GMAS-PPK obtained from the recombinant strain containing pET21a-ppk+gmas was more efficient to synthesize L-theanine.
After 24 h at 37 °C and pH at 7.0, 86.0% yield of L-theanine was achieved with catalytic amount of ATP. This study extends the
application of enzymatic ATP regeneration system. In addition, it provides an efficient method for the biosynthesis of L-theanine.

Keywords:  ATP regeneration, y-glutamylmethylamide synthetase, polyphosphate kinase, L-theanine, co-expression,

dual-enzyme coupled reaction
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Fig. 1 Enzymatic synthesis of L-theanine coupled with ATP
regeneration.
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E. coli Neo |
Sal 1 Nco 1 /Sal 1
pETDuet-1
pETDuet-ppk GMAS gmas (
Methylovorus mays GenBank
AB333782)
Ndel Xhol
pETDuet-ppk
pETDuet-ppk+gmas
pETDuet-ppk PPK-F
PPK-R( 1) prk PCR 95 C
5min 95 C 45s 58 C 30s 72 C 1 min
30 72 C 10 min PCR
Nde I /Sal 1 pET-21a (+)
pET21a-ppk GMAS-F
GMAS-R (1) pETDuet-ppk+gmas gmas
PCR 95 C 5min 95 C
45s 58 C 30s 72 C 1.5min 30 72 C
10 min Hind 111 gmas
pET2la-ppk  ppk
pET21a-ppk+gmas
1.2.2

Nde 1 /Xho 1

E. coli BL21
(DE3) 100 mg/L
LB 37 'C 200 r/min
1%
ODy=0.6-0.8 IPTG
SDS-PAGE
8 000 r/min
10 mL/g 20 mmol/L
(pH 8.0) 4 C
12 000 r/min 10 min

GMAS  PPK
(8] [4]

%1 PCRIYIFF
Table 1 PCR primer sequence

Primer : 12
name Primer sequence (5'-3")

PPK-F  GGAATTCCATATGGCCGAAGATCGTGCTATGC
(the underline indicates Nde 1)

PPK-R  ACGCGTCGACTCAACCTTGACGCGGTTTAC
(the underline indicates Sal I )

GMAS-F CCCAAGCTTAAGGAGATATAATGAAGAGCCTG
GAAGAAGCAC (the underline indicates Hind I1I)

GMAS-R CCCAAGCTTTCAGTAGAATTGAACATAGCGGT
TG (the underline indicates Hind III)

The underlined sequences indicates restriction enzyme site
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1.2.3 L-
200 mmol/L
200 mmol/L 5 mmol/L ATP 150 mmol/L

MgCl,-6H,0 75 mmol/L 10 mL
(75 mmol/L  pH 8.0) 5 mol/L NaOH
pH 7.0 5 g/L GMAS-PPK

30 C
1.2.4 HPLC L-
L- HPLC HPLC
Astec chirobiotic® TAG (250 mmx
4.6 mmx5 pm) 30 C
(5 mmol/L pH 6.0) 25 75 VDV
0.8 mL/min
215 nm 10 uL

2 BER5pH7

2.1 HRIERH pETDuet-ppk+gmas B

ppk pETDuet-1
pETDuet-ppk  Nco I/
Sal 1 2A
ppk gmas
pETDuet-ppk 2 PPK
GMAS pETDuet-ppk+gmas
T7 Nco 1/
Sal 1 /Xho 1
2B ppk
1 500 bp T7 gmas

2.2 HFTIEFK pET21a-ppk+gmas RIHHE

Ndel Sall
ppk pET-21a(+)
pET2la-ppk Nde I /Sal 1
3A ppk PCR
gmas 5!
gmas ppk
pET21a-ppk+gmas ppk
gmas Nde 1 /Hind

3B
gmas  ppk
2.3 EEBEARFREREBENE

pETDuet-ppk+gmas

pET21a-ppk+gmas BL21 (DE3)

& 010-64807509
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Fig. 2 Identification of recombinant plasmids. (A) Identification
of pETDuet-ppk. M: DNA marker; 1: digestion of plasmid
pETDuet-ppk by NcoI/Sall; 2: recombinant plasmid
pETDuet-ppk. (B) Identification of pETDuet-ppk+gmas. M:
DNA marker; 1: recombinant plasmid pETDuet-ppk+gmas;
2: digestion of plasmid pETDuet-ppk+tgmas by Nco I/
Sal 1/Xho 1.

[ bp M 1 2 B bp M 1 2
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Fig. 3 Identification of recombinant plasmids. (A) Identification
of pET2la-ppk. M: DNA marker; 1: digestion of plasmid
pET2la-ppk by Ndel/Sall; 2: recombinant plasmid
pET21a-ppk. (B) Identification of pET21a-ppk+gmas. M: DNA
marker; 1: digestion of plasmid pET2la-ppktgmas by
Nde 1 /Hind I1I; 2: recombinant plasmid pET21a-ppk+gmas.
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4 TPG 1 APG Hf#EH)HI SDS-PAGE 24 (A: TPG
RIEFY: B: APG RiZF=4))
Fig. 4. SDS-PAGE analysis of the TPG and APG lysate. (A)
TPG expression products. M: protein marker; 1: control of
E. coli BL21(DE3) (pETDuet-1) after induction; 2: control of
TPG which is not induced; 3: TPG after induction; 4:
supernate of TPG after induction; 5: precipitate of TPG after
induction. (B) APG expression products. M: protein marker;
1: control of E. coli BL21(DE3) (pET-21a(+)) after induction;
2: APG after induction; 3: control of APG which is not
induced; 4: supernate of APG after induction; 5: precipitate
of APG after induction.

66.2—
45.0—88
35.0—88

25.0—
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1(h)
5 KB TPG # APG K GMAS-PPK 1k B b5
Fig. 5 Comparison of catalytic activity of GMAS-PPK
from TPG and APG. The reaction was carried out with the
standard reaction using GMAS-PPK from TPG or APG. The
concentration of L-theanine was determined by HPLC at
different time.
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pH L- 6
37°C pH 7.0-7.5
pH 200 mL
L- 200 mmol/L L-
200 mmol/L
ATP
GMAS-PPK 2 mol/L
NaOH pH 7.0 7
6h
24 h L- 86.0%
26.8 g/L
3 d#
ATP
ATP
[10] PPK  GMAS
GMAS-PPK
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Fig. 6 Effect of temperature and pH on the production of
L-theanine catalyzed by GMAS-PPK. The reaction was
carried out with the standard reaction at various temperatures
(A) and pHs (B). The concentration of L-theanine was
determined by HPLC after 24 h.
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Fig. 7 Time course of the dual-enzyme coupled synthesis of
L-theanine.
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ATP
ATP (5 mmol/L)
ADP L- (15-30 /kg) L-
ATP
ATP L-
L- (GLS)! 2
¥- (GGT)!* L-
L- GMAS PPK

(70-100  /kg) L-
( 10 ) L-
F2 BEER L-BZREBAENILE
Table 2 Comparison of production conditions and yields with enzymes used in L-theanine production.

Strain for enzyme Enzyme dosage bl o Yield
Enzyme v-Glutamyl donor used Ethylamine  Conditions  #(h) Reference

source (U/mL) (%)
(mol/L) (mol/L)

GLS P. nitroreducens 0.5 L-Glutamine, 0.7 1.5 pH 11.0, 30 'C 7 39 [11]

P. nitroreducens 0.3 L-Glutamine, 0.3 1.5 pH 10.0, 37 C 5 40 [12]

E. coli 0.4 L-Glutamine, 0.2 1.5 pH 10.0, 37 'C 2 60 [13]
GGT E. coli 1.5 L-Glutamine, 0.267 2.0 pH 10.5,37 C 24 80 [14]

B. subtillis 2.0 L-Glutamine, 0.2 2.2 pH 10.0, 37 C 5 78 [15]

B. licheniformis 1.0 L-Glutamine, 0.08 0.6 pH 9.0, 37 'C 4 84 [16]
GMAS M. mays 2.5 L-Glutamic acid, 0.2 0.2 pH 7.0,37 C 24 86  This work
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