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Fig. 2 Effect of temperature and pH on GS biosynthetic activity
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Fig. 3 Filter-paper chromatography of glutamine and glutamate
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Fig. 5 Changes of glucose phosphate and glutamine in coupling assay
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Fig. 6 Analysis of glutamine production by energy
coupling with treated yeast
1 1% Toluence 2 2% Toluence 3 3% Toluence
4 4% Toluence 5 5% Toluence

Bacillus subtilis
glnA pET28b-glnA
BI21 DE3
S His-Tag

IPTG lac IPTG
GS

IPTG 80%
GS

ATP
ATP GS ATP
ADP ATP
ATP
ATP L-
ATP
GS
80% L-

REFERENCES

1

10

11

12

Zhang LH . Glutamine and immunity. Parenteral & Enter-
al Nutrition 1994 1 1 82-84
Tu WF . Current state of study of glutamine. Parenteral &
Enteral Nutrition 1997 5§ 1 176-182
Yang CY Ma CQ Xu P . Glutamine
production by the enzyme method. The Chinese Journal of Process
Engineering 2002 26 529-533
Wakisaka S Ohshima Y Ogawa M et al. Characterics and efficien-
cy of glutamine production by coupling of a bacterial glutamine syn-
thetase reaction with the alcoholic fermentation system of Baker’s ye-
ast. Applied and Environmental Microbiology 1998 64 8 2952 —
2957
Gardner AL Aronson AL. Expression of the Bacillus subiilis glu-
tamine synthetase gene in Escherichia coli. ] Bacteriol 1984 158
3 967-971
Bender RA  Janseen K Resnick A et al. Biochemical parameters of
glutamine synthetase from Klebsiella aerogenes. J Bacteriol 1977
129 1001 - 1009
Li JW Yu RY Yuan MX et al.
Principles and methods for biochemical experiments
. Beijing Beijing University Press
1997
Huang J Song JR Shi HB et al.
Comparative study on the determination of reducing sugar in cider
broth. Industrial microbiology 2001 313 38-
40
Thmos FD  Stadtman ER. Some kinetic properties of Bacillus subtilis
glutamine synthetase. J Biol Chem 1970 245 20 5206 - 5213
Ly Li HZ Lin JP et al . Biosynthe-
sis of glutathione construction of ATP regeneration system between
recombinant E. coli and S. cerevisiae. Acta Microbiologica Sinica
2001 412 191-197
Duan XH Ye Q Zhang SL et al. Ef-
fects of cell permeability on the activity of Brewer’s yeast of ATP pro-
duction. Journal of Nanchang University Engineering &Technology
2001 233 86-91
Tang XY Ding QB Qiu WR . Study
on production of ATP by immobilized beer yeast cells. Pharmaceuti-

cal Biotechnology 2000 7 4 204 -208

© FEMFRBEDARMEATIRS®HIESS http://journals. im. ac. cn



460 20

High Efficiency of L-Glutamine Production by Coupling Genetic Engineered
Bacterial Glutamine Synthetase with Yeast Alcoholic Fermentation System

CHEN Qun-Ying' CHEN Guo-An*> XUE Bin' ZHANG Xian-Jiv>  YIN Zhi-Min'"
' College of Life Science ~Nanjing Normal University ~Nanjing 210097  China
2 Wuxi Science Park of Universities Wuxi 214000 China
3 College of Life Science  Nanjing University ~Nanjing 210092 China

Abstract  Glutamine is an important conditionally necessary amino acid in human body. The effort is to establish a new and
high efficient [-glutamine production system instead of traditional fermentaion. In this paper high efficiency of -glutamine pro-
duction is obtained by coupling genetic engineered bacterial glutamine synthetase GS with yeast alcoholic fermentation system.
Glutamine Synthetase gene glnA was amplified from Bacillus subtilis genomic DNA with primers designed according to sequenc-
es reported in EMBL data bank then it was inserted into expression vector PET28b  the sequence of glnA was proved to be the
same as that reported in the data bank by DNA sequencing. After transformation of this recombinant plasmid PET28b-glnA into
BL-21 DE3 strain Lactose and IPTG were used to induce GS expression at 37°C separately. Both of them can induce GS ex-
pression efficiently. The induced protein is proved to be soluble and occupies about 80% of the total proteins by SDS-PAGE
analysis. The soluble GS was purified by Ni** chelating sepharose colum. After purification the purified enzyme was proved ac-
tive. Results reveal that the optmum temperature of this enzyme is 60°C and optmum pH is 6.5 in biosynthetic reaction by using
glutamate ammonium choloride and ATP as substrates. After induction the enzyme activity in crude extract of BL-21/PET28b-

+

glnA is 83 times higher than that of original BL-21 extract. Mn®>* can obviously increase the activity and stability of this enzyme.
Experiments show that the transformation efficiency of glutamate to glutamine is more than 95% . Because of the high cost from
ATP  a system coupling GS with yeast for ATP regenaration was established. In this system GS utilizes ATP released by yeast
fermentation to synthesize L-glutamine. Yeast was treated by 2% toluence to increase its permeability and a yeast named YCO001
with high yield of glutamine by coupling with recombinant GS was obtained. The good efficiency was achieved with the presence
of 250 mmol/L glucose and 200 mmol/L phosphate the transformation efficiency of glutamate to glutamine in this system is more

than 80% the average yield of glutamine is about 22¢/L.. This provides the basis for future large scale production of L-gluta-

mine.

Key words glutamine synthetase induction and expression energy coupling high efficiency of transformation
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