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# Escherichia coli ¥ #1375 48 5 24 m AT 42, Bt A s RigE4E. FIA PCR A fevb KL 4 4
# Cytophaga hutchinsonii ¥ %, [% K 13 & 348 W o 66 B8 A B (tpsp), K/ E. coli pTac-HisA &R EHMA, 5
YA S fe o BB (tpsp) & BCRA, AR SR A BHREIT oMM, 5 F B SBEEN A HENE.
#: R & 8 C. hutchinsonii # 348 & R BE A B (tpsp) & E. coli F R ZIKIL, ZBEFLYS M0 N W5 F) E48 5 2t
WA A, L E IR, KRIEEENZEESR, BEEGTZRGE) 1.2 gL, AArEES 21%.
Lok G F AL BEE T SATAALE, BEAEG S 215 133 gL, H HEGIETIEEIAT] 48.6%. KA
C. hutchinsonii 43k 4% & B X B & 80k A+ B B T il it o mi o mAELEE WS BB RIRE, HEEY
HALR B RARCEB| LRIRE R HK-F, KR AT IakEAEL FHBAREET A,
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transplantation. Nowadays, trehalose is mostly produced by enzymatic synthesis with many secondary products and low

purity. In this study, high amount of trehalose was produced by recombinant E. coli fermentation. First, a bifunctional

trehalose gene TPSP was amplified from genome of C. hutchinsonii. Second, an expression vector pTac-HisA containing

TPSP was constructed and transformed into the host E. coli. Expression of this bifunctional enzyme-TPSP converted

glucose to trehalose. The result suggested that TPSP from C. hutchinsonii has been successfully expressed in E. coli. High

amount of extracellular trehalose generated from glucose by whole-cell catalysis and After optimization, the production of

trehalose in shake flasks was improved to 1.2 g/L and the relative conversion rate reached 21%. The production in

bioreactor reached 13.3 g/L and the relative conversion rate reached 48.6%. It is the first time to realize the functional

expression of the bifunctional enzyme-TPSP of C. hutchinsonii in E. coli and achieved the conversion form glucose to

trehalose. This study laid a foundation for industrial large-scale production of trehalose.

Keywords: trehalose, bifunctional enzyme, trehalose synthase, whole-cell biocatalysis, Escherichia coli, conditions optimization
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Fig. 1 The result of amplification and expression of target
tpsp gene of C. hutchinsonii. (A) The amplification result. (B)
The expression result. 1,3: whole cell protein; 2,4: supernatant;
1,2: control; 3,4: pTac-tpsp.
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Fig. 2 Yield of trehalose in different cell density (A) and conversin time (B) of TPSP transformed E. coli. (A) The production of
trehalose. (B) The residual glucose and trehalose production after bioconversion of 24 hours.
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Fig. 3 Influence of glucose concentration and the fermentation temperature of bioconversion on the yield of trehalose in TPSP
transgenic E. coli. (A) The influence of glucose concentration. (B) The fermentation temperature.
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REFERENCES

[1] Paul MJ, Primavesi LF, Jhurreea D, et al. Trehalose
metabolism and signaling. Annu Rev Plant Biol, 2008, 59:
417-441.

[2] Luyckx J, Baudouin C. Trehalose: an intriguing disaccharide
with potential for medical application in ophthalmology. Clin
Ophthalmol, 2011, 5: 577-581.

[3] Richards AB, Krakowka S, Dexter LB, et al. Trehalose: a
review of properties, history of use and human tolerance, and
results of multiple safety studies. Food Chem Toxicol, 2002,
40(7): 871-898.

[4] Grba S, Oura E, Suomalainen H. On the formation of glycogen
and trehalose in baker's yeast. Eur J Appl Microbiol
Biotechnol, 1975, 2(1): 29-37.

[5] An N. Study on the production of trehalose by yeast[D]. Wuxi:
Jiangnan University, 2012 (in Chinese).

. [D]. : ,2012.

[6] Huang Y, Lin F, Lei PX, et al. Cloning, expression and
characterization of a novel gene encoding trehalose synthase
from Streptosporangium roseum. Biotechnology, 2013, 23(1):
11-16 (in Chinese)

. ,2013,23(1): 11-16.

[7] LiH, SuH, Kim SB, et al. Enhanced production of trehalose in

Escherichia coli by homologous expression of 0tsBA in the

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

(8]

9]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

presence of the trehalase inhibitor, validamycin A, at high
osmolarity. J Biosci Bioeng, 2012, 113(2): 224-232.
Padilla L, Krdmer R, Stephanopoulos G, et al. Overproduction
of trehalose: heterologous expression of Escherichia coli
trehalose-6-phosphate  synthase and trehalose-6-phosphate
phosphatase in Corynebacterium glutamicum. Appl Environ
Microbiol, 2004, 70(1): 370-376.
Seo HS, Koo YJ, Lim JY, et al. Characterization of a
bifunctional enzyme fusion of trehalose-6-phosphate
synthetase and trehalose-6-phosphate  phosphatase  of
Escherichia coli. Appl Environ Microbiol, 2000, 66(6):
2484-2490.
Avonce N, Wuyts J, Verschooten K, et al. The Cytophaga
hutchinsonii ChTPSP: first characterized bifunctional TPS-TPP
protein as putative ancestor of all eukaryotic trehalose
biosynthesis proteins. Mol Biol Evol, 2010, 27(2): 359-369.
Li Y, Chen J, Mao YY, et al. Fermentation conditions for
production of glutathione by recombinant Escherichia coli.
Acta Microbiol Sin, 1999, 39(4): 355-361
. , 1999, 39(4): 355-361.
Sambrook J, Fritsch EF, Maniatis T. Molecular Cloning: A
Laboratory Manual. 2nd Ed. New York: Cold Spring Harbor
Laboratory Press, 1989.
Sambrook J, Russell DW. Molecular Cloning: A Laboratory
Manual. 3rd Ed. Huang PT, trans. Beijing: Science Press, 2002
(in Chinese).
Sambrook J, Russell DW. 3. s
. : ,2002.
Boos W, Ehmann U, Bremer E, et al. Trehalase of Escherichia
coli: mapping and cloning of its structural gene and
identification of the enzyme as a periplasmic protein induced
under high osmolarity growth conditions. J Biol Chem, 1987,
262(27): 13212-13218.
Goedl C, Schwarz A, Minani A, et al. Recombinant sucrose
phosphorylase from Leuconostoc mesenteroides:
characterization, kinetic studies of transglucosylation, and
application of immobilised enzyme for production of
alpha-D-glucose 1-phosphate. J Biotechnol, 2007, 129(1):
77-86.
Zdzieblo A, Synowiecki J. Production of trehalose by
intramolecular transglucosylation of maltose catalysed by a
new enzyme from Thermus thermophilus HB-8. Food Chem,
2006, 96(1): 8-13.
Tzvetkov M, Klopprogge C, Zelder O, et al. Genetic
dissection of trehalose biosynthesis in Corynebacterium
glutamicum: inactivation of trehalose production leads to
impaired growth and an altered cell wall lipid composition.
Microbiology, 2003, 149(7): 1659-1673.
Fang TY, Hung XG, Shih TY, et al. Characterization of the
trehalosyl dextrin-forming enzyme from the thermophilic
archaeon Sulfolobus solfataricus ATCC 35092. Extremophiles,
2004, 8(4): 335-343.
Kong XD, Liu Y, Gou XJ, et al. Directed evolution of operon
of  trehalose-6-phosphate  synthase/phosphatase  from
Escherichia coli. Biochem Biophys Res Commun, 2001,
280(1): 396-400.

(AICT%0 ARHETT)



