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Expression of MTHase Gene in Pichia pastoris and Its Genetic Stability
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Abstract Trehalose is a multifunctional non-reducing disaccharide and an attractive ingredient in biological product and food.
Recently, extensive attention has been made for trehalose production via enzyme transform. In this study, the maltooligosyl
trehalose tetrahydrolase (MTHase) gene from Sulfolobus shibatae B12, with genetic codon preference for yeast and lower
AT content, was artificially synthesized. The artifical gene was cloned into yeast expression vector pPICZoA, and then
overexpressed in Pichia pastoris. The results showed that the yeast strains possessed a highly efficient and stably expression
for MTHase production. The enzyme activity level from the secretion recombinant protein reached 800 U/mg protein. The
genetic steady efficiency of the engineering P. pastoris strain was 84%. Our results provide a basis for trehalose production via
enzyme transform in industrial scale. Fig 4, Ref 21
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Fig. 1 Construction of recombinant MTHase in P. pastoris strain
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Fig. 2 Identification of rMTHase in P. pastoris strain
Ml1: 1 kb DNA%> T bs#fE (Invitrogen/AT]) ; M2: 1 kb DNAZN T-HbsdE (MBIAT]) ; 1: pMDI8-T/ MTHase W] (EcoR1/Xhol) %5&; 2: MTHase%:FIPCR
PEIEEY) (EcoR1/Xhol) s 3: pPICZa AR EFY) (EcoR1/Xhol) F B 4: 4L TikipPICZoA/MTHase W] (EcoR1/XhoD) %5E; 5: LAP. pastorisFt
L DNA AR AOX IR (FIIK R 5 6: LATEALP. pastorisH A DNANBARY WAOX LN 7: ITEALP. pastorisHDIZI DNA ML 5 27 s pii ik
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Lane M1: 1 kb DNA ladder (Invitrogen); Lane M2: 1 kb DNA ladder (MBI); Lane 1: Identification of plasmid pMD18-T/ MTHase (digested with EcoR | and Xhol);
Lane 2: MTHase DNA fragment (digested by EcoR | and Xhol); Lane 3: pPICZaA DNA fragment (digested by EcoR | and Xhol); Lane 4: Identification of
plasmid pPICZoA/MTHase (digested by EcoR | and Xhol); Lane 5: PCR product with P. pastoris yeast total DNA as template by AOX1 primers (negative
control); Lane 6: PCR product with recombinant P. pastoris yeast total DNA as template by AOX1 primers; Lane 7: PCR product with recombinant P. pastoris

yeast total DNA as template by MTHase primers
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Fig. 3 Product of MTHase expression
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Lane 1: Before induction; Lane 2: Induction for 24 hour; Lane 3: Induction
for 48 hour; Lane 4: Induction fot 72 hour; Lane M: Protein molecular weight
marker (Low)
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Fig. 4 Steady efficiency of the engineering P. pastoris strain

2.5 Eﬁ;ﬁj}
2 7E , MTHasel i Lt 1 15 311837 U/mg (85 141 J5).
3 3

MTHaseZk R 7E K AT o 3 ik mAS = ), R BRI A2 A



31

AL SR T ZF SIS R K it I A PR L ST D B P B 2R 08 M B AL AR E TR 411

FRESR, ARG T 2 I ERAL MR MTHase 5 X4 %5 5 1
WA, BT BT e R R A/TRY S &, B TR
G/CI i, LA RAB T B % I 2 1k, AR5 0 i T S A T
RESIR TR R, Wl AL MR E R I R G —, A
A2 B AT A2 Tk SE AL L P (Alcohol oxidase I, AOXIAH
alcohol oxidase 11, AOXII) , HHHAOXTH F EAC iR 15, 4
FHBEAE N BRSNS, AOXTHE R 2w 20K ik, I H32 2 H i
W IR, K H bR A 1 BE PR HE 2H B AOX L RS 3l 15, 19
BRI A D BN, H bR 3R S DU AR s . WY Rk
K e AR R 22 0 ] AOXTEE PR iy 3R 35, RIF ST R W, T e ik
JEAEFFTE0.5%I], SN FBERS M ALK 15 pPICZaAZR M
invitrogen”A FlF4 A Y TE BRIk A, S0k E A A AOX T
PR 24085, (8T 9% B R N T 2H, 6 B0k PR R 5 21
B RGeS AN AR B3 BLAT o -factorfif S Ik, AEKF R A
F AR DA TR R A0 N R 8 5 a0 A A0, i E AR
HAREW AT MR, AL 1 X T HARE 1A 4l 1k xE
WO T EAE AR LE BB, BAT, RIETF Thermobifida
fusca M Thermus aquaticus ATCC 33923 US)| Picrophius
torridus '), Pseudomonas stutzeri CI38 "' Mycobacterium
smegmatis ATCC14468 81 Thermus caldophilus GK24 U F
Enterobacter hormaechei POV (1) ¥ b A Tili 5L R 3 © 78 K
PRS2 A, (H— 3R A AR, WA 255 7,
MTHase%E FI 9 ik 08, 15 3] 7837 U/mg(FRH ), R Tk
A PR ATE #3  JORHAE 77 1 Bl 295 1 LAl
References
1 Pascale D, Sasso MP, Lerinia I D, Lazzaro A, Furia A,Carteni FM,
Rossi M, Rosa M. Recombinant thermophilic enzymes for trehalose
and trehalosyl dextrins production. J Mol Catal B Enzym, 2001, 11 (4):
777~786
2 Nielsen K. Stability of Freeze dried horseradish peroxidase conjugated
monoclonal antibodies used in diagnostic serology. J Immunoassay,
1995, 16 (2): 183~197
3 Shima J, Takagi H. Stress-tolerance of baker’s-yeast (Saccharomyces
cerevisiae) cells: Stress-protective molecules and genes involved in stress
tolerance. Biotechnol Appl Biochem, 2009, 53 (3): 155~164
4 Camilo C, Shevanti S, Madan T, Stephen P, Bruce R. Extraordinary
stability of enzymes dried in trehalose: Simplified molecular biology.
Biotechnology, 1992, 10 (9): 1007~1011
5 Hédoux A, Willart JF, Paccou L, Guinet Y, Affouard F, Lerbret A,
Descamps M. Thermostabilization mechanism of bovine serum albumin
by trehalose. J Phys Chem B, 2009, 113 (17): 6119~6126
6 Kato M, Miura Y, Kettoku M, Kettoku M, Shindo K, Iwamatsu A,
Kobayashi K. Purification and characterization of new trehalose-
producing enzyme isolated from the hyperthermophilic archae,
Sulfolobus solfataricus KMI. Biosci Biotechnol Biochem, 1996, 60 (3):
546~550

7 Kato M. Trehalose production with a new enzymatic system from

10

13

15

17

19

20

21

Sulfolobus solfataricus KM1. J Mol Catal B Enzym, 1999, 6 (3): 223~233
Chen XB (BRIHEA), Lin JP (BREEF), Jin ZH (&2354), Cen PL(AHi
F%). Cloning and expression of MTSase and MTHase from Sulfolobus
solfataricus in E. coli. Microbiology (/42 %), 2006, 33 (5):
54~58
Liu L (XI#i]), Chen W (&%6), Jin C (4&:3%). Cloning and expression
of the gene encoding maltoologosyl trehalose synthase from Sulfolous
shibatae in E. coli. Acta Micorabiol Sin (i 4£¥1%:%), 2000, 40 (1):
57~61

David RH, James MC. Pichia Protocols. Totowa, USA: Humana Press,
1998

Li DH (Z{#1E), Gou XH (] 244E), Hu HY (W177), Xu Q (H:¥F),
Liu ZR (X 5€), Wu QX (RVAK), Yu XD (42 % 7R). Construction,
high-density fermentation and purification of recombinant enterokinase
catalytic subunit in Pichia pastoris. Chin J Appl Environ Biol (% |5
BT A 9% 4H2), 2006, 12 (6): 819~823

Sambrook J, Russell DW. Molecular Cloning: A Laboratory Manual (Vol
3). Cold Spring Harbor Laboratory Press, 2002

Brake AJ, Merryweather JP, Coit DG, Heberlein UA, Masiarz FR,
Mullenbach GT, Urdea MS, Valenzuela P, Barr PJ. a-factor directed
synthesis and secretion of mature foreign protein in Saccharomyces
cerevisiae. Proc Natl Acad Sci USA, 1984, 81: 4642~4646

Wei YT, Zhu QX, Luo ZF. Cloning, expression and identification of a
new trehalose synthase gene from Thermobifida fusca genome. Acta
Biochim et Biophys Sin, 2004, 36 (7): 477~484

Wang JH, Tsai MY, Lee GC. Construction of a recombinant
thermostable f-amylase-trehalose synthase biofunctional enzyme for
facilitating the conversion of starch to trehalose. J Agric Food Chem,
2007, 55 (4): 1256~1263

Chen YS, Lee GC, Shaw JF. Gene cloning, expression, and biochemical
characterization of a recombinant trehalose synthase from Picrophius
torridus in Escherichia coli. J Agric Food Chem, 2006, 54: 7098~7104
Lee JH, Lee KH, Kim CG. Cloning and expression of a trehalose
synthase from Pseudomonas stutzeri CJ38 in Escherichia coli for the
production of trehalose. Appl Microbiol Biotechnol, 2005, 68: 213~219
Pan YT, Koroth Edavana V, Jourdian WJ. Trehalose synthase of
Mycobacterium smegmatis: Purification, cloning, expression, and
properties of the enzyme. Eur J Biochem, 2004, 271 (21): 4259~4269
Koh S, Kim J, Shin HJ. Mechanistic study of the intramolecular
conversion of maltose to trehalose by Thermus caldophilus GK24
trehalose synthase. Carbohydr Res, 2003, 338: 1339~1343

Yue M, Wu XL, Gong WN, Ding HB. Molecular cloning and expression
of a novel trehalose synthase gene from Enterobacter hormaechei.
Microb Cell Fact, 2009, 8: 34~40

Wu XL (%75 1H), Yue M (i #), Ding HB (T Z2#5). Research progress
on trehalose synthase. Microbiology (/=423 4R), 2009, 36 (7):
1067~1072



