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Recombinant trehalose synthase from Thermus caldophilus GK24 showed an ability to produce trehalose from maltose. The
activity of the partially purified enzyme was not influenced by most metal ions at 1 mM but was inhibited by 10 mM Co%,
Mn®, and Fe*. Enzyme activity varied during prolonged reaction due to changes in the environmental conditions. Thus, the
reaction was carried out for an extended time with optimized conditions of 45C and pH 7.0. An yield of 32.9 % was
reached at 60°C after reaction for 22 h, and, maximum trehalose conversion (69.2 %) was attained at 25°C. The yields
obtained using enzyme dosages of 10, 25, and 50 UJg were 62.3, 62.3 and 59.0 %, respectively, though the initial
conversion rate was higher when the higher dose was used. Similar profiles of trehalose production yields were observed

with reaction working volumes of 10 ml to 2,000 mi.
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Fig. 1. Typical time profiles of cell growth and intracellular enzyme
production from recombinant E. coli in shake flask culture.
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stability (O) on trehalose synthase activity.
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Table 1. Carbohydrate composition during trehalose production by
trehalose  synthase from Thermus caldophilus GK24 under various
concentrations of maltose®

Composition” (%, w/w)

Carbohydrates — 5~ 1 1 gfi 3 gl 5 gl
Maltose 324 330 30.8 284
Trehalose 63.8 65.2 572 484
Glucose 38 1.8 12 232

* Compositions given refer to the maximum trehalose yield.
® Initial reaction pH: 6-7
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Figure 4. Effect of substrate concentration on the production of trehalose.
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Figure 5. Effect of reaction temperature on the production of trehalose.
symbol: trehalose(@), maltose(A), glucose(ll)
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Table 2. Carbohydrate composition during trehalose production by
recombinant trehalose synthase at different temperatures

Composition” (%, wiw)

Carbohydrates
25T 40T 60°C
Maltose 279 239 12.6
Trehalose 69.2 61.1 329
Glucose 2.9 15 54.5

¥ Compositions of carbohydrates after enzyme reaction
Initial reaction pH: 6-7
¢ Initial substrate concentration: lgfl
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Table 3. Carbohydrate composition during trehalose production by
recombinant trehalose synthase with different enzyme dosage

Carbohydrat Composition® (%, w/w)
es 10 Units/g substrate 25 Units/g 50 Units/g
Maltose 29.2 287 26
Trehalose 62.3 62.3 59
Glucose 85 9.0 15

* Compositions of carbohydrates after enzyme reaction
® Initial reaction pH: 6-7

¢ Initial substrate concentration: 1g/l
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Figure 8. Thin layer chromatogram of isolated fractions by silica gel
column chromatography with the production after enzyme reaction(st:
standard marker, Numbers: fraction numbers).

Egjgz A B2 HA
Silica gel columng ©]-83} trehalose synthase
o Bel& Azstdry 2o ARR-3 silica gel resini= 200
- 400 mesh, pore volume 0.75 cm3/g (Aldrich chemicalA} A
e 29L& A2eA HAsH 42 12 ml/mino]
go oA &% #7]&vll(propanol: acetone: acetic acid
= 44DE ARRSIAYE AlEs ZE F Ry9 1 %E
loadingdl) o @ FE2+E H1 30 % (wiv)7hR] o] &3t
B35 Alge] BAOo &oko] B phenol-sulfuric acid¥]d}
Bel5el g9lo) whtg 2ol e 18] Z(propanol: acetone: acetic
acid = 222:)E °] ‘8}951‘:}- o ALgE 3 EHEL EY
S22 43 %, WolF 42 %, 2FILA 15 %9 A £F
8 A& T fﬂl &L B9 2 ml o3t HPes
ATk Fig. 8014 i viel Qo] 2R:o2, Hol
9, Jﬂ%}i* wo g BIYPS TLCH 28 18- th(Fig.
8). AANEg] & WEAE Fo| ETEoe ojidw 2
o] Hlwa] kg WhHo R Ry} shesle] Aoz A
28 q 88 o= ALRHCH

WS NE

rlo

o
i

2

A3 trehalose synthase ¥H$-& B3l ETZAE A
Ak, 3 whgxe) 4852 AR EY¥Ras
AABIAY. 7] Zawks zAe=z HHkY 45T, pH 7.0

g 71Eo g 3o Ef¥@ax Y IugElr] g8 ug
ZAES BAR 39 Gﬂo}ai AFSIA L 7]7&‘5% A
52 1 gloA 71 L& 652 % Edazr Ail=gLe



Cho, Y. J., Production of Trehalose using Recombinant Trehalose Synthase

etk 7] &84 whEdAE 65ST7HRE Efdas
B Apol7h fIglont AT 60TAA wEe A9 E
Hd2s YHES 329 %2 433w AHES Y
Atk ¥ 25TeA W & F¢ A 692 %9 EdP=
2 AWEFS BYt 54 %koll tﬁ}E EdgEA HF A4S
&L 10, 25, 50 Ujge] fA oFol we} 247} 62.3, 62.3, 59
%2 Ao HE & IJ 22 Pege o2& A
ol Al 6A1 AdFA & ¢ F U ALNE AE
2-LE F7F AA WrEStAE W I e AN 49 A
B k(10 ml mighe gk & Aoz} glo] EEEA
AAFEL 60 % WA E}E‘r*i o] ZAES T B &
AE o83 EfFE e HnF JQjHeR Ao
$o] & Aoz AlRHTL

2 A

B dAqe AAE d=TegrtgolA Aldisk 200213
= A7EFQELTBIAY 7% e Al ApHE
A= glon, ofe] ARt

REFERENCES

1. Elbein, A. D. (1974), The metabolism of a,a-trehalose, Adv.
Carbohydr. Chem. Biochem. 30, 227-256.

2. Maraught, A. D. (1997), Nomenclature of carbohydrates, Adv.
Carbohydr. Chem. Biochem. 52, 43-177.

3. Singer, M. A. and S. Lindquist (1998), Thermotolerance in
Saccharomyces cerevisiae: the Yin and Yang of trehalose,
TIBTECH 16, 460-468.

4, Birch G. G. (1963), Trehaloses, Adv.
Biochem. 18, 201-225.

5. Paiva, C. L. A. and A. D. Panek (1996), Biotechnological
applications of the disaccharide trehalose, Biotechnol. Ann.
Rev. 2, 293-314.

6. Carpenter, J. F. and J. H. Crowe (1988), Modes of stabilization
of a protein by organic solutes during desiccation, Cryobiology
25, 459-470.

7. Rudolph, A. S. and J. H. Crowe (1985), Membrane
stabilization during freezing: the role of two natural
cryoprotectants, trehalose and proline, Cryobiology 22,
367-377.

8. Colaco, C., S. Sen, M. Thangavelu, S. Pinder, and B. Roser
(1992), Extraordinary stability of enzymes dried in trehalose:
simplified molecular biology, Bio/Technology 10, 1007-1011.

9. Roser, B. (1991), Trehalose, a new approach to premium
dried foods, Trends Food Sci. Technol. 2, 166-169.

10. Coutinho, C. C., E. Bernardes, D. Felix, and A. D. Panek
(1988), Trehalose as cryoprotectant for preservation of yeast
strains, J. Biotechnol, 7, 23-32.

11. Miyazaki, J., K. Miyagawa, and Y. Sugiyama (1993)
November, Process for production of trehalose, Japan Kokai
Tokkyo Koho (Japan patent) JP05292986.

12. Tsuchida, T., Y. Murakami, and Y. Nishimoto (1993) August,
Process for production of trehalose by Corynebacterium,
Brevibacterium, Microbacterium, and Arthrobacterium. Japan
Kokai Tokkyo Koho (Japan patent) JP05211882.

Carbohydr. Chem.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

13

A. Tabuchi, T. Mandai, T. Shibuya, M. Kubota, S. Fukuda,
T. Sugimoto, and M. Kurimoto (1995), Formation of
trehalose from starch by novel enzymes, J. Appl Glycosci.
42, 401-406.

H. Chaen, K. Maruta, T. Nakada, T. Nishimoto, T. Shibuya,
M. Kubota, S. Fukuda, T. Sugimoto, M. Kurimoto, and Y.
Tsujisaka (1996), Two novel pathways for the enzymatic
synthesis of trehalsoe in bacteria, J. Appl Glycosci. 43,
213-221.

K. Kobayashi, M. Kettoku, Y. Miura, M. Kato, T. Komeda,
and A. Iwamatsu (1996), Production of trehalose by new
trehalose-producing enzymes from Archae, J. Appl. Glycosci.
43, 203-211.

T. Nishimoto, M. Nakano, S. Ikegami, H. Chaen, S. Fukuda,
T. Sugimoto, M. Kurimoto, and Y. Tsujisaka (1995),
Existence of a novel Enzyme converting maltose into
trehalose, Biosci. Biotech. Biochem. 59, 2189-2190.

K. Maruta, T. Nakada, M. Kubota, H. Chaen, T. Sugimoto,
M. Kurimoto, and Y. Tsujisaka (1995), Formation of
trehalose from maltooligosachharides by a novel enzymatic
system, Biosci. Biotech. Biochem. 59, 1829-1834.

M. Yoshida, N. Nakamura, and K. Horikoshi (1998),
Production of trehalose by a dual enzyme system of
immobilized  maltose  phosphorylase  and  trehalose
phosphorylase, Enzyme Microb. Technol. 22, 71-75.

Klimacek, M., C. Eis, and B. Nidetzky (1999), Continuous
production of a,a -trehalose by immobilized fungal trehalose
phosphorylase, Biotechnol. Tech. 13, 243-248.

H. J. Shin, S. H. Koh, and D. S. Lee (1999), Production of
trehalose using Thermus enzyme, Korean Institute of
Chemical Engineers/Division of Biochemical Engineering and
Biotechnology 13, 25-31.

H. J. Shin, S. H. Koh, and D. S. Lee, and S. Y. Lee
(1998), Trehalose synthesis from maltose by a thermostable
trehalose synthase from Thermus caldophilus, Biotechnol.
Lett. 20, 757-761.

T. Nishimoto, T. Nakano, H. Chaen, S. Fukuda, T.
Sugimoto, M. Kurimoto, and Y. Tsujisaka (1996),
Purification and characterization of a thermostable trehalose
synthase from Thermus aquaticus, Biosci. Biotech. Biochem.
60, 835-839.

T. Nishimoto, M. Nakano, T. Nakada, H. Chaen, S. Fukuda,

T. Sugimoto, M. Kurimoto, and Y. Tsujisaka (1996),
Purification and properties of a mnovel enzyme, trehalose
synthase, from Pimelobacter sp. R48, Biosci. Biotech.

Biochem. 60, 640-644.

T. Sugimoto, (1995), Production of trehalose by enzymatic
conversion from starch, Bioscience and Bioindustry 53,
25-27.

F. Nihaus, C. Bertoldo, M. Kahler, and G. Antranikian
(1999), Extremophiles as a source of novel enzymes for
industrial ~application, Appl. Microbiol.  Biotechnol. 51,
711-729.

Koh, S. (1998), Studies on Trehalose Synthase from Thermus
caldophilus GK24, Ph.D. Thesis, Dept. Agric. Chem., Korea
University, Seoul.

K. Saito, T. Kase, E. Takahashi, E. Takahashi, and S.
Horinouchi (1998), Purification and characterization of a
trehalose synthase from the Basidiomycete Grifola frondosa,
Appl. Environ. Microbiol. 64, 4340-4345.



