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Fig. 1. HPLC analysis of reaction products formed by S-glucosidase
from different substrates. Substrates and reaction time: (a) cellobiose;
7.0 hrs, (b) sophorose; 1.5 hrs, (c) laminaribiose; 5.0 hrs, (d) gentiobi-
ose; 3.0 hrs. Reaction mixture: substrate (100 mM)+enzyme (0.59
units ml™).
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Fig. 2. Change of the concentration of reaction products formed by the
action of f-glucosidase. Substrates: (a) cellobiose, (b) sophorose, (c)
laminaribiose, (d) gentiobiose. Observed values: Substrates: [ ; cello-
biose, O; sophorose, <; laminaribiose, 2 ; gentiobiose. Products: @;
cellobiose and sophorose, 4 ; laminaribiose, A ; gentiobiose
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Fig. 3. HPLC analysis of reaction products formed by f-glucosidase
from sophorose and gentiobiose in the presence of glucose added as an
acceptor. Substrates and reaction time: (a) sophorose; 1.0 hr, (b)
sophorose; 5.0 hrs. (¢) gentiobiose; 4.5 hrs. (d) gentiobiose: 24 hrs.
Reaction mixture: substrate (100 mM)+glucose (100 mM)+enzyme
(0.59 units ml ")
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Fig. 4. "H-NMR spectra of the glucose dimers formed by the action of

ose, (¢) G-1 from gentiobiose, (d) S-3 from sophorose

bioseZ ¥H&AIZl T A& wansglycosylation 2HE-S HPLCE
A3 gentiobiose$} isocellotrioseE E2)3tgiTh. ol2)st 2
FZHE Bglucosidase] )¢ transglycosylation &S B-1,6-
glycosidic 29 kvt Rusioich & 439 dxo) =
W B1e A ¥ olE} B4, B2 R B13-glycosidic AF
0] transglycosylationol] ¢|std o] el Yt). Vaheris

Chemical shift (ppm)

Bglucosidase. Samples: (a) C-1 from cellobiose, (b) L-2 from laminaribi-

22y T. reeseiol Xl 223 cellulase®} celluloseE ¥HA|Z1 &
3l AHES GC-MASSE ®43}o] sophorose, laminaribiose
9 gentiobiose’} MAAH-E BuF vt ot 1Y o]5L
cellulase E-FHAE AME-SFO A cellulase AEE & o &4
7} olE Mg AR R WA E3lgd O Be o
& B3t Bglucosidase?] transglycosylation /o] B3 ¥] i),



12 Jeong. Choon-Soo et al.

¢ciloblose

Faminaribiose

Kor. J. Microbiol.

Sopinrose

Gieptinhiose

Fig. 5. The location of H-1 protons of cellobiose. sophorose. laminaribiose, and gentiobiose

Bhat (1)< el B
glucosidase9} cellobiose?] WH$-AH2-& chromatography= 2415}
o APl etramer)’} A EH S H A8tk Cellobiose?} S,
thermophile 1A 2]k ,B—ducmmda%e WHGAHES TLCE -4
slol vgkolsl ojgAle} AbEHlEe] WAHEE RBaEATHIT).

S'p()rr)fri('/uun thermo-phile©] *]

o
o] 9o W =FoA [}glumsnda%c«] transglucos-ylation 2+
Bol] e mav) diont dHe] gael Shzol] tfshed i
Rs] ube 2] #) okt
oAl T konmglz‘ﬂ]*ﬂ Rl gl Belucosidase”t 3
#o] Blinked oA b2 £ Blinked 0]%"4; ;
transglycosylation E8ke] A A3E v, o7jolli= sophorosest 3
A 998 Kedaar Sl

A

ZAtel 2

3 A gAkstin ol bRl el elsto] sl E Rizic

m
rar

2

{. Bhat, K. M.. J. S. Gaikwad. and R. Maheshwari. 1993. Purification
and characterization of an extracellular B-glucosidase from the
thermophilic fungus Sporotrichum thermophile and its influence
on cellulase activity. J. Gen. Microbiol. 139, 2825-2832.

2. Bryun, A. D.. M. Anteunis. and G. Verhegge. 1975. 'H-NMR
study of the di-glucopyranoses in D,O. Bull. Soc. Chim. Belg. 84.
721-734.

3.Fowler. T.. and R. D. Brown Jr. 1992. The bgll gene encoding
extracellular beta-glucosidase from Trichoderma reesei is required
for rapid induction of the cellulase complex. Mol. Microbiol. 6,
3225-3235.

4.Gum Jr., E. K., and R. D. Brown. 1977. Two alternative HPLC
separation methods for reduced and normal cellooligosaccharides.
Anal. Biochem. 82, 372-375.

3. Gusakov. A, V. A. P. Sinitsyn. G. H. Goldstein, and A. A.
Klyosov. 1984. Kinetics and mathematical model of hydrolysis
and transglycosylation catalyzed by cellobiase. Enzyme Microb.
Technol. 6. 227-235.

. Inglin, M., B. A. Feinberg, and J. R. Loewenberg. 1980. Partial
purification and characterization of a new intracellular-glucosidase
of Trichoderma reesei. Biochem. J. 185, 515-519.

. Kamagata. Y. M. Yachi, T. Kurasawa, M. Suto. H. Sasaki, S.
Takao. and F. Tomita. 1991. Cellulase induction by cellobiose-
octaacetate in Penicillium purpurogenum. J. Ferment. Technol. 72,
217-220.

8. Kanfer, J. N.. S. S. Raghaven. and R. A. Mumford. 1975.
Hydrolytic and transglucosylation activities of a purified calf
spleen beta-glucosidase. Biochim. Biophys. Acta. 391, 129-140.

. Kubicek. C. P. 1983. B-glucosidase excretion in Trichoderma

strains with difterent cell wall bound B-1.3-
Can. J. Microbiol. 29. 163-169.

Kubicek, C. P.. R. Messner. F. Gruber, M. Mandels, and E. M.

Kubicek-Pranz. 1993. Triggering of cellulase biosynthesis by

cellulose in Trichoderma reesei. J. Biol. Chem. 268. 19364-19368.

. Kurasawa, T.. M. Yachi, M. Suto. Y. Kamagata. S. Takao, and F.
Tomita. 1992. Induction of cellulase by gentiobiose and its sulfur-
containing analog in Penicillium purpurogenum. Appl. Environ.
Microbiol. 58, 106-110.

>

~J

4

el

glucanase activities.

10.



Vol. 36, No. 1

12.

13.

14.

15.

16.

18.

19.

Kwon, K. S., J. Lee, H. G. Kang, and Y. C. Hah. 1994. Detection
of -glucosidase activity in polyacrylamide gels with esculin as
substrate, Appl. Environ. Microbiol. 60, 4584-4586.

Lee,H. J., C. S. Jeong, S. O. Kang, and Y. C. Hah. 1989. '"H-NMR
Spectroscopic evidence on the glycosylated products of low
molicular weight beta-D-glucosidase from Trichoderma kiningii.
Kor. J. Microbiol. 27(1), 35-42.

Loewenberg, J. R. 1984. Sophorose induction of an intracellular B-
glucosidase in Trichoderma, Arch. Microbiol. 137, 53-57.
Mandels, M., and E. T. Reese. 1960. Induction of cellulase in fungi
by cellobiose. J. Bacteriol. 79, 816-826.

Mandels, M., E. W. Parrish, and E. T. Reese. 1962. Sophorose as an
inducer of cellulase in Trichoderma viride. J. Bacteriol. 83, 400-
408.

.Meyer, H. P, and G. Canevascini. 1981. Separation and some

properties of two intracellular B-glucosidase of Sporotrichum
(Chrysosporium) thermophile. Appl. Environ. Microbiol. 41, 924-
931.

Rho, D., M. Desrochers, L. Jurasek, H. Driguez, and J. Defaye.
1982. Induction of cellulase in Schizophyllum commune:
thiocellobiose as a new inducer. J. Bacteriol. 149, 47-53.
Schmid, G. and C. Wandrey. 1987. Purification and partial

20.

2

—_

22.

23.

24.

25.

B-glucosidase (EC 3.2.1.21), f-14-glucanase (EC 3.2.14) I3

characterization of a cellodextrin glucohydrolase (B-glucosidase)
from Trichoderma reesei strain QM 9414, Biotechnol. Bioeng. 30,
571-585.

Stenberg, D., and G. R. Mandels. 1979. Induction of cellulolytic
enzymes in Trichoderma reesei by sophorose. J. Bacteriol. 139,
1321-1326.

. Sternberg, D. 1976. Production of cellulase by Trichoderma.

Biotechnol. Bioeng. Symp. 6, 35-53.

Vaheri, M., M. Leisola, and V. Kaupinnen. 1979. Transg-
lycosylation products of cellulase system of Trichoderma reesei.
Biotechnol. Lett. 1,41-47.

Watanabe T, T. Sato, S. Yoshioka, T. Koshijima, and M.
Kuwahara, 1992. Purification and properties of Aspergillus niger
beta-glucosidase. Eur. J. Biochem. 209(2), 651-659.

Wood, T. M. and S. I. McCrae. 1982. Purification and some
properties of the extracellular S-glucosidase of the cellulolytic
fungus Trichoderma koningii. J. Gen. Microb. 128, 2973-2982.
Woodward, J. and A. Weisman. 1982. Fungal and other -D-
glucosidase-their properties and application. Enz. Microb. Technol.
4,73-79.

(Received January 7, 2000/Accepted February 11, 2000)

ABSTRACT : The Action Mode of S-glucosidase Purified from Trichoderma koningii

Jeong, Choon-Soo, Ji-Young Choi, Heon-Ju Lee!, Pil-Jae Maeng?, In-Seob Han, Sa-Ouk
Kang', and Yung-Chil Hah'(Department of Biological Science, College of Natural Sciences,
University of Ulsan, Ulsan, 680-749, Korea, 1Depamnent of Microbiology, College of Natural
Sciences, and Research Center for Molecular Microbiology, Seoul National University, Seoul,
Korea, “Department of Microbiology, College of Natural Sciences, Chungnam National Uni-

versity, Taejon, Korea)

We have examined the mode of transglycosylation, catalyzed by an extracellular S-glucosidase purified from
Trichoderma koningii ATCC 26113, using cellobiose, sophorose, laminaribiose and gentiobiose as substrates.
The dimers separated from the reaction mixture by HPLC were analyzed by "H-NMR spectroscopy. When
cellobiose was subjected to the action of the f-glucosidase, the products included laminaribiose, sophorose
and gentiobiose. When laminaribiose, sophorose or gentiobiose was used as a substrate, the B-glucosidase
accumulated transglycosylation products possessing different types of B-glycosidic linkages from the original
one. The amount of dimers accumulated as reaction proceeded seemed to be dependent on the velocity of

hydrolysis but not on that of formation.





