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High Cellobiase and Xylanase Production by Sclerotium
rolfsii UV-8 Mutant in Submerged Culturet
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Scierotium rolfsii UV-8 mutant secretes high levels of cellobiase and xylanase
in addition to having high cellulase production. The apparent Km and Vm. of
cellobiase (grown in NM-2 + 2% corn steep liquor medium) with cellobiose as a
substrate were 5.6 mM and 22.2 pmol of glucose liberated per min per ml of
culture filtrate, respectively. The addition of 2% corn steep liquor to NM-2
medium increased endo-/B-glucanase, cellobiase, and xylanase yields by approxi-
mately 1.5-fold.

Trichoderna spp. are favored sources of cel-
lulase and are the most intensively studied or-
ganisms for cellulose saccharification (5-8, 12;
M. Mandels, 3rd Annual Biomass Energy Sys-
tems Conference, 1979). However, Trichodenna
reesei and its mutants have a disadvantage in
that these cultures produce relatively low
amounts of cellobiase (EC 3.21.1.21) (0.3 to 0.9
IU ml-') (7, 14; Mandels, 3rd ABEC, 1979).
Thus, the culture filtrates from these microor-
ganisms produce mainly cellobiose from cellu-
lose with small amounts of glucose (12). Since
cellobiose is an inhibitor both of 1,4-fi-glucan
cellobiohydrolase and 1,4-,8-glucan glucanohy-
drolase (EC 3.2.1.4) (1, 3, 15), its accumulation
decreases the rate of cellulolysis (12). It has been
demonstrated that the saccharification effi-
ciency of T. reesei QM 9414 mutant cellulase is
increased by the addition of supplemental cel-
lobiase (14). Sternberg et al. (14) screened a
number of microorganisms for their ability to
produce large quantities of cellobiase. Greatest
cellobiase yields in shake flasks were obtained
with Aspergillusphoenicis, which gave about 12
IU min-' ml-l

Sclerotium rolfsii UV-8 mutant produces high
cellulase and cellobiase activities in submerged
culture (9). The cellulase activities produced by
S. rolfsii in shake flasks compare favorably with
those of T. reesei and its mutants (9, 10). It was
reported earlier that the S. rolfsii UV-8 mutant
secretes 7 to 7.5 IU of cellobiase per ml of culture
filtrate (9). During the course of studying the
kinetic properties of the purified cellobiase from
S. rolfsii, it was observed that the apparent Km
of the purified cellobiase was rather high (5.8
mM; Shewale and Sadana, unpublished data).
When cellobiase activity of the UV-8 mutant
culture filtrate was reexamined in the presence
of higher concentrations of cellobiose in the as-
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say mixture, much higher cellobiase activity val-
ues were obtained. The dependence of the re-
action rate on cellobiose concentration is shown
in Fig. 1. The concentration of cellobiose re-
quired for half-maximum velocity, calculated by
the method of Lineweaver and Burk (4), was
found to be 5.6 mM. The V,.. (micromoles of
glucose released per minute, per milliliter of
culture filtrate from NM-2 + 2% corn steep
liquor medium) computed from the Lineweaver-
Burk graph (Fig. 1) was 22.2 (3.77 psnol of glu-
cose mg1 min-'). This value varied from 18 to
23 (mean value = 20.2) in five different prepa-
rations. The corresponding Km and V.. values
for cellobiase from NM-2 medium culture fil-
trate varied between 5.6 and 5.8 mM and 10.0 to
13.7 (mean value = 12.0), respectively. The Km

CELLOBIOSE (mg )
FIG. 1. Effect of cellobiose concentration on cello-

biase activity. Culture filtrate of S. rolfsii grown on

NM-2 + 2% CSL was used. Inset: Lineweaver-Burk
plot of cellobiase activity with cellobiose as the sub-
strate.
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TABLE 1. Cellulase, xylanase, and cellobiase production by S. rolfsii UV-8 mutanta
Cellulase

Medium Soluble protein Xylanaseb (IU Cellobiase' (IUMedium (mg ml-') FPAd (IU CMCase' (IU ml-') m')
ml-l) ml-1)

NM-2 3.2 - 3.4 1.75 - 2.0 110 - 130 110 - 140 10 - 14
NM-2 + 2% CSL 5.2-5.5 1.75-2.1 170-190 170 - 200 18-23

a Grown for 14 days on NM-2 (9) or NM-2 + 2% corn steep liquor (CSL) medium in 1-liter Erlenmeyer flasks
containing 250 ml of medium on a rotary shaker (150 rpm).

b Xylose produced at 50°C, pH 4.5, by larchwood xylan (Sigma) measured by the DNA method (11). At 65°C,
xylanase values ranged from 240 to 270 IU ml-'.

c Cellobiase activity was computed from the Lineweaver-Burk plot. A unit of enzyme is the amount producing
1 Amol of glucose per min at 65°C, pH 4.5.

d FPA, Filter paper activity; 50°C, pH 4.8.
eCMCase, Carboxymethylcellulase (endo-,8-glucanase); 50°C, pH 3.7.

for T. reesei cellobiase secreted in the culture
broth was reported to be 1.5 mM (12), and that
for mycelial cellobiase was 1.2 mM (13). The
Vmax for T. reesei mycelial cellobiase was 0.05
I.mol of glucose mg-' min-' (13). The cellulase,
xylanase, and cellobiase activities produced by
S. rolfsii UV-8 mutant are summarized in Table
1.
The methods for determination of filter paper

activity, carboxymethylcellulase, xylanase, and
cellobiase have been described previously (10,
11). For filter paper activity, carboxymethylcel-
lulase, and xylanase activity determinations, en-
zyme solutions were diluted to give 0.5 mg of
reducing sugars. For cellobiase activity deter-
mination, 0.1 ml of suitably diluted culture fil-
trate was added to 0.9 ml of 0.05 M citrate buffer
(pH 4.5) containing different amounts of cello-
biose (16 mg of cellobiose per ml is the saturating
concentration for the enzyme), and the glucose
released was measured by the glucose-peroxi-
dase test (2, 10). Enzyme activities are expressed
in international units as micromoles of glucose
equivalents (and xylose for xylanase) produced
per minute per milliliter of culture filtrate.
These observations indicate that S. rolfsii is

an excellent source of cellobiase and xylanase,
besides being a good cellulase producer. It pro-
duces 1.5 to 2 times higher cellobiase than does
A. phoenicis (14). The addition of corn steep
liquor increased endo-,8-glucanase, cellobiase,
and xylanase activities approximately 1.5-fold.
The mutant secreted about 1.6 times the extra-
cellular protein in NM-2 + 2% corn steep liquor
medium (5.2 to 5.5 mg ml-') as compared to
NM-2 medium (3.2 to 3.4 mg ml-'. We are not
aware of any report in published literature of
cultures producing such large amounts of xylan-
ase.

LITERATURE CITED
1. Berghem, L. E. R., L. G. Pettersson, and U. A. Fed-

riksson. 1975. The mechanism of enzymatic cellulose

degradation. Characterization and enzymatic properties
of a 8l-1,4-glucan cellobiohydrolase from Trichoderma
viride. Eur. J. Biochem. 53:55-62.

2. Bergmeyer, H. U., K. Gawehn, and M. Grassl. 1974.
Enzymes as biochemical reagents, p. 457-458. In H. U.
Bergmeyer (ed.), Methods of enzymatic analysis, vol. 1.
Academic Press Inc., New York.

3. Halliwell, G., and M. Griffin. 1973. The nature and
mode of action of the cellulolytic component C, of T.
koningii on native cellulose. Biochem. J. 135:587-594.

4. Lineweaver, H., and D. Burk. 1934. Determination of
enzyme dissociation constants. J. Am. Chem. Soc. 56:
658-666.

5. Mandels, M. 1975. Microbial sources of cellulases, p. 81-
105. In C. R. Wilke (ed.), Cellulose as a chemical and
energy resource. Biotechnol. Bioeng. Symp. no. 5. John
Wiley & Sons, New York.

6. Mandels, M., and R. B. Andreotti. 1978. Problems and
challenges in the cellulose to cellulase fermentation.
Process Biochem. 13:6-15.

7. Mandels, M., L. Hontz, and J. Nystrom. 1974. Enzy-
matic hydrolysis of waste cellulose. Biotechnol. Bioeng.
16:1471-1493.

8. Montenecourt, B. S., and D. E. Eveleigh. 1977. Prep-
aration of mutants of Trichoderma reesei with en-
hanced cellulase production. Appl. Environ. Microbiol.
34:777-782.

9. Sadana, J. C., J. G. Shewale, and M. V. Deshpande.
1979. Enhanced cellulase production by a mutant of
Sclerotium rolfsii. Appl. Environ. Microbiol. 38:730-
733.

10. Shewale, J. G., and J. C. Sadana. 1978. Cellulase and
,8-glucosidase production by a basidiomycete species.
Can. J. Microbiol. 24:1204-1216.

11. Shewale, J. G., and J. C. Sadana. 1979. Enzymatic
hydrolysis of cellulosic materials by Sclerotium rolfsii
culture filtrate for sugar production. Can. J. Microbiol.
25:773-783.

12. Sternberg, D. 1976. ,8-Glucosidase of Trichoderma: its
biosynthesis and role in saccharification of cellulose.
Appl. Environ. Microbiol. 31:648-654.

13. Sternberg, D., and G. R. Mandels. 1979. Induction of
cellulolytic enzymes in Trichoderma reesei by sopho-
rose. J. Bacteriol. 139:761-769.

14. Sternberg, D., P. Vijaykumar, and E. T. Reese. 1977.
B8-Glucosidase: microbial production and effect on en-
zymatic hydrolysis of cellulose. Can. J. Microbiol. 23:
139-147.

15. Wood, T. M., and S. I. McCrae. 1975. The cellulase
complex of Trichoderma koningii, p. 319-336. In M.
Bailey, T. M. Enari, and M. Linko (ed.), Symposium on
enzymatic hydrolysis of cellulose. SITRA, Helsinki.

936 NOTES APPL. ENVIRON. MICROBIOL.


