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ABSTRACT: Production of alkaline carboxymethyl cellulase (CMCase) and xylanase by batch
and fed-batch cultures of alkalophilic Cephalosporium sp. RYM-202 was investigated. Of carbon
sources tested, wheat bran gave the highest production of those enzymes. The high levels of
CMCase on carboxymethyl cellulose and xylanase on birchwood xylan suggest that the biosyn-
thesis of CMCase and xylanase in Cephalosporium sp. RYM-202 is regulated separately at the
level of enzyme induction. The temperature and pH for maximal production of those enzymes
was 20 °C and 9.0, respectively. High concentration of wheat bran in batch fermentation resulted
in the lower and delayed production of the enzymes by catabolite repression. In fed-batch fer-
mentation with controlled feeding of 5% final wheat bran concentration, the highest activities of
CMCase and xylanase were 0.39 and 9.2 units/m/, respectively, and 1.22 and 1.36 times higher
respectively than those in batch fermentation on 5% wheat bran.
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The structural polysaccharides, cellulose
and hemicellulose, together are considered
greater than 50% of plant biomass and are
consequently the most abundant terrestrial
organic molecules (Kuhad and Singh, 1993).
For the same reason, hydrolysis of cellulose
and hemicellulose by cellulolytic and hem-
icellulolytic enzymes have attracted the con-
tinuing interest in exploitation of plant
biomass (Gilbert and Hazlewood, 1993; Wong
and Saddler, 1992).

In addition to application to utilization and
treatment of biomass in form of wastes, the
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uses of alkaline cellulase for laundry deter-
gents and xylanase for biopulping processes
have attracted interest as the most promis-
ing industrial applications of the microbial en-
zymes (Ito et al., 1989; Senior et al., 1991;
Herbert, 1992; Hoq and Deckwer, 1995). Cel-
Iulases and xylanases occur widely in bac-
teria and fungi. However, the great majority
of these enzymes usually are most active at
acidic or neutral pH. Recently, there are sev-
eral reports on the alkaline cellulases and xy-
lanases from alkalophilic or alkalotolerant
bacterial strains including Bacillus spp. (Dey
et al., 1992; Ratto et al., 1992; Nakamura et
al., 1993) and Streptomyces sp. (Rhyum et al.,
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1993), but rather scarce attention has been
paid to the alkaline enzymes of fungal origin.

Cephalosporium sp. RYM-202 is an alkalo-
philic fungal strain that produces multiple
carboxymethyl cellulases (CMCases) and xy-
lanases exhibiting high activities and sta-
bilities at highly alkaline pH (Kang et al.,
1993, 1995, 1996). Moreover, these CMCases
and xylanases fulfill the essential require-
ments for use as additive in laundry deter-
gents and for biopulping applications, respec-
tively (Kang and Rhee, 1995; Kang et al.,
1996). These properties make this fungus at-
tractive in view of its application as a po-
tential candidate for the production of al-
kaline CMCase and xylanase.

Economic analysis
duction of cellulase and xylanase would be a
major cost factor hindering the wide spread
use of these enzymes in industries, and it is
therefore essential to improve yields and pro-
ductivity of the enzymes to make the process
economically feasible (Gomes et al., 1992; Her-
bert, 1992). To enhance production of cel-
lulase and xylanase by microorganisms and
reduce production costs several efforts such
as mutation, gene cloning, protoplast fusion
and optimization of medium composition and
environmental factors have been made
(Brown et al., 1987; Lejeune and Baron, 1995,
Warzywoda and Pourquie, 1983). Moreover,
enzyme production has been markedly in-
creased by the mode of fermentation, eg. con-
tinuous, batch, and fed-batch culture (Gomes
et al., 1993; Hendy et al., 1984). In this paper,
we describe some culture conditions and fer-
mentation processes that affect the produc-
tion of CMCase and: xylanase during batch
and fed-batch cultures of Cephalosporium sp.
RYM-202.

Materials and Methods

Microorganism and media

indicated that pro-

Cephalosporium sp. RYM-202 isolated from
a soil sample was used (Kang et al., 1993).
The fungus was grown on potato dextrose
agar containing 0.5% sodium carbonate at
30°C for 5 days and then stored at 4°C. Stock
cultures were transferred to fresh medium
every 6~7 weeks and incubated under the
same conditions. The culture media used
were based on a basal medium in which the
concentrations of different components were
changed to evaluate their effect on growth
and enzyme production. The basal medium
contained (W/V): 1, 2 or 5% wheat bran, car-
boxymethyl cellulose (CMC) or birchwood xy-
lan; 0.3% NaNOs; 0.1% K:HPO,; 0.05% MgSO;
7TH:0; 0.05% KCl; 0.001% FeSO,- TH,0; and
0.015% chloramphenicol. The initial pH of
the medium was adjusted to 10.0 by addition
of 0.5% (W/V) sterilized sodium carbonate.

Shaking culture experiments.

The conidia from potato dextrose agar
plates were inoculated into the medium
which reached 5x10° per ml in shake cul-
tures unless otherwise stated. Shake cultures
were carried out in 250 ml erlenmeyer flasks
containing 50 ml of basal medium. The ino-
culated flasks were shaken continuously on
an orbital shaker at 200 rpm and 30°C. To in-
vestigate the effects of carbon sources on the
enzyme production, glucose-grown mycelium
which was a 18 h old shake-flask preculture

‘was suspended in the medium containing dif-

ferent carbon substrate.

Fermentation conditions

All batch fermentation experiments were
carried out in a 5 L jar fermentor (Korea Fer-
mentation Co.) containing 2.5 L of the basal
medium which was the same as that des-
cribed above, except that it contained dif-
ferent concentration of wheat bran as a car-
bon source. The conidia of 1x 10° per ml medi-
um were inoculated into the medium and cul-
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tivated at 30°C. The pH was controlled at 9.5
automatically with 3 N sodium carbonate.
The air flow rate was 1.5 vvm and agitation
was set at 400 rpm during the whole fer-
mentaton period. Antifoam agent (SAG-471,
Union Carbide) was treated when severe
foam was generated. Fed-batch cultures were
conducted in 5 L jar fermentor with a work-
ing volume of 2.5 L. Each fermentation was
initiated with 1% wheat bran. In fed-batch
culture, intermittent feeding of wheat bran
(equivalent to 0.5% of the medium volume)
began after 24 h of cultivation and the fe-
eding was repeated every 6 h, raising the fi-
nal wheat bran concentration to 5%.

Enzyme assays

CMCase activity was measured in the reac-
tion mixture consisting of 0.9 m!/ of 0.5% (W/
V) carboxymethyl cellulose in 50 mM glycine-
NaOH buffer (pH 9.5) and 0.1 ml of suitably
diluted enzyme solution. The reaction mix-
ture was then incubated in a shaking water
bath at 40°C for 1 h. At the end of this reac-
tion period, 1 m/ of dinitrosalicylic acid solu-
tion was added and the mixture was heated
in boiling water bath for 5 min. After then 2
m! of distilled water was added and ab-
sorbance of the sample was measured at 575
nm. Xylanase assays were identical to CMC-
ase assay, except that birchwood xylan in 50
mM sodium phosphate buffer (pH 7.5) was
used as the substrate and the reaction mix-
ture was incubated at 40°C for 15 min. One
unit of CMCase and xylanase activity was de-
fined as the amount of enzyme which li-
berates 1 mol of reducing sugar, expressed as
glucose or xylose, per minute under the reac-
tion conditions. Reducing sugar production
by enzymatic hydrolysis and free sugar in cul-
ture broth was quantified by the method of
Miller (1959). Productivity of the enzymes
was calculated by relating the enzyme ac-
tivity obtained over a particular time period

and expressed as units/L/h (Brown et al.,
1987).

Results and Discussion

Effect of carbon sources on enzyme production

To find the most favorable conditions for
the production of CMCase and xylanase,
equal portion of mycelium harvested from
preincubation of Cephalosporium sp. RYM-
202 in modified Czapek broth (pH 10.5) for 18
h, was inoculated into the medium contain-
ing different carbon sources. The carbon
sources examined were: CMC (1%), xylan
(1%), mixture of CMC (0.5%) and xylan
(0.5%), and wheat bran (1%). Of the carbon
sources tested, wheat bran gave the highest
production of CMCase and xylanase (Fig. 1).
The significant levels of CMCase and xy-
lanase were also observed in the medium con-
taining CMC and xylan, respectively. How-
ever, CMC-xylan mixture was commonly less
effective for the induction of CMCase and xy-
lanase. The production of CMCase on xylan
and xylanase on CMC was nearly negligible.
The present results suggest that the in-
duction of CMCase and xylanase in Cephalos-
porium sp. RYM-202 depends on the type of
carbon source in the medium and that the
biosynthesis of CMCase and xylanase is re-
gulated independently. Previous reports have
indicated the synergistic effects of carbon
sources on the biosynthesis of cellulase and
xylanase systems in many fungal strains
such as Aspergillus nidulans (Lee et al., 1989),
A. niger (Roh et al., 1990), Trichoderma lon-
gibrachiatum (Royer and Nakas, 1990), and
an acidophilic NC-11 (Cauchon and LeDuy,
1985). In these organisms, mixtures of cel-
lulose and xylan were much more effective
not only for the enhancement of the biosyn-
thesis of cellulase and xylanase complexes
but also for the balanced production of these
enzyme components than individual sub-
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Fig. 1. Effects of different carbon sources on pro-
duction of extracellular CMCase (A) and
xylanase (B) by Cephalosporium sp. RYM-
202 in shake flask cultures. Symbols; A,
CMC (1%, wh); A, xylan (1%, wiv); O,
CMC-xylan (0.5: 0.5%, w/v); ®, wheat
bran (1 %, w/v).

strate. On the other hand, Gomes et al.,
(1992) reported that cellulase and xylanase of
T. viride were produced irrespective of the
carbon source such as Avicel or xylan. In ad-
dition, Berenger et al., (1985) reported that
both of CMCase and xylanase were highly
produced when Clostridium stercorarium was
grown on xylan and cellulose, but surpris-
ingly more xylanase was formed on cellulose
than on xylan. In contrast, the effective in-
ducers for CMCase production by Cephalos-

porium sp. RYM-202 were wheat bran and
CMC, while xylanase was effectively induced
separately on wheat bran and xylan. Very
poor induction of CMCase on xylan and xy-
lanase on CMC was found. From these re-
sults, biosynthesis of cellulase and xylanase
in Cephalosporium sp. RYM-202 was con-
sidered to be regulated separately at the lev-
el of enzyme induction. The induction pat-
terns of cellulase and xylanase in Cephalos-
porium sp. RYM-202 were very similar with
those of A. terreus (Hrmova et al., 1989, 1991).
The induction specificity of these enzymes
derived from Cephalosporium sp. RYM-202 is
advantageous to differential production of
CMCase or xylanase by using the correspond-
ing inducer for each enzyme.

Effect of nitrogen sources on enzyme produc-
tion

The nature of nitrogen source, either or-
ganic or inorganic, in medium is reported to
affect the cell growth and enzyme production
(Brown et al., 1987; Chaabouni et al., 1995).
The effect of nitrogen source on the pro-
duction of CMCase and xylanase by Cephalos-
porium sp. RYM-202 was evaluated in shake
flask culture using the basal medium con-
taining 2% wheat bran as carbon source and
a range of nitrogen sources with different con-
centrations. As shown in Fig. 2, Cephalos-
porium sp. RYM-202 produced the enzymes
well with the various nitrogen sources even
with different concentrations. Among the ni-
trogen sources tested, nitrate and urea were
more effective for the production of both en-
zymes. When nitrate was the nitrogen source,
increasing of concentration from 0.5 to 20 g/L
did not show a significant increase in either
CMCase or xylanase activities. By contrast to
nitrate, however, higher concentrations of
urea exceeding 2 g/L. were not favorable and
markedly inhibited the production of the en-
zymes. Less difference in enzyme activities
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Fig. 2. Effects of different nitrogen sourceés on production of extracellular CMCase and xylanase by
Cephalosporium sp. RYM-202 in shake flask cultures. Wheat bran (2%) was the carbon source
and the basic mineral composition gf Czapek broth was used except nitrogen source. The pH was
adjusted to 10.0 with sodium carbonate. After 72 h of cultivation at 30°C, the enzyme activities
were assayed. Symbols: 0, CMCase; », xylanase.

between yeast extract and inorganic nitrogen
sources indicates that amino acids are not es-
sential for the enzyme production in Cephalo-
sporium sp. RYM-202. Gomes et al. (1992) re-
ported that the effective production of cel-
lulase and xylanase by 7. viride requires
high concentrations of essential amino aEi':ils.

Effects of temperature and pH on enzyme pro-
duction

at different temperatures. Although xylanase
and CMCase, respectively, were maximally
produced at 20°C and 30°C, there was no re-
markable difference in enzyme activities with-
in the temperature ranges from 20 tg 30°C

(Fig. 3). Neither of cell growth nor enzyme ac-
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Fig. 3. Effect of temperature on CMCase and xy-
lanase production. After 72 h of cultiva-
tion in the medium (pH 10.0) containing
2% wheat bran, the enzyme activities were
assayed. Symbols: o, CMCase; ®m, xy-
lanase.
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Fig. 4. Effect of initial pH of medium on CMCase
and xylanase production. The initial pH of
medium was adjusted by addition of so-
dium carbonate. After 72 h of cultivation,
the enzyme activities were assayed. Sym-
bols: ©, CMCase; ®, xylanase.

tivities could be detected at 35°C. The effect
of initial pH of culture broth on the pro-
duction of the enzymes was also examined
(Fig. 4). The highest activity of both enzymes
was obtained at pH 9.0. The CMCase and xy-
lanase activities more than 90% of maximum
activity took place over a pH range between
8.0 and 10.5. These results were very similar
with the pH-profiles of cell growth of Cephalo-
sporium sp. RYM-202 as described in pre-
vious report (Kang et al., 1993).

Batch fermentation

To examine the effect of substrate concen-
tration on the production of CMCase and xy-
lanase by Cephalosporium sp. RYM-202,
batch cultures in a jar fermentor were car-
ried out using optimized culture conditions
with varing amounts of wheat bran as a car-
bon source. Progress of time course of a typ-
ical batch fermentation in the basal medium
(pH 9.0) containing 1%, 2% or 5% wheat bran
is shown in Fig. 5. The highest activities of
CMCase and xylanase increased with in-
creasing substrate concentration. On 5%
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Fig. 5. Time courses of batch'cultures of Cephalos-
porium sp. RYM-202 in a jar fermentor
with different concentrations of wheat
bran as a carbon source. The pH of medi-
um was controlled at 9.5 during whole fer-
mentation period.

wheat bran concentration, the maximum
CMCase and xylanase activity was 0.324 and
6.46 units/ml/, respectively. However, the in-
crease of substrate concentration resulted in
an extension of lag phase, and thus delayed
the time at which the enzymes appeared in
the culture medium. Synthesis of CMCase

and xylanase commenced after 30~36 h on 1%

wheat bran and 36~42 h on 5% wheat bran,
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and the activities of both enzymes freached
maxima around 42 h on 1% wheat bran and
54~60 h on 5% wheat bran. After reaching
maxima, the enzyme activities declined to 67~
87% of the maximum level after 96 h of in-
cubation. The delay in appearance of enzyme
activity in the medium may be due to ca-
tabolite repression (Godden et al., 1989; Pi-
naga et al., 1994) by the high concentration
of reducing sugars which are originally in-
cluded in the wheat bran (approximately 10
pg of reducing sugar per gram of substrate).
Moreover, the delayed appearance of lenzyme
synthesis on higher substrate concentration
resulted in lower productivity (units/L/h) of
both enzymes. The maximum productivities
of CMCase and xylanase on 5% wheat bran
were 5.4 and 107 units/L/h, respectively, com-
pared with 64 and 122 units/L/h, | respec-
tively, on 1% wheat bran. These results sug-
gested that low level feeding of wheat bran
by fed-batch culture would be more effective
than batch culure for the production of
CMCase and xylanase by Cephalosporium sp.
RYM-202.

Fed-batch fermentation

Since fed-batch culture system has proved
successful for many fermentations where car-
bon limitation is a requirement (Yamane and
Shimizu, 1984), we attempted to use this fer-
mentation mode. The fermentation was in-
itiated as a conventional batch culture at
30°C using 0.5% wheat bran. At 24 h, when
the level of reducing sugar was observed to
be decreasing, the substrate level was raised
to 1% by addition of wheat bran equivalent
to 0.5% of total volume. This addition was re-
peated every 6 h, raising the final substrate
concentration to 5%. The time course of a typ-
ical fed-batch fermentation is shown in Fig. 6.
The enzyme activities were observed within
30~36 h and increased very rapidly reaching
the enzyme titers of 0.34 units/ml for CMC-
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Fig. 6. Experimental results for the production of
CMCase and xylanase in fed-batch fer-
mentation of Cephalosporium sp. RYM-
202. Intermittent feeding of wheat bran
was repeated every 6 h after 24 h of cul-
tivation, raising the final substrate con-
centration to 5%. Symbols: 0, CMCase; ®,
xylanase; A, reducing sugar

ase and 8.2 units/m/ for xylanase at 42 h. Aft-
er this the enzyme production increased
slightly but steadily with the progress of fer-
mentation and reached to maximum values
(CMCase, 0.39 units/ml/ at 66 h; xylanase, 9.2
units/m/). The maximum activities of CMC-
ase and xylanase in the fed-batch of fer-
mentation on a 5% final wheat bran were 1.22
and 1.36 times higher respectively than those
obtained in batch fermentation on 5% wheat
bran. The fed-batch fermentation of Tri-
choderma spp. with controlled nutrient fe-
eding has been an effective approach for high
production of cellulase and xylanase (Hendy
et al., 1984; Gomes et al., 1992). In these
cases, the enzyme production was enhanced
by 30-300% in comparison with the batch fer-
mentation processes. Moreover, the simul-
taneous addition of cellulose and ammonia
during fed-batch cultivation of T. viride was
reported to be useful for the enhancement of
cellulase production by 40% (Gottvaldova et
al., 1982). However, a fed-batch culture of
Cephalosporium sp. RYM-202 in which wheat
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bran was added intermittently together with
other nutrients (minerals) in 100 m/ water
showed very similar enzymes titers as com-
pared with the fed-batch culture without any
addition of the minerals (data not shown).
Even though, in this study, it was proven
that fed-batch fermentation of Cephalospor-
tum sp. RYM-202 is more useful than batch
fermentation for the production of CMCase
and xylanase, the overall productivities of
these enzymes by this strain were relatively
lower than those by cellulase- and xylanase-
hyperproducing strains that have been most-
ly referenced in many literatures (Warzywo-
da and Pourquie, 1983; Cauchon and LeDuy,
1985; Gomes et al., 1992, 1993; Adamsen et
al., 1995), and should be increased from an in-
dustrial viewpoint. It is still expected that
further optimization of fed-batch conditions
and medium composition will improve the
production of the enzymes.
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