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ABSTRACT

Washed mycelia of Aspergillus nidulans FGSC 159 were incubated in CMC minimal liquid
medium and the culture filtrate which contained induced extracellular cellulase was fraction-
ated by a three-step procedure including chromatography on Bio-Gel P-150, chromatography
on DEAE-Sephadex A-50 and chromatography on Sephadex G-100. Three CMCase components:
F-I-1a, F-I-Ib and F-II-Ia were prepared.

No enzyme activity toward avicel could be detected in these components. Similarly, there
was no g-glucosidase activity. pH-optima of the three components were all 5.0 in acetate
buffei‘. Temperature-optima for the activities of F-I-Ia, F~] -Ib and F- f-la were 45°C, 40-C
and 50°C, respectively.

F-II-Ia was shown to be more thermostable than the other two components. F-II-la was
proved to have quite a different substrate specificity and action property from those of F-I-Ia
and F-I-Ib by product analysis on liquid chromatography.

Irpex lacteus(Nisizawa et al. 1959, Kanda et

al. 1976), Pellicularia filamentosa(Tanaka et
al. 1977, 1978), Dolabella sp.(Okada et al.

1966), Fusarium solani(Wood 1969, 1971),

INTRODUCTION

Recently many investigations have been per-

formed about the multiplicity of cellulase
components and their action modes in various
organisms such as 7', viride(Okada et al. 1968,
Toda et al. 1971, Okada 1975, Nakayama et
al. 1976, Berghem et al. 1976, Wood et al.
1972), Pseudomonas fluorescens var. cellulosa
(Yamane et al. ]971,. Yoshikawa et al. 1974),

Cellvibrio gilvus(Storvick et al. 1963), Sporo-
trichum pulverulentum (Eriksson et al. 1975),
and Myrothecium verrucaria(Halliwell 1961).
Among these microorganisms, 7. viride is
the most frequently investigated one because of
its high yield of cellulase. However, sexual or

parasexual cycle of this organism has not been
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discovered yet. Therefore, there are little in-
formations about the genes which control the
production of various cellulase components and
about their genetic regulation mechamism. In
this respect, A. nidulans has some advantages
in that it shows sexuality and parasexuality
in its life cycle. Moreover, since many strains
of A. nidulans which contain various markers
have been developed and genetically studied
by a great number of investigators, it seems
desirable to use this fungus in genetic approach
to cellulase system.

In this investigation, three CMCase com-
ponents were isolated from the culture filtrate
of A. nidulans FGSC 159 and several charac-

teristics of these components were examined.
MATERIALS AND METHODS

1. Organism and growth conditions

Conidial suspension of A. nidulans FGSC 159
was inoculated in Aspergillus complete medium
(dextrose, 10g; yeast extract, 1.5g: casamino
acid, 1.5g; minimal salt stock solution, 2¢mi;
vitamin 16m!;
to 1,000m/ distilled water)
adjusted to pH 6. 0(3.0x10° conidia/m! medi-
um). Cultures were grown in 1, 000m! culture

stock solution, 195 adenine

solution, 2m/;

flask and incubated for 18 hours at 37°C with
aeration and agitation.

Mycelia at a late logarithmic phase of the
cultures were harvested by filtration through
sterile gauge, and washed with sterile 0.2 M
citrate buffer, pH 6.0. Washed mycelia were
resuspended in 500m!/ of CMC minimal medium
(CMC, 10g;

20ml; 1% adenine solution,

minimal salt stock solution,
2ml;

acid, 1mg; p-aminobenzonic acid, 5mg; pyri-

nicotinic

doxin, 5mg; riboflavin, 1mg; lysine, 70mg;
phenylalanini, 80mg: Na,SO;, 150mg; to 1, 000
m! distilled water) in 1,000m! culture flask

and incubated for 12 hours under the same
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conditions as in the previous cultivation.

2. Enzyme purification

1) Crude enzyme

After incubation for 12 hours, the mycelia
were separated off by filtration through a
filter paper(No. 2 Toyo Roshi Co., Ltd). 3,500
m/ of crude enzyme was obtained from the
whole culture.

2) Fractionation with ammonium sulfate

The crude enzyme preparation was treated
with ammonium sulfate(90%). The superna-

tant, which had no CMCase activity was
removed by centrifugation at 12,000xg for
20 min at 4°C. The resulting precipitate was
dissolved in a small amount of (. 02M acetate

buffer, pH 5.0. The solution was dialyzed

against 0. 02M acetate pH 5.0 for 48

hours at 4°C.

buffer,

3) Molecular sieve chromatography on Bio-
Gel P-150
40m! of dialyzed enzyme solution was frac-
tionated by molecular sieve chromatography
on a column(4.5x65cm) packed with Bio-Gel
P-150, 100-200 mesh (Bio-Rad Laboratories).
The column was equilibrated with 0.02M
acetate buffer, pH 5.0 and eluted with the
same buffer, at a flow rate of 40mi/hr.
4) Ion-exchange chromatography on DEAE-
Sephadex A-50
Further purifications of the CMCase frac-
tions, F-I and F-II, were achieved by DEAE-
Sephadex A-50(Pharmacia Fine Chemicals)
ion-exchange chromatography. The column
(2.2x35cm) was equilibrated with 0. 02M ace-
tate buffer, pH .0 and eluted with a linear
concentration gradient of (.02-2.5 M acetate
buffer, pH 5.0 at a flow rate of 28 mi/hr.
5) Molecular sieve chromatography on Se-
phadex G-100
The CMCase fractions, F-I-I and F-II-I,
obtained in the previous step were concent-

rated by lyophilization. Each concentrated
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CMCase solution was applied on a Sephadex
G-100 column (2.2x75cm) equilibrated with
0.02 M acetate buffer, pH 5.0 and the column
was eluted with the same buffer at a flow
rate of 25mi/hr.

The CMCase fractions, F-I-Ia. F-I-Ib and
F-II-Ia, obtained in this step were concen-
trated by lyophilization and dialyzed.

3. Substrates
Sodium CMC(d.s.

0.63), was supplied by Daiichi Kogyo Seiyaku
Co., Ltd.

p-Nitrophenyl-5-D-glucoside, PNPG, was
purchased from Nakarai Chemicals, Ltd.

carboxymethylcellulose,

Cellooligosaccharides, from cellobiose to celio-
hexaose, were isolated from fuming HCl hyd-
rolysate of cellulose (Sigma Chemicals Co.)
by the procedures of Miller et al.(1960). Each
cellooligosaccharide solution was lyophilized
and dissolved in a small amount of (.02 M
acetate buffer, pH 5. 0.

4. Analytical methods

1) Enzyme assays

7}) CMCase

The reaction mixture consisted of (.8 m! of
0.5% CMC solution in 0. 05 M acetate buffer,
pH 5.0 and 0.2 m/ of enzyme solution. After
incubation of the mixture at 37°C for 30 min,
reducing sugars produced by the enzyme were
analyzed according to the method of Somogyi-
Nelson (1952).

One unit of enzyme activity was defined as
the amount of enzyme releasing 1.0/tg or glu-
cose (or glucose equivalents) in 30 min under
the standard assay conditions. It was calcul-
ated from the standard curve that 1 OD unit
change is equivalent to 750 Units/ml of
CMCase concentration.

1}) 5-Glucosidase

The reaction mixture
ImM PNPG solution in 0.05M acetate buffer,
After

contained 0.8ml of

pH 5.0 and 0.2m! of enzyme solution.
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2.0ml of 1M
Na,CO; solution was added to the mixture.
The mixture was diluted with 10.0m! of

incubation at 37°C for 30min,

distilled water and the amount. of p-nitrophenol
liberated was estimated from the absorbance
at 470om.

One unit S-glucosidase activity was defined
as the amount of enzyme liberating 1:: mole
of p-nitrophenol in 30min. Standard curve
indicated that 1 OD unit change is equivalent
to 930 Units/ml of S-glucosidase concentration.

2) Analysis of reaction products by liquid

chromatography

Substrates used for this experiment were
cellobiose (G3), cellotriose (G;), cellotetraose
(Gy), cellopentaose (Gs) and cellohexaose (Gg),
The reaction mixture contained (.2m! of sub-
strate solution in (. 02M acetate buffer, pH 5. (
and 0.2m! of enzyme solution. The mixture
was incubated at 37°C. 50« aliquots of the
mixture were removed and product analyses
were performed on a high pressure
chromatograph (Model 6000A, Waters Associa-
tes Co.). The products were separated on a
Waters

column (3.9mm IB by 30cm), using acetoni-

liguid

r~Bondapak carbohydrate analysis
trile-water (65 : 35) as an eluting solvent at
a flow rate of 1m//min and detected by Waters
differential refractemeter (R401).

3) Determination of protein

Protein concentrations were deiermined from
at 280nm. When
necessary, the method of Lowry et al. (1951)

absorption measurements

was also used with bovine serum albumin as

standard.

RESULTS

1. Enzyme purification
Fig. 1 shows the result of chromatography
on Bio-Gel P-150 of the enzyme material after

ammonium sulfate precipitation. CMCase com-
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ponents were effectively separated from §-

glucosidase components in this step. Among the

3 CMCase peaks, F-I and F-II were used for
the next steps.

Further purification of F-I was achieved by
ion-exchange chromatography on a DEAE-Se-
phadex A-50 column. As shown in Fig. 2, con-
taminated 3-glucosidase was completely re-
F-I-1,

tained. Total fractions in F-I-I were combined

moved and a CMCase peak, was ob-

and concentrated by lyophilization. 15m/ of

concentrated preparation was rechromatog-
raphed on a Sephadex G-100 column and the
result is shown in Fig. 2. It is shown that
F-I-I was divided into two CMCase peaks, F-
I-1a and F-I-Ib. The two CMCase peaks were
collected and lyophilized separately.

F-1I was also rechromatographed on a DEAE-
Sephadex A-50 column and F-II-I which had

no S-glucosidase activity was obtained as

shown in Fig. 4. The result of molecular sieve
chromatography of concentrated F-II-I on
Sephadex G-100 column is presented in Fig. 5.
CMCase activity was confained in a symme-

trical peak, F-II-Ia,

Table 1. Purification procedure and yields of

CMCase

Enayme [0 ChiCase antny Yields
preparation mg KU kU/mg 2;
Crude enzyme 80.5 1,520 18.9 100
Bio-Gel P-150

F-1 13.2 385 29.7 25

F-1I 16.5 815 49.4 54
DEAE-Sephadex A-50

F-1-1 9.4 795 84.6 52

F-II-1 4.7 640 136.2 42
Sephadex G-100

F-I-Ia 0.7 74 105.9

F-I-Ib 0.4 35 87.5

141.3 21

F-1I-Ia 2.3 325

Table 1 shows the vields of the purification
procedures. In case of DEAE-Sephadex A-50
chromatography of F-I, the resulting F-I-I
had twofold
Probably, this result was due to the fact that
in the

in the

increased total enzyme units.
this component might be mores active
increased buffer concentration than
lower one.

2. Effect of pH on CMCase activity

The pH dependence of each CMCase com-
ponent was examined by measuring the re-
ducing sugar formed at various pH values of
0.05 M acetate buffer. Reaction mixtures were
incubated at 27°C for 3Cmin. As shown in

Fig. 6, the three components showed their
highest activities at pH 5.0 and relatively high
sensitivities to pH change.
3. Effect of temperature on CMCase activity
The reaction mixtures were incubated at
various temperatures. Fig. 7 shows the effect

of temperature on the three CMCase com-



138

KOR. JOUR. MICROBIOL.

100}

@
o

o0
o

————————
-
g

H
[®)

N
(@)

Relative activities (%)

USRS

Fig. 6. Effect of pH on the activities of CMCase
components. @——@ : F-I-la, .....00:
F-I-Ib, A——A : F-1I-Ia

ti (%)
(@]
Q 8 O

A
Q

N
O

Relative activities

e
30 40 50 60

70
Temperature (°C)

Fig. 7. Effect of temperature on the activities
of CMCase components. @—@ : F-1-Ia,
O Y+ F-1-Ib, A— A : F-1I-Ia

[Vol. 18, No.3,

100

. 80

®

H

< 60

g

%

[« ]

40

®

2

5,0l

+ 20

&
5 Sen *
30 40 S50 60 70 80

Temperature (°C)

Fig. 8. Thermostabilities of CMCase components*
®—@:F-I-Ia, 3. O F-I-1b, A—
A : F-Il-Ia

ponents. The temperature-optima were 45°C
for F-I-la, 40°C for F-I-Ib and 350)°C for F-
II-Ia, respectively. F-I-Ia and F-I-Ib showed
dramatically decreased activities

at tempera-
tures below 25°C and

above 55°C, while F-

II-Ia activity was shown to

be relatively
insensitive to the change of incubation tem-
perature.

4. Thermal stability

Each CMCase component was incubated at
various temperatures for 30min in acetate
buffer at pH 5.0 in the absence of substrate.

After preincubation, the residual enzyme acti-
vities were measured under the standard assay
conditions. As presented in Fig. 8, F-I-Ia and
F-I-1b lost 80% of their activities after treat-
ment at 50°C, and showed no reducing activi-
ties after preincubation at 60°C. F-II-Ia was
shown to be more thermostable than the other
two components, because half of the activity
still remained after 30-min incubation at §0°C.

5. Hydrolysis products from cellooligosacch-
arides

Hydrolysis products from several kinds of

cellooligosaccharides were identified by liquid
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Fig. 9. Liquid chromatography of glucose and

cellooligosaccharides. Flow rate: 1ml/min.

Chart speed: 0.25cm/min

chromatography after incubation with each
CMCase component. As shown in Fig. 9, each
cellooligosaccharide had its own peak recorded
at a specific position when analyzed by liquid
chromatography.

Fig. 10 indicates that none of the CMCase
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components could hydrolyze G,(cellobiose) at
all.

Gs(cellotriose) was slowly split into G; and
G; by F-I-lIa and F-I-Ib, but was not attacked
by F-II-la at all, as shown in Fig. 11. Al-
though the analysis was not achieved qualita-
tively, it seems that the production of G, was
greater than that of Gi.

Fig. 12 illustrates that F-I-Ia and F-I-Ib
readily attacked G, and produced G;, G and
G; after prolonged incubation. But, G; was not
detectable during early incubation period. F-
iI-Ia attacked G, very slowly and produced G,
and Gi. G; was not produced even after pro-
longed incubation,

The products from G; and G; are shown
in Figs. 13and 14, respectively. F-I-Ia produced
Gi, Gz, G; and a small amount of G, from
G; and G; after prolonged incubation. F-I-Ib
attacked G; and Gg and accumulated G;, Gg,
G, and a trace amount of G; after 12-hour
incubation. But, G, was not produced from
Gs by this component. F-II-Ia easely hydro-
iyzed G5 and G; to produce G, G; and G, as
end products. However, (G; was not detected
at all.

The results illustratrated in Figs. 10,11, 12,
13 and 14 are summerized in Table 2. F-II-Ila
was shown to have quite a different substrate
specificity and an action property from those
of the other two components. However, I-I-Ia
and F-I-Ib showed similar substrate speci-
ficities and action properties. The only diffe-
rence between the two enzyme solutions seems
to be that they have different reaction velo-

cities.
DISCUSSION

In the present work, it was found that A.
nidulans can inductively produce CMCase when
its mycelia were inzcubated in CMC minimal
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Table 2. Summerized results about the substrate
specificities and action properties of

CMCase components

Enzymes Substrates {?{g:?ﬁ‘;lso? G, P(;;Oduétas Ge
F-I-Ia G, 12 + K
G 12 + o+
Gs 12 +  # o &
Gg 12 - #* -+ &
F-I-Ib Ga 12 - b
Gy 12 4= %+
Gs 12 += o+ -+
G 12 S S o
F-1I-Ia Gs 12
' Gy 12 oo
Gs 12 #oo- +
Ge 12 # o+ +

medium, and that avicelase was not formed
After 12-hour
maximum and

by this fungus. incubation,
CMCase activity reached its
showed a plateau thereafter. This result sug-
gests that catabolite repression might be caused
by glucose produced by CMCase and 5-glucosi-
dase (Nisizawa et al. 1972). It is also possible
that cellobiose produced by CMCase might
inhibit the enzyme activity (Yoshikawa ef al.
1974).

At least three CMCase components were
separated from crude enzyme preparation by
Bio-Gel P-150 column chromatography (Fig.1).
F-1 and I’-1I were
further purified by consecutive column chroma-
tography on DEAE-Sephadex A-50 and Sepha-
dex G-100 and F-I-Ia, F-I-Ib and F-lI-Ia were
prepared (Figs. 2,3,4 and 5).

Among these components,

The three CMCase components were similar
in their pH-sptima. But, optimal temperature
and thermal stability of F-II-la were quite
different from those of the other two com-
ponents (Figs. 7 and 8).

Generally, hydrolysis products formed from

variqus substrates have been analyzed by

paper chromatography (Nisizawa ef al. 1959,
Hirayama et al. 1978, Okada ef al. 1968). In
the present experiments, liquid chromatography
was proved to be an excellent method for the
analysis of cellooligosaccharides. As illustrated
in Fig. 11, each cellooligosaccharide was sepa-
rated completely within half an hour.

Since any of the three CMCase componeuts
could not hydrolyze G; (Fig.10), it is clear
that they needs at least three glucosyl residnes
to show their activities.

F-I-la and F-I-Ib hydrolyzed G; and produced
Gy and G,, while F-II-la did not split G, into
Gy and G, (Fig. 11). But, it is not clear in
the present work which -1, 4-glycosidic lin-
kage of the two is attacked more easily by
F-I-Ia and F-I-Ib.

It is likely that G, might be produced from
G; via some other way than a simple hydrolysis,
because the amount of G, formed by CMCase
seems somewhat greater than that of G,.

In the hydrolysis of G, by these cellulases
(Fig. 12), F-lI-Ia showed much less activity
than the other two components and did not
produce G; at all, while the others produced
small amounts of G;. However, G, was detected
only after prolonged incubation even in the
cases of F-1-Ia and F-I-Ib. This result supports
the view that G, was not produced directly
from G,. TlLecefore, it seems that G, was not
split into G, and G; but into G, and that G,
was formed by som2 other meachanism. It is
also likely that G, was produced slowly from
Gs.

In the cases of G, hydrolysis (Fig. 13), F-
II-]a was the most active component of the
three. All the CMCase components produced
Gz, G; and G, but not G, at the early stages
of hydrolysic. F-I-Ia began to produce G, after
6-hour incubation and F-I-Ib produced only
a trace amount of G, after 12-hour incubation.
G, is thought to be formed by the same way
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as in the previous cases.

G¢ was readily attacked by the three com-
ponents and Gg, G, G, and a trace amount of
Gs; were preduced after 3-hour incubation. The
results obtained at the late stage of incubation
were almost the same as in the cases of G;.

The most puzzling problem generated by the
results shown in Figs. 10-14 is that cellooligo-
saccharide of DP (n-1) was produced from
cellcoligosaccaride of DP (n) without G; for-
mation. This phencmenon might be related to
transglucesylation and transcellobiosylation
capacities of cellulases obtained from T. viride
(Okada et al. 1975) and frem  Irpex lacteus
(Nisizawa et al. 1659). CMCase can split G,
into G, and might be able to form a small
amount of Gy from G, and G, Since G; is

readly attacked by CMCase, G can be accu-

i
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mulated and easily detected in the reaction
mixture, while G, was not detected at all. Gs
is thought to be split first into G, and G,
and then G, can be released from G¢ which
might have been formed from G; by the action
of CMCase. In case of Gg, a trace amount of
G; seems to be produced from G, and G; which
have been split off from Gg previously. How-
ever, there is no credible evidence for these
assumptions. So, it is necessary to use labelled
ccmpounds to investigate the mechanisms of
such phenomena in detail.

As seen in above data, F-II-Ia showed quite
different properties in optimal temperature,
thermal stability and substrate specificity from
those of the other

several properties of F-I-Ia and F-I-Ib resem-

two components. But,

bled each other.
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