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A fungus was isolated from soil as a cellulolytic enzyme-producing microorganism. This wild
strain, named fungal strain Y-94, secreted a large amount of cellulolytic enzyme components
consisting of0.8 units of avicelase, 9.2 units ofcarboxymethyl cellulose (CMC)-hydrolyzing enzyme
(CMCase) and 2.0 units of^-glucosidase per ml of culture broth on cultivation in Mandels medium
for 7 to 10 days at 30°C, and also produced in the culture filtrate various other polysaccharide-
hydrolyzing enzymes such as xylanase, /?-l,3-glucanase, amylase, etc. Higher productivity of the
cellulolytic enzymes (avicelase, 6.5 units/ml; CMCase, 82 units/ml; /?-glucosidase, 25 units/ml; and
filter paper units (F.P.U.),* 5.0 units/ml) was obtained by altering the medium composition. The
maximumproduction of the cellulolytic enzymeswas observed whenthis strain was cultured in a
medium containing 4% cellulose powder, 1% peptone, 0.6% KNO3, 0.2% urea, 1.2% KH2PO4,
0.16% KC1, 0.12% MgSO4-7H2O, 0.001% ZnSO4-7H2O, 0.001% MnSO4à"6H2O, 0.001%

CuSO4-7H2O and 0.1% Tween 80 or polyethylene glycol 1000, pH 4.0, under the same culture
conditions.

Many microorganisms1 ~17) which produce
various cellulolytic enzymes have already been
isolated by a number of investigators.
Several microorganisms, such ones belong-
ing to the genera Trichoderma and Aspergillus,
have been selected and used in attempts to
develop an enzymatic saccharification process
for various kinds of cellulosic materials, but
these attempts have not yet been successful
since the performance and productivity of the
cellulolytic enzymes produced by these mi-
croorganisms are insufficient for perfect sac-
charification of cellulose.
The saccharification ability of an enzyme is

very important for the production of glucose
from cellulosic materials. It is well knownthat
this ability is influenced by the composition of
the enzyme components, especially crystalline
cellulose-hydrolyzing enzyme (avicelase or

FPase)** and ^-glucosidase. No single strain
capable of producing large amounts of both
enzymes at the same time has yet been found.
With this background, the present authors
tried to find a microorganism that secretes
large quantities of a cellulolytic enzyme system
sufficient for the aim of the present research,
that is, the complete conversion of cellulosic
materials to glucose.

* Synthetic cellulase activity generated through the synergistic actions ofcellulase components, avicelase, CMCase
and /?-glucosidase, toward cellulose molecules.
** FPase (F.P.A.) represents the enzymatic activity of the hydrolysis ofWhatman No. 1 filter paper (1 x 6cm2)

into reducing sugar. This enzymatic activity has been defined in accordance with /. Ferment. TechnoL, 1976, 267,

and expressed in International Units (F.P.U.). It is generally assumed that avicelase, FPase, F.P.A. and F.P.U. show
almost equal enzymatic activity although these technical terms are used in a complicated way nowto express the
synthetic cellulase activity generated through the synergistic actions of cellulase components.
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This paper deals with the isolation of a cellu-
lolytic enzymeproducing microorganism and
examination of the cultural conditions for the
fungal isolate and some properties of its cel-
lulase components.

MATERIALS AND METHODS

Chemicals. Cellulose powder was obtained from Toyo
Kagaku Sangyo Co., Ltd. Microcrystalline cellulose

(Avicel SF) was purchased from Asahi Kasei Co., Ltd.
Salicin, laminarin and carboxymethyl cellulose (CMC)

were obtained from Nakarai Chemicals Ltd. Pectin (from
citrus fruit), soluble starch, dextran and curdlan were

purchased from Wako Pure Chemical Industries, Ltd.
Xylan (from oat spelts) was obtained from Sigma
Chemical Co., Ltd. Xyloglucan (from tamarind kernels

(trade name, Glyloid 3S)) was purchased from Dai-Nihon
Pharmaceutical Co., Ltd. Solka Floe BW-200 was ob-

tained from James River Co., Ltd. KC-Flock was pur-
chased from Sanyo Kokusaku Pulp Co., Ltd. Schizo-

phyllan was denoted by Taito Co., Ltd. Other chemicals
used were of the purest grade commercially available.

Compositions of media. The composition of the medium
used for the enrichmentculture wasvirtually the sameas
that described by Mandels and Sternberg,18) except that a
filter paper strip (Toyo filter paper No. 50, 1 x 4cm2) was
used as a carbon source. The same mediumwas also used
for the production of the enzymes except that cellulose
powder was used as a carbon source. Malt extract-

dextrose,or potato-dextrose was used as the mediumfor
isolating the microbial colonies which grew on the agar
plates.

Cultivation conditions. Cultivation was carried out as
follows. Four milliliters of a liquid medium in a test tube
was sterilized, and then one loopful of cells or conidia of

the isolated strain was inoculated. After 7 to 10 days
cultivation at 30°C on a reciprocal shaker, the culture
broth was centrifuged and the enzyme activities in the
supernatant were assayed.

Enzyme assay.
Microcrystalline cellulose-hydrolyzing enzyme (avice-

lase). Avicelase activity was assayed in 1 ml of a reaction
mixture containing 0.25 ml of0. 1 m acetate buffer (pH 5.0),
0.5ml of 0.5% Avicel SF and 0.25ml of appropriately
diluted enzyme solution. The mixture was incubated at
50°C. After 10 minutes incubation, the reducing sugar

formed was determined as glucose by the Somogyi-Nelson
method.19)

Carboxymethyl cellulose (CMQ-hydrolyzing enzyme

(CMCase) and P-glucosidase. These two enzyme activities
were assayed in the same manner as described for the

avicelase assay except that 1% CMC and 1% salicin
solution were used as the substrates for CMCaseand /?-
glucosidase, respectively.

Filter paper-hydrolyzing activity (FPase, F.P. U.). l 8ao'2i )
To 50mg (1 x 6cm2 strip) ofWhatman No. 1 filter paper
were added 1 ml of0.1 m acetate buffer (pH 5.0) and 0.5ml
ofenzyme solution. The mixture was incubated at 50°C for

1 hour, and then the reducing sugar liberated was mea-
sured by the Somogyi-Nelson method19) or the 3,5-dinit-
rosalicylic acid method.22)
One unit of each enzymewas defined as the amount of
the enzyme which liberated 1 //mol of reducing sugar per

minute.
Other glycan-hydrolyzing enzymes. The procedure for

measuring the activities of other glycan-hydrolyzing en-
zymes was essentially the same as in the case of the
cellulose-hydrolyzing enzyme described above.

Paper chromatography. The hydrolysates were spotted

onto Toyo No. 50 filter paper and then separated with a
solvent system of pyridine-1-butanol-water (4 : 6 : 3, v/v)
by the ascending technique at room temperature. Spots of
sugar were detected by the dipping method using silver
nitrate reagent.

Determination of protein. Protein was determined by
the method of Lowry et al.23>) using bovine serum albu-
min as the standard or by measuring the absorbance at

280 nm.

RESULTS

Isolation of microorganisms producing potentialcellulolytic enzymes
Samples of soil, each weighing about 0.1 g,
obtained from various locations, were placed
in individual test tubes of liquid medium con-
taining a filter paper strip as the sole source of
carbon. After incubation with continuous
shaking for about two weeks at 30°C, the
cultures showing good growth and degra-
dation of the filter paper were picked up and
subcultured in fresh medium for several days.
Enrichment cultivations were repeated several
times under the sameculture conditions. After
that, the culture which most strongly degraded
the filter paper was appropriately diluted with
sterile water and then placed on non-selective
agar plates containing potato-dextrose or malt
extract-dextrose agar. Someof the manycol-
onies formed on the plates were randomly
picked out and transferred to liquid medium in
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order to test for cellulolytic enzymes. After 10
days cultivation, their avicelase, CMCase and
/?-glucosidase activities were compared with

each other. Amongthem, several strains were
found to extracellularly produce strong cellu-
lolytic enzymecomponentsin the culture me-
dium. On further examination of their cellulo-
lytic enzyme productivities, a fungus, strain Y-
94, which was isolated by one of the authors
(T. Yamanobe) from soil from the northeas-
tern district of Japan in the middle of August,

1982, was finally selected as the best cellulase-
producing fungus.

This strain was deposited, on January 12,
1983, with the Fermentation Research
Institute, Agency of Industrial Science &

Technology, Tsukuba, Ibaraki-ken, Japan, un-
der Deposit No. FERM P-6867, and also
deposited under the Budapest Treaty on
March 1, 1984, and given Deposit No. FERM
BP-495.

Growth profile and morphological characteris-
tics of strain Y-94

On malt extract dextrose agar, colony

growth proceeded rapidly, a diameter of 70 mm
being reached in seven days at 30°C. The color
of a colony was initially white which then
changed to a yellowish white. In a later stage
of culture (older than 5 days), the underside of
the colony became a rosy brown to reddish-

brown color. Aerial hyphae arose loosely from
the colony surface and sometimes formed

Fig. 1. Aerial Mycelia of Fungal Strain Y-94
(Photomicrograph).

Cells were cultured on potato dextrose agar for 5 days at
30°C.

rope-like aggregates (Fig. 1). A photomicro-
graph of the isolated fungal strain Y-94 is
shown in Fig. 1. On potato dextrose agar or
Czapek agar, growth proceeded in a similar
wayexcept for a smaller increase in the height
of aerial hyphae. The pH range for growth was
3.5 to 6.0, with an optimum around 4.0. The
temperature range for growth was 15° to 43°C,
with an optimum around 30°C. Hyphae mea-
sured 0.5 to 2.5/an in diameter and were
colorless. They were septate and had a smooth
surface. Even though strain Y-94 was culti-
vated with various kinds of media that are
often employed for the cultivation of fungi, it
produced no conidia. No further study on the
identification of strain Y-94 could be perform-
ed because of this inability to produce con-
idia. Therefore, we would like to delay our
judgement as to the identification of strain Y-
94 until the following paper. This newly iso-
lated strain bore very little resemblance in
morphological and physiological characteris-
tics, that is, spore-forming ability, rope-like

aggregate-forming property of aerial hyphae,
whole appearance of a colony, and the pro-
ductivity and properties of cellulolytic en-
zymes produced, etc., to other typical cellulo-
lytic strains, several strains belonging to the
genera Trichoderma,8A1) Aspergillus 12A3) and
penicillium4~7) etc., which had already been

reported by other investigators.

Examination of culture conditions
Although the selected fungal strain, Y-94,

produced a good composition of cellulolytic
enzyme components, avicelase, CMCase and
/?-glucosidase, the enzyme yields were not as
high as expected when it was grown in the
screening medium. We therefore examined
various culture conditions in order to enhance
its enzyme productivity.
1. Effect of cellulose concentration. Strain Y-
94 was able to assimilate manykinds of carbon
sources. Among the carbon sources tested,
however, cellulose powder was most effective
for the production of enzymes (Table I). As
shown in Table II, the activities of cellulase
components and jS-glucosidase per unit vol-
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Table I. Effect of the Carbon Source on
THE CELLULOLYTIC ENZYMEPRODUCTION

by Strain Y-94

E nzym e activity (u nits/m l)

arno n sou rce
A vicela se tf-G luco sidase C M C ase

C e l l u l o s e  p o w d e r    0 . 8     1 . 8     8 . 9

M ic r o c ry s t a ll i n e    0 . 6     1 .  3     4 .  5

cellulo se

D e f a t t e d  N a p i e r    0 . 3     1 . 2     6 .  1

grassO

X yloglu can *     0.5    1.2    5.2

S ol k a F lo e  B W - 20 0   0 .3       1 . 2     4. 4

K C -F lock        0.3     0.7      1.9

a- C el l u lo s ec        0 .2      0 . 4      1 . 7

H e mi c e l lu l o s e A d    o . 0 2    0. 2      1 . 3

P ectin          0.02     0. 1     0 .4

So lub le starch     0.02     0. 1     0 .3

G lu cose         0.0     0.0     0 .0

L acto se         0.0     0.0     0 .0

X ylo se        0.0     0.0     0 .0

The medium used was composed of 0.75% cellulose
powder, 0.15% peptone, 0.1% KH2PO4, 0.05%

MgSO4à"7H2Oand minor elements. The initial pH of the
mediumwas adjusted to 4.5, and cultivation was carried
out with shaking in 200-ml flasks at 30°C for 7 days.
a Residue of an ether extract of air-dried Napier grass.
b From tamarind kernels.
c 24% KOHprecipitate of holocellulose, obtained by

delignifying air-dried Napier grass.
d Chilled water precipitate of the neutralized sub-
stance in the 24% KOHextract, obtained from the
residue of Napier grass which was extracted with

benzene-ethanol (1 : 1) and hot water (90°C), and
delignified with 10% peracetic acid.

>^f jy-° °- o--o-

\{r< OUL-. . _0 0.4 0.8 1.2

Concentration of KN03<%)

Fig. 2. Effects of Peptone and KNO3on Cellulolytic
Enzyme Production by Strain Y-94.
Various concentrations ofpeptone and KNO3were added
to the mediumwhich, apart from these components, was
the same as the control medium in Table III. The culture
conditions were also the same as in Table III.

Concentrations of peptone in the medium: A, 1.2%;à"#,
1.0%; A, 0.6%; O,0.2%; x,0.0%.

Table II. Effect of the Cellulose Concentration
of the Mediumon Cellulolytic Enzyme

Production by Strain Y-94
 ,  E n zy m e a ctiv ity (u n its/m l)c e llu lo se        . .Final dH

          M n ai  p y /o )  Av i c e la s e  tf - G l uc o s i da s e  CM C a s e

1.0    2 .3     4 .2     l l.2    6 .5

2 . 0     2 . 4       4 . 3       1 0 . 5     6 . 5

3 . 0     2 . 5      4 . 8      1 0 . 5     6 . 6

3.5    3 .2     5 .5     13 .8    6 .5

4 . 0     3 . 4      6 . 2      1 4 . 4     6 . 6

4 . 5     2 . 9      5 . 8      1 4 . 2     6 . 7

5 . 0             5 . 6      1 4 . 1     6 . 5

5.5           5.8     14 .1    6 .5

6 . 0     2 . 7      5 . 6      1 3 . 6     6 . 5

7 . 0     1 . 2      4 . 8      1 2 . 8     6 . 6

Various concentrations of cellulose powderwere added
to the medium for the enzyme production. Each enzyme
activity was assayed after 8 days cultivation.

Table III. Effects of Various Nitrogen Sources on
Cellulolytic Enzyme Production by Strain Y-94

. T.     E n zy m e a ctiv ity (u n its/m l)N itro g e n  so u rce

"  / * >   A v i c e l a s e  t f - G l u c o s i d a s e  C M C a s e

C o n t r o l          2 . 5      1  1 . 3      2 9 . 3

B a cto -p e p to n e   2 .2    9 .8    2 3 .9

P o ly p e p to n      2 .2    10 .5    2 4 .6

N Z  a m i n e       2 . 2      8 . 5      2 6 . 5

N Z  c a s e         2 . 1      8 . 3      2 5 . 2

P r o t e o s e  p e p t o n e   2 .  1     7 . 5     2 3 . 5

P o l y p e p t o n  S     1 . 0     4 . 8     1 4 . 9

A lb u m in e g g     1.1    6 .7    14 .1

U re a          1.1      7 .0     1 3 .3

M e a t e x trac t     0 .9 8     6 .0     10 .2

0 . 8 8      5 . 2       9 . 0

N H 4 N O 3      0 .8 5    4 .8    8 .6

(N H A S O 4     0 .4 2    3 .5    4 .2

N H 4 C l       0 .36    2 .0    5 .9

(N H A H P O 4    0 .37     6 .0    5 .0

The mediumused for the examination was prepared by
the addition of 1%of each nitrogen source instead of the
several kinds of nitrogen sources contained in the control
medium. The control medium consisted of 4%cellulose
powder, 1% Bacto-peptone, 0.6% KNO3, 0.2% urea, 1.2%
KH2PO4, 0.16% KC1, 0.12% MgSO4-7H2O and minor
elements.
The initial pH of the medium was adjusted to 4.0.
The strain was cultured at 30°C for 6 days in a shaking
flask.
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umeincreased along with an increase in the
cellulose concentration of the medium.
However, the enzyme productivity decreased
gradually when the cellulose concentration of
the mediumexceeded 4%. Therefore the op-
timumconcentration of cellulose as a carbon
source was set at about 4%.
2. Effect of nitrogen source. In order to
determine a suitable nitrogen source, several

kinds were tested using the mediumcontaining
4% cellulose powder. Among the tested
sources, peptone or polypepton as an organic
nitrogen source and KNO3 as an inorganic

nitrogen source gave better productivity of the
cellulolytic enzymes. Even better productivity
of the enzymes was obtained by supplying
both KNO3and peptone than by supplying
them singly. As shown in Table III and Fig. 2,
effective production of avicelase, CMCaseand
jS-glucosidase was attained in the medium con-
taining 1.0% peptone and 0.6% KNO3as the
nitrogen sources.

3. Effect of other nutrients. The effects on
the production of avicelase, CMCase and /?-
glucosidase of several kinds of phosphate salts
and their concentrations in the mediumwere

I ^__ _____

I4" / f/\ -O.4I
?2" f\\ // ^-0.25

à"° 2 4 6^fo 30 40 °

g initial pH Temperature (°C)

Fig. 3. Effects of Cultivation Temperature and Initial
pH on Cellulolytic Enzyme Production by Strain Y-94.
In order to investigate the effect of pH, various initial pHs
of the medium were obtained, within the range of 2.5 to
8.0, by adding 1 n HC1 orNaOH. To elucidate the effect of
temperature, cultivations were carried out using a tem-
perature gradient cultivation system at temperatures be-
tween 15° and 50°C and at 40 oscillations per minute for 7
days. #, CMCase; A, avicelase; O, ^-glucosidase.

examined. KH2PO4showed an optimum con-
centration of around 1.2% for the pro-
duction of these cellulase components.
Various mineral salts were tested as to their
effects on the production of avicelase, CMCase
and jS-glucosidase. The addition of Zn2+,

Mn2+and Cu2+ ions to the medium promoted

Table IV. Medium for Enzyme Production
by Strain Y-94

Cellulose powder 4.0%

P epton e 1.0

K N O 3 0.6

U rea 0.2

K H 2P O 4 1.2

K C l 0.16

M gS O 4 - 7H 2O 0.12

Tween 80 or PGa 1000 0.1

M in or elem ents

Z n SO , -7 H 2O 10.0 wg/m

M nS O 4 - 6H 2O 10.0

C uS O 4 10.0

pH 4.0

ll Polyethylene glycol.

6-

0 -100|

I i1 8- ^*---- -80 |

I x< i

I!4 /szP^^^^ 4°^

à" s 2 >^/ -^"or 20 3

M* °
0 2 4 6 8 10

Culture time (days)

Fig. 4. Time Course of Cellulolytic Enzyme Production
in the Optimum Medium by Strain Y-94.
The cultivation was carried out in a 200-ml flask contain-
ing 20 ml of the optimum medium with shaking at 30°C for
10 days at a rate of240 rotations per minute. #, CMCase;
A, avicelase; x , FPase; O> /?-glucosidase; (§), extracel-

lular protein.
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the enzyme production. Whena mediumcon-
taining lOmg of each of MnSO4-6H2O,

ZnSO4-7H2O and CuSO4-7H2O per liter was
used for the cultivation of strain Y-94, the
synthetic cellulase activity generated through
the synergistic effects of avicelase, CMCase

and /?-glucosidase was about 2.5 times that in
the broth on culturing without these metal
salts.
The effects of several kinds of surfactants on
the production of avicelase, CMCase and /?-
glucosidase were also examined. Among the

surfactants tested, Tween80 stimulated the
production of these cellulase components by
strain Y-94 most effectively when it was added
to the mediumat the start of the cultivation or
to the culture at the early stage of cultivation.
4. Effects of initial pH and temperature. The

production of avicelase, CMCase and /?-gluco-
sidase at various pHs and cultivation tempera-
tures is shown in Fig. 3. The maximumyields
of these cellulase components were obtained
when the initial pH of the medium was ad-
justed to pH 4.0. The temperature for the
optimumproduction of these cellulase com-
ponents and the growth of the mycelium was
30~33°C. A temperature higher than 45°C
caused a marked decrease in both the pro-
ductivity of these cellulase components and
mycelial growth. On the basis of the data
described above, the medium shown in Table
IV is proposed to be the optimum semi-
synthetic medium for the production of the
enzymes.

5. Time course of enzyme production. The
production of the enzymes and the pH va-

- _

#100 y^ -- j^^-Q^^m -100
I75- f\ --./I ^\-75

850 A \V -- JI VH, -50

125"/ \\^ --Jjl %**
tt ° 4 6 8 2 4 6 8°

pH pH

Fig. 5. Optimum pH and pH Stability of the Cellulolytic Enzyme Components Produced by Strain Y-94.
After incubation of each enzyme component solution at 50°C for lOmin with the following kinds of buffer
solution, the optimum pH was examined. Acetate buffer (0.1 m) was used over the pH range of 2.5 to 7.0.
Phosphate buffer (0. 1 m) was used above pH 6.5. The pH stability of each enzyme component was examined by
measuring its remaining activity after storage for 20hr at 10°C in 0.1 m buffer solution, within a pH range of
2.0 to 8.0. The symbols are the same as in Fig. 3. A, optimum pH; B, pH stability.

° " ]&& -*-*æf**** - 1 00

I 75- Jjf \ T\ -75
à"5°-j? V-- \ "50

à"25-^^ -- yy -25

0 40 60 80 40 60 80 °

T«mp«ratur« (°C) Temperature (°C)

Fig. 6. Optimum Temperature and Thermostability of the Cellulolytic EnzymeComponents Produced by

StrainY-94.After incubation of each enzymecomponent solution at the indicated temperature for lOmin, the optimum
temperature was examined. Aliquots of each enzyme components solution in 0. 1 m acetate buffer (pH 5.0) were
incubated at the indicated temperature for lOmin, cooled immediately to 0°C and then assayed for the
remaining activities. The symbols are the same as in Fig. 3. A, optimum temperature; B, thermostability.
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riation with elapsed cultivation time were
examined. Figure 4 shows a typical time course
for the cellulolytic enzyme production under
the optimum conditions. After a one-day lag
period, log-phase growth occurred. The activ-
ities of both CMCase and /?-glucosidase in

the broth became maximumafter cultivation
for 10 days. However, the hydrolytic activity
toward crystalline cellulose reached a max-

imumon the 6th day. The increase in cellulo-
lytic enzyme activity paralleled the mycelial

growth, the pH of the culture broth increasing
from 4.0 to 5.2. Whole activities of the cellulo-
lytic enzyme components produced by strain
Y-94were present in the supernatant of the
cultured broth.

Someproperties of crude enzymepreparation
Figure 5 shows that the optimum pH of each
component of the cellulolytic enzyme was
around 4.5, and indicates that they were stable
in thepH range offrom 3.5 to 6.0. As shown in
Fig. 6, their optimum temperatures were all
about 60°C, their activities being stable even

120-

100- ^*^^ ^--~"'

180 //>^*

à"§ 40-

OC

20-

0 I.0 2.0 3.0 4.0

FPat* (unltt/ml)

Fig. 7. Comparison of the Saccharification Activity of
the Cellulolytic Enzyme System Produced by Strain Y-94
with that in the Case of Trichoderma reesei QM9414.
A suspension of 15% Solka Floe BW-200 was incubated at
pH 4.5 and 50°C for 24 and 48hr with the culture filtrate
of strain Y-94. -#-, strain Y-94; à"à"à"xà"à"à",

Trichoderma reesei QM9414.

after treatment at 60°C for 10 minutes. After
heat treatment at 80°C for 10 minutes, how-
ever, their activities could no longer be de-
tected.

Comparison of the saccharification activity of
cellulolytic enzymes of strain Y-94 with that
of Trichoderma reesei QM9414
Solka Floe BW-200 was added to the culture
filtrate of strain Y-94, grown in medium con-
taining 4% cellulose powder, to a final con-
centration of 15%, and then saccharification
was carried out for 24 and 48hr at 50°C and
pH 4.5. As shown in Fig. 7, after 48hr

incubation the extent of cellulose saccharifi-

cation by the culture filtrate of strain Y-94 was
appreciably greater than that in the case of the
cellulase system of Trichoderma reesei QM
9414 24) jkjg seems t0 indicate that the cellulo-
lytic enzyme system of strain Y-94 is mod-
erately more thermostable than that of Tri-
choderma reesei, indicating that its /?-gluco-

sidase functions effectively as a promoter for
saccharification of cellulosic substances.

Saccharification of microcrysalline cellulose
Figure 8 shows the amounts of reducing

sugar, soluble sugar and glucose in the hy-

£100I - 1

1 60 J^"^

i «»å s

o °0 20 40 60 80

w Reaction time (hr)

Fig. 8. Saccharification of Microcrystalline Cellulose

(Avicel) with the Cellulolytic Enzyme System Produced
by Strain Y-94.
An amount of avicelase corresponding to 40 units per g of
Avicel was reacted with a slurry of 5% Avicel in 0.05m
acetate buffer (pH 4.5). An aliquot of the reaction mixture
was withdrawn at 4, 24, 48 and 72hr, respectively. The
amount of reducing sugar was measured by the
Somogyi-Nelson method with glucose as a standard, the
amount of soluble sugar by the phenol-sulfuric acid
method with glucose as a standard, and the amount of
glucose by the glucose oxidase method, respectively. O,
soluble sugar; #, reducing sugar; x , glucose.
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Table V. Comparison of the Enzyme Productivity of Strain Y-94
with That of Trichoderma reesei OM9414

O rgan ism C arbon source
 Enz yme act ivity ( units/ml  of c. f.a)

A vicela se fl-G lu co sidase C M C ase F P asefc

Pro tein
(mg/ml of c.f.)

Y -94 4% Cellulose powder 6 . 5       25 . 0      82 . 0     5. 0 5.0
QM 941424) 6% So lka Floe BW-200 0 . 3      89 . 0     9 .0 9.0

a Culture filtrate.
b Filter Paper Units (F.P.U.).

The present strain was grown under its optimumculture conditions using the mediumshownin Table IV.

drolysate of avicel with the culture filtrate of
strain Y-94. The results indicate that the sol-
uble sugar in the hydrolysate was almost ex-
clusively glucose from the beginning of the
reaction and no accumulation of cellobiose or
other oligosaccharides was detected.

Enzymeproductivities of strain Y-94 and
Trichoderma reesei QM9414
As summarized in Table V, the productivity
of the cellulase system produced by strain Y-94
was enhanced by improvement of the medium
composition, that is, an 8-fold increase in

avicelase activity, a 9-fold increase in CMCase
activity and a l 3-fold increase in /f-glucosidase
activity, in comparison with those initially
obtained in the basal medium. Table V also
compares the typical contents of these cellulase
components produced by strain Y-94 with
those of the cellulase components produced
by Trichoderma reesei QM9414.24) As can be
seen in Table V, the composition ratio of
FPase : CMCase: /?-glucosidase of the cellulo-
lytic enzyme system produced by strain
Y-94 was 1 : 16:5, while in the case of the en-
zymesystem produced by Trichoderma reesei
QM 9414, the aforementioned ratio was
1 : 18:0.06. These results indicate that the
enzyme system produced by strain Y-94
has a notably high ^-glucosidase content.

Hydrolysis of various glycans by the culture
filtra te
As shown in Table VI, the enzyme system
produced by strain Y-94 was capable of hy-
drolyzing various kinds of glycans. These re-

Table VI. Hydrolysis of Various Substrates
by the Culture Filtrate of Strain Y-94
S u b stra te     L in k a g e H y d ro ly sis (% )d

S o lu b le sta rch   a -1,4 - 1, 6 G b 7 7.2

D e x t r a n       a - l  , 6  G 4 6. 1

X yl o g lu c an "     jf f -l , 4G  -  a - l, 6  X｣ 29 .4

X y l a n       P - 1  , 4  X 4 2.8

S c hi z o p hy l l an    0- 1 , 3  -  1 ,6  G 9 7.9

C u r d l a n       J S - 1  , 3  G 100 .0

L a m i n a r i n      B - 1  , 3  G 14.3

A v i c e 1        0 - 1  , 4  G 5 2.0

C M C        5 -1, 4 G 4 7.7

S o l k a  f lo e  B W - 2 0 0  0- 1 , 4 G  ( X ) 5 6.2

C e ll o b i o se      f l -  l  , 4  G 100 .0

G e n t i o b i o s e     / M  , 6  G 100 .0

Each reaction mixture, consisting of 10^1 of enzyme
solution (culture filtrate containing 0.062 units avicelase,
0.609units CMCase, 0.233units /?-glucosidase and 46/*g
protein), 0.5ml of 0.5% substrate, 0.4ml of 0.1 m acetate
buffer (pH 4.6) and 0.1 ml of toluene was incubated for
15hr at 50°C.

a Fromtamarind kernels.
b Glucose.
c Xylose.
d [Reducing sugar (glucose)/Total sugar] x 100.

suits indicate that various kinds of enzymes
that hydrolyze glycans were produced by
strain Y-94 in the culture filtrate.

DISCUSSION

A fungus was isolated from soil as a cellu-
lolytic enzyme-producing microorganism by
a non-selective method. This strain was a fun-
gus which had not previously been reported to
be a potent cellulase-producing microorga-

nism. The cellulase system produced by this
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fungal strain, Y-94, exhibits notably higher
/?-glucosidase activity, which is very impor-

tant for the enzymatic conversion of cellulose
into glucose, as well as appreciable levels of
avicelase and CMCase, than in the case of the
conventionally well-known cellulase systems
produced by several strains of the genus
Trichoderma, etc.9'25'26) No strain exhibiting
a higher /?-glucosidase activity than that of
strain Y-94 has been found in the genus

Trichoderma, although the ability to produce
a cellulase system containing high levels of
avicelase and CMCase is marked in several
strains belonging to this genus. On the other
hand, ^-glucosidase-producing activity is

knownto be distributed amongseveral strains
belonging to the genus Aspergillus 21'28) but
the amounts of this enzyme produced by
them are not yet satisfactory for the sac-
charification of cellulosic substances, even
allowing for the addition of Aspergillus /?-glu-
cosidase24 29) for reduction of the cellobiose
levels and increasing the glucose content in
the hydrolysate. It appears that the cellulo-
lytic enzyme system produced by strain Y-94
shows superior functions which combine the
solubilizing activity of the Trichoderma en-
zyme system and the saccharifying activi-
ty of the Aspergillus enzyme system toward
cellulosic substances. Consequently, the cul-
ture broth of strain Y-94 exhibited high hy-
drolysis limitations on crystalline cellulose
such as Avicel cellulose, in comparison with
the low limitations reported for other
strains.18) In practice, almost all the enzy-

matic hydrolysates of pure cellulose were glu-
cose (Fig. 8).

Furthermore, since the cellulolytic enzyme

system produced by strain Y-94 is compara-
tively thermostable, it permits the saccharifi-
cation of cellulose at temperatures 5 to 10°C
higher than those at which the saccharification
has been performed using Trichoderma cel-
lulase,30'31) thus possibly facilitating the pro-
tection of the saccharification reaction mixture
against potential contamination by infec-
tants.32)

The enzyme productivity was remarkably

increased by using the improved mediumpre-
pared for the enzyme production, compared
with the productivity obtained in the screening
medium. In addition, strain Y-94 also pro-
duced xylanase, /?-l,3-glucanase and so on. We
therefore considered, from these experimental
data, that strain Y-94 might be useful for the
production of glucose from various cellulosic
substances and become an advantageous
source of various enzymes required for use
on the vegetable biomass.
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