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Coriolus SpP. No. 20 produced an intracellular enzyme that could decolorize the
darkness of melanoidin and 4.04 g/liter of extracellular polysaccharide in the
medium containing 10 % glucose and 1 % ammonium sulfate as carbon and nitro-
gen sources. The crude preparation of enzyme decolorized 1 % melanoidin to
the extent of 72 %, a pH 1.5, 30°C as optimal conditions. Maximum production of
extracellular polysaccharide was obtained between 15 and 20 days incubation.
This polysaccharide consisted of glucose, galactose, mannose, xylose and fucose
(50.3 :18,7: 154 : 80 : 7.6). When 2mg of this polysaccharide was injected 10
times, 6 out of 18 mice regressed the growth of sarcoma-180 and survived over
100 days, whereas all control mice died in 25 days after sarcoma-180 implantation.
When oxidized-reduced derivative of this polysaccharide with periodic acid was
injected, complete regression was observed in 11 out of 20 mice. The degrada-
tion of the polysaccharide by macerozyme and cellulase increased the antitumor
activity as well and the complete regression was recognized in 11 and 14 out of

20 mice, respectively.

INTRODUCTION

Coriolus sp. No.20 was selected by the screening of the strains which
could decolorize the melanoidin in the alcohol distillery waste liquid. Under the
optimal condition, Coriolus sp. No. 20 decolorized about 80 % of darkness of
melanoidin and this decolorization was catalized by the intracellular enzyme
of the strain (Watanabe et al., 1982) . An extracellular polysaccharide was
found to be produced in the culture of this strain, and the polysaccharide
showed some antitumor activity. This paper describes the optimal cultural
conditions for production of extracellular polysaccharide by strain No. 20,
chemical composition and antitumor activity of this polysaccharide, and the
preparation of melanoidin decolorizing enzyme from the mycelia for the pur-
pose of the treatment of distillery waste liquid.

MATERIALS AND METHODS

Organism
Coriolus sp. No. 20 was used and it was maintained on slants of rice-bran
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Table 1. Composition of chemically defined medium for the production of
extracellular polysaccharide by Coriolus sp. No. 20.

Ingredients Amount /liter

Carbon source :

Glucose 100 g
Nitrogen source :
Ammonium sulfate 0g
Vitamins :
Thiamine hydrochloride 10 mg
Riboflavin 2mg
Pyridoxine hydrochloride 1mg
Nicotinamide 8 mg
Calcium pantothenate 10 mg
Biotin 40 18
Folic acid 40 pg
p~-Aminobenzoic acid 1 mg
Inositol 100 mg
Organic bases :
Adenine sulfate 10 mg
Guanine hydrochloride 10 mg
Uracil 10 mg
Xanthine 10 mg
Salts :
Potassium phosphate monobasic 2.2g
Potassium chloride 1.7g
Calcium chloride 250 mg
Magnesium sulfate 500 mg
Ferric chloride 10 mg
Manganese sulfate 10 mg
Zinc sulfate 10 mg
Copper sulfate 1 mg
Boric acid 100 pg
Sodium molybdate 100 «#&
Buffer :
Potassium citrate 4g
Citric acid 0.8g

extract agar medium.

Medium and cultural conditions

The basal synthetic medium (Table 1) in 50ml was dispensed into a 500-
ml shaking flask for optimizing cultural conditions. The basal medium (1
liter) was also placed in 5-liter flask. Each culture was shaken slowly on a
reciprocating shaker at 30°C for 15 to 20 days.

Preparation of extracellular polysaccharide

Extracelluar polysaccharide was precipitated with 70 % ethanol (final con-
centration) from culture filtrate, washed more than five times with ethanol
and then with diethyl ether by centrifugation and dried under reduced pres-
sure. The precipitate was dissolved in deionized water and dialyzed against
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Culture broth
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Fig. 1. Preparation of melanoidin-decolorizing activity and extracellular
polysaccharide produced by Coriolus sp. No.20.

deionized water for 3 days. After removal of resulted precipitates by centri-
fugation, the supernatant was concentrated and lyophilized (Fig. 1). Weight
of extracellular polysaccharide was measured before dialysis for study of cul-
tural conditions.

Analysis of the neutral sugars of extracellular polysaccharide

Extracellular polysaccharides were hydrolyzed with 2 N HCL at 100°C for 5
hr and dried under reduced pressure over NaOH. Neutral sugars were con-
verted into trimethylsilyl derivatives by the method of Sweeley et al. (1963),
and analyzed by gas-liquid chromatography. A Hitachi model 163 gas chroma-
tograph was employed. The stainless steel column (2 mx3 mm) was packed
with 10 % silicone SE-52 on a 80~100 mesh chromosorb W-AW support. The
analyses were performed by the gas chromatograph equipped with a flame
ionization detector at programmed column temperature from 125 to 250°C
increasing the temperature 2°C/min and the injection temperature at 300°C.
N, was used as a carrier gas at a flow rate of 30 ml/min. Tentative identifi-
cation of trimethylsilyl derivatives of neutral sugars were made by comparing
their absolute and relative retention time to those of the authentic sugar
derivatives. Quantification of all peaks was accomplished by triangulation
and conversion to weight percentage using a standard curve between peak
ratio (sugar/internal standard) and weight ratio (sugar/internal standard).
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Preparation of melanoidin-decolorizing enzyme

Mycelia (30g as dry matter) of Coriolus Sp. No. 20 was homogenized by
Polytron (Kinematica Co.) with 1 liter of cold deionized water and centrifuged
at 6, 000 g for 20 min. Solid ammonium sulfate was added to the supernatant
to 25 % (w/v) concentration and allowed to stand overnight at 4°C. After re-
moval of the precipitate by centrifugation at 6,000g for 20 min, additional
ammonium sulfate was added to the supernatant to 45 % (w/v), and allowed
to stand overnight. The precipitate thus formed was dialyzed against deio-
nized water for 2 days, and lyophilized as crude enzyme (Fig. 1).

Preparation of synthesized melanoidin

The mixture of 1 M glucose and glutamate was adjusted to pH 9.0 by 1 N
NaOH and refluxed for 2 hr. The brown black product was dialyzed against
tap water for 2 days, and then deionized water for 1 day. The non-dialyza-
ble melanoidin was lyophilized until used (Kirigaya et al., 1969).

Determination of melanoidin-decolorizing activity

The activity was defined as the decrease in absorbance at 450 nm. The
reaction mixture containing 30 mg of enzyme, 3 mg of melanoidin and 180 mg
of glucose in 7 ml of 0.1 M acetate buffer (pH 4.5) was incubated at 30°C in L-
type tube on a reciprocating shaker. Decolorization rate was expressed as
the decrease in absorbance at 450 nm against initial absorbance.

Antitumor bioassay

Antitumor bioassay was made using ddN mice ( $) weighing 20 to 25 g.
Seven-day-old ascites of sarcoma-180 were intraperitoneally injected in 0.2
ml doses after dilution to 5x10° cells of sarcoma-180 per ml with PBS (—)
(phosphate buffered saline without Ca** and Mg?*t) by measuring the cell po-
pulation on Burker-Turk haemacytometer. The samples were dissolved in
PBS (~) (10 mg/ml unless otherwise stated) and injected intraperitoneally 2
times (-6, -3 days) before tumor implantation and 8 times (2,3,4,5,6,7,8,9
days) after tumor implantation for 10 days in 0.2 ml doses. As control, only
PBS (—~) was injected under the same conditions. Complete regression was
measured as the ratio of survivors over 100 days after sarcoma-180 implanta-
tion against test mice. Survival days were estimated as the mean survival
days and standard deviation of died mice.

Chemical conversion of extracellular polysaccharide to oxidized-reduced deri-

vative

The oxidized-reduced derivative of extracellular polysaccharide was pre-
pared by the slightly modified procedure described by Chihara et al. (1970).
Extracellular polysaccharide solution was mixed with the same volume of 50
mM periodic acid solution and stirred for 14 days at 5°C. The mixture was
adjusted to pH 4.5 with acetic acid and centrifuged to yield a colorless paste.
This substance was suspended in deionized water and 0.2M sodium borohy-
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dride was added with stirring. The mixture was stirred for 20 hr for effective
reduction. A further excess sodium borohydride was added and the stirring
continued for another 20 hr. The reaction mixture was adjusted to pH 6.0
with acetic acid and centrifuged. The precipitate was suspended in deionized
water and dialyzed for 3 days and finally lyophilized to obtain white powder.

Enzymatic degradation of extracellular polysaccharide

Stalase (Seishin Pharm. Co., Ltd.), cellulase and macerozyme (Trichoder-
ma, Kinki Yakult MFG. Co., Ltd.) were used as enzyme. For enzymatic de-
gradation, 5 ml of 0.5 % polysaccharide solution, 1 ml of 0.1% enzyme solu-
tion and 1 ml of 0.1 M acetate buffer (pH 4.0 for stalase, pH 5.0 for cellulase
and macerozyme) were mixed and incubated at 30°C (stalase) or 37°C (cel-
lulase and macerozyme) for 4 days. Degradation of polysaccharide was re-
presented as the relative viscosity against buffer. Preparations of enzymati-
tally-degradated polysaccharides for antitumor bioassay were performed as
follows. Polysaccharide was dissolved in deionized water and incubated with
cellulase or macerozyme at 37°C for 24 hr. The reactions were terminated by
boiling for 1 hr and centrifuged. The supernatants were dialyzed against
0.05M acetate buffer (pH 4.0) and applied to a column of DEAE-Sephadex.
The non-adsorbed fractions were dialyzed against deionized water and con-
centrated and lyophilized.

RESULTS

Production of extracellular polysaccharide

1) Effect of carbon and nitrogen sources

Effects of carbon sources on extracellular polysaccharide production is
shown in Table 2.  When glucose, mannose or maltose was used as carbon
source, both cell growth and production of extracellular polysaccharide were
high. In particular, maximum production of extracellular polysaccharide was
shown in the cultivation with maltose. In the case of saccharose, cell growth
was high, but the production of extracellular polysaccharide was low. Effects

Table 2. Effects of carbon sources on extracellular polysaccharide produ-
tion by Coriolus sp. No.20.

Carbon source* Polysaccharide Dry cell weight
(g/liter) (g/liter)
Glucose 2. 46 12.8
Fructose 0.60 6.0
Mannose 2.18 13.8
Galactose 0.16 4.4
Xylose 1.08 8.2
Arabinose 0.16 4.0
Maltose 3. 20 10.8
Saccharose 1.76 14.0

* Instead of glucose (100 g/liter) in chemically defined medium (Table 1), the
carbon sources listed in the table were used.



6 S. Hayashida and Y. Watanabe

Table 3. Effects of nitrogen sources on extracellular polysaccharide pro-
duction by Coriolus sp. No.20.

Polysaccharide (g/liter)

Nitrogen source* (%)
Glucose** Malt extract**
) ) 0.1
Casamino acid 0.5 1% 18 43 46
I:0 156 3.96
0.5 154 2.60
Ammonium citrate 1.(5) 2. 46 5.50
1.
2.0 1% 176 3538
?3 w1.46 1.84
. . 0 i
Ammonium oxalate 20 0 i
Ammonium sulfate 0.5 3.02 4,54
1.0 4.04
Ammonium acetate 0.5 .
1.0 0 0

* |nstead of ammonium sulfate in chemically defined medium (Table 1), the nitrogen
sources listed in the table were used.

** Glucose or malt extract (100 g/liter) in chemicaly defined medium (Table 1) was
used as carbon source with each nitrogen source.

Table 4. Sugar compositions of extracellular polysaccharides produced by
Coriolus sp. N0.20 with various carbon sources.

Sugar composition (%, w/w)

Carbon source*

Fucose Xylose Mannose Galactose Glucose
7.6
Glucose 22.4 8.0 15. 4 18.7 50.3
Fructose 19.0 13. 4 10.3 34.9
Mannose 13:1 114 30.9 12.3 32.3
Maltose 9.2 9.2 20.5 19.1 42.0
Saccharose 9.4 10.5 18.0 16.7 45.4
L actose 11.5 83 16.7 25. 4 38.1

* |nstead of glucose (100 g/liter) in chemically defined medium (Table 1), the carbon
sources listed in the table were used.

of nitrogen sources on the production of extracellular polysaccharide are
shown in Table 3. Ammonium citrate and ammonium sulfate were excellent
as nitrogen sources. The yield of extracellular polysaccharide was 4.04/liter
with 10 % glucose and 1 % ammonium sulfate as carbon and nitrogen sources.
When 10 % malt extract was used as carbon sources, the yield of extracel-
lular polysaccharide increased with almost any nitrogen sources.
2) Relation of carbon source to sugar composition of polysaccharide

Sugar composition of extracellular polysaccharides produced with various
carbon sources were studied by gas-liquid chromatraphy (Table 4). The
sugar composition of extracellular polysaccharide produced in the presence of
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Fig. 2. Time course of extracellular polysaccharide production by Coriolus
sp. No.20.  Cultivation was carried out in chemically defined medium
(Table 1) at 30°C. @—@, extracellular polysaccharide (g/liter) ; O—Q,
dry cell weight (g/liter).

glucose as carbon source was fucose, xylose, mannose, galactose and glucose
(7.6 : 8.0: 154 : 18.7 : 50.3). The content of mannose or galactose increased
in the cultivation with mannose or lactose as carbon source, respectively.
3) Cultures of Coriolus sp. N0.20 by selected medium for polysaccharide EX-1 produc-
tion

The production of extracellular polysaccharide with 10 % glucose and 1 %
ammonium sulfate as carbon and nitrogen sources, respectively, is shown as
a function of incubation time in Fig. 2. Production of extracellular polysac-
charide increased from about 10 days after incubation and reached the maxi-
mum amount between 15 and 20th days and then the amount of extracellular
polysaccharide decreased.

Procedure for crude preparation of melanoidin-decolorizing enzyme from my-
celia

At the same time of the production of extracellular polysaccharide in the
culture, melanoidin-decolorizing enzyme could be prepared from the mycelia of
Coriolus sp. No. 20 (Fig. 1). Melanoidin-decolorizing enzyme was prepared as
follows. Mycelia of Coriolus sp. No.20 was homogenized to extract the en-
zyme. The proteins were precipitated with 25-45 2 (w/v) ammonium sulfate
and after dialyzed, they were lyophilized as crude enzyme. The darkness of
1% melanoidin solution was decolorized by this crude enzyme to the extent
of 72 % in the presence of sugars and by aeration of the reaction mixture.
The time course of decolorization by this crude enzyme is shown in Fig. 3.

Antitumor activity of extracellular polysaccharide

1) Native polysaccharide
Antitumor activity of extracellular polysaccharide produced with 10%
glucose and 1% ammonium sulfate as carbon and nitrogen sources, respec-
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Fig. 3. Time course of enzymatic decolorization of melanoidin. The assay
mixture containing 30mg of crude enzyme, 3 mg of melanoidin and 180 mg
of glucose in 7 ml of 0.1 M acetate buffer (pH 4.5) was incubated at 30"
C. Decolorization rate was calculated from the decrease in absorbance a t
450nm against the initial absorbance.

Table 5. Effect of extracellular polysaccharide produced by Coriolus sp. No.
20 on sarcoma-180.

Dose* Complete** Survival days***
(mg /mouse) Dose schedule regression (mean& SD)
Control -6,—-38,2,3,4,5,6,7,8,9 0/18 18.0, 3.1
2x10 ” 6/18 32.8+26.6
4x10 4 3/15 28.4+17.8
Control —-15. —12, -8, ~7, -6, —5, -4, -3, -2, —1 0/20 18.6+ 2.0
2x10 ” 1/20 17.1+ 2.8

* ddN mice were given intraperitoneal injection of 100 and 200 mg/kg/day of sample
in PBS (-) Only PBS (—) was injected as control. Sarcoma-180 cell were also in-
jected intraperitoneally.

** Complete regression was measured as the ratio of survivors over 100 days after
sarcoma-180 implantation against test mice.

** Survival days were estimated as the mean survival days and standard deviation of
died mice.

tively, is shown in Table 5. All control mice died within about 18 days after
tumor implantation. When 2 mg of this polyaccharide was administered 10
times, 6 out of 18 mice did not get cancer and survived over 100 days. In
this case, the other died mice lived for 33 days after tumor implantation in
average. Accordingly, effect of delayed death was recognized on these died
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Table 6. Effect of oxidized-reduced derivative and enzymatic degradated
derivatives of extracellular polysaccharide produced by Coriolus sp. No. 20
on sarcoma-180.

Material (mg/?nse;lse) Fe%rpggg*n* Su?g\gng S

Control — 0/18 18.0+ 3.1
Native polysaccharide 2x10 6/18 32.8+26.6
O e Vative 2x10 1120 28.8C23.6
Py g adated 2x10 1120 35.7+21.7
Polysaccharide degradated 2x10 14/20 44.222.5

* ddN mice were given intraperitoneal injections of 100 mg/kg/day of sample in PBS
(=) for 10 days. The other conditions were the same as those in Table 5.
¥k *xx opa Table 5.

mice. When this polysaccharide was administered only before tumor implan-
tation, antitumor activity was very low.
2) Oxidized-reduced polysaccharide

Antitumor activities of native extracellular polysaccharide and oxidized-
reduced derivative of this polysaccharide were compared as shown in Table 6.
Survivors over 100 days after tumor implantation (complete regression) were
6 out of 18 mice with the administration of native polysaccharide, whereas
with the administration of oxidized-reduced derivative of this polysaccharide,
complete regression was recognized in 11 out of 20 mice.
3) Partially hydrolyzed polysaccharide

The degradation curves of extracellular polysaccharide by stalase, ma-
cerozyme and cellulase are shown in Fig. 4. This extracellular polysaccha-
ride was not degradated by stalase, but degradated by macerozyme or cel-
lulase (Trichoderma) to decrease the viscosity. This extracellular polysaccharide
was degradated by macerozyme or cellulase for 24 hr and the antitumor acti-
vity was studied (Table 6). In this case, all control mice died within about
18 days after implantation. Compared to 6 out of 18 mice of complete regres-
sion with native polysaccharide, polysaccharide degradated by macerozyme or
cellulase inhibited the tumor growth in 11 or 14 out of 20 mice, respectively.

DISCUSSION

Coriolus sp. No. 20 decolorized the darkness of melanoidin to the extent of
about 80 % under an optimal condition. This decolorization was performed by
the intracellular enzyme with melanoidin-decolorizing activity. On the other
hand, this strain produced an extracellular polysaccharide in the culture.
Consequently, parallel preparation of melanoidin-decolorizing enzyme from
mycelia and extracellular polysaccharide from the culture was carried out.
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Fig. 4. Enzymatic degradation of extracellular polysaccharide produced by
Coriolus sp. No. 20. Reaction mixtures consisting of 5 ml of 0.5 % polysac-
charide solution, 1 ml of 0.1 M acetate buffer (stalase pH 4.0, macerozyme
and cellulase pH 5.0) and 1 ml of enzyme solution were incubated at 30°C
(stalase) or 37°C (macerozyme and cellulase). [ll—l, stalase; O—QO, ma-
cerozyme ; @—@, cellulase.

The crude preparation of enzyme decolorized1 9 melanoidin to the ex-
tent of 72 % at pH 4.5, 30°C as optimal conditions. The extracellular poly-
saccharide was produced with the maximum amount for 15 to 20 days of incu-
bation and the yield was 4 g/liter with 10 % glucose and 1% ammonium sul-
fate as carbon and nitrogen sources.

As Schizophyllan, an extracellular polysaccharide produced by Schizophyl-
lwm commune, showed the yield of 3 to 8g/liter (Kikumoto et al.,, 1970), the
yield of extracellular polysacchardie produced by Coriolus sp. N0.20 was almost
the same level as Schizophyllan and high compared to the other extracellular
polysaccharides produced by basidiomycetes.

The extracellular polysaccharide produced by Coriolus sp. N0.20 consisted
of fucose, xylose, mannose, galactose and glucose. Rhavandan et al. (1964)
reported the intracellular polysaccharide of Polyporus gigantens which belongs
to the same family with Coriolus sp. and this polysaccharide consisted of
fucose, mannose, galactose and glucose. Those two polysaccharides were
considered to the similar kind of polysaccharide.

Ikekawa et al. (1968, 1969) reported the antitumor activity of several poly-
saccharides extracted from basidiomycetes, especially Lentinan from Lentinus
edodes. Antitumor activity of PS-K extracted from Coriolus wversicolor was re-
ported by Tsukagoshi (1974 a, b), and PS-K is now in clinical use (Kaibara et
al., 1977, Mikuriya et al., 1977; Kidaet al., 1977; Miwa, 1977). The extracel-
lular polysaccharide EX-1 produced by Coriolus s. No. 20 also showed antitu-
mor activity, and this activity increased in oxidized-reduced derivative with
periodic acid and enzymatically-degradated polysaccharides. PS-K is proteo-
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polysaccharide and Lentinan is j§8-1,3-;3-1,6- glucan, and both materials
have strong antitumor activity to solid-type tumor, but weak to ascite-type tu-
mor. The extracellular polysaccharide EX-1 showed antitumor activity to
ascite-type tumor. Particulary, the extracellular polysaccharide degradated
by Trichoderma cellulase represented strong antitumor activity to sarcoma-180
ascite-type tumor, compared to the previously reported antitumor polysac-
charides, and did not have toxicity.

The fine chemical structure of the extracellular polysaccharide degradated
by Trichoderma cellulase will be discussed in the following papers.
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