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Studies on Antitumor Components of Collybia confluens

Sook Hee Kim, Jin Sook Kim, Mi Rim Jin, Ha Won Kim, Eung Chil Choi and Byong Kak Kim
Department of Microbial Chemistry, College of Pharmacy,
Seoul National University, Seoul 151-742, Korea

Abstract—To find antitumor components from higher fungi, the mycelia of Collybia
confluens (Pers. ex Fr.) Kummer were cultured in artificial media. For efficient
production of the mycelia, the influences of various modifications of culture conditions
were examined. A water-soluble protein-bound polysaccharide fraction, Fr. A, was
obtained from the mycelia by hot water extraction. When Fr. A was purified and
fractionated by DEAE-cellulose and Sephadex G-200 gel filtration chromatographies
into four fractions which were designated B, C, C-I and C-II. The tumor inhibition
ratios of these fractions ranged from 46% to 759% against the solid forms of sarcoma
180 in ICR mice at doses of 20 and 50 mg/kg/day when given intraperitoneally.
Especially, Fr. C which was named Collyban(CB) exhibited a marked life-prolonging
effect of the mice against ascitic forms of sarcoma 180 at a dose of 50 mg via i.p.
administration. To extend spectra of the antitumor activities and eliminate the effects
of allograft rejection, the characterization of antitumor effects of CB was performed
in syngeneic host-tumor systems. It did not show any antitumor activity against L1210
murine leukemia in CD2F! mice but prolonged their life span against ascitic forms of
MM46 carcinoma in C3H/He mice. Also it exhibited antitumor activity against human
cervical cancer HeLa cells that were xenografted into nude mice having BALB/c
genetic backgrounds by the {.p. injection at a dose of 100 mg/kg/day. In order to
characterize the antitumor components, CB was examined by chemical analysis. It was
acidic protein-bound polysaccharides composed of 31% polysaccharide, 279 protein
and 3% hexosamine. CB was fractionated into two fractions, Fr. C-I(M.W.: 500 Kd)
and Fr. C-II{M.W.: 30 and 8 Kd) by Sephadex G-200 gel filtration chromatography.

Keywords—PBasidiomycetes « Collybia confluens « antitumor component « .cultured
mycelia + Collyban « protein-bound polysaccharides « HeLa cell + immunomodulator
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of media used*

_<ﬁ:\ Medium Nor./ﬂi T
T

Ingredient(g/D)

10 11 20

Glucose

Peptone

Yeast extract
Mannose
Galactose
Fructose

Xylose

Sucrose

Starch

Corn steep liquor(ml)
Malt extract(ml)

]

30

30
10

52.5

45

60

45

10

10

20

* One liter of each medium contains KH,PO, 0.87g, MgSO,-7H.0 0.5g, CaCl,

0.3g, FeSO,:7H,0 10mg,

MnCl;+4H,0 7mg, ZnSO,-7H,0 4mg and CuS0;-5H.0 1mg. Nitrogen content in corn steep liquor was

3.68%.

Table I. Composition of media used (continited)

22 23 24 2 26 27 28 29 30 31 32 33

Ingredient(g/1)

Glucose 50 20 25 30 35 40 45 55 60 65 214 357 67.2

Peptone 20 50 45 40 3B 30 2 15 10 5 43 7.1 1.4

Yeast extract — — — —_ — — — — — — 4.3 7.1 1l.4

Table I. Composition of media used (continued)

\yfm Moo, 35 %6 37 38 39 40 41 42 43
Ingredient(g/l)

Glucose 64.3 7l.4 78.6 8.8 928 100 107.2  121.4 135.8  142.8

Peptone 12,8 143 157 171 186 20 2.4 243 27.1 28.6

Yeast extract 12.8 143 1567 17.1 186 20 214 243 27.1 28.6
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o] Sepbadex G-200 gel filtration chromatography
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W.: 72,600), dextran-39 (M. W.: 39,100) 2
dextran-10 (M.W.: 10, 200) (¢] & Sigma Chem.
Co.,, USA)E AgaYom 2 EFTH
Collyban® ¢.1M NaCl& 2.5 ml~12 ml/hre)
S%en $247 299 35mb) FA% .
7z 232 anthrone WH&-& A Aste 625 nmol
A FFEE FAGISL B Aol o5l
Kavg Fohz ¥4 log 33t Kav o] 83
o] Collybane] E-A}eke FaldH(Vi=Vo+Vx,
Kav=(Ve-Vo) x Vx, Vi: column®] total
volume, Vo: column?] void volume, Vx: gel
bead®] volume, Ve: elution volume).

2 8 2 1

By Qro) £ A XA
w4 Collybia confluensy= PDA A} R4
oA WAle] £yge TF FTAES FAGEL
#, #Ar|AGselA 2z T4 clamp connectiono]
s gich, Aok 2 Al A AT
At (MDW)o] 22wzl 100 mig 400 mg=t
2000 mgo 2 F7|4 2Astel A FAb Aol H=
a9 53 Aguory A% 459 A
F5AS dot wolsfel ArE AR AL A
2 100mly MDWE 2000 mgo g ZH59 7
¥ MDW 2200 mg#} & zkell #o Al o]zt
A (Fig. 1). T4 A%4L pH 4.0~7.09) ¥
A4 WL daeA gxstgoen 339 pH
E dlA] 100 mlg <o 1900 mge) $-& FA A
A< vehd pH 60l 9ot (Fig. 2). ¥ AHF
Fe FAANATE G A 4 Dol A TA 47
FAHAE AFolRer, 20%9 AFE Y
A8 A 64} ¥l 100 mlg <F 1800 mg
MDWz ¥33 A4%& vehygloyt o] 3o
1200mg A2 A7Es e o3 MDWe] 7
a7t ARG 10% 353 45 A 84l
=] 100mi 860 mge] MDW= A9 I
ARE¢ 2P 10495 ¢] MDW7} 1760 mg A=
2 T4 Al (g 5%9 AFAAE

ir L orlo

Kor. J. Pharmacog.

S TyYs ) R U

L

€2

‘(j S Qictilled woter Distited waler  Tap waler

o )

It I PR T

So2000 | 1 P

o

|

oy

kY

>

5000 |

5 Distilled woter

©

)

\Z\ D '——)
0 L - -

Surfoce Shake Shake Shoke

Fig. 1. Comparisons of shake culture with surface
culture and distilled water with tap water
for biomass production of the mycelia of C.
confluens in medium No. 1

»
i
i
2@I

«4 //\
e

L P S W
pry Er) a0 10 a0 %0
PH

foog 100

Myceiial ey weight

Fig. 9. Effects of pH on biomass production of the
mycelia of C. confluens

— R SV
£ i !

Bl i
[} |
= 2000 - !
> v —Q ®

(E'“ A /9‘?\ @‘\‘\J
=z / o)< ~

(1“ ; % 1 / \ ~

* 1000 { y O &

al ®

o

o é //

[

U

ES

- O A e e b e e

0 : 4 [S] 8 e

Day of cuiture

Fig. 3. Effects of inoculum size on biomass produ-
ction of the mycelia of C. confluens
e—e  inoculum size 5%
o—o : inoculum size 10%
s—a : inoculum size 20%

FAe AgGAQl AFol o] FolA A AloYdA
ol ©F 1800 mge 2 MDWs} A e =2agrt
(Fig. 3). ¥9 AFFE 10%(v/v)E Bl 14
Az W FaEE =, 6dAAE AFHY T
A Aol o] Folz o A 8 YA viA] 100 mi



Vol. 24, No. 4, 1994

- = T
T~ 7 -9 -
i . ‘ — T
N i y 4 .\\
500 S e
) s
5 | o
T oon b '
!
1
|/
Toce . . .
n 2 4 a 2 10 10

Day nt culture

Fig. 4. Growth curve of the mycclia of C. confluens
in medium No. 1

| st of mediom
} 1 o 3 4
i

Fig. 5. Effects of carbon sources on biomass prod-
uction of the mycelia of C. confluens

2000}

1000

Mycelist dry weight (mg/100mt)

—_

i
1 3 s 7 ]

6 (%)

Glucose coucenteation
Fig. 6. Effects of nitrogen sources on biomass prod-
uction of the mycelia of C. confluens
3 MDW 1800 mge g A Aol £, o] % MDW
o fnbgt Frast R3E e (Fig. 4).
7E5Y 7H FolA Aute] Wi 100 mlg
MDW 450mgo 2 =2 o] &x 7} §A3] ot

ven nitengen radlo
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Fig. 9. Effects of glucose concentration on biomass
production of the mycelia of C. confluens
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Table II. Antitumor activities

27 6995

5
cEERIEED Y

0144*{ 1}%7%+?}°ﬂ o
& Collyban 100 mg/kg/day Fod T A5 el
A 159 F upesE HAAA A A o
Z7 2 Collyban ¥o79 H¢ F¢ F37
247} 100. 2485 mm32} 28, 94-28 mmiy Wl FF
o] u]3] Collyban F-ofF2] o Rt A3
Zrasie] oF 71%9 FF AAEE e A
Datai ) A8} R gA =t oju] A4 Coll-
yban 20 mg %ol o R FoAUE F9AA
ol A= R @srrh o)A AE Table 11
of viehfalt.

2) ok 8180 Haglel W&t Collyhan 50
mg FATY AF Azl v& o 200%%
A3 4w A2 §3E Vel ed. L1210 Hlﬁﬂ
W Azl AAAE FT AEE] & W01%BE
A8 2 aAAt omqu adeton), MM46 &
FAL A oF 150%2 FHAF EFHE
e gleh. A obAl zo] WE Bk A
A2 Table 1114) \%EM ok

of the three fractions of C. confluens against solid forms of
sarcoma 180 and HeLa tumor cells

Average tumor  Average tumor e Complete
Tumor G (gl S, lmemd QGG i
Control saline 5.1840.73 — - 0/8
Krestin 20 2.26+1. 80% — 56. 37 2/8
Fr. A 20 2.1131.53* — 59. 26 0/7
50 1. 611, 19+* — 68.91 1/8
Fr. B 20 2.80%1.05 — 45.95 ' 0/8
50 2.48+%1, 29* — 52.12 1/8
Fr. C 20 1.762-1, 01* - 66. 03 1/8
50 1. 2911, 03** — 75. 10 1/8
HeLa Control saline — 100. 2+8.5 — 0/18
Qollyban 100 —_

* p<o. Ogrcompared to Control group
* p<0. 05 compared to Krestin group

28,9:£2.8* 71.16 0/18



276
Table 111
L1210 tumor cells
Tumor Group (mg%?gicla)’)
S180 Saline -
Collyban 20
50
MM46 Saline —
Collyban 50
11210 Saline -
Adriamyecin 16
8
2
0.5
Collyban - 50
100

Kor. J. Pharmacogn.

Antitumor activities of Collyban against ascitic form of sarcoma 180, MM46 and

Mean survival

. T/C*
(rgerii_(fé‘.y h)) %)
22,4121 —
29.846.5 178
45.5+5.2 203
18.6:4. 1 —
28.0£3.3 150
8.840.5 —
9.03:0.8 102
25,914, 2 204
- >302

— >304
8.9%1.0 101
101

8.6+1.2

* T/C(9)= -Toean survival time of treated group % 100

mean survival time of control group

Table IV. Monosaccharide contents of the polysaccharide moicty of the antitumor {fractions of C. confluens

~_ Monosaccharide

~__(%)* Glucose Galactose Mannose Fucose Xylose Ribose
Fraction o
Fr. A 37. 34 20. 48 35.05 3.80 2.56 0.77
Fr. B 30.10 32.57 2114 5.83 0.37 N.D.#*
Collyban 50. 15 14. 64 26.90 2.36 5.25 0.70

* The content of each monosaccharide was calculated from the chromatograms compared to standard

monosaccharides by peak area mcthod and expressed as the area percentage.

** not detected

Table V. Polysaccharide and protein contents of the
antitumor fractions of C. confluens

. Polysaccharide Protein
Fractions (1 eantS.E.)* (mean-£S.E.)%*
Fr. A 48.9214.58 44,9444, 67
Fr. B 86.1143.35 12.63+0. 18
Collyban 31.15%0.58 26.63+4.79

* Total polysaccharide contents were quantitati-
vely determined by anthrone reaction and
expressed as the weight percentage.

** Total protein contents were quantitatively
determined by Lowry-Folin reaction and expre-
ssed as the weight percentage.

7} r A S G ARz FAH] g #9H
itk Collybanol 2} %= g Fr. Co 7% o3
A S FASE F3F = glucose 50%, galactose

159, mannose 27% 2 xzylose 5% % H] &3t
fucose 2959} wv) 2ke] ribose - o] ¢t v} (Table 1V).
2034 dFe T4 FHY ERES
@ oz 3}e] 625 nmoll A anthrone w38 A A},
AL A T3¢l ch(Table v). A
S FAshE obr] kAt Collybang] 7 -$- glycine
1394, alanine 11% 2 proline 10% 5 =% 16
Zo] 1A g ri(Table vI).  F9id ke
BSAE ¥ 9WlRA R 3§ 540nmej4] Lowry-
Folin w+&-¢ A4, AFA L FAde] T84
oh g4 e daAg afNlde AFATE
hexosamineo] }& E4 A, 7 EI oA
hexosamineo] 2415 ¢t} (Table VII).

Sephadex G-200 gel o] s} off 2] &}e] Collyban
o] BAge A3 Gr. ¥F dextrang) elution

=
ET
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Table VI. Amino acid contents of the protecin
moiety of the antitumor {ractions
of C. confluens

Amino acid

(%)* Fr. A Fr. B Collyban
Aspartic acid 10. 90 5. 61 2.84
Glutamic acid 11.3 4.00 7.07
Serine 7.90 24,81 7.81
Glycine 10. 67 9,92 13.06
Histidine 1.76 N.D,#* 2.02
Arginine 1.58 0.57 1.88
Threonine 6. 34 12,31 8. 41
Alanine 9.74 15.95 10. 83
Proline 7.33 8.01 9.76
Tyrosine 0.43 0.15 1.13
Valine 6.52 6. 47 8.61
Methionine 1.09 0.95 1.52
Isoleucine 4.33 2.80 6.12
Leucine 5. 90 3.96 7.98
Lysine 10. 89 2.62 7.25
Phenylalanine 2.81 1.78 3.30

* The content of cach amino acid was calculated
from the chromatograms compared to standard
amino acids by peak areca method and expressed
as the area percentage,

** not detected

10+

Fe. C-1, MW, 500 KD

Lextran 72,600

2
= Dextran 39.100
Er. C-II, MW, 33 KD
1o Dexiran 10,200
Fr. CII, M.W. 8 KD
101 i 1 1 L

02 04 06 08
Kav

Fig. 12. The standard calibration curve for the

determination of molecular weights of
Collyban

211

Table VII. Hexosaminc contents of the antitumor
fractions of C. confluens

Hexosamine(%)*

Fraction (mean=+S.E.Y
Fr. A 4,214+0.08
Fr. B 1.7710. 21
Collyban 3.05=0.12

Total bc‘(ogammc contcnto were quantitatively
determined by Elson-Morgan reaction and
expressed as the weight percentage.

pattern& Fig. 133 zow, £xl#ke] log 3
Kav¥ o] 23}o (Fig. 12) $4 3 Collybang £
Aek 500 KDol Fr. C-I =}, %2 o 33 % 8
KDql Fr. C-Ilz F435 ¢ igich

a

]

dul APelA BEA FRAT 4% F DA
Collybia confluens, %5 Fv] & Paxillus atroto-
mentosus, 52wl o] WAl  Hericium erinaceum
w2 A B K Agaricus subrutilescenss ol
Aoz whf2 S180 Al Eol Wg FF AAEE
AxE As, WA FFEF NI%E AL G5
T AAEE ek ol AL
off 94l Collybiad;y FAT3 Collybia radicata
oA Sis0el AN FRREol FAHARD A4

Gregory %%

o wjFo] g el Wu A W FTAR FH
ARg FFALE st #FEHA 24E
ol 2 5A4E welx ggEE /1A E 1499
A9l ZweA FH3E dT7 gdetz A
255

AAA A o] FARAE <l F w4 w]ek
o] mrh 948 §dEH e vellE A€ €

gle) A S aE FE BYE S in vive A Y
2 4% AT FelAY P FusE

vitro A 5& AAnA & v GFY
A% $aAoz Snselcr gt A WA
s 2AQ A% WA TA Aol MR
100 mlg A zFAEFo] o 2000 mge 2 $-3
Qeod, WA z2AA Fie A4 deE A4S
Hx FA AAol FxsR 2 pHI 78 A& o
Aol Wk A4 dA AAe] A3 FLIHR
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%% 10g% corn steepd] 30 mlE E o
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R 10.74 o4 ¥ A BFF Hom no}
Aagle] of FF9 A WA FoF Aow
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vl &2 1.660 At

Z%E +8€ 20 € 50mg/kg/daye] §Fo =
ICR w}-$-29] 370l Foloi5ig o up2 S180
2P gl AT FF A gl 46~75%% . =
3] Collybano] 2} ==i3l Fr. C 50 mg ¢ Fo}
5% E 7t %5 AA & e g, S180
5ol W AR YF Y2 F200%% @
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AstA 78 Q4 a0 AU FRAER
o A % F4AcIA L ICR =}-¢2-—-S8180
2] allogeneic tumor systemef & 73t A 35HA
& vebiohE AF Ao o] wel Raslgl
o 52040 gt qral .9} sk MHC sjolz
ql8tod allograft rejectiono] Qojd 74542 )
Aetrl A8 59 U MHCE 713 synge-
neic tumor system2 A}-§g o 24 FJgRg A
AERY hgFiE m2etgrt. Abe T2 o
g FAA FEEAEA AAA GAEe <
Fzb AUA Fold FoAE AP ow,
Zakany 2492 allogeneic 2 syngenéic tumor—
host systemofl 4] Z zu] 4 o) H2)& lentinan
o} FgEsst A/Ph straino) Amt btz
DBA/2, BALB/c %@ C3H/Di SolA= A9 o
T et A X AL 5579 FHAY B
of &t hAlE 8 SFzhe] YA Aol sl
AL Zusdrt.

Collyban®] 54& sletxog 4% As,
chebAd 31%, @A 27% 2 hexosamine 3% %
Gl Ao} ghafo]l FH-gF AbA oAl o
2 FA 3L glucose 509, mannose 279%,
galactose 15% % v¥] %3} fucose, xylose @ w]zk
2] ribose® o) Folx A G oAl w|A 9 hetero-
polysaccharided] =¥ E-3taleld] gas chroma-
tography ¥4 Z 3} 5ebedel ribosed] At
geolgle Aoy Hol mEA FFAAd A
A AeAE WAl E g gl @ 2 E
9] oluji At 2 AL glycine, alanine, proline ¥
valineg ¥ 3 16502 FAH] UARqt. +
2v oA Fejd PSKE $-1,4:1,3 =€ 4
1,4 :1,6glucans} 18~38%9 Aol T/ 2
I FIA A g FA 2 259 acidity
= 738 2RA3E 713 aspartic acid 2 glutamic
acid g otulkat A7l A 7lelte, U AW
A8 AAAAA Fed A &9l p-1L,6 F
6-branched g-(1—3)-glucan) ai:idity-“—:- uronic
acid z7)o 213 Ro =, acidic glucano] ¢ A
WA F¢ EAo S 48E s A=
R3¢} O
- AREFol &8l Sclerotinia  sclerotiorum
IFO 9395 ¥¥ 9] 44 #%% TSHW: =3
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oF 60%, 244 30% % w2 phosphate
T4 29 A% G3AE 24 Fast
ﬁ—(1—>3) -glucan -0 A}, mitogenic activity
aspartic acid 9@ glutamic acid7} 58 g
$gpol Al vhebdehe Zlo] was gk
7Ee AFFitoll et Cordyceps ophiogloss-
oides ujoFRol Al E2lg g3 d SN-C&,
S5 FAA4 29 Egel AFE vAE (-
3 -glucang] CO-13} tA 2o AAAHA A2 5
A2 el & protein bound galactosaminoglycan
Q CO-Noz F45o] Fese THRtE
AF AR5 LEI Y2 B |
Collyban-& B ¢] 5} mitogeno 2 A9 754
s A3 39 Hela Al 2e] jal 494 248
 dadE d 5oz HFe
VEL FATFANA LG I FIF =
gy Ao @ AE veEhigie
53] Collybanoll Al F5-3t = *

L r&r rlr fe e

# ZA JFE urr dre TI3Hoz e
dutal K go dgeyAzAde] AL 54
Atd A mrh FAol Aet A £ ¥
o Fz FHo] FE oo} grtx B

A FATF 450l ete] nf$2 S180 Al
Zo] g TF dA &S dv] APl A AA g
As, 71%=Z 7v% F353% dALEE v |
W A Collybia confluensE A& FF2 A9
dom, 2 FAE gl AF HFFoz
A g YA e FAdFgs o HA
< 'if*}ﬂ] & 952 539 oA Fr

A% ¥esigien, o 4#¢ DEAE-cellulose
olemd 4AE ol &3t 4 oAl 2
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7 2o dlste] S180-ICR =
A4 8¢ AR vk, =YL ol
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AN FA89E 9 71%9 oA
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