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Abstract: To find antitumor constituents in the shake cultured mycelia of Agaricus campes-
tris, the mycelia were extracted with hot water. Purification of the extract was carried out by
ethanol precipitation and by ion exchange chromatography using DEAE-Sephadex A-50. Each
fraction obtained during the purification procedure was examined for antitumor. activity against
sarcoma 180 in ICR mice. The antitumor fraction C was isolated. It showed 56.1 % inhibition ratio
at a dose of 20 mg/kg/day and consisted of a polysaccharide moiety (45 %) and a protein moiety
(18 %). The polysaccharide was analyzed by G.L.C. and found to contain mannose(42. 0 %), glucose
(25.5 %), xylose (16.6 %), fucose and galactose. The protein moiety was composed of 17 amino
acids. The antitumor fraction A showed immunopotentiating activity by accumulating peritoneal
macrophages and by increasing plaque-forming cells in mice.

Keywords: Agaricus campestris, Agaricaceae, Basidiomycete, Antitumor activity, Protein-bound

polysaccharide, Immunopotentiating activity, Macrophage, Plaque-forming cells.
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a8 M= :
E Ao A-E8 TN Agaricus campestris (the
family Agaricaceae ¥R #) 8 FAE A% 49
A F2AEA Tl dTF AR EYnL Ao,
TF 22 % 4w ds WA=+ Difcort (03,

Detroit) 8] 7ZA %% 83 4] x| (Potato dextrose agar)
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%4 WA Table 1o] BAE 249 wA& A&}
Ror, M Ao A&5 Peptone, Yeast extract: Difco
A Ag Agsded, JE AGe Ad EF ==
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Table I. Composition of submerged culture medium.

Glucose 15g
Peptone 10g
Yeast ext. 10g
KH,PO, 0.87g
MgS0,-7H,0 0.5¢
CaCl, 0.3g
FeS0,+7H,0 10 mg
MnCl,y+4H,0 7 mg
ZnS0,+7H,0 4 mg
CuS0,-5H;0 1 mg

Distilled water 1,000 m1

pH 5.0 before autoclaving

HY 2F HiEy

1) &3 vk

ERAY FAE A 2 FRMANA 1497
AAA7 F, FrAez R A FE WA
100 mle} ¥7 10&7} microblender® F3 3}3l= 500
ml 47t flaske]l §A 28+1°ColA] 180 rpme] £E=
149 74 Rl Fat g ot

2) 2w

FEMFstd AL TAAE 1027 TR 58k 500
mle} Wi A& Ff3E 21 47 flaske] FFA L= o

- Aste] 28+1°Cel A 180 rpme] $EE 1097 A gl

¥t ot
By OghRe £& 3 2o
W 15 18 AtedAete] wWjRFFAE A= o
£ FRFE ALY L 1018 F55E At £4
4(90~100°C)el A 447 B+ dBFEH F o33t
Aok AAl 619 FHFE Atz AR 44T S35
A4t 289 3¢ Fod AYFSHT B2
ol B3 3 Fo) 95% olwt e ot AAAAT
ARG SAAA 7 g8 4°Co A 147 4L
10,000 goll A 30387k YA stel AAEE HPo
AAE L 2552 =%, 2 $9¢& Visking tubeo]
Jol Al 4°Cell A 3 7+ FA st F4 F 10,000 gol

Culture broth
Filtration

Extraction with hot water
(4 nrs., 90-1000C)
Repeat éxtraction twice

Filtration
Filtrate
Concentration

Addition of 3 Vol. Ethanol
Standing overnight at- 0-40C
Centrifugation at 10,000g

Precipitate

Dialysis at AOC,J day

Centrifugation
l Supernatant] Precipitate
Concentratfon
Lyophilization

Protein:polysaccharide

Scheme 1. Extraction of protein-polysaccharide
fraction from Agaricus campestris,
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A 3087 AR Eo 54 4 E3L AA
stz 2 FAgRtE Ao AgrEen JEAzE
G (—65°C) & A48 $2B.2 )¢ 4 %
B3 Agtz A5t o+ (Scheme 1).
e CiE&el HA

DEAE-Sephadex A-50(Pharmacia Fine Chemicals
AB, Uppsala, Sweden, Cl form) 2 g2 1 &7 flask
o] ¥ 0.01M Tris buffer(pH 8.7) & <A & A A th.
3 AE 2.5g #%o 0.01 M Tris buffere] =9 %
A 81471 DEAE-Sephadex A-50 gelo] @2 £E &
197 4Ase FFAZSG. AHq £ g g
A ARAFHE A7 F 47359 498 AR
& A% FEZ 4°Col A 347 BA S AAT F
712 (—65°C)3te] DEAE-Sephadex A-50¢] -2+
e F3 B(300 mg)E dadh.
AAte] 0.1 M Tris buffer(pH 8.7) % 718 % 197}
Agatger. qstste AL g A AFH HEd =
A 2] 8le] DEAE-Sephadexe] &&= £3 C(250 mg)
2 44k 0.1 M Tris bufferz A8 ¥ 32 24
of 0.1M NaOH%E ¥ 2 ARG F o3l g o

[}

M oo 2
A oh1 o2

N

Qe A9 g Gl A AFd HE A= FH D
(400 mg) & ¥ At (Scheme I).
grot dE
DAY FF
A

EAYAA AeT FEE AeH G

[ Protein-polysaccharide(Fraction A))[

Dissclving in 0.0l M Tris buifer
(pH 8.7)

Suspending with DEAE-Sephadex
A-50

Filtration

Adsorbent!
——

C.1M Tris buffer
{ph 8.7)
Filtration

5 Filtrate Residue

0.1 M NaOH
Filtration

! Filtrate

Concentration
Dlalysis

Lyophilization
Traction B

foncentration
Dialysis
Lyophilization

Fraction C [E_‘ilcrate Residue

Concentration
Dialysis
Lyophilization

‘ Fracr_ionﬂ

Scheme II. Purification of the protein-polysaccharide
of A, campestris.
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Yol sarcoma 18041 9 @ =Y 0.1 ml(1 %107 cells/ml)
ol ste] AFAzk A gyt o vat
Q) T R3] EBN Fo sarcoma 1808 A E
Hesle] 1x107 cells/ml® A Agz, = HA4Y
.1 ml g vh-29] A% AS o] o5 Falste x
g HEAZAS

3) AP =4

gk FAAY F:E2EQ 14 £ A, B, C DY
Az 4 A4 47 20 mg/kgd] FEZ 249
Ach. 7 £3 40 mge 10 mlY AHA 5] L3 A
Aok Az 4995 E ALEsg RE A
PAYEL 2d T ol '

4) TE& 44

FTEAEE oA g whga 9ulE E 1Fo 2 FF 4
PR FFAL o)A F 24470 A} FRY
EFAE A dzTFde A4 495E, 4
AA T E 20 mg/kgd FEE A" AFA-E o} ¢
2 FutEl g 0.1 mlY 1093 4319 o} (Scheme ).

FFAE oA F 300 el w9 2F ATz
2Y¢s A2l TF FT FAE FEA FoA
49 ARE ALEE o)A F %Y A x4 EF (Inhibit-
ion Ratio: ¢}3} LR.Z ¥ & &3 2L Ao 9
A e o

S AN o

offt

ICR wmice

Implantation of 1x106 cells of
sarcoma 180 into the left groin
of mice after 24 hrs,

Physiological 20mg/kg/day
saline for 10 days
for 10 days Giepe)

(i.p.)

Sacrificing 30 days after tumor
implantation
Excising the tumors

Solid tumor

Scheme III. Antitumor test of the four fractions of
A. campestris,
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2 74 34359 24

A8 20 mg-2 3 % HCI-MeOH$} #7 cap tubes] 3
2 A&E FAAZD F WBste] 80£5°Coll A 244 7t
%< methanolysis A7 v} o gste] AYFSe H 1
ml®] pyridinee] &3] A7z 0.2 mle] hexamethyldis-
ilazane=} 0.1 ml9] trimethyl chlorosilane 7}3t= 30
27t ™3 st trimethylsilylationA 71 & A4
o] wel G.L.C.3 AAsgd. 7 %2 ggie
retention times} ¥l zdle] AR HFE FQdg o A
Fe Sz 4289

3) 9 d e £4

il g 3L bovine serum albuming @HzE 3
o] Lowry-Folind o2 Fagd. Agd o& =z
Lowry-Folin ¥1¢-& AA& & 540 nmel A 3 =55
Ao, AT AFFAenly G gy Ty
=}

4) FA okul:Al B4

A& 20 mgg 5mle 6 NHCIs 4 cap tubed] 3
2 A&E FAAN F YB3l 11045°Coll A 244 71
AEEA ARG g ¥ AdEFs2 0.02 N HCL
2 mlE slted o Al71z 0.5 mIY ¢ olulxid AF
470 FY4ske EA89 .

Yol A chromatogram-2 & ofw] 49 chromato-
gram3 vl mste] Wqul 2 A Pl

5) IR 29 2237

A8 1 mg& A4 KBr disc§ & 4489 IR ~9
Efg 4.

ot 20 Yo o= s

D wh$ae) BRA . AE 4

A) AR FE

AF 20~23 g9 ICRelS2(570)8 24 AP Fwir}
sute] 4 AMg-3t9 ot

B) A b

@ Balanced salt solution(BSS)

Stock No.1 : Dextrose 10.0 g, KH,PO, 0.6 g, Na.
HPO,-7TH:O 3.58 g, 0.5 % Phenol red solution 20.0
mlE 23 /5] 594 % 3¢ 101 =5 3
Az 4°Ceol A mE3)s A-839 .

Stock No.2 : CaCly+2H;0 1.86 g, KCl 4.0 g, NaCl
80.0 g, MgCl, 1.04 g, MgSO0,7H,0 2.0 g& 2% &
Frd HFdA F g%l 117 23 193 4°Col
A BEste] Agsy .

AF&-A] o &= Stock No. 1 100 ml¢} Stock No. 2 100 ml
£ oA 22 FF4 800 mlE 713 ¥ pHE 7.302
g

@ Phosphate buffered saline(PBS)

Nal;PO,-H:0 2. 51 g3} Na,HPO,-7H0 22. 4 g-& 500
mle 27 FHel S A7 F pHE 7.302 %34
th. oj7)e] NaCl 87.6 g& 748 ¥ & 3¢ 112 3§
ot AbgAd e 104 348

® Giemsa staining solution

Stock solution : Giemsa powder (BDH Chemicals
England) 0.5 g& glycerine 33.0 mlo] 24 3] £3] (60
°C+E4) 3 % absolute methanol 33.0 ml& 73z
435t o F Agatglch

Working solution : 4 ml¢] Stock solutione] =34
g 7}sle] 40 mlE St A £

@ NSE(Non-specific esterase) staining solution

Stock solution : a-naphthyl acetate 1 g-& acetone
50mlst FFF 50 mlell HolA 4°Col A mE3H A
4314 =

Working solution : Stock solution 2.0 ml¢} 0.1 M
Phosphate buffer(pH 7.3) 15 ml, &< 15 ml, fast
red TR salt(4-chloro-o-toluidine diazotate, Polyscien-
cesAt) 20 mgg EFEY ALS-A A o el

O H

7 9 4y FE4E 5ok R 2 A 8 50 mg/kg
< PBSe] €83te zddFd F 1 mld E349 F4
ot FEFY F 1Y, 29, 39, 5¢ o] AYF
g ARz F4 i Fad 5745 BSSE A ¥}
o BFAZE itk £49 A5 10 mlo) 25
3 o+ hemocytometer® & E7 AL E A Y}
BN H B L 4°Coll Al 400x g2 1087 44 843}
AZAAEL 9 slide glasso] =H3le] AzA7 o}
% absolute methanol2 57 ZA A7 ¥ Giemsa
staining solutiong¢ 713tz 30&7 4. Fgg
Al 95 % ethanol® A AUz 71 2F cedar oil
% mounting solutione @ ted 11,0009 2 R3stRQ
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Sample injection

{(50mg/kg, i.p.)

Sacrificing with CHCI3 vapor
Washing out the PECs with ice-
cold BSS

&

Cell counting with a hemacytometer
Centrifugation at AOC, 400x g,
10 min

Cytocentrifugate

Smearing

Fixation with Methanol Fixation with cold acetone

Glemsa staining, 30 min Incubation with NSE stain
Decolorization with 95%

Ethanol

working solution, 30 min
Back-washing

Counter-staining with 1%
Microscopy malachite green

Back-washing

Microscopy
Macrophages
Scheme IV. Procedure of peritoneal cell accumulation
test.

AstA g8 A=AA

th olwf Alze] mke] T
A& A AZE PMNe

g ¥ e 2z nd @ 5
2 Ay ¥ =W 2L 2] acetoneS ® 5¥-
7+ A AZ) F salinec 2 A H g o}-¢ NSE staining
solutionol] goj Al 26°Ceoll 4 3087+ A3ty oF(Yam,
1970; Godon, 1978). 4 ¥ & % 1 % malachite green
LAow g s d AF, Azdld glycermev—
mounting solution© 2 3] X1, 000= sty e}, o
o] A AW o] NSE staine] 2 F49 AL z]xﬁ_
A & macrophageZ ¥ 9% (Scheme V).
2) upf-2o S8u 4 A X 9K
A) A9 FF
A F 16~20 g8 ICR7} 22

o ao [

4
5

T 3%

+4) 5utEl & 17Foe®

3+ ot

B) A %

(D Balanced salt solution(BSS)

@ " 287 (Sheep Red Blood Cell) Hgo R
e A3 AAE 4L YR 289 L%
ket

® 1A : guinea pig complement®& A}-§3}5 o).

C % I

A% wde Cunningham(1973)9] #glel £3te] A

ICR mice

Sample.injection, i.p.
for 54days
after 7 days

Immunization with SRBC
x107 cell, 1.p.)
after 5 days

Spleen

Homogenization with 10ml of BSS
Centrifugation

Addition of 0.83% NR4C1
Centrifugation

Washing with 1Q0ml BSS 3 times
Resuspending in 10 ml BSS

Spleen cell count

[Spleen cell suspension

Mixing with BSS, Complement,
and 20% SRBC

Filling the microchamber
Sealing

Incubation at 37°C for 1 hr

[Hemolytic plaques[

Scheme V. Procedure of hemolytic plaque assay.

_>:,

st ek, 10 w9 ml$2E butEld 2 Fo®
3 AFLe B E2FoEA salined FoIstz A Fof
50 mg/kgd FE2 2AY FUEY AE 0.1 ml
A 5 B4 FARAT g HASFHdzEH
7949 % AFAYF de 1 mld (1x107 cells/ml)
5‘@5}99\‘4 54 A3 F vpyAE A7 v

< A9 A& v A W3 BSSe @4
ﬂ".ﬁ_ﬁhﬂl 400x goll A 1027 448t ¥ A 2E
A9t 0.83% NHCIEH o F{FAA 5&7 A
o] AYTE L8947 F °1”§3i—ﬂ‘3]-°4 AR g AA
9ot BSS2 33 A4 ¥ 54 44 Fe BSSE sh3

e —{r

mb

N

o] %4 £4-% hemocytometer2 Al it 2 HFY 9
QARE Hato] 1x10° cells/mld] vlAAZ YA &
wHE

microwelle] 20 % SRBC 250 pl, complement 500 gl,
B AA L 3RS go] ¢ ¢ slide chamberd]
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100 wA 7127 AA4HA S=F $3ich
vaseline-parafin(l : 1) 22 %3tz 37°ColA 147
¢ W dete FAHE 999 S5 FHAYH
(Scheme V). -
= I}
e g ChERel Bhef B0
oA W FTANZEE L 4HA S84 b
79 sarcoma 180¢] W& FLEAE AP A Y
C/t 7M1 & AAEd 56.1 % el Ak ¥R
AAs7 A 23 AL 53.7 %, DEAE-Sephadex
A-500] F35x @ £33 BES5L4 %9 FFAA
€% Je g (Table 1).

Fe A

- X

T am——
min

5 5

o H

stot Yol st 24

S04 M FEAA Q& 474A B dHd F o
A Fst F AP FFE AT 24E Table I
o YeEgch ol E 2¥I gy HFRE Helge
H 2% 238 CE: 46 %9 99F9 18 %8 iz
FA = protein-polysaccharidez #HJ = k. =&
E& 57149 23F2 T4 glen (Table ¥, Fig.
1), sA BE2 1739 ovjx ez TS 3L
+¢ ¢ g 94 (Table V).

IR spectrum& ®wl A, B, C#3 =% 3,300 cm™
2zs) O-HASA %, 2,900 cm™1 229 C-HAFAF,
1, 000~1, 100 cm~1%-zZ¢] C-H, C-O#H74A%, .8 3
1,650 em™1 229 C-0 453 % 5¢ #2E F 94
o} (Fig. 2).

fr.8
Giw
X
e
e)
[») H 0 15 an
Fe D

o]

-Fig. 1. G.L.C. patterns of monosaccharides of the four fractions of A. campestris, -
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Table II. Antitumor activities of the four f{ractions
of A. campestris on sarcoma 180 in mice.

Table III. Total polysaccharide and protein contents
in the four fractions of A. campesiris.

Dose  Average

(mg/ tumor Inhibition Complete
Group kg/ weight  ratio(%) regression
day) (2)
Control saline 2.55+4-0.542 — 0/9®

Fraction A 20
Fraction B 20

1.18+0.73 53.7 0/9
1.2440. 61 51. 4 0/9
1.12:40. 45 56.1 1/9
1.26+0. 63 50.6 0/9

Fraction C 20
Fraction D 20

a: Mean + S.E.
b: The number of mice used

WAVELENGTH [N MICRONS
25 3 35 4 45 5 55 6 65 7 758 9 10 N 12 14 16
I

S

4000 3000

2000 1800 1600 1400 0D 1000 800 600
WAVENCMBER  CM

Fig. 2. IR spectra of the fractions A, B and C of
A. campestris,

oo||

o Yol M nlHE IY

D hesl AAAETA AT 9

oA B HEE B4 FAL F B4 A2
€9 3% A¥E Tuskglent 2 AT Fig 39 L
ARG B0 F AZ4E FEAR T F I
3 Z7H8 AR 19 W Ax FEE G4
od, 2998 A4 Rz, 500 A3E FAE 4

Total polysaccharide Total protein

content(%) content(%)
Fraction A 56 29
Fraction B 35 12
Fraction C 45 18
Fraction D 54 33

Table IV. Monosaccharide contents in the four
fractions of A. campestris.

Fraction A B C D
Monosaccharide (%) Lo
Fucose 12.8 9.0 1.1 1L5
Xylose 18.1 19.4 16.6 18.5
Mannose 32.0 41.0 42.0 24.2:
Glucose 33.0 27.8 25.b 42.7
Galactose 2.1 2.8 4.8 8.1

Table V. Amino acid contents in the protein fraction
of fractions A, B and C of A. campestris.

Amino acid(%)

Fr.A Fr. B Fr.C
Trp 0.5 - 2.0 1.2 .
Lys : 6.7 3.3 3.1
His 1.1 0.8 0.8
Arg 1.8 1.4 1.4
Asp 15.6 16.7 18.9
Thr 6.5 12.2 6.8
Ser 0.7 9.3 4.7
Glu 16.9 10.2 16.2
Pro + 0.2 +
Gly 20. 4 14.3 11.1
Ala 11.3 10.2 12.2
Cys 6.7 6.0 9.7
Val 1.0 0.6 Lo
Met 0.2 0.1 0.2
Ile 3.1 3.7 4.2
Leu 4.9 6.5 5.8
Tyr L2 1.2 1.1
Phe 1.3 1.3 1.5

4o noh 498 BE FEE 5 Qoh PMN
£ 19 wel Az E HENYet 2 2y g4

— 137 —



Kor. J. Mycol. Vol.

~N

* PEC
—4 Macrophage
-8 PMN
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@

LY

Number of Cells ( x 10 )
D

0 1 2 3 4 § Day
Time after injection of sample

Fig. 3. Effects of the antitumor fraction A of A.

campestris on peritoneal cell population of
ICR mice.

3 Zradte] FAAAZ 3 &gk Wyl macrophage
E FAR F T3] AFstd 24 whe HakEE
Ytz 59 A} Helk 4338 & FEE FA%
Pet. wEd B3 A 29 Z71E macrophaged] F
7hol 71 el &g e
2) mhpz] S84 g4 AEg mAE 9
WA FLAEl whe2 v AAEY 4 AA
ol Ml g Table Vo] ZABYE o] 2o
A B oupel o] EwlAY) §¢AE 50 mg/kgFo A
H2Fst vlastd £ =) $3994 AL55) 160E
e |
Table VI. Effects of the antitumor component of A.
campestris on hemolytic plaque forming

cells (=PFCs) in the spleen of ICR mice
immunized with sheep red blood cell (1x

10"/mouse)
Body ~ SBlen  pRC/ir  PFC/
weight count Spleen Spleen
(g) (X 107) cellS ( X 102)
Control 26.0+1.0* 10.8+1.2 3.9+0.9 4.2+1.0

Sample 24.0+2.2 20.5+8.1 64.0%7.5 131.2+15.4

*Mean + S.D.
n o
EW A vl FARNZEE &, B3 £ AA 8

o d¢ DAY ohFFE sarcoma 1800] =& FgA
g 3 vk AR A $Y AZ53.7 %) FF A

13, No. 3, 1985

Agg vebige A4d £9 CE 56.1 %9 AA &
2 veh . ey} o] A= Lentinus edodes=.5-
B 9.2 lentinano|y} Coriolus versicolor?] PS-Koj ]
# g g 523E Jehz Ak £8 CH 3
Gz4L& Table N, Vol 244 d& d3f ¥£2
mannose® FAEoE & 5FFY] AFFE FAH
S1E heteroglucane & #Ags= 1759 olnjxito=
o] Folx Azt A R ek

SAFFY FU4E GEF =2v A Fa D
£ 9E& g ayAst Az EFLE dodlE
FE 2o, 579 Az AYRE WA 5L
NAAFLEA AL L vdeble ez dgd
u} 91t} lentinan®] ¥¢tr1:A ¢ QA2 A macrophage
7} defdte] mmegl e ShimFe FEuIAY ¢
AEE vz FAG A AG AYTFE L4947
£ lymphocyter} S7=&& 233 vt gl

webA EuAe LA EL vhra BN FAR
% macrophage®] &7} o] o £dut A4 A Z2FY F
Ftd 25 AEd9 . = 23 macrophagest & A 3
Fotstd e 3 A4F5EE Ad £¥u 44 A
2R FAeg e o] Az nel Ew A FoF
22 19 23 JA¢ F3] vEvE AeEZ AR
#H

¥ =2

WA g TAAELH 23 B = o}
2 2o olA 5l sarcoma 180¢] A& A Fad F¢H-&
vl 91w}, DEAE-Sephadex A-50¢ o] &3t¢] A A
g A 4N £9¢ 4tk oF g dgaHo)
2 #Y Cx 56.1. %9 FEAAEE el £
Y Ct 45 %9 a7 18 %9 A= Hol gt
2 B ZHE mannose(42.0 %), glucose(25.5 %),
xylose(16.6 %), fucose(11.1 %)%+ galactose(4.8 %)
2 5o gz FAL 178 ofv|x=4gez = g
o EvAlY FAAEL vl& B 6 9+ macro
phaged] & #A3 FAAAZ e H A Ly
B AEFE S/HAAEZA 99 57 F4e] gl

A2 25
of Ao &8 AvY dF= AgkBiR gL

HARBHEERY ATz 235900 oo el
ZAske ol ok
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