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Immunostimulating Activity by Protoplast Fusants between Ganoderma
lucidum and Lentinus edodes
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Abstract — On the inter-order protoplast fusants of Lentinus edodes and Ganoderma lucidum was the antito-
mor aclivity test performed and the fusant P22 was selected. The hot water extract of the cultured mycelia of
P22 were purified by DEAE-cellulose chromatograply and the resulting purified fraction was designated as
P22A. Tt was found to be a proteoglycan whose molecular weight was 47 kDa. When examined for immu-
nopotentiation activity, P22 A increased the number of colony forming unit in the bone marrow stem cells to 3-
folds. It also potentiated the secretion of nitric oxide in activated macrophages to 2-folds. In humoral immune
response, it increased the activities of the alkaline phosphatase in differentiated B cells to 1.6-folds and the
number of plaque forming cells to 1.8-folds. In cellular immune response, it restored the depressed response of
delayed type hypersensitivity in tumor bearing mice to normal level. These results suggest that P22A have
potential to restore the decreased immune activity of the tumor bearing mice to normal level.
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19608 Roland 5] Calvatia gigantea® 3 calvacims
2a)ge g2y Alats o], Chihara 5 (1970)0] Lentinus
edodes®] APAAIZHE 228t TEAF B-(1—3)-glucang]
lentinan®] ®}-2~ sarcoma 180 Eel] 7}&Egl FoF oAz}
o] 982 HIFIG o™, Komatsu T (1969)2
Schizophyllum commune2 ZX-E] B-(1—6);B-(1—3)-glucan
@] schizophyllans £=2]3}¢%13, Tsugagoshi 5 (1974)2
Coriolus versicolor®] ¥ FFALZRE] B-(1—3):B-(1—4);B-
(1—6)-glucan?] A iAol PS-K(Krestin)S -
233t} Fujii 5 (1978) Lentinus edodes®] WF I
AR ZAE gajde] AgE oA KS-28 Hejgk F 9l
B & faie] oleg wEsigidh

o| % Rl RL] Flokshal sl moda] Z7)e) o
gk ZA%Ye] Hamuro 5 (1978), Masuko 5 (1982) & Judith
= (1984)e] 23] 51..1. 9o, "4 7Fd 2 human
immunodeficiency virus(HIV)el] 38t ¢338Fe] Kitamura
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5 (1986) & Tochikura % (1988)1 2l&) ZH 79l
oh, FREFA Belgt v o E}HH A S vkt
FEH AL Sl Bt pdt YRS vst
W LS A3} 3 997 Mizuno 5 (1983)] <
& palEglen oAl [3—(1—>3)-D-g1ucan-E— periodate
2 A FIAY borohydride®. A7 =24 St
7} 8438 F71E2 Sone 5 (1985)0] HHE3} o] F E]—er
Ao Fe FAe) "rz}%h’] kad et ddide] ol
Adachi -5 (1990)¢] ¥ 3s)gic}.
@4 DATRY 9% Ave] B
(1979)) F2HA, B3 L ezl
29 sarcoma 180¢7 d&l 7245l 53’%3-}%—% VRl
ohiel A2 Y TEA BAL Busk o= b
A Min 5, 1980), =sepd WA (Lee 5, 1981),
dede] HA (Kang 5, 1982), o71&2 WAl (Kim £,
1982), B HAl (Kim 5, 1983), Z@x|ulolzln] A
(Chung =, 1985), 295t W4 (Kwak =, 1992) 2 W
E4o] (Kim 2, 1997) 59 ARA =2 v FARE
HE] vfg2~ sarcoma 1800) s st FES Jehie=
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o G AE FEjslel Basisict. o|ghzte| HAEFAT
0] Woubgol] Tdoishe HANE, I, AE E4%
T §5H 2 NK AE 5] 242 S7A gz o
5 FA%) AslE AL IR E R AgEAE
Hele AAbg 2EEelele I xR ¥
A oA A2 A6 I MRS HESL o] Fe]
213 9)v} (Bbina %, 1989; Mizoguchi 5, 1987).

3R ol=gt e ARAR]l WAL 2kl Abelel A
TARE el & AuiEo] $heat 3ol oks}, W)
A TR QA7) olels] ko) FAsH dex)
A HAL, olemel M2 BF 2 S5ge) o)
WA F0c) oledt whie) dekoz A HdAlg 4
7ol 25 FAA o2 gt FAMRE NFE
2 gAe) FFestA HYL (Peberdy, 1979), AA& T
2] 9344 5 (Kim 5, 1989), 3R] 2} T2l <1
A 7 (Park 5, 1991), 75347 17 {824
% Kim 5, 1993) 2 9x)e} FEize] 08alq) §3F
(Bok, 1994) 5o BUEg., ol Az} 2 dekzhg,
TAAE A4, T34 #9294 vlo)g)x E2x] A=t
£, JEHE g 52 A e 23y, 79 o
21734 %F X BARG-, spdabd St A] 2He% Thekgl oF
28-S A A9 dgR@A) FEA wieF FAE
GrFEste] fd AL Ad §EA p2E A
W 7 sjkge] 1S HeshE Ewela] T8l
I ANE ¥ st} g

T

HEx=

Lentinus edodes (Berk.) Sing. DMC-19] ¢J<}Qo1A &«
Wo|Fel  Lentinus edodes 4 (PABA)S};  Ganoderma
lucidum (curt ex FR.) Karsten DMC-12] ok 874 S
o]l Ganoderma lucidum 1 (hypoxanthine-)2] %132 )
B ZRE U2 p22 AN B AR A vjoks)ed
TAHE Y¢3E5l3 DEAE-cellulose anion exchange
chromatographyZ- ]-43}d Fe] A3 PR2AT APARE
AMEsIAT. P22AY A 9.7%¢) A 69.1%2 A
proteoglycan®| ™, H-AIE-E 67 kDa® 2. FA S ic},

Oyt o S0l cish SEtE AN

sk At AY ogat e Ajslgek. ICRPH-
29) M8 ¥l sarcoma 180 AE 2x10° cellsy o)4)3}
o} ek fPRAZE S EE o)AEla 2447 FR
B Azl mel oF t2F kresting} P22AS- ZHb
20 mg/kg/day?] SFo R, dETN= A7 AP4E 0.1
mid =i 13 1097k Adste] Bahe] Fabsteinh

A o]2] F 30U HE F AFFTES AL FE
H I8e AEsl] 1 FPE ST ok A 97
Blof FoFxA] MEE (percent inhibition ration, LR., %)
S Akl LR (%)=100 x (Cw-Tw)/Cw, %, Cw=t&
o T F) 5, Tv=AE5T] H3a FoF Skl
1:]-_
Epadel] gt sk AdE 2wt o] Alalsigie)
ICR u}22] E7}e) sarcoma 180 A|E 2% 105 cells®
olA3le] Bpghs EAATE A FEZ o]k 2447
FHE Al =49 F dEF kestin?t P22AE
712}y 20 mg/kg/daye] S 2, PRl AT AgeE
0.1k =i 13] 1097 A&sted SRl FAteldet.
A5 FRL PHE oA F R AE T 4
o B-g sl BHFAWEY (mean survival day)S AAF
T o Hd AE WEE (mean survival rate, %)2 &
SBEANE AAksldet. LR, (%)=100 x (mean survival day
of treated mice)/(mean survival day of control mice)

OpFAel =8 M=o st =&

Balb/c w5 AFETR e Al F g TS
FaHoE Agksli HBSS f9o] Eol9l: 26 gauge
FA| 2 e Fe FHNES Bol Wgiet. 300 x goll A 5
%4 HBSS $922 23] YAEe] AHg F 40% FCS
ZH7F 2xEMEM #jj#]e]] 2 MEE 3% 10° cells/ml®)
HEF FRAIZTE 1% agar $9¢] FLAE 50ul, 40
% FCS 7} 2xEMEM 950 ul, P22AA®X= 50, 100,
200 F 500 pg/mle] HEE s1sled A 384 F 6 well
plateel] TLEA rlsle] Ah2olM 27 oL, 37°C, 5%
CO, HieF7|ellM 742k wisFrlZ] 3 40 vi-g slollA) $14F
Z} #w]7d (Olympus optical Co., Japan)22 AAF A
E A (colonyyTE FAFA. oW HE7} 307 o)A}
Bl AL 1 JAFeR s

Ope20] CcHAIMZ gMstof O|x|l= et

gAse A Egte] 2ulshe 222 43Rl nitric
oxide®] Aol P& IS el r] 18] Choi F
(1994)2] whdel] wie} wpgse] GdFF 7]9e) RAW
264.7 cell linex o]-&3led nitric oxide?] A HIH=2
EA sl A E uiokd flaske]] wioksl RAW 264.7 cell
line$ 1% trypsin (Gibco Co., USAYSE A 2|5}e] o]
W % serum free DMEM2Z 300 x gollA] 5E3F 33
HAAEE HE F 2x10° cellyml® FAE 24 well
multiplates] £F3}5wh. PBS 20 uloll #F¥=7} IFN-y
10 U/ml, IFN~y 10 U/ml$} LPS I[ng/ml, P22A 50,
100, 200, 500 ug/m! % TFN-y 10 U/ml¢} LPS 1ng/ml
o] H%F Egt A7sled 37°C, 5% CO, wi47)oA] 4]
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7k <t vkl & 0%t %% FBSE AHrlsial 37
°C, 5% CO, wWieF7]olM 48417 Bt mieslsich. 400 x
gl 30 #2b A EEsle] AEY 100 prkE #sled
ELISA titer plates]] %7 % 100ul Griess reagents ‘g
I 10 E#7F A& vrAgF F ELISA Reader (Flow
Lab., UK)YE AME3le] 540 nmellA FHEE FAsl0
sodium nitrate®] M2 ZXE] nitric oxide®] ] A)A¢)
nitrite®] F=F A4S

oiac] B mfT s DiXls oiE

+3¢ B a7 FHel WEF L alkaline phospha-
taseZ- Ohno -5(1986)2] HWPHe| uje} AAJslgdct. ICR =}
F2F AFETHOE AR FEHeR Bigks A
£351o] 100 mesh oA 4% F 42 HE H-Hd
& LSM 8o HA3] 2:19] w]$E 27}5led 400 x gol
Al 2087 A48 st A E See- A
#sled 300% goll X 5EA 33 dAlEe|sie] AET F 1
x 108 cells/ml® &}ed welld 1 ml FF}L P22A 50,
200, 500 ¥ LPS 50 ug/ml®] $E2 rsted FHEH)s)
2mlh H=F slgdn} 37°C, 5% CO, wiekr]ol Al 48A|2E
<t ok v 400 x goll M 1087 @Al sle] ARE
42 M]3 g2 A Eo| ponitrophenyl phosphate in
50 mM sodium ecarbonate buffer 1 miE 715t =& 37
C, 5% CO2 W)X 1AZE A1), vl 03
N NaOHEY 500 w1g 7¥8le] whe- FHAZL F 405
nmefl M FREE ESAIHon B YITF2 alkaline
phosphatase 442 t}2- 2lo] whe} AAFE19Ict Alkaline
phosphatase activity (p-nitropbenol umol/10¢ lymphocytes/
hr)=1.15 x OD at 405 mm

w3 B 4972 £3 58 HEEA | "Iy
(sheep red blood cell, SRBC)l ™3t 344 IgM A%
£ Cumingham (1973)9] HPHE ZNaksted FAsiedc)
P22A Fo @ mhad] wgsh= 4 YPTo R FReT
7+ Fape} 5 wi A AMEgieh 2 R dEEeR v
A 2 & PR2A FOTF2E PHII HE ) Fo7e)
ZF 12l sarcoma 180 A)E €=l | % 10° cells/mouse
€ TH9] M o)At o]4] 2447 S )
Z7e AR AE95EE, P2A FdFo= 20 mg/kg/day
= 19 13 503 R SR Fo] 98 7 o
F SRBC 1x10° cells/mouse F74uloll F-Ashod mlef
ARG A7) mReaE 5 A o] AS e
2 AMAA BAE gt A7) HRYE v ZE
Fsle] vl E 2 ZA31900). 5 ml round bottomed
tubeel] 800 p1®] agar 2= 150 W] SRBC E 250 ul
o A AE B A Egele] o] EAS 1.4%
agar culture plated]l 71813 smearing®le] 2% ¥ comple-

mentE 7} 37°C, 5% CO, W7]lA 2 A|17F wheks}
Art. vk - gAdE SN g 5 s

o229 T Yol &4MsH O|Xl= WEt

Lagrange (1974)] wpgoll F&le] SRBCo| wigt X%
F9inkg- (delayed type hypersensitivity, DTHYS &4]%}
Aok AP 4 F£22 vpre] 2952 sarcoma 180 A)E
1% 10° cells/moused wh$-229] AF AM3Hef ojA)alw
o 27 A0 de] 2F A A dEET A
B Fodme @ ubre] Al Algdgeel P22A 20 mg/kg/day
E Y 13 547t Foslodch A|&Fe wpAT g
SRBC 5x 107}& vk 58] Aol FAlgle] 2HA17]
w59 F SRBC 5x 107E whgse] ©2% sdujs)
o FlFAbslget. o)u 9% el AE] Ad5E
FALSte] WA 2 ARk}, 24, 48, 72417 Fo| WRAE
outside micrometer (Mitutoyo Co., Japan)s AME-3}e &3]
et 25 AN 9F LFAZ W $HE el
HE SANMEE $4)813 DTH v--2] H X2 Ak}

HEEY

et ¥ S0l st etEE

D34 F8A P29 wioFFAARRE Hel A
P22A¢] ¥ Sarcoma 180 3ol s dFer AlFL-
g 75} 20 mg/kg/day SekollA oFAl tE=ER] kresting]
52%<] el P22A9l 7%= 63%2A krestin®2rt F9F
AAEe] =A Vet B<9e] 2% sarcoma 180 &
Fobo]] & H AEEe] 20 mgkg/dayd] P22A FolT
oA 129%, 50 mgkg/dayl A= 150%=2 vieht #zjst
) AREINE Hglt) (Table D).

OrP2o =D M=of cist 3

2y AEe F4 7 23l ulxx P24 9ES
A Hsled AAE FIe2 523 A9 p22A 100
pg/ml FEAAME Bzl Hsted 2F 3ul, 200 pg/ml 5
oA 1.5 AEt STVEAN AwEel ]
Ae dE&Est 2 o1& HelA] elolet (Fig. 1). A2
2 P22A 100 pg/ml T oln] 2T AE A
A FeAEe] F4) g Bl BelTE o S gl

oppAo| chAMZ Ehdstof ojxle gt

a2 WF 7)e] RAW 2647 cell lined o]
3led nitric oxide®] MAek WHS T thAlA|Ql nitrated]
FEE 2AE9E W IFN-y 10 UmRrS Aelsiele 9
e 22 z2pe]E Holx| dkslem IFN-y 10 Umlsh
LPS 1ng/mt& A A=g 3-foll= o|Ee} 11df, P22A
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Table I. Effects of P22A on sarcoma 180 solid tumor and ascitic tumor

IR (%) or T/C (%)®  Complete regression

Fraction Dose(mg/kg/day) Tum weight (g) or Mean survival time (day)
[Solid tumor]
Control Saline 12.5+2.8(g) - 0/8
Krestin 20 6.1+£2.9 (g)* 52% /8
P22A% 20 46+23 (g)* 639 1/8
[Ascite]
Control Saline 30.6 + 10.4 (day) 100
P22A 20 39.6 £ 15.2 (day) 129%
40 45.8 + 11.6 (day)* 1509
*p <005
a) Inhibition ratio

Mean survival time of treated group
Mean survival time of control group

b) T/C (%) = % 100

¢) P22A is a purified proteoglycan (MW 47 kDa) from one of the protoplast fusants between Lentinus edodes and Ganoderma lucidum.

25

Number of colony
- - ro
(] 8] (=]

(o))

Control 50 100 200 500
P22A (ug/ml)

Fig. 1. Effects of P22A on colony formation of the murine
bone marrow cells. *p < 0.01, ** p < 0.05

500 pg/ml 2 IFN-y 10 U/mi¢} LPS 1 ng/mte 2|8t
739l IFN-y 10 U/mi¢t LPS 1 ng/mbt A =)t
758} oF 2ov) FI8ITH(Fig. 2).

ofpAol B il &MSL O[X[= S3t

B #3717 BEA AE Fod WHFHE alkaline
phosphatase RS EAI% A opA 27 LPS 50 pg/
miellAME 2 vl F7181 2 m, P22A 500 pg/ml =4 o
Z7l vl Lol F71etdvk(Fig. 3). =8 B 4377 &
| A= HAAE S d2Fel vlE) A AR 5
o ZollA 1.4 W 4 Aliﬂ?ﬂw 1.8 w2 |43 Fvls}
o B 9] &A AASS FUMIEFie 4). T
PRAXE in yiveel| A A|BAHSAuL S-S 24 AT

20| T uj &Mal0l o|xle &t

80

I [}
= (=]

Nitrite conc. (M)

[ueg
[

Control PN IFN4LPS 50 100 200 500
P22A (ug/ml)

Fig. 2. Effects of P22A on nitrite production in activated
macrophage cell line, RAW 264. 7. *p < 0.05, ** p < 0.01

T 9579 B4 H=E 243374} SRBCA| =3t A<
A AEeke-S 24, 48, 72 A|lZF HE FAT FI) A A
B Folze] A% A AETel vlel oF 13% Skt
of izl Aakell Blal oF 20% AX g A
Al vkge] of ARFATE] 7ol AT
A 3BA17)A] sl A| R el HlsiAe 30%7F
2] 27Vl vHFig. 5). olEA el 28] AR T d3FY
HY ukgo] P22A Folol] o8] SAAIZE s,

1
=

al

A" F3A P20 mFTARIRAE Be AAE
P22Ae] w3 Sarcoma 180 IF el ] I AHE
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AP activity

Control  LPS 50 200 500
P22A (ug/mi)

Fig. 3. Effects of P22A on the alkaline phosphatase in the
murine spleen cells, *p < 0.01

100 r O Control
CP22A

60

40

PFC {1 x10%)
_'

O i i gl i 1
Normal Tumor

Fig. 4. Effects of P22A on IgM hemolytic plaque forming
cells in the murine spleen cells. *p<0.05

1F —e— Normal+P 22A
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Fig. 5. Effects of P22A on delayed type hypersensitivity
response,

3 A7} 20 mgkg/day S8l A okd HE7Q] krestin B
Zof AAlgo] A Jehdet 249l A% sarcoma
180 HZ=abol] hgt T AEEo] 20 mgkg/day?] P22A
B 7oA 129%, 50 mg/kg/dayell A 150%2 viept &
Xifﬂ' 9 QAENRE 2Rk
AT M 559 AN Tl GG Fol el o
s 7H2ﬂ ] wo] 58& 2NA FAEAE viehi= A
Auks- B30 DAeA pRARES HATE FHeA
gotakge] 71AS FskAl sisich 2EE Al Xl o
& PR2AXES) dgks AR A3 50, 100, 200 ug/ml
9] FEAL AT 7} FU4EE Zl0R Kol TAEY
22 2 B3l Fojdle Z0R AR of| HeAE
o) =¥w Axd s LA & F YR 500
ugmle] P2A FTelMe o8] FpAEe] vl 2
28l AoE Mol WETeM A EAE viehls 7
o2 AEHY.

A F= YREERE Foled o] EAS A 't
o Bafeld AAse 71%%S 2 Akd HeHkeel
wj-5- "?ﬂﬁ] 71%5S pHE Bl ohlel F-ERE F
g a9l A5 WAA HE ZTHOR sl T o
= z‘v}aqi I F9E QA skl 1 e dist
wojuleg fesle] FEE R FAE HEES ot o
AAEE %*‘*1151 o) v 2 2 AESA e
zpol7} ol ]zl %5=e] wel7)ge] AT oE
o] 7] A< 3 S3o] ARsIEE A E7} 23]
SR ko W)E glE PulEte AFEY APEARE
2 g § glo] slAgo] o3 FAA o|Ef AL
g 4 glge] B uE|gdvk(Vanasbeck 5, 1985). P22A7}
EH"W]EQ] nX)= kg AHE A7 wpgo] whel

71%92] RAW 264.7 cell lineg ©]-$&ko] nitric oxide®]
g AHE T RAA nitited]) FEE FHHAL o
P22A% nitric oxide®] H¥]E 71T F =& HoAF
o}, @A 3E A ERte] WAL kel nithc oxide
= Al FZ7HE Fof AL Hel ZAAG B A
o= fFalcy d=iF o (Jan 5, 1992), WM E}
nitric oxideZ AAsI=doll i ¥HZA] helper THEZAE
) Ee gamma interferon(IFN-y)ll €13} priming® i
a5 24379 Eel¥ lipopolysaccharide(LPS)ll 2]3}ed
triggering¥ o] o} Ikl B TEgITH(Hibbs 5, 1972).

B 9372 £3}3 57} == alkaline phosphatase &

s 9 43 FAN TS V)R ol P22AY FEA¢
Zresle 7102 ¥Qlvd Yadomae 5(1979y FEWA

Peziza vesiculosa AP 48-9] vesiculogen®] 73#H3t B
cell mitogen®2. zH&-5} ¥ul opg} 34 H|Fo|HoR
s34}l FAME $£3 ZIMAA B U372 polyclonal B
cell activator2A19] 715412 A gt
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Helper T M¥2] ¥l A8 =rlkgl g 4%
A7 g zFel] o3 Qizﬂﬂ H1—ol P22A FolTe] 7%
3|55 w2} helper T &SNS F
ol8ldrt. Helper THE2) 111‘2%“ S 17&/‘]?4 B A|=%9]
A WA=V cytotoxic T lymphocyte(CTL)S] AJ<:
2 34 BRI E 7[HE 4 gl

719 AFARZHE P22AY Hehe R )3l A5hs
S WYrled ALR IHAFAY A A
W AU FPHEE kb A2 AR
TR el Aol S5 A2 Sa8e vehy
Al koA BA HY715E FVMA FoEN SgEs)
(Kim -5, 1983; Mizoguchi 5, 1987)2 vlehd 2 oh
2t g2 & 5 glojr I AH FlHL AR Folx
2 she 34 v & o S92 10 40
B} S50 S8 DS 2 7 A=) 9499 AU 4
=5 "374]‘?}7 24 39 2L St 7S AlE
£ Aoz 7.

HAKe| 2t

AT AgTE e Ba TReka T
%ﬂ%ﬂ]i JFetzon olo) BB,

=
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