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REDX / a0FRICRT 5MEE L LT, REI23RE BAOTRE, WiFon i,
BEOET, NE L OHBCRNT 2RSS/ BT LN L, ZORLMBICR L T hE T,
BRFERUHEROUEHE, 33k FE (BEEHE, TREES) 0k TEBOK
BERD, UNORMREEFTRE, LAl LIl bnREI > TUIBL 2nLW
BEPERHINDOVBETHD, TN I LRMTTRHICX / anFHEICO>WT—BEBZL
TERDIR, ~AXT2 /00— RRALLERTHY), FTLX ) IEE~OBHILHES
NT W2 OHMEMASERTH 5, L, MIEMAENERICLD, FLIZERTTERTSH-
rmRiE, REMEEOEHROTRESIFIN T3,
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Fr—WICRERENLDLH S, LaL, ML TOBHE, MAEEIKNENM
Brbh s, 2k L TRANMADIZ, PEG BEICHRTHRBICHEFORMAS DI H» B Lo,
MBICH L THREEEZ 52 TICBVWRAETOMA»BLNS,

RAEFREICEZZOEFTERICH W TEMEOEFEEE GBTFRTE, 1KER 2XK#EL%,
FEREK) HbHody, RITe 77X 2ARTIBICELNLIEKO KSR, 1KERD
LB 2KRBEATHDMNEFBBBICIRITIEERN 70} 7T 2 FiconwToORERD T,

HroMEFELRIERLIAERET L2, TLBEAEEOHUIICEL T, MR HEHR
TRFF-> TV IRERFAL - HERHEER 2 AL 2 HES2FEMCERT 52612,
—DODEWRICHRT 225, BRBU -2 ROEER» LB LN 7 0 b 75 2 P oBERk2FN
5ZLIZERTHS, ZZTAMRTIE, MBEAMSCHELLZ79 772 ORMFELRE
TH5ZL2EMELT, RRNDEL 4 ODOBBOEEKN T2 |} 75 A FoERIcOWT, #AK
FERVIR, BESM, BER%SL2ERNMIEAMA (dielectrophoresis chamber #4%) # #i
R LTHREL,

I X B &

-1 #HAE
2 EX¥ %4 (Pleurotus cornucopiae (Pers.) Rolland) 76-5 Rtk
t 7 24 (Pleurotus ostreatus (Fr.) Kummer) 73-12 R#itk
AeiEBNARERBRS L VBT LR REORK (2 KER) 2EBRICHERLZ,
I—2 EHOFEK
o By ER M (SO L)

15 % EEHMH 150 ml ic8Eid A0ml, 777 =2 —¥E25g 2z 729, BiA A > KEm2 T
1HeL724?, BL, BREMICIIRRT 2 %, BAEERICEERY vy A2 —2%0.5Mn
272,

o IR ITAHL

Brr20g, BEE20g, RYT7}F1.5g BMREETXZ3g%0.1MESRRER pH
5.0) 100 ml, 5 %HiER~ "2 7 A%H 10 m]l, HEIBIEARE (0.1 BIEILE—, 0.1 %R
v, 0.04 %IB{LHESE, 0.01 %HERS1)10ml, 5% BIbH L 7 48 10ml R OBA +
»K870ml iz#E» L7z b,

), HEHIIKEW0.5m]l, AE G~8 v 2)dgDA->72500ml FRET7 7R 2
300ml §o4# L THERL .

o AT

PR)T=VvOER (10 £ v v 2@8l) ERERLFMILA 1 TREL, HREXKEMZE

KEBEF 65 BICHABLIDD, M, KERE LTI EX I ICIIKEEQ0 # v > 258:8) %,
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e iz 7 AR,
e TA—F 2L —7T120C, 1.2 REDIERE 21T - 2 ICERA L 72, BB
12 AR R PRI RIS OV TIZ 10 7/, ARSI >V T 905 TH - 2.
I—3 HABENIFAN
70 b7 2 P ORAYICHER L BEOARF BN 7 v —F r— |+ % Fig. LITRT. 2
BEROAWFEL, UTICHSMEICERT S,

Organiso.:Hiratake(Pleurotus ostreatus)
Tamogitake(Pleurotus cornucopiae)

*Secondary mycelium
[Slant culture]->[Plate culture}->[Liquid culture]->[Protoplast isolation]

}
[Shaking culture}

$

{Sawdust medium](Sawdust:Rice bran,Wheat bran = 4:1)

i
*Fruit-body— [Protoplast isolation]

'

*Basidiospore—>[Protoplast isolation]

i
[Plate culture]

4

[Colony separation])

i
*Primary mycelium
(Slant culture)—[Plate culture]—{Liquid culture]—>{Protoplast isolation]

Fig. 1. Preparation procedure of mycelia.

N—3—1 2Kk&E4

SO #HE A & SO FH#LM FiIc B S BAROEHEBY 2 V7 R—F7— T bk
X FNERBFEATRAE—ZXDA-T2 SO HAREHICEREL, EXIIcOWwTid10H
B, E374I1coWwWTi3 7 B, 23°C TREFEL 2, HEPMP—HBEIITSE2F v 7 X5 —
F—i LV EBETo T2,

I—3—2 FEK

W L > TP L 2MEE (2 KER) 2/REEE (7240 7)) OREBEHIC
B, 23C, BET0%, BETT U HEERL L0 ERE L Lz, BICEOME 2 /NUR
CEEROARBEMICEEL, R ENEETEEL LZICEEIN X%, FEXITICOWTIE 23C,
LT rICOWTIIEEE 21T- 2% 16C, BATRHET (W 700 lux) TREZ 2, BRER
EL-BHRIEXISHHS5EM, 75520 BATH -2,
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n—3—3 #EFHEF

BAL - FER,» LRZTRY), BELLE—S— P TEENCHTEF2EH7,

MI—3—4 1KkE4%

EHHICED B FIT % WA A CHEIRSE L 2248, SO FEEZHM Lz 7v—F L, BRa
nicav=—%258L, EMAT T2 72ERLTwEW L 22 L 722 LT SO #HE
W EICRELZ, ERICIIZKER L AROFIETEEL 2 EEREEHL 22,

I—4 7e 7722 0RELEE
7772 ORAMFIEN 7w —F 4+ — } % Fig. 2 1IF T,

*Primary mycelium *Fruit-body *Basidiospore
*Secondary mycelium
N
[Washing] [Mycelium separation] [Washing]
(1G1GF) (Centrifugation)
v
[Enzyme treatment]
[Filtration]
(362-3G3GF)
[Washing]
(Centrifugation)
\'4

[Counting of protoplasts]
(Haemocytometer)

Fig. 2. Isolation procedure of protoplasts.

MI—4—1 MK EEEREBRDOMR
Ta 772 ORBICERAL-BERIZLITOEY) TH 5,
eNF—¥F /) X#H R-10 (Trichoderma viride EA3K)
(Yakult HONSHA CO,, LTD.)
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HALEYT—% 20T (Arthrobacter luteus BA%)
(Seikagaku kogyo CO., LTD.)

% F+—+ No.C-6137 (Streptomyces griseus HkK)
(Sigma Chemical Company)

v 2% W4 & (Trichoderma sp.E¥)
(Usukiseiyaku CO., LTD.®/ER)

BMEOMARIZ OV TRIT— 2 TH~X3,

DEnEEES 0.5~0.7TM == F—/L+0.05M ) > IBEH (1N KE{LF F ) 7 258
TpHS.6ICHARLLD)ICE»L, ILBEO2mD AT I 74 V7 —TRERE L THF
AL, %, BEERSH L TNz — L DREIR, 1XKEARY2KERDBAIR
0.5M &L, FEARRFHETFRFNHBEIZ0.5M, 0.6 M, 0.7M 3 &2 BV TRETL 72,

N—4—2 1XEARV2KERPLNTOFT7TZXDRAK

BTN FETEEL 2EEL 1G1 77274 M5 —LICED, BA A K TERIKREL
r2i%, BHEMH10mg Y, tAT7—+2%, YA€)V T—¥0.6%, ¥FF—+ 6units %
SUMESE Iml BB L T, 30°C, 36, 15M% 0 80 MRS % L & o° 5 Mk % 1T
o7z, MK EET %, 3G2-3G3INT T A7 4 NI —TRMKFEROWEEZKREL, T00Xg,
10 SR OE LB & B %% 3 EAT- tkic, —8% F —<mIRFHEME EClY, 7o b7
52 FREMEL, LgoEBIHERL 2,

N—4—3 FEE»LO7 v 7T OFAY

FEAERD L EEAIC L 22 WAL 100mg 2BEER 1ml icBBL, T3r—5—
WT2HRME L BEREE L2 BRICEES 2k, 30°C, 3~ 68, 19M%Y) 80 NikE
2 LMo EIT-> 72, D%, Bk L FABOFIECEDORE 21TV FMEM 2 at
L, BliEBtIcL->THRLNLT 0} 77X 2UBOERICERL 2,

[[—4—4 #EFRF2LN7 75X OFN

FHEED LEENICES-BHTFRT P REKCEOTHEIC L ) BE RS L 22 48%, mEREHK
BICEIVEFRTIEZHEL . H8ELZ L LICHFRIFES IXIMCE 2 L5 cHARL 2.
HELOFHICEVBEFRFZAREYE, LBAZRVAEZAICHREBR 1.5 ml Mz, #vF
XYL +AICBREL, 30C, 1~ 68, 14M%D 80 BoiRE % L 775 ks
2iT-o72. 20, Bk L RABOFETHNROBIE T, ABEELREL, BELMGICE
STHLN7Ta 7T RA 2 LUBOERICHERL 2,

a7 LRI 1KRER, 2KEARFFEECOWCTIL, B4R 100mg i3l T1H
L7 b 7R M EE 1ml L) DERICHREL 7o b 7S NREE L, 3BT
FizowTid, BTFRTFIXIMEH L CHEonlz7e 772 MgE 1ml 472 ) oEkic
BREL7o 772 MRRE LR,
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I—5 KESHEORE

ERDTA LTI OFEEEMBEET (1500 1%) THREL%, SoFAR 17N
L7220 0T HOERLBEL - (REEERIBE). EHET00~400FEO72 752+ D
EEF, NESAEFHEL 2,

NI—6 BEEROHE

WRBERDERDTT 7T 2 + BBH % BLWE (1 KB, 2 KEARCHETRT
#7200 fE/ml, F5E4&K 41000 fE/ml) ic AR L, SO BEFHEgH Eic7v— L7, 23C T
BRI 724, S EIcER I Nz oo =—8R) 2L, I-HEX LT, 207
Q7R RBEKTRIEL L FMECHFRL T b 77X 2B 2% 7L — L,
EREanfzao=—KB)2HML 72,

BARNOHBFFERUTCRTEY) TH S,

(R)— (B)

Fo—TLr7a 75218 X 10

m # o

M—1 RE&E»LD7o 752 FANEE

7a 77 A AMEGE, RSN L, BRASDOBAXD LW L, TEENHL
DL L RETREL L2,

2KREAP LD} 7I R AMEMER, BOOHEIICHRTRHEE I N2 & (11—
4—2) 2FERHLL. 7772 @RI, FEXISTIXI, T84 4X108TH - 1z,
ILRERICOVWTITFRER: L CREGZ2ERALzE 25, BRIFLHERIBLN20, FH
FHEEBERLZ, 7o b 772 PRI, 3X10°5 4 X10°TH -7,

M—1—1 FEEKLPLNTO}7TRAMELE

M—1—1—1 &k&H

ERICHERAL 2BROMARIUTICRTE) TH 2,
s ENT—¥2%, XFF—+6units, FA1E)T—+0.6%
o NTF—+2%, ¥FF+—+12units, ¥1E)T—+0.6%
*IXXWAL1%
e IZXWA L2% )

Lk, Ricc b D 4 %% E» N8Iz, CCZ-6, CCZ-12, UZ-1, UZ-2 L £ 42 &Kt
T 5,

EROBER%E 0.5M == — N TREEZFEL 2 > THEEH (pH5.6) I2Bs LT
ERL 7z, KSR L 3RS, L 6 M CREL, 1BHEIC7o 772 FilEE:E
ELIZo PEXIFDTFEEIZOWTORR%E Fig. 3i1cR”T, BIcHL2L LS5z, CCZ-6 T
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Fig.3. Influence of enzyme compotition in the solution on the formation
of protoplasts from fruit-body (Pleurotus cornucopiae).

ks #% 5 Bl B IS BKULE (3.9X10°/ml) 27872720, Z 2Tz —BEREM L LT, Bk
M7 —€ 2%, ¥FF—* 6units, ¥4 E)T—+0.6%, MAKFBRERMIL 5 BRI %1%
HAL%Z. LaL, SAER+SXERTH L7260, P07 a b 75 2 P \RECE 517,
LB 7O F 752 M LTI A—205hnwWEBbn24T7L7 3> (BA) 2BE
B (CCZ-6) icmm L Thk o8 % 5 BTV Z DR 2 WA, 2OREHR % Fig 4 105,
BN 0.2 % % TIXBIZBEI L 7275, 0.4 BLULTIIRLIBD LN LD o T2 lsd, TLT S

Tor
60r
Sar
40t
30;

20r

Number of protoplasts(/ml)x 10¢

19r

2 2.1 0.2 0.4 8.8
Concetration of alubumin(¥)

Fig. 4. Influence of concentration albumin on the formation of protoplasts
from fruit-body (Pleurotus cornucopiae).
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CEMMEEIR 0.1% & L7z,
M—1—1—2 BRERHNIBERE

841

BIIRICRWT, CCZ-6 12k ) iR ANEE2E, -TA7 I vaimic s ) NENRKN
BEHonibon, FERAETRHSLBETH-72, 2T, BICBEARICNZ 28EE
FER (=1t —n) DMELZECZIETNREZAN, FOKRL Fig.5 07T, WRICHE

300 — 0.5M
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- --=-0.6M
/x\ P
... - —
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Fig. 5. Influence of concentration of osmotic stabilizer on the formation
of protoplasts from fruit-body (Pleurotus cornucopiae).
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Fig. 6. Influence of concentration of osmotic stabilizer on the formation

of protoplasts from fruit-body (Pleurotus ostreatus).
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LTHOAFET L, 0.TM DEGHIBRLEN T2 LBbl, LIL, E20BEERE
FIMEICRWTRANERE R L 2ERICL->TRLNZTR L 772 2BRBELEZ2A,0.5
MOLOIERBERO L RERFDPS(RONL. 0. TMOLDICIAEREN T + 75
A EL RO, 0.6M DL DICIREER, FEELLOFRIDhr o1z, 22 TREEN
EHIMEIZ0.6M2BALL, UEIZEX Iy DTERICOVWTIRE 2iTo72LDTH B
P, TITHRONTBAEZGEE LT 2y OFEEIINL GEAL 2R % Fig. 6 I~ ¥, L&
I RERIRE & 2SI L TV 3 2%, KSR 6 BIE L0 7 } 75 2 F s TRSH4 b o
EL RN, MASHEMIL 5 R L & WKL 72,

LEOMRLD, 7EXI7RULT S5 DFREL D70 75 2 F ORBEMAI,
BEHRENT—¥ 2%, XFF—+ 6units, 1 EYVT—¥0.6%T, £T7TL73I>0.1%
PHEML,0.6Me=t—NiCt > TEBE2FE L 2BREBRICLY, 30°C, 5BMmks#
2792kt L, ZoFGFE-THRLNALT 73X 2LUBOERICHERAL 2, M, FH
FMERABN 7o F 772 FIURIZ, FEXZZ2X105, T 57 6X106TH -7z,

M—1—2 #EFRFLLO7T 7T ANEY

m—1—2—1 EEEH

ERICHERL2BROHEAHRI—1—1—1RL2bNERLTHE, BRDEERY
0.5M== =N TREEZ2FELL) v TBEEHERICEL L -BREBTIEX Iy DIETF
BRI oW TAMRE T - 28R % Fig. 7IcR ¥, BANE #1185 nznid UZ-2 T 1 550
DBETHLY, UZ21CENBLN270 b 77X MCEITREEL L DD S o172, 72 UZ
SLIZDWTL SR THELN 7o b 7oA MCRRAREL LS o228, 22 TRE

300 . — (026
) -~ - CC2-12
X
~ - —Uz-1
2
\\‘; 8B 200 =T T e Uz-2
2
E
-

°
S 109
5
£
3
|
=
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Reaction time(hr.)

Fig. 7. Influence of enzyme composition in the sulution on the formation
of protoplasts from basidiospore (Pleurotus cornucopiae).
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FEMIZ, TAXFALL1%, MKIERERIT 3RMLERAL 2,
M—1—2—2 BEXEENIRERE
FEENBE L ARICBEBANBREELEZDZ LICE» T, BICNEIMMT 200 L
I PEBRET L2, EO#ERY Fig. 8 108 Y, BRANEIZ==F—N0.6MOBETH -2 72HR

4@&' _Q.SN
s
5 — -~ -2.6M
\\\\\ _/ )
2 3ee) - pd Pha -i—o.m
S ~. e ya
3 N’ s
a // '\_\ /./'
a 280t . .
S // \,\./
E 7
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© 100t
g
a
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) A . \
i 3 5

Reaction time(hr.)

Fig. 8. Influence of concentration of osmotic stabilizer on the formation
of protoplasts from basidiospore (Pleurotus cosnucopiae).

EEREAMEIZO06M ZHRALZ, M, 0.7TM TRFERNBFELEARICABE L DH %
Hotr, UEOERIIZEX 7y DHEFRFICOVWTREZT-2LDTH S5, ZITHSL
NBEEEGFE YT 2y DIETRFICH L THALZEZAZEX S 7 LIZIZRREOIESY
#‘Boni,

DENEREN, ZEXIYRUL T IZYOBRTRF2LDT 0 77 X F DRAYEMIT,
BREERT7ZXFAL1%T, 0.6M=e=F—icsd > TREE*FRL 2BRBMIZLY,
30°C, 3EFMIMADIHEITIZ 2L, 2OFRFICE > THELNL T2 V77X P 2 UIBRNOER
WAL, 70 b 772 MR, FEXS S IXI0% £5 87 2X10°TH-T2, M, I
Lok THRLNLT e 772 BBHICIE, BOTEICL > TERET- 205, 7
o} 7R ML TR 20 B DKRGBOBFRFIEEN T,

M—2 7abt772t0ONESH

FEXIHD1IKRER, 2KER TEE BHFRFELNOT0 7T X ORESHIC
2WwTi3, Fig.9,10,1L, 12 1R TB) TH 2. 1 KEARRU2KERN 70 7T R ML, &
AR ERZ 3 ~10 um (FHRES5.0m), 3 ~9 gm (CFEPRIZES.3um) EIFEICHIES
Hrol, FEED7 T } 77 2 MIHESHOWEA5 ~17 um (FHPRIE 10.0 pm) E[ES,
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%) g
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g L L i L A n N 2 i i A 2 i " i "
345 6 7T 8 9 10 11 12 13 14 15 16 17 18 19 28 (]J.ln)
Diameter of protoplasts
Fig. 9. Size distribution of protoplasts from primary mycelium
(Pleurotus cornucopiae).
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2

&

G 1 1 1 I L 1 M i " " i " A A M 1 .
3 45 6 7 8 91011 1213 1415 16 17 18 19 20 (um)
Diameter of protoplasts

Fig.10. Size distribution of protoplasts from secondary mycelium
(Pleurotus cornucopiae).

SR R THh LV KRBTH -2 BFRFO7T 2t 772 McBIL TE, e 3
EET/HEDTH DY, FABIE 3~6 um (FERIE 4.3 um) LK<, KEEDH—EIFH
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(%) g,

Percentage

10¢

34 5 6 7 8 9 1011 12 13 1415 16 17 18 19 29 (prn)
Diameter of protoplasts

Fig.11. Size distribution of protoplasts from fruit-body
(Pleurotus cornucopiae).
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Fig. 12. Size distribution of protoplasts from basidiospore
(Pleurotus cornucopiae).

ZrhH o7, FhKZRDOTUFNTIAIDEES Photo 1,2, 3,4 127,
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Photo 1. Protoplasts prepared from primary mycelium (Pleurotus
cornucopiae)[x 1200].

Photo 2. Protoplasts prepared from secondary mycelium (Pleurotus
cornucopiae)[x 1200] .
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Photo 3. Protoplasts prepared from fruit-body (Pleurotus cornucopiae)
[x 1200].

Photo 4. Protoplasts prepared from basidiospore (Pleurotus
cornucopiae)[x 1200] .
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Fig.13. Size distribution of protoplasts from primary mycelium
(Pleurotus ostreatus).
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Fig. 14. Size distribution of propoplasts from secondary mycelium
(Pleurotus ostreatus).
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Fig. 15. Size distribution of protoplasts from fruit-body
(Pleurotus ostreatus).
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Fig. 16. Size distribution of protoplasts from basidiospore
(Pleurotus ostreatus).
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Photo 5. Protoplasts prepared from primary mycelium (Pleurotus
ostreatus)[x 1200].

Photo 6. Protoplasts prepared from secondary mycelium (Pleurofus
ostreatus)[x 12007 .



ERRAEICL 2 ARBTREOREERICET 2R (4 - =@ - &) 851

Photo 7. Protoplasts prepared from fruit-body (Pleurotus ostreatus)
[x 1200].

Photo 8. Protoplasts prepared from basidiospore (Pleurotus ostreatus)
[x 1200].
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Summary

Basidiomycetes protoplasts preparation method suitable for electricfusion was investigated.
Primary mycelium, secondary mycelium, fruit-boby, basidiospore from each strain were used as
the samples. Yield, size distribution and regeneration frequency of protoplasts from various
types of mycelia were investigated. The size of the protoplasts from the primary mycelium and
the secondary mycelium was in the range of 3 to 10¢m (av. 5um), while that from fruit-body was
4 to 20um (av. 10zm). The protoplasts from basidiospore were distributed in the narrow range
(3-6um av. 4xzm) with high uniformity. In conclusion, the protoplasts from basidiospore were the
most suitable for electric-fusion because of relatively high regeneration frequency, short re-
generation period and high uniformity.



