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BERBLLZLNEZSERE L THY2HE7 5\, 20 RELIREEE SEnksE
2B, AMRTII2KEREZACBEREELT-o2. Ll, BRELHERETHORE
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¥TZbNiBEWE, 0.5 M) > TB+0.5M ==} —Lia# ANKEBLFFY)7LT
pHS5.6 I23R%EL Z2)1mlichnz, 300C T1— 48, 80 E, o TiREL 2L hkaEL 72,
K%, 3G2—3G3NT IR 7 4 NI —TRIKSBOWEEE WAL, EEE 700Xg,
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Fig. 1-1. Preparation of protoplasts.
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AN T NI —NEEREEERAWT7 e 77 2 F OMBEED B AR & SR ICRE
Lze 709 b 772 OBIEIR, 7WF—NTLTE FBERERFACWTT- 2, RERELLT
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SEEEET o128k, BEXRATFAF 722 L7 77X M REHE LEEL 4T F
AR W2, BAKETRGDBEBRLIBMNBRERAY 2EHML 72, ZZTHWEALITAA—
Wig, ¥FrEenn—ACRETLIEAERERTH 5, HABRBMBABREICIT Zeiss D
UMSP-50 % fi\: 72, SI3ERN L Bk 2 @2 BV TiTw, R0 B TEELBEL
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1—1—7 Z7R}F7SRHDLDFREBHR
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BWELTT %, FXTTTRERELIT 72, 16C, BE I BOFETL 7 77z b
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RETHES, BRLOTT LEREEDIAL, ZORETH2 » ARETLIZLICENF
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3. EARIEHNC L, |

INLNFBGEA LT 77X ERAMTI2HICR, KOBLERICOWTRE
THEIEHLELES T2,

1. MEREMKSROEE 2. WROZEEGLEHMEK 3. 7ol 721 0B4%

1—2—1 hka3IMkst

7a 77 R MET 37D BBEESE Y ROV 2 720, MBI SRR OV TR L 72,
CHERICEATIERNESZ2KRN L F IZEDT2,

o H# D MYG B UF SO RS

CHERRE . 2~4HM

MADBDEME® Z 2 TiE 2 22 TREFL 22,

1—-2—1—1 BHZEHEK

A EEEDMEEICOVTIE S DREFHEIN TV B9, 2R TRHERBE 1 ml
1Y), HAGEER)400—-130mg AWTE), BRIILLT—¥, F1E)T—+, XF+—
¥, B-I N7 0=F—EOMEEE RV TV, ZORERICE B L, ©T 27 Tid 3.8X107/
m, /%54 Tik6.7X107/ml b NEWRBEN 72} 75 2 F FEAREI ATV EHREHH
5",

ERME, FHERICL) SHOKRAE TN THOMEY 105/ml & % - 72 &E1L, L5
—€1%, ¥4€)T7T—x0.1%, ¥FF—+ 2units, §-7 L7 0 =%—+ .05 % (284 units)
THY, MKFHEREMEIL 3.5 M e L22BEsG.0X107/m =/ %5%), g-INr/n=F—+%
EMZaVE (1.1XW/mlz/%X2%7) I0LEN7To b 77 A MR TH- 7255, LarL,
P ) OBMRPBAL, TOL0XTa 73X OMERBITLNT, -V O F—
VIERL S otz ®NVT—®, ¥4 T—X, ¥FF+—FiconT (&2, 2%, 0.5%,
8 units) &1r, (2%, 0.1%, 4units), (1%, 0.1%, 2units), (2%, 0.6%, 6 units),

(5%, 1.0%, 6units) ? 5 >NDEMHEIZO>WTHRITL 72,
ZOHR, — BB ERGBL NG, ERIBBOEKEZFERAL, LT —+, ¥4
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E)T—¥, ¥FF—¥2E52, 1%, 0.1%, 2units FHW7ZHT, £ 77722V, 1.29X
10°/ml 7w b 772 @ onl, 22, BVREI LN, LA RUBERAE S
WA, (1%, 0.1%, 2units > 1.1X107/ml =/ ¥ ¥ #) R (2%, 0.6%, 6units
=8 X105/ml e F8%) DIMEDRETH 72, FOMHBETIZ, HHERENNE (10°/ml &
%) 1IRLN3 L0NWME RUERFRALZ,
1—2—1—2 Hks s

kR Y 1 — 4 BT L2 EBONENEIL % Figl-2 1o~ ¥, Bz SO

T3 EMSEEL VO LBERL, BRILALT—¥, FAE)T—¥, ¥ FF—Er&r2

1010—

1)P, ostreatus o—06
2)F.velutipes A ———N
3)p.cornucopiae —0
ol 4)P.nameko —_—e

$)L.ededes O O

cellulase 2%
zymolyase 0.6%
8} chitinase 6units

30°C incubation

Content of isolated protoplasts(cells/ml)
W > w
T T I
b\\@\
a (0]
00\
a} *

:

]
2
Reaction time (hour)

=
w
>

Fig. 1-2. Influence of reaction time on the formation of protoplasts.
Myecelium ; culture for 3days in SO medium.
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%, 0.6%, 6units NIREZ A2, BEQPETFEN7 0 F 75X DAY 3 ~ 4 KENM
KABREELURICBRARNBEDO 70 752 28520 TESH, TNLURIZERD T 4@
2H 53, LiL, JIoMEDTIE, 10ME TRMLEDT, FRLRIE—EICk > Tz,
FERTIZ, MAFRTARMEITHLEE, 7ot 77X FORNENENMAEBDH SN
B, BROBEER, RUBAEBROBRLZERL T, MK 30°C T3RME L 72,
1—2—2 WEEOEEAR L EHER
MYG, SO HksZ e L 2B, 672 P77 2 F 2HKL, SSHERDR - IUE
CRIZTRE TR, FORERO—H % Fig. 1-3 1R L 72, IASRIZLNVT—+2, 1%
) 7P—¥, ¥FF+—¥, HEL1%, 0.1%, 2units DRABFERPT, 30°C, 3BRFMIT- 2,
L7 7 TiE SOBMTERL -BE»LAM L 270 P77 2 FERIZ, MYGEHT
RELZFNINIH2EBE RS, /7% 7451200 TL SOEHMOAHIETFT 72 752
FERAYEr o2, PEXSY, VA Sy, FACBL UL, KB LS ICE) 727
FRAFONBIBBEEIN L > - CAEBRTHERAL L SOBHMTERT L LHICL-T
2, 70t 7SR LORUIBEZIC L EEZLND,

4] O——0 MYG
1)P.ostreatus &——0 5o
3 .- . Ae——O MYG
/ ~-—a 2)F.veluti A———A SO
—- 2 | cellulase 1%
E zymolyase 0.1%
Y 1} /g\_ \ chitinase 2units
— o . .
30 C 3hr incubation
8 1adp— ~
“
0
n or
Loa)
& 8
9 s
o
v
o 7
L]
M
] 6f
i
2 sk
-
u
) 4}
B
o 3
Y]
]
0
o 2
1l

1 2 3 4 5 6 7 8
Culture age (day)
Fig. 1-3. Influence of liquid medium composition and culture age on the
formation of P. ostreatus and F. velutipes protoplasts.
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WICHEDERALK L 7o 772 MR EOMFEEREL 22, (Fig.1-3), 754, =
7} 2 4iddkic, SO stk 3 B Bic &2 F#1.3X107/ml, 1.1X10"/ml HFEHHOILR %
BEZELHTE, Lk, WELLO7TO 77X LONRBEZICBIL T, #-T, &
585 RUL X2 I3EEPMFEL ZE 7o 772 OB LET T 2@ 5,
T, XS, FAOKOWTCHL IBEETHML, FNLUBREIEBLSTIEREICH - 25,
VAP I3TERE TRRAICHML ZNLBIEIBRATI2EmIc -, FEXS Yy, 45
4, FA20BKIRIZ SO T FER DT/ 45.0X10°, /ml, 2.5X10%/ml, 3.3X10°/ml T
otz TNERGTIE, 4253 BBEICERANEY»EGLNDT, FEMIIEICANS
HoFRENIC SO fEitic 3 BMBER L 2 WY L LROZHTRAR L 270 772 F 2 XHE
JE£ 500 V/cm, BB 2 MHz, BEifi/ sV 2 BFE 10KV/cm, 7<)V X8 6 usec. TRHESEBL1T-
f2ht, a7 IR OMEBEIRE LD TEDY - 2,

Kic, BEREZ LT —F, Y42V T—¥, XF+—£%258522%, 0.6%, 6units &
L72BnRRICHT 2B A/, ZORRE Fig. 1-4 1R L 72, SO B TEREL 2B &k,
bi3, SEEZRNENMmMERL 2, 4HELRIE, 7575 2BREIIZALELRL 2,
L&L, 6 BELMBRIZERFOBAFBDLN2DT, BRADREA»ALNk»-726 HE
LBioBE» LML 270 772 L 2> TREAERET>12LZA, 70t 77X D

1P ostreatus Q—0
2}k o  Nb.veluipes OH—0
3)P.cornucopiae Oo——
4)P.naneko 8-—-
o 1r 5)L.. edodes —_—
E L]
A 1x10——
-
[}
) 9t
7]
a 4
8 el Qy
~ & cellulase 2%
2 2t g,,—”’— zymolyase 0.6%
Y . chitinase Sunits
i b ——_— 30°C 3hr incubation
3 *
w 5/
-4
[o]
] L1y ot
S 3 /
o | D___,’—-U o
a | ___————————O/
S 1}
o 1

Culture age(day)

Fig. 1-4. Influence of culture age on the formation of plotoplasts.
Mycelium ; cultured in SO medium.
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WAL BBEINL, UEOERERLYD, 3H50BEOREOMESEI, wLI3—+, 1%
VT —¥, ¥FF—LEE22%, 0.6%, 6units & L, BRIz, SO MIMKEHT 2 —5 BRIE
ELLLVNEERTLIZ LICL,

1—2—3 7at7I3R+0BE4E

HFEO7 0} 75 2 P OBEICOV T}, BARMCREEREN MBI Ov THE
ENTVBEY, ERFRICHVTE ZDEBEEICOWTRITL 72,

L3240 7a 73X nBER, SO, MYGHtic, BiEKBAEZMTIZI2~58E8IC,
BRBAENTIE 10~14 BHICA2BE L HR L 2 BIKECOBA I3 3R <5
—UHBEEN TV B, SENERICAVTY Photol, 2, 4 IKRT 70 F 75 X 5
BAHY»ERT S LN L, Photo 3 I2RTEERA! &, Photo5 iR § v H W 2% “bud-like cells” ¢+ §
SEKHLNBH SN, BRBEEM TR o =—HR+BENBRE L7 (Photo6). 1
D30 =—h bR T TEKRIREL 2 (Photo?). ZORRLY, BwiiFEo7 T
FAS 2 MW TR P TR LR, 1EOT 7T BRI TERSE CTHEET
X3z LB LT,

1—2—3—1 SR s BEERER

BAEBOME L BEERABHOMEORCOBERIIN T HEL R L ERE
Fig. 1-5 1277,

a)Tid, BERME, SEEFASH 0.5M~=}—1) »FAL Tl (MYG, SO) »ik
WICk BEAERF KL E 25 SO B I BARSBARRE L2, LrLBRT 2

40j
P.ostreatus
a b sycelium :cultured for 3days
_ a)cellulase 1%

= zysolyase 0.1%
= chitinase 2units / 30°C ,3hrs.
- I NYG medium + 0.5M mannitol
g — — I S0 wediua + 0.5 wannitol
o
= b)cellulase 2%

20 - tymolyase 0.6%
s ] chitinase units / 30°C ,3hrs.
b~ M SO medium + 0.5 mannitol
& V S0 sedium + 0.5M saccharose
g
w
[ 1]
o

1 I m N

Fig. 1-5. Influence of solid medium composition on the regeneration of P.
ostreatus protoplasts.
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i, TOMEMR TIIMACRELRERIBLNTHEDT, b)ICRTEEEMR T SO 5%
WL I2REERABRDBACLIBFBERFHBL2EZH0 MYy v o—20 k5 HE
EBOFRERE Lo 72,
1—2—3—2 mX=»#
wiz, BEFRICNT ZIMKSEREOVEL BT &R 2 Fig. 1-6 IR,

30 -

P.ostreatus

aycelium :cultured for 3days
in 0S mediuw

cellulase 2%
zymolyase 0.6%
] chitinase units

3J0°C incubation

15 7

Regeneration frequency(¥)

1 2 3 4 Chr.)
Reaction time

Fig. 1-6, Influence of reaction time on the regeneration of P. ostreatus
protoplasts.

1—=2—1THNZ L)z, MASBEERISBEIMNT 5128679 } 752 F DIE LM
UZzns, BAERERD2EMMASEL ZHERLBBLEELZRL, NEDSV 4 REAETI
BERID 2MNOBERNN B3 BIET Lz, 22T, 20 2 BRI 3 BEMAIEL 27
v b 772 RCMAERREIT o #R, MASHREM 2EMOTe 752 LD 38
MA7 0} 772 DBFHMEITEL T2 2 HRBOLNT, TNLDBELD, kSR
3 3RMAT) kit L.

1—2—3—3 7wv 772 tolEEE

7ut 77X OBECELT, ¥ARAEICL-TTo 772 OMBEBEOEE: +BE
L7z, BRBHORMOL I 5070 b 772 TR T.9%BHA NI 7 NA—NREICE D
ERLNBZENERLCE), BERMARMO 7O L 72 L Clt 12.1 B8 2R L T
72 (Photo8, 9), B < 24 BN Y i 23.1 %Brs8 K%L T2 (Photo10, 11), = =
THA7T o P 7F7RA P LEAERL T 54, BERORETE, BiciEW 3464 %3 2 (Photo
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12, 13),

IR L, ORMICRT B, 7o 72 MEBEL Tw 3 R3BoMEED
BMHLEZ, 7o b 77X FOMBBEEERL OB T0%, 48 T4.2%, 24 BT 15.2
% LEtE Iz (Table1-1),

Table 1.1 Cell wall regeneration of protoplast estimated from
the observation by fluorescent optics

Incubation period "~ Ohr 4 hrs. 2 4 hrs.

Protoplasts showing fluorescence 7.9% 12.1% 23.1%

Regeneration of cell wall 0% 4.2% 15.2 %
1—3 #& i

<72 b 772 o@D

70 b7 OFBIZOWTE, e 7T ORES 1 X109/m]l (ZEE 100—200
mgAN)UEHY, L3777 A MHPRMAEICHETANELHE O LV £ELBERUE
EEBREZEL R LER, BRICL > TELVIED D 2 28K SO ARILHT 3
~5 B 2L NEHY, IWKBRELT—X, ¥4 E)T—¥, XFF—¥HEx2
%, 0.6 %, 6units NEEREM T 30°C, 3BT Kb, AR THERALL 70 72
DBBABREM & - 22 BIBIRI RO LN TS B-T N7 u=F -3 INENHEM % H\>
2%, MEERICEAHE L 2B DRAZE L, #-> TERERTIZ 7o b 7F 2 Fdk
BEE—TL 2 bR RAL ZVWARESR L L TEROER BB L2, REH
RCHAMLZ270 792 M 10~ BEIcav=—%FRL, FHFND a0 =—p b FE
WEEEL72(e 55 7), BAEREIZ SO BRFEARZENT, BEERARAH»05MYyHo—2
DLDOHRC, ERMKFHEEERIL, 2~ 3RFMOLNITRERE S5 2, BERIFELH20 %
Lotz

<72 b 7'7 2 OMERLE

70} 77X OMBEREREOBEORE, L7507 a b 77 A MOV T 24 B
F%ICIZ15.2%07 0t 77 A P iREZEAEL TwaZ @ onl, ZNE, 75
rNT7a 7T RFOFHBEENI10~20%THE LV IRHERELIC—BL TV, 85ICH
REAXLE ARG EHBICT 2720, HAEROBELTINETH L. FLERICIIEKRE
M THOBERITI Y, b LEABEBTOREI FNE T ou=—DFEE L THAS
LT, BABEESHTOTRERLZTAZ LICLVBEAEIMETAWRELH S,

ERITON T BEERTRERCEREM LN I =—n BN A THEEZHEL Tz
A, AR TOMBEEEERR L)V AR TEENHENI LT, »OoBEEROM LD
TREEL LA Z b, L L HREOBEBEICOWT, MroBAEAT TRFNIZE



358 JeERERERNEHT RS Wik $H2F5
BY 3 LEh 5, R HE, BERERTOBEOHREICHA L TR ERT 2 LE)H 5,
2 7RbTSRFOMERGEORE
2—1 XBMFE

2—1—1 = & N

AR THERL 2ME 2 AT A, REEYICIE Pohl'® dielectrophoresis #: & Zimmer-
mann 5N BRMMEEL2MAE b FEL2EEXL L2LNTHY, 2 7Py XL —
F—, 7a—Yararvio—5— BEFrr 5~ BRERV V22 E=F—F 215
DAL aXa—7, BERBERBT DN ET 4 4 45 (IKEGAMI, TSUUSHINKI, CO.,

<:£!E::»
' ' Signal generator
o

O

Linear I Pulse

aaplifier &enerator

Fusion controller

Controller

K,/

L At 4 O0scilloscope

[:::::] | Fusion chasber

0.5% Mannitel 0.5 Mannitol

A A
_b. Pusp Proteplast

Fig. 2-1. Diagrammatic representation of the experimental set-up used
for electrically induced fusion.
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LTD.: CTC-2100type) L €= —H 7 Vvt 2B i} Th 2 ELEHSK () >z, IMT
2R BLRH-TH), AWILMALHET, F) TPhoto 4, Fig. 2-1 iR+ &5 icy
2T sLL CTHFFRICHEL 72,

2—1—1—1 7 FnyzRv—2—

Iy 22— — (MEGURO, DENPA, SOKKI, KK.) i, Fx > X—HNOHBE
iz T2 ZRBBOREFBTH 5, BEHETERIE, 50KHz~30 MHz TEKRKBE V(X
YORa—7TE—-I6E—73FT) DEFZEST72BLILREBTHLIZLTES,
HAHL4 =72 22500 ThH 3,

2—1—1—2 7a—Yagrarviv—7—

Ta—Yarvariro—7—3, »OVZRER, SRABERMERS HORERFIC
o—NBpr L%, AMA S E—F Y ASHIER T 20 KQ U EORERTERTH S, KK
T HEMIZ, LTORY THB,

EEEEE: 0~15V, » OV AEK BRAFE, ~VABE 0~200V, /LB 6
usec.~100 usec., 7 7% 4 & : 100 usec.~ 1 msec. (20 usec.BXBAT)

2—1—1—3 MEFrN—
BiAaF v v—id, Fig.2-2 IR TE 51224 F7I2 A LKRT 7 ) NMRE R X L 8E

;
L
: \

-

Capillary
Cover glass Slide glass
Acryl plate Nichrome electrode

vl uytngiy ighaymuginge,

1 f 1] ]

Fig. 2-2. Fusion chamber.
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BEBTEREL CFr>—%2E), 2obic 240270 2ARBES EFI2E-T, 20
BRI AN—T TREEETEILICE>TERALALLNTH S, 70 7FXME2ENK
NzF L MNX -7 ) —BLEL THLANT 2, AEEBNERIZ 100 xm, BERIL 40
pm, 50 ym & 2 HEIE L H\v 7z,

2—1—2 MARH®

SO iz MYG MIKERP TREL 2EBARE 1GL T TR 74 LI —THED, BA 4> KT
L, 50~200mg 2HY), FHICHIETT O 75 2 F FYUOLHKRT L 2INAIBERED
REWE (BNVF7—X2%, Y1)V T—+¥0.6%, ¥FF+—¥6units 23 0.5M==}—
V+0.05M Y > TEEBH pH5.6) 22, 30°C T3EER, 14940 80 BNkl » L 2455
MAKFEEIT 572, 3G2KWT3G3INT IR 74 NI —TRIMKFBOB R 2 HA L, WK
% 700xg, 10 MELTHEL 1T 720 RO HER, EEZZ2ET, BBL T3 7752
P%OSM?—F-»F%LE@&LtO_®&¢%2@&0 L2177, ik, 7

Static culture 3-7 days

‘
SRR
2% Cellulase 05 M Malate-Na

Enzyme mixture 0.6% Zymolyase
6units Chitinase Wosh Buffer gH55M6M0nn1tol

30°C. 3 hr,
Incubation 80/min.
shaking
Haemocytometer ‘

Counting of 4
protoplasts T

Centrifu—
gotlon 1lut10n
700xg, 1 ml
10 min. Proto_
plasts

Fig. 2-3. Preparation of protoplasts for electrofusion.

Filtration 362-363
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27924 1ml D 0.5M == b —LERICHREBL, Z0o—8% | —<mERHEBICEIDY,
RIARZSAMSE (Y > 22 EHCrTr-11) T (8004%) TWE%FHML 72, 2@HK»HD7 0 b
TIAMRIZERPEL LD L) CHAML, BAERICERL 2, ULEOBRENT7o—F %
—} % Fig. 2-3 1R, MAERIZ, BSEMSE (4) > 2 IMT-2%8) T (1500 1) T
Tolee ZOBMBICBTLVEAATHERLTH), BEOKTFETLVEE=I—TBHLRA
BicETFATF—7ICET D205 TEB, 7R 7R BBHEE VRS T4 v I RYT
(EYELA PM-6type) THRBIT 52 LiC &k » THAF v N—ICAN, FZTEHXROLZER

NDbWBE = NF 21— 2R IE, MERTHR 7L T7v 77X F 2#ENL
P4

2—1—3 MEeEHRH

FTHRDICBEBENEESZEZ T 7w } 779 X + o dielectrophoresis DR L EHEL, F
RNV ABE, RUVCVABEREZC7a 772 POBARBEEEL 2, KoV AEBE
BRU N2 BLERT, &L AR 2BRAMABELZREL 2. 270752
F MBI 0.5 mM EE(be 7R 7 ARV 0. I mM kA LS 7 A2 EML T, BRAMAEE
DELRUVBMAENKRTOELEFAN. ERIUTORET TIT- 72,

Rk E % - 500 KHz~5 MHz (Bf A4 8(3 2 MHz)

BREEBE S0V~2KV/cm (BERBEAEBIZ 400 V/cm)

NN ZBRE. 1~8KV/cm,

> )L R WRB: 6 ~80 usec. :

2 A 1~10 (0.5 FFHEME)

7% 4 520 usec. (BERMAERTIZ 1msec)

2—2 RWREE®E
2—2—1 BBRERUISZTAMNTSIROEY
2—2—1—1 EBEANMAENHME

BAMAICET 2 RMOMEIZ Senda 50 &k » ThE3NTz, HHIIMNERSZ BE—X
DBICEmIY, BRNVARE5MER2RIZEIFET, 1 FEREEERO 7O}
TS52rE5mMBILANS T LEZATZO06M Y LE P — VBB TPpHS.S DERET T/t
WAL 12 gamp. % S5msec. 52 MAEEE2, KII—NOFTEEBL2ENT, 20Mic7a2 } 7
7 2 L BB E AN, BRIV AR 52 5MAES Neumann®, 11IH?, Senda®® 5 iz k -
THREIN:, ZHFER, SROT P77 A ML B/ VR ENTEIENTE,
ILEEL, BREVMBETHIRELR-> TS,

AWRICHEB L 725 i, Pohl o dielectrophoresis '+ &t & 1 & 12, Zimmer-
mann*>ONBRAMA L2 A A b HET, TERD 2EETHAR2T).

1) TH—2RRBESHLARBBRICMZ 22 2L, MRMcEE-EMEZERT
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5,

2) wizznsbofiaicxt L meBE (KV/em) DER VR 2 IEHICE R (usec. D
WH) mM2asZlickVMAa%sIEEIT,

ZOFEDRHEBIIRIELHBN L FET TIT I 2olc, MAMIERICREPH»ICETL, L
PLEMHICEZZZ L, IL-MAREZEAMBTREL LV LBRMELEDL I ENTESR
D2, 7e 77RO, BB, AREE, LECOBERLMALNBREBALI?CTS
ZENTE, BOHETEEOD MK BI I ENTELI L TH,

2-2-1-2 7v } 77 2} # dielectrophoresis

R 70 7T X IR BIBNICH T dielectrophoresis i2 & 1), BBICfFE L/ <—LF
2—YRFERLE, L2LZORMRBERENEBE, 7ot 77X MK A7 T
2~7.5um, ZEXI>rT3I~8.5um TC—ENHH F— > &RT) NERICL > TEILL
2o N2 B RELIEBE (50~500 V/em) Tid, BTFREL7 0 b 77 R Frr@BcfHEL,
INNERT 0 7T X M iz REIAEL 72 (Photo 15, 16), 2 0FDTENEEIZW (N EL
Tz, AR50 V/iem U by b Bonizdt, BE2 EIFa 2 &k, L) ERMTHES
2z KR,

FRBEHNFTOV/em U ETR72 752 BEHROLECENREL S~ NF 2 —
2FR L7 (Photol17, 18), 1.5KV/em Ll Eic% 3 *BEET B % — L F 2 — > HEWICfHE
THBRRLLEEL (Photo 19, 20), R NHFA7 0 L 7F7 2 OKESICBFEL, EHIC
W7o b 772 EDIRRAEL 72, REBBNEE L% 2 MHz, 3 MHz b B2 THov—
NF 2= DRI EITEL T » 2,

RHBBOBREH 2.5KV/em &% 3 L EHD =N F =2~ HBEMICBE KRS
N, »OHED —NF =2 —2HEEMNETIREIVBE I/ (Photo 20). ¥ H, KKBE
HBEH1.25KV/emP EicZ 3270 b 772 A F>»BEERICHEL T3 k{3
EhBoOLNL (BEMFE), TNIRMARELAKELEEL 255, BHEE% 1.25KV/cm
DTz ol ict N BEBIcAE L7 b 772 M3, BREZUPZLICEINELICER
PLMEN, R TICLVMEF o+ Y HTZ 2HTER,

REMO7 O 7R P OBMAEITI 2HICII2EOT 0} TT X 2BEF + 3 —A
THWIEMEEZUENDZH, FIIRDBIZL TIT- 2. BIBRZETHOIC 1EEHNT
O 7R 2MEF X —HICK T TEY AL, HRES2MHz, 125V/em T¢7'a b
T3 ABEBICAES Y, —EREMEISM >= F—ABRTERICAEL VWAL T b
TSR ERSTTHRLES KICHEN 70 } 7T 2 2R T TEAL, 250 Viem DBE
Mz 5,

CORECL-TREN 70 } 75X P2 RBICHES LS Z E0WR, »Oo7w 77
ZMDKERLHIBREEZHIDZEHMEEL U B,
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2—2—1—3 EFRNVRATLIME

RREHIIFHEE 2MHz 2 AV, FIENBEZMZTTo 752 2 BEBICH%ES ¢
RIS, CNABEEZPITTRAEZBIRI L, IV ABET.5~25KV/cm, 2%z 5%
R % 6 ~15 usec. DI THMAEBR 2TV, BB VXML 2BME2HL 2L 72,

BROLNAT) y FRARIREDN 70 } 75 2 F 252 B8 L 2 RECMe 2T
ETHY, Fn7zoHiciy, BPBFREL L THRL 2 BICRKBBOEES 125~250 V/em BE
2L, 72 b 77 A M RERZERFR I/ mIBEICT A hEE LW, 2/ X945 T S
T OMAE % Photo 21-24 IR, TNRMHETFIZrNDT 0} 7F A RREF v v —2 K
YT THEAL, KREHIC1255V/cm DBEEZMZ, KBOE S 570 } 735 2 F »EEIC
HIBRENELRATOISM 2= —LBBERAL TEET O L 7T 2 F 2%VWliL, &k
WTC, /X557 77X F e —~NIZEALEZ 2y 752 D RIS
ftES¢, ~OVZBE12.5KV/cm, 7L 2BR 6 usec. THA #1T- 720

MEFRBRSTE, MADT2 772 MIRBICHEBER > T3 EHETE
(Photo 21), 54r#kiciz, MENHAIIMAE L THRAKLEL TH ), BAKRNI Iz
& % - 7z (Photo 22) . 10 %I IZRNBHOBROBEE L FENEI/NELL LY, BEEONTEL
& — &L #A T 3 (Photo 23) . 30 74 TIRMARANROMIRIZELICHE L 2, A
LIZITAF L 2V E2 IS UL EHES L TEDLNLHREE % - 72 (Photo 24),

WICKZ B 2 MHz, BF 750 V/cm 7%
HTHRL-EENT 0 75 2 P oENES
Slent—F 21— DRETIL, IV BE 10
KV/em, »¢)v 2 B[ 6 usec. T Photo 25 Iz 7R
T nNF 2 — I, Fig. 2-4 DERHITR
T7e 77X M HEWICEAS L 72, AR
.30 ¥ (Photo 26) 213/ —/LF = — > HUEKEE
L, EFoOBAKIIHARL ) THOMARK

LAF L o> T3 FNBOBRIZ T E—D g
2% 5> T, 1047 (Photo 27) i3l
DEMEEIITLE LA EEL 2,

BIRLZz&i(l1—2—1—1), Wz
XEBII2BHZ THRREILLI—1

%, ¥4 &Y T—+0.1%, *F7F—+ 2units
DREBRBT, MAKFERM 2REME T
FETHAMLL70 77X MIRALEZY
W ratz, INLIIELLE TR 7T Figz 2-4. Fusion of protoplasts.
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ZoTwiwg, 7203, 70 b 772 FOBEIBREOMBICLVEREL 2ArMe LB
DL LEN L YL BERRBAEATH S, T NABES10KV/em LRz 5 & —&7
BERICEL RPN B BRIBER I N,

BARDAEIL, KBRERELEDe—H—2F->270 772 2L THLTR
X ERZBERRETE LW, EFA0ER, EEZHCTRARN7 e 772K
CRABNOT LT IRA MV EEARBT A LICLI VMAERLIBREL 2. RRESFHAK 2
MHz, 1KV/cm, )V ZEBE 10KV/cm, »<LZAIE 6 usec. THEE 10 X OMAEE LB,

2—2—1—4 70t 77ROKE

— B LTV RABENE L), 2O NARIT TV ARRESRS L5104
N BBETE7o 7R MFEL LB I ErBHLNTVE, ERICFHRIIBNTHZ
DEAIZEDH LN, FTHHICKEZWT 0 7T P HBEEEI N, MIREICHD 2 EBAER
7u b 7R ORCHAT LD TLHRKEL T2 M 7IR FBEBENE N2 EICT B,
FRRLENDTO L 77X TUBRENREICKELEN T2, ZNIE7T 0 7 F7R DR
WL ZATHBALE L2, ROHTPMbo 2T CHBICKET LB EHIL, B
BHRELARES RL LT o b 772 ERTEDLTHA). ZHZLIBLTITDT
O} 7R OBFHEEMCIABETLHALLTH DY, ZOBRIZOVWTL, 7V ARE
12 usec. Ll b i1 3 L EOEZBBMHIARTHEHICHARL 2L rEZ LN, BEOEBEOHK
DEHE LT3 Tsong L2303 BMABIMICL > T3 LEIRL TH Y, F /- Zimmermann
LWIMICBENMZ 22 LIS NBICEIELTWELHLEZ TV, BEICIZZ DK
LHEOBREHI TN TH LI LHRHETH 5%, FEHEIC F TREIIERETL 2BEI7
DF7IRMEIBEBLTILEINTHS ),

2—2—1—5 7u}772}0EE

7ot 77X FOBRERRIE, Zimmermann 53V k ) RILER, Y72 F 7oA, B
BN, REBRDEFICBWTREIN T2, AEARNHIZT 2 L 77 2 F OMERE
BEOECERL, BELL27o 752 M EOBAIIEINZ I EIZE b, ZOBRRHNER
ELTiE, 7ot 77X M BHEIRML THEFIC L5720, FdREPRATEFNORTIC
Lo THELDELTWEY, REELLYEBAMFIZEN TV, KFERICBVWTL
Fr—rE2BRTE7T0 772 0—RHAEZRI T LRI NT,

B ZTHREE 250 V/~2.5 KV/cm D&, Bi# 500 KHz~5 MHz OfHRN THE S
LEEFEWHFELCEEREL . 2OERIZERES 250 V/em LTI TS 2 L TELICE
kL7, )

HEIIS > FLACRELNTIR L, BENTO L 7I53AMVenAREIBRTH D, *
NIEE2TTFZ it VAEZELICELEIRLBICBUERZ2 EIFTUTC &, EichE
PRILAL70 I 7SALDAPBURAETLIZLFROLND I LICE VHEREN., 2
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EBEFTIFT250 V/em fhkic % 3 & BESEEISERLH I 20, ToRAESZ L— X

Fbhh %), BETLZ7R I 757RA 0ERELEBEICE) L2 LEEL TWHRKICRZ

3, ZNIZAERNEEHITE—THMH5:0ICBZ2 LR NG, Tobbilllaikn

WAL BREEICLIELE 7o N 772 M2 h»TwiEWZ E2FBKRL T3,
2—2—1—6 fERL 2RAERE MRS

BEMAERICHT L) DBEOBE, L INTE N2, F-Efi BN TR
LHTETWDE, AR TLELOBEZSE IR F1To 72, LALKRLERRTNEANS
CHFET 5,

%Y, RREBHRL NANEE2L IS LBEACTEIETHS, ARBIBRETR
K15V, 223200V ETTH), GEEDERZTHLHICIIEBMBOERICNEL D
DEELZTUE R LT, FOERLIEECHETHY), FFoicF v —2BHNTER
FATOBETe b 7R N REBROH L AN HEEE L 5,

BMAF x> "—2onTid, S—IcERCHETIRAERL LT, 20FH, PR B8
BDEMDH 2, BHCE—RICAEVFERAEINTWEF=7 AL Tnd, §EN
ERICII= 70282V, THCBAERICAVI I EXTER, BRICBL T, B
BOWRKDRY D LRMARGRLD LV IBRELHZ, D VARXEEL ) L FIREENS
DRARRI L W EREL T3, FREBIEBMLBICESIH—Icmb b 20Hic, £7
N7 73 AMCRILEBELZMZAZ A TEDLY, HEERTEITH—DBRELL1H
BEUHNOBRERIC—BREEIMZ bNB 2 LI ) MAI AR~ b2 L2 ERT 5,
SENERTIE, KK, ER NVADWTNNEE L HAHEL - 2%, BREBEELZHAV5Z
LTHENBEREIBLN, —HERBNIFRTEL, TLAGERCIR TUNTHIEKE
PBETHD ENBEPL B oo, EBERL), TOLBEIZBDHLNLD -T2,

BIEF o o N—DFRICEL TIBL2DLNBREIN TS, Watts 5393 EHKINE 5
mm ERT5 KR EBECUABRII Im THEF x> "—2HWTEEN7T 2 77X}
NMEZ B E L2 EBRR1T- T3, Vienken 5343, T AMO 7wt 772 %2 ¥
CTF e o N—RICE D ALEBICHEIE, RICBENT v } 77 X b 2ERRICTF » >3-
MIZE DAL, RICEVAFNERICEECMHEL C0a 70 b 77X FRMIRIC) £ (fH5E
X4, HERMAEREIRICEVHT LI L HELREL T2, BRL™IZ, EFEL 2T
22 TER 32T T 2 A=Y — 2 AL F v > —2 ), 7o—FRATELEHICHE
RAbEDLFERREL TR, IhbiRE4—R—ErH), IEHTIMEE 7D
FEIAFOEEICL > T RE DEMDVBEREN, T2hF v "—RREEREIN T ]
v, SEIEVF 5 N—3 Fig. 2-2 I2RL72L DT, 0.5M ==t —LBHE ‘2L, 702
F 72 A BEICAEIRL-HIEF o —HIEAL W IOSHEKEL T72 772
FEABEBELAREBICL T LEEIMIBZEPMETH R F o —HIET0%L5 /—
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NTELICREHFTRTH 72, LELEEHCIRX 2 TW 3 2o ARICHE
HY, BEBLIVBERET I LIILITEL, 4%, BFRATIEERICOVWTRETS
VBE»H 5,

AMEICRITLEBERS AT 26K %2E220L, 70772 2 8BEALRIECER
WRICEATZZ EHXARETH B, KRATCELER KB THORIENITREL 20, - RiE
N7 F7I7AEFIRICEAL, BRELHALG T2 2 L CHERMAERLZMEL (EYVHT S
EWTEL, POBEBICEATI LIS LBARTRICIVBT LA TLTCTLER=
F—ItENBEL LY LITIZENTET, 70772 FORE, BENKRL L % KRR
THET 5 Z L HRRIC % - 72,

BL, 194 70454 hr 2k VM2 LEL T2, BREHS, BEFAL, 12
NERGEBREDRIEL DL VEETH S,

2—2—2 HRBE/ILIRE

7ot 7R PCERCVARBERZMZ S L, HEBEL LIS - T THMAI BB S
n, BEZRRICETTUTC L, H2BETLTCO7TO 77X MHHEBLTLE ) A0H 3,
INLNBEAZHLMCTEZ LICL), BEREFGORBIBES LD, B, InbN
FEOHNTLUR N2 Z2ITIBHLIEELERE 4 5, ‘

0.5M ==} —NBHBICE T 5D7a t 7532 2 BB LMAE T2 2 ARXKES
400V/cm T, &2V AR (10~80usec.) 2 BT 2HAME LA BEIL, Fig 2-512mT &5
ko7, ET2EDFTNROMNEZETHAIERI -2, BILENFND N ABTTRD
BLUTHORETIIMAIIE - BZILT, LBORULENBETIZILTHT O 75 2} #¢

PULSE (KV/cm)
8

7 \
6 & & & Py & P

w
¢
[ ]
b
®

10 20 30 40 5¢ 60 70 80 DURATION(usec.)

Fig. 2-5. Fields possible to evoke fusion of protoplasts (the area between
lower curve and upper curve) (0.5M mannitol).
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BELTLE o7, —BISNAZBHIENIIE, BREICULEL VIBEIMELS 2555 »UL
AWBS0usec. UL L TRRBERNEEIE ko2, 7O M7 2 DKE XL, BLES ~10ugm
T RIZ3~4 um DL DENE, 5~T7 ymDLNDEFH, 8§ ~10um DL D2 KBH 70 b
TIAPEREIEICTEE, 2HRMICHT B & SNVRBTH L ZBENMESEBYTIE, K
BO7a b 772 MIMAELLD, LW LARDOLDIEIREL Lh -7z, PHOEERS T
2, REWLHPHNLDIZMAEL 22/ DL DRMAET, KDL ODO—IBIC IZFEE I
Zolz, BOWEENML TR, MMNLDIIBELZFRLWLFRNLODIT LA LIRS
LTLE -7, Z0bH#RIZ, Pohl 5390 HE L TV AR WV ABENEEII 70t 752
foRE2 KBTI Itk TH B,
2—2—2—1 0.5mMIE(t=7R>T74+0.1mMiE{bA N7 25 mM

BIEIICBRR L JICREBREZNT O 7F7 A FDRAL TV 2 BRI FOFEE N
EoTKRESEHZABZLIMAERNBBIENLFREEL DY, ZITRAURDERED
BMHIMEELZFEHDI LV HBEYE L L2, 0.5 M ==} —/LiERIZ0.5mMHE{b~>7R
TLH0. 1 mMIBIEANS 702 &2EML T, MARASEENELZAX:, BARAERE
13, Fig.2-6 ILRT L5 ic o> BRRIN TN 2 BB THERAL 28BS I B L THAICLE
ZRERETES Lo BBEIL LN L), 7o 7R oXRE X ICHRE(E
BETHMAIRRI -7, LaL, RN L AIE 50 usec. LLETIE, R2BBOBEENR(,
22V 2ZBESKV/cmUETIE, 70} 77X P BEBICHEL T, RRER LU - 218D
BN OL %288 BRREME) »rabhni,

DEDKERD & BEMAFEIZ0.5mMIELe7 2 744+0.1mMELALL T L%

PULSE (KV/cm)
8

7
6

|

10 20 30 40 50 60 70 80  DURATION(wsec.)

Fig. 2-6. Fields possible to evoke fusion of protoplasts (the area between
lower curve and upper curve) (0.5M mannitol +0.1mM CaCl,+
0. 5mM MgCl,).
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EL0.5M ==} —BEEFE T/ VAR 40 usec.,, SNV REE 4KV/em &) BT TORM
BEIEEELENVBEIZ0%BTH 72, ZOFEGT THORMANIEH#E Photo 28-32 IR T,
2—3 #& ®

MAERX7o 7572 2FKRBEBICLVERMTEICER VA Z2E525ZLICENE
BTER, RRBEBEEH» O V/ecm U LT7 0 77 X MdBRICHEHEL, 750 V/em LLET
RN F = ERRLR, 7Ot 772 B, 250 V/em LT TEIEL, BEAF TR
SOPF b WEEICEESE LTI EILNBCZ Lo HR, BAIZ VTR 6 ~15
pusec.,, IV ABET.5~25KV/em TRETER, BAII5 ~3048TET Lz, »LAREE
(, HBVIINRABERZESTAHRENTT 0t 772 P OBBROEEAFE25mML 72,
RIEEIT/ VAR 6 usec., SNVABEIOKV/cm HDEETRRKI0%TH -2, 70 b 772
FORMARIIFAMNEGFICKRESCEREINT, THbLEEAE,»2BBET, i3 i—
1%, ¥4 ) T—0.1%, ¥FF—+ 2 units NDEERBH T 2 B LUAR DA #E TR
L7270 b 77 A MIREVREI NI oz BMRTIIBE L 25272 b 77X}
NDKEILPREZH—ICWMIDZBAIBINHMELE2 5, (BRLALERICHTIMES
LT, RRKBBE L NZADHANBEIMRENZ D2, ZNLOBEBEOBBL2IET K

(10~50 gm) L 210z % 6, BMERELERIC L -7, BEF v Y- KATICRT,
BERBTRIENITE, 2OREBBHLRIED - HFELWDITIT) 2L TER, 12721
BEHOWMAEIISEREOLEL D 5,

ERRRMA SNV A ERTRBMASEMIZ, 0.5M ==} —LEMHIC 0.5 mM iE{b=7 2L
L+0.1mMIB{bA NS 7 A8 L 722 8P T/ L AIE 40 ysec., NV AEBE4KV/cm DE
SRBICE D60 %ORMEERIZ LN, BREL»ZVFHEBLNE, L2LLds, ZTh
BME#N7Ta L 77X DBELVI ZLEERBLTWLWETH 2,

MIRMAIC L 2 RMIRIENTER &\ ) —BNABICBIT 2 K RIEERMTEL 224 E
(BADEREME, 7ot 772 0fMES, MEEHS) HRFHISH, BEROBELE
EWVHEZAEFTRERL UTOLLITNELLLWTHS . L LI, HLEBICHTR
BERBONREPHOBREICBNTUTLIRBATHL LB LEVWALTHE, FIZIE,
NENECFAREGTH 70 77X MIBEFRPEr -2, BEEROFB72 752 b
TREEIMELP - TN F LI LIBINBEILTHD, > THRBRETH B L#ERD
TG VBEETCBEIELBECBERIFECBEA L LI ZLLHNED,
FLRWHRICL>TENLORMUFHIIR LD Z 0 FHRING, TREML-ERENEE
RADHELERT LBV DD, 3512, BREZEMT 2 L RREEHIC L 2F5I0RFH
FRAEMHSH DB, = NFr1—CEROLHDEREEREELE L2 TELsT, B
REDRIETIIBERNEASERVEE LR 2B BADD), SBEICRHOLEN D D
EBbNh S,
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3 BMEOYFEDORE (74 VYA LEH)

TAVHFALEIEZ, 120EEAICH-> TERKEFEIIR L 5y, ZEHERELRIL
THEBEBHNZ LT, FEOBHEY, HFENBICBERNLTA VYA L LTHEINTW
5, Toyomasu 5%, XA 0L Z 84 Lt T 945D PEGIc & 3RS DORAEKOH I
TAVHA L9 EHMBALTWS, RERTIE, Z2XAT77—%, BE7+r X7 75—%, =L
—bTeFueyrt—&, 9L T I/ RTFI—F, DADODBERIZONT, BMAERN 1D
DIHEE LTT A V¥4 BAFORE £ 47 72, |

3—1 EBFE

3—1—1 BEHOBN

HABLLT, v 424, FAa, /%845, FEXIY, £ 7547 2£2MYG Mk
WHTT7~10 HRBEEELLLOZFERAL 2. EhE2RELo—F iz, BA 4> KTH
Bl 2%, BEETO0.1~0.5gBELXISICI), MEOBRA X KEREWZMZ, +
SicEBRL 2, ZoMBHNEYBES GmmX5mm) (2853, B M NE L B
EL 7

3—1—2 Fr7o4#Lrnmy

KBET 7 30g %, YVEARERK 250ml LRIC1TIBFET7 TR aiI2AN, #L (RE
LT, MBHE L2tk BREBPTRERBEL 255 3~ 45T VbE8, 7922
DOERKRR 7222, BETT, BR2T-%, 20, THOHEIELZE=—1LT—
TTHIE, BHREONBRU A N—ICHRE T 7 4 28 L TH WA VERICHE
L, REHFALAQL I REPICHNN—28YE, EAZBLTHITREL, Blb3w2, Bib
#%, BEAZ2IERTL, FHELrLBAHLALSVERE, ZRETHREBELAZ LD 2KENICFERL
VAP o

3—1—3 OBEAR:REANER

ABRNTA VA 20 MIHERL 2, BER L BEREEROERIE, UTIRTED
THb,

s 275 —+ (EC3.1.1.-)3%®

a) YNLASER

0.02M K& (pH8.62)
b) ERARER

0.3M w~7E, 0.03Mi&{k++Y) 724 (pHS.0)
c) Rt

0.1M ¥ E® (pH7.0), ImMa-F7FAT+F—+F, 0.1%77—2 -7
— -RR#&
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BaA A>K100mlic77—RZ - 7/L—-RR3E 150 mg #2580 AR L, KICKEE
M 15ml, FREBLS5ml, FiceETI50ml %2 L5 2BA Ao KEML2M%, 7T 2
T—NLTHBL TEHL 2,

tB, BREWBIT a-F7FATETF—1+ 1.241g %72+ > 80mlicish L, BA Ak
M2 T100ml & L THRRL 72,

-7+ 25—+ (EC3.1.3.2)%

a) 7R

0.03M &7, 5.25mM KkE{t+ F Y 7. (pH8.5)
b) EEAREK

0.3M & 7%, 0.085M KE{t+ +Y 72 (pHS.5)
c) Bt

0.05 M BeER#REM (pH 5.0), 1.dmMa-F7F NVIERE2F YT A, 0.1%7 7—2
be#—%v b -GRCH
BAA>K1I0mlic77—R b+« H—2 v b - GBC1E 150 mg % 15 LA 24 b
L, 40mMa-F+7FNY) > E2F + )7 LBHK 1.5 ml, BEERARME 15 ml, Fi2BiA A > k%
&R T150ml X% 3 k5 Icma .,
-2l —}Ft Fesrt—+ (EC1.1.1.37)%®
a) 7KK
5mM X5 (pHS.0)
b) B AR
0.41M 7B+ L+ Y)Y (PHS.O)
c) Pty
0.05M FY) 2(E FRXL XFN)T 3/ 44>, 0.2MDL-Y) > o8, 1mM NAD*,
0.163mMPMS, 0.43mM =}n - 7h—-F}FVY o4
BAA>KI0mlC Y REY > THEE»L, AN KELF Y 7L TpHT.0 IcTa%E
L7zt, 72 27— LTl L CHEELZ, ’
cBA4 LY T I IRTF SV~ (EC3.4.1.1)%
a) VAR
5mMtXFv> (pHT7.0)
b) BRI
0.41M 7 =>B+ )72 (pHT.0)
) REM |
0.2M FY R (e FRXL AFN) T2/ 25>, 0.02MDL-Y) > =8, 0.68mM
L-24 3 0--+7F N7 3 FE®, 0.005% 77—+ - 7597 K
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BAA>KIO0mlic ) RE) T8 ZEHESL, INKERILF ) 74 TpHS5.2 c%
L7ztk, L-2A4 o n-8-F+7FNT S FikERL 77 —A b 75y 7 KBk B LRGEEE L
oo kEI#ET %, V% 0.5M R 7ER+0.05 MiE(b= 7R L 7 AP T 5C, 1 BRAT/LEE
L, KL 4%, REET-70,

W, TA VYA LGHOERFHRICBL TLELSCSE L L 223082 Show* Maliga*?
Th b,

3—1—4 MUk WH

T, W6 10 mm, 70 mm DRI 2 ATEREEICYIM A ZEY, 70 mm OFTICAETLE
DA %, 10mm OFFICBKBKRTHOBRLTH7 0472/ —L7N— (BPB) #§Aid
TR ZHAY, BEOBAZRI LY VAR, HBOL=—1LF—7%%IL, BPB
NHLALEERME 22 L5, BEAREGHLHE L 2kEilicty F L2, BAKED,
TNDOREBRUEREE C 120, kEEO ERE S 7T, ZOLE2»LkEE2RE, £°CO
WRERN THhB 21T - 72, #hHND 10 iz, ERE 100V T, KW TERE 200V T, BPB #*
PNOBBANOWRS 5 10 mm DFTICHEIT 2 : TREL -, KEIFTERMIL, H6BMTH-
72

3—1—-5 EFH#ie

KB TR, ELICYNVEKBHELLBL T, KEFAIZZAFA ALY NE, RERARE
BIEBLL, TATNOBREEZRET200REHIC/ L E2RKL 2, REHI2, BH
IZi3FEZL, 2BERT1I2MH2) 20 BNIREZIT 2, TN TGRBERL 12, WAL KT
3~4EERFBL LT A VAL 28— DHERIT- 12,

3—2 WRIEE
3—2—1 xZX75—¥
I RAT7—ic 2w Photo 33, Fig. 3-1 iCRT &2, a-F7FNTET— 2 ERKE

' 1]
Beiow L | | 1 1 1 M )
a Irm I t .
||:- s ¢ ¥ 2 yan [ ] gt It
, 3 \ ¥ . T 313 ¢
1! | ni !
b ¢ 1 18l 4 t ) 1 [ |
vt [ X1} \ 5 \ 1 g s
Fig. 3-1 Isozyme pattern of esterase. Fig. 3-2. Isozyme pattern of esterase.

a) Pleurotus ostreatus
b) Pleurotus cornucopiae

1) Pleurotus ostreatus
2) Pleurotus cornucopiae
3) Flammulina velutipes
4) Pholiota nameko

5) Lentinus edodes
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L72Ba, TRAT7—LERZRIBRI LTI ITIIONTE, FEXIHICOVWTS5DTA
VHALELTRIE NIz, £ 95 LI EXS D 2BMICEARBENLT A VA Lr¢F
—YHFELL, FLERCERALLZZTORBCOVWTLRKRIZ, T4 VTS o8- 51
57z (Photo 34, Fig. 3-2), Y /WARUVERBASERICERROBBEREHELZFEHL -ER
Tit, HRZL 2~ 3B Lhr o7,

3—2—2 HHEI+rRE-¥

BE7+ 27— OWTRTA VA LOFEIZHIr TR -1, FNVARERICIT
ITEBREELAVLES, LT85, FEXEROBRIIERKBNICEITELr 5275,
FURRBEHRICSmM e 25> (pH6.0) %, BRASEHRICOAM 7 B 74
(pH6.0) AL 72354, MERNEE 7+ Ry —CRELZ2BBELRL 2, #-T, t
AFCUBREBBNRERCEILICLY), BET7 A A7 7 —CORBEDHEIITRERTH 2,

3—2—3 2L—pTFEFRYF—F

L7 ICIBWLEREHTT2o07
A VAL LBHEN, ZEXF i3T5
S LEBORY DL 1DODOTE Furt—hk
H & 172 (Photo 35, Fig.3-3, 3-4), F X2k
78y, FEXZSOHBTIIHBICHEL
ferg—i3Bonh o,

3—2—4 AALUPI/IRTFH—F

Fig. 3-4. Isozyme pattern of malate
Fig. 3-3. Isozyme pattern of malate

dehydrogenase.
dehydrogenase. 1) P. ostreatus
a) P. ostreatus 2) P. nameko

b) P. cornucopiae 3) P. cornucopiae

UA YT I NTF =IO TRHABR L Sy — 3B ok d o0z, T84, 2
XS, VAT ELBE—OBEL»HRETET, TORZBHELFERLTH- 2,

3—3 #& ]

ERERICBVWTRHLZ 4 DOBEEON, X7 7—HiOWT, 794, FEXS 4,
L/%F87, FA2, YA DOMICERBRYTHARL T A VAL s —rBonr,
2L — T Fayrt—&, BET7r X779 —F¥RUICA I VT I )RTFIF—FIZONWT



AREFEORANMEMA I 2 ERNHRE (58H) 313

BONZZNI—Y3WTROLTHET, 272, A8y POMBLEVWIREL ) A>T,

RAKRDOFREN 1 >R EL T, BHEOBRIZIOWIBRKENAHEL BTS2
CIIBRELESRIE LN S, Toyomasu 5375 Anné & Peberdy*?»5#fL T3 & 5 I2Ti#
DML —BL T WKEMRV BN B A&7 D b, BFRTLH, BRIZLL S LWIRBRLEE
RrBon, MERESCIIBLNLHFL-BRABBLL2EERTHILZ LD 1>0FERE L
5NEEZ LB, ZOBREIERERIT, MEKEZ S EBPADBENEAKRBNEE)
DEMUTFRERLIT, BEORBELEBRFGHLERLZILICLY, MAKNKRELZMEIE
BH—Dt%d, LELZOFELBAKROHNAFEL L TRENTINTII L, fickRE
Bk, EWpmttel CFBRENICREL 2e—A—2HAL -5, Bk (FEKE2EL) OF
R, BREL L PEBICL 2HBIR, FARBE&EORE, EASW, BETEALEOB2Y
BETERALREL TV LEFHB L BbI 5,

4 4252 roMEENIEH

A—1 EBFE

4—1—1 Fab75xbrnil

BMAERICAWL 70 777 X P OB, T SO BKREMIC, 27 MEREL2EARE
BREL, ErBIBL 2% B BEEIcEEL, £ 77133 8M, 1474125 BRI
EL, 1—-1—40FEH > THTOMATHRIZ LN T—¥2%, F41E)T—¥0.6%,
% FF—+ 6 units DIRA L 2RI T, 3FM30°CTREL, 7ot 7T} B,

4—1—2 TRITSRAIOME

MHDIZe I 257t 7I7RA 2R 7 TRET » > —NICHEAL, 105MBEL,
a7 B RELRERE2E, 2MHz, 250 V/em ORXKEBSE ML, 72 b 772}
1~ 2ERECMAEI L, BRPCEELTWE 70 7722 0.5M 2=} —ViEH
THLHL, KICVA Z7D7B L 7F 2L 2BAF v > —PFIC#AL, 500 V/em ORHE
Bimz, BRIMAEL TR L2570 b 792 Lo &e, BUBHEL TWw3
Ta b 7R EERLBL, ROEBETHELZIT- .

BER VA EE 10KV/em, 2V A8 6 usec., >V AT 1 ~ 5 BITHRE 10 Em2 7z,
B, 1470058 ThHo71z, BARERTE, THRESZV-> THAREZZTGT
2}t R205SM2= b —ABRET Il FONLTUEIRRLBL 2,

4—1—3 MAGOBLE:FEREOER

BMAMBEL7z7a b 772 M SORRKBARERICERLL, 2~3AMTIv=—H
23N, FNE2SORTy MEHIICHL, 23CHEERP T2 ~ 3 BMEREL 2%, 1 —1—
2—3CERBRLAASEICEEL, 23C, {TF 65~70 % (X)) AT TH 1 » A MRk,
16°C, JZE 90 BHIIT T CRERER T2, EICL I 7 HRBEL 2, W, ERBRIESR
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B 2~3 p Alp -2 1 — 1 —2— 30 [ Z r DEREFENFHRICERL,
HBH)ETHE, $¥EH (F Fov) oXRBhicEBHIAAL, KFETFICHBL, #2 5 A%
A5 BREL L,

4—1—4 BEGHILOEKODIM

MAEKEHEINLTFERAEL VEALTHL 2.7 ) — >RV FNTRT FERKE 70 %<
F/—NTEEE L(RE, 2D008WT, ARLVBREL2F-4 7 THEAZEDEBL, SO
AT PEEMICHEML, 23COREHTH ] » AMERLL, ZOEZAVWCE2ME, H3A@
NFERERBIZRRET, —8BIZTA VAL A5HNORB E L1,

4—1—5 HMLEEADTA Y YA LR '

SRELZEREBANTT A VA a0 %4T- 2. MYG HidkEE P ¢ 3 ~ 7 AL
RERERBEL, 3—1—10RBOBNFHICKML TR LANL 22, FHEEIZ 3 —
1—3DFKICHERL, 2277 —¥IIHL TRVBEERRLERAL THONET- 2. 26
123—1—5, BRK#IZI3—1—4DFHICHERL -,

4—2 RBRIEE

4—2—1 7at 7350 dielectrophoresis & B

L7850 7a 77 A Mzl T2MHz, 250 V/em X RBE 2 M2 12 & S HORBA
N7 b7 R b oftHERIE Photo 36 i2 R~ T .

RREFJOBEMMELDIZ, 70 F 7T 2 MIBE Lic 1l » 2 @8BS A& L T3,
RIEZDEBDOFICL A Z DT b 772 2 K7 THAL 500 V/em OZHREB ¥ 2
% & Photo 3T IZRTHREBL Lo 12 BEN 2EICh s 22D 7R 75 2 M 2 ~ 4 B
L, 2 OB EBO72 } 7572 FDRIINECLDHMNE L2, ZORR» L% b 14
UEDRERO 70 b 75X MO BEFEL 2L DL HMENSE, 22T/ VA EBE10KV/
cm, »VZANE 6 usec. THEV VA EMZ 52 &L TRMADVELS, RERS W2 rBA0E
270 b 772 IREL SBNES T TF v o= SMCBR) E 2y —BENL T
Fickroikic, SO RRXBEZM b 72,23C, 2~ 3 BEOSETCIo=—54 7=,
ZNRMEE Photo 38 ICRT, ZNan=—250 B2 FNFNRBREICHBL, 23C TEEL, &
KEHME L L,

4—2—2 RABOFREVUR (k) txoREH

MEHDBIKICIIR2 L HEDDH 5%, SEIZETE (& %) rAa2B8ELHA&KD
BEZTo 2. 250 KNOFIZRAN 238 KH 5k T 2 r OFWMBEMHTREFBDHLN:, 12K
NDFIERRITEE ) 298, S A Sy DFBHEICEI N AROPIER L D 24 F 5 HREL 72, o
A2 DREH Do, BEY CEMA Y572 L, BRI 180ml AN D L % H
Wz, BRHIERARICL > 2B EZ LD, 7204 F 5 OEIBERICA VDL,
E7 5 ICHBL Tan=—FRI BN 2HTHLI, ‘
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Fig. 4-1. Esterase isozymes of P. ostreatus (a), Fig. 4-2. Esterase isozymes of P. ostreatus (a),
hybridoma (b), P. ostreatus, hybridoma (b), L. edodes

L. edodes mix (b’), L.edodes (c).
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Summary

The aim of present study.is to obtain basic information with regard to the process of cell
fusion, through the experimental process of applying electrical stimulation to edible basidio-
mycetes. The study can be roughly divided into five sections: the culturing of mycelia, the
preparation of protoplasts, electrical stimulation, the regeneration of protoplasts to yield normal
cells, and the selection of hybridoma. The development of test procedures for each of the above
processes, and a general evaluation of these procedures for and the results of each process was
required. Also, the experimental conditions as they relate to the organisms used must be
investigated. However, in only a few reports can be found comprehensive research on these
processes.

Optimum conditions for the preparation of protoplasts are not always those in which fusion
occurs at the highest frequency. Therefore, in the present study of the Hiratake mushroom, the
following conditions were chosen for protoplast preparation :

(1) myecelia cultured for 3-5 days in a SO liquid medium were used,

(2) digestion was carried out for 3 hours at 30°C, in a mixed enzyme solution containing
cellulase Onozuka R-10 (2%), zymolyase 20T (0.6%), and chitinase (6 units),

(3) Protoplasts obtained using the above procedure were regenerated into complete cells in
10-14 days, and fruit bodies were produced by the regenerated colony,

(4) Optimum conditions for the regeneration from protoplasts were obtained with a SO solid
medium culture with 0.5 M saccharose used as an osmosis pressure regulation agent ; under these
conditions the average regenerations ratio was 20%.

The cell wall regeneration of protoplasts was observed to be 15.2% after 24 hours in a liquid
medium of calcofluor white. This ratio was similar to that obtained in a solid medium.

With regard to protoplast fusion, the following observations were made. Adhesion to the
electrode occurred at a frequency of 2 MHz in an AC-field with a field strength of 50 V/cm or
more ; pearl chains were generated at a field strength of 750 V/cm. At AC field strengths over
1.25 KV/cm, became more difficult for the protoplasts to separate from the electrode. Adhesion
between different species of protoplasts was accomplished by first placing one species of proto-
plast into a fusion chamber, adhering them to the electrode with an AC-field strength of 125 V/
cm, and then adding a different species of protoplast to the chamber and applying an AC-field of
250 V/em. Under these conditions, it was possible to cause fusion with a DC pulse voltage of 10
KV/cm and a duration of 6 sec. The maximum fusion ratio was 109 with this procedure. The
rotation of protoplasts, which prevents fusion, halted at voltages less than or equal to 250 V/cm.
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The equipment used for the present study was of the author’s own design, leaving room for
improvement in its operability. In order to obtain the AC and pulse voltages required for fusion,
the electrode in the fusion chamber must be extremely narrow (40-50xm), and this resulted in
some difficulties with regard to the manufacture of the chamber as well as the fusion of
protoplasts. The greatest advantages of the completely closed fusion chamber are: (1) it
allows the maintenance of sterile conditions in a non-sterile atmosphere, and (2) adhesion
between different species of protoplasts can easily be accomplished by varying the AC voltage.

It was necessary to determine the critical pulse voltages, and carry out the fusion within this
range ; the addition of 0.5 mM magnesium chlorde and 0.1 mM calcium chloride lowered the
minimum pulse voltage, making it possible to widen the range of voltages where fusion could take
place. Under these conditions, the fusion ratio reached approximately 60%, thus, resulting in
better conditions for studying fusion. However, since the use of bases necessitated the use of
higher AC voltages, exothermic reactions increased. Further investigation of this matter is
required.

One of the parameters of hybridoma, isozyme, was analyzed. Esterase, acid phosphatase,
malate dehydrogenase, and leucine aminopeptidase were used in the present study ; and among
these, esterase consistently showed the greatest ease of separation in all mycelia.

Hybridomas of Shiitake and Hiratake mushrooms were generated with the aforementioned
fusion conditions. However, because of lower concentrations, the AC field strength initially
applied was 250 V/cm and was subsequently raised to 500 V/cm. As a result of the separation,
culturing, and germination of the 250 colonies generated from the fusion-processed protoplasts, a -
hybridoma, consisting of one fruit body, morphologically different from both parents, was formed.
The color of the fruit body was similar to that of the hiratake mushroom, with the edge of its cap
facing upward and its gills extending towards the outside. The mycelia were separated from this
fruit body and cultured to regenerate another fruit body, which was almost equivalent to the
Hiratake mushroom. These mycelia were cultured in a liquid medium and then isozyme analysis
was conducted ; the isozyme patterns of hiratake and shiitake mushrooms for esterase were
observed in the hybridoma. These resulst indicate that in order to produce fruit bodies with new
characteritics, the fruit bodies should be produced from the colony, one of which must be selected.
The morphological character of the fruit bodies must be examined to assure that it remain
consistent through several generations of culture.

In this study the optimal conditions for breeding basidiomycetes by cell fusion were investi-
gated, using electrical stimulation. The results discussed above can be used for the future
development of this field of study.

Explanation of photographs

Photo 1. Direct production of germ tubes from Hiratake (Pleurotus ostreatus), spherical proto-
plasts.

Photo 2. Direct production of germ tubes from Enokitake (Flammulina velutipes) protoplasts.
Photo 3. Development of hyphae from a “yeast-like cell chain” of Hiratake protoplasts.
Photo 4. Direct production of germ tubes from enokitake protoplasts.

Photo 5. Growth of germ tubes from modified “bud-like cells” Hiratake protoplasts.

Photo 6. Regeneration and colony formation of the protoplasts of P. ostreatus.

Photo 7. Fruit body originated from single protoplast of P. ostreatus.



Photo 8.
Photo 9.

Photo 10.
Photo 11.

Photo 12.
Photo 13.
Photo 14.

Photo 15.

Photo 16.
Photo 17.
Photo 18.
Photo 19.
Photo 20.
Photo 21.

Photo 22.
Photo 23.
Photo 24.
Photo 25.

Photo 26.
Photo 27.
Photo 28.

Photo 29.
Photo 30.
Photo 31.
Photo 32.
Photo 33.

Photo 34.
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Protoplasts after 4hrs. of incubation (Observation by light optics).

Protoplasts after 4hrs. of incubation (Observation by fluorescence of Calcofluor
White).

Protoplasts after 24 hrs. of incubation (Observation by light optics).

Protoplasts after 24hrs. of incubation (Observation by fluorescence of Calcofluor
White). '

Mycelium observed by light optics.

Mycelium observed by fluorescence of Calcofluor White.

System of the apparatus for electrically induced fusion.

a: Signal generater d: Osilloscope
b: Inverted light microscope e: Fusion chamber
c: Fusion controller f: Pump

Dielectrophoresis of protoplasts A.C.field (250 V/cm. field strength and 2MHz
frequency) Hiratake (P. ostreatus) (a-f) protoplasts (a).

A C. field (500 V/cm, 2MHz) (b)

A.C. field (1 KV/cm, 2MHz) (c)

A.C.field (1.5 KV/cm, 2MHz) (d)

AC. field (1.5 KV/cm, 3MHz) (e)

A.C.field (2.5 KV/cm, 2MHz) (f)

Electrofusion of protoplasts (1) 0 sec, Condition: A.C. field (125 V/cm field strength
and 2MHz frequency), D.C. pulse (12.5 KV/cm) pulse length 64s, upper protoplast-P.
nameko lower protoplast-P. ostreatus.

Electrofusion of protoplasts (1) at 5min. Condition : same as photo. 21.
Electrofusion of protoplasts (1) at 10min. Condition: same as photo. 21.
Electrofusion of protoplasts (1) at 30min. Condition : same as photo. 21.
Electrofusion of protoplasts (2) at Osec. Condition: A.C.field (750 V/cm field
strength and 2MHz frequency), D.C. pulse (10 KV/cm) pulse length 6us Hiratake (P.
ostreatus) protoplasts (0Osec.)

Electrofusion of protoplasts (2) at 30sec. Condition same as photo 25.
Electrofusion of protoplasts (2) at 10min. Condition same as photo 25.

Fusion sequence of protoplasts at 0sec. Condition: A.C. field (400 V/cm field
Strength and 2MHz frequency) D.C. pulse (2~8 KV/cm) pulse length 10-80 us (0.5
M mannitol+ 0.1 mM CaCl,+0.5 mM MgCl,)

Fusion sequence of protoplasts at 1sec. (3) at 1sec. Condition same as photo 28.
Fusion sequence of protoplasts at 2sec. (3) at 2sec. Condition same as photo 28.
Fusion sequence of protoplasts at 30sec. (3) at 30sec. Condition same as photo 28.
Fusion sequence of protoplasts at 5min. (3) at 5min. Condition same as photo 28.
Isozyme pattern of esterase.

a) Pleurotus ostreatus

b) Pleurotus cornucopiae

Isozyme pattern of esterase.

1) Pleurotus ostreatus

2) Pleurotus cornucopiae

3) Flammulina velutipes

4) Pholiota nameko



Photo 35.

Photo 36.

Pheto 37.

Photo 38.
Photo 39.

Photo 40.
Photo 41.

Photo 42.

Photo 43.

Photo 4.
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5) Lentinus edodes

Isozyme pattern of malate dehydrogenase.

a) P. ostreatus

b) P. cornucopiae

Dielectrophoresis of Hiratake (P. ostreatus) protoplasts (1). Condition: A.C. field
(250 V/cm field strength and 2MHz frequency).

Dielectrophoresis of Hiratake and Shiitake (L. edodes) protoplasts A.C. field (500 V/
cm field strength and 2MHz frequency).

Colonies from protoplasts (Hiratake-Shiitake hybridoma).

Fruit body of hybrid strain obtained by the fusion of protoplasts of Hiratake (P.
ostreatus) and Shiitake (L. edodes).

Fruit bodies of P. ostreatus.

Fruit bodies of hybrid obtained by the fusion of protoplasts of Hiratake (P. ostreatus)
and Shiitake (L. edodes) (second cultivation).

Fruit bodies of hybrid obtained by protoplasts fusion of Hiratake (P. ostreatus) and
Shiitake (L. edodes) (third cultivation).

Esterase isozymes of P. ostreatus (a), hybridoma (b), P. ostreatus, L. edodes mix (b"), L.
edodes (c). '

Esterase isozymes of P. ostreatus (a), hybridoma (b), L. edodes (c).
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