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Studies on Protoplast Isolation of Pleurotus cornucopiae

Yeon-Hee Lee, Yong-Hwan Park*, Young-Bok Yoo* and Kyung-Hee Min
Department of Biology, College of Science, Sookmyung Women's University, Seoul 140 and

Department of Applied Mycology and Mushroom, Institute of Agricultural Sciences®, Suweon 170, Korea

Abstract: The optimal conditions for high yields of mycelial protoplasts from P. cornucopiae
were established. The concentraion of enzyme system containing Novozym 234, p-D-glucanase
and g-glucuronidase was 5mg mi~' each. The osmotic stabilizer most effective for protoplast isolation
was 0.6 M sucrose. The optimal reaction time of mycelium with the lytic mixture was 90 min
in a shaking condition at 120 strokes min~!. When the myelium of P. coraucopiae was cultured
for 4 days on mushroom complete medium at 28°C, the formation of protoplast was -effective.
When the pH of the digestion mixture with 0.6 M sucrose as stabilizer varied between pH 4.0
and 7.0, the production of protoplasts was effective in phosphate buffer (pH 6.2) and Na-maleate
buffer (pH 5.0). Generally, phosphate buffer was more effective for protoplast isolation than

Na-maleate buffer, but 0.6 M sucrose osmotic stabilizer without adjusting pH was most effective.

Using these conditions, protoplasts from P. cornucopiae were obtained at a ratio 1x 107 ml-2,

Keywords: Protoplast isolation, Pleurotus cornucopiae, Basidiomycetes.

R EB = Weibull(1953)¢] lysozyme A& % Bac-
illus megateriumol A A Lo 2 Fa3d o] F @2 EER
o MHIREEAA FH 9 H(Eddy and Williamson,
1957; Foury and Goffeau, 1973; Emerson andEmersomn,
1958; Bachmann and Bonner, 1959; Gabriel, 1968;
1974; Gibson and Peberdy, 1972; Moore
and Peberdy, 1976).

REEEe Basidiomyceteso] A= Strunk(1965)7F
Polystictus versicolorol A A& FigEmes Ea3§ o
¥ Schizophyllum commune (De Vries and Wessels,
1972, 1973), Coprinus cinereus (Moore, 1975), Lent-
inus edodes(Ushiyama and Nakai, 1977), Tricholoma
matsutake (Abe 5, 1982), Phanerochaete chrysospo-
rium(Gold %, 1983), Flammulina velutipes(Yamada
%, 1983), Coprinus macrophizus(Yanagi and Takebe,
1983), 1983; =<}

Ann &,

Pleurotus ostreatus(Yamad %,

Byun, 1984; Go, 1985), Pleurotus sajor-caju(Go,
1985)1 A #E AR 53 Yoo 5(1985)2 &AW A
o RERER 4 29 #iEgd ddezA FHRE
BE o83 FE HEY NxdTF Eth

£Ed EREBE EER Ba Kevel 5, 1977;
Peberdy, 1980; Yoo 5, 1984), #EEEA 23F 29 DNA
-2 (Morris, 1978; Peberdy, 1979), FEE#k(Case
%, 1979; Tilburn 5, 1983; Ballance %, 1983)¢]
S AgH 2 3w SEBHY AFAAE o] &4
o] X . o) v}(Sipiczki &, 1982).

= e aAddY —Ed o3 e &
B 2 e e e Bes sl e El
fel WEEA =3 =wEu A HREE L2d 9
F& vlAE BRY BHES BE, pH BEE REOH
o M BE, EMBY Bk, BRES KE
RSl AdA z=A sk
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e " BE

Bk R oim

X Bgd A% Etke BHRRE BERHR
i 7Bk Pleurotus cornucopiae(Palu ex Pers)
Roll ASI 2011(dikaryon), & =& =®he]#] A& 28°C
oA 3~4 9 ) Fate] ALR-59ich,

B oM

B SRS AT iA E2EM(mushroom complete
medium, MCM; Raper 5, 1972)¢ A& & &34 7
v}, Bacto-yeast extract 2.0g, Bacto-peptone 2.0g,
MgS04-7H,0 0.5g, KH:PO, 0.46g, KoHPO, 1.0g,
glucose 20.0g, Bacto-agar 20.0g%¢ ZFF 114 %4
120°Ce A 30 ¥z 273k A&-3kg ot

BER Ram

magnesium sulfate(MgSQ,+7H,0), mannitol, pota-
ssium chloride(KCl), sorbitol, sucrose® 0.4, 0.6,
0.8M= =4 3lo] AHg3k5dc}.

B %

Novozym 234(Novo Industri, Denmark), g-D-gluc-
anase(BDH Chemicals Ltd, U.K.), g-glucuronidase
(Sigma Chem. Co., U.S.A.)E 5mg ml-le 2 BEEE
Al Abste] 4°C Y Azd FHA4 R=gAd &
€9 9A35 ¥ ¥ membrane filter(Gelman Sec.,
0.2 um)2E o 73] A}2819]

REHEE 5

> g MCM Petri dishe] 39 S¢F 284
A EYch. ®A BF% cellophane membrane(dialysis
membrane, Fisher Scientific Co.)& MCM$ld] 2 2
THE 2-38% deojz=g ¥ A4F3 spreader®  cello-
phane membrane-$ FxF Hrohg olz] BEAA FL
B AAAEE Ao 5mm =+ cork borer® 3
w3le] cellophane membrane$] ] 4 Fdlo] 7 F3|o
28°Col Al 44E ¢ 589}, cellophane membrane
A A 7 A=t cellophane membraned #-8l4
AE 5cmE £ F& Petri dishe] 2colonies® ¥z ¥
FH® 2mlat EFste] 28~30 °Coll A 120 strokes min~?
290 25 EE4. EREESEES 299 K
WE#®E F Av|4 34 haemocytometerd o] -4
st BT A 4Astd o

®w O ®B

B REe wE

Bk MinEs $4A% RdddAd #Bii® ERE
#Be s ANA ¢ Azd ERBEEST o3
Novozym 234 EEE mlZ 2,3,4,5,7,10 mge & 3}
90 EEoF 9 AA E Azt Table 64 ¢ Zo] 5mg
oA SEERe] st wsker BES obAAY ot
A" AelAt, 538 10mgdlAE A8 30 FEd T3
AL o FEWERT RAx 90E ogdAE A4
#F2E F e A= e FEREERE 4
A=

HExRe ME

HEEE S BHRE d5oE ALsE Anvdes &
FAEEE Ao FEREE S8 2 2451 de= A
oz 4 9Ed (Hamlyn %, 1981; Yoo %5, 1985)
2 AP x Novozym 234, p-D-glucanase, p-glu-
curonidase® 5S5mg-mlle g 3o PEALIY Axc
Novozym 234+ g-glucuronidase, Novozym 2344 g-D-
glucanase+g-glucuronidase®) T F a4 BRPEE
D] 953 %z FEAL A= Novozym 234
7} 7.68x10%ml'e 2 744 zAAH oo g-D-glu-
Table 1. Effect of enzyme concentration on protoplast

release. Novozym 234 was used for lytic
enzyme incubation for 90 mins.

Enzyme concentration Degree of protoplast

(mg/ml) production
2 +
3 #
4 H#
5 it
7 4+
10 —

* Hfft: indicates best protoplast yield.

Table II. Comparison of different commercial enzyme
preparations for the release of protoplasts.
Incubation for 90 mins.

Enzyme Protoplast yield (x 108/ml)
Novozym 234 7.68
B-D-Glucanase 0. 00
B-Glucuronidase 0.05
Novozym 2344 8-Glucuronidase 9.45

Novozym 234+ p-Glucuronidase 10.55
+ p-D-Glucanase
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o
o
T

Yield of Protaplast ( x 10%/m1)

L

TO® WO @ W0® O g ©
oo coo coo coo coo
Sucrose MgS0, KCl Sorbitol Mannitol

Concentration of osmotic stabilizers (M)

Fig. 1. Effect of different osmotic stabilizers on the
release of protoplasts.

canased] A= FEBE £ F vk £33 5154
A 374 BRE T E3 A9 10.55%10° ml!
o2 SRl 7b3 2okt (Table 1).
BBE EEE BEel 2E

FEREE) flEAA ke 4R
BEE WO BESL Festnz 2 234 /ﬂ”
MgSO,, mannitol, KCl, sorbitol, sucrose® Z7 0.4,
0.6, 0.8 M= z=x3ote] Hejat A} Fig. 1A #
] MgSQy, sorbitold] A= ¥l md HalA & =9ot
53 sucrosed A oHE BEE HEW=C AT A

[ed

oE F# o] Eoon KClgA 744 v = &
B HEn ?-?lj EEE mannitol, MgSOl 4 0.8Me] F3}
Al A& At 0.6 MolA FEHEY SHEC

wod. ARAcw =2} =dE FUYEE S 7t
ARG H@E BRI BEE 0.6 M sucrose® 1}
By

BEEe RERES BB

Bsme BERS Edetd E2E weAZd #
2 EpEE SRS 2 AT x3 =dHIld FPE
e RHE A Z}‘GPb A 7ke] w} & et Wby 30%
Zo olw] 1.3x107 mIA=A EeEd 9o 90Ed

2. 2% 10" mlle 2 b4 el BHHA GG, = F FH

N
H

Proteplast yieid { xi0 fml)

P I S |

bt PR .jm:
| 3 5 7 9 22 24

Incubation time (h)

Fig. 2. Influence of incubation time on the release
of protoplasts.

Fig. 3. Released protoplasts and empty hyphae after 90 mins incubation (A), suspensions of harvested

protoplasts in 0.6 M KCI(B) and 0.6 M sucrose (C).

Protoplasts were liberated from P.

cornucopige mycelium in 0.6 M sucrose stabilized lytic mixtures at 28°C.
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* FivER got A4 Rad9s 24475 & 0.05
%108 ml-1¢] FEM T A g o(Fig. 2). Fig. 3
g4 Ax ubg 908d = HHE FEPEHE = B CE
HHY EREEE 0.6M KCl3 0.6 M sucroseZ. A
A5t %9 protoplast suspensiono Z 0.6 M KCld A
BERERES o A9stA f3s9d
BERET pHe 2R

EE#E% S pHE 273 E Rl BERENE v
e BEL 7] 95 pHE 0.6M sucrose+50 mM
Na-maleate buffer (Exp. I)¢} 0.6 M sucrose+20 mM
phosphate buffer (Exp. 1)Z 4.0~7.07A =484
2 A3 Na-maleate buffers]l 4|3 pH5.0, phosphate
buffers] 4 &£ pH6.2014 FUVEE SHEEel ®3t+
(Fig. 4.

Table WolA s} 7ol BEHKe= pHE 2FHA
&8 0.6M sucrose (pH6.0), 0.6 M sucrose+20 mM

8-
/°
€ ® 0O
[r-) 6=
% \.
=
[
\
]
: * ¢
§ Q
o 2i= ~
O 1 L 1 8
4,0 5.0 6.0 7.0
pH

Fig. 4. Effect of pH on protoplast release. Enzymes
were dissolved in 50 mM Na-maleate buffer
(Exp I, -@-) and in 20 mM phosphate/buffer
(Exp II, -O-). 0.6 M sucrose was used for
the osmotic stabilizer.

Table III. Comparison of different buffer solutions
on the release of protoplasts. 0.6 M sucrose
was used for the osmotic stabilizer.

Buffer Protoplast yield(10%/ml)
Control (without buffer, pH 6. 0) 13.63
50 mM Na-maleate (pH 5.8) 1.18
20 mM Phosphate (pH 5.8) 4,50

phosphate  buffer(pH5.8), 0.6 M sucrose+50 mM
Na-maleate buffer(pH 5.8)% ¥l=s & ZAF Na
maleate buffersith phosphate bufferst © Z3F IR
o pHE 24884 %<& 0.6M sucrosedl A £ F
o] 13.63x10°ml-te.2 953 X o ¥ & ER
A= pHE =48 $& 0.6M sucrose® AH-&3%
4t
BikEe % Amel BE

ERBBY BHEd 4%F¢ e F83 2dF
9 dtE BB BEEHE 54 Jtv Table ¥
oA gf 7ol MCMol A 4971 #&A S ) EWER &
7t 1.16x 10" mlez 77 wol Eal=glen] 544
AE 1.0x10" mltez ¥g7 2 H& delgdz 29

o}
8
5 6F
5
g
‘s
O 1 1 14.1 1
T o0k?2 3 4 5 6
B
Z 1sb
©
®
> 10p
3
E
&
0 s 1 1. i |

2 3 4 5 6
Culture(day)

Fig. 5. The yield of protoplasts per unit area of
mycelial colony.

Table IV. Influence of culture age on the release
of protoplasts.

Culture age(day) Protoplast yield( x 10%/ml)

2 0.15
3 1.65
4 11. 60
5 10. 00
6 6.43
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—
o
— T

Protoplast yield { x 106/m1)

1 1 L '
6.44 12.88 19,32 25,76

colony area (cm®)

Fig. 6. Influence of mycelium concentration on the
release of protoplasts. Four ml of enzyme mix-
ture(Novozym 234, g-D-glucanase and g-
glucuronidase) was used for protoplast release.
Incubation for 90 mins.

¥ad A ok, AA ERER SR ¥
& mycelial colony®] BfIEH EHFEPEME B
%2 A& B3E v, Fig. 504 »™ 2~39 5
Ed ERERe gt At 8BE 494 FA43 &
ot FAo FHER SBEEZ EEE 1.8x10% ml™?
o2 golzlth ooz HiE FH43 REZ A
FREEY 2o a4t AL ¢ 5 Ad=2 =g
e EREE SHd sb A A9 BEARE 49
Ql Aoz Vg
EARE BB
BiEEd =& FPES 7BES L Aoz &%
F4 4mlof] 4 9%< BEA colony 2(colony area
6.44 cm?), 4(12.88 cm?), 6(19.32cm?), 8(25.76 cm?)
EE 474 £3std £ 43 BHHEEd 19 FE
Bif sEEEL vaeA gdgon 6EE AERE A
744 aAdelgdet. % colony 1HE T¥HIL 0.67
ml7} 744 A4 Aoz e (Fig. 6).

Z ¥

o Tl HENY FVEBR Bes FREES
ol &g WEEHE S i Fulst Eebdstzm gl
oHd HWEY xAd AeE w4 B B FE
R/ £eldejok 3tE Aol A dd RKVER 5

BES TIT gd g9 FF& e

De Vrised Wessels (1973)% Trichoderma virided)
A JolA Bt basidiomycetesd] FWEE Il
37 gvbx &9 Hamlyn % (1981) Trichode-
rma harzianumo| A B, = Novozym 23471 &
H FRENEE devd astde stz gt dA
o] Novozym 234% o] &3] B ETFEEAA FEPE
payl 2a)slw 9 oH(Gold ¥, 1983; Byun, 1984; Go,
1985; Yoo %, 1986). =% xElzld FEH MinEES
3 A7) = A g Novozym 234 EE+= ml & 5mgo]
A3 10mgl AE FH#EE A & + gdd A2
nol HiEd FpERE ASdx BEERE W 17
& ge e E Aoz gAY

WiEEEe Bk Afe) 27 e BHEEY £
Abgol FRES S vide 9¥E B A =7
8¢ FEREE SERES Novozym 2344 p-D-glu-
canase- p-glucuronidase mixturee 4 1.1x10"ml™'e
2 A% Bgd. BFEEAA 2xd A=A BR
9 ZEAL A9AFE 24 19829 Abe Tol cellu-
lase--zymolyase+ g-glucuronidased AH-&3] 7. mats-
utakeo| A, Yamada 5 (1983)-L cellulase ONOZUKA
RS+zymolyase+ chitinase+ -glucuronidase mixture®.
F. velutipes, P. ostreatuss) A FIHEBE L=l 3tgoh
= Yanagi¢t Takebe(1983)E Coprinus macrophizus
oA EEEES D= A88 A chitinase+cellulase
mixture® AHEH AL vz AFH EF AEA 1A
el 1089 EpEREST EdEddr masid,
Yoo 5(1985)-% Novozym 234+ g-D-glucanase-snail
enzymeo| P. ostreatus®t Volvariella volvaceas ] 7+
B a3l Aok g, ool Ed FHdo 7
2 o2 BRTY EFALol W REE S
A FA ol Heo| EPHE SR T Aoz B
of o] % EEEEL oj4d BEHES F34T MiE
BR RSE £448 2 5 3% Aoz 444+,

BB S5 433 BEE #HEH2= 19729
De Vries$} Wesselso] S. communed A 0.4~0.6 M
MgSO/t &34 ol et P = Ushiyama 5 (1977)¢&
L. edodess] A 0.5~0.8M MgSOy7t A &atetz slg
o5 Yoo % (1985)& =©elzlgt & wAdA 0.6M
MgSOy, 0.6 M sucroser} HiaAlA ez ZFA oo
0.6 M MgSOull Al 714 Be REPHE#EE Fedgx
g, =3 =eeE 0.4~0.8M MgSOnth 0.6 M
sucroseo] A FEPHE SHEel 9453 o 919 A
S5 ot AT Ve
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B BRRT Y KERMC EuEE SHEd
gL Fed =3 =etalE 0.6 M sucrosesd] A ]
30 EFel 1.3x10"ml"lez H& ko] wokm 90 Hof
A A el vaEHgen A8 Azke] Ao nf
I FEREENE A% Aastdd. o= d A= Yoo
S (1985)°1 0.6 M MgSOuoll A BEREE 1 A 752
8- WA FEREE/L 3257 423 phosphate
buffere] A = 4 A7, Na-maleate buffers] A= 9 .47

7t B EREBE 2Hdddz @ A4:= o
E BEFE YA o720 wg Azt BE E
WEE SR XFole Hikkd =i EkEd M
B BRRSY Holeld 2= Acz Azag. @9
BrlF ez B0 BRE A 0% Fd: FpEs
277t Fgot 00ERAE ERERA Ax AL o
T ARed, tad EHEES 9 EEe R
BT 1 EAA 4~5 H A Q02 =54 yu g
ol BiEE A AE A B A8 mold g
A A2+ YQEH o o= EHMEW
2= BT, F 4932 == odlg 22
HE Aoletz Y (Gibson and Peberdy, 1972;
Ushiyama and Nakai, 1977).

dutd ez EEFEY 971 pH 5.5~6.00] o=
Aoz 4#x g&d (De Vries and Wessels, 1972),
=% =53 FEREE SHd &9 gEiEns pHe
2™ 0.6M sucrose® phosphates} Na-maleate buffer
2 pH 5.8¢] z%43%te] Novozym 234+ p-D-glucanase
+p-glucuronidased] BERENL =A e £ A, pho-
sphate buffers} Na-maleate buffers. o & 53] o]l o}
buffer® 44312 22 Jel(pH 6.0)7 He I
Skt

FWER S 432 vA: T2 g9 Z9 9
e EHES BEAKCH AAZ odd BEiEL
o o) EHRBAA, B 24 2t 9= 4
oA Be FHEBME 9¢ F Ut x7 ryIde
GE =88 FF9 vssiA MCM B A 49
WFRE A FRER SEEE A B9t Yoo £
(1985)& P. ostreatus= 4 9, P. florida’=5 <, P.
sajor-cajus 3 I MCM [F#EEsHo] A ] 3l o 7
Aot B =, 23 BE AEE KM
BEEol v EagEs 2o g 240 wel W 4
ATk gt o9} o] Bk EE HEC BEH
B SHEd 99¢ & AL MR BR RS
ol B® AR W=t ddy] wEolzz 248 4
At

w =

WA REMR EEFES: d684 === 5
—fEQ) P. cornucopiae =% -%E}=ld FEWEHE SBE
o A g3 ke 2R

FRERE S8 KRB Ko Novozrym 234BES
5mg-ml-t o] 9 Novozym 234+ p-D-glucanase +p-
glucuronidase mixtured] A FEEE = 10.55%x108
mltez 734 Egor, BEE REHT BES 0.6
M sucrose of A R0l A2 BAERKTS KIE 904
v EREE SHEL 2.2x107mlles F4 &
Y% pHE 0.6M sucrose+Na-maleate buffer (pH
5.0), 0.6 M sucrose+phosphate buffer(pH 6. 2) A
BEWEM SRl 9o WA =E phosphate buffer
7 zZadqe Aecz vz pHE Z2FHA gL
0.6M sucrose BERE WEEIT FVER S A3
dergieh. 2Ex ¥ HE 2 BEHEBES 29 cell-
ophane MCMedll A 49 B3 Eiik# 6 coloniess}t B
LEFE Amldt EFete] 28°ColAl 90 £ EERE
o FREES A gl EEH At
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