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Protoplast Regeneration and Reversion in Pleurotus cornucopiae
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Abstract: Protoplasts of P. cornucopiae were reverted to normal hyphal growth and reversion

frequency was 0.04~19 %. The complete medium stabilized with 0.6 M sucrose was most effective

for regeneration of protoplasts. When hypertonic mushroom complete medium not containing agar

was overlaid, regeneration frequency of protoplasts was the highest rate among the others of top-

agar. The protoplast reversion frequency and mycelial growth of P. cornucopiae were increased

when varicus amino acids, nucleic acid components and vitamin compound were added to the

hypertonic minimal medium. The relation between sources increasing reversion frequency and sources

accelerating mycelial growth was similar in amino acids and nucleic acid components but it was

different in vitamins. The protoplast reversion frequency showed the highest rate when all sources

were added to the regeneration minimal medium. Microscopically, regeneration patterns of protoplasts

showed formation of a bud-like structure, direct germination, yeast-like cell chain of the protoplast,

and the production of both direct germ tube and yeast-like cell chain from a protoplast.

Keywords: Protoplast regeneration and reversion, Pleurotus cornucopiae, Basidiomycetes.
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& 23 o]F S. commune (De Vries and Wessels,
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Table I. Media used for the culture of P. cornucopiae

mycelium,

Media Component Content
Mushroom complete Yeast extract 2.00g
medium (MCM) Peptone 2.00g

MgSQO,-7H,0O 0.50g

KH,PO, 0.46g

K,HPO, 1.00g

Glucose 20.00g

Agar 20.00g

Distilled water 1,001

Mushroom minimal MgSO0,-7H,0 0.50g
medium (MMM) KH,PO, 0.46g
K,HPO, 1.00¢g

DL-Asparagine 2.00g

Thiamine-HClL 120ug

Glucose 20.00¢g

. Agar 20.00¢g

Digtilled water 1.001!

Bt BEES Pleurotus cornucopiae (Paul ex Pers)
Roll ASI 2011 (dikaryon), & = ©elelg| oz
28°Cell A 3~4 o HEEstS Ag3gt
B o

W OEEE 9% WA 5E2EEH (mushroom complete
medium, MCM; Raper &, 1972)9 WA HF/hEHh
(mushroom minimal medium, MMM; Raper 5, 1972)
o} ¥4 AEL Table I3 Zeor 120°ColA 30&7
HEste] A5ty o

B AR Fdgns MCM, MMM Z2%1R FAgH
mannitol, KCl, sorbitol-¢ 0.6 M= Hr}3 & dA¢
3t o, sucroser= W EE At MCM, MMMoj
0.6 M=A Aristed ALt BERE RRA 55
%= thiamine-HCl3#} DL-asparagine°] @& MMMoe]
o] =4 1 mg ml™, H4 4 AE 0.5 mg ml,
v Eal 0.5 mg mi—HA HrAste AA-§3hg ot

- RIEHR SR

MCM Egagsib 9] cellophane membraned] 4] 49 %
o #EY x9 e8] EKRE Novozym 234-48-D-
glucanase+pg-glucuronidase BABEFEK I E3std
28 °ColAl 90 ¥-7F 120 strokes min™'2 EE¢ v}

Y FEREET = BRI sintered glass filter

(porosity 1)ol o 3te] BFhEEE AAT T 1,000
rpmel 4 15 ¥-5- ¢ BLESIE T 454 e A A
= 3 FipEEY BEE HEH 0.6M sucrosed
Askstd EEE HF BOSESA S, 000 rpm,
15min). 4] o] A& utE3ted BEE REHZE 2
W oA A ERKE 448 AAART

FEERE 5%

HRKE AAAZ FEREEE 0T ml ez =A%
&10% 105 10% 10°mi—t BE= 3J4std BER
FEimiel agar 2.0 %7 F7td MCMs MMM 0.5
ml¥ 238 o8 40~45°CE FAAA FTL agarip
B7t 0.75 %9 T4 E#E 5ml¥  overlayingsho
FEREET EhEHd EZoA=s EEo £ o0& &
A3 F¥ 28°ColA 5~17 L5 #ESIY

FEE BAERe HasdA Ag colony HE
EFE BERER BE e EFEE A4stged,
FER BEPES 3T dv4dsd A dadstq.

wm R

BER BEEC iFuel HE
BERER 395x ¢x FAH HEHE T
BZrEed 4933 BEE AGEE 30 959
mannitol, KCl, sorbitol, sucroseZ 0.6M=A] £l
A5 FEHERSE B A KCl 0.04%, mannitol,
sorbitolel A 1.0% A== Ve er sucrose’l A7}
g A 1.29 %8 FHEZe] A EA vEhEd

1.5F

1.0 | B m

Sucrose

Sorbitol

Mannitol
KC1

Osmotic stabilizer (0.6 M)

Fig. 1. Effect of different osmotic stabilizers on the
reversion of protoplasts,
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Fig. 2. Reversion of protoplasts of Pleurotus cornu-
copiae. Protoplasts were incubated at 28°C for
7 days on 0.6 M sucrose, KCl stabilized MCM
(A,B) and on 0.6 M sucrose, KCI stabilized
MMM (C,D).

Table II. Effect of media and osmotic stabilizers on
the reversion of protoplasts.

Media Osm(z';)i.cg\%a)bilizers Reversié)% §requency
MCM Sucrose 5.21
MMM — 2.17
MCM KCl 0.08
MMM - 0.19

* MCM: Mushroom complete medium.
MMM: Mushroom minimal medium.

(Fig. 1). H4E#H:E 0.6 M mannitol, sorbitol, suc-
roseo] A& 56 Qs &oz B gy evt 0.6M
KCl A& 7~10 940 Hoj ek HaAd & 99

TG u A EHd 9@% 29 Table T4
ob o] BIEE BEME 0.6M sucrose AFAE
MCMe| A 5.21 %9 & FHRE ol vy MMM
AL 2.17%9 & e BERS RGoH, 0.6M
KCl AH4-A3= MCMd A 0.08 %, MMM AE 0.19
%2 KCle) A= sucrosedt® =] MMM o] A FHa:Zs
o] 7t ¥ AFE Jgwgleh Fig. 28 MCM,
MMM A o] 0.6M KCl, 0.6M sucrosest H7+%
AN A FHEE EHEE sucroserth KClo]A of 2ast
s A3 colony¥ e & Jehd Aok

Revarsion frequency(%)

0.4 0.6 0.8 1.0

Sucrose (M)

Fig. 3. Effect of the concentration of osmotic stabi-
lizers on the reversion of protoplasts.

BER REN BES BE
BERE FE# sucrose BEE 0.4, 0.6, 0.8, 1.0
Mz FEiste] HEARE £ A5 LOMAA 3.05%,
0.4 Mol Al 5.78 %= et o= 0.6MejA 5.98%
AA e FEES 3o =7 -eE FEPES HE
o A& BBEE FEGH sucrose BTEE 0.6 Mo
=% (Fig. 3).
Top agar EES HE
FILEREE doestA BEA7
g B A7k E

1 98] A overlaying
top agar ¥ W& FEEL
MMM(Exp. 1), MCM(Exp. I).914 =z=A8 23
Table B 2ol MMMl A & agart A3 E3dA
2 0.6M sucrose+MMM WSS overlayingd

Table II. Influence of top agar concentration on the
reversion of protoplasts.

Protoplast reversion(%)

Agar concentration(%) g7 5 1. on Exp 1. on

MCM
0 (Only protoplasts) — 0.80
0 (Only osmotic stabilizer. 5.34 2.26

0.6M sucrose)

0 (Only minimal medium) 6.49 —
0.50 5.87 1.75
0.75 4.05 ©1.64
1. 00 3.13 1.35
2.00 3.11 1.56
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Aol 6.49%9) £& FAEHRS Yz, Fgo| agar
BEZ 0.5% d9F o™ 2.0% 49 3.11 %2 A%
2 RS 2o (Exp. ). MCMd A&
EqEo A % BEE HEM 0.6M sucrosed
overlaying$} & = FiZ 2,26 %2 743 A ey
3 overlaying®) o] FHEETS HEAAL ASdE
0.8%2 714 %kcH(Exp. 1). ©131& A=z £
overlaying3l & ¥ziio] agar® A /1A & Ao] K
HEE FEd o %R Aeg ek en top agar
BES BoldF+% BHEERL Fadg = overlayingsh
A ke AE Fhzo FA48 HelAnE AL ¢
T A9
O 7hX| R BB

FREHE BE B/0sE# 0.6 M sucrose+MMM) o
A2 FF otvlmg, AL T AR, UL A
Adtel ‘BER wAE ¥ B A} Fig 4604
= dtg o) 23 {9 olwix4 FdAE DL-
leucine, L-asparagine,

agar7}

L-glutamine, L-ornithine,
DL-valine, L-citrulline, DL-tyrosine, DL-serine,
L-alanine, L-arginine? Ifo2 FAs #ol con-
trole] ul&] 0.49~8. 45 %A= Tolylw, 8FF9 )
A F4 A EAA+ thymidine, cytosine, hypoxan-
thine, thymine, uracil®] 22 0.2~0.66 % =7}l
oe(Fig. 5), 12%%¢ gL L-ascorbic
acid, myo-inositol, D-biotin, folic acid, cholin chl-
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Fig. 4. Effects of various amino acids on the reversion
of protoplasts. The final concentration of acids

was 1 mg per ml. Control: Regeneration min-
imal medium without amino acids.

Reversion frequency (%)

-} .
EERIREER
Fig. 5. Effects of nucleic acid bases and nucleosides
on the reversion of protoplasts. The final
concentration of nucleic acid bases and nu-
cleosides was 0.5 mg per ml. Control: Re-

generation minimal medium without nucleic
acid bases and nucleosides.
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g 4--mnll T
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Fig. 6. Influence of various vitamins on the reversion
of protoplasts. The final concentration of
vitamins was 0.5 mg per ml. Control: Regen-
eration minimal medium without vitamins,
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oride fff.o 2 2] 0, 09~0.38 % ¥ o}4l ot (Fig. 6).
HAA o2 B wA Vel BAEEe Aste B
HA A= 610D Alolo] HEREGE g0z 3l
4 9get e HERE nel BHidAe 14~17 4
AR A WEREKE T & A7 =3 olud &5

ki3
=

Table 1V. Effects of various amino acids on the my-
celial growth of P. cornucopiae. Incubation
for 7 days at 28°C. The final concentra-
tion of amino acids was 1 mg per ml.

Source Colony diameter(cm)
L-Alanine 6.86
L-Arginine 7.55
L-Asparagine 3.54
L-Aspartic acid 2.97
L-Citrulline 7.31
L-Cysteine 6.69
L-Cystin 6. 06
L-Glutamic acid 2.66
L-Glutamine 7.10

Glycine 5.07
DL-Histidine 5.43
DL-Isoleucine 6.32
DL-Leucine 4.72
DL-Lysine 3.04

L-Methionine 4.48
L-Ornithine 6.77
DL-Phenylalanine 4.75
L-Proline 7.05
DL-Serine 6.79
D-Threonine 2.90
DL-Tryptophan 2.15
DL-Tyrosine 5.17
DL-Valine 5.81
Control(MMM) 6.11

Table V. Effects of different nucleic acid bases and
nucleosides on the mycelial growth of P.
cornucopiae. Incubation for 7 days at 28 °C.
The final concentration of nucleic acid bases
and nucleosides was 0.5 mg per ml.

Source Colony diameter(cm)
Adenine 5.47
Cytosine 6.15
Guanine 7.25
Hypoxanthine 6.17
Thymidine 7.22
Thymine 7.70
Uracil 7.45
Xanthine 6.95
Control (MMM) 7.16

Table VI. Effects of various vitamins on the mycelial
growth of P. cornucopicae. Incubation
for 7 days at 28°C. The final concentra-
tion of vitamins was 0.5 mg per ml.

Source Colony diameter(cm)

Aneurin 8.20
L-Ascorbic aicd 7.95
D-Biotin 7:47
Choline 7.72
Cyanocobalamin 7.85
Folic acid 8.12
Myo-Inositol 7.95
Nicotinic acid 8.00
D-Pantothenic acid 7.77
para-Aminobenzoic acid(PABA) 8.32
Pyridoxine 8.15
Riboflavin 7.95
Control (MMM) 7.60

Table VII. Effects of various amino acids, nucleic
acid bases, nucleosides and vitamins
on the reversion of protoplasts of P.
cornucopiae.

Culture media Reversion frequency(%)

MMM+ Amino acids(A.A)* 5.09

MMM +Nucleic acid bases and 5.16
nucleosides (N.A.)*

MMM+ Vitamins(Vit.)* 3.20

MM+ AHL(A.A. +N.A. +Vit.)* 5.21

Control (MMM) 3.38

* Amino acids: L-Alanine, L-Arginine, L-Aspara-
gine, L-Citrulline, L-Glutamine, DL-Leucine,
L-Ornithine, DL-Serine, DL-Tyrosine and DL-
Valine 1mg ml! each.

Nucleic acid bases and nucleosides: Cytosine,
Hypoxanthine, Thymidine, Thymine and Uracil
0.5 mg mi! each.

Vitamins: L-Ascorbic acid, -D-Biotin, Choline,
Folic acid and myo-Inositol 0.5 mg ml-* each.
All: Amino acids+Nucleic acid bases and nucle-
osides+ Vitamins.

EEol = »Edd ik ERd AE 4 »y
o} 1= 4le] Al &= DL-isoleucine, L-ornithine, DIL-ser-
ine, L-alanine, L-proline, L-glutamine, L-citrulline,
L-arginine M. 2 colony diameter/t Fd 7t iy
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MMMei ¥ & 0.21~1. 44 cmA &= £ 713 52 (Table V), u] b9l o A &= D-biotin & # 9|35 choline chloride,
A F4 HEJAE thymidine, guanine, uracil, D-pantothenic acid, cyanocobalamine, L-ascorbic
thymined] g2 2 0.06~0.54cm A % 2] (Table V), acid, myo-inositol, riboflavin, nicotinic acid, folic

Fig. 7. Patterns of regeneration and reversion of Pleurotus cornucopiae on solid medium after 1~2 days
of incubation.
1 and 2: Direct development of one or two germ tubes from a spherical protoplast.
3 and 4: Formation of various bud-like structure from spherical protoplasts.
5 and 6: Formation of yeast-like cell chain from a spherical protoplast and development of hyphae
from yeast-like cell chain. '
7: Production of both direct germ tube and yeast-like cell chain from a spherical protoplast.
8: Development of hyphae and formation of hyphal branch after 4 days.
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acid, pyridoxine, aneurin, PABA JHS =2 0.12~0.72
em AEZ HH ERel 35 A (Table ). o[ gt
Az & 9 elulxa, WA A JEAAE HPH
e HERE S BEES Bt RS FHA71
BRE B Aold &

Aelglel Waw A n
gout, WE AL 2T $F EHERS 3
AAF Y FEEES 5 EFNAT FobAA ha BE

A%E vel 3o

Table 1€ FPEE BEEFS /A7 BEEES
BN 233 As 25 ¢ Zo] B v
AE dge B Aoz oA AE 5.09%9 B
fEiw BA7L e vle] 1.71% FH4x, #4
T AEAANE FEE 5.16 %2 1.78% EoHA S
vhoul gl A= 3,20 %9 FHHES el controle]
ul3 wol vk eojuxal, Ha T4 AE, HEHlol
2F A A BERE 5.21%2 He F3
7b ] vld 1.83 BAE FUletel v FHEES
YER Eh

HE 2 BTBEe MR 28 BE

BB BEEE BEE 23 dvAdstdA &
Astg . Fig, 7oA xE upg o] FAEHEY
patterng ¥ 34, one or two direct germ tubes}
FEBAA oA @EkE wgd e A, 24,
B E#EA A bud-like celle] FASHE A, A4, R

Fig. 8. Fruiting body formation of P. cornucopiae
when a regenerating protoplast was cultured
on MCM Peiri dish for 30 days at 20~25
°C.

B A 3~61HY cellso] yeast-like cell chaine¢]
=] germ tube’} YA HA BEHE 22 e &
2 5 Az vlAle ofF =E dez o FRERE
A] yeast-like cell chain® direct germ tubes} t}elA
Bz wdes A8 22T 5 Y9, olZA J%F
3 FEEREE FHEES EEsmdA 1~29 i
e W #AFE 4 A Ed AAA BEA A ol
vebgth, 5E 3~4ddd e EREBE FHo=
Bt KES 719 A branch® JAslgdh. BAEE
B S MCM Petri dish 9] A &3t 20~25°C
Aol 28~30Y Bt RIS B AL dAT B
Hiz Biusol THBEY W 27| dAQl primordi-
um$ FAH =7 =Had A FEREER 29
et (Fig. 8).

z =K

PEE FERI A= fdiis aWEd A4
Aol Hifiz BT FEBE JAdE AL 9
Aolgtxm & 4 vk, = =vle FEPEHE FhdH
3 BB REHlS BEE 0.6M sucrosest AF
ZFAde Aoz veged o#d AdE Yood
(1985)0] e8] ¥ A4 0.6M sucrose, 0.6 M KCl
o] Fhel Agectz & A A3t 0.6 M KCll
A FHRo ¢ ¥UvE Ads HES 2394

BEWERES BEEEhlA FEAZ 3% overlaying
FHikol Ag= Y Ed 19694 Fukui 5& thin-layer-
agar plating method% o] &3] A4 FHEE HES o
¥ st et A EEe HEEEA A overlayingst
T Bt A=A top agar BEE 0.5~0.75% 2
AHsHE Aol maE el gort (Abe 5, 1982; Yamada
2, 1983; %, 1984; Yoo %, 1985) AKEER| A & agar
7b AFFE A G2 BB HEH BEERTS over-
laying3t 7 $-of FHEHRe] =% agar BEF Fold
TE HhEe Aastgderl o3 A3de Go(1985)
7F 0.75 % BEANA U= A HE G Fol

d 8 7tA EEEF T v dFE 24
19734 Sietsma$} Boer?} Pythium® REFEH TH4is
el glucose (Gl), asparagine(Asp), yeast extract
(Ye), Gl+Asp, Gl+Ye, Gl4+Asp+Yed H7lste] H
A5} glucoses Biol Aol vt A9l Asp, Ye,
peptoned HFH e g 4&FE ol HEBRRES 429
QA7 G3 92 BEEEAA = De Vriess} Wes-
sels(1975)7} S. commune FF/EME FiH - Biiol A
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7t 57 AN E dads dadel A g #He
= 3gth % Yoo 5 (1985)2 Efk £EE 4 A
71 E otvlxAbs} vl Ebul g Auhsle] FiE Fe) AF
sl 2 A 52& Bl A T Bl vt &
5wl o] 4 FazRe] Frlsrgvha Pt

HAA R FEMEE BEFL RYERY 35-3
2750 d&sE Aoz dHA Uck(Elorza F,
1969). & BEHBAAE d8 FH9 obvlx4, Y4
4 A, ggue] =% =8 AN FHik ERA
Flas Fhgd oA 9F¢ B A3 ovxd,
YA T4 JRAAE Bt EBSE WAL F74
FHEE FEAS 447 $7d RERER FER
< SAAR FF A4 e oz R} M
Beo]l A AL FEHEE o F BEEL 5749
E %ol 9 AR A4Sz 12 £/ wlgEuld
AE il i ERS FJANY BEEL L F
FAAG FlAA T+ & FFE A

3 e Ao FEREE BEEL dAR 0.04
~19%EEd ol#E A P. ostreatus (Byun,
1984; 2=, 1984; Go, 1985)¢] 0.01~2 %, T. matsutake
(Abe 5, 1982)¢ 10%, P. sajor-caju (Go, 1985)9)
0.05%, Yoo% (1985)0] P. ostreatus, P. floridas]
A 0.24~3.19 %= & A} wxdAY da B2
A< Ve g ot De Vries®t Wessels (1975)¢] S.
communed| A 19~45 AT+ A Aol st ¥k, #
23 EWEES 100% BEY & 68 AL ) 4
5 9 A Y (Garcia Acha, 5, 1966) #fEA U&= 2
FAQl MiEA BE ¢7] A Eelstz g+ (Anne,
1977; Peberdy, 1979).

FREET BEE = PERE REERIAAE Abe T
(1982)0] T. matsutake FE B A S} 2= E o
A9 germ tuber} & A7 bud-like F26] A germ
tube® FAE e FFPEU £EE EEREEH
Aut %2 ¢ Rz vk, = Yamada 5 (1983)
L. P. ostreatus, F. velutipes EEBEAA AH germ
tube/t WdstE ), yeast-like cellsol A Bfisl
‘?_rv},_ A, A¥ 5 budlike cellse] A germ tubes} 1+

= Y& AP A oY FE WRE EEE
el A 24 %o, KR AE 5~109 o #3
T F 99tz gtk ' F1984) P. ostreatus R
FEMAA A3 germ tuber} 9= H, aberrant tube
2 PA48te A, & EMEBAA 444 germ tube
o} 9] 4 4= 9l aberrant tube, ¥ JIAE FA}E Y
95 4989, P. cornucopiae FEWEE FE Wik

2 3% PolFstdA fAe Azt d9 LnEH v
& e T 5 AQEd Bold AL ¥ AR
o)A direct germ tubed) yeast-like cell chaine] A
Ao}, o\ FA ThFEA FE WAL et
12 EEEI Bk M 2 A3EE o],
Aol J& Aoz 4% + grh

Lo 0 2 )[}'
oy

49

B O E

FEHEBE o &3 A FEHEE 3o 3l
A FHER BE 9 Bie 244 Aoz ¥
= k. BRVAY —f P. cornucopiae =% -
s A Y FREE Hid A3 g d94
A ubE g oFstd g3 Aot

FREE FEd 493 BZEE RGEY BES
0.6 M sucroseZ MCMel A 5.21 %9 && EEHRS
2P, agarg EFEA &2 0.6M sucrose BEE
FEE 0.6 M¥E sucrose+-MMM #2352 overla-
yingd Aol BhZe] Eoh x¥ =geE# A
Bt ERE A4 ofvlx4l, A4 74 AL &
el FEREN FERE S s AR 2
Folzt gdgovt veudAe da e AS%E v
Wl EEKS Z/147 BBEESS PR A4 T
A7t A MMM ol vl olnlx g EF, A 74
A% E2FdAE HER Fr o vEsEl £Fd
AE 238 ZAadPa ohxi, 4 T4 AL,
vletel =E7L Ak WA AR 2 BEEE UE
Wt

Eg il A ERERET 1~29 BREAJNE 4 3
T dujA sl A BE BREE A4, one or two direct
germ tube, €4, bud like structure, A4, veast-like
cell chain, Vsl & FEEBAA direct germ tube
9} yeast-like cell chaine A3t Jej S FLE F
gRen 3~49 BEAE FEiHIF branch® A48
AARRZ AT FAY HEHlEz A =% =g
FEBE 343849
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