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On the growth prediction with habitat analysis of

Cornus controversa

in Western district of Kanagawa Prefecture

Shigetoshi Nakacawa
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Release, Cell Wall Regeneration and Reversion of Protgplasts
from Aerocybe cy/indraces Dikaryotic Mycelia
Nobuyuki K 1ucrI

Summary

Various conditions for the preparation of mycelial protoplasts of Agro—
cybe cyplindracez dikaryons and for the cell wall regeneration by the re-
leased protoplasts, and the characterization of colonies by the reverted
protoplasts were examined. The culture age of mycelia (young mycelia of 3

~ 4 days culture) remarkably affected the yields and plating efficiency of

protoplasts. The addition of the sulfite pulp waste components to the MYG

medium effectivly stimulated for them, too. About 36 % of the freshly re-
leased protoplasts had any nucleus. These protoplasts completly absented a
cell wall, because of these protoplasts were never stained with the fluo-
rescence brightener, Kayaphor PBS. When the released protoplasts were in-
cubated at 25 °C in the regeneration media containing 0.5 M mannitol or
sucrose as an osmotic stabilizer, about 47 % of the protoplasts regenera-
ted the cell walls within 48 hr. The reversion of regenerated protoplasts
was observed two patterns. One type was a hyphae developed directly from
the spherical protoplasts, the other was formed from a short chain of "
yeast-like budding cells". The frequency of dikaryotic regenerants from
the reverted colonies was in the range 6-58 %. The frequency of two mating

types in the monokaryotic regenerants was equally emerged on the whole.
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Auwl, BEEFHERE L TR, 0. MBED
Mg SO, /0. W0, M= = b =L %
Mz 1, #EAMRR. LS —¥ 4/ XH°
RS 1% & FF4—+0 1%, i35 —
¥ ‘A ZXH RS1%. / K¥A LU 1%
BLUFFF—¥ %D 2EEOMAGHE T
Ao, BEKIIAUNKRAR et TS5
V7 4% — (Nuclepore Co. ) TRBAKREL T
H\W\iz,

4 FobrTSXIOEY
—TEARIRIE R L 726423, 000rpn 5530
DFLH B VWEEBEZ T 25 TED, A
BB OABEEGI0ngic InlOBEK
ZMA, ¥ —T+oEEL, CT—EHF
MIREEE (RIEim. HEE D) L, R
BEEPRIIABBT 2~ F9—TiE
L7, —EREI® ZORIGHE AR DT
A0 Ay Y aTHRBL, RXBOREARKH %
BE®, o b 752 FOE F—<MmikEt
BRCHEL 7



YFF¥F2Y I rBE_EERARO SO T O TS X ok, SRR FLL X CERIER 13

5 JobrTSXPOEE
Boht-Fob 7352 hOREKIZ. FHRK
(0. SMD ¥ a AR MZ 120, 4% ¥ 28— CP
ZEUMY Gtk O 6. 2) 72130, Mo
2 =2 b= EEL ML 1 B -NaOH
BT GF 6. 2)) TEYLEEICHERL. Bt
(0. MO ¥ 2 AR MA oMY GEREMIC
HEBIZED 0. 1~0.8%D Y 7= EEEWME%
WML BLXUBEAEM)SEEFEABAL
Bunwi-iEmszhEh 5~7 mA - 72 &bemd
Ve — LU ECHERKEL Int2BFL, 5 x0
v FTHE—I218 3 & 5 (oo 3R L1k,
D CHRETFT T2 BEIEEL, o752
FDOBAERIR

{ (e ECHBELcoo=—-% - (B
B O BB R E RO HB L
lraog=—¥ )} + (FL—=bLETO LTSS
Z MO X 100

TEHL -,

6 JobrFSRIhLERENf-O0=—-0
B’
¥ 2,8 % THAE TR RE, HBRLC D
On—%2AEEERI 2T M—ao=—-THHE
TEROVLWHORBRALE) BFhe FFZ2 b
— ZFK (PDA) HHMCHBEL 72, SBEROE
AODEIEL 1R, BRREREL. 75
TOHETREARED T KERENZHIE L
T2o X5, 75 v TRRL —BEAKIIOWV
Tid. Bid - TRECRIAPUE L THEW AR B
BLONBEBRAE T X5 —ic LT, P DAV
b TR T R ATV, RERRIARE L,

7 7oOb7S5SXPOELEMNGERE

To b3 MR WM = b= LEETH0
M1 L B —N a OHEE@E (G 6.2 T2
~3EED (2 000rpm 5308 BH LK, 7
ob735 X bOMBKIIEH]S Y OhkicH
U. DAPI (6-UOF73IY)-0-7z=0A

v F—VUERRE. 1y g /m) THELER
L7z, HIRIBED A L EANDEBORET .

0. MNaCl1%A2aE50uM) EREFHR O 7.0)
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Fig.1. Influence of the culture age and

reaction time on the production of protop-
lasts from dikaryotic mycelia of Agrocybe
cylindracea 3920.

Mycelia used as the protoplast source we-
re statically cultured in the MYG medium
containing 0.4 % Sanpearl CP for 4 or 7
days at 25 °C. The enzyme solution used
for protoplasts production was contained 2
% Cellulase "Onozuka" RS and 0.1 % chiti-
nase, 0.6 M MgSO, and 50 mM succinate buf-
fer, pH 4.6. The enzyme reaction was per-
formed at 30 °C.

® — @, 4 days old mycelia
* — %, T days old mycelia
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Fig.2. Influence of the reaction time and
regeneration medium condition on the rele-
ase and reversion frequency of Aerocpbe
cylindracea 3920 protoplasts.
Mycelia used as the protoplast source we-
re statically cultured in the MYG medium
containing 0.4 % Sanpearl CP for 7 days at
25 °C. Each sulfite pulp waste component
was added to the regeneration medium (RM)
at the concentration of 0.4 % (CP) or 0.2
% (LS,IA and LD), pH 6.0. The enzyme solu-
tion and reaction were the same as Fig.l.
A, RM (MYG medium containing 0.5 M sucrose
and 1.2 % agar) ; B,RM + 0.4 % Sanpearl CP
(CP) ; C,RM + 0.2 % ligninesulfonic acid
sodium salt (LS) ; D,RM + 0.2 % lignine-
alkaline (LA) ; E,RM + 0.2 % lignine-deal-
kaline (LD)

{0, Number of protoplasts

B, Plating efficiency

Ricid, 7o b 752 oL HAKEE
BREEET 2 b0 (Fig T8) &ERIRMIKL B
RICHIT - F-BERMED tHEHIIE ) & AR DR
XhasD (Fig 1) o »oRHSBE XK,

3 FobrFSXPOBEE
IhETFo b 52 bR EERNDE
s, HERAERE OB BREM: - A OB
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Fig.3. Influence of the culture age on
the release and reversion frequency of
Agrocybe cylindracez 3920 protoplasts.
Mycelia used as the protoplast source we-
re statically cultured in the MYG medium
containing 0.4 % Sanpearl CP at 25 °C. The
enzyme solution used for protoplasts pro-
duction was contained 2 % Cellulase "Ono-
zuka"RS and 0.1 % chitinase, 0.6 M manni-
tol and 50 mM maleic acid-NaOH buffer, pH
6.0. The enzyme reaction was performed for
3 hr at 30 °C. The regeneration medium was
MYG containing 0.5 M sucrose and 0.4 % Sa-
npearl CP, 1.2 % agar.
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Fig.4. Influence of various products on
the release and reversion frequency of
Agrocybe cy/rindraces 3920 protoplasts.
Mycelia used as the protoplast source we-

re statically cultured in the MYG medium
containing various products for 5 days at
25 *C. The enzyme solution used for proto-
plasts production was contained 2 % Cellu-
lase "Onozuka" RS and 0.1 % chitinase, 0.6
M mannitol and 50 mM maleic acid-NaOH bu-
ffer, pH 6.4. The regeneration medium was
the same as Fig.3.
0, MYG medium ; SS, MYG + 0.8 % soluble
starch ; LA, MYG + 0.8 % LA ; PP, MYG +
0.8 % polypepton ; CP, MYG + 0.8 % CP

Symbols were the same as Fig.2.

Fig.5. Influence of the components of su-
1fite pulp waste on the reversion frequen-
cy of Aerocybe cylindracea 3920 proto-
plasts.

The enzyme solution used for protoplasts
production was contained 2 % Cellulase "O-
nozuka" RS and 0.1 % chitinase, 0.6 M ma-
nnitol and 50 mM maleic acid-NaOH buffer,
pH 5.5. The regeneration medium was MYG
containing 0.5 M sucrose and various sul-
fite pulp waste components, 1.2 % agar.
Other conditions were the same as Fig.3.
A,RM (the same as Fig.2) ; B.BRM + 0.4 % CP
; CRM + 0.2 %X LS ; D,RM + 0.4 % LS
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Fig.6. Micrographs of protoplasts and cell wall regenerating cell.
a, Ordinary light micrograph ; b, Fluorescence micrograph of the same fields as in
Fig.6a (stained with Kayaphor PBS)
In this experiment, the dikaryotic strain 7013 was used.

Fig.7. Fluorescence micrographs of normal hyphae (a) and aberrant hyphae (b) stained with
Kayaphor PBS.
The strain used was the same as Fig.6.

EUNRESET S VBB SN, £ LEERBEHCT o bS5 2 FEAERL.
T, HEAERFOEMENLEHSIhicFa b DAPI TR Ctaxhic o b S5 2
75 R bEaEOREL, SBREI L, MYG FOREEF T, TOFERIETble 2IRL
FERM I TR RR,. ) 7= VBRME % feBD . BIMYIORNC X B EEER (X
0. 4%BETHEML MY Gk TR R) BT A~ IBERELS R - TV,
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Table 1. Percentage of protoplasts stained with Kayaphor PBS at various times after the

onset of incubation at 25 °C.

Incubation time (hr)

Stained frequencya (%)

Buffer solution

Regeneration medium®

15 2.5 ( 4/163) 3.5 ( 8/230)
20 3.1 ( 4/130) 18.8 ( 21/112)
24 4.3 (7/161) 32.1 ( 53/165)
39 13.9 (23/165) 44.6 (100/224)
48 43.8 (81/185) 46.8 (109/233)
96 28.3 (38/134) 29.6 ( 50/169)

a Number of stained protoplasts to the examined protoplasts.

b The buffer solution was 50 mM maleic acid-NaOH buffer containing 0.5 M
mannitol, pH 6.2.

¢ The regeneration medium was MYG containing 0.5 M sucrose and 0.4 % San-
pearl CP, 1.2 % agar (pH 6.2).

Mycelia used as the protoplast source were statically cultured various media for
5 days at 25 °C. The enzyme solution used for protoplasts production was contained
1 % Cellulase "Onozuka" RS, 1 % Novozym 234 and 0.1 % chitinase, 0.5 M mannitol
and 50 mM maleic acid-NaOH buffer, pH 6.2. The enzyme reaction was the same as
Fig.3. The dikaryotic strain used as the protoplast source was the same as Fig.6.

Table 2. Percentage nucleation of protoplasts using various liquid media.

Liquid culture A : No. of protoplasts B : No. of protoplasts Stained
media? examined which stained with frequency
DAPI (%)
B/A

MYG 242 54 22.3

+ CP 231 83 35.9

+ LS 289 54 18.7

+ LA 305 41 13.4

+ LD 299 22 7.4

a Each sulfite pulp waste component was added to the liquid medium (MYG) at the
concentration of 0.4 %.

b Nuclei were stained with DAPI at a concentration of 10 y,g/ml essentially ac-
cording to the method of TAMAI et al..

All the conditions were the same as Table 1.

RusZ &bt (Fig 2~5, £/, BE
L TR 330 —Dhil—fFEAR GRS HEL
TLAZERLIFLIIEERS 3, 22T, T
F 75 X b OFBEH L HERBOBROITK 5

4 BARER (@8 Kok

EETREREDOL O NS5 X FAER L,
HAEtciEgd s L, Yo bh75 2 hOEY
SHPEELElOBVICE D, FERIAEL
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T BELTRS 20 —D—BikEbkE HAB 2 Fig iRk S, FobrF5=x
BERABRO BB S E2HAI, ThokR FONBEFAERICKEZSEELTW D H
i2Table NoRT EBYTHH-1, oo —ic g% 5 _BEpEEoR ST,

To b P35 R M EREHT B D OERIEDR §. 1~11. % OWPAN TR X BEHIIR Sh S

Table 3. Frequency of dikaryons and two mating type monokaryons derived from protoplasts.

B : No. of monokar-

Expt.No. Dikaryon frequency A : No. of monokar- yons which formed B/A
of regenerantsa (%) yons examined clamp connections (%)
with A6B6

1. Culture media
for mycelia

MYG 10.3 ( 4/39) 35 19 54.3
+CP 17.9 (10/56) 46 29 63.0
+LS 15.1 (13/86) 73 A 42.5
+LA 9.1 ( 5/55) 50 32 64.0
+1D 11.6 (12/103) 94 45 47.9

2.Culture periods
for mycelia(days)

3 17.9 ( 5/28) 23 13 56.5
4 58.3 (14/24) 10 3 30.0
5 41.9 (13/31) 18 4 22.2
7 16.3 ( 7/43) 36 20 55.6
10 18.2 ( 2/11) 9 6 66.7

3.Reaction time for
cell wall digestion (hr)

2 22.9 (22/96) 85 44 51.8
4 11.4 (14/123) 109 37 33.9
6 12.5 (17/135) 119 62 52.1
24 5.8 ( 3/52) 49 3 63.3

4 .Regeneration media
for protoplasts

MYG 21.2 (12/57) 45 25 55.6
+ CP 20.0 ( 8/40) 32 20 62.5
+ 1S 20.0 (10/50) 40 17 42.5
+ LA 16.9 (10/59) 49 27 55.1
+ LD 28.6 (10/35) 25 15 60.0

a Number of dikaryotic colonies to the examined colonies.

Expt.1. All the conditions were the same as Table 1.

Expt.1-3. The regeneration medium was the same as Fig.3.

Expt.2-4. The enzyme solution and reaction were the same as Table 1.
‘Mycelia used as the protoplast source were statically cultured in the MYG
medium containing 0.4 % Sanpearl CP at 25 °C.

Expt.4. The pH value of the medium was adjusted to 6.2 before autoclaving.
Other conditions were the same as Table 1.
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