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ABSTRACT

This study was conducted to investigate an effective method of protoplast isolation, the plating efficiency

for cell division, and fusion of plant protoplasts by polyethylene glycol for somatic hybridzation. The effecti-

veness of protoplast isolation was different with the various enzyme concentrations, but, in the protoplast

isolation from tobacco mesophyll, the enzyme solution with 0.5% macerozyme and 2.0% cellulase was very

effective. The protoplast isolation from callus cultured in vitro for a long period was not obtained in any of

the enzyme solution used. Protoplasts divided actively at cell densities above 10* /ml and at 25°C under 12

hr illumination by inflorecient light (150 Lux), regardless of presence of agar. The highest frequency of pro-

toplast fusion was obtained after treatment with a solution of 0.33 M polyethylene glycol 1500.
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Isolation of protoplast from tobacco mesophyll

Table 1.

o l_?ﬁ:yme sol. H In incubator Yield of
(%) v Temp. (GC) Time (hr) Shaking/min protoplast
A sol.? 5.8 25 1.0 sdow
B sol. 5.2 36 26 slow *
A sol. 5.8 25 0.8 o0
B sol. 5.2 37 2.0 40 *
A sol. 5.8 25 0.8 25
B sol. 5.2 37 2.0 - “
Macerozyme 0.5
K DS 0.5 5.5 25 3.0 - ++
Cellulase 2.0
Mannitol 0.7 M
a @ A sol Macerozyme 0.5, KDS 0.5, Mannitol 0.7 M
b : B sol Cellulase 2.0 Mannitol 0.7 M
+ : Fair, ++ : good
2 BBEEol ol R Qdout® HERER F Balrh

Be 17514 ¥ 22 4 glv | Bfsks Nagaol®
7b 578 wpeb 2ol FEl: U BRHEEE 9€ 4+ 3
% ot (Fig. 1-C)
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b Cellulase 2%, Macerozyme 0.5%7t 4%F=
Bdl 25T, 1EME, 126 £Hss B A

BT BRE €% 4 A &4 ConstabelD o] T
vi2l ff—slg s Weber s | Brpiko 2 Rtk Q&
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Table 2. Isolation of protoplast from pea mesophyll
Enzyme sol H In incubator Yield of
(%) P Temp. (°C) Time (hr) Shaking/min protoplast
Macerozyme 0.5 0.7 - +
5.5 25°C
Cellulase 2.0 1.0 40 ++
1.0 12 +++
Mannitol 0.7 M 1.5 40 +
A sol. 5.8 25 1.0 60 +
B sol. 5.2 35 2.0 -
A sol Macerozyme 0.5, KDS 0.5, Mannitol 0.7 M

B sol
+++

Cellulase 2.0, Mannitol 0.7 M
very good, ++ : good, + : Fair,

t : poor
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Table 3. Isolation of protoplast from tobacco callus cultured in vitro
Enzyme sol. . In incubator Yield of
(%) pH Temp. (°C) Time (hr) Shaking/min Protoplast
a) b) ¢
Cellulase 20 3.0 5.0
Macelozyme 0.5 1.0 2.0 5.5 35 1.5 40 Y
) t + ++
KDS 05 05 05
(Mannitol 0.7 M)
A sol. 5.8 25 0.5 60 +
B solL 5.2 35 2.0 20
A sol. 5.8 25 0.8 30 *
B sol. 5.2 35 4.0 20
A sol. Macerozyme 0.5 + potassium dextran sulphate (KDS) 0.5 (Mannitol 0.7 M)
B sol. Cellulase 2.0
+ poor ++ : good
Table 4. Isolation of protoplast from some plant mesophyll and soybean callus cultured in vitro
Source Enzyme sol. pH - In_incubator Yield of
(%) Temp ("C) Time (hr) Shaking/min protoplast
Spinach A sol 5.5 25 1.0 — +
Carrot” MK* 20C -
MK 30C 5.2 37 2.0 50 +
MK 40 C ++
MK 5.0 C ++
Papermint?2 A sol. 5.5 35 2.0 20 +++
3.0 80, 45 —
Soybean® C sol. 5.2 31 3.0 20 —
Soybean® D sol. 5.8 25 0.5 20
E sol. 5.2 36 2.0 20 o
* MK, C : Macerozyme 0.5 KDS 0.5 Cellulase
A sol. Macerozyme 0.5 Cellulase 2.0 Mannitol 0.7M
C sol. Macerozyme 1.0  Cellulase 5.0 Hemicellulase 5.0 Mannitol 0.6M
D sol Macerozyme 0.5 KDS 0.5 Mannitol 0.7M
E sol. Cellulase 2.0  Mannitol 0.7M
a : Mesopyll’ b : Epidemal ¢ : Callus
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Table 5. Influence of cell density on plating

efficiencya
Cell density in plateb Plating
Source . .
(Calls/mi) efficiency
Tobacco mesophyll 8.8 x 10° +++
protoplast 2.7x 10 ++
1.3x10° +
2.5 x 10% -
a : protoplasts were cultured in Nakada and
Dakebe medium (1971)
b : cell density measured with hemacytometer
+++ ; very good +: fair —: poor

YH ol MM THE HBel dojute Aoz A
ZrEl EYEE o Sk detde "8 uE
e ez BN < ERE M= AR E
HEBSHE THEEAT SR 2 5 glded
ol MY —EFHiel BiBY HKolof WAL
MRz A BEHES 2ol Aol A g7t
Halth -

SEIEEE el st Sl FRRESR 29
& Nakada®} Dakebesgifiol 10%,/ml& Plating 3}ed
O RERE BEES T E 63 2o

Table 6. Cell division condition after tobacco
protoplast inoculation into medium

Cell division condition? MediumP Cell division¢

2500 Lux 24 Light Agar +
Liquid +
24 Dark Agar +
150 Lux 12 Light Agar ++
12 Dark Liquid ++
150 Lux 24 Light Agar +
Liquid +
a : Temp. 25°C

b : Nakata and Dakebe culture medium

¢ : 8 days after inoculation

25 Col BBz FES HKE Pty REG
ub 2,500 Lux 24 BR stefkel 150 Lux 12B5R0
B MR 3ol Bl HEelgth FEEBER
= SR Kol BERL KES Bole ez B
BEoh b BXe 4K o8& S8 & 49
3rg ol x| x| gkgro o kYA HARs Colony L %
Callus & #Eificll $717) 41¢ EXoz @ol FIAH
= gtk EREEY Se 5000l DldAe
Kulgstgdm a8 Plating & 1285 150Lux 3T
oA WRSZE dol 3 2500Lux 28Tl BE
BEEGE 2o HEE 2€ F Udeo Nagao'” 7}
g R B—stgdrh
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spe3141D PEG 60005 @aiet &5 FEAREXY
Haad BET EREe £ T8 2
PEGi#-& 2R REHEE gHEY 9 PEG
BES M & MEE #Bnste FEEaA
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Fig. 1. Isolated protoplasts of higher plants mesophyll and callus cultured in vitro.
A : Plaisade parenchyma cells.isolated from pea mesophyll.
B : Tobacco callus protoplasts. C : Tobacco mesophyll protoplasts. D : Pea mesophyll protoplasts.

E : Carrot epidermal protoplasts. F : Papperiment mesophyll protoplasts.

Fig. 2. The division process of tobacco protoplast cell.
A : Protoplasts, at the time of isolation. B : At 2-3 days after plating, protoplast form changed.
C : At 4-6 days, the start of the first division. D : Clusters of about 8-16 celis at 10-12 days.
E,F : Clusters of about 2045 brownish cell at 15-18 days.

Fig. 3. Fusion of protoplasts in progress.
A,B : Carrot protoplasts fusion between two protoplasts.
D,E : Tobacco protoplasts fusion between two protoplasts.
C : Fusion between a few tobacco protoplasts.
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Table 7. The effect of PEG 6000 concentration
on the fusion of tobacco mesophyll

protoplast
Treatment
Sol. PEG 6000 conc. Fusion efficiency (%)
PEG sol.2 0.01M 1.6 (8/500)
0.02 9.7 (49/508)
0.03 35.0 (150/402)

a : PEG sol. contained vith Cacly 10mM, KH,PO4
1mM and Sucrose 0.35M (PH 5.5)

—fgtye 2 PEGHE K FHE 2% FEHERMA
HEEZ ¥V —Ekie ZiB% #% Eluting %
¥o=2 PEGE trikste BiENA MREEG %ol
delytty(Fig 3 D~E). #REAL FHELE Ma-
nnitol IEH o B 3~4E HLoEAA PEGC BEE
g BRdAL BAMoR BASE F%E
glen® olzizt M- BOSHEN FREERMG HE
EHES ] BMoEE Bxer Z8Yh MAeR PEG
ol Cattoleo] Myt EREBAAES e
#Es gon sty Carele BEES d8dld B
B &Re & 87 2k

PEG 15002t 0.33Mel CaClLi2[f-g welsle 94
SEACAA SHR RREa EBEsde W Call,
c2HOBEZ & 75 SEY BEEo dolydnh
o)A SEER WP BEHEREE - oes 23
ol A Carrolgol A" A 2E9 RYHES
HE BRAAFE 7o #8E Byl o Na-
gata!¥ 7} T8 R A—sglz FEHEEY i
meeEg dgdd smiol PEGEEKE 1: 12 A4
He W 2 BEREERA B&ol olFozy ol
ko gz @akde EREMAMY HET AR
74 Viehd Zle g BES g o(Fig 3-C). ek A
FREes Me&e PEGEEles BT BRE <
< 4 gioemw High pH-High Cafts #iisi A &
fmElol Hok &1 ol Nagao!”, Constabel® o] 7%t

Table 8. The Effect of PEG sol. on the fusion of
pea mesophyll protoplast.

PEG sol. Fusion efficiency (%)
A sol.2 + CaCl2H,0 10.5mM + KH;PO40.7mM  43.9
Asol. +CaCl,2H, 0 7mM 27.3
A sol. +CaCl;2H,0 3.5mM 23.1

2A sol. PEG 1500 0.33M + Glucose 0.1 M (PH 5.5)
Eluting sol. Cacl;2H,0 50mM + 0.7M Mannitol (PH 10)

BRe —Fste Emolgl e @l iR A
SEme FRESMY Bad A B— End
2y ct(Fig. 3, A-B).
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