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Abstract

For the preliminary study on tobacco cell fusion as one of new breeding technig-
ues, the conditions that would be most effective in isolation, fusion, and culture of

tobacco protoplasts were examined ;

1. The enzyme solution of (. 5% macerozyme and 2% cellulase (or meicelluse ) was
the most economic and efficient in isolating protoplasts from tobacco leaves,

2. The proper incubation period of tobacco leaves in cell wall digesting solution
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was 4 hours

3. As an osmotic stabilizer, sorbitol or manniiol solutions were employed, The co-

ncentration of (.5~0 7M of either hexitol gave satisfing results as the osmotic stab-

ilizer .

4. The calcium concentration appeared to be an important factor in protoplast fu-

sion, The adhesion of protoplasts was enhanced by enrichment of calcium ion in PEG

solution. The highest freqe'ncy' of protoplast fusion was obtained when tobacco pro-

toplasts were incubatedin PEG solution, containing 9 mM CacCl,,

5. Cell divisions of the isolated protoplasts were continued and have generated

colonies when they were grown on B-— & medium at. 28 °C,
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1. protoplast 2k

FA AN 824 = N. tabacum L, o) <3l
BY4, %% &%, Xanthi, & Nicotiana 55
rustica 8t glutinosa &3¢k o 49
FAABNA 50 ~60 A5 e L A4
gt FAAAE AL F 1% sodium hypo-
chlorite 2 10 5oF £53l3 R4 25 A
Aj & Z4HE o] &3dled protoplastE Fe
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macerozyme + meicellase 2Jz]7} macerozy-

"ol N, glutinosa= rustica v+

ol A B vhe} zro] 1247 A elsw proto-
plast = wo}=] 1} protoplast 7} ¥ A=
Eobgteh 24 A Tl 2 ATo] o 4]
st¢ = ZXanthi s} 7}#F protoplast & ¢ 2] 8]
717} A 247 FH4 7 £ = protoplast
To] Ftor ddATe] HAE = A

L=}
=5

53l

tabacum el
v]s}e] protoplast 4-&to] xg]c} (Table 3)
ol4be] ZAalE Mo} el - gAY AL

Table 1, Effect of Enzyme Solution on the Isolation of Tobacco Protoplasts

Enzyme Solution Yield? Number of Intaclt. Protoplasts b
M€+ 1% Meicellase 380 -
M + 2% Meicellasz 47.6 —
M + 4% Meicellase 61.5 80
M + 6% Meicellase 80.0 -
M + 1% Cellulase 298 -
M + 2% Cellulase 4.7 84
M + 3% Cellulase 66.0 —

1
a: Yield = x 100
transmission at 630 #m

b : number of intact protoplasts = number of protoplasts in 1.5 mm?® of

Thoma’s hemacytometer

¢: M = 05% mecerozyme

me + cellulase 3j2) ¥ o} 4 £33 o] A 2o
macerozyme + cellulase 3 2]« 4 743§ pr-
otoplast 7} ©] mke] A7 AsFe|glon 4
TafelEas) FE Eobd 45 seldzx
7t Zobzteot B2 92 A A¥ protoplast
F Ads dlEo] deizich AZxHHeIL F
£ % meicellase ¢} cellulase %5 2% T
o] 7tA AA A TRz ARFrL

2. 549 w4zt
F5d o2 protoplast & g2 < & At
A7t 4 ~124) ko] £ 9% Table 2

19 w9 20z AR A5 ThHzle 4
Azt JER AZe] §lvt

3. 4b%qr 24 EA (osmotic stabiliz-
er)y =2 FIt

FaHo} Ao FaAer2y 0.5~0TM
% 2] mannitol o]} sorbitol & o| &3 A
o] Egtch (Fig. 1) A AHsl 0.1M manni-
tol Relef4] = chloroplast 71 #FALHFL
2 &g A HAlE A warer(Fig.
92) 0.25M¢] mannitol-§}ef 4+= protoplastz}
B== A £7} 0.1 M mannitol 8oef4 wr} =
glon} s R Bo] ATt T WA
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Q1= chloroplast 2| £ 37t S-AYelAet 2
geh (Fig. 33 Fig. 8 wja) x| ade) prot-

oplast & Y4-& 2% 7% Fig, 948 #o] <¢h-

loroplast 7} #l= vz =g+ &4l protoplasts}
Bela7b gLl ek Uchida o] wel &3t
( personal communication) #&§ (pith) &) 4
1} protoplast & chloroplastz} Ael ¢ <k
2 8k Fig. 9o 49} o] ehloroplastl pr-
otoplaste 4 2o}z Yo AL FAFP o7
ek o]+ protoplastE (£ €ole o
AFehe] Aolr g ie Fo] AZHE B
A Welxl fFygTte F, ofnt plasmamode-
smata 4}o]& F3le] chloroplastr} wjxle
Ao] opd 7t 4 AEek HiR#el LerlE &K
JEe) A1) protoplast &} ©gtow (Fig, 5 ~

Fig, 7) 1.0 M mannitol -84 & 4= proto-

Table 2. Effect of Incubation Period of Tob-
acco Leaves in Enzyme Solution on Pr-

otoplast Isolation

Incubation Period Number of Protoplasts?®

1hr 0
2 2
3 15
4 2
6 27
18 9

a : Number of Protoplasts = number of pro-
toplasts in the area of 1mm? of Thoma's

hemocytometer

Table 3. Some Characters of Nicotiana Speciana Species Protoplasts

Characters
Species Source Diameter ( #m) Cytoplasmic Yield of
Mean Range Strands Protoplast ©
N. glutinosa Y2 53.1 426 - 61.9 poor +
N. rustica YL 310 232 - 46.4 poor +++
N. tabocum Vor. YL 3.5 155 ~ 542 fair P
Xanthi
Hyangcho YL 295 232 - 464 rich: ++
BY 4 YL 313 271 - 426 fair ++
Sohyang 1 YFELP 56,8 38.7 - 85.1 fair ot

a: YL = Young Leaves

b: YFEL = Young’ Fully Expanded Leaves

¢ : +++++=Excellect, ++++ = Very good, +++ = Good, ++=Fair, + = Poor

plast7} S5 4 5 22 % 7| £ §+z (Fig. 6)
15 M9 manitol Sl A8l ok gy u
gl (Fig, 7) Takebe (14) 5d &3k 0.3
Mol A protoplast 7} Bl =y Exjof o i (8
M manitol §e§-& o] g ot B e A

#2& (0.8 M manitol & YF SE7 AT
o2 gatsgicl Takebe % A Al o4&
chioroplast 9} ©} & 4] T &8o] wlz )& A
27 2F g

FaNol v Ay FEEPR FHYE B
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FEE o] &% F YA oJEL Wl atel A
&7 @& protoplastz} & Ewe- QA
W FroldHER #lod o BEH (osmot-

ic potential) o] z}a} ZFA=HE AFr) o] o]

5 Agahx @¥ Aol $20 28y Gamb-
org%(5) ¢ #%hd pea protoplastul ofef 2]
ALfolz A4 2 4= hexitol (mannitol o]}
sorbitol)ul& 2t Rxch glucosed o] 4}
§-8lw protoplast 7} o & =ele] A sl
2tk s

4 protoplast % o wjek

A Z-§ % protoplastsiz| Aol ®  =bed Ao
E e AEE Do (6) FFAe]
AY & AR5t FFEo) EokAle (3, 12).
0.5g/ml 9 PEG 6,000& protoplast §
gelAd o2 A5t g-& W) Catrol e 37}
£ - Fade Catt o] o] Tojska] 9
% & protoplast $gto] A9 otz @&
gl'iml 9mM¢ CaCl,7} E4|zt PEG <o)
A X253 I A7 A Fgkel (Table 4),

25l #E< protoplast & (—) charge
T 22 g Aex duHek(12) Fgold
& o] HAE & T Ao 7o) (8)
d¥gdHe] HAZ AL FelFx (—) charge

AR AR HAT - ENE

._.
5 & S =

No. of intact protoplasts

[y]
=

. T §

1 1 i A 1

02 04 06 08 10 12 14

Concentration of Mannitol (M)

Fig'. 1. Effect of ¢smotic stabilizer concentration

on protopiast isolation .

=3 gl= 2719 protoplast s =& 4=
FAA 5 48¢ g2 24 protoplast §
Fe F Ao AARd 1V B2 &
obzbm ol AR F Talej T odAH FE A B
o Zge]&o] 7o (—) charge®} A sty
T Zajole]l AR Wolw= AE =55 He
protoplast §35e] Lx ¥ e Cat o] &S 7
= PEG 464 dojxetn 47sict

2

Table 4. The Effect of Calcium Concentration on Fusion of Tobacco Leaf Protoplasts

The Basal Medium Contained 05g,ml PEG 6000 and 0.1 M Glucose

Treatment b
Fusion of Protoplasts
Solution Conc . of CaCl ,
mM
B2 0
B + CaCl 2 3 4+
B + CaCl, 6 +
B + CaCl, 9 +++
B + CaCl, 12 ++
a:B = Basal Medium
b:i— = Poor, + = Fair,++ = Good , +++ =Very Good
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PEG & o] &3l 4l E§¢L Al =t Fig,
11 el A2} 7Fo] 278 ) Lubo] = =AE
sie b4, Fig, 129 3Fo] ¥ protop-
last 7} el §Fbsl A9 ded &
T 27 we} Y347} 9 Fig.
13el4 B vpe} o] o) 24 protoplast 2
277} o}F c}g protoplastsl Fits & A$
7k =

THHE FgL A4 "4 2749 protop-
last 7} =gotol slx (Fig, 14 a) 2 Fo 4]
ER o] o -&dH (Fig. 14 b) F A Lato] 2
Al zFko] 2ak golAA Hol shiel Fu Al
*=2 =l (Fig. 15)

9% Al X+ Gamborge] B—5u=e] "d
Z3lm Al4=lgl colony 3 o) E¢ vk 1{_}
¢] protoplast & B—5 uj=|d]4] 72t =2
ZAWE Aah wofr)e] ¥ & T"]ﬂ"'}‘]‘ﬂ] 17}‘
¥4dste (Fig. 16) 2498 Al%sl] 18 Yol
A3t A+ colony & #ale=z £ 5 9o
= (Fig, 17 ~19) chlorophyll® 2|4 #=
Hgleh colony el A wha] fr4Eo] Lo
ST 3] Hv AF L @A ATFol ot

Fig. 19. Colonies of tobacco cells at 18 days after plating.'

¥DEH

-1, Burgess, J.,andE, N, Fleming, Pla-
nta (Berl ), 118 ; 183—194(1974).
2. Carlson, P, S,, H, H. Smith,and R.
D, Dearling, Proc, Natl, Acad, Sci,,
69 ; 2292 - 2294(1972).
_- 3. Cocking E.C,, Ann, Rev . Plant Ph-.
ysiol., 23 ;29—50 (1972), :
4, Gamborg, O, L., R, A, Miller,and K,
ojima, Exp. Cell Res., 50 ;151—158
(1968) ,
5. Gamborg, O.L.J, Shyluk, and K,
K, Kartha, Plant Sci, Lett,, 4 : 285
— 292(1975) | |
6. Kao, K, N,,and M, R, Michayluk,
Planta (Berl, ), 115 ; 3556— 367(1973).

Fig. 18. Tobacco protoplasts at 18 days after plafing (X 80)

— 147 —



11

10.

11

+AL-AEA A AR

Keller , W. A, and G. Meichers, Z,
Naturforsch., 280 ; 737 —741.
Kwack, B, H, and K, E, Park ,Kor-
ean J, Bot., 12 ; 71-75(1969).
Melchers, G, and G, Labib, ,Molec,
Gen, Genet., 135 ; 277-194(1974).
Melchers, G., M. D, Sacrtan, and A,
A_ Holder, Res, Commun, , 43 ; 203—
218(1978)

BERER%E, 2 WL, 78 T0—172

12.

13.

14,

ceA

(1978)

Ruesin , K. A, W. Plant Physiol |,
47 ; 192-195(1971)

Shenk, R. U;, and A, C, Hildebran-
dt, Amer, ], Bot,, 55 ;731—735
(1972).

Takebe,I,, Y. Otsuki, and $,Aoki,
Plant Cell Physiol., 9:115— 124
(1968)



