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ABSTRACT

Leaf mesophy!l protoplast cultures from six Nicotiana species, N. debneyi, N. tustica,
N. amplexicaulis, N. glauca, N. glutinosa, and N. sylvesrris were carried out. When we reduced
the NHi:NO: and Fe *r EDTA concentration to 1/3(7 mM) and 1/10(10 #M) from the
Murashige and Skoog medium respectively, cell division of the protoplasts was efficiently
induced in four Nicotiana species, N. debneyi, N. rustica, N. amplexicaulis and N. glauca.
Howecver, other two species, N. glutinosa and N. sylvestris were failed in inducing cell division
at the same culture condition. The protoclone calluses derived from four Nicotiana species were
consequently regencrated on a MS basal medium supplemented with the appropriate auxin and

cytokinin.
INTRODUCTION

Plant protoplast has been extensively used in the cell culture system for the plant
improvement through the mutant isolation, somatic hybridization, and/or genetic engineering.
Especially, genus Nicotiana has been considered as a model system for the development of
genctic manipulation procedure. Hithto many successful attempts to induce cell division and
plant regeneration from the protoplasts of cultivated tobacco (Nagata and Takebe, 1971;
Caboche, 1980; Kim and Kim, 1986) and wild tobacco(Scowcroft and Larkin, 1980; Muller et
al., 1983; Douglas et al., 1983; Installe et al., 1985) have been achicved. Although methods for
isolating protoplasts and rcgenerating plants have been established for genus Nicotiana, a
gencralized manipulation procedure leading from protoplasts to plants has not yet been
undertaken. We have recently reported a reproducible methodology for the protoplast culture
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in five cultivars of N. tabacum(Kim and Kim, 1986). In this paper, we describe attempts to
improve the developmental potential of isolated protoplasts in gencral from the selected species

of genus Nicotiand.
MATERIALS AND METHODS

Plant materials and chemicals.  Six Nicotiana specics, N. debneyi, N. rustica, N. glauca,

N. glutinosa, N. sylvestris, and N. amplexicaulis were used in this study. For the protoplast
isolation, cellulase(Onozuka R-10) and macerozyme (Onozuka R-10) were purchased from
Yakult Biochem. Co. The other chemicals used in this study were obtained from Sigma
Chemical. Co.

Protoplast Isolation.  Fully expanded leaves from 8-10 week-old plants were collected for the
protoplast isolation. The leaves were surface sterilized by immersion in 70% cthanol solution
for 30 s and 1% sodium hypochlorite solution for 10 min. After rinsing in sterile distilled
watct, lower epidermis of sterilized leaves was peeled off using fine forceps. Approximate 1 g
of Icaf tissue was placed in a 50 ml Erlenmyer flask containing 10 ml of the filter-sterilized
enzyme solution (Table 1). The tissue-enzyme mixture was agitated at 30C on a water bath
shaker at 50 rev/min. Enzymatic digestion was continued for 3 to 6 h. Following incubation
the mixture was filtered through the 50 #m nylon mesh. For the subsequent culture the
protoplasts were collected by centrifugation (100 g, 3 min) and washed three times using the
liquid media described by Kim and Kim(1986).

Protoplast culture.  The freshly isolated protoplasts were resuspended in liquid medium at a
cell density of 1X10%/ml as measured with a hemacytometer. The suspension was mixed gently
with an equal volume of melted agar medium(0.8% agar in the medium), and 1 ml aliquots
were poured into glass petri dish of 5.5 cm in diameter. The final cell density in the plates was
5X10*/ml. The petri dishes were sealed with parafilm and placed in the dark for 24 h at
28%C and then transferred to dim light (500 lux) for 48 h. Finally the cultures were placed at
2000 lux with 16-hour photoperiod. After four-week culture, colonies were individually
transferred to the new medium which reduced the mannitol concentration to 0.2 M. Plating
efficiency was defined as the percentage of protoplasts which formed the visible colonies after
3-week culture. For the plant regeneration, protoclone calluses were transferred to the shoot

induction medium and cultured under the same culture condition as above.
RESULTS AND DISCUSSION

The protoplast cultures of wild species of Nicotiana have been extensively reprorted and
demonstrated to require complex and diverse culture condition (Scowcroft and Larkin, 1980;
Nagrutiv and Mousseau, 1980; Gill e al., 1981; Muller et al., 1983; Douglas et al., 1983; Installe
et al., 1985). Therefore, we carried out protoplast culture to optimize the culture condition
from six wild species of Nicotiana. Our preliminary results using the available culture condition
showed the difficulty to induce cell division from the protoplast of wild Nicotiana species. Since
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it was previously reported that the protoplasts from five cultivars of Nicotiana tabacum were
successfully induced to cell division and rcgenerated on the modified Murashige and Skoog
basal medium (1962) by reducing the NH/NO: and Fe - EDTA concentratioon (kim and Kim,
1986), we further applicd our previous results to culturing the protoplasts of N. debenyi,
N. rustica, N. amplexicaulis, N. glauca, N. glutinosa, and N. sylvestris.

Figs 1 and 2 show that NH.NOs and Fe * EDTA concentrations of MS medium were also
highly toxic for the protoplast culture of above Nicotiana species as well as those of Nicotiana
tabacum (Kim and Kim, 1986). However, when the NHuNQ: and Fe - EDTA concentrations
were reduced to 1/3 (7 mM) and 1/10 (10 #M) from the MS meidum respectively, cell
division of the protoplasts could be efficiently induced in four Nicotiana species, N. debneyi,
N. rustica, N. amplexicaulis and N. glauca. After 3 weeks of culture, the high plating efficicncies
of cell division were obtained (Table 2). However, another two specics, N. glutinosa and
N. sylvestris were failed in inducing the protoplast division at the same culture conditions. Qur
present results highly agree thar high concentrations of NH:NO: and Fe * EDTA in plant
protoplast culture could disturb the cellular metabolism and conscquently inhibit cell division
(Gamborg and Shyluk, 1970).
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Fig. 1. Effect of NH:NOs on the protoplast culture of N. debneyi. Plating efficiency was
determined after 3 week of culture. MS medium supplemented with 5 p M IAA,
0.5 M 2,4-D and 5 M BAP was used. Fe - EDTA concentrations on M$ medium
were 10 #M (o) and 100 M (@),
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Fig. 2. Effcct of Fc * EDTA on the protoplast culture of N. debneyi. NHiNO:
concentration on M$ medium were 3.5 #M (O) and 7.0 uM (®). The
other conditions were described in Fig. 1.
Table 1. Protoplast isolation from genus Nicotiana
Specics Mannitol Cellulase Macerozyme  Incubation yield
(M) (%) (%) time(h) (No./ml)
N. debneyi 0.5 1.5 0.5 5.0 9.5 X 10¢
N. nustica 0.5 0.8 0.3 3.5 L.0X107
N. amplexicaulis 0.4 0.8 0.3 3.0 9.0X 108
N. glauca 0.5 1.0 0.3 4.0 9.0X10¢

Table 2. Plating efficiency of protoplast culture from genus Nicotiana

First cell division

Plating cfficicney

species ‘ (day) (%)
N. debneyi 5 40
N. rustica 7 20
N. amplexicaulis 6 50
N. glauca 7 40

Modified MS medium supplemented with 5 M [AA, 0.5 M 2,4-D and

initial culture stage. Plating efficiency was counted after 3 weeks of culture.

5 uM BAP was used ar an



-
[FY]

December 1988 Kim ¢t al.; Protoplast Culture of Genus Nicotiana

Fig. 3. Representative protoplast culture of N. debneyi leaf mesophyll tssue A, two cell stage of

protoplast after 5 day in culture on modified MS medium ; B, protoplast-derived colonies after

2 weeks; C, protoplast-derived colonies after 3 weeks of culture period : D, Shoots from
P P g p

the protoclone calluses after 4 weeks on the regeneration medium; E, regenerated plant.
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Fig. 3 shows the sequential culture of the representative protoplast of N. debneyi. Cell
division of the protoplasts in the semi-solid agar medium could be seen at beginhing on the 5-7
day of culture(Fig. 3A). In this culture period the modification of inorganic salts and hormone
combination on MS medium was critical for the continuous cell division of protoplasts.
Generally, two or three phytohormone combinations such as IAA+2,4-D or 2,4-D+NAA as
auxin and BAP+kinetin as cytokinin were effective (kim and Kim, 1986). The first cell
division took place in N. debneyi within 5 days and N. amplexicaulis within 6 days after culture.
In N. glauca and N. rustica the first cell division occurred after a week (Table 2). It was
necessary to culture in darkness for 24 h at an initial culture stage for the induction of cell
division

Cell colony developed in the four specics were microscopically visible in the agar medium
after 3 weeks of culture (Figs. 3B and C). When transferred to new medium in which mannitol
concentration was reduced to 0.2 M, small calluses grew rapidly and green mass was obtained.
When grown to 5 mm in size, individual colony was picked out with a fine forceps and was
placed on MS agar plate supplemented with 5 #M IAA and 5 #M kinctin. The colonies grew
actively on this medium and differentiated shoot mostly without root (Fig. 3D). Shoot
subsequently produced roots on root induction medium which was composed of MS medium
supplemented with 5 #M IAA and 0.032 #M kinetin and developed into plantlet. These
plantlets were grown to mature piants and seeded after flowering. The Tobacco plants
regenerated from mesophyll protoplasts appeared to be normal in their morphology (Fig. 3E).
Our results obtained from culturing the protoplasts from four wild Nicotiana species and five
cultivars (Kim and Kim, 1986) in the same medium and culture conditions appeared to be

easily applicable to diverse studies using Nicotiana protoplast cultures.
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