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Summary 
Protoplasts of Nicotiana plurnbaginifolia were isolated by a one step enzymatic method. 
They were cultured in Ohyama and Nitsch's medium supplemented with 2,4-D (1.0 mg/1), 
benzylaminopurine (1.0 rag/l) and 14% sucrose. Cell divisions were initiated after 5 days 
and within 3 weeks colonies were discernible without the microscope. After transfer to 
Murashige and Skoog's medium containing IAA and kinetin the colonies differentiated into 
plantlets. 

1. Introduction 

Being discrete and totipotent, protoplasts represent an excellent system to 
achieve somatic hybridization in sexually incompatible plants. They are also 
ideal for raising mutants in the eukaryotes, and to bring about genetic and 
biochemical modifications of the cells by the introduction of foreign cell 
organelles and nucleic acids. Considering the potentials of this technique, 
almost every part of the plant has been used for the isolation and culture 
of protoplasts. Despite considerable research in this area, however, successful 
culture and regeneration of plants from protoplasts, has been limited to a few 
plants such as Nicotiana tabacum, Petunia hybrida, Daucus carota, Asparagus 
o/ficinalis, Atropa belladonna, Brassica napus, Citrus sinensis, Datura innoxia 
and Ranunculus sceleratus (for references see BAjAj 1977). Among several 
species of Nicotiana, N. tabacurn has been investigated extensively. Of  late 
work has also begun on N. sylvestris (NAGY and MALIOA 1976) and N, oto- 
phora (BANKS and EVANS 1976). In this communication we report the success- 
ful regeneration and formation of plantlets from the mesophyll protoplasts 
of N. plumbaginifolia one amongst the three common species in India. 
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2. Material  and Methods  

Leaves from 5-week-old seedlings of Nicotiana plumbaginifolia raised in vitro on MS basal 
medium (MutAs•IoE and S~iooG 1962) were used for isolation of protoplasts. The isolation 
was done by the one-step method of POWER and CocKING (1970). About 0.5 g of the leaf 
material was cut into one cm sq. pieces and incubated in 10 ml of filter-sterilized enzyme 
mixture. The incubation mixture contained 20/0 cellulase (Onozuka R-10, Yakult Bio- 
chemicals Ltd., Nishinomiya, Japan), 0.6~ macerozyme (YakuIt Biochemicals Ltd., Nishino- 
miya, Japan) and 0.5 M mannitol. The tissue was left overnight in the incubation mixture 
at 25 ~ for digestion without any agitation. The protoplasts formed were passed through 
a 43 micron steel mesh to remove the cellular debris and finally cleaned by floating on 250/0 
sucrose solution (GREGORY and COCKING 1965). They were subsequently sedimented by 
centrifugation at 350 rpm for 5 minutes. The clean preparation was resuspended in the 
liquid medium of OHYAMA and NITSCH (1972) containing 14~ sucrose and supplemented 
with benzylaminopurine and 2,4-D each at a concentration of 1.0 rag/1. To this suspension 
an equal volume of the same nutrient medium with 1.2% agar kept molten at 45 ~ was 
added (NAGATA and TA:<eBe 1971). The final density of protoplasts was maintained between 
5 X 104 and 105 per ml. The protoplasts were cultured in 5 • 10 mm Corning petriplates 
each containing 1.5-2.0 ml of the suspension. The petriplates were sealed with parafilm or 
cellotape and incubated at 25 _+ 1 ~ initially in dark for 48 hours (ENZMANN-BEcKeR 1973) 
and later under an alternating light and dark cycle of 16/8 hours. The light intensity was 
maintained at 2,500 lux. 
Cell wall formation was tested by Calcofluor (NAGATA and Tt~r 1970). For organogenesis 
the colonies were transferred to MS basal medium supplemented with indoleacetic acid and 
kinetin (TI~oMAS and DAWY 1975). 

3. Resul ts  and Discuss ion  

Protoplasts were isolated from the leaves of plants raised in vitro. This was 
done to avoid the injurious effects of sterilizing agents on the leaf tissue as 
well as on isolated protoplasts, and also in order to obtain uniform protoplasts. 
The freshly isolated protoplasts were spherical, full of large green chloroplasts, 
indicating an active metabolic state. Nevertheless, in spite of their good 
appearance, the protoplasts were highly susceptible to the process of centri- 
fugation, as losses up to 80 per cent occurred during the washing procedure. 
Apparently this is a common difficulty. MARETZKI and NICKELL (1973) also 
observed bursting of sugarcane protoplasts during the process of centrifugation 
and they harvested protoplasts by the process of filtration. Cell wall for- 

Figs. I a-f. Different stages in the culture and regeneration of plants from mesophyll proto- 
plasts of Nicotiana plurnbaginifolia Viv. a Six-day-old dividing protoplast on Ohyama and 
Nitsch's medium supplemented with 2,4-D (l.0mg/l), benzylaminopurine (1.0rag/I), 14% 
sucrose and 0.6~ agar. b Four-celled stage after 10 days, on the same medium, c Four- 
week-old colony, developed from protoplast, on the same medium, d General view of culture 
showing one-month-old colonies, e Fourteen-week-old callus showing formation of shoots 
on differentiation medium (MS + IAA 4.0 rag/1 + kinetin 2.56 mg/i), f Twentytwo-week-old 
plantlet differentiated from protoplast-derived callus on MS medium supplemented with IAA 
(1,0 mg/1) and kinetin (0.04 mg/1) 
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Figs. 1 a-f 
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mation, as detected by Calcofluor fluorescence, took place within 24 hours. 
The first noticeable changes were an increase in volume, and a rearrangement 
of the chloroplasts accompanied by wall formation in about 600/0 of the 
protoplasts. These cells were seen to undergo first cell division (Fig. 1 a) 
after 4 to 5 days and within 3 weeks light green colonies were visible (Fig. 1 c). 
The plating efficiency, i.e., percentage of plated protoplasts producing viable 
colonies, was calculated after one month and was found to be 2-30/0. This 
plating efficiency in N. plumbaginifolia is comparable to that of N. sylvestris 
(BANKS and EVANS 1976). It is, however, poor as compared with that of 
N. tabacurn (BINDING 1975) and N. otophora (BANKS and EVANS 1976) where 
the highest reported values are 800/0 and 400/0 respectively. 
The colonies were transferred to MS medium enriched with 4 mg/1 of in- 
doleacetic acid and 2.56 rag/1 of kinetin for the differentiation of shoots 
(Fig. 1 e) which followed in 2 weeks. These gave rise to roots (Fig. 1 f) on 
MS medium supplemented with 1 mg/1 of indoleacetic acid and 0.04 mg/l of 
kinetin. 
Presently, experiments are underway to enhance the plating efficiency. 

A c k n o w l e d g e m e n t s  

We are grateful to Dr. (Mrs.) NIRMALA MAHESHWARI for helpful suggestions. This in- 
vestigation was supported by a grant from the Indian Council of Agricultural Research to 
one of us (SCM). The award of a fellowship by the University Grants Commission to the 

senior author is also gratefully acknowledged .  

References  

BAJAJ, Y. P. S., 1977: Protoplasts isolation, culture and somatic hybridization. In: Applied 
and fundamental aspects of plant cell, tissue and organ culture (REINERT, J., BAJAJ, 
Y. P. S., eds.). Berlin-Heidelberg-New York: Springer. 

BANKS, M. S., EVANS, P. K., 1976: A comparison of the isolation and culture of mesophylI 
protoplasts from several Nicotiana species and their hybrids. Plant Sci. Letters 7, 409-- 
416. 

BINDING, H., 1975: Reproducibly high plating efficiencies of isolated mesophyll protoplasts 
from shoot cultures of tobacco. Physiol. Plant. 35, 225--227. 

ENZMANN-BECKER, G., 1973: Plating efficiency of protoplasts of tobacco in different light 
conditions. Z. Naturforsch. 28 C, 470--471. 

GREGORY, D. W., COCKING, E. C., 1965: The large-scale isolation of protoplasts from 
immature tomato fruit. J. Cell Biol. 24, 143--146. 

MARETZKI, A., NIC~ELL, L. G., 1973: Formation of protoplasts from sugarcane cell 
suspensions and the regeneration of cell cultures from protoplasts. In: Protoplasts et 
fusion de cellules somatiques vegetales, pp. 51--63. Colloq. Intern. Centre Nat. Rech. 
Sci. Paris. 

MURASHmE, T., SKOOG, F., 1962: A revised medium for rapid growth and bioassays with 
tobacco tissue cultures. Physiol. Plantarum 15, 473--497. 

NACArA, T., TAKEBE, I., 1970: Cell wall regeneration and cell division in isolated tobacco 
mesophyll protoplasts. Pianta (Berl.) 92, 301--308. 

- - -  1971: Plating of isolated tobacco mesophyll protoplasts on agar medium. Planta 
(Berl.) 99, 12--20. 



Regeneration of Plants From Mesophyll Protoplasts 379 

NAGY, J. I., MALIGA, P., 1976: Callus induction and plant regeneration from mesophyll 
protoplasts of Nicotiana sylvestris. Z. Pflanzenphysiol. 78, 453--455. 

OHYAMA, K., NITSCH, J. P., 1972: Flowering haploid plants obtained from protoplasts of 
tobacco leaves. Plant and Cell Physiol. 13, 229--236. 

POWER, I. B., Coclir~o, E. C., 1970: Isolation of leaf protoplasts: macromolecule uptake 
and growth substance response. J. exp. Bot. 21, 64--70. 

THOMAS, E., DAVEY, M. R., 1974: From single cells to plants. London: The Wykham 
Publications. 

Herausgeber ,  Eigent / imer und Verleger:  Springer-Verlag,  MSlkerbastei 5, A-1011 Wien. - -  FOr den Textteil 
verantwort l ich:  Dr ,  Wilhelm Sehwabl, /vI61kerbastei 5, A-1011 Wien. - -  Ffir den Anzeigenteil  verantwort l ich:  
Bruno Schweder, M61kerbastei 5, A-1011 Wien 
D r u e k :  Adol f  Holzhausens Nfg. ,  Kandlgasse 19-21, A-1070 Wien 

Printed in Austria 


