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Protoplast Culture of Potato: Changes in Viability
and Initiation of Cell Division
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A procedure for isolation and culture with high viable protoplast yield from axenic shoot
culture of potato (Solanum tuberosum L. cv May Queen) has been developed. The isolated
protoplasts, cultured in a suitable medium, regenerated cell-wall within 48 hr, initiated DNA
synthesis in 76-96 hr, and divided to produce cell colonies. For regeneration of whole plants,
cell colonies cultured with IAA and zeatin gave the highest frequency of shoot-bud formation
at 20°C under 4,000 lux of irradiance.

Culture and plant regeneration of isolated protoplasts are the two crucial steps in the ap-
plication of protoplast manipulation for potato improvement. Although there have been
several reports demonstrating recovery of plants from protoplasts in Solanum tuberosum
L.,1-® the high viability and consistent development of potato protoplast cultures still remain
elusive. The work described here deals with an isolation procedure with high yields of viable
protoplasts from mesophyll cells of axenic shoot cultures derived from potato tuter discs.
An attempt has also been made to elucidate the changes of viability, cell-well regeneration,
and DNA synthesis in the protoplast cultures in the provision for induction of sustained

cell division.

Materials and Methods

A potato cultivar, Solanum tuberosum L. cv May Queen, was used in the present study.
Leaves were collected from an axenic shoot culture regenerated from May Queen potato tuber
discs.”? They were then incubated in an enzyme solution containing 19, Cellulase Onozuka
R10 (Yakult, Nishinomiya), 0.04% Pectolyase Y23 (Seishin Seiyaku, Nagareyama), 0.1%
bovine serum albumin Fr. V (Boehringer Mannheim GmbH), 0.05 M mannitol, and 5 mm
MES, pH 5.6, with 75 rpm shaking at 25°C for 2hr.  The resulting mixture was filtered through
a 44 pm mesh stainless steel sieve and layered on Percoll (Pharmacia Fine Chemicals, Uppsala)

) gradient (6.25% and 25% in 0.55M mannitol), and centrifuged at 1,000 x g for 5 min. The
mesophyll protoplasts banded at the interface of the two Percoll layers were collected, and
then washed in protoplast culture medium (Table 1) containing 0.55 M mannitol by centri-
fugation at 100 X g for 2 min. This was repeated twice.

Protoplasts were cultured at 5% 103/ml in 6 cm plastic dishes containing 2 ml of protoplast
culture medium with 0.4 M mannitol. Cultures were incubated at 25°C in the dark, and the
number of divided cells was examined 7 days later. For colony formation, these cultures
were further incubated at 22°C under an irradiance of 800 lux. Fresh medium was added to
the dishes every two weeks.

*  Present address; Kikkoman Corporation, Noda.
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Table 1. Composition of the protoplast culture medium.

Mineral salts (mg/l)

KNO; 950.0 MnS04-4H20 10.0
CaClz-2H20 880.0 ZnS04-7TH20 4.6
MgSO4-7TH20 185.0 HsBO3 3.1
KH2PO4 85.0 K1 0.4
FeSO4-7TH20 25.0 NazMoO4:2H20 0.1
NasEDTA 35.0 CoCl2 0.1
Organic constituents (mg//)
Inositol 50.0 Sucrose 500.0
Nicotinic acid 2.5 Casaminoacid 250.0
Glycine 1.0 Zeatin 1.0
Thiamine-HCl 0.25 NAA 0.5
Pyridoxine-HCl 0.25 GA3 0.1
Folic acid 0.25 MES (pH 6.0) 500.0
Biotin 0.01 Mannitol 72,000.0

Cell-wall regeneration and DNA synthesis were determined by 14C-glucose-1-phosphate
(specific activity of 5.5 GBg/mmol) and (methyl-1*C)-thymidine (specific activity of 2.0 GBq/
mmol) incorporation into the perchloric acid insoluble fraction of protoplast cultures.
Changes in radioactivity were the indication of cellulose and DNA synthesis in protoplast
cultures, Protoplast viability was determined by hydrolysis of fluorescein diacetate (FDA).®

Cell colonies were transferred after 8 weeks to a modified White’s nutrient medium? and
incubated at 20°C under an irradiance of 4,000 lux (16 hr day/8 hr night) for shoot-bud re-

generation.

Results and Discussion

Freshly isolated protoplasts showing over 909 viability subsequently decreased to 509
after 24 hr incubation. At this stage, the cellulose synthesis was found to occur in protoplasts
(Fig. 1). The failure of cell-wall regeneration was the first indication of decreased viability.
Light was not required. Protoplasts cultured without calcium, NAA, and zeatin died within
96 hr. In our culture medium, protoplasts generated cell-wall in 48 hr in the presence of
14.6 mm sucrose or 13.9 mm glucose. However, higher concentrations of sucrose and glucose
were inhibitory for the induction of the first cell division of protoplasts.

The importance of osmotic conditions in potato protoplast culture has teen documented.?
Mannitol played a significant role in initiation of the first cell division at a critical concentra-
tion. Equal concentrations of inositol and sorbitol were less effective than mannitol. CaCle
was ineffective. Sucrose and glucose could not replace mannitol as osmoticum for potato
protoplast cultures, probably because mannitol was not metabolized by potato cells and could
act as an inert osmoticum.

After 72-96 hr, the DNA synthesis was initiated in potato protoplast cultures followed by
the first cell division. At this stage, the viability further decreased to 25 %, under our optimal
conditions. The decrease was coincident with the failure of DNA synthesis.

The initiation of the first cell division was stimulated by the simultaneous application of
auxin (0.5 mg//NAA) and cytokinin (1.0 mg/! zeatin), whereas a marked deterioration of
protoplasts was observed when they were subjected to higher concentrations of auxin. Zeatin
plus NAA proved to be the only hormone combination that was effective in initiating the first
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Fig. 1.
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Changes of viability and initiation of cell division in potato pro-
toplast culture. -
Protoplasts were cultured in the medium listed in Table 1 at 25°Cin
the dark. Viability was determined by FDA staining; cell-wall and
DNA syntheses were measured by radioactive glucose-1-phosphate
and thymidine incorporation into acid insoluble fraction.

Fig. 2. Shoot-bud formation from protoplast culture of potato, Selanum

tuberosum L. cv May Queen.

1: Protoplast culture; 2 days after isolation. A bar represents
20 pm. 2: Initiation of cell colony; 14 days after isolation. A bar
represents 40 um. 3: A cell colony, a small callus, transferred to an
agar medium suitable for shoot-bud formation; A bar indicates
80 #m. 4: A callus produced shoot-buds; A bar represents 5 mm.
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cell division in potato protoplasts. Among other combinations, benzyladenine plus NAA
. and isopentenyladenine plus NAA were effective to a certain extent for maintaining the viabil-
ity of protoplasts. Kinetin was completely ineffective in inducing the first cell division.

For plant regeneration, the best results were obtained when small calluses derived from
protoplasts were cultured in White’s basal medium containing 0.25 M mannitol, 8.8 mm
sucrose, 1.0 mg/l IAA, and 1.0 mg// zeatin, pH 5.8, solidified with 0.7%, Bacto-agar, at 20°C
under an irradiance of 4,000 lux (16 hr day/8 hr night). However, the present experiments
demonstrate that it is possible, using simple techniques and defined media, to obtain approx-
imately 500 cell colonies, 100 calluses, and 10-25 plants in an experiment involving 104 pro-
toplasts isolated from axenic shoot cultures of May Queen potato. The results also suggest
that further study of the whole process of development of isolated protoplasts will help to
achieve crop improvement through protoplast manipulation in this important crop.

This work was in part supported by a Grant-in-Aid for General Scientific Research (B) 00548026 and
in part by a Special Research Project (A) 411910 from the Ministry of Education, Science and Culture
of Japan. The results were in part presented in the 6th International Protoplast Symposium, Basel,
and the 8th Symposium for Plant Tissue Culture, Toyama.
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