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Table 1. Composition of the enzyme solution for the pro-
toplast isolation

Constituents Concentration
D-Mannitol 05 M
Macerozyme R-10 0.5%
Cellulase “Onozuka” R-10 1.5%
NaHQPO4‘2HzO 06 mM
CaCl,- 2H,0 68 mM
2-(N-morpholino)ethanesulfonic acid (MES) 0.2 mM
pH 5.7-5.8
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Figs. 1-3. Transmission electron micrograph of callus cells. Fig. 1. The callus cell has a large ceniral vacuole, a thin

layer of peripheral cytoplasm (Cy), and thick cell wall (CW). X2000. Fig.2. The thin layer of cytoplasm contains various
cell organelles such as nucleus (N), mitochondrion (M), and plastid (P). X2700. Fig 3. Plasmodesma (Pd) between two

callus cells. N, nucleus; V, vacuole. X2700.
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Figs. 4-11. Transmission electron micrograph of freshly isolated protoplasts. Fig.4a. An isolated. spherical protoplast
lacking the cell wall and surroundedby only plasmalemma (Pl). X2000. Fig.4b. High magnification of Fig 4a. This
cell has densely stained cytoplasm and numerous small vacuoles (V). X7000. Fig.5. Smooth endoplasmic reticulum
(s-ER) 1s arranged parallelly to the plasmalemma (PD). X27.000. Fig.6. A part of cytoplasm is sequestered by s-ER,
cytosegresome. *27,000. Fig. 7. Cytosegresomes surrounded by s-ER X27.000.
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Figs. 8a, b. Cytosegresomes surrounded by s-ER X20,000, X20,000. Figs.9-11. Vacuoles (V) are formed by autolysis of
the part of cytoplasm in cytosegresomes. X27,000, X20,000, X20,000.

Figs. 12-13. Scanning electron micrograph of freshly isolated protoplasts. Fig. 12. An isolated protoplast shows a typically
spherical shape. x3000. Fig. 13. High magnification of Fig.12, showing the smooth surface of protoplast. >10,000.
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Figs. 14-21. Transmission electron micrograph of cultured protoplasts. Fig. 14a. An ovoid shaped cultured protoplast.
X600. Fig. 14b. Enlarged view of the area marked by a rectangular in Fig. 14a, shows the thin-layered cytoplasm containing
numerous mitochondria (M) and ribosome (R). X40,000. Fig. 15. Rough endoplasmic reticulum (r-ER) is arrayed parallelly
to the plasmalemma (Pl). X27,000. Fig, 16. Vesicles (Vs) were formed at the maturing lace of dictyosomes (D). X 80,000.

Fig.17. Vesicles (Vs) are derived from dictyosomes mear the plasmalemma (PI). X60,000.



192 Jong-Bum Park J. Plant Biol., Vol. 37, No. 2

o 11
I
BIRE] oA e
it R
i ;

Lty
1ﬁm¢)ﬁ-‘-."-*’fn
e

Fig 18. A region of plasmalemma (PI) is protruded toward the outer surface. Note the protuberance has a vesicle (Vs).
X 80,000. Fig.19. The cxpanded cisternae at the maturing face of dictyosome (D). x27.000. Fig.20. Mitochondria (M)
in a spherical shape. X20,000. Fig 21. Mitochondria (M) in an elongated shape. X20,000. Figs.22-23. Scanning electron
micrograph of cultured protoplasts. Fig, 22. Protoplast after 12 h of culturc. Protuberances (arrows) are prominent at
the surface of plasmalemma. X3000. Fig 23. Protoplast after 1 day of culture. The protoplast surface is covered with
numerous protuberances which appear to be interconnected cach other by fibrils (F) like thread. >20,000.
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An Electron Microscopic Study on Isolafed and Cultured Protoplasts
from Panax ginseng Callus

Park, Jong-Bum*
Depariment of Biology, Pusan Women's University, Pusan 607-737, Korea

ABSTRACT

Ultrastructural changes of the isolated and cultured protoplasts from ginseng (Panax ginseng
C.A. Meyer) rhizome-callus were studied with transmission and scanning electron microscopy.
The freshly isolated protoplasts contained much more small vacuoles, smooth endoplasmic
reticulum, and cytosegresomes than callus cells, The smooth endoplasmic reticulum were arra-
yed parallelly 1o the plasmalemma, and often surrounded a portion of cytoplasm from which
cytosegresomes were formed. The cytosegresomes transformed into vacuoles. In the cultured
protoplasts, the cell organelles such as rough endoplasmie reticulum, dictyosome, ribosome,
mitochondrion, proplastid, and vacuole were obviously increased in number as compared with
those of the isolated protoplasts. Vesicles derived from the dictyosome were evenly distributed
in the cytoplasm. Some of such vesicles were involved in the protuberances, which were formed
by outgrowth of a portion of cytoplasm limited by plasmalemma. Fibrils observed on the
outer surface of the cultured protoplasts were interpreted as the component of new cell walls,

Key words : Panax ginseng, protoplast, ultrastructural changes, cytosegresome, [ibril
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