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INTRODUCTION

Our knowledges of the distribution and biology
of picoplanktonic organisms have increased over
the last forty years. Since Sieburth er al. (1978)
presented the size range of plankton, a lot of studies
on the picoplankters have appeared. Takahashi and
Hori (1984) found Chlorella-like coccoid green
alga and cyanobacteria in the western North Pacific
Ocean at the depth of the subsurface chlorophyll
maximum layer. Recently
cophytoplankton have been isolated in the western
Pacific Ocean (Miyashita ez al., 1993, Ikemoto et al.,
1995; Hasegawa et al., 1996). They have been iden-
tified on the basis of the composition of pigments

some marine pi-

and ultrastructural features.

The genus Pycnococcus is the first coccoid prasi-
nophyte which does not bave the typical prasi-
nophycean morphology. It does not show the scales
in the cell surface nor flagella with an apical depres-
sion (Guillard et al., 1991). The present sample has
been misidentified as a species of the chlorococcalean
picoplankter in the previous report (Chung and Kang,
1995). With additional data of pigment analyses, the
present specimen is identified as Pycnococcus pro-
vasolii Guillard (Guillard et al., 1991). Here we first
report the presence of this species in the Korea Strait
and the East Sea with its ultrastructural characteristics
and pigment composition.

MATERIALS AND METHODS

Isolation

Field samples were collected on May 12, 1994 in
the Western Channel of the Korea Strait (Chung
and Kang, 1995) and Oct. 15, 1995 in the East Sea
(41°10' N 135°10' E). The samples were isolated by
a serial dilution method in f/2-Si media. The iso-
lated specimens are maintained at 20°C under cool
white fluorescence light of the irradiance of 50 UE-
m?-sec’, and 12:12 (L:D) photoperiod in the
same media.

Pigment analysis

Pigment analysis of the isolated picophytop-
lanktonic species was performed by HPLC (Shim-
adzu systems, Sasa et al., 1992). The type specimen
(CCMP 1203) was used to identify the peaks of pig-
ments for reference.

Electron microscopy

Fixed cells with 3% glutaraldehyde in seawater
were collected on a membrane filter (0.2 um pore
size) and then embedded in agar. The embedded agar
was cut into small cubes. Small agar cubes were post-
fixed in 1% OsO, and dehydrated in ethanol. After
change in propylene oxide, blocks were embedded in
epoxy resin (Spurr, 1969) and cured.

The blocks were cut with a diamond knife using
an ultramicrotome into thin sections, then mounted
onto copper grids (formvar coated hole grid or
400mesh Cu Grid). After staining with uranyl ace-
tate and lead citrate sections were examined and
photographed with a JEOL 1000 CX TEM.
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RESULTS AND DISCUSSION
Pigment composition

Pigment composition, which includes chloro-
phylls @ and b, Mg-2,4-divinyl-phacoporphyrin a5
monomethyl ester (Mg-2,4-D), and prasinoxanthin,
is close to that observed in the Mamiellales (Pras-
inophyceae). The peaks of both present specimen
and CCMP 1203 were identical as shown in Fig. 1.

Electron Microscopy

The cell is solitary, nonmotile and coccoid shap-
ed (Plate I. Fig A). Unlike Prasinoderma coloniale,
the cell does not make colonies (Hasegawa et al.,
1996). Cell surface is smooth and unornamentally
scaleless. Sometimes irregularly shaped cells appear.
This specimen is different from Prasinococcus cap-
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Fig. 1. HPLC separation chromatogram of pigment.
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sulatus which makes gelatinous matrix (Miyashita
et al., 1993).

The motile cells have not been found in this study.
The cell does not have basal bodies and centrioles.
It is speculated that it may be undescribed cyst
phase of a known micromonadophytes (Guillard et
al., 1991). Although the original descriptions in-
clude the motile feature with flagellum, it should be
reexamined. Recently the mode of the cell division
is described through the video monitoring. It took
place in a few second. It may be binary cell division
mode. One of the two daughter cells is squeezed out
from the parent cell, while the other remains within
the parent cell wall. However they do not show ad-
ditional layers of parental cell wall like Prasi-
noderma coloniale (Hasegawa et al., 1996). The
cell possesses a nucleus with a nucleolus. There is a
2-3 lobed chloroplast with pyrenoids, a mitochon-
drion and Golgi bodies. There are conspicious pyre-
noids in a chloroplast. The pyrenoid is covered with
cap-like (c) structure and surrounded by starch
sheath (s) (Pl. I, Fig. B). Thylakoids do not pene-
trate into the pyrenoid. The outer double membrane
of the mitochondrion protruded into the chloroplast
in the region of the pyrenoid as in the original des-
cription. This mitochondrial protrusion pushes the
chloroplast outer double membrane into the pyre-
noid matrix. Sometimes the end of protrusion may
be bilobed at the end of protrusion like Prasi-
nococcus capsulatus (Miyashita et al., 1993) (PL. I,
Fig. C). There is 'operculum-like' region in the cell
wall which is different from the collar-like region in
Prasinococcus capsulatus (Miyashita et al., 1993)
(PL. I, Figs. D & E). Coiled material discharged
from the cell is found in an opening region of the
cell wall (Pl. I, Fig. A: arrow).

Deformation of cell shape

In unialgal culture system, some structural de-
formation appeared. It is speculated that there may
be some relationship with bacteria. There is nume-
rous fine slender threadlike structure between an al-
gal cell and a bacterium (P1. II, Fig. B). Sometimes
protrusions which have close contact with the ad-
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jacent bacteria are made (Pl II, Fig. C). The shape
of projection is simple but some have modified disc-
like structure at the base of attachment (PL. II, Fig.
D). The deformed irregularity of cell shape is often
recognized in these cases. The reason of de-
formational irregularity of cell shape by bacteria is
being under investigation.

ACKNOWLEDGEMENT

We thank the captain and crew of the R/V
Tamyang for assistance in sample collection. We
also thank Dr. Inouye for allowing the TEM fa-
cilities and Mr. Suda at NIES for HPLC analysis.
We¢ wish to acknowledge those who provided their
fine facilities to carry out this work.

REFERENCES

Chung, 1.K. and Y.H. Kang, 1995. The ultrastructure of
the chlorococcalean picoplankton isolated from the
western channel of the Korea Strait J. Korean. Soc.
Oceano., 30: 529-536.

Guillard, R.R.L., M.D. Keller, CJ. O'Kelly and G.L.
Floyd, 1991. Pycnococcus provasolii gen. et sp. nov.,

a coccoid prasinoxanthin-containing phytoplankter
from the western north Atlantic and Gulf of Mexico.
J. Phycol., 27: 39-47.

Hasegawa, T., H. Miyshita, M. Kawachi, H. Ikemoto, N.
Kurano, S. Miyachi and M. Chihara, 1996. Prasi-
noderma coloniale gen. et sp. nov., a new pelagic
coccoid prasinophyte from the western Pacific. Phy-
cologia, 35: 170-176.

Ikemoto, H., A. Shimada, T. Maruyama and S, Miyachi,
1995. Novel microalgae from the ocean. J. Mar.
Biotechnol., 3: 9-15.

Miyashita, H., H. Ikemoto, N. Kurano, S. Miyachi and M.
Chihara, 1993. Prasinococcus capsulatus gen. et sp.
nov., @’ new marine coccoid prasinophyte. J. Gen.
Appl. Microbiol., 39: 571-582.

Sasa, T., S. Suda, M.M. Watanabe and S. Takaichi, 1992.
A Yellow Marine Chlamydomonas: Morphology and
pigment composition. Plant Cell Physiol., 33: 527-
534.

Sieburth, J. M., V. Smetacek and J. Lenz, 1978. Pelagic
ecosystem structure: heterotrophic compartments of
the plankton and their relationships to plankton size
fraction. Limnol. Oceanogr., 23: 1256-1263.

Spurr, A. R,, 1969. A low-viscosity epoxy resin embedding
medium for electron microscopy. J. Ultrastruct. Res.,
26: 31-43.

Takahashi, M. and T. Hori, 1984. Abundance of picop-
hytoplankton in the subsurface chlorophyll max-
imum layer in subtropical and tropical waters. Mar.
Biol., 79: 177-186.



153

A marine picophytoplankter from Korea: Pycrococcus provasolii Guillard

Plate I. Pycnococcus provasolii Guillard (Electron micrographs, bar = 200 nm).
Fig. A. Part of the cell showing the structure of three chloroplast lobes which contain pyrenoids with surrounding cap-

like region (c) and starch sheath (s). Median section showing mitochondrion (M).

Fig. B. Median section showing nucleus (N) with nucleolus (Nu), mitochondrion (M), bilobed chloroplast which con-
tains pyrenoid with surrounding cap-like region and starch sheath. Sections indicating mitochondrial envelope
and chloroplast envelope in the pyrenoid matrix, which protrude into chloroplast.

Fig. C. Section showing bilobed end of mitochondrial protrusion (arrowhead).

Fig. D. & E. Section showing 'operculum-like' region on the cell wall (arrow).
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Plate II. Pycnococcus provasolii Guillard (Electron micrographs, bar = 200 nm)
Fig. A. Section showing the discharge of coiled material (arrow) through an opening in the cell wall (arrow head).

Fig. B. Numerous slender thread-like connection (arrow) and attachment between algal cells and bacteria.
Fig. C. Section showing deformed cell with bacterial attachment on the protrusion (arrows).
Fig. D. Section showing deformed cell with the disc-like attachment protrusion to a bacterium (arrow).
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