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Abstract

The author examined for observing the structures of pyrenoid and cell wall of three strains
of Chlorella ellipsoidea and relation of pyrenoid to starch grain formation at the ultrastracture
level.

1. The development of pyrenoid of Chlorella species from the time of its initiation and its
subdetail sequent activities are described in some pictures.

2. Close correlation between the findings of light microscopy and electron microscopy s
proved.

3. The pyrenoid is a dynamic organellae which continues to change its appearance thi oughout
the development of the Chlorella cell.

4. The starch grains are continously formed by deposition of carbohydrate within the
chloroplast with the aid of pyrenoid factors.

5. Some parental starch grains are passed on the daughler cell during cell division.

6. The Da stage cells contain only chlaroplast without pyrenoid matrix. In Da stage a
pyrenoid is surrounded by starch and starch grains appear in chloroplast lamellae. In LiL,
stages, large starch grains of lens form accumulate in cell. In Ly stage pyrenoid disappears
for a time and starch grains are scattered. In cell division stage starch grains are divided into
four groups. In L, stage, pyrenoid substance appears temporarily and disappears soon. At this
stage the cell is constituted of Dn cell containing chloroplast only.

7. The cellular boundary of JE strain except Y 815 and Y 511 strain contains 250 A
intermediate layer of unknown chemical composition between the fibrillar cellulose wall and the

out capsule layer.

Introduction

JE strain isolated in Japan,Y511 and YS8T5 strain
isolated in Korea were examined to observe the

structure of pyrenoid and cell wall and relation of

pyrenoid to starch grain formation at the ultrastruc-
ture level, Recently, Bisalputra & Weiter (1964)
reported concerning the starch grain formation of
pyrenoid factor in Scenedesmus quadricauda.

The electronmicroscopic structure of the cell of

Chlorella ellipsoidea through the cellular life cycle of



2 KOR. JOUR. MICROBIOL.

organism was investigated by Murakami et al(1963).
He showed that the statch grain are continuously
formed by deposition of carbohydrate within chlorop-
last with the aid of pyrenoid factors and that the
pyrenoid is a dynamic organellae, which continuous
to change its appearance during the life cycle of
chlorella cell.

Concerning the relationship between pyrenoid and
starch grain formation s, however, known in

completely, and on the cellular boundary of the
Chlorella cells no report is found in the literature as
far as I know.

The purpose of my investigation is for solving the

problem of this unknown field.

Materials and Methods

Pure culture of all strains were grown by
synchronous culture in general algae medium for
studing development sequence of their cells. The
materials were stained by several usual methods to
view the structure of organellae in vital. Aceto-
carmin squash method and Heidenhain’s iron
hematoxylin stain method for nucleus. Janus graen
B stain method for mitochondria, Lugol reaction for
pyrenoid, Feulgen reaction for DNA is used. For the
electron microscopy the materials was fixed in
2% osmium tetroxide solution at 20°C for 2:30
hours, and buffered to pH 7.2 with buffer solution of
palade. Dehydration was done in ethanol and
materials were finally embedded in metacrylate.
Then sections for electron microscope were cut at
20—30 milimicron with ultratome (Hitachi:UM—
6). And carbon-coated thin sections were examined

with Hitachi HS—6.

Results and Discussion

The structure of all cells of the three strains is
These Chlorella
cells include pyrenoid substance and starch grains

cells.  The

cells of the three strain is

morphologically same. ellipsoidea

or sheath form in developmental
sequent of shown in
Fig 1—3. When these are cultured with non shaked
broth media, Y511 and Y815 strain grow very well

in upper part of medium tube and JE strain in
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botton of it. The cultured cells of these strains differ
The JE

larger than other cells in size and its cell membrane

each other in size and structure. cell is
is thicker then others. Tamiya et al(1961) studied on
the morphology of Chlorella cell and found nucleus
and chlorophyll substance of the cell by light
microscopic measure but did not report on the
pyrenoid of it. By my investigation I found that the
nucleus with dense nucleolus situating near cell
membrane is paralleled with pyrenoid and the nucleus
has nucleo-membrane.

The structure of nucleus matrix in young cell is
elemental fibril one and in old cell it is elemental
vesicular type. The ultrastructure of Chlorella species
(Y511 strain) is shown in Fig, 4—6. Drum &
Pankratz (1964), Lemble, Lang (1964), & Bisalputra
& Weier (1964) reported the situation of nucleus in
cells and that nucleus paralleled the pyrenoid, but
they did not talk about the dense nucleolus and cell
nucleus membrane.

According to my study these cells contain one
chloroplast with chloroplast boundary membrane and
several chloroplast lamellae. But these chloroplasts
lamellae do not contain lamella grana. Ueda (1958)
(1960), Bex-Shal et al (1963), Stern et al (1964)
observed the structure of chloroplast in euglena.
Murakami & Takamiya (1661) explained that the
prelamellae body is the origin of plastid formation.

I found also the substance of prelamellae hody in
voung Chlorella cell but I could’nt investigate the
correlation between the prelamella body and plastid
formation. Many physiological studies were done by
Murakami & Takamiya (1961), Shibata et al(1964),
Takashima et al (1964), and Acki & Hase (1964)
but the substance of pyrenoid and its starch grain
formation in chloroplast were not reported by them.

The author’s study on these problems revealed
within chloroplast and

that the pyrenoid exists

pyrenoid matrix is denser than the stroma of
chloroplast and it is divided into two semilurer
shape by one or two discs. Pyrenoid is a dynamic
organelle which coutinues to change its appearance
throughout the development of the Chlorelia cell due
starch

to the following factors: the deposition of
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platelets within the periphery of the expanding
matrix, the seperation of starch grain into individual
pockets by the intrusive growth of the chloroplast
lamellae in centripetal fashion and the transition of
the shape of the starch from concave-convex platelets
within  the
chloroplast. Bisalputura & Weiter (1964) studied on the

lenticullar ~ grains which  accumulate
pyrenoid and starch grain in Scenedesmus and explained
that the grains are formed by deposition of carbohydrate
within the chloroplast by the pyrenoid factors.
Drum & Pantratz (1964) classified the 8§ kinds of
Diatoms according to the number of disc within
pyrenoid. The author found that these Chlorella cells
have a single pyrenoid with one or two discs, but
it is difficult to observe the disces apparently. The
electron microscopy showing the development of
pyrenoid and starch grain formation during life

cycle is shown in Fig 7—14. Dn stage cells
contain only a chloroplast without pyrenoid matrix
(Fig 7). In the Da and D-L stages a pyrenoid is
surrounded by starch sheath and starch grain appear
in chloroplast lamellae (Fig 8). At L; L,

large starch grains of lens form accumulated in cell

stages

(Fig 9,10). In Lj stage pyrenoid disappears for a
time and starch grain is scattered (Fig 11,12). At cell
division stage, the grains are divided into four group
(Fig 12,13). In Ly stage pyrenocid matrix appears
temporarily and disappears soon (Fig 13,14). At
this stage each part of the parent cell is constituted
of Dn cell containing chloroplast only (Fig 14).
The appearance of pyrenotd matrix and starch grain

and chloroplast formation during each stage are,
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therefore, different from each other. This view was
certified by Bisalputra weier on Scendesmus, but
Murakami et al(1963) reported that during its life
ceycle pyrenoid is always in spite of Chlorella cell on
the schematic diagrams in pyrenoid matrix not being
in Ly stage. In Fig. 15—18 the author showed the
schematic diagram of the Chlorella pyrenoid formation
and starch grain formation. The finding of mitochon-
dria in my study as follow: The crista mitochondria
situates near nucleus and chloroplast and the cells
have about 2 to 5 mitochondrias of round form. The
size of mitochondria is 0.2-0.7x0.2-0.4 micron.
The mumber of mitochondria is influenced by the
contents of starch grain and the size of pyrenoid.
Old cells contain less mitochondria than younger
cells in the number.

In the literature 1 found some reports about
The author

observed also other organellac such as endoplasmic

mitochondria by electron-microscopy.
reticulum, microsome, prolamellae and osmiophilic
granule. Drum & Pankratz (1964) reported that
the appearance of the osmiophiiic granule has relat
ion with pyrenoid. The cellular boundary is reported
by Lembl & Lang (1965) on chlamydumonas. The
author observed cellular boundary of JE strain except
Y815 and Y511

layer of unknown chemical composition with the

strain contains A intermediate

spike like aspect of the striation between the
fibrillar cellulose wall and the out capsule layer. Fig.
cellt lar

19-21 show the ultrastructure of boundary

of Chiorella specios.
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All the figures show ultrathin section through Chlorella cells.

Fig. 1~Fig. 3:
Fig. 4~Fig. 6:
Fig. 7~Fig. 14:
Fig. 15~Fig. 18:

The development sequent of Chlorella species.

The ultrastructure of Chlorella species Y511 strain only.

Electronmicroscophs showing the develompent of pyrenoid and starch grain formation
Schematic diagram of the Chlorella pyrenoid and starch grain formation’ described in
this page paper.

Fig. 19~Fig. 21 : The ultrastructure of cellular boundary of chlorella cells.

Ca, capsule layer; Cb, cellular boundary; Ce, cellular layer; CH, chloroplast; CI, chloroplast
lamella; Cy, cytoplasm; cym, cytoplasm membrane; Ec, empty cell; Er, endoplasmic reticulum;
In, intermediate layer; M, mitochondria; N, nucleus; Nu, nucleolus; Os, osmiophilic granule
Od, oil drop; Py, pyrencid; D, pyrenoid disc; Sh, starch sheath; Sg, starch grain; St, striation;
V, vacuole;

Fig. 1~3 : The development sequent of Chiorella species

Fig. 1:Y 511 strain X5, 000

The development sequent of Y 511 strain cell.
The most cells contain ‘the chloroplast. The

chloroplast is evident in cytoplasm.

Da stage cell: chloroplast is apparent.  pyrenocid
can’t be recognized.

D~L, L; Ly stage: : pyrenoid surounded with
starch sheath can be recognized.

Ls, Ly division stage:: We can observe the
division stage cell.

Fig. 2 : Y 8IS strain x 5, 600

The development sequent of Y815 strain cell
Da, D~L, Ly Ly, L3 and L, stage cell.

pyrenoid present and nucleus evident.

We can observe the division cell.
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Fig. 4~6: The ultrastructure of Chlorellg species (Y511 strain)

Fig. 3: JE strain x5,000
The devélopment of JE strain cell.
This picture shows Ly, Ly, Ly and L,
stage cell.

Fig. 5 : Ultrastructure of L; or L; stage cell
% 25,000
Pyrenoid with two discs which is surrounded
by starch grain and sheath is centrally located.
Chloroplast lamellae present round strach grain.

The mitochondria present.

Fig. 4 : Ultrastructure of Da stage cell. approxi-
mately X 30, 000
Nucleus with dense nucleole is centerior. Long cup

shaped chloreplast of Chlorella shows., Mitochon-
dria locate near between chloroplast lamellae and
Osniophilic

nucleus. granule and endoplasmic

reticulum present. It shows the cellular boundary.

Fig. 6 : Ultrastructure of L; stage cell
approximately x 30, 000

Nucleus w:th dense Nucleole is evident

starch grain appearin reticulated chlorop-

last. Mitochondria with cristae present
near chloroplast lamellae and nucleus.
It show :hick cellular boundary.



6 KOR. JOUR. MICROBIOL, [Vol. 4, No. 1

Fig. 7—14 Electronmicronmicroscophs showing the development of pyrenoid and
starch grain formation

Fig. 7 : Dn stage cell x58.000 Fig. 8 : Da stage cell x 32,000
The earliest stage at which pyrenoid can’t The earliest stage at which pyrenoid can
be recognized this cell haven’t pyrencid and be recognized, pyrenoid to be surrounded
starch grain. only starch sheath is within chloroplast.

Fig. 9 : The D-L stage cell x23,000 Fig. 10 : L; stage cell x19,000
It shows the chloroplast lamellae, pyrenoid Portion of pyrenocid showing the separat-
with disc and starch grain and sheath. jon and the deposition of starch platelets
A pyrenoid with one layer of starch pla- by chloroplast lamellae.
telets.



Fig. 11: L; stage cell x 25,000

This stage (maturing cell) at which
pyrenoid can’t be recognized starch grain
deposit the largest of all stage cells.

Fig. 13 : L, stage cell, x19,000

A coenobium at various styles stages (D), &
cells shows the pyrenoid surrounding starch
sheath on the division cell and @), @ cell
only starch grain.
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Fig. 12 : L; stage cell x 25,000

Some parental starch grain are passed on to
daughter cell during cell division. This ccll
contain starch grain without pyrenoid,

Fig. 14 : L, stage cell x 25,000

Dn stage cell is complete cell. One cell of
division cells is Dn cell to be daughter. It
contains chloroplast and a little starch grain
without pyrenoid.
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Fig. 15—18 : The schematic diagram of the Chlorella pyrenoid formation and starch

grain formation described in this page paper

Fig. 15—1 : Dn stage cell corresponding to Fig. 7 Fig. 15—2: In Da stage corresponding to Fig. 8
contain only a single chloroplast without a pyrenoid is surrounded by starch sheath
pyrenoid. within chloroplasts.

Fig. 16—1 : In L, stage cell corresponding to Fig. 9. Fig. 16—2: In L, stage cell corresponding
a pyrenoid surrounded with one or two layer to Fig. 10 the largest of the starch "grain
of starch platelets. during his lifecycle accumulate in it
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Fig. 17—1 : L; stage starch formation correspo- Fig. 17—2: In L stage division cell corresponding
nding to Fig. 11. to Fig. 12
Pyrenoid disapears for a time and starch

Starch grain are divided into four daughter
grain is scattered.

cells.

Fig. 181 : In L, stage cell corresponding to Fig. 18—2 : L, stage cell to be Dn cell corresp-
Fig. 13 onding to Fiig. 14,7
Pyrenoid substance appear temporally and One of fourgr oup is consistituted of the

disappear soon. earlist stage cell with single chloroplast.
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Fig. 1921 : The Ultrastructure of Cellular Boundary of Clivrellu species

Fig. 19 : Cellular boundary of the earliest Y511 Fig. 20 : The cellular boundary of L, stage Y815

strain cell shows the cellulose wall and strain shows the capsular layer, intermediate
capsule layer and cytoplasmic membr anc layer without striation and cellulose wall.
is evident. X 34,000 Cytoplasmic sucmbranc is cvident. X 55,000

Fig. 21 : Cellulose boundary of JE strain ce
shows the cellulose wall, intermediate
layer with striation (allow) and the
capsular layer. cytoplasmic membrane is
also evident.

Intermediate laver of this cell shows
the spike like aspect of the striation,
Cellulose wall is also evident. X 67,000

10
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