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STRUGCTURE OF THE PERIPLAST OF CRYPTOMONAS OVATA VAR. PALUSTRIS"?

Maria A. Faust®
Smithsonian Institution, Radiation Biology Laboratory
12441 Parklawn Drive, Rockville, Maryland 20852

SUMMARY

The periplast of Gryptomonas ovata var. pfdustris
is composed of polygonal plates which are delinealed
by shallow ridges. A small efeciosome is located at
cach corner of the plate arca. The plate areas vary
in size; they ave smallest at the antevior and posterior
ends and are largest in the middle o[ the cell with
an average length of 0.5 u and of width 0.4 p. In
cross section a plate area is composed of 2 distinct
layers, an outer plasma membrane layer with a Jine
particulatc appearance, and an inner layer consisting
of two sheets. The sheets of the inner layer have a
striated lattice pattern with a perviodicity of about
20 nm. In negalively stained preparations one latlice
appears to underlic another at certain a.r‘lgles. Pro-
tease digestion removed polygonal shaped inner layer.

INTRODUCTION

The surface structure of the periplast ol the
Cryptophyceae appears to lmve.a highly C]lﬂl‘:’l('Ztel’l-Stl(t
and critical taxonomic value in algal classification.
So far, the periplast has rcccive(.l little attention in
spite of numerous papers published on the ultra-
structure of these organisms (I,2,4-6,8-10). Because
of their size, elucidation of the periplast structure in
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these algae is dilficult by light microscopy. Obser-
vations on the periplast of several organisms have
indicated a complex architecture (6) variously de-
scribed as to possess occasional striations (I), in-
dentations (2), hexagonal lattice pattern (8), and
rectangular plates (3).

Cryptomonas ovata var. palustris was selected be-
cause it has a periplast with a distinct surlace struc-
ture. The periplast ultrastructure was elucidated
through various microscopical techniques and by
separating the periplast with sonication. This in-
vestigation revealed that C. ovata var. palustris has
a more complicated periplast than Chroomonas sp.
(3). It is composed of 2 distinct layers, the outer
layer or plasma membrane and an inner layer con-
taining polygonal plates.

MATERIALS AND METHODS

The culture of C. ovata var. palustris was originally obtained
from the Indiana Culture Collection. Cells were grown on
C-base liquid medium cssentially described by Hoogenhout &
Amesz (9). Cultures were constantly illuminated with day-
light fluorescent lamps (Westinghouse ¥ 40 D) at 1800uw/cm?
and were kept at 20 C.

Cells were fixed in 4% glutaraldehyde with 0.1 at phosphate
buffer (pH 7.0) and 0.2 m sucrose. They were postfixed in 19
osmium tetroxide and cmbedded in Epon as described pre-
viously (6). Thin sections were stained with lead citrate and
examined in a Phillips 300 electron microscope. When cells
were treated with trypsin after glutaraldchyde (4%) fixation,
they were incubated for 14 hr at 37 C with trypsin (50 mg ml
in 0.1 a sodium phosphate buffer pH 7.0). After washing the
fixed cells 4 times, control cells were treated identically with-
out the presence of trypsin,

Negative staining was carried out on cells sonicated for

->

Fic. 1. An clectron micrograph of a platinum carbon veplica of a whole cell of C. avata vav. palustris. The surface of the
cell shows regular indentations which are composed of platclike arcas. X 10.000.

Fig. 2. In this negatively stained (PTA) sonicated periplast preparation, several segregated plates are scen. Upon ccll rupture
and release of certain tension, the plate area became irregularly shaped. Ejectosome chambers are marked with arrows. X 12,000.

Fic. 8. In thin scction the periplast is composed of 2 distinct layers. The outer layer or plasma membrane appears smooth
(double arrows) and the inner layer is composed of a moderately electron-dense material (single arrow). Underneath the periplast
a mitochondria (M) is present; a portion of the chloroplast (CH) and a small cjectosome (e) ave visible. X 96,000.

Fic. 4. A portion of a cell treated with trypsin demonstrates the disappearance of the inner periplast layer of the polygonal
plate. X 96,000.

Fic. 5-7. Prolonged sonication 6-8 scc separated the polygonal plates as shown in this negatively (PTA) stained preparation.
Fi6. 5. The plates are of various shapes and sizes with a definite lattice pattern. Note the attachment of the outer periplast layer
(o the plates has a fine granular appearance (arrows) and separate cjectosome chambers (). X 35,000. Fic. 6. In this ncgauvcly
(PTA) stained preparation a single plate is shown. The outer periplast layer is partially torn away, yct in some places still held
firmly to the cdges of the polygonal plate, Note the fine particulate appecarance (arrows) of the outer periplast layer and the
striations on the polygonal plate. X 96,000. I'tc. 7. A single striated polygonal plate is visible. The striated lattice pattern appears
about 20 nm in size and 1 set of lattices underlics another sct at certain angle. X 96,000.
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2-8 scc in distilled water. One drop of cell suspension was
mixed with a drop of 2% phesphotungstic acid buffered at
pH 7.0 and applied to Formvar-carbon-coated grids.

Replicas were prepared of glutaraldehyde (4%) fixed cells as
described by Gantt (5). After several washings in distilled
water, cells were applied to freshly cleaved mica, shadowed
in a Denton Vacuum Evaporator (Denton Vacuum, Inc., Cherry
Hill, New Jersey). Replicas were floated on distilled water and
then transferred to chromic acid for 60 min Lo remove organic
material. This was followed by 2 distilled water rinses. The
replicas were picked up on Formvar-coated grids and were
examined in the electron microscope.

OBSERVATIONS

Cryptomonas ovala var. palustris has an ovoid
shape (Fig. 1). The basic structure of the periplast
consists of an outer single membrane surrounding
the cell, beneath which lies an inner layer (Fig. 38).
Replicas of an entire cell indicate that the periplast
is composed of a regular array of plates in 18-20
longitudinal rows (Fig. 1). These plates are delineated
by ridges over the entire cell surlace. Each small
ejectosome lorms a slight bump which has an in-
dented center. The plates vary in size (Fig. 2). The
smallest are found in the posterior and anterior ends,
while the largest are generally in the middle of the
cell. The average length is about 0.5 p and the
average width is 0.4 p.

Thin sections ol the periplast reveal that it is
composed ol 2 distinct layers (Fig. 8). The plasma
membrane constitutes the outer layer and is con-
tinuous over the cell surface. This layer appears
smooth (Fig. 3 and 4), has a thickness ol 100 A, and
has a [ine particulate surface appearance seen by
negative staining (PTA) (Fig. 6). The inner layer,
which has a thickness of 150 A, is composed of a
moderately electron-dense material, and stains less
than the outer periplast layer. The inner layer is
susceptible to digestion by trypsin as shown in thin
sections of control and treated whole cells (Fig. 3
and 4). A firm attraction is present presumably be-
tween the inner and outer layer of the periplast,
creating 'a stiffness in the cell contour. The inner
layer is segmented and can be detached from the
outer layer by sonication (Fig. 5). After this treat-
ment the inner periplast layer separates into polyg-
onal plates following the innate segmentation, and
these plates have a deflinite striated lattice pattern
(Fig. 5, 6, 7).

Mild sonication, 1-2 sec, resulted in loss of cell
shape due to the occasional splitting of the plasma
membrane. It also resulted in the distortion ol the
regular plate areas and in the release of the ejecto-
somes (Fig. 2). When sonication was increased to
6-8 sec, a complete separation of the plates occurred
(Fig- 5). The outer smooth periplast layer of some
separated plates were held still firmly to the edges
of the striated polygonal plate (Fig. 6). Additionally,
the inner periplast layer was freed from the outer
one and can be seen in Fig. 7 as a polygonal plate.

The polygonal plates possess a striated lattice

pattern with a periodicity of 20 nm (Fig. 5, 6, 7.
In negatively stained preparations, one set of lactices
appeared to underlie another set at certain angles.
One might speculate that the striated lattice pattern
of the polygonal plates provides certain elasticity
and tension to the periplast, yet, when the 2 layers,
the inner and the outer one, are .joined the cell
retains its stifiness.
DISCUSSION

This investigation shows that C. ovala var. palusiris
has a more complex periplast structure than
Chroomonas sp., since the latter does not seem to
possess the individual polygonal plates (3). Further-
more, the periplast architecture of C. ovata var,
palustris has a multifunctioning uniqueness: it has
greater strength than just a continuous membrane,
and might provide additional elasticity (the pro-
teinaceous nature ol the polygonal plates), rigidity,
and [lexibility to the structure similar to that pro-
vided by a cell wall.

The same type ol polygonal plates seen in G,
ovala var. palusiris has been observed in replicas of
other species, for example, Cryplomonas HW 2128,
Rhodomonas lens, and Chroomonas salina (personal
observation). On the basis of these observations, one
would expect a closer taxonomic relationship of
these species than one would expect with Chroomonas
sp.

At the ultrastructural level, the Cryptophycean
algae is a clearly defined group and the periplast
architecture and variations have a distinct character.,
This structure can be used as a taxonomic criterion
within the group as well as among other classes of
algae.
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