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INTRODUCTION

Recently, it was suggested that portions of the
plasma membrane of Acanthamoeba palestinensis are
composed of curved pieces of membrane or
plaques, which may be derived from and/or give
rise to cuplike cytoplasmic vesicles (1) . This paper,
previously reported in abstract form (2), further
delineates the mosaic nature of the plasma mem-
brane of this cell by describing the existence of
regions of the plasmalemma where regularly ar-
ranged particles are attached to the cytoplasmic
surface .

METHODS
Cultures of A . palestinensis, A . castellanii, and A, rhysodes
were grown in axenic suspensions in proteose
peptone-glucose medium as described by Band (3, 4) .
Fractions enriched with plasma membranes were
isolated as described previously (1), resuspended in
0.25 M sucrose-0 .001 M disodium ethylenediaminetet-
raacetic acid (EDTA), homogenized with three
strokes of a 10 ml Potter-Elvehjem glass Teflon
grinder at 1000 rpm, and washed three times by
centrifugation at 1100 g. For electron microscopy,
cells were fixed in a growth medium diluted with 5
vol of 2% glutaraldehyde in 0 .1 M phosphate buffer
(pH 7.4) for 1 hr at room temperature (5) . The cells
were rinsed in five changes of cold buffer over a 2 hr
period, postfixed in cold Zettergvist's (6) osmium
solution for 45 min, rinsed in H2O, dehydrated
through a graded series of ethanol to propylene oxide,
and embedded in Epon (7) . The cells were pelleted by
low-speed centrifugation and resuspended by gentle
pipetting during solution changes . Plasma membrane
fractions were fixed and dehydrated as described

above, being processed as pellets in centrifuge tubes .
Following dehydration, the pellets were broken into
halves and embedded in Epon, oriented so that the
plane of sectioning included the entire thickness of
the pellet . Thin silver sections were cut using a Porter-
Blum MT-1 ultramicrotome, placed on grids coated
with 0.3% pailodion, and stained with 4% aqueous
uranyl acetate and Reynolds' (8) lead citrate . Sec-
tions were viewed with a Philips 300 electron micro-
scope .

RESULTS

The most common configuration of the free surface
of A. palestinensis is shown in Fig. 1 . The trilaminar
unit membrane structure of the plasmalemma was
about 100 A thick and asymmetrical, with the
outer, electron-opaque leaflet being thicker and
more densely stained than the leaflet adjacent to
the cytoplasm (5) . The cell surface was frequently
characterized by a rippled appearance caused by
alternating furrows and curved pieces, or plaques,
with their concave surfaces facing the cytoplasm .
The range in length of the plaques ('60-370 nm)
corresponded to the length of cuplike cytoplasmic
vesicles which have been suggested to give rise to
and/or pinch off from the cell surface (1) .

Some patches of the plasma membrane were ob-
served to have a coat on their inner surface . At low
magnifications these regions were detectable by
their unusually high electron opacity (Fig . 2) and
at higher magnifications a layer of particles ori-
ented perpendicular to the plasma membrane was
revealed (Figs. 3, 4, and 5) . The length of the
particle-studded patches of plasmalemma varied
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FIGURE 1 An electron micrograph through the periphery of Acanthamoeba palestinensis . The unit
membrane of the plasmalemma (PM) is visible, with its thicker or more densely stained outer leaflet .
Certain areas of the plasma membrane appear to be made up of plaquelike structures separated by
furrows (arrowheads) . X 64,000 .

FIGURE 2 An electron micrograph similar to that of Fig . 1, except that the plasma membrane has three
patches (P) which appear thick and electron opaque. The thickened areas of the cell surface show little
curvature, while an invagination with a coated pit (CP) can be observed on an unthickened region of the
plasmalemma. . (M), mitochondria . X 28,000 .

FIGURE 3 In this electron micrograph of the cell surface, the particulate coat appears blurred in one
area (B) and periodic in others . Particle-coated areas of membrane can be seen to have relatively straight,
convex, or concave surfaces facing the cytoplasm . The unit membrane structure is clearly visible in some
regions (arrowheads) . The arrows point to particles whose structure seems apparent . X 80,000.

FIGURE 4 An electron micrograph of a small, particle-covered area of the plasma membrane . The
particles seem to be attached to the cytoplasmic lamella of the plasma membrane which is slightly convex
in this image. The structure of some of the particles (arrows) seems to be visible (see text for description) .
Notice that the structure of the middle and outer leaflets of the unit membrane appear to be unaffected
by the attachment of the particles to the cytoplasmic leaflet (arrowheads) . X 147,000.



from about 0 .3 to 1 .9 µ . Such patches of membrane
were observed alone (Figs . 4 and 6) in the plane
of section or in small groups (Figs . 2, 3, and 5) .

In some areas the layer was visualized as a
blurred coating, while in other areas its periodic
nature was evident (Fig . 3) . This indicated that
the particles were arrayed in rows, and that the
thickness of the sections included several super-
imposed rows of particles. This was confirmed in
tangential sections, which illustrated the particles

arranged in rows (Figs . 5 and 6) . In all tangential
sections examined, the particles appeared to be in
hexagonal arrays . In those areas where only a
small portion of the length of the particles had
been retained in lightly grazing tangential sections,
they seemed to be composed of a light core sur-
rounded by a dark, circular wall (Fig. 5) .

When viewed at an angle normal to the plas-
malemma, the uniform, longitudinal profiles of the
particles appeared to be about 250 A long, 160 A
in diameter, and were periodically arranged with
a center-to-center spacing of X220 A . Some images
(Figs. 3, 4, and 5) indicated that the particles were
like tubes with slightly bulbous free tips-their
bases being continuous with the cytoplasmic leaflet
of the plasma membrane . Thus the particles ap-

peared as short hollow cylinders both in longitudi-
nal and in cross section . The electron-opaque wall
of some of the particles seemed to'be coated with
barely discernible, fine projections . The electron-
transparent middle leaflet and the thick, electron-
opaque outer leaflet of the plasma membrane were
not visibly altered by the presence of the particles
(Figs. 3 and 4) .

The particulate coat was visualized on areas of
the plasmalemma bent at various angles (Figs . 2,
3, 4, and 5), indicating that the presence of the
particles did not seriously hinder the flexibility of
the membrane. This, coupled with the observation
that the distance between the free tips of the par-
ticles was greater on portions of the cell surface
presenting a convex face toward the cytoplasm
than on straight or concave surfaces (Figs . 3 and 5),

indicated that cross-linking did not occur between
particles over their entire length . However, given
the precise periodic arrangement of the particles,
it is possible that cross-linking occurred at their
site of attachment to the inner leaflet of the plas-
malemma .

Although vesiclelike structures with the particu-
late coat sometimes were observed underlying the
cell surface (Fig . 5), these probably represented

infoldings of the plasmalemma since they were
seen only near the cell surface. An infolding of the
plasma membrane which, if sectioned appropri-
ately, could have given rise to such vesiclelike
structures is shown in Fig . 5 .

The structure of the particles and their relation-
ship to the plasma membrane were preserved in
isolated membranes (Fig . 7). Thus, the attach-
ments of the particles to the membrane were fairly
stable, since these associations remained intact
during the isolation procedure, despite homoge-
nizations and washings of the membranes in 0 .25 M
sucrose-0.001 M EDTA. Similar particles were not
observed on plasma membranes of fixed cells or
on isolated membranes of A, castellanü and A .
rhysodes, which had been grown under conditions
identical to those for A . palestinensis .

DISCUSSION

The functional significance of the periodically ar-
rayed particles protruding from the inner lamella
of the plasma membrane of A . palestinensis is not
known. These particles appear similar to those of
"coated pits" seen in these cells (Fig. 2) and pre-
viously described by Bowers and Korn (5) in
Neffs A . castellanü, except that the particulate
coat of such pits was localized to a very small area
at the base of invaginations of the plasma mem-
brane (Fig . 2) . Such coated pits looked similar to
the forming micropinocytotic vesicles described in
a variety of cell types (9, 10, 11, 12, 13, 14, 15) .
In contrast, the large particles described in this
paper apparently were not associated with cyto-
plasmic vesicles or with any specific curvatures of
the plasma membrane . For these reasons, the par-
ticles do not seem to be specifically associated with
vesicle or vacuole formation .

Except for their larger dimensions, the mem-
brane-associated particles in A . palestinensis are
similar to shorter, periodically arranged particles
reported to line extensive areas of cell surface
membranes involved in ion transport in insect cells
(16, 17, 18, 19, 20, 21) . In epithelial cells of the
rectal papillae of the blowfly, Calliphora erythro-
cephala, arrays of '150 A long particles were re-
ported to cover the inner leaflet of the highly
infolded luminal plasma membrane (16, 17) . An-
derson and Harvey (18) demonstrated the exist-
ence of similarly arranged, -125 A long particles
on the plasma membrane delimiting mitochon-
drial-containing cytoplasmic projections of the
goblet cells in the larval midgut of the silkworm,
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FIGURE 5 Particle-covered vesiclelike structures (V) and an infolded piece (I) of plasma membrane can
be observed . Hexagonally arranged particles can be seen in tangentially sectioned areas and a light core
in some of the tangentially sectioned particles is seen in the square . The structure of a longitudinal profile
of a particle seems to be apparent on a highly convex surface of membrane (arrow) . X 104,000 .

FIGURE 6 The rows of particles are clearly visible in this tangential section . The arrows indicate the
direction of the rows . X 102,000 .

FIGURE 7 A section through a pellet of isolated plasma membranes . A segment of plasma membrane
covered with particles identical to those observed in situ can be seen . X 60,500.

Hyalophora cecropia . Such particles also were re-
ported on the plasma membrane of goblet cells in
the larval midgut of Ephestia kuhniella (21), as well
as in the Malpighian tubules responsible for urine
secretion in other insects (19, 20) .

An ouabain-insensitive transport of potassium
has been demonstrated in C. erythrocephala rectal
papillae cells (17), as well as in the midgut of
H. cecropia (22, 23) . Therefore, it is possible that
the particles were the sites of the enzymes medi-
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ating this function . However, a magnesium-de-
pendent adenosine triphosphatase was localized by
electron microscope histochemistry only on the
lateral membranes of C. erythracephala rectal papil-
lae cells (17) and not on the particle-studded apical
membranes. In light of this, Gupta and Berridge
(16, 17) postulated that the particles on the apical
membranes may represent "complex enzyme sys-
tems generating energy for transport processes."
Anderson and Harvey (18) have suggested that a



ouabain-insensitive mitochondria) ion accumula-
tion is important in the goblet cells of H. cecropia
midgut, and that the particles also may function to
allow the sizable potassium transport known to
occur in the midgut (22) .

While more work is needed to establish the role
of the membrane particles in A . palestinensis, it is
noteworthy that, as in rectal papillae cells of in-
sects and the midgut of moths, the transport of
potassium in a similar soil amoeba, Acanthamoeba
sp ., was reported not to be inhibited by ouabain
(24) . Thus, the particles may represent the mor-
phological manifestation of a unique type of trans-
port system in those cells where potassium trans-
port is not linked to a sodium pump . Alternatively,
since the related soil amoeba, A . castellanii and
A, rhysodes, exhibited no such particulate arrays,
the particles observed in A . palestinensis may only
represent a unique geometrical arrangement of
some common cellular component .

The author is grateful to Dr . Keith R. Porter for the
use of his laboratory facilities and for his stimulating
suggestions . The help and advice of Drs. Everest
Anderson, R . Neal Band, Mary A . Bonneville, and
Sam L. Clark, Jr, are appreciated .

This work was supported by United States Public
Health Service Training Grant GM 00707 to Harvard
University (K . R. Porter, Program Director), grant
AI 06117 to R. N . Band, postdoctoral fellowship
GM37,253, and grant GM 18332 to F . J . Chlapowski.
Received for publication 28 June 1971, and in revised form
16 July 1971.

REFERENCES

1 . CHLAPOWSKI, F. J,, andR. N. BAND . 1971 . J. Cell
Biol. 50:634.

2 . CHLAPOWSKI, F. J . 1971 . Anat. Rec. 169 :295
(abstract) .

3 . BAND, R . N. 1959 . J . Gen, Microbiol . 21 :80.
4 . BAND, R . N., and C . MACHEMER . 1963 . Exp .

Cell Res . 31 :31 .
5 . BOWERS, B., and E. D . KORN . 1968. J. Cell Biol .

39 :95.
6 . PEASE, D. C. 1964 . Histological techniques for

electron microscopy . Academic Press Inc ., New
York .

7 . LUFT, J. H . 1961 . J. Biophys . Biochem . Cytol . 9:409 .
8, REYNOLDS, E. S . 1963 . J. Cell Biol . 17:208 .
9 . ANDERSON, E. 1969. J. Microsc. 8 :721 .

10 . BRANDT, P. W., and G. D . PAPPAS . 1960. J.
Biophys. Biochem . Cytol. 8:675,

11 . RoTH, T. F., and K . R. PORTER . 1962 . In Fifth
International Congress for Electron Micros-
copy . S . S. Breese, Jr ., editor . Academic Press
Inc., New York . 2 :LL4.

12. ANDERSON, E. 1964. J. Cell Biol . 20:131 .
13. BOWERS, B. 1964. Protoplasma. 59:351 .
14. CHAPMAN-ANDERSON, C., and D . LAGUNOFF.

1966 . C. R . Trac . Lab, Carlsberg . 35:419 .
15 . FRIEND, D. S., and M . G . FARQUHAR . 1967 . J.

Cell Biol . 35 :357.
16 . GUPTA, B. L., and M . J . BERRIDGE, 1966. J. Cell

Biol . 29:376.
17. BERRIDGE, M. J ., and B . L. GUPTA . 1968 . J. Cell

Sei. 3 :17.
18. ANDERSON, E., and W . R. HARVEY . 1966 . J. Cell

Sei. 31:107 .
19, BERRIDGE, M. J ., and J . L. OSCHMAN . 1969.

Tissue and Cell. 1 :247 .
20 . OSCHMAN, J . L,, and B. J . WALL . 1969. J. Mor-

phol . 127:475 .
21 . SMITH, D. S., K . COMPHER, M. JANNERS, C,

LIPTON, and L. W. WITTLE . 1969 . J. Morphol.
127 :41,

22 . HARVEY, W. R ., and S . NEDERGAARD . 1964.
Proc . Nat . Acad. Sci. U. S . A . 51 :757 .

23 . HASKELL, J. A., R. D. CLEMONS, and W. R.
HARVEY . 1965 . J. Cell Comp . Physiol. 65 :45 .

24 . KLEIN, R. L. 1964 . Exp. Cell Res . 34:231 .

BRIEF NOTES

	

897




