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Abstract. ‘The life oycle of the microsporidian parasite Kncephalitozoon cuniculi in mouse peritoneal
macrophages has been studied with the electron microscope and details of the schizogonie and sporo-
gonie phases aro presented. Two ombedding media, araldite and glycol methacrylate, were used
and the preservation of different structures in these medin is compared. A parasitophorous vacuole
is formed as a space betweon dividing schizonts and the host oell membrane. The sporont wall forms
initially as transverse bands of electron-dense matorial which fuse over the whole external surface
%o form & triple-layored wall, the outer two layers of which give rise to the oxospore and endospore
layors of the mature spore wall. The polar filamont is formed by a reticulum of filament-forming
substance around which are formed the concentric rings of the double membraned lamellae of the
polaroplast.

Considerable interest has been shown over the last few years in the microsporidian
parasitc Encephalitozoon cuniculi, Levaditi, Nicolau and Schoen 1923, not least be-
cause of its importance as a latent infection in laboratory rodents when it may compli-
cate the interpretation of experimental results. There has been much speculation as to
its taxonomie position, but this has now been elucidated by electron microscopy.

Oval spores present in the brains of rabbits suffering with latent encephalitis were
first reported by Wright and Craighead in 1922, Levaditi, Nicolau and Schoen
described and named the parasite Encephalitozoon cuniculi (1923a), and considered
it to be u microsporidian (1923b), though they did not demonstrate the polar filament
characteristic of the group. In a review article (1924) they described their successful
passages of the parasite into laboratory rodents and dogs.

Nelson (1962) working on a latent infection in laboratory mice finally confirmed
the microsporidian nature of the parasite by demonstrating the presence of a polar
filament extruded from the spore. Lainson et al. 1964 confirmed the presence of the
coiled polar filament within the spore by electron microscopy. Weiser (1964) and
Lainson et al. (1964) independently concluded that Encephalitozoon had no validity
as a genus and was merely a junior synonym of the genus Nosema Nigeli.

The parasite was referred to as Nosema cunicwli until Cali (1970) showed that
Nosema bombycis, the type species of the genus Nosema, had nuclei in a diplokaryon
arrangement throughout the life cycle. No such arrangement was observed in N. cuni-
culi. She used this as a basis for separating the two parasites into different genera and
proposed that Encephalitozoon be reinstated as a genus in the family Nosematidae.

Sprague and Vernick (1971) gave further cvidence of the unpaired state of the
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nuclei and showed that sporulation was disporoblastic. They gave comparative defini-
tions for the genera Nosema, Encephalitozoon and Glugea. By their definitions Encephali-
tozoon differs from Nosema in having unpaired nuclei throughout most of the life eyvele
and in the development taking place within a sporogony vacuole in the host cell, It
differs from (lugea in that it docs not stimulate the production of a cell hypertrophy
tumour,

There have been a number of electron microscope studies of Fncephalitozoon bul. it
was not until 1971 that Spraguc and Vernick published material which showed
details of the lifc cycle. They demonstrated the complete development from schizont
to spore within a vacuole in the host cell eytoplasm. The thin-walled, rounded schizonts
were peripherally situated, often partially embedded in the host cell cytoplasm. Schizo-
gony occurred while adhering to the vacuole wall and the resulting stages became
sporonts free in the vacuole. The elongate sporonts were recognised by a thickened
membranc. Sporogony resulted in two uninucleate sporoblasts. In the sporoblasts
flattened sacs of endoplasmic reticulum were visible and, in later stages, the developing
polar filament, a complex system of eytoplasmic membranes and the laycrs of the wall
wore also present. Petri and Schiedt (1966) observed the membranes ol the polaro-
plast as a system of roughly parallel membranes, which were arranged concentrically, at
times ocecurring in groups of three. The spore was described as an ovoid body, often
comma shaped in longitudinal section, with not more than 5 coils of the polar filament
curving in an oblique spiral. The anterior straight part of the filament was closely asso-
ciated with the membranes of the polaroplast whilst the coils surrounded a posterior
vacuole.

MATERIAL AND METHODS

The parasite was mnintained in a Swiss strain of luboratory mice by a two-weekly passage of
0.05 m! aseitie fluid. The original inoculum was obtained from Dr. J. B. Nelson of the lloekefeller
University, New York. 2 ml of asecitic fluid were aspirated from s mouse infeeted 14 days previ-
nusly. The fliid was fixed m 3%, glutaraldehyde in sodium cacodylate buffer pH 7.2 and post-
fixed in Dalton's chrome osmium. The ascites contained a quantity of bleod snd consequently the
materinl congulated to form a pellet. This pellel was stained with uranyl acetate in 109 formalin,
dehydrated in alechols, eloared in propylene oxide, and cmbedded in araldite.

A second prepurntion was prepared four months and eight passages later from a mouse similarly
imfoetod for 14 duys. This malerial was fixed in glutaraldehyde, post-fixed in chrome osminm and
stamed with vranyl acetate. Hlowever, the material contained little blood and after the post-fixation
it was centrifuged and the collular rusterial embedded in 29, ngar for ease of handling. The matorial
was dehydrated and embedded in glycol methuerylate after the method of Ledue and Bernhard
(1967).

All geetions were eut on un LK B Uliratome I1I, staincd with uranyl acetate and Reynold’s lead
citrate and oxamined on a Phillips EM 300,

OBSERVATIONS

The parasites were easily detectable in peritoneal macrophages in infcctions of 14
days’ duration (Plate T, Figs. 1 and 2). A maximum of 10%, of macrophages was infected.
The parasites were present in the host cell eytoplasm within a membrane-limited vacuole
containing an electron-lucid substance. The host cell nucleus had been pushed to one
side of the ccll and the eytoplasm contained many vacuoles. The outline of the araldite
embedded macrophages was very irregular with many indentations and folds. All
stages of the life cyele from schizonts to spores could be observed around or in one
vacuole.



isscntial differences in the preservation ol the parasite were observed after embedding
in the two media. Unit membranes were usually not visible in the glycol methacrylate
(G.M.A.) embedded material although their position could be deduced from the
presence of an electron-lucid space at sites of endoplasmie reticulum and nuclear en-
velopes (Plate TI, Figs. 3 and 4). However, other features of the sporoblasts and spores
were well preserved in G.M.A. relative to araldite. In araldite, sporoblasts had a erenu-
lated outline and the spores were extremely electron-dense and often did not maintain
their integrity or show structural details (Plate I, Fig. 1). The cytoplasm of spores in
G.M.A. showed a slight degree of shrinkage away from the spore coal.

Uninucleate schizonts were observed adhering to the side of the vacuole (Plate I,
Fig. 1) and were often partially or wholly embedded in the host eell eytoplasm (Plate 11,
Tligs. 1 and 2). Parasites which lay in the host cell eytoplasm were completely surrounded
by a host cell membrane closoly applied to the parasite’s plasmalemma (Plate TI,
Fig. 1 arrowed). In parasites lying at the edge of a vacuole this host membrane was
continuous with the vacuole membrane. With the (.M.A. material no membranes
were preserved but partially embedded schizonts conld be distinguished from the host
cell eytoplasm by their more granular consistency (Plate I1, Fig. 4).

1t would secem that the vacuole developed initinlly as an extension of the narrow
space between the schizont membrane and the host. membrane. The extension would
occur along the planes of division and separation of the daughter schizonts. Figure 4
of Plate 11 shows a vacuole formed between 4 schizonts. Initially the vacuole would
form between 2 schizonts (Plate II, Fig. 3). In this figure infection must have resulted
from imvasion by 2 separatc sporoplasms.

Sporonts were recognised by their thick surface covering. Stages apparently inter-
mediate between schizonts and sporonts were observed (Plate 111, Fig. 1); the parasite
surface still in contact with the wall of the vacuole was bounded by a simple plasma-
lemma while the surface presented towards the vaenole was partially thickened. The
formation of the additional layers of the sporont wall occurred either while the parasite
was still attached or after it had become free in the vacuole. Mature sporonts were
found only in the vacuole centre.

The electron-dense layer of the sporont wall was laid down in transverse bands as
scen in sections ent tangential to the wall (Plate 111, Fig. 3). In sections cut perpendicular
to the wall (Plate 111, I‘lg 2) the bands were seen as short bars (small arrows) which
joined to form a more complete covering (large arrows) as more clectron-dense material
was deposited.

The wall of the mature sporont was composed of three layers (Plate 111, Fig. 4):
an inner unit membrane (um) bounding the cytoplasm, a middle cleetron-lucent
layer —the future endospore (en)—and a uniformly thick outer electron-dense layer,
the future exospore (ex). Thus the first stages of endospore formation ocewrred con-
currently with exospore deposition in the sporont but completion was not achieved
until spore maturation.

Althongh dividing sporonts were not seen, the early sporoblast was recognised by
the presence of substantial amounts of endoplasmic reticulum arranged concentrically
around the nueleus (Plate 1V, Fig. 3). The first evidence of sporulation was the presenco
of a rmdimentary polar filament in close association with a reticular structure (Plate 1V,
Fig. 1). It was considercd that this structure played a part in filament formation as it
was invariably found associated with the straight part of the filament at the anterior
end.

The axial cloetron-dense core of the filament was formed first and an outer electron-
dense layer was deposited around it, probably by the reticular structure (Plate IV,
Figs. 1 and 2).



As seen in araldite sections (Plate IV, Fig. 3) the immature filament was composed of
a double wall surrounding a ring of electron-dense material which was itsell separated
by a lucent ring from the central core.

The anterior region of the polar filament, still surrounded by the reticular filament.-
forming substance, was seen in an almost mature spore within the lamcllae of the
polaroplast (Plate VI, Fig. 1). These lamellac formed a series of concentric bands, alter-
nately electron-dense and lucent, , oceurring usually in groups of three so that they had
the appearance ol two closely apposcd double membranes. (Plate V, Fi ig. 1 and Plate VT,
Iig. 1). Tt is unlikely thal they had the typical strueture of the unit membrane since
they consistontly occurred in a_well preserved state in G.M.A. cmbedded material.
'Theso membranes were seen in one spore to run posteriorly in much the same direction
as the polar filament (Plate V, Fig. 2) but they never surrounded the coiled part of the
latter. Kxternal to the ordered membranes of the polaroplast was an area of single
membranes and vesicles (Plate V, Fig. 2 and Plate VI, Fig, 1).

T'he appearance ol the mature spore presented no structural features that have not
already been described. The appearance of the polar filament was markedly different
in araldite and G.M.A. embedded specimens. Tn araldite the layers of the polar filament
of immature spores resolved into a central clectron-dense core 41nm in diameter within
a lucent ring and the whole cnelosed by two distinet membranes (Plate VI, Fig. 2).
Differentiation of the outer layer of the lucent ring as a layer of medium density just
within the membranes was observed in some sections. In G.M.A. embedded material
the whole was enclosed by an electron-lucid ring—-the site of the membranes scen with
araldite. Internal Lo this hieid ring was an electron-dense layer surrounding an electron-
lucent layer which enclosed an electron-dense core. At times a narrow clectron-dense
ring could be secen within the electron lucent, layer (Plate V, Fig. 1).

Four to five coils of the polar filament were observed, although four coils ocearred
more frequently than five (Plate VI, Fig. 2).

DISCUSSION

The life eycle ol E. cuniculi seen with the electron microscope is a relatively simple
one, as outlined by Sprague and Vernick (1971). Uninucleate schizonts divided by
binary fission and eventually by the formation of a thick wall gave rise to sporonts
and migrated into Lhe vacuole centre. Sporonts divided to give two sporoblasts and each
developed into a mature spore with a polur filament, anterior polar sac and polaroplast,
and posterior vacuole typical of the Microsporida.

The present study concurs with this account and indecd agrees with the interpretation
of the lilc eyele by Lainson ct al. (1964) in their light microscope investigation. Howe-
ver, there have been a number of light mieroscope studies reporting details not yet
seen with the clectron microscope.

Petri (1969) working with the parasite in rat ascites sarcoma cells described the
oceasional tetranucleate rounded form which he considered to be a part of the schizo-
gonic cycle. He further reported bands of dividing cclls and angled pairs of slim cells
indicating binary division, but he made no mention of these in his electron microscope
study.

Meiser, Kinzeland Jirovee (1971) working with a plasmacytoma ascites in Syrian
golden hawmsters obsorved the multiplication stages of the schizonts oceurring in long
chains. Vivra, Bedrnik and Cinatl (1972) nbacrved two structurally distinct types
of fission, followed by sporogony, in a culture of rabbit choroid plexus cells. The first
cycle involved synchronous divisions of the nucleus and cytoplasm and they considered
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that this was not true schizogony. The second cycle was a typical schizogony with
cytokinesis delayed until the completion of nuelear division and the migration of the
nuclei to opposite poles of the cells. The latter cyele often resulted in the bands or
chains of cells observed by the previously mentioned authors.

These bands of eells were nol observed in any electron microscope studies, most of
which were concerned with parasites developing within normal tissues of the host
animals. It may be that the longitudinal bands of dividing cells are more characteristie
of developmont within tumour or tissuc culture cells.

Since 1964 when Lainson ct al. first demonstrated by electron microscopy the pre-
sence of the polar filament in Encephalitozoon isolated from rats, there have been
a number of ultrastructural studies of the parasite in material from rabbits (Cali 1971),
ral ascites sarcoma cells (Petriand Schipdt 1966, Petri 1969) and mice (Arison,
Cassaro and Pruss 1966, Akao 1969, Sprague and Vernick 1971). Reeent studies
of infection in the squirrel monkey, Saimir: sciureus (Brown ct al. 1973, Anver, King
and Hant 1973) have included electron micrographs ol spores.

There appear to be no differences, apart from those arising from problems with
fixation, between the organisms isolated from the various hosts, a finding which was
substantiated by Montrey, Shadduck and Pakes (1973) in their in-vitro study of
three isolates of Encephalitozoon from mice, hamsters and rabbits,

This electron microscopy study on £. cuniculi concurred with all previous studies
in showing that the parasite was uninucleate throughout most of the life cycle and that,
when two nuclei were present immediately following nuclear division, they were not
adjoined and did not behave as a diplokaryon.

The exvtoplasm of the schizonts and the sporogonic stages compared with that of
the host cells, had a more granular appearance, due to an abundance of ribosomes, and,
in common with othor microsporidian genera (Lom and Corliss 1967), there were no
mitochondria. lindoplasmic reticulum with ils associated ribosomes was present in all
stages but was more abundant in the sporoblasis. The presence of endoplagmic reticnlum
in G.M.A. embedded malerial could only be deduced by electron-lucid bands in the
cytoplasm.

The nuclens was typical for the Microsporida; the nucleoplasm had a similar eleetron-
density to the eytoplasm and was often defined in the cell only by the nuclear envelope.
When G.M.A. was used. nuclear material was often diflicult to distinguish as the
envelope was poorly preserved.

Studies by Ishihara (1968) and Weidner (quoted by Trager 1974) showed that
the sporoplasm lay dircetly in the host cell eytoplasm after injection through the polar
filament. Vivra (1973) stated that typically in the vegetative cycle of the microsporidia
the parasite was separated from the host cell eyloplasm only by the surface membrane
of the parasite and a host cell membrane was formed during the sporulation sequence.
The present study showed that a unit membrane of host cell origin developed externally
to the surface membrane of the schizont and later became the membrane of the vacuole.
A similar membrane of host cell origin formed in response to invasion by merozoites of
Fimeria tenelle (Scholtyseck 1969) and Toxoplasma (Trager 1974) and also formed
the limiting membrane of the parasitophorous vacuole. By comparison with this deve-
lopment in coccidians it is suggested that the vacuole in which &. cuniculi developed
should be termed a parasitophorous vacuole.

Trager (1974) stated also that the amastigotes of Leishmania donovani in hamster
spleen cells were enveloped by a host cell membrane. However, in contrast to E. cuniculs,
when the parasites divided cach daughter cell became directly surrounded by its indi-
vidual outer membrane and no vacuole was formed.

Schizogony, in this study and in that of Sprague and Vernick (1971), occurred in
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a similar manner to that described in the initial stages of the sccond eyele of division of
Vivra et al. (1971). Karyokinesis was completed before the outset: of cytokinesis, the
latter occurring in a plane transverse to the longitudinal axis. Schizogony continued
alongside sporulation, so that all slages were present in a single host cell.

In the formation of the sporonts transverse bands of electron-dense material were
laid down external to the plasmalemma. The bands later merged to form a continuous
layer over the whole cell. This layer was separated from the plasmalemma by an cleetron-
lucent layer helicved to be the future endospore of the mature spore. Cali (1970), main-
tained that the thickenning of' the parasite cell membrane was the one morphological
change thal indicated the initiation of the sporogonie phase and the cell’s commitment,
to spore formation. She showed this thickening as a deposition of clectron-densc ma-
terial on the exterior of the plasmalemma of Nosema bombycis and N. apis. The present
study shows clearly that in E. cuniculi the layers of the spore wall were also laid down
cxternal to the plasmalemma, The three surface layers of the sporont, consisting of
plasmalemma, endospore and exospore, bear a marked rescmblance of the dark, light,
dark layers seen by Sprague and Vernick (1971) at the surface of sporonts. Lom
and Corliss (1967) noted a thickening of the sporont wall in Pleistophora hypessobry-
conis, but in this case there were only two layers—the inner plasmalemma and an
outer, thick homogenous wall. A similar wall of only 2 layers was shown by Canning
and Sinden (1973) in Nosema algerae. The latter authors further showed that the
deposition of the outer electron-dense layer was a more complex process than that of
Encephalitozoon. In N. algerae the clectron-dense exospore material was present in the
schizont bencath and between a series of transverse tubules. In the formation of the
sporont wall the exospore material passed between the tubules to form a continuous
layer lying close to the plasmalemma. The electron-lucent endospore was not secreted
in N. algerae until the sporoblast stage, whereas in E. cuniculi the rudiments were laid
down coneurrently with the exospore.

Karly sporoblasts were distingnished from the sporont by the presence of a reticular
structure and the rudiments of the developing polar filament. These structures were
present in the material of Petri and Schiedt (1966) within a sporoblast, which they
did not recognise as such but which has the three layered wall structure typiecal of the
sporont and carly sporoblast. The universal association of the reticular structure with
soctions of developing polar filament strongly suggested that at least the anterior
straight. part of the filament was formed from thig structure. The polar filament was
laid down as a central core swrrounded by an eleetron-lucent area with radiating strands.
The outer electron-dense layer was deposited arvonnd this by the filament forming
substance. Canning and Sinden (1973) deseribed a similar process of filament forma-
tion in N. algerae but the development deseribed by Lom and Corliss (1967) in /2. hyp-
hessobryconis was radically different. They showed that the filament [ormed from a num-
ber of vesicles which appeared in positions where the coils of the polar filament. would
develop. The walls of the vesicles gave rise to the outer wall of the filament, Vavra
(1965) believed that the polar filament differentiated from a large and irregular cyto-
plasmic canal which itself arose by the coalescence of eytoplasmic Golgi-type vesicles.

The structure of the mature polar filament was scen by Vavra, Joyon and de
Puylorae (1966) in many microsporidian gencra to possess a fundamental structure of
concentric cicctron-dense and lucent bands. Typically there was an clectron-dense
core, a dark outer layer with an intervening electron-lucent layer, and a thin outer
electron-lucent layer bounded by & unit membrane. In the present study the polar
filament. was bounded by a double membrane which was seen as an electron-lucid ring
in G.M.A. embodded material. Internal to the membranes was an electron-dense
layer—appearing as a more distinct and darker layer in G.M.A. embedded matcrial—
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an intervening clectron-lucent area and a dense core. In the G.M.A. matoerial an elect-
ron-dense ring was at times scen within the electron-lucent area. Lom (1972) referred
to a similar ring as the middle osmiophilic layer, which Akao (1969) had tentatively
named an inner sheath. This ring could not be here interpreted as the numerous spirally
wound fibrils seen by Vévra (1965), Lom and Corliss (1967) and Akao (1969). Akao
further reported a minute electron-dense fibril in the eentre of the electron-dense core,
a structure not shown by other authors and not seen in the present study.

The polaroplast of E. cuniculi appeared as a series of triple membranes arranged
concentrically around the polar filament and the reticular filament-forming substance.
These triple membranes were previously described by Petri (1969) but the layer of
single membranes external to them are newly deseribed. The membranes of the polaro-
plast were seen in P, hyphessobryconis as irregular lamellae and in a Glugea sp. as vesicles
(Lom and Vdvra 1963). However, Canning and Sinden (1973) showed a polaroplast
in N. algerae with a similar organisation of double-membraned or triple-layered lamellac,
whilst Lom and Corliss (1967) observed that the irregular laminae of P. hyphessobry-
conis always separated into 3 electron-dense membranes. Canning and Sinden (1973)
postulated that thesc membranes were derived from Golgi vesicles. They further
suggested that the membranes of the polaroplast were arranged in stacks following
the contours of the polar cap and with a central space accommodating the polar filament.
A similur configuration was postulated by Weidner (1972) in Nosema michaelis. In the
present study insufficient material was available Lo speculate on the conliguration of
the polaroplast in £. cuniculi.

It was shown in this study and that of Canning and Sinden (1973) that the strue-
ture of the polaroplast membranes was not that of typical unit membranes as evidenced
by their universal preservation in glyeol methacrylate.

Vavra (1965) stated that the end of spore development was marked by the appear-
ance of a thick electron-transparent layer under the external membrane of the young
spore. Sprague and Vernick (1968) suggested that the endospore occupied the space
between the two layers of the plasmalemma, but in £. cuniculi it was clearly seen as a
layer external fo the plasmalemma and itself bounded by the electron-dense exospore.
The formation of the spore coat was characterised by a thickening of this middle, endo-
spore layer. In N. algerae (Canning and Sindcen 1973) and P. hyphessobryconis (Lom
and Corliss 1967) the endospore was first seen as a layer interpolated between the
plasmalemma and clectron-dense exospore material during sporulation and later
increased in thickness.

Electron microseope studies of microsporidian spores suggest that there is a fairly
constant number of polar filament coils for a given species. In all studies of Encephalito-
zoon, whether [tom rodent, rabbit or primate sources, there were consistently 4—5
coils, although the present author found 4 coils to ocecur more frequently than 5. The
coils lay at an angle roughly 45° to the longitudinal axis.
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HALBJAOIETHE HAJL ¥JILTPACITPYRTYPOH MHUKPOCIHOPHINHN
INCEPHALITOZOON CUNICULI 1LEVADITI, NICOLAU

ET SCHOEN, 1923, U3 MMUIHMINLIX HNEPHTOHEAJLIIDLIX
MAKPODATODR

P. Jlx. Dapiep

Peaome, C NOMONIBIO DJICKTPOHHOM MHKPOCKONAN M3YYCR HHSHCUILIT TUIKIT HAPaInNThieckon
Mugpocuopuann  LEncephalitozoon cuniculi, 0DHAPVMKEOHHONW B MUNHHLIX HCPUTOHCAIbULIX
Maxpoparax M noipoliHO NPEACTARIeHL CXHIONOHHLIe U CuOporoHHLIC ctaiumn. JLin sannpin
OLJTH MCNOJL30BAARI JIBC CPCUM: APEJIINT W TINKOJUL METAKPWIAT, HANO CPABHCUNC PA3lihix
CTPYKTYP, A1 KITIOMEHHLIX B OTHX cpefax. Meacay musonraMu u MeMOPAROH XO3jHHHEON K.eTHN
ofpaayerca B BuJe npoctparcTsa Wapasntodopnas Bakyoab. Crenka cuoponta Qopmupyeres
CHATIA KAK HONEePeuHbe N0J0CL SJEKTPORHO-[LI0TUHOI0 MATEPUAIN, KOTOPLE CANBAITEA 110
NEI0E DHCTHACH NOBCPXHOCTH, 00PA3y sl TPEXCJAOHIYIO CTRHKY; BUCITHUX JIBY C.1051 aKT HAMaa0
OK30CMOPOBON ¥ IWIOCTOPOBOI CTOAM 3pesoil cTerkn cropul. lloaapwoe pookuo ofipasyeren
myTeM CeTH BOJOKHMCTON cyGeTaHiu, BOKPYr KOTOPOH (GOPMMPYIOTCST KORUCHTPHYCCKHe

KOJIBU@ LTACTHHOK ¢ JABOIHRON MeMOpanoi, npegcranimiomume o000 1o 1apomact.
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Plate I

R. J. Barker, Ultrastraetaral observations, .

Fig. 1. Araldite-embedded macrophage showing the parasites in or around the periphery of the
vacuole (v.) A dividing schizont (sch) with two nuelei (n) ean be seen. Mn = nacrophage nuelcus,

(scale = 2 pum)
Fig. 2. G.M.A.-.embedded macrophage showing the purasites within the vacuole (v.). (sealo = 1 pn)



1. J. Barker. Ultrastructural observations., . .

Fig. 1. Avaldite-ombedded sehizont within the host ecll extoplnsm showing the two membranes
{arrowed) of host eell and parasito origin. (seale = (.2 um) Fig. 2. Araldite-embedded schizont
partially embedded m host eell eytoplasm but sepnented from it by a host membrane (arrowed)
continnous with the vaeuolar membrane. (senle = 0.2 um) Fig. 3. G.M. A, embedded maerophage
with infection resulting from two sporoplasms, each forming its own parasitophorous vawuole,
(scale = I pm) Fig. 4. G.M.A.-ombedded macrophage showing the parasitophorous vacuole forming
between 4 schizonts, (scale = T m)



K. J. Barker, Ultrastrueturnl ob<ervations, . . Plate 11X

Fig. 1. Araldite-embedded parasite imtermediate between a sehizont and sporont. Sporont wall {sw)
formed as bars of thickening laid down over the plasmalemma (pm) of the schizont. (seale = 0.2 wm)
Fig. 2. G. M. A.-cmbedded sporont showing the formation of the sporont wall mitially as short bars of
cleetron-tlense material (small arrcws) which later merge to give a complete layer (large arrows),
(senle = 0.2 pm) Fig. 3. G.M. A .cmmbedded sporont with wall eut tangentially to show the transverse
bands of thickening. (scule = 0.2 um) Fig. 4. Araldite-embedded sporont showing details of the
three layers of the wall: unit membrane (um), endospore {(en). and exospore (ex.) (scale = 0.2 ym)



R . J. Barker, Ultrastruetural observations . | Plate 1V

3

Fig. 1. G.M.A.-.embedded sporeblast xhowing the reticulum of filament-forming =ubstance (f.fs.)
and the developing polar filament (p.f.). (seale = 0.2 pm) Fig. 2. G.M.A. embedded sporoblast
showing later stage in the development of the polur filament (p.f.). (seale = 0.2 gm) Fig. 3. Araldite-
embedded sporoblast showing the crenulated outline, the eoncentric arrangement of endoplasmie

reticulum (e.r.) and an immature polar filament with associated filament.-forming substance (f.f.s.).
(seale = 0.2 pm)



R. J. Barker, Ultrastructural observations., . .

Plate V

Fig. 1. G.M. A embmlded immature spore. ffs. — filament forming substanee. p - membranes
of the polaroplast, p.f. — polar filament, p.v.  posterior vaenole, (scale = 0.2 pmn) Fig. 2. G.M.A.-
embedded immature spore showing anterior part of polar filament (p. f.) surrounded by triple
membranes of polaroplast (p) and an external laver of vesicles (v.) (seale = 0.2 um)



R. .J. Barker, Ultrastructurnl observations. . . Plate V1

Fig. 1. G M. A -embedded nearly mature spore showing anterior pare of filament (p.f) surrounded by
filament -forming substance (f.f.5.). trilamellar membranes of polaraplest (p) and outer layer of single
wembranes (pm). (secale — 1.2 pm)
Fig. 2. Araldite embedded spore showing 4 sections of the polar filament (p.fL) and a 5th section cut
obliquely (p.fo.). (seale = 0.2 um)



