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Ultrastructure of an Unusual Erythrocytic Form of Plasmodium berghe*
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University, Canberra, A4.CT. 2601 and Depl.of Zoology, Univ. of Hlinois, Urbana, T 601801

SYNOPSIS, Unusual dense forms were discovered in ultrathin
sections of Plusmodium hershei-infected rat erythrocytes.  These
parasites frequently occurred with one or mare typical tropho-
oites in a single blood ce’. They appeared darker than both the
neighhoring  trophozoi*.s and the host erythrocyte,  Ribosomes
were visible fn clusters in their compact cytoplaism. The endo-
plismic veticuln, when present, had  dilated  cisternae  often
containing a inatecial of low density, Large fond vacuoles were

D UDZINSKA and Trager (20) outlined the fine struc-

* ture of intraerythrocytic P. berghei as early as 1959.
Several electror microscopists have since described the
erythrocytic stages of this species within (2, 8, 11, 14), free
of (4, 12, 14) and cntering or leaving (13, 16, 18) the
host cells. Enzymatic activities (23) and structural alter-
ations in relation to drug vesistance (10, 19) and effccts
{13, 17, 24) have also been illustrated in thin sections of
P. herghei-infected blood,

Tn spite of the number and varicty of studies with P,

¥ The Agency for International Development, United States
Departnent of State, Contract Niunber ATD/esd-1432 supported
this research which formed part of a thesis submiteed by the senior
anthoe 1o 1he Gradoate College, University of linnis, in partia’
idfithnent of the requirement for Ph.D. degree.

\
comuonly seen along with the small vesicles harboring pigment
granules. The single large nucleus had dense nucleoplasm. Multi-
laminated membraned bodies and sausage-shaped vacuoles were
seen in some of the parasites.

The exact identity of this form of P. berghei is not known. Tts
possible significance s diseussed with particular reference to the
differentiation of gametocytes,

berghei, fresh insights into its fine structure continue to
be revealed (14). We have observed an unusual dense
form of the parasite during clectron microscopic exami-
nation of P. herghci-infected erythrocytes. In our discus-
sion we consider the significance of this forimn and the
possibility that it is a pre-nametocyte stage.

(=]

MATERIALS AND METHODS

The NKG5 strain of 2. berghei was generously supplied by Dr,
Meir Yorli, New York University School of Medicine, New York
and was producing gametocytes at the time of this study. The
blaod from acutely infected rats was prepared for electron micros-
copy acearding o the methods outlined previously (12).%

*The phosphate bafler usedd in (127 was 0.1 M.
incorrectly as 0.2 M,
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Uxvsuar Forar oF P. berghei

VESCLTS

An unsual form of P, boighei, varying in size but never
oceupying more than 25 of the host cell, was found in
some sections of infecred ceils, This fonn was often ae-
companied by one or mois tipical trophozoites (Figs. 1, 3)
but abso occurred alene (Fia, 2). To appeared very dark
compared with the neizhboring parasites and even with
the host cell.

Ribonucleoprotein paridcies or ribosomes were usually
concentrated in clusters in its compact cytoplasm (Figs.
[, 2, 5). When endoplasmic reticulum was present, its
membranes limited dilated  channels which scemed  to
contain & material of very low density (Fig. 3). Large
food vacuoles were frequently visible (Figs. 1, 2, 5) along
with small vesicles containing hemozoin granules (Figs.
I, 2). Single large nuclei with a compact nucleoplasm
(Figs. 1, 3) were characteristic of these {orms.

The plasma membrane usually appeared as a double
unit membrane closely applied to the parasite cytoplasu
(Figs. 1, 2, 3). However, some merbrane  elaboration
was evident, particularly where vacuolar (Figs. 1, 2) or
nuclear menbranes were in close proximity to the mar-
einal wembranes of the cytoplasm. In a few cases, a
corplex membrane array was also observed to transept
or cleave the parasite cytoplwm (Fig. 1). Membranous
organelles including  multilaminated membraned  bodies
and  sausage-shaped vacuoles (Fig. 3)  were evident 1
some ol the dense parasites.

For purposes of compavison, Figs. 4 and 5 are included
to show the features of P. berghei gametocytes. Nole, in
particntar, the complex surface membrane structure and
the single large compact nuclens in hoth illustrations. The
aunetocyte in Fig, - with its high concentration of ribo-
somes is probably a macrogametocyte. Wide endoplasmic
reticubin with cisternae containing a material ol low
density and dense bodies or toxonces are additional
features of this parasite. In Fig. 5, the pancity of ribo-
somnes is striking and suggests that this parasite is a micro-
gameloeyte.

DISCUSSION

The dense forms of P. berghei we considered in the
following comments as possibly (1) nonviable or degen-

crating forms, (2) merozoites, (8) trophozoites, () schi-

zonts, or (3) pregametocytes.

Whether some of the large host inclusions (food vacu-
oles) observed in mammalian plasmodia represent inges-
tion or an oblique section thru a highly contorted parasite
remains controversial. For the sake of our discussion, we
will asstine the former viewpoint.

Fig. 1. A dense form of P berghei survounded by typical
trophozoites in a single rat ervthioeyte, Abundant ribusoines
are visible in its eytoplasm which is ransepted or cleaved by n
membraned  structure,  Large fond vacuoles (FV) and vesicles
containing pigment grannles (V) are evident. The dense form
is limited by a double wunit memhrane which appears elaborate
where the nuelear and feod vacuole membranes e in close

1. Nonziable or degenerating forms. The dilated endo-
plasmic reticulum and dense nuclear arcas found in some
dense fovms may indicate deterioration. This interpreta-
tion, Tor example. has heen applied to parasites which
show wide: endoplasmic reticulum (3, 12) and dense
nuclei (4 12 after isolation procedures.

The occurrence of food vacuoles and pigment granules
and the general appearance of inlactness support the
alternate view that the dense forms are viable. Further-
more, the juxtaposition of a dense form and one or more
typical trophozoites in one host cell suggests that this
dense form is not an artifact of the preparatory technics.

2. Mecrozoites. Merozoites have a very compact cyto-
plasm, condensed chromatin in the nuclei, and little or
no endoplasmic reticulum (12, 14, 22). The small dense
forms shared these features. However, unlike merozoites,
the dense forms Jacked conoid clements and a pear-shaped
outline and often contained food vacuoles and vesicles
with pigment granules.

Tf certain of the dense forms are merozoites, they are
cither part of a scgmenter the rest of which does not
appear in the plane of section or they are parasites which.
have sust invaded the host cell. In many cases, the large
size ol the dense forms and the frequent presence of
typical trophozoites surrounding these forms tend to ne-
gate the former explanation. With regard to the 2nd
explanation, Aikawa (1) and Ladda (16) described newly
penetrated merozoites of P. cathemerium and P. berghei,
respectively. These merozoites, in contrast with the dense
forms, still had remnants of the conoid apparatus and the
thickened inner membranes.  In addition, the cytoplasm
already appeared similar in density to the ring form of
the trophozoites but lacked (he prominent food vacuole,
a structure seen inmany of our dense forms.

5. Trophozoites. That the dense forms are structurally
different from younger trophozoites is obvious in Figs. 1, 3.
The chromatin is condensed rather than dispersed in fine
fibers, the cytoplast is more compact, the endoplasmic
reticulum, if present, is more dilated and the ribosomes are
nore clustered. That all of the dense forms are struc-
turally different from Ladda’s (14) middle-aged tropho-
zoites is not so clear. Some, for example, have pigment
granules, rough reticulurn, abunduant ribosomes and a
regular profile typical of the parasites which Ladda (14)
identified as middle-aged trophozoites. On the other hand,
our dense forms still present an overall appearance much
darker than the host cell. Ladda’s trophozoites are lighter.

4. Schizont. Rudzinska and Vickerman (22) referred to
the concentration of cytoplasm at the time of schizogony.

proximity (arrows). A single compact nucteus (N) with dense
aggregations is also seen, X0 29,000,

Fig. 2. A rat reticadoeyte which appears to be singly infected
with a dense form of . berghei. Note the clusters of cibosonies,
the food vacuoles (FV). the vesicles containing pigment granules
(V) and the elaboration of the double unit surface meml- L ane
at the site of the Lirpe host inclusion (arvons), X0 28,000,
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Fig. 3. A dense form of P, berghel and a typical trophozoite
infecting the same rat blood cell. Dilated eandoplasinic reticulum
(ER) with cisternae containing o material of low density s
conspicuous in the dense parasite. A compact nucleus (N) aud

They reviewed the features accompanying nuclear division
which include the increase in wibular endoplasinic reticu-
in multilaminated membraned bodies
of abundant ribosomes. Some of our

lum, the increase
and the presence
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2 large food vacuoles (FV) are also obvious, Note the sansag
shaped vacnole (8} and muli-laminated membraned body (A
along with the double unit plasma membrane. X 32,000,

larger dense forms may be preschizonts. However, the
single nuclei uniformly have condensed nucleoplasm che
acteristic of inactive nuclei rather than of nuclei prepari
to divide. In addition, their endoplastic reticulum, wh
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Fig. . The presence of nnwerons ribosomes and de

nse bodies

of a lightly stained material in its wide channe

or toxonemes ('T') sugeest that  this gametocyte
O nnerogaanctocyte,
wirface and the large nucleus  (N)

comprict

The complex membrane system

of P. berohei
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fratures of this parasite. A food vacuole (FV) is also evident,

Newe also the dilated endoplasmic

redeulum and the occurrence

nent granules (P) are also visible,
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berghel with a paucity of
is visible along with o complex surf

probably
ribosonies.
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present, is dilated rather than tubular. Tn contrast to the
“miore mature schizonts of P. herghet, our large dense forms
lack periodic thickenings in their plasma membranes and
the early appearance of paired organelles.

3. Pregamctocytes. It is temupting to identify the unusual
dense forms as pregametocyte stages. To date, the char-
aeteristics of parnsites destinad  to become  gametocytes
rather than schizonts have not been well-defined.  Rudzin-
ska and Trager (21) reported on P. coatneyi gametocyles
and suguested that the fine structure of the young gameto-
cytes and trophozoites is indistinguishable. Aikawa et al.
(3) in a later publication on avian and mammalian game-
tocytes suguested that the dense pellicle of the merozoites
is retained in parasites which are fated to grow iuto game-
tocytes. In o recent study with P. berghei yoeli, Ladda
(14) did not observe persistence of the pellicle. Instead,
he defined the differentiating gametocyte as a cell having
an enlarged nucleus without evidence of impending divi-
ston, a highly orgunized endoplasmic reticulum and large
numbers of dense bodies or toxonemes.

Many of our dense forms showed a single large nucleus
with no signs of division. A similar nuclear structure has
been deseribed by Ladda (14) and ourselves in P. berghel
gametoeytes.  In some of the dense forms, the cisternae
of the endoplasmic reticulum were dilated and contained
a lightly stained material.  Certain gametocytes also had
this characteristic (Fig. 4). Food vacuoles and pigment
granules in vesicles were found at random in the cytoplasm
of hoth our gametocytes and dense forms; in the former,
however, the pigment granules were more coarse. While
dense budies or toxonemes, common in gametocytes, were
not visible in our dense forms, these structures would be
difficult to distinguish in their compact cytoplasm.

The outer membranes of mammalian gametocytes have
appeated as a 2-layered structure (8, 21), a 3-layered
systemn in some areas (3), or, as we have seen in onr
sections, a complex of at least 5 mewmbranes at many
sites.
more membranes, thevelore, is not helpful in considering
a possible relationship of these forms to young gameto-
cytes.  Indeed, the number of layers in the pellicle of
mwammalian gametocytes may vary with the condition of
the parasites (3) or with different stages of maturity.

Altho Corradetti and Verolini (cmd by G '1rnham, 7)
using the light microscope, reported that only mature
erythrocytes were invaded by the sexual forms of P.
berghei, we found gametocytes in the reticulocytes as well,
The reticuloeytes were likewise a common host cell for
the dencz forms. We also observed multiple invasion of
a single crythroeyte in the case of both the gametocytes
and the dense forms. Whereas the mature gametocytes
nearly fitled the host cell, the dense forms always occupied
less thau 24 of the blood cell. In this regard, the dense
parasites wsembl( d the Type | stage of gametocyte mat-
‘uration described by Hawking et t al. (9) in P. knowlesi
and P. eynomolgi preparations. Finally, the paucity of the
dense forms compared with the typical trophozottes cor-
related - with the relatively small number of gametocytes
versus schizonts detected in our blood films.

Whether our dense fonns are surrounded by 2 or’

Unusuar. Fory or P, berghel

It is possible that the dense forms are precursors of
only the macrogainetocytes. In their studies with Leuco-
cytozoon simondi, for example, Desser et al. (6) ohserved
that the female merozoites, like the mature macrogameto-
cytes. have a cytoplasm considerably darker than that of
the males while still in the megaloschizont. Possibly our
dense formis also predict the formation of a female gamne-
tocyte. Unlike the microganetocyte, a high concentration
of ribosomes and hence, a dense or darkly staining cyto-
plasm characterizes the macrogametocyte of plasmodia

(7,21).
CONCLUSION

In the dynamic series of events which lead to the de-
velopment of a mature gametocyte or schizont from the
invading merozoite, it is logical to have a condensed form
at various times of cellular organization and growth.
Whether the dense forms we have discovered in P. berghei-
infeeted cells are artifactual and decomposing or pre-
cursors of an asexual or a sexual adult form remains open
to challenge. At this time, we favor the interpretation
that these dense forms are relevant to the process of
gametocytogenesis,

We wish to acknowledge the valuable photographic assistance
given by Mrs. Roy Garrison during preparation of the manuseript.
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