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MORPHOLOGICAL AND CYTOCHEMICAL OBSERVA TIONS ON THE 
PHAGOTROPHY OF PLASMODIUM (SAURAMOEBA) TROPIDURI 

AND TWO OTHER SPECIES OF MALARIA PARASITE 

J. V. ScORZA (l) 

SUMMARY 

Studies of fine ,,tructure dernonstrate that the phagotrophy of Plasmodium 
tropiduri is similar to that of P. elongatum. Cytochemical studies of the intraery­
throcytic stages of P. tropiduri, P. berghei and P. gallinaceum demonstrate the 
existence of two hydrolases with different distribution in the cytoplasm. The 
activity of amino acid naphthylamidase suggests strongly that this enzyme exists 
in the food vacuoles of these parasites. Arylacetylesterase activity has been 
observed in the schizonts and the segmenters of the three species studied; the 
possibility of its being localized in the paired organelles is discussed. 

INTRODUCTION 

When RuDZINSKA & TRAGER 20 described 
the mechanism of intracellular phagotrophy 
in Plasmodium b.erghei they confirrned, from 
an ultrastructural point of view, the long­
held idea that haemoglobin is ingested by 
malaria parasites. 

The presence of malarial pigment inside 
the parasites led investigators to suppose from 
the beginning that haemoglobin rnust be 
digested within the parasite. BROWN ° 
suggested that an enzyme within the parasite 
might split off the proteid from the haemo­
globin molecule, leaving the haemin to de­
posit as malarial pigment. 

This idea, supported also by MouLDER & 
EVANS 1 5, was challenged by DEEGAN & 
MAEGRAITH 9 , who pointed out that malarial 
pigment is not exactly haematin, but a 
complex of haematin and denatured pro­
teinoid. 

Proteolytic enzyme activity capable of 
decomposing haemoglobin was demonstrated 
by MoULDER & EVANS 15 in P. berghei, P. 
gallinaceum and P. knowlesi. More recently, 
Coorc et al. 8 isolated and characterized a 

partially purified proteolytic enzyme from 
homogenates of P. berghei and P. knowlesi. 

Even though digestive enzymes are suppos­
ed to exist in the food vacuoles of the 
intraerythrocytic stages of malaria parasites, 
hydrolase activity has not yet been demons­
trated cytochemically in these vacuoles. The 
precise localization of enzymatic activity in 
the intracellular stages of the parasites can 
be carried out unequivocally only by rneans 
of electron microscope techniques. However, 
we believe that a cytochemical study of this 
activity could throw some light upon the 
phonomena of digestion and would contribute 
toward resolving certain contradictions in the 
interpretation of phagotrophy in the mala­
rial parasites of birds and mammals. Ruo­
ZINSKA & TRAGER 20 supposed that the diges­
tive activity in P. berghei took place in the 
pinocytic vesicles pinched off from the large 
vacuoles into which this parasite ingests 
haernoglobin. 

AIKA WA et al. 1 rnaintain that in bird rna­
laria parasites, host-cell cytoplasrn is digested 

(1) Departamento de Parasitologia. Instituto de zoologia Tropical, Facultad de Ciencias, Univer-
sidad Central de Venezuela. Apartado 59058, Caracas, Venezuela 
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in the food vacuoles formed solely by the 
action of the cytostome. RunzINSKA & TRA­
GER 21 have ratified their point of view in 
their studies of pinocytic uptake of haemo­
globin by severa! species of malaria parasi­
tes. THEAKSTON et al. 25 maintain that both 
types of ingestion-pinocytosis and cytostomal­
phagothophy may occur in the sarne species 
of parasite. They cite P. vinckei, in which 
species cytostomal activity appears to predo­
minate in the young trophozoite, while pi­
nocytosis may be more active in the more 
developed stages. ScALZI & BARR 22 support 
the idea of the two processes in one species, 
but suppose cytostomal activity to be more 
prevalent in the advanced stages of the pa­
rasite. 

AIKAWA et al. 3, comparing the fine 
structure of intracellular and host-cell free 
trophozoites of P. knowlesi, have produced 
evidence that denis the existence of the 
large food vacuoles reported from the ma­
laria parasites of mammals, considering them 
to be intrusions of host-cell cytoplasm that 
deform the parasite. 

W e believe that a cytochemical study of 
hydrolase activity in rnalaria parasites, 
known to differ in their mechanisms of in­
gestion, rnight establish whether digestive 
activity dernonstrable by the available cyto­
chernical techniques occurs in the large va­
cuoles, ~r whether it takes place only i~the 
pinocytic vesicles and the vacuoles forrned 
by the cytostorne. Therefore, we have investi­
gated three species of Plasmodium: P. 
berghei, with large food vac{ioles and srnall 
vesicles; P. gallinaceum, with large food 
vacuoles and no pinocytic vesicles; and P. 
tropiduri, with small food vacuoles. 

ln order to study two different hydrolytic 
enzymes, we have selected one technique for 
the study of aminopeptidase and two more 
techniques for the study of esterases, taking 
into account the exaggerated quantities of 
amino acids and free fatty acids produced 
by intraerythrocytic malaria parasites from 
the haemoglobin and the lipids of the ery­
throcyte. Recent reports on these phenomena 
have been published by SrnDIQUI & TRA· 
GER 2

'', SCHNELL et al. 23
, and by CENEDEL­

LA et al. 7• 
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MA TERIALS AND METHODS 

The strain of P. tropiduri used was 
obtained from Venezuela; it was maintained 
by bimonthly intraperitoneal subinoculations 
into the lizard Tropidurus torquatus. P. 
berghei yoe-lii, kindly provided by Mr. 
Killick-Kendrick, was rnaintained by subino­
culations every 12 days, into 21-day old 
mice. P. gallinaceum, obtained from Dr. M. 
Anwar of the Imperial College Field Station, 
was sub-inoculated into 3-day old chicks 
every twelve days. 

Amino acid naphthylamidase activity was 
investigated by the technique of NACHLAS 
et al. 1 6, in fresh smears of blood fixed in 
cold acetone and incubated in a mediurn 
containing L-leucyl-4-methoxy-naphthylamide 
and Fast Garnet GBC salt; the smears were 
counterstained with rnethyl green, according 
to the technique of BANCROFT 4

• The optimal 
pH for aminopeptidase activity was deter­
mined by using incubation media buffered 
at pH 3.8, 4.04, 4.99, 6.21 and 6.5 with 
O .1 M acetate buffer, and at pH 7. 2, 8. 5 
cr;id 9. 1 with TRIS-H CL O. 2 M buffer. 
Control smears were made in all cases by 
incubation in media containing no substrate. 

Esterase activity was investigated by the 
rnethods of PEARSE 17 and of HoLT & Wr­
THERS 12

• ln the first method, smears fixe d 
for five minutes with formaldehyde vapour 
were incubated 45 minutes at room tempe­
rature in a medium containihg napthol AS 
acetate and Fast Bleu BB salt at pH 6.8. ln 
the second method, smears were fixed in 
acetone at 4°C for 10 minutes, or in Formol­
Calcium for five minutes; the smears were 
then incubated for up to two hours in a 
medium containing 5-Bromo-4-Chloro-indoxyl 
acetate with an oxidation-reduction rnixture 
of potassium ferrocyanide-ferricyanide at 
pH 7. 2. Controls were incubated in a me­
di um without substrate. Naphthyl acetate 
esterase activity was exposed to. the effects 
of 10-3 and 10-5 M E-600 ( diethyl-p-nitro­
phenyl phosphate), in O. 2 M phosphate 
buffer at pH 6.8, and also of eserine at 10-1 

M. 

RESULTS 

Aminonaphthylamidase (leucine amino­
peptidase, LAP) activity was seen in all of 
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Fig. 1 - Amlno úd<l naphthyl(lmlclõ.'lse ucü..,lty ln a gnmet<ic')1 t.c ot P, tl'OJ>i(lu d. N umerous smnll 
round va,·uo1es a1>t>Car dispcrscd th ,oughout the \',:hole cyt.oplasm or the parasite. No rca .... uon 
Is visiblc ln the TroJJidttrN.t1 rorq11ahl.., ecylhrOCyle. 900 x . Fig. 2 - Strong positive rC'aclion ot 
a mino acid n aphthylamida.se acüvity in tropho..:oitcs a nd schizonts or P. 9alliHaç e1<m. &·hltonl nl 
bottom clNlr)y showit LA() rcaction, appcaring as round vacuole. 900 x . Fllt. 3 - f'. berghE'I trO• 
phozoilcs showlng LAP reaclion. l n the CEntre o r one troph07.0ite. rour ovoid vacuoles are visible. 
ln nddltión to other parasltlzed eryt.hrocytes. there may be ~en l)C'll)lmorphOnuclear neulrophils and 
a monocyte showlng dltrerent <!egrees o( reactlon in the cytop11;.1sm, A dlftuse reacllon is 
seen ln u nparnsit.11.cd erythr(ic-ytes. 900 x. Fig. 4 - HOlt•WIUtcrs arylesterase activlty in a half­
grown seh1Z()n t or P. lr01,;chiri, Blue. CIOt• llke reaéUOn appcars in thc ou~er cytophlsm or the pa­
rasite. Mlnu t(' J?ra.nules ot 01-ythroc.)•l,e n ucJCar and cyl CJJ)lasmic csterase aJso v.lslble. 900 X. 1-'ig. 
!S - Sdütonts a nd segmenl<.'rs oi' P. yalfütaceioa showing minu t.o Clot-11ke posit.lvc )·eactlon or llolt• 
Wlt.hcrs esteras.t' in ouler c;:ytoplasm or lhe parasite. rn some ot lhe meroz.olt.cs o r th.e seg:menter 
at th<- ríght i t is posslble to observe the reac·Líon. 900 x . Fig. 6 - f'. 1,erfJhcJ Séhii<>nt. Intcnse bluc 

dots show stt.es ot Pearse ary1aeetyl estorase. 900 x. 
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the intraerythrocytic stages of all the para­
sites studied; it was observe d as spots of 
regular shape, having a vacuolar appearance, 
with well-defined limits, and sometimes 
surrounded by a pink or yellowish area. 

Differences in pH of the incubation me­
dia gave different results; between pH 3. 08 
a.nd 4.99, the reaction was negative, the 
parasites being uniformly stained yell-Jw, 
Iike the controls without substrate. This effect 
may be due to the Fast Garnet. A brick-red 
colour, characteristic of the positive reaction, 
began to develop at pH 6.5 and reached 
a peak of intensity between pH 7. 2 and 
8. 5. At pH 9.1, the reaction was clearly 
negative. 

ln the trophozoites and schizonts of P. 
berghei, the reaction site appeared as elonga­
te oval vacuoles, rarely circular, of O. 2 -
0.3 micra in lenght ( Fig. 3). In the sarne 
stages in P. gallinaceum, rounded vacuoles 
0.6-1.2 micra in diameter are seen (Fig. 
2). The trophozoites, segmenters, and ga­
metocytes of P. tropiduri show very small 
círcular vacuoles O. 2-0. 4 micra in diameter 
(Fig. 1). Up to 21 small vacuoles were seen 
in the schizonts and gametocytes of P. tro­
piduri, about 10 rounded vacuoles were ob­
served in the similar stages of P. gallina­
ceum, and no more than six were seen in 
the trophozoites and schizonts of P. berghei. 

Ester ase activity ( arylacetylesterase, AAE) 
upon naphtholic or indoxylic ester substrates 
was observed ni the segmenters of P. galli­
naceum and P. tropiduri and, with less 
certainty, in the comparable stages of P. 
berghei. The reaction appeared as a blue 
dot in the periphery of the schizonts or in 
each merozoite of a segmenter, apparently 
located outside the nucleus of the merozoite. 

The reaction was not intense in he segmen­
ters of P. tropiduri, where it appeared as 
minute oval masses with their major axes 
at right angles to the axis of the merozoite 
(Fig. 4). ln the segmenters of P. gallina­
ceum, the reaction was weaker and punctiform 
(Fig. 5). The diffuse nuclear staining by 
Mayer's carmalum in the schizonts of P. 
berghei made it difficult to locate the esterase 
activity precisely; the reaction in this pa­
rasite was intense, well-defined, and irregu­
larly distributed in the form of 6-12 gra­
nules ( Fig. 6) . A similar reaction, appearing 
as much smaller granules, was seen in the 
erythrocytes of T. torquatus and mice, but 
it was so characteristic in appearance that 
it could not be confused with the reaction 
in the parasites. 

The esterase activity observed in the ery­
throcytes and parasites, according to the 
technique of PEARSE 17

, using naphthol AS 
acetate, was not inhibited by Eserine, but 
was totally eliminated by 10-3 M and 10-4 

M E-600. 

The fine structure of intraerythrocytic 
stages of P. tropiduri has been studied by 
us and will be published elsewhere. W e now 
describe some additional details of the di­
gestive process. The cytostome of P. tropiduri 
is similar to those of other malaria parasites. 
ln the inactive state, that is, when it is not 
forming a bolus, it has an internai diameter 
of some 100 millimicra (Fig. 7). This di­
mension does not increase during the act of 
cytophagy; instead, the bottom of the cavity 
of the cytostome widens and deepens to 
permit the entry of a pmtion of the host­
cell cytoplasm, thus forming a bolus which 
separates itself from the cystostome (Fig. 
8). The bolus is limited by a double mem-

Fig. 7 - Cytostome of trophozoite of P. tropiduri during the initial phase of ingestion; the internal 
membrane of the trophozoite, at the bottom of the cytostome shows some ribosome-like par­
ticles. 120,000 x. Fig. 8 - Cytostome of thophozoite in activ•e phase of ingestion; the interna! bars of 
the cytostome are less evident. 120,000 x. Fig. 9 - Phagosome recently detached from cytostome. 
External membrane appears discontinuous and to be formed by granules similar in size to ribosomes. 
90.000 x. Fig. 10 - Section of a gametocyte of P. tropiduri; a bolus, limited by two membranes, is 
being pinched off from the cytostome. Two phagosomes (a, b) show two limiting membranes and differ­
ent degrees of electron desity of the contents. Telephagosomes os collector visicles, limited by a sin­
gle membrane, containing remnants of phagosomes (e, d, e). Telephagosomes showing clear areas 
from which malarial pigment has been dissolved during staining (f). 40,000 x. Fig. 11 - Recently 
formed phagosome. ln the zone of contact with the endoplasmic reticulum a group of ribosomes 
(arrow). 80,000 x. Fig. 12 - Phagosome within which digestion is far advanced; the externa! mem­
brane (arrow) shows a dense structure similar to that of the phagosome of the preceding figure. 
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brane, of which the outer one corresponds 
to the membrane proper of the trophozoite. 
This membrane appears to be discontinuous 
at the beginning of ingestion, suggesting that 
it is being actively synthesized, rather than 
passively stretched. Actually, in the recently 
formed vacuole, the outer membrane seems 
to be a layer of granules, of density and 
size similar to the ribosome granules, instead 
of being continuous. The integrity of the 
inner membrane is greater; it is an extension 
of the membrane of the host cell (Fig. 9). 

The cytostomal phagotrophy of the para­
site appears to be incessant. ln addition to 
the forming bolus, others may be seen, 
surrounded by a double membrane and 
containing material with different degrees 
of electron density, which indicates that the 
material within the boluses is undergoing 
change (Fig. 10, A-B). The boluses not yet 
separated from the cytostome have a dia­
meter of 200-300 millimicra; free boluses 
are 350-450 millimicra in diameter. There 
is no reason to think that the free boluses 
enlarge during digestion. On the contrary, 
study of the photographs suggests that, once 
the contained material has lost a great part 
of its electron density, the bolus diminishes 
in size. This is probably a consequence of 
absorption which leaves the remnants -
mainly membranes and amorphous opaque 
material - to be collected in larger vacuoles 
where digestion is carried further (Fig. 10, 
C, D and E). This is to say that the larger 
vacuoles contain particular residues, 
appearing as concentric folded membranes, 
which surround opaque material. lt is pro­
bable that the final phase of digestion occurs 
within these vacuoles limited by one single 
membrane and that, finally, the malarial 
pigment accumulates at these sites. Some of 
the large vacuoles have a content which is 
transparent or of low electron density, as 
a consequence of the malarial pigment of 
this species dissolving rapidly in the pH 12 
solution of lead citrate used in staining. 
Finally, we should like to call attention to 
certain structures apparently associated with 
the externad membrane of some boluses · 
these are regular aggregates of granules'. 
similar to polyribosomes but with lower 
electron density. W e shall dÍscuss their 
possible function further on. 
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DISCUSSION 

There seem;, to be at least one aminona­
phthylamidase in the digestive vacuoles of 
all three species of parasite studied. The 
form and dimensions of the areas of maxi­
mal enzymatic activity are different in ali 
the three species of Plasmodium. The greatest 
number of vacuoles with LAP activity WdS 

observed in the schizonts and gametocytes of 
P. tropiduri, measuring 0.2 - 0.4 micra in 
diameter. The number, size, and form of the 
vacuoles correspond to those of the boluses 
we have described in the study of the fine 
structure of the parasite. LAP activity sites 
in the trophozoites and schizonts of P. galli­
naceum had the aspect of rounded vacuoles, 
O. 6 - 1. 2 micra in diameter. Study of 
the photographic material published hy 
AIKAWA et ai. 1 on the ultrastructure of P. 
gallinaceum indicates that the food vacuoles 
are circular and measure O. 8 - 1 . 1 micr'l 
in diameter; our results therefore suggest 
that LAP activity in this species occurs 
within the food vacuoles. 

The results on P. berghei look contra­
dictory; the illustrations published by Run­
ZINSKA & TRAGER 20 and by }ERUSALEM & 
HEINEN 14 give the impression that the food 
vacuoles in P. berghei are oval or elongated, 
rarely circular; they measure O. 7 - 1. 25 
x O. 3 - O. 65 micra. LAP activity sites in 
P. berghei rarely àppears as circular areas, 
but rather as oval or elongate spots of much 
smaller size, O. 2 - O. 4 micra long. Thus 
the LAP activity would seem to occur within 
small vacuoles, whose dimensions are com­
parable to those of the pinocytic vesicles 
described by RuDZINSKA et ai. 21 and consi­
dered by these Authors to be the site where 
haemoglobin is really digested. It may be 
inferred, therefore, that aminopeptidase 
activity may be absent in the large food 
vacuoles observed in P. berghei, and that, 
as suggested by AIKAWA et al. 3 the large 
vacuoles are not structures produced by the 
parasite. ln agreement with this point of 
view, ScALZI & BAHR 22 considered these 
large vacuoles as large vesicles which might 
be, topologically speaking, either "inside" 
or "outside" the young trophozoite, increasing 
the area available for pinocytosis. THEAKS­
T0N et al. 25 present a similar point of view, 
ln any case, our observations indicate 
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clearly that aminopeptidase activity occurs 
solely in the small vacuoles formed by the 
cytostomes or by pinocytosis, and that the 
large food vacuoles of P. berghei do not 
seem to exhibit this enzyme activity. 

Arylacetylesterase activity has been de­
monstrated in the schizonts and segmenters 
of P. berghei, P. gallinaceum and P. tropi­
duri; a dot-like reaction site has been ob­
served at the external margin of large 
schizonts and segmenters. This location 
corresponds to the anterior poles of the 
merozoites. The structure of the polar rings, 
the paired organelles, are prominent 
structures in this region. GARNHAM et ai. 10 

have postulated a secretory function for 
Toxopla,sma gondii structures which are 
similar to the paired organelles. ln T. gondii, 
in addition to the paired organelles, convo­
luted tubules are found, which GARNHAM 
et al. 10 considered to be synonymous with 
lysosomes. HANSON & SouRANDER 11 have 
demonstrated aryl sulfatase and acid phos­
phatase activity in T. gondii, and have es­
tablished that these enzymes are located in 
small subpellicular vesicles and not in the 
toxonemas or paired organelles. This elimi­
nates the possibility that the latter, at any 
rate, have lysosomal activity. 

The merozoites of Plasnwdium are cells 
to specialized for passing through the mem­
branes of erythrocytes and, instead of a 
permeabilizing substance, their organelles 
might secrete esterases for the digestion of 
membranes rich in lipoprotein. The esterase 
activity which we have found is not likely 
to have any relationship to the esterase 
activity responsible for the production of 
free fatty acids in parasitized erythrocytes. 
However, it is possible that, in the merozoites, 
this secretion contributes toward rupturing 
the membrane of the host cells when the 
parasites are liberated, since, in addition to 
the extraordinary increase in the free fatty 
acid contents in erythrocytes parasitized by 
P. berghei, CENEDELLA et ai. 7 have demons­
trated a phospholipase A in homogenates of 
parasites freed from their host cells. The 
non-specific esterase activity detected by us 
is not an acetylcholine esterase, since it is 
not inhibited by Eserine; neither is it a 
lysosomal esterase, as it is inhibited by 

E-600. Thus, it must be a non-specific 
acetylesterase or arylesterase. 

Finally, we should like to discuss the 
phagothophic activity of P. tropiduri. The 
fact that this parasite ingests haemoglobin 
in relatively large boluses shows a relationship 
to P. elongatum, which ingests erythrocytic 
cytoplasm in a similar manner, according 
to AIKAWA et ai. 2

• However, while in P. 
elongatum the boiuses are introduced into 
digestive vacuoles where digestion occurs, in 
P. tropiduri digestion begins in the bolus 
and terminates in the collector vacuoles. 

Recently, HowELLS et ai. 13 have proposed 
the name of phagosomes for the pinocytic 
vesicles pinched off from the large vacuoles 
produced during the endocytotic activity of 
P. berghei, considering that the said phago­
somes are the true sites of haemoglobin 
digestion. These Authors suggest that the 
name might be extended to the intracellular 
particles formed by ingestion at the base of 
the cytostomal pocket. We are partisans of 
this name, and our observations appear to 
establish certain relationships between the 
origin of the membranes that limit the pha­
gosome of P. tropiduri and the origin of 
similar membranes observed m Amoeba 
proteus by CASLEY-SMITH & SA v ANA T 6 • 

These Authors have suggested that, in th>c 
synthesis of the membranes of the phago­
somes, the reticulosome plays an active part. 
The reticulosome is a microsomal fraction 
isolated by PoLLAK & SHOREY 18

; it consists 
of ribosome-like particles that organize 
themselves around intracellularly injected 
foreign bodies to 'forro digestive vacuoles, 
upon whose membranes, the primary lyso"­
somes are aggregated. Study of our photo­
praphic material suggests that similar parti­
eles intervene in the formation of the phaa 
gosome (bolus) in P. tropiduri. ,ln effect, 
it is possible to observe that, in recently 
formed digestive vacuoles like those here 
illustrated, granules similar in size . and 
density to the ribosomes are r,egularly 
disposed to form the exterior meinJ;irane of 
the bolus. Furthermore, groups of · granules 
similar to the polyribosomes are visible in 
some vacuoles that have bégun ·· digestive 
activity, suggesting that they may be centres 
of enzyrhe. synthesis, dr else sites where ab~ 
sorption by pino~ytic · vesicles is' 1fiing on, 
as RoTH 25 has súgg'ested' '(Figs. _ll"ànd 12). 
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CONCLUSIONS 

Cytochemical studies demonstrate the 
existence of amino naphthylamidase and 
arylacetylesterase activity in the intraery­
throcytic stages of Plasmodium berghei, P. 
gallinaceum and P. tropiduri. The sites of 
amino acid naphthylamidase activity appear 
to correspond, in forro and size, to the food 
vacuoles observed in the fine structure of 
P. gallinaceum and P. tropiduri. ln P. ber­
ghei, the zone of enzymatic act1v1ty is 
smaller than the vacuoles formed by pha­
gotrophy, but corresponds to that of the pi­
nocytic vesicles, where it is believed that 
the digestion of haemoglobin occurs. 

Activity of arylacetylesterases has been 
observed only in the large schizonts and 
segmenters. The size, form, and distribution 
of the areas of enzymatic activity suggest 
that they may correspond to the paired or­
ganelles. 

The process of phagotrophy in P. tropi­
duri is described, and compared with that 
of P. elongatum. The probable mechanism 
of formation of the membranes of the pha­
gosome is discussed. 

RESUMEN 

Observaciones morfológicas y citoquímicas 
sobre la pagotrofia de Plasmodium (Saura­
moeba) fropiduri y de otras dos especies de 

parásitos maláricos 

Estudios ultrastructurales parecen demos­
trar que la fagotrofia de Plasmodium tro­
piduri es similar a la de P. elongaium. Es­
tudios citoquímicos en los estadias sanguí­
neos de Plasmodium tropiduri, P. berghei 
y P. gallinaceum demuestran la presencia de 
dos hidrolasas con diferente distribución ci­
toplasmática: actividad de naftilamidasa que 
parece occurrir en las vacuolas digestivas y 
de arilacetilesterase que parece corresponder 
a los organelos pareados que se observan 
en los esquizontes y segmentados. 
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