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Ultrastructure of an Unusual Erythrocytic Form of Plasmodium bergbheil: 

VIRGINIA A. A. KILLISY and PAUL I. SILVER.IAN 
Dept. of \peii ,nlii Pathology, oh i Carlin Schoi (of ATedical 11c'. ic/i, Au.n Ni .alit , ai 

Un i,er.%ll'. Ctm beir'i, A.C.T. 2601 and bc/i. of Zooogvy, nil'. il] 1liois, I,"rltla, Ill. (rl,'t/ 

SYNOPSIS. Unusual clense forms wvere discovered in ultrathhi 
secliwis of Plainuodiuntn erghei.infected rat erythrocytes. 'These 
parasites frequently occurred with one or oinretypical tropho-
zoites 	in a single blood cel!. They appeared darker than both the 

oi trophozo;l.s the ho-st erythrocvre. RiI,)soinesiho" ig and 
stre Visil,le ii clusters in their compact cytoplasm. ['he endo-
plasitiic retici lttl, when present, had dilated vi.;i:rn:ae often 
cisntaiain'g a iiallital of low lensitv. Larl'" food vacttules were 

T)UDZINSK:\ and Trager (20) outlined the fine struc-
" turc of intraerythrocytic P. berghei as early as 1959. 

Several electro.- microscopists have since described the 
crythrocytic stages of this species within (2, 8, 1i, 14), free 
of (4, 12, 14) and entering or leaving (15, 16, 18) the 
host cells. E m'.~'natic activities (23) and structural alter-
.ttioi s in relation to drug resistance (10, 19) atd eff'ects 
(13, 17, 24) htVe also been illustsrated in thin sections of 
P. bI'rh'i-infected blood. 

In s)ite of the number ilnd variety of studivs with P. 

The Aency for Interniational Develo inent. Untaited States
Ilepartment of Stat, Contract Nanher AID/csd-l-1.32 Sulpported 
this reseaici wihicli forined part of a thesis subnit ted by tile senior
aithor t ihc ( radaaatc College., University of Illinois, ill p a' 
itifillm t of iIh' reqilireuaent for Ph.). degrt'e. 

coniimonly seen along with the sinall v:.sites harboring pignient
graleUCs. The singh' lar u,:lus nticleopltlst i. Mt al ti-V had d IMsa 
laininated menilsranted bodies and saoisage-s aped vacntels weec 
seen in some of the parasites. 

The exact identity (If this formll of P. ,erg/ii'i is not known. Its 
possible siglificat ce is disciissed ili partictilar referencti to the 
dill'erciltia ion of r'ailitoctiv!. 

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

MATERiAIS AN) MEI'HODS 

The NK65 strain of 1. berglhei was generonsl y sipiliie by Dr. 
Mcir Yoli, Ntw York UTivrsity School of Medicine, New York 
l(l ~latl~lipro the tine (f this study. Tt..... . was witg !;it'utocy,'s tat 

SAblod fa'una acutely iiftcted rat. was preparted for electron rnicro.i­
(oil)" accor in, 

W liitlinds (llti irvviously (12)•*-tt 
-. 

""l'hi ilsphliat Ibfaal tised in (12) was 0.1 M. It appears 
itminicily as 1.'2 N. 

http:AID/csd-l-1.32
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UNUSUAl, Foi.kM 

T:"S. " IS 

l form of P 	. 1c; 1, varying in size but eVr 
A i nr,\ u.M tdense 

occupying morv than of tixe host cell, was found in 
often ac-

sn,,li sir Ici,1 of inf,.rutdcI . Tllis form was 

' -j), il trophozoites (Figs. 1, 3)
coll1paririd bvl one ora r v I 
bui also cin.I al,me (Iis. 2). It iapleare d even dat 

the Irr cell. tlCiwth 

re itrnatelob clli 

clusti in 	 its compact cvtophunirl (1'i-S.conicenrtrated~ in was 
, - limited chaannels wh ich seemed to

1 , 3). \\ihen h.endoplasrnic retici vi present, its 

memlbranes ldense dilated 

rontain a rnatcrial of very low density (Fig. 3). large 
food \actioh's were fnjileit ly visible (Figs. 1, 2, 3) along
w'ith sur:~ i 	vesies containing henoz,,ir grares (Figs. 

1, 2). Sirxgle large nucMli with a compact nuCleOl)laSiii
(Figs. I, 3t were 	 characteristic of these forns. 

1Whe plarsrra roerlbrane usually appeared as a dor rle 

unit membriiae closely applied to tire parasite cytoplasm 
(Figs. I, 2, :) . Ilowever, socire membrane elabroration 
was esideit, par-ticlarly where vacrolar (Figs. I, 2) or 

uncleac mibraries were incloseItoxirity to tec ar-


giar rirerobrarres of tie cytoplasm. In a few cases, a 

c(01111)1:x1!;ll1'ireixrbrai aray was also observed to transept 

or t'lav tile parasite cytopl:tsm (Fig. I). Meibranotis 

orrrrelies 	 icldirng rurltilanir:rted ieibraiedi odies 

arid sauisage-shiped v-rcles (Fig. :3) were evident ii 

Some of ih dense 	 mrasites. reInetrated 

tFor of Comparison, Figs. , and 5 ae. included 

to show th fuatures of -. ber 'i g aietoeytes. 'Note, in 
),tic tiar, 	 Ire crmrlex sirf:re imtnlira c strttctire arid 

tire sinle lhrge r'lnl):xct nliuerlS ill 1,Oth illustrations. The 
g(rarltoCyte in Fig. - with its higl concentration of 

soni:s rs prollly a Illra(rogi lixtocyte. \Vide endoplasmic 

relicillhill with clistcrtrae c:oxrtarring a rimterial of low 

densitV arul dIrIse bodies or toxoxtxcirt's are additional 

fealires of this ,xrasite. Ill Fig. 5, tIe pancity of ribo-

soires is strilking and si g-ests tlhat this parasite is a micro-

gamietoxcyte. 

1)ISCLSSION 

Tlre dense 	 forllis of P. bcrghci are considered in the 

following coixirirents as possibly (1) nonviable tr degen-

crating forms, (2) mereozoites, (3) trophozoites, (4) sclhi-

orits, or (5) pregane.tocytes. 
tie large rahost inclsions (food vitcu-Whether some o" r pour 

l 

ai oblilu' section thrur a highly contorted parasitetion or 

reirains controversial. For the sake of our discussion, we 

Will asstllic tile former viewpoiont. 

Fig. I. A den(rfiorm of P. berghri siirromcded by typical 
trolilh.gtiris it a sirwIe rrt tMrvrlr;t'yte. A iid,rln r-ilsoruis 

aalr' vlsible il its cytOilasrll shir'i is rraisel'd or cleaved Iy 

-acriolhs F V) and vesiclesrltiinraltud 	 sirurettiir. IL.arrge' fiod e 
The drliseiai ' s ( ) are 'i(C ut T iig forii;.ire'i ieivig ucii 

iki liuilvd h)' a douihl," iuii rrirllrirait, wi h rplarvars elarorate 

wllc'rl, h li-clear ; ul f, od v.rrm l Icucllillrrill's 'rlt! il cloist, 

or"P. berghe 

1. JVonviabl,' or de'encratinu forms. The dilated endo­

l)las ic reti1,li11n and dense nuclear areas found inl Som e 
fuiis nav 	 indicate deterioration. Tis ilteri)reta­

a is rco d edo phis ie xir 
has been applied to parasites whic! 

t.on, for example. 
d nse

siow wici: endopllam ic retrlcuhti (5, 12) and 
mcMki (.1, 12) after iolaticin procedures. 

Tlile occurrence of food vactoles arid pigment granules 

and tire general appearance of intactness support the 

thc dense forms are viable. Further­view that 
one or moreinore. the juixtaposition of a dense form and 

in one host cell suggests that thistypical trop)hozoites 
forir is not air artifact of the preparatory teclinic. 

cornpact cyto­
plasm, condensed cilror riatin in tie nuclei, and little or 
2. ALroZoites. Mr'ozoites have a 1ery 

nroendoplasillic reticnlri (12, 1, 22). The small dense 

forms shared these features. However, unlike erireozoites, 
the dense fornis lacked conokl elements and a pear-shaped 

outline arnd often contained food vacuoles and vesicles 

with pigment grarules. 
If certain of the dense forms "re nerozoites, they are 

either part of a 	 segmenter the rest of which does not 

appear in the plane or section o! they are parasites which 

have .';lst invaded the host cell. In many cases, the large 
size of the dense forms and the frequent presence of 

typical trophozoitCs surrouinding these forms tend to ne­

gate the former eqplanation. V'iti regard to the 2nd 

explanation, Aikawa (I) and Ladda (16) described newly 

rierozoites of P. catrer(ericm and P. ber.ghei, 

respectivel\ . These rierozoites, in contrast with the dense 

forIs, still [1rcd tit, conoid apparatus and thererinnIts of 
thickened inner n oirrartis. [n addition, tile cytoplasni 

already appeared 	 sinmilar in dnvrity to the ring form of 
troprozoites but lacked tl'e pronrinent food vacuole, 

strre seen in .i our derse forms. 

That the dele forms are structurally3. 7"rophozoiles. 
difflrent from younger tropliozoites is obvious in Figs. I, 3.
 

Tl'he ciroinatin is condensed rather than dispersed in fine
 

filbers, the cVtoplasrll is ixiore compact, the endoplasinic
 

retieDSCr1, if present, is rmore dilated and the ribosories are
 

nore clustered. Tiat all of the dense forms are struc­

tinallv different fromn Iadda's (14) middle-aged tropho­

zoites is not so clear. Sone, for example, hiave pignent
 
and a gra uIes, rough reticrilrnt, abundant ribosones 


reguilar profile typical of tire parasites which Ladda (14)
 

as middle-aged trophozoites. On the other hand,
identified
dense forms still present an overall appearance much
 

darker than the host cell. Ladda's trophozoites are lighter.
 

4. 	 Sclizont. Rudzinska and Vickerman (22) referred to 

of cytoplasm at tire time of sehizogony.tire concentration 

proximity (arrows). \ singh, compact nuichus (N) with dense' 
aggir'i;,iliori' is also st'irr. X 29,001(. 

Fig. 2..\ reticu Itc it!w ich al ielars ( II it: singly ilfcttdrat t: 
I:lirsters of riltr llSonte,

with i dl -tse for (i of 1'. I'be rI i. Note 
c ri

the
haiming pi e n grariilh:s

ilic (if od ca'ctoles (FV ). tire ve'sici'hs ilt 

ih,. (if 'itr douhrlr.1 sriifarce 


ai tire sire of the L;irg hiosi lh luhioti (airroi' s) . X 28.010f.

(V) icrd chlloriicot c uirit iirnllilano 
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6)t 	 UNI.rSUAL FORM 

present., is dilated rather than tubular. In contrast to the 

more inattire schizonts of P. berghei, our large dense forms 

lack periodi: thickenings in their plasma memlranes and 

the early appearance of p,.±red organelles. 

5. Pregarnclocyles. It is tempting to identify the unusual 

dense forms as preganetocvte stages. To date, tile char-

acteristics of parasites .,stined to become gamnetocytes 

rather than sclizonts have ,not been well-defined. Rttdzin-

ska and Trager (21) reported on P. coatneyi gametocytes 

and suggesteud that tile fine structure of the young garneto-

cytes and trophozoites isindistinguishable. Aikawa et al. 

(3) in a later 	ptblication on avian and mmmalian game­
tocvts sttgttestfd that the dense pellicle of the merozoites 

is retained in parasites which are fated to grow into game- 

tocytes. It a recent study with P. berg/wi yoeli, Ladda 

(14) did not observe persistence of the pellicle. Instead, 

lie defind Lt(e differeuntiating gametocyte as a cell having 

an enlarged nucleus without evklence of impending dli-

sion, a highly organized endoplasmic reticulhm and large 

•umliuers 	 of dtnse bodies or toxonernes. 

Many of our dense forms showed a single large nucleus 
with no signs of division. A similar nutclear structure has 
been 	described by Ladda (14) and ourse!ves in P. berghei 

Il some of tie dense foms, the cisternacganimtcytes. 
of the endoplasmnic reticultun were dilated and contained 
a lightly stained material. Certain gamnetocytes also had 
this characteristic (Fig. 4). Food vacuoles and pigment 
granules in vesicles were found at random in the cytoplasm 
of both our gametocytes and dense forms; in the former," 
however, tlm pigment granules were nore coarse. W\Vhile 
dense bodies o," to.onemes, cormaon in gametocytes, were 

ot Visible illor dense forns these structires would he 

difficult to distinguish in their compact cytoplasm. 

"]'he outer rnenibranes of rnammalian gametocytes havetI1 'arecl an a 2-layered structuIre (8, 21) a 3-layered 
a e atmnamalian 

system iu sonit areas (3) , or, as we have seen in our 
sections, a colplex of at least S membranes at mnany• 

sites. Whether our dtense forms are surrounded by 2 or 

more iierrbranes, therefore, is not helpful in considering 
a possible relationship of these forms to young gameto-cytes. Indeed, the number of layers in the pelliele of 

iiainnmalian gainetocytes may vary with the condition of 
the parasites (3) or will different stages of matU'itv.It onlaemiosporidia.

Altho Gorradetti and Verolini (cited by Garnhiam, 7) 
using the light nlicroscope, reported that only mature 
erythrocytes were invaded by the sexual forms of P. 
berglci,WC foutnd gaiietoeytes inthe ,'eticitloytes as well. 
The reticulovtes were likewise a common host cell for 
the denvc forms. We also observed multiple invasion of 

eofboth the gaetocytes
sitngleerythrote in the caseo o 

and the denso forms. Whereas the mature gamnetocytes 
nearly filled the host cell, the dense forms always occupied 
less than , of the blood cell. In this regard, tile dense 
parasites resembled the Type I stage of gametocyte mat-
uration described by Hawkinga et al. (9)t in P. knOvh'si 

and P. 'noogipreparations. Fitally, the pauchy of the 
dense finmis compared with the typical troplozoltes co,-
related with thle relatively small number of gnetoctt-sIt 

versus schizonts detected in our blood fils. 

0!" P. berghei 

It is possible that the dense forms arc precursors of 
only the macrogatnetocytes. In their studies with Leuco­
cytozoot simondi, for vxaniple, Desser et al. (6) observec! 
that 1he fermaht mierozoites, like the mature iacrogaleto­
cytes. have a cytoplasm considerably darker than that of 
the males while still in the megalo.;chizont. Possibly our 
dense forms also predict the formation of a female game­
tocyte. Unlike the microgainetocyte, a high concentration 
of ribosonies and hence, a dense or darkly stainin- cyto­
plasm characterizes the macrogametocyte of plasmodia 
(7, 21). 

CONCLUSION 
In the dynamic series of events which lead to tile 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 tile dense forms we have discovered in P. berghei­
infected cells are artifactual and decomposing or pie­
cursors of an asexual or a sexual adult form remains open 
to challenge. At this "tufne, we fa{vor the interpretation 
that these dense forms are relevant to the process of 
gametocytogeness. 

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