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Plasmodium berghei-infected blood from mice was inoculated into primary cell cultures 
(PCC) obtained from the mosquito Anopheles stephensi. Immature and mature ookinetes 
of Plasmodium berghei, which developed in these cultures were studied with the scanning 
electron microscope. Immature ookinetes had a bulbous-like structure at the posterior 
end and a slightly wiinkled surface. Mature ookinetes were smoother in appearance 
and somewhat longer than immature forms. Shallow spiraling waves were observed on 
the surface of Eom- ookinetes especially in the anterior half of tie body. Su'h waves 
may be invo!ved in ookinete locomotion. Penetration of cultured cells by ookinetes 
was not observed. Infected red cells, which were present in the inoculum, had small 
depressions on the red cell surface, wherm's some 'ininfected red cells had accentuated 
concavities. Mouse blood cells adhered closely to PCC cells; some attached red cells 
were irregular in shape. 

INTRCDUCTION 

Although many fine structural studies of 
the various stages of malaria parasites 
(Aikawa, 1971) have been made, few of the 
stages have been examined with the scan-
ning electron microscope. We report herein 
some observations on the development of 
Plasmodium berghei ookinetes in primary 
cell cultures from the mosquito, Anopheles 
stephensi. 

MATERIALS AND METHODS 

mm coverslips in Leighton tubes at 210C, 
were inoculated with P. berghei-infected 
blood obtained from ine. At 6-hr intervals 
between 12 and 48 hr after inoculation of 
infected blood, coverslips were removed 
from Leighton tubes and fixed for 2 to 12 
hr in Karnovsky's fixative (Karnovsky, 
1965) in 0.2 il cacodylate buffer, pH 
7.4. T were then rinsed in 0.2 l eaco­
tylate buffer for 2-12 hr, post-fixed for 
15-30 min in osmium tetroxide, rinsed in 

two 15-min changes of buffer, dehydrated 
in a series of ethanol, placed in isoamyl 

Ookinctes of Plasmodium berghei in pri- acetate and critical point freeze-dried. 
mary cell cultures (PCC) (Rosales-Ron- Coverslips were then fractured and small 
quillo and Silverman, 1974), obtained pieces mounted on specimen pegs with con-Siveran 
from fragments of newly hatched larvae of dlceil i vau eai t coed with

quilo nt 194) otaied ductive silver paint. Specimens were 

Anopheles stephensi (Rosales-Roniquillo et 	 placed in a vacuunm evaporator, coated with 
Rosaes-onqill 

al., 1972), were studied with the scanning dgethroughn ofr legreel, and 
Anopele stphesi etabout 10-15 nm of gold while revolving 360 

electron microscop~e (SEMN). Ten- to 28-	 degrees through an are of 85 degrees, and 
ealeon miclse g n toX28-50 	 then examined in a MINI-SEM, Model-

dcMSM-3 (International Scientific Instru­

'Supported by the Agency for International ments, Inc.). Micrographs were recorded 
Development, U.S. Department of State, Contract on 4" X 5" Polaroid type 55 P/N and 
AID/esd-3689. Dupont COS-7 negative film. 
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lns. 1-3. Setnning ,le microg ilts of Phisma, dilainct i 1'tilnli ookits illiriiary 
mosquito cill cullt',s.Age inld:tys of primal-" vell(utiltIt ilitinr ill hus htws ,n
iniocillations of 1'. beq/,'eti-infrcted blood :111d anod maignificattion :r,ilo c'Ulturl fixattiul, 


nilhei.t.-tA, tr of 
red cell; BL, B-lymplhoytv; 1), dpression an .-Irfavv of il'ectd red cel: 0. atkinete; 
PC, primary imosquito cell; 11iC, red bl od 'ell; TL, T-lynIplhocyt,; WW1(, whit ,blool cell. 

Fill. 1. liinititur ookinete; nlte stall hIiltous-lik, struc hwi' (inow) at postirior eml and 
wrinkling of ook ine c st fac,, and T-lympho,tv te with satf'ci projections (21; 18; X6700).

Fia. 2. Three ookinelts, two of which ttre locateid within eltiltips of ttiaise blood evlls, the 
"fr "''ookinet is itin'tur fori; note ,jpirll witv' (1arrow) iinox(iookinet , (21: 2-1; X1500). 

Fia. 3. Ookinvt, with short anterior ,nd lo.ated in tggregtue of e(l.s; nle :t1p:'ient twist­
ing of ookinete body, dcpressions (single 1trows) On softive of oitv (dotible 

listed il pai . anteit ind of ookiitiet : .('. accent itteil ,' lt"i\'itvlitiinfelI d 

RBC, filwi;i 
arrow) aris.-ing from PC cell, and 13-lymphocyte with relatively simooth surfi:ce (12; 40; 
X8600). 

RESULTS AND Discussio. 

Exflagellation of plasmodial microgame-
tocytes and fertilization of macrogametes, 
which then develop into ookinetes, ibor-
mally occur in the midgut of various mos-
quitocs. Recently, Rosales-Ronquillo and 
Silverman (1974) reported successful devel-
opment of P. berghei ookinetes in pri-
mary cell cultures as well as an estab-
lished cell-line culture, both obtained 
from immature stages of Anopheles ste-

phensi. After inoculation of P. berg/hei-in­
fected hamster blood, exflagellation was o­
served with:n 7-10 im, fertilization ap­
parently occurred soon therezafter and 
zygote3 (levelol)L,(l to inature ookinctes 
within 24 hr. We uscd the sanw pimary 
mosquito cell cultures in the present inves­
tigation to obtain development (ifP. beryhei 
ookinetes for observation with the SEM. 

Ookinetes (Figs. 1-3) were somewhat 
vermiform, tapering slightly more at the 
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anterior end than at the posterior, and had 

a -relatively smooth surface. Immature 
shorterookinetes (Fig. 1) were slightly 

Mm) in length than mature(10.9 X 2.4 
aforms (11.8 X 2.4 tan) (Fig. 2), had 

of variable size atbulbous-like expansion 
the posterior end and a somewhat wrinkled 
surface, especially in the posterior one half 

of the ookinete. Mature ookinetes have a 

well-developed pellicle consisting of two 

unit membranes and subpellicular micro-

tubules which extend along the whole 

length of the parasite (Garnham et al., 

1969). This pellicular complex apparently 
rigid and wrinkle-makes thesu forms more 

free during fixation and processing for SEM 

than inmmature forms, which have an in-

complete l)elliele in which the doulbe-mem-

brane complex and subpellicular microtub-

ules are not fully formed. Some ookinetes 
aver-had a relatively short anterior end, 

aging 0.6 Am in length (Figs. 2, 3), whereas 

others had a longer anterior end, 2.3 jam in 

length (Figs. 1, 2). This difference in length 

is probably associated with extending and 
speei-retracting the anterior end. In all 

mens, the anterior end was approximately 

1 p1m) in width. 
Most ookinetes appeared twisted on their 

axis. In some of these speci-longitudinal 
mnens, shallow and slightly spiraling longi-

tudinal waves were observed in the interior 

half of the ookinete. Similar wavelike 
to be in-elevations, which were believed 

volved in locomotion, have been seen in 

electron micrographs of the pellicle of P. 

berghci yoelii ookinetes (Garnham et al., 

1969) as well as in sporozoites of the coc-

cidian, Ehmeria larbiterensis (Roberts et 

al., 1971). By using time-lapse cinemicrog-

raphy, Freyvogel (1966) studied the motil-
ity of the ookinetes of four Plasmodium 

species. In ookinetes of P. gallinaceum, he 

found prominent annular waves of contrac-

tion, which formed at the anterior end and 

then moved varying distances into the pos-

terior half of the o:kinete. In the present 

study ookinetes which had spiral waves 

were perhaps in the process of moving at 

the instant of fixation. These waves may 
result secondarily from twisting of the 

ookinete body or may actually be involved 
in locomotion of the ookinete. 

Numerous ultrastructural investigations 
of red cells infected with malaria parasites 

have been mnade. In a recent SEM study, 

Bodammer and Bahr (1973) found two 

types of alterations on the surface of red 

cells from P. berghei-infected animals. 
Some uninfected red cells had accentuated 
concavities, whereas infected red cells had 

randomly located depressions. We found 

similar accentuated concavities (Fig. 2) in 
red cells and depressions (Figs.uninfected 

2, 3) in infected ones. 
Usually, minuse blood cells adhered 

closely to PCC cells. Many of the red cells 

which appeared attached to PCC cells by 

a small portion of the red cell surface had 
biconcave discstransformed from typical 

distended irregular- or l)ear-shapedinto 
forms (Fig. 3). Collagenlike fibers (Fig. 3) 

arising from the surface of PCC cells occa­

sionally encircled and entwined clumps of 

red cells. Ookinetes were sometimes seen 

within aggregates of these "entrapped" red 

cells. A few ookinetes with the anterior end 

located close to red cells or PCC cells were 

seen; however, ookinetes in the process of 
Garn­penetrating cells were not observed. 

ham et al. (1962) reported that ookinetes 

of P. (Hacmamoeba) qallinaceum and P. 

cynomolgi bastianelli penetrate(] the gut of 

the mosquito and apl)arently Inigrated in­

tracellularly to reach location at the ex­a 

ternal border of the gut, where development 

into the oocyst stage occurred. Freyvogel 

(1966) is the only investigator to report the 

passage of living Plasmodium ookinetes, P. 

(H.) gallinaceumn, through the peritrophic 
membrane and into the epithelial layer of 

the mosquito gut. He studied the penetra­

tion process in peritrophic membranes 

which had been laid flat and cleaned of 

blood reniants or in intact membranes 

enveloping the entire blood coagulum. 

Owing to the comparatively poor depth 

definition inherent in the light microscope 
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lens, no details of ookincte shape or move-
ment could be seen. Although the entrance 
of ookinetes into cells was not observed in 

the present study, the use of this in vitro 
system as well as scanning electron micros-
copy should enable such observations to be 
made. 
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