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IN VITRO OO(INETE DEVELOPMENT OF THE RODENT 
MALARIAL PARASITE, PLASMODIUM BERGHEI* 

Maria C. Rosales-Ronquillo and Paul H. Silverman 
Deportment of Biology, University of New Mexico, Albuquerque, New M'!xico 87131 

AUSTnACT: In vitro (levelopment of Plasmodiurn bcrghei onkineteq occuired in primary cell cultures as 
well as established cell lines from Anopheles stephensi Liston (Diptera: Culicidae). Two morphological 
forms of viable ookinetes were observed in cultures conditioned within a constant temperature ranging 
from 18 _ 1 C to 21 L 1 C for 2 to 24 hr in fresh serum-free minimtun essential medium (MEM) prior 
to inoculation of infected blood. Ookinetes exhibited either gliding, snakelike, or spiral forward move­
ments. Some ookinetes apparently attempted to penetrate red blood cells (RBC), usually indenting the 
surface of the RBC. Factors whicl. nnivht influence ookinete formation such as temperature, p11, age of 
cell cultures employed, and length of tune the cultures were maintained at constant temperatures (rang­
ing from 18 ±t 1 C to 21 ± 1 C) prior to inoculation of infected blood are discussed. 

Many unsuccessful attempts have been made 
to develop an in vitro substrate that is physlo-
logically and biochemically favorable to the 

cultiv'atin of the complete mosquito cycle of 
the malarial parasite (Ball and Chao, 1957; 
Schneider, 1968; Walhker and Robertson, 
1970).l Recently, actively growing mosquito 

cells have been used to support in vitro devel-
opment of the late stages of sporogonic forms 
of the malana parasite (Ball and Chao, 1971, 
Schneider, 1972). However, the substrate 
appears to be inadequate to the cultivation of 

the early sporogonic forms 
The successful in vitro induction of the ex-

flagellation of microgametocytes, fertilization 

of macrogametocytes aia toi miation of Niable 
ookinetes of the rodent malarial parasite, Plas-

modiurn berghci, using actively growing pri-
mary cell cultuies derived from the immature 
stage of Anopheles stephcns'i (Rosales-Ron-
quillo, Simons, and Silverman, 1972) or an 
established A. stcphcmsi cell line (Schneider, 

1969) is reported herein. 

MATERIALS AND METHODS 

The NK65 strain of P berghei was maintained 
;outinely b\ blood passage in hamsters alternating 
with cychc transnussion through the mosquitoes 

Primary tell cultures of A. vtephensi (Rosrles-
Ronquillo, Siions, and Silvennan, 1972) and 
monolayer cultures of A stephensi cells (Schneider, 
1969) were grovn on 10- by 50-am cover slips 
In 1 ml of their respectise medim in Leighton 
tubes (16 nmm by 125 mm) at 27 ±t 1 C in the 

Received for publication 25 March 1974. 
Supported by the Agency for International 
Development, U. S. Department of State, Con-
tract No. AID/csd-3689. 

(lark. Five- and 30-day-old primary cell cultures 
as ,sell as monola)er cultures of anopheline cells, 
5 to 7 da. s after subculture, were used. Cultures 
were concitioned prior to inoculation of injected 
blood at a constant temperature ranging from 
15 ± 1 C to 2 1 I C in the dark. The length of 
conditioning time %aried from 2 to 24 hr. Cultures 
were conditioned either in their old medium or In 
1 ml fresh serum-free medium after removing the 
0d medium. The senim-free medium consisted of 
90% Eagle's minmnum essential medium (MENI) 
with Egle's salt solution but without sodium 
bicarbonate or glitamine. The p1l of the medium 
was adjusted to 7.6 %sith0 14% NalICO. Cell-free 
inelia (MEN!) Nsith or without inactivated fetUl 
box ine serum ( FBS) were conditioned and used as 
the (ontrol cultures. Two-tenths ml of beparinized 
iseptically drawn infected haamster blood (0.35 ml 
lieparm to 1 ml infected blood) was inoculated 
into each experimental and control tube using a 
sterilized 3-ce s)ringe equipped sith an 18-gauge,
1 5-inch needle. Inoculated cultures were main­
tamed at a constant temperature ranging from 
15 ± I C to 24 - 1 C in the dark. No antibiotics 
were employed throughout the experiments. The 
pI1 of the inedim ssas measured in a Metrohin pl
102 model before and after the cultivation period. 

Prior to inoculation into experimnental and control 
tubes, blood was taken from the tail of gametocyte­
carrying banisters, placed on a slide, covered, and 

examined with a 7A.-ss-Nomarski interference­
contrast microscope for high peak of macrogameto­
cytes and exflagellating nuicrogametocytes. 

Appraisal of the cultivation experiments was 
done within a period of 50 hr after the initial 
inoculation of the infected blood Cultures were 
examined under a Zciss-Nomnarsld interference­
contrast microscope at 15 mm after inoculation of 
infected blood, and at 5-hr intervals thereafter 
until the tennination of the experiment. Prior to 
withdrawing a drop of the supernatant for ap­
praisal of the culture, the experiinental tube was 
agitated slightly. The culture drop was placed 
on slides, covered with a cover slip, and examined. 

819 
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At the termination of the experiment, the super-
natant was drawn out, centrifuged at 500 rpm 
(RCF = 36.3) for 5 in. A few drops of the 
pellet were placed on slides and examined under 
a Zeiss-Nomarski interference-contrast microscope. 
Smears of the remaining pellet were made on slides, 
fixed and stained with either Gemsa or Oil red 0, 
and examined under abright-field microscope. The 
coser slip in each culture was removed, washed 
gently with fresh servm-free MEM, fixed and 
stained with either Giemsa or Oil red 0, and 
examined with bright-field microscopy. 

Piotoznicrographs were taken with a Zeiss C-35 
camneia. Motiht. of the ookinetes v'as recordedunder Ze'is-Nomarski interference-contrast normal
speed einepotoiierograpey. 

RESULTS 
Development of fertilized macrogametes intowell-developed noknetes was obser,,ed only in 

both preconditioned cultures within the first 24 

hr of cultivation. Exflagellating nicrogameto-

cytes were first observed at about 7 to 10 rain 

after the initial blood inoculation of these 

cultures. The process of fertilization was never 

observed. Early dcveloping -ygotes were sim-

ilar in some structural characteristics to macro-
gametes (Fig. I), being irregular in shape, with 

a nucleus located in the po.,terior one-half of 

the body. At 15 to 20 hr, ookinetes appeared 

to uncoil or elongate. During this time, a 
prominent bulbous structure, containing the 

dense mass of nuclear material, was present at 

the posteiior end (Figs. 2, 3). As development 
pinto

proceeded, the nucleus moved anteriorly i 
the body of the ookinete, at which time the 
bulblike structure simultaneously decreased in 
size so that only a small protuberance remained 
(Fig. 4). In some ookinetes, the nucleus re-
mained within the bulblike posterior end (Fig. 

5). Mature ookinetes appeared commalike, 
blunt anteriorly and tapered posteriorly (Fig. 
6) Each one measured approximately 12 IA 

long and 2.5 u wide. An ovate nucleus en­
closed by a nondescript nuclear membrane was 
usually located in the posterior half of the body. 
Pigment gianules were observed in the anterior 
half of the body and circular patches were seen 

withmi the cytoplasm. 
Occasionally, aggregation and clumping of 

macrogametocites occurred in both cultures 
as early as 15 hr after blood inoculation (Fig. 
7). At 20 hr, well-developed ookinetes, both 
cominalike and elongated forms with a posterior 

bulbous end, were observed moving away 
singly from the aggregates or clusters. 

Some mature ookinctes attenpted to pene­

trate red blood cells (RBC) (Fig. 8). These 

ookinetes became motionless immediately after 

failing to penetrate ied blood cells (R13C). 

This period of inactivity was then followed by 

degeneration of the ookinete. 
The extent and mode of locomotion of the 

ookinete was best seen with Zeiss-Nomarsid 
interference-contrast normal speed cinephoto­
micrography. Motile ookinetes were first seen 
at 18 hr into the cultivation period. Some 

exhibited a snakelike (Figs. 10-12) or a slight, 
wriggly, gliding movement (Figs. 13-18). Im­

mature ookinetes wInch still had a posterior 

globular structure were also capable of similar 
movements. These activities lasted for as long 
as 15 hr in culture. At 40 hr, ookinetes pro­
gressively decreased in motility and ultimately 
remained stationary. Degeneration became 
evident about the 48th hr; ookinctes swelled 
to a rotund shape with indistinct nucleus and 
ill-defined cytoplasmic inclusions (Fig. 9). 

FicUnES 1-9. Development of Plasmodinm berghel ookinete in cell cultures. All are living specimens 
photographed with Ziss-Nouiarki interference-contraNt microscopy Fig%. 10-12. Ookinete movement 
taken at 30-sec intervals with Zeiss-Noinarski interference-contrast microscopy. Figs. 13-18. Ooklnete 
mosenient taken at 1-m inter%als. lours after inoculation of infected blood into the culture substrate 
and magnification are listed in parentheses. Abbreviations: B, bulbous posterior end; CP, circular cyto­
plasmic patches, FM, fertilized iuacrogametocvte, M, macroganietocyte, N, nucleus; Oo, ookinete; P, 
posterior protuberance; G, pigment granules; RBC, red blood cells. 1. Fertilized macrogametocyte and 
young de\ eloping ookinete (15, X 980). 2. Early stage of"z gote beginning to uncoil; note presence of 
a small elongating anterior end (arrow) (8; X 960). 3. Elongating zygote, note presence of cytoplasmic 
inclusions at the anterior region (arrow) (8, x 1,100). 4. Later stage of developing ookinetes; note 
presence of small protuberance at posterior end (arrow) (24. X 1,500). 5. Well-developed ooklnete with 
nuclear material within bulblike posterior end (24; X 1,400). 6. Mature connnalike ookinete with well­
defined c) toplasmic patches, nucleus, pigment granule, and a small posterior protuberance; note lysed 
Infected red blood cell (arrow) (24; X 1,500). 
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7. An 
okinute 

aggiegate 
attempting 

of 
to penctrate 

v\elI-developed 
a red bl

on­
ood cell (24; X 1,500). 9. Degenerated ookinctc (50; X 1,200). 10-12. Snakelike movement of an ookince(see arrow) (24; X 750). 13-18. Mature oukinete exdubiting a slight, wvriggly gliding movement (24;X 760). 
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DISCUSSION 
Genesis of the early stages of the sporogonie 

forms of tho malarial parasite, P. berglici, has 
been successfully demonstrated in primary 

cultures of cells of A. stcphensi (Rosales-Ron-
quillo, Simons, and Silverman, 1972) and in 

an established cell line of A. .htphensi (Sehnci-

der, 1969). After inoculation of thesf cultures 

with er throc tic gaumetocytes obtained from 

plasimodium-infected hamsters, exflagellation of 
(zy-microgametoLytes, fei tlized macrogametes 

gotes), and formation of tWso structural folms 

of viable ookmctes were observed. Morpho-

logical characteristics and motility of the oo-

kinetes do not differ from those found in 

vivo. 
Culture experiments reported by earlier 

workers (Micks, dc, Cires, and Franco, 19-8, 

Ball and Chao, 19641; Yoeli and Upmanis, 

1968) indicated that the mosquito stomach 

probably possessed some substances necessary 

for maintaining the viability of the gametocytes, 

insuring exflagellation of microgametocytes, 

fertilization of macrogametes, and ookinete 

formation. Weatheisby (1951, 1960) found 

that the iiosquito stomach is iiot necessary to 

insure sporogonmc development of the parasite 

by obtaining formation of ooc sts in the hemo-

coel of mosquitoes. Alger (1968) demonsh ated 

ookinete foiniation iii heparimzed and non-

heparmnized infected mouse blood sealed m 

capillary tubes. In the present study, \e found 

that the mosquito gut is not essential for devel-
opment of the early stages (ookinetes) of the 

sporogonic foiin of P bcrghei Since the cul-

tures employed consist of cells and cellular 
outgrowths from mosquito larval fragments, 

the parasite is apparently not dependent upon 

specific host organs for (levelopment in vitro. 
The carly development of the sporogonic 

stages is oppatently influence d by the ten-

perature employed during cultivation, the 
particular age of both cultures used, the length 
of time the cultumes were conditioned at 21 
C in serum-free MEM, as well as the phl of the 
culture. 

The temperature range which permits oo-
kinete formation in vivo (18 to 21 C) in the 
natural host (Yoeh, 1965) also applies to our 
in vitro system. No ookinetes were observed 

in cultures maintained below 18 C or above 

21 C. 

Schneider (1972) and Ball and Chao (1971) 
suggested that primary mosquito cell cultures 
are probably more suitable for culturing the 
malaria parasite than tle established anopheline 
cell line. Cells in primary culture probably 
retain more physiological and biochemical 

of the cells of their origin thancharacteristics 
cells in the est1hbliheCd cell line which without 

doubt have already undergone extensic change 

and adaptation through a long period of sub­
more oo­culturing. Ilowever, %%e found that 

kinetes developed in the anopheline cell line 

than in the 5-day-old and 30-day-old primary 

cultures Piesently, nothing conclusive can yet 

be stated, a- to N%lch swill serve as a better 

coltnie sx stem, until the capabilities of primary 

cultures of varying ages, e g., 10-day-old, 15­

dax0-day- old, and 25-day-old, have been 

fully explored. 
No de\elopment of the parasites was ob­

served in either cell substrate which wer.. 

conditioned in their old medium prior to inocu­

lation \\ith parasitized hamster blood. Failure 

of ookeintes to de\clop in these cultures may 

be due to toxicity caused by the accumulation 

Of metahohc \\saste in the 01 medium which 

ught ha\e adserse effcct on the gametocytes. 

No deselopment was esldent in medium alone 

(NIEM) either with oi \ thiout inactivated 

fetal bovine seiurn (FBS). It is likely that the 

MEMN alniie cannot fulfill the nutritional re­

luirements of time deseloping parasite. On the 

other hand, MEM, which was fortified with 
mactinated FBS, also failed to support ookinete 
development. 

The apparent conditioning period (2 to 24 
)ii ) of the cell substrates at constant temper­
ature (at either 18, 19, 20 or 21 ± 1 C) in 

fresh scminn-free INIEM prior to cultivation may 
have a (irect and imnediate bearing on the 
matutnatiO of gametes, fertilization, and oo­

kmete deelopmnent. During this period the 
living cells may have enriched the media by 

release of substances that initiate exflagellation, 
insure feitmizatlon, and support ookinete for. 
mation. Failure of the ookinete to develop 

further might be due to depletion or lack of 

some essential substances in the culture. How­
ever, prolonged conditioning for more than 
24 hr did not elicit any sign of development 

beyond the ookinete stage., 
Micks. de Caires, and Franco (1948) demon­



824 THE JOURNAL OF PARASITOLOGY, VOL. 60, NO. 5, OCTOBER 1974 

strated that the exflagellation of the male 
gametocytes of two malarial parasites, Plasmo-
diun cathemerium and Plasmnodium relictum, 
has no correlation to pH. Ball and Chao 
(1964) showed that early oocyst development 
of Plavinodium rciw n in vitro occurred at a 
pH of about 7 and an alkaline medium of p1i 
8 is favorable to sporozoite production. We 
obtained successful ookinete formation of P 
berghei in both cultis'at:on substrates within an 
initial pi range of 7.4 to 7.6 Structural in-
tegrity of the cell substrates and the foimed 
ookinetes, as Nsell as the motilitv of the latter, 
were still noted \\ithin a p1l range of 7.6 to 
8.0 	40 hirinto the cnlti~aion period. Tils
8.0c40ahr int taheuti ti n peltrodubsthites 
increase in alkalinity of the culture substrates 
as cultivation progresses may be due to the buf-
fering capacity of the inoculated infected blood. 
Ball and Chao (1964) pointed out that a high 
pH is favorable to the development of the 
later stages of the sporogonic forms, therefore, 
this increase in alkalinity as cultivation pro-
gresses might be one of the essential factors for 
successful cultiation of the malarial parasite. 

This investigation sho\sed that a single 

Nienaber, Miss Brenda Nowlin, and Thomas 
Stewart. 
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Plasmodium berghei Ookinete Formation in a Nonvector Cell Line
 

Rosales-Ronquillo and Silverman (1974, J. 
Parasit. 60: 819-824) reported successful in 
vitro cultivation of ookinetes of Plasniodium 
berghei in primaly cultures of mosquito cells 
(Rosales-Ronqtillo et al., 1972, Ann. Entomol. 
Soc. Am. 65: 721-729) and an established 
anopheline cell line (Schneider, 1969, J. Cell 
Biol. 42: 603-606). Ilowcvcr, both cultuies 
were insufficient in supporting development 
beyond the ookinete stage. Dutky (1964, Am. 
J. Trop. Med. 13: 193-194) suggested that 
nonv'etor cell lines might be more suitable 
for cultivating the entire mosquito cycle of the 
malarial parasite. Screening of various vector 
and nonvector host cell lines is currently being 
explored. 

The ability of some fish cell lines to support 
growth of viruses (Officer, 1968, Proc. Soc. 

Exp. Bio. Med. 116: 190-194; Wolf et al., 
1968, J. Inf. Dis. 118: 253-262) led us to 
investigate the feasibihty of culturing the sporo­
gonic forms of the malarial parasites in either 
the fathead minnow (FH.\I) line of epithelial 
cells (Gravell and Malsberger, 1965, ',,,n. N.Y. 
Acad. Sci. 126: 555-565) or rainbow trout 
gonadal (RTG-2) cell line (Wolf and Quimby, 
1962, Science 135: 1065-1067). 

.Methods employed in this investigation were 
essentially the same as those described by 
Rosales-Ronquillo and Silverman (1974, loc. 
cit.). 

Exflagellation of microganctocytes, fertilized 
macrogametocytes (zygotes). and ookinete de­
velopment were seen in the fathead minnow cell 
line and proceeded on a schedule similar to 
that occurring in vivo (Gambam, 1965, Ann. 
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FicuREs 1-3. Photomicrographs of Plasmodim 
ookinete formation iii fathead minnow (FilIM) 
line of epithelial cells. All are living specimens 
photographed with Zeiss-Nomaiski interference-

Soc. Beige. Med. Trop. 45: 259-266) as well 
as in the vector cultures in vitio (Rosales­
,onquillo and Silverman, 1974, loc. cit.). Ag­
gates of inacrogainctocytes (Fig. I), the 

developmeint of twc fo:inis of ookinetes at 18 
24 Ia (Fig. 2), ,,nd the mode and extent 

of locomotion of both forms of ookinetc, ,vere 
si i11,11 in sectol as well as ilonsectol cultuies. 
1(1 tiliatioi of iiiac oganietes by ilic ogailletes 

wellI. 

Although many ookiicte, attempted to penlie­
tate cells, entiy of the ookinete into the cell 
%%as [lot obsei ed. Ilowc\ci, ill soiiie F1M 

icilttiics ookinetes appeai 'd to be locaf Ld 
sihin iitracytoplasiiic vacuoles of the host 
cells (Fig. 3). This \%as not obsoived in 
ecithcr of the niosvto cultume s\stems. Light 

i.1d election nlicoscoplc studies aie curielitly 
ii, . .ogi"si oidui to deteimine whecthci 
1mthuseookiictis aie ini.- 01 e\tiacellilar. 

1Ookii ctes ill i ip1l Si lie2 vhO did ,1ot,t .IV uoC 

,,dcil go any fa thc, de\clopienu it.
 

The iesilts of the pleseit i\e stigatioml sug­
gust that IIM cliltiiies might have moie 
potential caabilities than ciiltllcs of Insect 
oligii i sulppol tig the dc\copiient of oo­
kinettes into ooe\'sts. Fitntlhci woik alog this 
line is caniemtls in progiess. 

l)\elopomclit of the ialaiia] oiganism in 
tlls nonccto culttiic iiidicatus that the host­
cull pai ,asite spclfict.' wich oeclls il vivo 
dlomes not apl)lv to, ells and pai%aites in vitro.
Tlls 1%the flist lelpolt of tile dU\clot)mlellt of 
ookunete, of P. bl.hti il all atypic-'al pathogen­
S\ectoi cultnie system. 
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? iIcontrast iiicroseol) 1lli, aftei inoculation of in­
fe-cted blood into cell clt i e and Inagnificat ion in 
pao ntliesus. Abbhresviationls FM, furtilieh macro­

" ,gaietocyte, FII, failhead ijnoaii w cell, 0o, oo­
kinete. 1. An aggregate of fertliied macrogaieto­
c) Ie and ookinetc (2 1, x 1,50). 2. Two formsnof 

ookineet, one has a bullbos posterior end 
(doublle ir'ns),the other oik itiete is conmnia­

s4Lhapc, note parasites (,,nigle amrow) inside red 
blood cell (30, X 1,500). 3. An ookincte which 
appeared to be located \within the intracytoplasinic 
vacuole (see arrow) of the culture cell (30, 
X 1,500). 


