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Narrative Summary of Accomplishments and Utilization:

The chief aim of this pProject is to develop methods for in vitro culti-
vation of gametocytes of human malaria, and subsequent infection of mosquitoes

with these gametocytes. A series of different cvlture approaches have been '

gametocytes in vitro. These include testing of new media, new gassing
brocedures, better maintenance of culture homeostasis, ari testing different
strains of the Parasite. None of these procedures has yet succeeded in
permitting better gametocyte maturation. Success has been reported in two
areas. (1) Attempts were made to find an inexpensive, readily available
substitute for the human Serum requirement for the continuous culture of
Parasites. We found that commercially available beptones added together with



B, 9’;93 ect Oh;lecti‘:ééé‘

'rhe ch:hef a.un QL t.m.s ppo;)ect, ag. stated qu conta:'act, is Yto
develop methods fox' in fvi‘tno cu.'l.t::vation nf qaqmetocrtea Qf, human 'malana,

and subsequent :mfection of mosqui:toes wi‘th theae gaunetocytes.

C. Accomplishments to Date

a) [Testing of different media

Attempts weye made to obtain gametocyte maturation with the use
of Medium 199 (as a total replacement for RPMI~1640, and by mixing the two
media in various ratios), No significant effects on gametocyte maturation
were observed. (For this and all following‘studies, the parameters that we
used to assay maturation were: ability of microgametocytes to exflagellate,
ability of macrogametocytes to emerge from host erythrocytes, and infectivity
of gametocytes to mosquitoes fed through a membrane),,

b) Additives to mediqg

A number of different materials (in various concentrations) have
been added to our culture medium in attempts to enhance support of gametocyte
maturation, These have included peptones (Biosate, Gelysate, Trypticase,
Phytone, Polypeptone, Neopeptone, and PRoteose~Peptone #3), red blood cell
extract, higher coﬁcentrations of human serum (20% - 50%) pyravate (at con~
centrations from 0,025 - 0,2%), adenine (at concentrations from 1 ~ 100 ﬁHL,
and a variety of hormones, including cortisone, pxogesterone, thyroxine,
testosterone, and prostaglandin E, The hoxmones was all chosen because of
their known abilities to interact with the erythrocyte membrane, They were

added to the culture medium at concentrations ranging from 100 nano M to’



100 yM, except for prostaglandin E which was.added at 100 mgnograns to
100 nugrams/10Q ml, .Thus £ax, no qﬁgnificant;egﬁectsroq'gametOCyte.mntuxan

tion - haye been'obsér?ed; o

cl gassing changes -

, Gamétfo&yt;.vé"a‘ m culture have been”squectéd; tqa. nmnherof diffexent
jgas atmospheres,including the hormal candiéajqi atﬁéSphéfe;'ﬁmbiehtbaif (Gn
T-culture flgsks), and a series of different ratios.of 02/C02 as described
by Scheibél et al, (1979) that produce optimum-parasite'growth, No signi=-
ficant effects on gametocyte maturation have been observed.

d) Use of freshly collected erythrocytes and sera

Several studies were done in which gametocyte .cultures were
initiated with human serum and erythrocytes within a day of collection.
Results thus obtained were no more satisfactory than when stored serum énd
erythrocytes were used.

e) Better maintenance of pH and culture homeostasis

(1) Gametocyte purification procedures

Attempts were made to separate developing gametocytes from
asexual parasites in order to reduce “competition” for nutrients, and
excessive build-up of toxic waste products. Separating techniques tested
included: a Sepharose column (Kass et al.), centrifugation on a discontinuous
gradient (Lymphoprep), centrifugation on a continuous gradient (Renografin -
BSA), centrifugation in physiogel or gelatinw~saline solutions, and preliminary
studies to determine whether the plasma membrane of gametocyte~infected
exythrocytes had unusual lectinrbirding characteristics, None of these

attempts resulted in a satisfactory procedure fqr concentration of gametocytes.

(2) . Control of asexual parasites with antimalarial drugs
Chloroquine and quinine were tested at final dilution levels

6f 0.25 -.2.0 nano M. Drugs were added on day 7 of gametocyte culture,


http:ratios.of

’ (Wh.en added at th:.s time, ' ‘they do not haye an e.ffect pn already\ diffe;centa.a,ted
. gametocytea.,)_ The xesults. ghowed' effect:.ve contqu ef asexual parasrtes,
with mest of them vacuolated and detezri‘orated. “ Much of the deb:‘i‘s from

dea.d para_si?gs -cou‘ld«he rqpoyed' by wash.ﬁhg., ' Gametoc,{tes cont::m:ed to. develop
normzftl'ly'in' the .pfesgnce."bf. thgsé drugs, -Howeyer, Lhey aid not reach full
méturity, as indicated by any of the previocusly cited pa:r:a;neters-,

(31  Reduction of hematocrit

Attempts to obtain better culture.homeostasis by increasing
the ratio of medium to cells were made. No significant effects on gameto-
cyte maturation were noted.

£) Co-cultivation of gametocytes with fibroblasts

This project has not yet been initiated. In view of recent
advances in culture of a number of different human cell lines, we are planning
to begin work in this area shortly.

g) Testing various strains of P. falciparum

A number of Qifferent established isolates have been compared with
one another for their ability to consistently produce gametocytes. These
include FCR-1, FCR-2, FCR-3, and "Mr. M" (from Rockefeller University), FCN~-1
(isolated by us), FCC-2 strain (from China) 2 strain (from N.I.H.), and
Panamanian, Haitian, and African strains (from C.D.C,). We have found "Mr. M"
and FCN-1 to be the most dependable gametocyte producers under our coaditions,
and virtually all of our work is now restricted to these strains,

h) P. yivax in culture

In view of repeated reports of failure in the cultur‘e of t.ﬁése.

parasites by others, we felt that :Ln.:l:t:?atlon of ga.metocyte atudies ‘was-, not

justified until further bastc progress was made.



i Induction of ilnew-‘gngge._ggcxtes

' J:n 'v;.ew Qf t‘pe xqct that ;glc&gg cnltm;es already pmduce

adequate numbe,ra of gametqcytea uvde.r: mnﬁal c:.rcwnstances, we de not consider
atte:mpts.qt pm:poseful :.nducta:on to be an a;:ea of high ::esearch pr:.o:ci:ty.
However, our inab:.l:.ty to sepa,rate. gametooytes f::'om asexual parasj:tes (see
item e, .1 aboyve) now makes this: area more att.ract:we. | Inducing all or most
of the parasites in a culture to becone gametocytes might sol've the problem

of “competition™ from asexual parasite growth, :Preliminary’ studies with
cyclic Ah‘iP.and v;vith phosphod:‘;es'terase inhibitors (caffeine and ﬁheophyilirxel
have been initiated.

j) = Mass production

(1) Parasite growth in tissue culture flasks

Baseo on information from Dr, W. Trager obtained during his visit
to China, we attempted to grow parasites in tissue culture flasks exposed to
ambient air. Our studies have confirmed this simple procedure. We have
used two sizes of plastic T-flasks: 25 cm? (in which we place a total culture

2 (in which we place a total culture volume of 25

volume of 5 ml) and 75 em
ml). Parasites are grown at 10% hematocrit. After the daily changing of
medium, the flask cap is closed tight. Our results indicate good parasite
growth and excellent gametocyte production under these circumstances (better
gametocyte production is obtained at lower hematocrits of about 4%), This

is perhaps the simplest procedure yet described for production of large numbers

of parasites,

(21 Substitutes for human sexum_in :medi\nn




paxaai.teS, in yiew of. the fact tha,t the xeqnumnent f.ox hnman sexun in the
culture medi'um often pose.a technolog:.cql problems‘ Human aer;um may be di,ffin
cult to. obtaln 1n 1arge quantxties on a xegular basis; it:may ‘be expensiye to
purchase; and 1ts efflcacywmaywvary fram donor to donor‘ In a~reglon endemxc
for malaria further problems'nﬁy result from a high -Incidence of antrmalarial |
antibodies among blood donoxs; and a relatively,h&gh.incldence of Hepatitis B
virus, which could poée hazards for experimenters. A satisfactory and in-
expensive‘substitute fbr humaniserum in these cultures would be helpful.

An appréach that has been ;seful in the replaqenent of serum for
culture of some mammalian cells has been the employment of‘pgptones (review
in Taylor and Parshad, 1977). Often, cell lines exhibiting.a serum dependence
may not survive an abrupt transfer to a medium in which the serum has been
replaced by peptone. However, it may be possible to gradually adapt the
cell line to a serum-f¥ee medium by progressive, stepwise reduction of the
serum concentration and concomitant addition of peptone over a period of time
(Evans et al., 1964). We attempted to utilize this approach in the culture
of P. falciparum. We found that we could thereby eliminate the requirement
for human serum in the culture medium, but that one of several animal sera were

needed, presumably to maintain the integrity of the host red blood cells,



MATERIALS AND METHODS.

Studies were conducted with.tbe FCR—3 strain of P, falcigarum
(Trager and Jensen, 1978) cultured in petri dishes and maintalned within
candle jars (Jensen and Trager, 1977). We routinely used 60 x 15 mm
dishes containing total culture volumes of 5> ml. Red blood cells
(type A* collected in citrate—phosphatevdextrose solution) were obtained
from the New York Blood Center, and were cuitured at either a 107 or 122
henatocrit. Control cultures throughout the study were maintained in
RPMI 1640 (Gibeo) with 10%Z human serum, prepared as described by Jensen
and Trager (1977). To compare the growth of parasites maintained in
different media, all cultures were initiated with parasitemias of approxi-
mately 0.2%, and cultured for 96 hr with daily changes of the media. Blood
films were prepared from each culture at the time of initiation and after
48 and 96 hr of growth, and were stained with Giemsa's stain. Percent
parasitemia was expressed as the number of parasites per 100 erythrocytes;
and was arrived at‘by couﬂting 10,000 erythrocytes per slide. Growth rates
of the parasites in the various media were corpared by comparing their rates
of multiplication over the 96 hr experimental period.

Peptones tested as media supplements included: Gelysate, Phytone,
éelypeptone, Thiotone, and Trypticase (all from BBL), and BactofPeprone, Bacto-
Casamino acids, Neopeptone, and Proteose-Peptone No. 3 (all from DI?CO).
After testing various concentrations of these peptones, we found that the
most satisfactory results were obtained when the last ' 2 peptones vere prepared

as 15% Cw/v) aqueous solutions, and all other peptones were prepared as 10%



(w/vy) solutions, The peptone preparations generally required heating to
dissolve the peptones‘ Tbey vere subsequently dispensed in 100 ml bottles,
autoclaved for 30 min (at 15 psi 1210), and stored at 4C. Tbese stock
solu_-uus euuld be stored satisfactorily~for at 1east 3 montﬁs under these
'conditions._: T!e slight precipitate often observed In Neopeptone solutions
after autoclav1ng had no deleterious effect on parasite growth , For some
of our preparations we added 13 glucose w/v) to the peptone solution prior
to autoclaving (as suggested by Pumper et al., 1965, ‘Lasfargues" et al., 1973).
Other additives tested were Bacto-Yeast Extract (DIFCO), and Polyvinyl-
pyrrolidine (GAF). Sera and serum components tested were human type At serum
(New York Blood Center), human. gamma globulins [fraction I1], human alpha
globulins [fraction IV], human albumin [fraction V] (all from MilesL fetal
bovine, calf, sheep, and horse sera (all from GIBCO), and swine serum (Irvine
Scientific). Human serum was obtained from blood collected without anti-
coagulants, and was stored frozen in our laboratory; non-human sera were obtained

and stored frozen. Human serum fractions were obtained in lyophilized form and

added to a final concentration of 120 mg/100 ml of complete culture medium.
EXPERIMENTS AND RESULTS

Adaptation of parasites to media with low levels of human serum

In our initial series of studies, we attempted a progressive stepwise
reduction in the amount of human serum added to the culture medium, at the
same time reciprocally -increasing the amount of peptone stock solution added.
The peptone stock solutions used were Gelysate, Phytone, Polypeptone, Thiotone,
Trypticase, Bacto-Peptone, and Bacto-Casamino acids (each at 10% w/v). The

progressive changes in the ratio of human serum/peptone stock solution added -



to the culture media were: 7.5% sé:um/2 5% pepbone; 5% serum/5% peptone;
2,52 sexum/7 5% peptone, 12 serum{9Z peptone, (' 52 serum/9 5% peptone,
'0 12 serum/9 92 peptone, 07 serum/loz peptone. Parasites were grown conw
tinuously_in media contalning each.of these ratios for apprpximately 6 weeks
before theyﬁﬁere introduced to the next sfepwise reduction in humanféerum,

We found that parasite adaptation to levels below 1% human serumlﬁas
possible only with Gelysate and Bacto-Peptone. In each case there tended
to be a progressive reduction in parﬁsite mult{plicaticnx}ate as the percentage
of human seruﬁ decreased (Table I). By the time that human serum had been
entirely eliminated from the culture medium, parasite growth was consistent, but
at a level of only 8-16Z% of normél growth in control media with 10Z human serum.
Erythrocytés maintained in media with human serum levels of 1% of less had
various deg?ees of hemolysis and hemagglugination. Additives such as yeasto-
late, polyvinylpyrrolidone, additional glucose, or human blood fractions II,
IV, and V did not significantly improve parasite growth rates, Parasites
transferred abruptly from normal cultures containing 10Z human serum directly
into media with these low levels of serum failed to grow. The remaining
peptones tested (Phytone, Polypeptone, Thiotone, Trypticase and Bacto-Casamino
acids) failed to support parasite growth at various times during attempted .

adaptation of the parasite, and were consequently discontinued.

Continuous culture of parasites in media without human serum

In view of the poor in vitro survival of e¥ythrocytes in media with
low levels of human serum, we attempted to determine whether the addition of
commercially available animal sera or human serum fractions could stabilizé the

erythrocytes and enhance parasite growth in media without human serum. At the



same time, 2 additional.peptones, Neopeptone and ProteoserPeptone No, 3 were
tested Parasite lines a1ready~pre—adapted to growth in 0. 52 human serum
plus 9, SZ Gelysate or BactOFPeptone solution were used In these studies.

The results showed that excellent parasite growth could be obtained
with Neopeptone and Proteose-Peptone No. 3 in the presence of 10% calf, fetal
bovine, or swine :serum (Table II). Growth under these conditions was equal to,
or better than that ohserved in the 10Z human serum controls, . Parasite growth
began to decrease at levels of about 5% or less of the added animal sera.
Continuous cultivation of parasites in these peptones with 10% calf serum and
without any human serum has now been carried out for over a year with no
signs of diminution of parasite growth.

Though swine serum sipported excellent parasite growth (Table II),
agglutination of some erythrocytes was noted after about 96 hr in culture.

Thus attempts at tontlnuous culture of parasites with this serum vere ‘terminated,
Parasite growth was relativel& unsatisfactory with horse or sheep serum, or

with human serum fractions IV and V in 1lieu of whole serum, Accordingly, these
cultures were also abandoned.

Our original adaptation of parasites to growth in media without human
serum was done over a 9 month period. We have since found that this adapta-
tion can be acoomplished within a 1 month period by gradually reducing the
concentration of human serum from 10 to 0% and corresnondingly increasing the
calf serum concenttation from 0 to 10%. The entire transition, and subsequent
continuous culture of the adapted parasite line is done in tne presence of
Neopeptone or Proteose-Peptone No. 3 at the levels indicated (1 ml of 152
peptone stock solution per 100 ml RPMI medium). Our attempts to abruptly

transfer non-adapted parasites from a medium containing-lOZ'humanaseruu directly

-10 -



to the! peptone-~calf sexup medium haye met with repeated failure, However,
parasites once adapted to growth.in media without human serum can be trans-

ferred back abruptly to media with 107 human serum.
DISCUSSYON

Our ability to culture P, falciparum continuously without any require-
ment for human serum should be helpful in fﬁture research with this parasite.
Peptone additives are inexpensive, relatively consistént in their composition,
and have an indefinite shelf 1ife. That some conéinuousTparaéieq growth
"occurs in the presence of these peptones, and without any serum at all in
the medium suggegts-that RPMI-1640 plus the Peptones may contain all the
nutrients required by the parasite for development. However, parasite growth
can be enhanced considerably by the addition of any of several non-human sera.
Blood serum may contain hormones or other components necessary for increased
stabilization.of the erythrocyte plasma membrane (Valeri, 1975). Conceivably,
future progress ﬁay permit us to use a serum fraction or a specifically defined .
serum component in place of the whole serum that 1s now required for optimal
pParasite growth. Still, at the present time calf serum remains an easily
obtainable, relatively inexpensive additive.' It may be used in lyophilized
form for more practical storage under adverse tropical conditions,

Jensen (1979) reported that several different species of non-huqan
sera including bovine, horse, sheep and swine were incapable of sustaiﬁiﬁgA‘
parasite growth rates comparable to those obtained with human serum. "ﬁe é;§o

obtained unsatisfactory results with a serum substitute containing‘Bactbr“

- 11 -



peptone.as one of its components‘ Boweyer, no attempts were.made Lo gradually
'adapt the parasite to media contalning this serum substitute,- More recently,
Jensen (personal communlcation) was able to confirm our own resulta by
gradually adapting Parasites to the peptone-calf serum media as described in
the present paper.

Several other substitutes for human serum in the cottinuous culture
of P. falciparum have been reported. These include fatty acid-free bovine
or human albumin (Siddiqui and Richmond-Crum, 1977), horse serum (Butchér,
personal communication), rabbit serum (Rieckmann et al., personal coﬁmunication).
and bovine serum fortified with an extract of red blood cells (Siddiqui,
personal communication). The relative usefulness of each of these proposed
substitutes remains to be confirmed and assessed in comparative laboratory

trials.
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TABLE I.

Adaptation of P falcip.rum j;CRr3 strain) to continuous cul-

ture in medla w1thout human serum by sLepwise reduction in

human serum and concomitant incrcases in: peptone solutions.

Components add=d to medla* .

. (Amounts added per 100 ml RPMI medium)

Human' serum

, ,Peptone‘(asmlozxw/v solution)

Increases in para51temiaf

after 96 hr growth

ml

[y
o

ml
ml
ml
ml
ml
ml
ml

[=N-N 3 SRV, RN
L]
O ULOWLOW

ml
ml
ml
ml
ml
ml
ml

OOk NNV
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+ 4+ 4+ + + +
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ol

ml

ml

ml
ml
ml
ml
ml

ml
ml
ml
ml
ml
ml
ml

Gelysate
"

Bacto-Peptone

51

47
39
26
23
19
19

48
34
24
17

PIDI D B MBI BB DD B

[y
o oo
>

* Parasites were continuously cultured in each serum/peptone combination for

about 6 weeks before progressing to the next step down.

* Cultures were initiated at approximately 0.2% parasitemia. Each 96 hr

multiplication rate is the mean of 24 replicate cultures.
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TABLE 1I. Continuous culture of adapted P. falciparum

© (FCR-3 étrain) in media without human serum*

Components added to media* Increase in parasitemia

(Amounts added per 100 ml RPMI medlum) ' after 96 hr growth'*'

Serum Peptone (as’ 15% w/v solution)

10 ml Human (Control) + 0 ml 60 X
10 ml Calf + 1 ml Neopeptone 65 X
7 ml " + 1l ml " 54 X
5 . ml " + 1 ml " ] 49 x
2.5 m¥ " + 1 m " . 30 X -
10 ml Fetal Bovine + 1 ml Neopeptone 52 X
7 ml " + 1 m " 51 X
5 ml " + 1l ml 49 X
2.5 ml " + 1m " 29 X
10 ml Swine + 1 mnl Neopeptone 65 X
7 ml. " + 1 ml " 48 X
5 ml " + l ml " 47 X
2.5 ml " + 1 ml " 23 X
10 ml Calf + 1 ml Proteose-Peptone i3 65 X
7 ml " + 1l ml " " 56 X
5 ml " + 1l ml " " 52 X
2.5 mm " + 1 m " " : 28 X
10 ml Fetal Bovine ° + 1. ml Proteose Peptone #3 50 x
7 ml " + 1 m " " 52 X
5 ml " + l m]. " n 42 x
2.5 ml " + 1l ml " " 36 X
10 ml Swine - + 1 ml Proteose-Peptone i3 66 X
.7 ml " + 1l m " " 52 X
5 ml " + 1 ml " " 50 X
2.5 ml " + 1 m " " - 33 X

* Cultures were initiated with parasite lines that had been previqusly‘ adapted ,to,

grow in media with 0.5 ml human serum/100 ml RPMI medium (See Table I’).~

-+ Cultures were initiated at approximately: 0 2% parasitemia. Each 95 hr- multiplication

rate is t:he mean of 24 replicate cultures.

- 14 -



k). Synch.ronization of cultures

-------

studi‘es wea;ve alse .done. on; sxnch,rqnj.zata,on o,f Ra.ras;.‘te stagea in
culture, The yationale fox this as stated In our om}gi:nal cont;qat..t proposal
was;' “Th;.s nay be an especq.glly isupo:;tant problem to so!l.'ve in ga.metocyte
culture, in view of the fact that mature gametocytes may- be produced synv. ;
chronously, and may be shortrliyed in their matur::,ty- when produc?d, ' Thus ¢
if all of the gametocytes within a culture could be produced in synch.fon}, |
a high percentage of them might be shown to be mature at thé same time after
an appropriate period of development., Attempts will be made to impose such
synchrony by fluctuations of levels of oxygen, coz, hormones, temperature,
cyclic AMP, and various regulators of cell division and the cell cycle."

None of these procedures was helpful in the productior} of éynchrony.
Howevér, a useful procedure resulted from our accidental fin'ding that sorbitol
solution selectively lysed red cells containing mature parasites, and that
this approach could be used to select for a synchronous population of ring

forms.
MATERIALS AND METHODS

The FCR-3 strain of P, falciparum (Trager and Jensen, 1978). was
cultured in petri dishes as described by Jensen and Trager (1977).. We
used 60 x 15-mm dishes containing total culture yolumes of S nl.

To establish synchxony, each culture was centrifuged at 200 g for
5 min, the supernatant discarded, and the pellet (apprax, 0.5 ml) resuspended
in 2.5 ml of aquequs 5% Drsorbhitol (0,274 M) for 5 mi‘n at xoon . tetypexatuxe.
After an additional centrifugation, an equal volume of RPMIn1640 contai:ning
10% human serum was added to the pellet. Cultures were 'ren'e‘stablighed~ by

addition of uninfected erythrocytes and medium to give a 12.5% hematocrit with

- 15 -



an appxopm.:ate start;.ng paras;temia (generally 0.1%), .The medi‘um then was
changed da;ly, qs pxevanaly described Gaenaen and Tpagen, 19771, -

The result:.ng cultuxes were f,ollowed by exa.m:.nation of Gwnsavetamed
smears taken at varlaus ‘interyals to determnne parasitemra and .percent. dis«
trlbutlon.of the dlfferent stages of development:(n:nga; trephozoxtesirand
schizonts). Staining generally was done with .8% Giemsa (pﬁ'7{2)jfor'10'min;
Parasiﬁemia was determined by counting 10,000 erythrocytes per sample and
is given as number of parasites per 100 erythrocytes. OSmolality values

were obtained with a Wescor 5100B vapor pressure osmometer.
RESULTS

Cultures examined immediately after sorbitol treatment consisted
almost entirely of single and multiple ring-form infections, and uninfected
erythrocytes. No significant lysis of uninfected erythrocytes was observed.
Erythrocytes infected with the more mature stages of the parasite were in
varying degrees of lysis. This lytic effect could be enhanced by an addi-
tional wash and incubation in sorbitol.

Observations on culture samples taken at 24~hr intervals after sorbitol
treatment are shown in Figure 1A, At 48 and 96 hr posttreatment, approxi-
mately 95% of the perasites were found to be in the ring stage of development.
At 24, 72, and 120 hr, more than 95% of the parasites were in the trophozoite
and schizont stages. These shifts in frequency distribution of the stages:
were correlated with discrete and discontinuous increases in parasitemia
(Fig. 1Bl occurring on alternate days in association with the formation of

new ring forms,

- 16 -


http:cQrrelgt.ed
http:gollowed'.by

:m dete;mine the, synchxony o,f paxaaxte transa-‘t;‘on ;Erom trophozo:Ltes

‘ to mature schizonts, cnltume sa.mples we.re ta,ken a,t fpequent ihte.ryals duJ:J.ng
thJ.s txa.ns:.t:.on penod (F;‘:g, 2)_‘ The relati'ye frequency Qf schizonts increa..ed
gradually, reach:.ng a peak at.. 80 h.r, Thexeafter, as the schi‘zont pqpulatmn
decrea.aed, there was a concom.tant Increage J.n the frequency of r:tng ;Eorms,
with a peak by 96 hr, The time at which’ schizonts reach therr ma.x::mum fres
quency may yaxy depend:_,ng upon culture conditions, and the strain of parasite
used, An even greatex clegree of' synchrony ‘can be produced by a second treaET-
ment. with soxbitol approximately 34 hr after .the Eirvst., Becauee this is a
time of transition between schizonts and new ﬁng formation, this second
treatment ("fine tuning™) selects for a relatively narrow age distribution

of newly formed rings, The subsequent schizont populations that develop
from these rings approaches 100% at a given time.

The 5% sorbitol solution used has an osmolality of 287 mOs/kg. Sorbitol
solutions with osmolalities ranging between 141 and 855 mOs/kg also were
effective in inducing selective lysis of efythrocytes infected with later
stages of the parasite. Another alcohol sugar, D-mannitol, had a similar

lytic effect; sucrose and a-lactose were ineffective,
DISCUSSION

Synchronization of our cultures was induced by a selecti'.ve destruction
of the later stages of parasite deyelopment during sorbitol treatments
The osmotic fragility. Qf nmalaria~infected erythgocytes i‘s known to i‘ncrease
during the deyelopment of the parasite (Shen et aly, 1946; Togel et al,, 1956)_.
However, the selectiwve lysis that occurred in our system was not caused by |

‘simple osmotic shock The osmolallty of the 5% serb:ttol solution we. 'used
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(287 sz/kgL is not sign;j;cantly different from. that of the! cnltuxe,medlum
in wh ch the. parasttes are.gwown.(ZJG:sz/kgL, and. $Orhitol solutions havlng
a wide range. of osmolalities were aﬁm.larly\ e,ffect:’:ye.. The cmechanism of
this effect is not clear. Sorbitol is known to haye. a “stab;lizing" éffect
on the erythxocyt;c plasma membrane (Mexyman and Hornblower, ‘1968L, and has
been used as a protective agent during cpyopreservation of‘mammalian cells
(Meryman, 1966; Xarow, 1969), It also has been used-durlng‘cryopreservatlon
of erythrocytea infected with malayia parasites (Diggs et al., 1975; Wilson
et al,, 1977}. Indead; onr original observations on synchronization of P.
falciparum cultures were made on culture material that had been thawed after
cyropreservation.
The ability to synchronize cultures of P, falciparxrum should permit
future quantitative studies on the immunological, Biochemical, and physio-

logical differences among the various stages of development.
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FIGURE 1. Synchronous develepment of P. fal-
ciparum in culture after sorbitol treatment. Each
value is the mean of 12 samples (+1 standard de-
viation). Time is given in hours after sorbito] treat-
ment (0 time was immediately after treatment). A.
Relative percent distribution of parasite stages at
24-hr intervals. R = rings, T = trophozoites, S =
schizonts, B. Parasitemias of cultures at 24-hr in-
tervals.
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istributi age i le of synchronous de-
i nt distribution of P. falciparum stages during one cycl y
ver:;:::ﬁtzi}l cl:l?::tr:eElz;lcsalue is the mean of 4-12 samples (+1 standard deviation). Time is given in

hours after sorbitol treattaent. R = rings, T = trophozoites, § = schizonts.
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D.  Dissemination and:Utilization'of Reseaich:Tesylts

:thé;éqht#a¢£51

Publications deyeloped unde

1,  Zambros, C,.and Yanderberg, T, P..1972, ‘Synchronfzation ef

Plasmodium falciparum exythrocytic stages-in,culture,i{@oug&;‘?gggggfpl,
65: 418-420 .,

2, Vanderberg, J. P, 1279. Isclation and purification of sporo=
zoites of the malaria parasites; A review, Bull, W.H,0. (In Press),

3. Ifediba, T., and Vanderberg, J. P, 1980, Peptones and calf

serum as-a replacement for human serum in the cultivation of Plasmodium

falciparum., Journ, Parasitol. (In Press).

4. Schneidex, I,, and Vanderherg, J, P, 1980, Culture of the
invertebrate stages of plasmodia and the culture of mosquito tissues. In
"Research in Malaria", vol. IL. (J. Kreier, ed,] Academic Press; N.Y.

(In Press).

5. Vanderberg, J. P., and Gwadz, R, 1980. The transmission by
mosquitoes of plasmodia in the laboratory. In "Research in Malaria", vol, II.
(J. Kreier, ed.) Academic Press, N.Y. (In Press).

utilization by Other Laboratories

We have been informed that our procedure for synchronization of
PB. falgiparum has become established as a standard procedure in many laboratories
_using this parasite. The procedure permits more efficient harvesting of

specific parasite stages for immunization and other purposes.

E. Work Plan for the coming year

(al The chief approach for the final yeax of this cqntpact-utllfﬁeithe

continued testing of media additiyes and replacements with the aim of getting
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completefdevélopment of £$\£§£$£EE£EE gametqcytes, Most of these édditives
are as }isted' in Ou;: éontract propesal,

(b} kCoacuitivafiQn\af_oun parasites'uithfvartous-human cell lines will
alsb befattempted,' These include.fﬁbrobiastaaang endothelial.ceils;

(cl Recent reports: from other'laboratories'havé Suggeéted'that
mainéenance of P, falciparum-gametocytes at constant temperatures of around
37°C will pemmit their maturation., (Normally the' temperature i's lowered during
the daily feeding of the culture,) We will be testing this procedure,

(d) &as alsé stated in our contract proposal, “"Attempts will be made
to get further in vitro development of gametocytes, eventually leading to mature,
immunogenic sporozoites." Previcus studies were done by us on in.Vitro trans-
formation of rodent malaria gametocytes to ookimetes. We will continue these
studies with in vitro-formed ook;netes. Studies will first be done to deter-
mine the most satisfactory procedure for separation of ookinetes from uninfected
and infected erythrocytes, prior to returning the ookinetes to culture for
further development. We will then initiate studies on attempts to get further
development of these ookinetes in culture. It is hoéed that any culture
procedures we develop may be transferable to human maleria.

(e) We also hope to complete our analytical studies on components of
Anopheles mosquito hemolymph, This could help us in our attempts to design
a rational medium for the cultivation of the mosquito stages of the parasite.

(f1 We also plan to continue pilot studies on the protein components
of P, falciparum, and on the changing patterns of protein synthesis during the
life cycle of the parasite. Though this was not specifically proposed as part
of our contract, someof our contract-related results (i,e,, the synchronization
results) have logically led us to this study, We hope to prorose this study

as a'portion of our new contract renewal proposal, and therefore we plan to
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continue our pilot studies in order to test the feasibility of our projected

F.  Involvement of Mihority;feréonnel”and:WQmég

One woman was-inVOIVed‘in project acttyitiesfas~a»reséaich.teqhniéﬁah
during the reporting period. Four membexs of minaritfesfweré involved in
project research activities; a Black as a research technician, a Black as a
graduate research assistant, a Black as an animal xoum techniéian, and a
Hispanic as an insectaxy technician (the services of the latter 2 are shared

on a cooperative basis with other members of the Department, )

FINANCIAL REPORT
The financial reports required by this cantract are submitted directly

by the New York University Medical Center business office according to our

institutional policy.

- 22 -



VAN Lissreyg

SMITHSONIAN Tirimis sy
SCIENCE INFORMATION EXCHANGE, INC. Bk RO,

1730 M BYREERT, N.wW, PHONE 80¢-581-881{1
WABKHINGTON, D.C, 80088

_NOTICE QF RESEARCH PROJECT

“UFFORTI RIS KURTTRee,
Contract Not AID/ta-C-l486

and/or

Agency for International Development
Control No:

TITLE OF PROJECT:

In Vitro Cultivation of Sporogonic Stages of Human Malaria

PRINCIPAL TNVESTIOATOR, AsscciaTas  Sehool of DIvi sion Depariment
Dr. Jerome Vanderberg Division of Parasitology Dept. of Microbiology

RECIFIANT INSTITUTION! PERIOD FOR THIB NRP;

Name and yey York University School of Medicine - Start Date: 1/15/79

?ddi.;a. 550 First Avenue End Date: 1/1//80
ncluding

Zip o New York, New York 10016 Annual Punding: $95,201

® conam wr cmam
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- Current Plans and/or Progren)

The chief aim of this project is to develop methods for 1n vitro cultivation
of gametocytes of human malaria, and subsequent infection of mosqultoes with these
gametocytes. A series of different culture approaches have been tried in an attempt
to obtain complete maturation of Plasmodium falciparum gametocytes in vitro. These
include testing of new media, new gassing procedures, bette: maintenance of culture
homeostasis, and testlng different strains of the parasite. None of these procedures
has yet succeeded in permitting better gametocyte maturation. Success has been
reported in two areas. (1) Attempts were made to find an inexpensive, readily
available substitute for the human serum requirement for the continuous culture of
parasites. We found that commercially available peptones added together with calf
serum gave parasite growth rates comparable to or surpassing those obtained with
human serum. (2) A method to establish synchronous development of the erythrocytic
stages of the parasite has been described. This involves the selective lysis of
later stages of the culture by suspendion of parasitized erythrocytes in 5% aqueous
sorbitol solution.
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