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ANNUAL REPORT SUMMARY 
 S HEET 

In,VitrCultivation of Sporogonic Stages of HumanMalaria (AID/--1486) 

Project Title and Contract Number 

Dr. Jerome Vandererg 
 Department of Microbiology 
N.Y.U. School of Medic~ne
 
Principal Investigator and Contractor
 

550 First Avenue 
 New York, N. Y. 10016
 
Contractor's Address
 

1/15/78 - 1/14/81 
Contract Period (as amended) From - To 

1/15/78 1/14/80 
Reporting Period From  -

Total Expenditures and Obligations
Through Previous Contract Year $190f068 

Total Expenditures and Obligations For 
Current Contract Year 

$ 95,820 

Narrative Summary of Accomplishnts and Utilization: 
The chief aim of this project is to develop methodsvation of gametocytes of human malaria, for in vitro cultiand subsequentwith these gametocytes. infection of-mosquitoesA series of different clture approaches have beentried in an attempt to obtain complete maturation of Plasmodium falciparumgametocytes in vitro. 
 These include testing of new media, new gassing
procedures, better maintenance of culture homeostasis, ari testing different
strains of the parasite. 
 None of these procedures has yet succeeded
permitting better gametocyte maturation. in
 

areas. Success has been reported in two
(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 withcalf 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 suspension of parasitized
erythrocytes in 5% aqueous sorbitol solution.
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B, krgJect RbJec4vs; 

Th~~ hS~~,rtn~Q~et 3 . ~gted',$:nQWp voztractf $s 14to 

develop ipethoda fox _iUn o cult tion oR gatocrtea:oi hwmn',-zalaxta
 
and subsequent infection of osqutoes. th. thfe. t*cte.,
 

C, Accomplishments to Date 

al Testing of different media
 

Attempts wele 2ade -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 ratioal, 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 membranel.
 

bI Additives to medium
 

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 concentrations of human serum (20% - 50%1 pyiavate (at conT

centrations from 0,025 - 0,2%1, adenine (at concentrations from 1 - 100 PjM11 

and a variety of hormones, including cortisoner progesterone, thyroxine, 

testosterone, and prostaglandin E, 
 The hormones wAs .allchosen because of
 

their known abilities to interact with the erythrocyte membranet They were 

added to the culture medium at concentrations ranging from 100 nano M to 
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100 pMj, except for pzQs.tagland~n E WhPh was.Added At 1Q0 m~zopams tp 

100 I rgms/llQ0 Yp1, Thus C; no s qntcgnt ef.ects on papetocyte. Xtura" 

tion haye been'obsexved'q 
cL Gassing chane. 

Gamatocyte% in culture. h~ve been,' subjected" tq Aniber' of 'different 

gas atmospheres, including the norzpal c~ndevjar atmosphere, ambient air (in 

T-culture flasks)., and a ser$ies of different ratios.of 02 /C0 2 as described 

by Scheibel et al, (1979L that produce optimum parasite growth, No signi

ficant effects on gaatocyte nturAtion have been observed, 

dl 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 and
 

erythrocytes were used.
 

e) Better maintenance of pH and culture homeostasis 

(11 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 (Lymphoprepl, centrifugation on a continuous gradient (Renografin 
-


BSA)., centrifugation in physiogel or gelatin-saline solutions, and preliminary 

studies to determine whether the plasma membrane of gamatocyte-infected
 

erythrocytes had unusual lectn-birding characteristics, None of these
 

attempts resulted in a satisfactory procedure fQr concentration of galoetocytes. 

(21 Control of asexual parasites wit. antimalartal drugs 

Chloroquine and quinine were tested at final dilution levels 

of 0.25 -.2.0 nano M. Drugs were added on day 7 of gametocyte culture, 
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(When. added ;t this An effect pn 


gai.etocytes5L 


ti=-, ,.thaydo not hA~e PAlready diffe/entAted 

The gesults. ghpoed effective bontXQl.-O,9 44exu~l pasitef
 

with most of them 
 vacuolated' And dete.i±orated lfuch of the"debris from 

dead pEl asites could be rer0yed by Wvsjig.. Gametcytes' continued to develop 

normally in the presence. of these dzu.gs, Howeyer, they did not reach 'full 

maturity, as indicated by any. of the previously, ci ed parameters, 

(31 Reduction of hematocrit 

£ttempts to obtain better culture homeostasis by increasing 

the ratio of medium to cells were made. No significant effects on gameto

cyte maturation were noted. 

fl 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. falcprum
 

A number of different 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-l
 

(isolated by usl, 
 FCC-2 strain (from Chinal Z strain (from N.I.HJ)., and 

Panamanian, Haitian, and African strains (from CD.C,)}, We have found "Mr. 14" 

and FCN-l to be the most dependable gametocyte producers under our conditions, 

and virtually all of our work is now restricted to these strains, 

hl P. vivax in culture 

In view, of repeated xeports of failure in the culture of these 

parasites by others, we felt that initiation of gametocyte atudies was,not 

justified until further basic progress was made. 
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) Induction of .new. getcytes 

Inl vIew, Qf t4~c thiktY , . 1c 4ax C.ctu.3e&s4l~ea4y pr~duce 

adequ.te nuipbers of g=etqcyte%under noza .ctr stnce e ftdnot consider 

attlppts.0A-purposeful inducti~on. to. be An axeA: of . 1h tesearch prity, 

However, Qur inability to sepfrrtm gaXetRcytesfo~asexual parasttes (see 

item e, .1 above. now makes this. area More attractite, Inducing all or most 

of the parasites I:n A culture to become gaetocytes'#iht solie the problem 

of llcompetition, from Asexual parasite growth, 'Preliminary' studies' with 

cyclic AMP and with phosphodiesterase inhibitors (caffeine and theophylline. 

have been initiated. 

j) Mass production
 

(1) Parasite growth in tissue culture flasks 

Based 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 (in2 which we place a total culture 

volume of 5 ml) cm2 which weand 75 (in place a total culture volume of 25 

ml). Parasites are grown at 10%hematocrit. After the daily changing of 

medium, the flask cap is closed tight. Our results indicate good parasite 

growthi and excellent gametocyte production under these circumstances (better 

gametocyte production is obtained at lower hematocrits of about 4%0, This 

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

of parasites,
 

(21 Substitutes for human serum in iedium 

Attempts were =ade tQ find an inexpensiye, readSly avat.1.able 

substitute for the human serum requ#.rement for the continuous lcture of r 
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parastes, $n yiew. Ot the' RAct that the xequtem6nt. fC human serum $n the 

culture Aedim often'-qses.teohnblogiclproble....Hinin segim;'y be d$ffi 

cult to obtain in large quantLties' on a xegula,*a.t-s jt y be.expensive to 

purchase; and its efficacy iav ry from donor to-donor, In a .regton endemtc 

for malaria further problems may result from a h h Incidence of antimalarial 

antibodies among blood donors, and a relatively h.th incidence of Hepatitis B 

virus, which could pose hazards for experimenters. A satisfactory and in

expensive substitute for human serum in these cultures would be helpful.
 

An approach that has been useful in the replacemaent of serum for 

culture of some mammalian cells has been the employment of peptones (review 

in Taylor and Parshad, 19771. 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-free 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,
 

- 6 



MATERIALS AND METHODS
 

Studies were conducted with the FCR-3 strain of P; falciparum
 

(Trager and Jensen, 1978) cultured in petri dishes and maintained within
 

candle jars (Jensen and Trager, 1977). We routinely used 60 x 15 in" 

dishes containing total culture volumes of 5 ml, Red blood cells
 

(type A collected in citrate-phosphatedextrose solutiou) were obtained
 

from the New York Blood Center, and were cultured at either a 10% or 12% 

hematocrit. Control cultures throughout the study were maintained in 

RPMI 1640 (Gibco) with 10% 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 counting 10,000 erythrocytes per slide. Growth rates
 

of the parasites in the various media were compared by comparing their rates
 

of multiplication over the 96 hr experimental period. 

Peptones tested as media supplements included: Gelysate, Phytone, 

Polypeptone, Thiotone, and Trypticase (all from BBL), and Bacto-Peptone, Bacto-

Casamino acids, Neopeptone, and Proteose-Pep~one No. 3 (all from DIFCO).
 

After testing various concentrations of these peptones, we found that the
 

most satisfactory results were obtained when the 
last 2 peptones were prepared
 

as 15% (w/v) aqueous solutions, and all other peptones were prepared as 10%
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(w/y) solutions, The peptone preparations generally required heating,to
 

dissolye the peptones%" They were subseuently, dispensed in 100 ml bottles, 

autoclaved for 30Imn Ct 15 psip 121C). and stored at 4C. These.stock
 

s0utouti, cuuld be stored satisfactorily for at least 3 montbs under these
 

conditions, -T1 slight precipitate often observed 
in Neopeptone solutions
 

after autoclaving had no deleterious effect on parasite growth. 
 For some
 

of our preparations we added 1% glucose 
 Cw/v) to the peptQne 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 A+ serum
 

(New York Blood Center), human.gamma globulins [fraction II], human alpha
 

globulins 
 [fraction IV], human albumin [fraction V] (all from Miles% fetal
 

bovine, calf, sheep, and horse sera (all from GIBCO), 
 and swine serum (Irvine
 

Scientific). Human was
serum 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 amountthe of human serum added to the culture medium, theat 

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%seumi/2,5% peptone; 5% serum/5% peptone; 

2,5%serum/7.,5% peptone; lZ serum/9Z peptone; 0%5Z serum/9.5% peptone; 

0.1% serum/9,9% peptone; 0% serum/1 0% peptone, Parasites were grown con

tinuously in media containing each of these ratios for approximately 6 weeks 

before they were introduced to the next stepwise reduction in human serum. 

We found that parasite adaptation to levels below 1% human serum was 

possible only with Gelysate and Bacto-Peptone, In each case there tended 

to be a progressive reduction in parasite multiplication rate as the percentage 

of human serum 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 8-16% of normal growth in control media with 10%human serum. 

Erythrocytes maintained in media with human serum levels of 1% or less had 

various degrees of hemolysis and hemagglutination. 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 10% 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 erythrocytes 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 stabilize the 

erythrocytes and enhance parasite growth in media without human serum. At the 
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same time, 2 additional .peptones, Neopeptone and Proteose-Peptone No, 3p were
 

tested, Parasite lines already pre-adapted to growth in 0,5% Buman serum
 
plps 9,5Z Gelysate or Bacto-Peptone 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% calfE fetal 
bovine, or swineiserum (Table II). 
 Growth under these conditions was equal to. 
or better than that observed in the 10% human serum controls, Parasite growth
 

began to decrease at levels of about 5% 
or less of the added animal sera.
 
Continuous cultivation of parasites inothese peptones with 10Z 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 s'pported excellent parasite growth (Table II),
 
agglutination of some erythrocytes was noted after about 96 hr in culture.
 
Thus attempts at continuous culture of parasites with this serum were'terminated,
 
Parasite growth was relatively unsatisfactory with horse or sheep serum, or
 
with human serum fractions IV and V in lieu 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 accomplished within a I month period by gradually reducing the 
concentration of human serum from 10 to 0% and correspondingly increasing the
 
calf serum concentration from 0 to 10%. The entire transition, and subsequent
 

continuous culture of the adapted parasite line is done in the presence of
 
Neopeptone or Proteose-Peptone No. 3 
at the levels indicated (Iml of 15Z
 

peptone stock solution per 100 ml RPMI medium). 
 Our attempts to abruptly
 

transfer non-adapted parasites from a medium containing 10Z human serum directly
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to the: peptone-calf aexup medium haye met with repeated'failurea, However 

parasites once'adapted to growth in media without human seru becan trans

ferred back abruptly to media with 10% human serum, 

DISCUSSION
 

Our ability to culture P11 falciarum continuously without any require
ment for human serum should be helpful in future research with this parasite. 
Peptone additives are inexpensive, relatively consistent in their composition) 
and have an indefinite shelf life. That some continuous:parasite growth
 
occurs in the presence of these peptones, and without any serum at all in
 
the medium suggests 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 may permit us to use a serum fraction or a specifically defined
 

serum component in place of the whole serum that is
now required for optimal
 
parasite 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-human
 

sera including bovine, horse, sheep and swine were incapable of sustaining
 

parasite growth rates comparable to those obtained with human serum. 
 He also
 

obtained unsatisfactory results with a serum substitute containing Bacto
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peptone.as one of its components, 
 Howeyer, no attempts weze.made 'togradually
 
adapt. the: parasite to imedia containing this .substituta' More 

Jensen (personal communication) was 


Mserurecently, 

able to confirm our own results by
 
gradually adapting parasites 
to the peptone-calf serum media as described in 

the present paper,
 

Several 
other substitutes for human serum in the continuous culture 
o P. falciparum have been reported. 
 These include fatty acid-free bovine
 
or human albumin (Siddiqui and Richmond-Crum, 1977), horse serum (Butcher, 
personal communication), rabbit serum (Rieckmann et al., personal communication),
 
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. falciptrum .(FCR-3 strain) to continuous cul

ture in media without human serum by stepwise reduction in. 

human serum and concomitant increases in peptone solutions.' 

Components added to media* 
 Increases in parasitemia
 

.(Amounts added per 100 ml RPMI medium) 
 after 96 hr growth+
 

Human serum .,Peptone (as 10%w/v solution) 

10 ml 0 ml 
 51 X 

7.5 ml + 2.5 ml Gelysate 47 X

5.0 ml + 5.0 ml " 
 39 X 
2.5 ml + 7.5 ml " 
 26 X
1.0 ml + 9.0 ml 
 23 X 
0.5 ml + 9.5 ml 
 " 19 X 
0.1 ml + 9.9 ml 
 19 X
 

0 ml + 10 ml 
 4 X 

7.5 ml + 2.5 ml Bacto-Peptone 48 X
 
5.0 ml + 5.0 ml " 
 34 X 
2.5 ml + 7.5 ml " 
 24 X
1.0 ml + 9.0 ml " 
 17 X 
0.5 ml + 9.5 ml 
 10 X 
0.1 ml + 9.9 ml 
 18 X 

0 ml 10 ml 
 8 X 

* 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 II. Continuous culture of adapted P. falciparum 

10 ml Human (Control) + 0 ml 60 X
 

10 ml Calf 
 + 1 ml Neopeptone 65 X
 
+ 1 ml " 
 54 X 

" + I ml 
 49 X
2.5 ml " 
 + 1 ml 
 30 X
 

10 ml 
Fetal Bovine + 1 ml Neopeptone 
 52 X
7 ml " + I 
 ml " 
 51 X

5 ml " 
 + I ml 49 X
2 .5 ml 
 " + 1 ml 
 29 X
 

10 ml Swine 
 + 1 ml Neopeptone 65 X

7 ml " + I ml " 
 48 X 

+ I ml o 
 47 X
 
+ 1 ml " 
 23 X
 

10 ml Calf 
 + 1 ml Proteose-Peptone #3 
 65 X
 
" + 1 ml " 
 56 X
 

+ I ml " 
 " 52 X 
+ 1 ml " 
 28 X
 

Fetal Bovine * + 1 ml Proteose Peptone #3 50 X
 

(FCR-3 strain) in media without human serum*
 

Components added to media* 
 Increase in parasitemia 

(Amounts added per 100 ml RPMI medium) after 96 hr 2rowth+ 

Serum 
 Peptone (as 15% w/v solution)
 

7 ml' " 
5 ml 


5 ml " 

2.5 ml " 

7 ml 

5 ml" 

2.5 ml 


10 ml 

7 ml 
 " + I ml " 
 " 52 X
 
5 ml " + I ml " " 42 X
 
2.5 ml 
 " + 1 ml " "1 
 36 X
 

10 ml Swine. 
 + 1 ml Proteose-Peptone #3 66 X
.7 ml " + I ml " 
 " 52 X
5 ml " + I 
 ml " " 
 50 X

2.5 ml " 
 + ml " " 33 X 

* Cultures were initiated with parasite lines that had been previously adapted to
 

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

+ Cultures were initiated at approximately 0.2Z parasitemia. 
Each 96 hr multiplication
 

rate is the mean of 24 replicate cultures.
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k). 	 Synchronization Q cultues 

9tude. wiee 4is9 done. on. p og prgs$e. .tesinQnchpn4z.ttojn 


culture, The gtornle. g; thts. ga.statej 4n our o) Iqnal contract pxppos4l 

was; "This giky be An espect4lly #po~tant poblem to oleQe. iz 'aetocyte 

cuILure, in view, of the. fact that Mature 0ametocytes'iy he produced synr, 

chronously, And may be shortrliyed in their imturity. when produced, Thusf 

if all of the gametocytes w$thtn a culture could be produced in synchrony, 

a high percentage of them might be shown to be mature at the same time after
 

an appropriate period of development, Attempts will be made to impose such
 

synchrony by fluctuations of levels of oxygen, CO2, hormones, temperature,
 

cyclic AMP. and various regulators of cell division and the cell cycle.."
 

None of these procedures was helpful in the production of synchrony.
 

However, a useful procedure resulted from our accidental finding 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 volumes of 5 ml.
 

To establish synchrony, each culture was centrifuged at 200 g for 

5 min, the supernatant discarded, and the pellet (approx, 0.5 mll resuspended 

in 2.5 ml of aqueous 5% D-sqrbitol (Q,274 M)I for 5 mma It rooq teapetue.. 

After an addtional centrtfugation, An equal volume of RPMI.71640 containing 

10% human serum was added to the pellet. Cultures were re"Oestablished by 

addition of uninfected erythrocytes and medim to give a 12.5% hematocrit with 
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an FpXop;4te start*ng parasttemi.a Qqenbolly Q IL The jiedzunm then wAs 

changed datiy, . peyj.ns.ly-.deai'ed' (Jenpnx' Ind, T.age 19.77)., 

The'resulting cultures were gollowed'.by examintion oX Gtemsa-at4ned 

smears taken At various, intepygls tq dete6Mre, .arcsitei0a And percent disr. 

tribution of the different stAges of developmebt (Xjgar, trophozottes., and 

schizontsls Staining generally was done with. .8% iemba If 7 21 for 1'ii n. 

Parasitemia 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 $n Figure 1A,. At 48 and 96 hr posttreatment? approxi

mately 95% of the parasites were found to be in the ring stage of development. 

At 24f 72, and 120 hr, more thgn 95%of the parasites were in the trophozoite 

and achizont s t~ges. These shifts tn f.requency distribution of the stages 

ware, cQrrelgt.ed with digcrete and disconttnuous. tncrease%in parasitmit 

(Fig, IB) occurring on alternate, days in association w.th the foriation of 

new ring forms.
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To detegimne the, SYnctlr.n., of pazartetranv#t . I±OM trophozoitesf 
to i0t=e .chzonts., .=ltiuje.0azples. were t.k4e. t te~uent.ntery4l dU ng 

thi.s tqnsitic.n peri*,od... 21 The relat ye r equenby of schizonts increased 

gradually, reaching A peak at 80 h. Thetbafteri .s'the 3chi'zont population 

decreased, there was a cQncQm$.tant increA~e in tha"frequeny, of ring forms,
 

with a peak by 96 hr, 
 The time at which' schzonts reacb their maximum fre,
 

quency may Ya.cy. depen4ing upon culture conditions, and 
the strain of parasite 

used, An even greater degree of synchrony can 'be produced by a second treat-

Went with sp0b.tol aproxtuately 34 hr a~ter .the f rst, Because this is a
 

time of tr.ansi't-on between 
 !chizonts and new. ring formation, this second
 

treatment C'fine tuning'), selects 
for a relatively narrow- age distributi6n
 

of newly formed rings, The 
 subsequent schizont populations that develop
 

from these rings approaches 10Q% at a given time.
 

The 5% sorbitol solution used has 
 an osmolality of 287 m0s/kg. Sorbitol 

solutions with osmolalities ranging between 141 and 855 mOs/kg also were 

effective in inducing selective lysis of erythrocytes infected with later
 

stages of the parasite. 
 Another alcohol sugar, D-mannitol, had a similar
 

lytic effect; 
sucrose and a-lactose were ineffective.
 

DISCUSSION
 

Synchrontzqtion 9f our cultures was induced by a selective destruction 

of the later. stagea of par~s.te development du4'ng sogbttol treatment, 

The QwOsottc 9pig:lty. Qf olAriA-:nfected erythxocytes *.s knxown to *cre~se 

dunq the development o site (Shen 19.46!the par et j 7oel et al 39661. 

However( the selective lysis that occurredin our system was 'not caused by 

simple osmotic shock, The osmolality of the 5% sorbitol solution we used 

- .7
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(287 .9Q/kgI ts not :. n~ccntl different ,E that of tha cultuxe ;edim 

in which the pgrastes age:gown C2_76 AQ*.kgk and co4hktol Poluttons hai'n 

a wide 2anger of osm0lAlittes, were tplarl,. efectva," The dTjechaniM, of 

this effect is not clear. Sorb4tol 1i known to hAye a at izinc" effect 

on the eryth3ocytic plasMa miembrane Djexy;n an} Hornblower' l 9 68 rf and has 

been used as a protective agent during c yopresbrvatton of mmalian cells 

(Mzeryman, l66; Karow.,, 1969. It also has been lused during cryopreservation 

of erythrocytes. infected wtth.zalaia parasites (D±t9s et al.,r 1975; Wilson 

et al,, 1977L. 
Indeed, pur Qr9in4l 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., falciparum should permit 

future quantitative studies on the imnunological biochemical, and physio

logical differences among the various stages of development. 
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FIGURE 1. Synchronous development of P. fal. 
ciparum in culture after sorbitol treatment. Each
value is the mean of 12 samples (+1 3tandard de
viation). Time is given in hours after sorbitol 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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FIGURE 2. Relative percent distribution of P.falciparum stages during one cycle of synchronous de
velopment in culture. Each value is the mean of 4-12 samples (+1 standard deviation). Time is given in 
hours after sorbitol treatmaent R = rings, T = trophozoites, S = schizonts. 
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Utilization by Other Laboratories
 

We have been informed that our procedure for synchronization of
 

F. fajiparum 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 chef approakch gor the #4'n, year of this cqntrAct w*11 be the 

continued testing of media ad~tm.e and replacementw wfth. the'* " 'of 
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complete deyelopment of 4.alci.auzz. i-etqc.tes, $Wit of theAe gddtives 

are as 	 listed ln oiur contract p.opQ.41 1 , 

(bl Co-cultVa t"Qn of our parastte V'wth 14rwous. han,cell lnes w42l 

also be attempted, These include f±broblAst-.gnd endothelil cell&,,
 

(.61 Recent reports: Qfrm otherx lobor~tories • have s.uggeste4" that
 

maintenance of P, 
 falciparum gamet)cytes at constant temperatures. of around 

37 0 C will permit their maturatton, (Normally the temperature is lowered during 

the daily feeding of the culture). We will be testing this procedure, 

(M) As also stated in our contract proposal, "Attempts will be made 

to get further in vitro development of gametocytes, eventually leading to mature, 

immunogenic sporozoites, ' Previous studies were done by us on in vitro trans

formation of rodent malaria gametocytes to ookinetes. We will continue these 

studies 	with in vitro-formed ookinetes. 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 attemptson to get further 

development of these ookinetes in culture. It is hoped that any culture 

procedures we develop may be transferable to human malaria. 

(e) We also hope to complete our analytical studies on components of
 

Anophels mosquito hemolymph. This could help us in our attempts to design 

a rational medium for the cultivation of the mosquito stages of the parasite. 

(fI We also plan to continue pilot studies on the protein components 

of P, falciparum, and Qn 	 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 U±,e,, the synchronization 

resultsl have logically led us to this study, We hope to propose this study 

as a portion of our new contract renewal proposal, and therefore we plan to 

- 21 
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continue our pilot Atudiea in Qrder to test theP feasibility of Our pxQjected 

F, 	 Involvement of Minority Perksonnel" and:WQome 
One woman was involved n project Act yit4.:,I s reaarch technic Ian 

during 	the reporting period, Four 'embers of miiorittes were invojved in 
project research activities; A Black as a research technician, a Black as a 

graduate research assistant, a Black as an animal room techiiciano and a 
Hispanic as an insectary technician (the services of the latter 2 are shared 

on a cooperative basis with other members of the .DepartmentJ 

FINANCIAL REPORT 

The financial reports required by this contract are submittdd directly 

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

institutional policy.
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SUMMARY OF PROJICT, Be brief-200 word maxmum: (Include UbpectLve, Approach, 
Current Plans and/or Progress)
 

The chief aim of this project is to develop methods for in vitro cultivation
 
of gametocytes of human malaria, and subsequent infection of mosquitoes 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 testing different strains of the parasite. 
 None of these procedures

has yet succeeded in permitting better gametocyte maturation. Success has been
 
repoited 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 suspension of parasitized erythrocytes in 5% aqueous
 
sorbitol solution.
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