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Total AID ...u . :.. ,t . .. .cc" $668 ,519of 

Total Evo:ndinan -ions~ thro previousth 'h contract 

Total I pniyrnauOb .~tons for CurrenL Six M~onths: $100,794 
2"ear
"i9Summary
 

Estimad Emouninure for next six monchs: *Il6,550
 

Summar i: t-a.p. ishicnr and Uitii zatio: P, lciprum

readliVy so , .thAell abu , o , ,, o ]. (Aenan 
r eoo
 
monkey kidney line) in co-cul Ov.MUCCid, protease
Vre, a wrot,:irn

inhibitor, mark.ly incread asJociaton as high asa 30'.is co U 
of the Vero cells and increased :he number of rasites or Vero 
cell. The associted parasie" arc mosu]y mcrozoicn or yotunt'v 
ring stages. Wh chr thesc parasitas are interior ,or ,..rior 
to the Vero cells has ben determin By ofnot id means Ols 
activity of ov,,mucoid, we now have highi, parasitized Vero cell s 
available Gor our cent inuing effort to ,nha- c.aturat ion and 
growth of P filci.arum in culture, These effort-; have. uissu, 
been started s-n;. a variety of chemical modifiers of ce!l 
metabolism. 
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I. BACKGRO. ND 

Prior to this report, we reported in detail on the following -

Attempts were made to propagate Plasmodiun.m b(2.ghei, N K.-65, in 

15 tissu. culture cell types inc Iun, priarics from organs 

of mice, rabbits and rats, an mouse and human cell lines, 

Morphoios:c evidencc and lack of ersstnc - of.o M ;c-O s 

P, ber hei in clu ps, h; yond the cont:ro ind cae we were not 

successful in popaSrir.g the para ita L tLhcat cecl. 

P., berghei infectiol in mouse Leydi:. Lesetiular cumor cels 

was studied by our standard metahods . . We feund I eydii cells: 

(.) efficiently interiori:zed P. berghei; (2) showed no mor

pLologic evidence of maturation or 6rowh of the parasi.tec in 

the cells, nor did infectiviti for mice persist .in tissue culture 

for a lon'er time than" in cell-.ree controls'; ( 3 intcerorized 

UV killcd P. berghei as efficiently as livut P. be.hei ; and. 

(4) effiaiently inceriorized polystyren. beads. 

We also investigated the ability of Leydig mouse Lesticular tumor 

cells to support the growth of 2. berghei usin, the exact methods 

of Dr. Speer. We did not observe normal P. b r i. witcin the 

Leydig cells. Under these conditions, te culls were able to 

interiorize ultraviolet: killed aJiates arid POji .SLyr,.le beads. 

Dr. Speer reported Leydi." cells did not int.riuii:, th:cse beads 

nor killed parasites. We also studied mou se hoiu, marrow according 

to Dr. Speer's methodology and did not observe normal parasites 



in these ceils rvor were cultures infective for mice 
at intervals
 

in which parasite control 
cultures were infective. Bone 
marrow 

cells .nteri)ri.ed polys yrene bea.ds and UV irradioted P. berghei. 

On !/2i/77, we: acquired '. fa1.ciparum from Dirs, Trager and 

Jensen and have i-taine, the cultLure in human AB and 0 red
 

blood cells in pat:ri plates in 
 candle jars and in a continuous
 

feeding Flow Flask System.
 

Both the Flov Flask and petri plate 
culture methods afford very
 

nice methods for long term evaluation of 
tissue cultures in a
 

dynamic compl. 
 sy:emr_ in which iwerovoites are continuously
 

released from infected red 
W,ood cells 
while the tissue culture
 

cel is continun to multiply 
and the percent parasitenia in the
 

red blood ccl.s increase.
 

Twenty-one tissue 
cell cultures were evaluated 
for their effect
 

on the growth of 
P. falciarum in co-culture, Normal appearing 

parasites were associated with primary human umbil ical vein
 

endothelial, p:imary Rhesus 
monkey kidney, liver and bone 
marrow,
 

Cynomolgus monkey kidney 
and the Vero line of African Green 

monkey kidney cells 

Two different mechanisms for cell-parasite association appear 
to
 

be orerative. 
 The first involves adsorption of infected 
red cells
 

by the tissue culture 
cell followed by phagocytosis and the second
 

adsorption of 
free merozoites with 
or without interiorization.
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of an 	 infected red cell and subsequent destructionInteriorization 

of the red cell. (observed as a loss of color) results in an 

essential Lv normal-appearn g parasite in the phagosome occupied 

by the red cell. Normal developmcntal forms are seldom seen 

within phagosomcs in the absence of red cell material. 

A second mode oi association, characterized by free merozoites 

either adhering to the plasma memb rane or interiorized in the 

cell, is observed more irequently. Essentially normal merozoites 

or very immaturn trophozoites (rings) are sooen on or within the 

plasma membrane of certain cells in the culture. No evidence 

has been obtained that chese cell-associantd parasites mature; 

however, this type of association results in the temporal. 

association of the potentiallv infective stage of the parasite, 

the merozoitewith tissue culture cells. 

Both of these types of parasite association are observed in Vero 

cell culture and we are attempting to improve the association, 

maturation and :nultcipiication of _!P. falciparum in Vero cell 

culture by manipulation of th e cultural conditions by: 

1, Adaptation, L.e., serial passage of infe:ted red cells in 

tissue culture; 

2, Alteration of the tissue culture cell su face to increase 

adsorption and penetration of the parasite; and 

3. 	 Treatment of tissue culture cells with selecuive drugs to 

decrepse destruction of ccl.i--associated Oarasites. 
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There are several approaches which we intend to explore to
 

accomplish tche second and third goals, namely:
 

1. Incorporation of protease inhibitors in the cultu:e medium; 

2. Treatment of t:issue culture cells with chetnicals known to 

be intracellularly active inhibitors of eukarvotic protein 

synthes i s; 

3. 	 Treatment of cells with gluco corticoid ste-oids which may 

depending on dosage, type of steroid and cell - inhibit 

or stimulate growth of the Cissue cUIt.urc cell, increase 

cAMP lcvui.;, icrease or decreals protein synthesis, or 

increase peripheral iiciofi.iam:nts involved in phagoso.ne

lysosome interactions; 

4. 	 Use of Concanavalin A to inhibit fusion of endocytic vacuoles 

with lysosoines and the subsequent digestion of P. 

f a llparI m or Lo increase interiorization of the parasite 

since 	 Con.,A stimulates pinocytosis and phagocytosis; 

5. 	 Disruption of microfibrils by treatment of the cells with 

Cytochalosin B, resulting in loss of mobility of the 

phagosome to fuse with the lysosomc.; and 

6. Inhibition of DNA and RNA synthesis and/or processing in the 

eukaryotic cell by antimetabolites, thereby rendering the
 

cell unable to degrade interiorized parasites.
 

http:phagoso.ne


This six month cIeport will descrie preliminary resul ts obtained 

by protease inhib itor treatment of Vero cells inoculat.ed with 

P. falciparum, and by serial passage of P. falciparum in Vero 

cell Culture. 

II.. 	 STATEmIT oi.' PROJECT OBJECTIVE 
AS STATED iN T1E CONTRACT -

The original objective of the Project: has no been mdified. 

It is the develop-nent " an iii viro isu, cuLture method for 

the prop-g a tion of the ase:-:ual stag es of uhe maiar ia parasite 

in order to provide sufficlent ant '-,n the preparat:ion of.i 	 for 


vaccines for mass immuni-ation )r.)trams. 

-III. CONTINUED RELEVANCE OF THE OEJECT l.E 

At present, there are no circumns tanecsror does our research 

indicate a need for modification of the project objective. 

IV. 	 ACCOMPLiS!'E.TS ,January 1, 1978 
to_June 30, 1978 

A. 	 Attempt to adapt P. falc:harum to. Vero (African Green 

Monkey Kidney Cell [ . )7by Sei *al Passage 

Details of thie ',Iethods and Results of this experiment are reported 

in Appendix A. 

An increase in the niumber of Vero cells wita associated parasites 

was observed after nine serial passages of infected red cells 

in Vero cells. However, when parasitized blood was removed and 

http:ACCOMPLiS!'E.TS
http:inoculat.ed
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the 	Vero cells continued in culture, no growing parasites were 

observed throughout the pasuage 8erirs, It was concluded that
 

further work in this area night be worthwhile.
 

B. 	 Effect of Protcase Inhibi.ors on the Association of P.
 

faiciparumr with Veco Cells
 

1. Introdic ion
 

The protease Lnhibitors that we are testing to improve the
 

association, matuiation and growth of P. falciparuTm, in Vero
 

cells fall. into three gr)ups: J) alkylating protoase in ibitors, 

(2) 	 polypeptide prote- m inhibitors; (3) ,rorTe nri pr-)tease inhibito:'-s. 

The 	 first ,roup Coni.tS Of aliky. tting chloromethyl ketones of 

various enzymd ti-c spec.ificit.its and modes of action. Based on 

a revi ew by S, ineb *.il ( ) two compounds were s C.icc ted: TLCK 

(N-c-tcsyI...l..ls:yi chio,rot~hl tonc) and CAME (N-ca-tosyl-L

arginyl met:h' l . ster onTheir acr. iv ,.ty may be extracellular 

enzyme "u b,,trstus ;uch as trupcin and chymotrypsin-like enzymes 
which may interfere with P. fal ciparu adsorption/interiorization 

in the cell or, as su,; ,ested by Collar .nd Smets (2) teir 

alkylatins; activities :av intracellularly block cell metabolism. 

Different nodes of action are inferred since TAME is a substrate 

analog expected to competively inhibit the natural proteases and 

estcrases while TLCK is a substrate analog that acts irreversibly 

al (3 ) 
on proteases. Furthermore, 
Chou et have demonstrated 

inhibition of protein synthesis in intact cells by alkylating
 

protease inhibitors. 
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a group of polypeptide
two members of
In addition, we are testing 


namely
from Actinomycest(4)
proteaoc inhibitors extracted 


has been demonstrated to be
 
leupeptin and antipain. Lupepttif 

intracellularly active in cukary'otc cells. and ha:.: in vivo. 

activity against muscular dystrophy in chichanN )I
 

of the egg

the third qroup is ovomuco:d, one 
Representative of 

uiLar protease inhibitoryI.LL has c>:racetalbumia Pro(:cins 


(7 ) aid adsorption and interiorization of 
actLV Iv which miaht 

dissociated macromolecular
F, falciparum by forming a poorly 

compla% w.ith, proteases of the crypsin family. 

2, Method 

tested at minimally toxic and sub-
Thv protease inhibitors were 


availabil.ity
or at concentrations determined by 

for two hours at 

toxic concentrations 


or solubilicy. After treatmzent wit the drux.;s 

inoculated wth F. falciparuutVero cull cultures wer 

in GM-5 medium (RPM.-1640 supplemenCed 'ith 07. hnunauL serum) 

cul.tures 

370C, the 

in a 3% red blood cell suopension. Incubation cf the 

37"C in candle jar. These co-culturns were treated with 
was at a 

days one and two after P. falcQRru iaocularion.
fresh drug on 


stained with May-Grunwal.d-Giemfsa for
 
Daily, coverslips were 


a

evaluation of Vero cell-parasite inter-relationships and 


thin smear made of the erythrocyte culture for

Giemsa-stained 


determination of parasitemia,
 

are expressed as the
Vero cell and erythrocytic parasitemias 


percentage of cells infected, irrespective of whet" there is
 

one or more than one parasite per cell.
 



3. 	 Experimentai Results
 

Tables are prcsented in Appendix B.
 

a. Alkylatinj, Protease Inhibitors 

(1) TLCK 

The three tested concentrations of TLCK were antimalarial,
 

This activity precluded a satis factory evaluation of drug
 

effect and presumably is the cause 
 of reduced association oi
 

parasites with ic Vero cells (Table 1).
 

In a separate test, TLCK was tofound partially suppress 

Vero cell growth at concentrations of 78 und 39 ig/ml. 

(2) TAME
 

At the one test concentration, TAKE was antimalarial, thus 

precluding satisfactory evaluation and presumibly was the 

explanation for the reduced association of parasite with the 

Veto cells (Table 2). 

As determined in a separate toxicity test, 
TAME did not inhibit
 

Vero cell growth.
 

b. Polypeptide Protease Inhibitors
 

(1) Antipain
 

Antipain is 
a polypeptide protease inhibitor from Actinomycetes
 

which was 
kindly supplied to us by Dr. Umezawa (Institute of
 

Microbial Chemistry, Tokyo). The tested concentration was chosen
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t h e -., n It i i ,n g _ 

concentrations reported in the literature. It was neither 

toxic to Vero cells nor antimaidrial (Table 3). on day 3, 

but not on days 1 and 2, antipain increased the perceantage 

of Vero cells that had merozoite-like parasites associated 

with them than is usually observed in the absence of drug 

t,-eatment; however, day three's control coverslip was accidentally 

broken. ~* 

1'his is another of the Actinomycetes polypeptide protease inhibitors 

obt-ained frout Dr. Uxnezawa. The test concentration was chosen 

because it is active in eukaryotes and because of limited 

availability of the drug. Leupeptin was not toxic to the Vero 

cells,, but was anti-malarial at the test concentration '(Table 4). 

Presumably the antimalarial activity caused the reduction in 

the number of Vero cells associated with parasites. 

. 

C. Protein Protease Inhibitor - Ovomucoid 

Ovomucoid increased the percentage of Vero cells associated 

with parasites (Table 5) and increased the number of parasites 

associated with each cell. The parasites associated with theI 

Vera cells were predominantly merozoite or very young ring 

stages as depicted in Figure 1. 

" 

AThe test concentration of 3000 pg/ml, which is about the maximum 

soluble concentration, \was no~t toxic to the Vera cells and was 

not antimalarial.AA 
1 
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Because of these promising results, a confirmatory test was 

periormed according to the methods used in the first experiment. 

Also incorporated into this second test were attempts to obtain 

!ancillary inforrmat ion by changing the experimental approach; 

these will be described below. 

1-'~ 	 Treatment with 300Q0 pg/ml of ovomucoid again markedly increased
 

the association of normal P. falciparum with Vero cells, (Table 6).
 

It was again observed that it was the merozoite, or young ring
 

stage, that was preferentially increased on or in the Vero cells.
 

Also,. a larger number of "merozoites" were again associated with
 

treated cells than with untreated cells. 

Differential counts were done on the erythrocytic parasitzemia in
 

the ovomucoid (3000 JLg/kml) treated and untreated P. falciparum
 

inoculated tissue cell cultures on day 2 of the first experiment
 

and on days 2 and 3 of the second experiment. The percentage of
 

parasites at each stage in the cultures and 
the percent parasitemi 

were essentially iU in the treated and untreated cultures.the same 


Therefore, a difference in the avail~ble 'parasite stages in
 

treated vs untreated cultures would not explain the greater number
 

of tnerozoites associated with Veto cells from ovomucoid treated
 

as compared to untreated cultures.
 

The data 	presented in Table 7 indicate that as little as 
30 4g/ml
 

of ovomucoid enhanced the association of P. falciparum with Veto
 

cells. However, 30 4g/ml, and to a lesser extent, 300 4g'/ml,
 

were less efficient than 3000 pjg/ml in enh~ancing the percentage
 

of Veto cells associated with parasite. Also, there were fewer
 

II~iii? 	 i~~'' 
SC i:i~iii 'I'ii 
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parasites associated with each Vero 
cell at 
the lower concentra

tions of ovomucoid.
 

When the association of merozoites with 
ovomucoid treated Vero
 

cells was high cn day 3, the ovomucoid, or the infected 

erythrocytei, or both, were washed out of some coltu'es. These 

cultures, and ovomucoid treated cultures of Vero containing 

infected red blood cells, were then maintained in candle jars 

at 3 7 0C. 

On days 3, 4, 5 and 6 the apprcpriat uitures were fed with 

GII-5 -r ovomucoid (3000 LLg/mi) or reinfect, d daily with P. 

falcipartim: or combinations of t nese. The dalta presented in 

Table 8 indicate removal of on-ly ovomucoid from the culture 

had no eff o=n th" enhaced as!ociation of parasites with the 

Vero ceilqeven through day 7, four days afftcr removal of 

ovomucoid, .w.ver removal o.f the ervthrocytic culture of P. 

falcipfj?-ur resulted in esscntio complete, cvssation of associa

tion ,,f parasites ith Vei,a cells one day later. 

By days 6 and 7, the ery throcv tic parasite culture was degenerating. 

The degenerating aiaru.p. e"rrthrocvtic cultures were character

ized by the pr, 3ence of ftw rings and the late sl_,ages were 

compact: and 1.L wasdark-s tiaing . these ab.a r ant 1a.2i stages 

that were the predominant stag;es associated with Veto cells on 

days 6 and 7. The appearance o!' Ihc, o !ldv i , I l 

relation to the Vero cells and the lack of red blood cells 

with these Vero cell--associated parasits is depicted in Figure 2. 



Figure 2 

Photomicrograph of al;errant tropiozoites and schizonits 

associated with Vero Cells si days after treatmen1t of 

the culture with ovomucoid and inoculation with P. 

fal cj arulr. The ovomucoid was washed fromn the culture 

on day 3. 

II: himozoin; N: Vero cell nucleus; S: schizont 

T S 



-12

4. Discussion 

a. Alkylatlng and Poly tide Protease Inhibitors 

Because TAME, TLCK and leupeptin were anti-malarial at the 

concentrations ctsted, these ugs wi ll be re-evalucated by 

treating the Veo c ells wi LI) tlie drugs and removing the 

drugs from the cu~ I re prior t-o inocu la t: in n w Ith P. fal ci, arum. 

-That this approach inay be satisfactory Ls ndicated by t,,e 

fact that : u.of nhese dru,,;, 7LCIK, was 15-orted1-1 Sch :bli 

and Bruger toC) be active as a u ssue culture col I ;,r )wth 

inhibitor after one hour of treatment and subsequent -emoval 

of the drug from the medium. 

b. Ov omcc id 

A marked enhancement of parasite association with Vero cells 

is ca~ised by tre-atment of the Vero cell-P, falciparum co-culture 

with -vomucoii. Th i s ehancment pr i 1ari. invo lves me ozo ite 

orv . a2s results in an increa-ed number of 

paras iu: per V ero ct,1 1 anan i creased percentage of Vero cells 

with associated parasites. The enhancing effect remained in 

treated cultures even when the , vomucoid was removed from the 

me d i u m. 

The nature of this enhancing effect is unclear. The erythrocytic
 

P. falcijarum culture was degenerating on days 6 and 7 and few 

ring stages were observed and sogmenters were few, inferring few 

merozoites were being released in the culture. The enhancement 

with Vero cells involved aberrant trophozoites and schizonts, the 
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predominating stages in tLhe red bl.ood cells. This result 

indicat.s the Vero cell -As sociated parasites directly originate 

from parasite rei . ,sed fro:'mT1i red bloodi cells. That the older 

s tage , soc i t:.d J.ith the Ver cell , on days 6 and 7 may have 

originated ror,, th2. ;,'itcc; associated with tie Veo culls 

on day 4 is a pos.ibility c..d would indicat:e maturation oY the 

associated merozoites had occurred. However, direct evidence 

of maturation ducLnL' the first 4 days was nou observed, indicating 

the aberrant older stages seen on days 6 and 7 did not originate 

from the observed on days I to 4.obrozoite. 

The location of these Vero cell-associated parasites is also 

unclear. Most of the:ezoites az not i, the plane of focus 

of the stained cell cytoplasm (see Filgure 1) . Also, the older 

stages observed on days 6 and 7 seem to be at the periphery of 

th e cell (see i -,ure 2). These resilts indicate a surface 

adsorption phenomenon was induced by thae ovomucoid, but -at least 

some of the .ero"ores could b,: i. ericri-_d wtii the V-!ro 

cell membrane and still present this apper;.ntce. .c trcn 

microscopy is being activl.J.y pur sued to this quesLion,answer 

which will help direct our efforts to either enhance Lnteriorization, 

if this is necessary, or reduce parasite des truction by the cells 

if the parasites are in the interior of the cell. 

Although ovomucoid is said to adsorb to plastic and glass, we 

see no parasitLs on the Vero cell-free parts of the coverslip.
 

Thus the ovomucoid effect is specific for the Vero cell-parasite
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interaction 
and does not appear to 
be a non specific adsorption
 

phenomenon. 

5. R,'search Design
 

During the current reporting period we 
 have proceeded with the 

projcci. as described in "The In Vitro Culti.vation Lf 1M1alaria 

Parasites in Cell Culture" Contract: AID!ta-C'-1258 (Extension) 

We are conentra tir; our i or ts t-o modifv tissue cull ure .!Ils 

so as to CP~ancl e . :.alc iparum multiplication in tissue culture 

to the Vero line o.:: ,frican Grt,.-n monkey Lf1ev cc'dn.I c ause 

P. faiciparri beco:es as l teaud with the Vero cell readily, 

a 1 bt i. t at low cell incid.en t, and Vero is easily maintained 

in the 2., ,.ci'ai in \ir culture. sste! m. 

Any breakr-hirou.i achicved witL Vero will be immediately tested 

in other Lissuo ccl.twre ce il cultures to see if the results 

obtainod with Vero cicil culUres can be extrapolated to probably 

acceptable VacCil(' subs trat tissue culture cells. 

As proposed i.n CLhu trojoct Extcension, we attempted to adapt 

P. falcinarum t o more success ful association and growth in Vero 

cell cultures by scrial passage of the parasite in the tissue culture. 

We have also proceeded into the first experiments designed to 

modify the 
tissue culture cells to 
increase adsorption and
 

penetration by altering the 
tissue culture cell surface with
 

protease inhibitors.
 

http:incid.en
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One of the protuasc inhibitors, ovomucoid, markudly increased 

the numbers of parasites associated with each Vero cell and 

the number of Vcro cclis associ:ted with parasites was increased 

up to 30M, compard to cm, incilence of about ].'1 of untreoted 

Veto cclIs UssociloeJ "jth parasites. These increases in Vero 

celi-parasite associao . primarily involved merozotes (or 

very yourg Jophoi:L t:c- ThAuref , wo have not filt the 

aercaice.3 in the culture by synchronizing the 

growth of: the P, falciparun ervthrocyte cui rtre inocuLum. 

need to increase 

We plan to utilize the er hancing activity of ovoumucoid as we 

proceed to ros t aaents in Veto cell culture inoculated with 

P. falr ipaiu:: which :may decrease the parasiticidal activities 

of the tirmue culture cells. 
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V. 	 DISSEMINATION AN1D UTILIZATION OF 
RLSEARCIHI RESULTS 

Dr. R. G. Brackett particip ated in the AID Contractors Meeting 

in Albuquerque, New Me::lco ii June, 1978. 

Vt. 	 AE S . I'll". ,F X.E N I.'PU LS AND 
OBL.I . fONS A.ND CONTRACTOR 01,SOURCES 

A budget statement slkuwir;8 the ox,:pealdiltures for the period 

January 1, 1978 to June 30, 1978 is presented as a detachable 

section of this report. 

The major target- for the contract period January ', 1978 to
 

June 30, 1978 were:
 

To choose one or more candidate tissue culture cell 

types for modification so as to enhance P. falciparum 

association/matnration/growth in tissue culture.the cell 

We chose thel Vero line of African Green 'Monkey kidney as 

our primar' cardidat-c and plan to use primary Cynomoigus 

kidney cells or other potential ly acceptable vaccine
 

substrate -.ells as secondary candidates.
 

To inaugurate the experiments designed to modify Vero cells
 

so as to enhance P. falciparum association/maturation/growth
 

in the tissue cell culture. We evaluated the effect of two
 

alkylating protease inhibitors, one protein protease inhibitor
 

and two 	polypeptide protease inhibitors.
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B. Involvement of Minority Personnel and Women 

Six women were involved in project activities during the
 

reporting period. Four were. involved as profes sitonal 
 laboratory
 

investigators, ont as a 2ecretaT.y ano a, a iibora,:ory
oTie aid.
 

One black profess oal laboraorv inve, rtcataor and one. black
 

laboratory 
 aid wera involved iti projte ct act. ivic.icso 

V11. WoKK P AND BUDGET FOR.,,CAST FOR
 
THE COMING SIX '1ONThTS
 

The work plan for the coming six months incli< es the following
 

targets.
 

Test if the promising results obtained by ovomucoid modification 

of Vero cells are applicable to primary Cynomolguis kidney cell 

culture or other potentially acceptable vaccine substrate tissue 

culture cells.
 

Evaluate the modification of Vero cells by other protease inhibitors, 

protein synthesis inhibitors, steroids and a lectin theon 

enhancement of -. falciparum association/maturation/growth in 

the tissue cell culcure. 

Use the enhancing effect of ovomucoid (and other enhancers as
 

they are discovered) in combination with the agents listed above.
 

Ovomucoid is most likely producing a cell 
surface effect, resulting
 

in increased asisociation of merozoites with the tissue culture
 

cell. The other agents listed above are to
chosen increase
 

interioriation and decrease proteolytic degradation of 
interiorized
 

parasites.
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A budget statement 
showing planned expenditures for each of
 

the major inputs for the period 7/1/78 
to 12/31/78 is presented
 

as a detachable section of this 
report.
 



APPENDIX A 

Attempt to Increase the Assoc iat on of P. talciparuw and African 

Green Monkej Kidney Cell (Vero) b Adaptation durLng Serial Passage 

As proposed in thc;.ork plan for the third year of this contract, 

we have autcmpc d t.o :dapt p. f l-i.arum nu I pr ve development 

in a can idat. ,. ue crell cul. r c Vero w.e s were chosen 

because tb ' c; : er w.eil l under P < e . [ 0 .a. 7 P-t-tl:u9.it r'ed bl)ood 

cell conditErs, Alis., P. lciparur. was seen to routin ly 

become uysoc i. at:d with the cytoplam: of rope Vero cells during 

two to three da.s culture cng The ration ale for this).er. 

experiment was chat sor, variant of£ :. ItIC2..a.u. m m be better 

adapted :s :uoler-te the condlt'icus :r development when interiorized 

by Ver oee i. s. Thus, we mi;ht: -pe for an increase in thu incidence 

of parasite-cali association, an increase in survival time of 

interior ized parasites, and evidence of parasite maturation within 

Vero cells, 

Method 

P. falciparua (FCR-3 strain) in human AB4 red blood cells and 

GM-5 was cultured serially nine times in the presence of Vero 

calls in flow flasks. Covers lips were pulled from day I through 

day 4 and stained by the. May-Grunwald-Giemsa procedure for 

microscopic evaluation. Daily erythrocytic parasitemias were 

also determined. 

During the first three passages fresh Vero cells were added at
 

each subpassage and parasitized blood was added as a 12.5%
 

suspension (3.0 ml/flah). No fresh Vero cells were added after
 

http:7P-t-tl:u9.it
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the third subpassage and parasitized blood was reduced to 3.0 ml
 

of a 3% suspension during each of the last six passages anJ
 

parasitized blood was diluted with normal blood to reduce
 

parasitemia to ]. to 27 at each subpassage. 

Re s u 1 t s 

The results of parasite-Vero cell association and parasitemia
 

in red blood cells are summarized in Table 1. 

Vero cells grew well during each passage. Starting with a light
 

scattering of individual cells on day 0, daily increases in 

cell numbers were seen and varying degrees of monolayered cells 

were present on coverslips by days 2 and 3. Development of
 

11. faTci.par _m in red blood cells during each of the passages 

was consistent ly good (see parasitemia it, fabln) and no fresh 

parasit.cs were added during the nine subpassages. 

A variab[l( degree of parasite-Vero cell association was seen
 

during the different passages on days 1 through 4 (see Table).
 

The merozoite, or young ring, forms predominated in association
 

with Vero cell cytoplasm and accounted for 80 to 90/ of the 

parasites seen. Schizonts were the next most frequently seen 

stage in association with cell cytoplasm. Very few growing
 

trophozoites were identified. Occasionally an abnormal form with
 

black-staining nuclear material was seen that was suggestive of
 

a growing trophozoite. However, when parasitized blood was removed
 

and Vero cells continued in culture, no good evidence of per

sisting (growing) parasites in Vero cells was seen after one or
 

http:parasit.cs
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two dalys throughout the series of passages. Very good parasite-


Vero association was seen in the final two passagees (see Table) 

suggesting, an increase in paras-i. e association with Vero cells 

during the nine pass.:ges. 

Discussiou 

In summary, during nine subpassages of P. falciparum and Vero 

cells together in vitro, little evidence o inc-eased development 

cf the parasite in association with Vero cells w2- seon. EL 

is concluded that under the coditions epo ayed, no ,;.v;n ific ant 

"adaptation" cf the parasite to developmenc (growth) in Vero 

cells was evident, but an increase in relat re number of Vero 

cells with associated parasites was seen during the latter two 

passage8. These results suggest that additional efforts to 

adapt P. falciparum to growth in Vero cells, or another cell
 

line, may be worthwhile.
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Vero Cell/Parasite Association and Development of
 

P. falciarum in RBC's During Series of Passages 

Percent or Cells with
Vero Percent Parasitenia in 
Associated Parasites 
 Red Blood Cells 

Passage 
No. DaylI Da2 Day 3 Day 4 D Day 2 Da. 3 Day 4 

1 5 2 3 ND* 1.8 2.9 4.7 ND 

2 ND ND 
 15 ND ND ND 1.9 ND 

3 8 6 ND ND 1.7 4.2 ND ND 

4 1 ND 5 ND 2.1 ND 9.4 ND
 

5 0.5 i0 ND ND 1.9 2.5 ND ND
 

6 0.4 1 ND ND 1.5 2.0 ND ND 

7 ND ND ND 5 
 ND ND ND 13.2
 

8 ND 10 10 ND 2.9 6.6 11.3 ND
 

9 6 ND 
 35 ND 2.7 4.6 8.4 ND
 

*ND = Not Done 
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Fable I 

P. 	 falciparum (FCR-3) Inoculated Vero Tissue Culture 
Cells Tre.ated with TLCK 

2'. Parasiteia, % Parasitemia, 
Drug Erythrocytes,' Vero Cells 

Concentration on Days on Days 
___/ __) 1 2 3 1 2 

20 2.1 3.5 0.7 	 5 0.2 0.0
 

3 1.4 1.8 0.2 	 5 0.0 0.0 

78 1.2 ND** 0.1 	 0.0 0.0 0.0 

No Drug and 2.2 3.2 6.1 NA*** NA NA
 
N14 Vero 2.5 4.2 4.9
 

No Drug 2.4 4.6 6.7 	 ND 3 ND
 

*% Parasitemia in P. falciparum inoculum was 2.4 

**No Datum 

***Not Applicable 

3 
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Table 2
 

P. 	falciparum (FCR-3) Inoculatd Vero Tissue Culture
 
Cells Treated with TAME
 

% Parasi i-mi±, Parasitemia, 
Drug Erythrocytc.i* Vero Cells 

Concentration an Dayi. . on Days 
_( g/ml) 1 2 3 . 2 2 

1350 	 1.2 1.5 0.5 1 ND** 0
 

No Drug and 2.2 3.2 6.1
 
No Vero 2.5 
 4.2 4.9 NA*** NA NA
 

No Drug 	 2.4 4.6 6.7 ND 
 3 ND
 

*%Parasitemja in P. falciparum inoculum was 2.4
 

**No Datum 

***Not Applicable
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Table 3 

Tissue Culture
P. 	falciparum (FCR-3) Inoculated Vero 


Cells Ti.!ateCd with Antipoain
 

SPiarasitc.ia, 	 ),Parrsiteinia. 

Drug 	 E-:ythrocytes* Vero Cells 
on Days
Concentration on Days 


2 3jgm)1 	 2 3 

0 4 25
5.5 9.3 14.8
35 


NA** NA NA
No Drug and 6.4 11.0 10.6 


No Vero 6.2 10.. 12.9
 

3.4 7.7 	 9.0 2 10 ND***No Drug 


*% Parasitemia in P. falciparum inoculum was 2.7
 

**Not Applicable
 

***No Datum
 

http:SPiarasitc.ia


Appendix B
 

Table 4
 

P. 	falciparum (FCR-3) Inoculated Vero Tissue Culcure 
Cells Treated with Leupeptin 

% Parasitemia, % Parasitemia, 

Drug Erythrocytee* Vero Cells 

Concentration on Days on Daysnn_ 
(g/m1) i. 2 3 1 2 3 

48.3 3.6 2.3 1.5 	 1 2 0.5
 

No Drug and 6.4 1i.0 10.6 NA** NA NA
 
No Veto 6.2 10.2 12.9
 

No Drug 	 3.4 7,7 9.0 2 10 ND***
 

*%Parasitemia in P. falciparum inoculum was 2.7
 

**Not Applicable
 

***No Datum
 



Appendix B
 

Table 5
 

Vero Tissue Culture(FCR-3) InoculatedP. faiciparruvi 
Ov r,,ucoid (First Experiment)Cells Treated with 


, •Paras itemia, 

Vero Cells
 
Drug Erythroc:;t. S: 

onfas DaysonColcentratio a 

ND
ND** 20
6.5 11.8 17 .1
3000 


NA
NA*** NA
6.4 11.0 10.6
No Drug and 

6.2 10.2 12.9


No Vero 


2 10 ND
9.0
3.4 7.7
No Drug 


. % Parasitemia in P. falciparum inoculum was 2.7
 

** No Datum
 

*** No, Applicable 
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Table 6
 

P. 	falciparum (FCR-3) Inoculated Vero Tissue Culture 
Cells Treated with Ovomucoid (Second Exper imen t) 

App rox ima t e 
Parasitemia, 	 % Ppras-tcmia, 

Vero Ceils - Erythrocytes -

Test iredominant (k30%) Average 
Rx Day S , .a. (# of culture) Range 

Vero + Ovomucoid 	 1 20 - " ro z oites 7.8 (5) 6.2 - 8.8
(3000 g/ml) 	 2* 30 - "r ozo ites" 15.3 (5) 13.9 - 15.9 

+ 	 P. falciparum 3 10 - "MerozoItes" 1.6 (5) 1.4 - 1.9 
4 15 - "Mvrozitces" 7.9 (2) 7.8 - 7.9 

Vero ± P. falciparuu 	 1 0.8 - QNS** 7.2 (2) 6.9 - 7.4 
(No Ovomucoid) 	 2* 5 - "Merozoites" 11.6 (2) 11.3 - 11.9 

3 3 - "Merozoites" 1.3 (2) 1.1 - 1.5 

4 1 - QNS 4.0 (2) 2.6 - 5.3 

P. falcitarum I Not Applicable 7.5 (2) 7.2 - 7.8 
(No Ovoraucoid, 2* it 13.8 (2) 10.4 - 17.2 
No Verc) 3 " 1.2 (2) 1.2 - 1.2 

4 " 	 5.4 (2) 5.0 - 5.7 

*Erythrocytic cultures were diluted with normal red blood! cells to about 1%
 
parasitemia on day 2.
 

**There was an insufficient number of Vero cells associated with parasites to 
make an evaluation of the predominant stage. 
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Table 7 

Titrations of Ovomucoid in '. ifa!ciparum 
Inoculated Vero Cell Tissue Cilture 

Ovomucoid 7, Vero Cells 
Concentration Day of ',Erythrocytic Associated with 
Pg/m 1 ) (,3) Tes t a.ras e asParasite(c)te) ias 

3000 i 7.3 20 

2 15.3 30 
2(after split) 1.4 
3 1.6 10 
4 7.9 15 

QNS(d)
300 1 8.0 
2 13.3 10 
2(after split) 0.8 
3 1.9 6 
4 6.0 5
 

30 1 8.4 QNS 

14.5 10 
2(after split) 0.9 
3 2.3 5 
4 6.8 5
 

None 1 7.2 0.8 
2 11.6 5
 
2(after split) 0.6 NA
 
3 1.3 3 
4 4.0 1 

(a)vero - P. falciparum cultures were treated with ovomucoid on 

days 0,1,2 and 

(b)Erythrocytic parasites were in good to very good conditions through

out test. The erythrocytic culture was split 1:10 on day 2. 

(C)Merozoites were the predominating parasite stage (>807) 

associated with Vero cells.
 

(d)QNS: Insufficient Vero Cells in culture for evaluation. 
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Tfable 8 

The Effect of Withdrawal of Ovomucoid/P. falciparum
 
Infected ErythrocyteS from Treated Cultures 

Approximate . Parasitemia, Parasitemia, Erythrocytes
 

Test Vero Cells - Predominant Parasite
Da ( 307) stage Percent Condition 

Vero + ovomucoid (3 mg/ml) 	 3 10 - Merozoites 1.4 Good 
+ P. fal,-ciparum x 3 da. P. 4** 1 - Degenerate merozoites NA*** NA
 
falciparum, and rbc washed and schizonts
 
fro-m cu I t:, ire on ea. 3
 

Vero ± Ovomucoiud 0 :n;/m1l) 3 10 - .oerozoit s 1.5 Good
 
-i- f alcip :- da. 25 :er ts Fair
r ua'UTm 3 4 - u:-oi 6.0 

UvoA-UCOid 'ias°, u rom 6 20 - Abtrrant troph. 3.1 Poor
 
culre cday. 3 7 15 - Degeneratc- troph. 2.3 Poor
 

Vero + mucr (3 :+rOzi'l) 	 3 10 - Merozoites 1.8 Good 
+ P. facicLparu,-> 3 da. P. 4** < I - Degenerate troph. NA NA
 
falciparu;n, -ed 'Iod cells
 
and ovaEucaid .shod from
 
culture on Un. .5
 

Vero + Ovorucoid (3 mg!ml) + 	 3 10 - erozo iLV!S 1.6 Good 
P. 	 falciparum x 7 days 4 15 - Merozoites 7.9 Good
 

6 20 - Aberrant tropi. 4.6 Poor
 
7 3 - Abearant '.roph. 2.2 Poor
 

Vero + P. falciparum x 3 3 - le ro z, te s 1.3 Good 
7 days 4 1 - T,-; u te r-arasit es 4.0 Good 

6 < i - Too few parasites 1.6 Poor 
7 0 - Too few parasites 	 0.8 PCor 

*Data from these cultures on days 1 and 2 are presented in Table 7. 

**No datu:: from these cultures is presented for days 6 and 7 because the Vero cells had
 

overgrown and could not bc evaluated.
 

*** NA: Not Applicable. 


