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Brief Definitive Report

ALLELIC FORMS OF gp195, A MAJOR BLOOD-STAGE

ANTI GEN OF PLA4SAODIbrAI FALCIPAIUM, A.RE EXPRESSED

IN LIVER STAE

Biy ANA SZARFNIAN,* DAVID WVALLIKER, JANA S. MCBRIDE,1I
JEVFTREY A. LYON,' ISABELLA A. QUAKYI,5 AND RICIIARD CAR-rERI

From the *Izfiectious Diseases Department, Naval Medical Research Institute and Uni~formed
Services University of the Health Sciences, Bet herda, Maryland 20814; the t Laboratory of

Parasitic Diseas-s, National Institute of Allergy and Infectious Diseases, National Institutes of
Health, Bethesda, Mlaryland 20892; the ODepartment of Zoology, University of Edinburgh,

Edinburgh EH 3]T, Scotland; and the 'Division of Communicable Diseases and Immunology,
Walter Reed A rmy Institute of Research, Washington, DC 20437

(;urrellt efforts to produce Vaccines against the malaria parasite Plasmnodium
falcipa rum have oncentratecI onl a-tigens of sporozoites, asexual blood forms.
and gamnetocytes (1). Little attention, however, has been paid to antigens of
excleryth, cytic (EE) formis of the parasite which develop in the liver from
sporozoites inoculated by Mosquitoes. EE forms are less accessible for Study than
thle other stages, and mnat tre parasites are difficult to obtain either in vitro or in
vivo. An antigen has been ;dertified that appears to be specific to EE formis (2).
Nierozoites of EE formis initiate the blood infection, and it is therefore likely that
th ey also possess Surface proteins that are structurally and functionally equivalent
to those of blood-formi merozoites. Previous efforts to demionstrate this have not
beeni suiccessful (3). Once the blood infection is established, thle parasite burden
increases I (J-20-folcl every 48 h, making it increasingly difficult to achieve sterile
imimunity. A vaccine that produces an immnune response against both the EE and
erythrocytic staige Would markedly increase the chance of developing protective
immunity. A major glycoprotein of P. falciparum blood-form schizonts and
me1rozoifes (4), denoted here as gpl 95, is currently tunder consideration as a1
1xoleimial vaccine antigen (5-9). T'his is a polymo rphic protein (1 0-1 2), which
ailso possesses highly conserved regions. In this Study we show tla-,t conserved
and allele-specific epit(,pes of gp 195 present in P. falcipa rum blood forms are -

alsIexressed in ma'ture EL forms. The inheritance of these allele-specific
elpitopes in a cross betwcen these two parasite clones shows that mature F
formns, like sporozoites at)di blood stages, 'are genletically hiaploid.
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Materials and Methods
Procedure for Obtaining Mature EE Forms and Blood Forms of P. falciparum. Mature EE

fi nrus of P. faliparum were obtained in die livers of splenectomized chimpanzees (Pan
troglodytes). Each chimpanzee was inoculated with sporozoites derived from mosquitoes
(Anophelesfreeborni) that had fed on cultured gametocytes, as described previously (13).
()ne animal (CH/31)7) was infected with sporozoites of a P. falciparum clone denoted
31)7, a second (CH/B-1B3) with sporozoites of a clone denoted HB3, and a third (CII/X)
with sporozoites derived from a mixture of 3D7 and HB3 gametocytes that had undergone
cross-fertilization in the mosquitoes (13). A liver biopsy was taken from each animal 6 d
after infection.

U I Blood forms were detected in each chimpanzee 10 d after sporozoite inoculation, and
established in in vitrc cultures in human red cells.

hnmunofluorescence Assays (IFAs). These tests were performed, at pH 7.3, on iver
sections from chinipanzees and on cultured biood-stage shizonts. Liver sections (2 pun)
were prepared by cryostat sectioning and examined for parasites by phase-contrast
microscopy and Giemsa staining. The chimpanzees had previously been used in studies
on hepatitis viruses. therefore, residual viruses were killed by Fixing cryostat sections with

41 % formalin in PBS for 10 min, followed by three washes for 10 rin in PBS. The sections
were dried, wrapped in aluminu|, foit, and stored at -70"C for not more than 4 wk
before use. Every Fifth cryostat section was stained with Giemsa's stain and examined for
EE schizonts by light microscopy. Sections adjacent to these sections were thawed and
used for IFAs.

Blood-stage schizotits were prepared for IFA after 12 d of culture. Parasites were
prepared on multispot microscope slides, air dried, fixed, and processed in a similar

4. manner as were liver-stage parasites. ,
The liver schizonts and blood-stage schizonts of CI-/3D7 and CH/HB3 were examined
ifor" reactivity with a panel of mAbs against gpl 95. mAb 7B2 (14), (used as positive control)

and a pool of appropriate negative controls, 20-50 mAbs of different isotypes against
Trypanosoma and Rickettsia species were interjected at random. Fluorescein-labeled goat
anti-mouse Ig (IgA, IgG, and 1gM) was obtained from CooperBiomedical, Inc., Malvern,
PA. Double-immunofluorescence tests were performed on liversections and blood-stage
schizonts of CH/X. Each preparation was incubated with a mixture of mAbs 7.3 (IgG2a)
and 9.2 (IgGI), washed three times in PBS, and then stained with a mixture of two
fluorescent reagents: (a) a fluorescein-conj Ugated goat anti-mouse IgG2a, and (b) a
rhodanine-conjugated goat anti-mouse IgGI from Southern Biotechnology Associates,
Inc., Birmingham AL. Liver schizonts were identified by phase-contrast and fluorescent
microscol-;, located by Ve,'nier coordinates, photographed with Kodak Ektachrome 400

. Film, then stained with Giemsa, and located again for additional photographs. At least 20
liver schizonts were examined for reacti,.;i with each mAb. The goat. anti-mouse Ig

U reagents were used at a concentration that avoided false positive reactions,
nmAbf against gp195. The rnAbs against blood-stage gpI95 used in this study were 7.3,

9.2, and 9.8 (10), and 7B1I, 7B2, 7HI0, 3B10, 7FI, and 4G12 (14). Someof these mAbs
recognize different epitopes of gp195 (14) and its merozoite-associated products. Three
mAbs, 7.3, 9.2, and 7BI1, recognize serotype-restricted epitopesand the:other six
recognize common epitopes to all isolates tested (10, 14). All mAbs were used at 10-40
ug/ml.

Results and Discussion
EE schizonts, with a naximum diameter of -95 jum, were detected in the liver L

of each chimpanzee (Fig. 1). In Giemsa-stained sections, they appeared mature,
with small nuclei in a granular cytoplasm. Individual merozoites could be distin- -

guished in most schizonts. The presence cf gp!95 epitopes on both blood and
EL schizonts was shown by IFA with nine mAbs that recognize epitopes repre- .
scriting most regions of the molecule (14). In EE schizonts a dense granular .

i t'-t



FIGURr 1. (Tot)) ['OSIOVC i!nmuno111fluorescence of

0 a liver schizont of P~fiilcparii showing the typicil
-dense granular patterni of gpl 95. Largest diameter

of this schi,'ont wvas dO4 win; (middle and bottom)
phase microscopy and Gienisa staining of the same

pmmdti o' stiiiiirig W;IS ScCfl kit !;Ich ju1) st ;1IntibodNv (Fig. 1). Ill tittILIve blood

biiiiis, thc StalinIg NW",S 1 n;~iiCul1;IvlV ('Vidleit ()If the slil-iae of' itcr/oiotes , als

(ICS( I-IbUd IeVIOLSl V (1 0). SIX inAbs (7i B~2, 7111 0, 313 0, 7 FI , 4 G 1 2, and 9-S)
ieaI(tc Im psit ivly 'with hot) 1 i vet anlblood Folti derve hro al thill
hlii)i/'ces. Onc miAlt (7.3) 1&-cat ed with ivcI hR ;1)1 loo schi/ilts (vivl\ d rt-i-n

hut I/ 1b o[ 10 CI 1/M1)7; two (9. 2, 7 111) -acled with CI I/31), htit lot
:111 1~. i~Owi 111iiA hiiiii1)xuiiite (CA1 I/>X), schli/ollis positi\e 'ltln~Tne r

C. I( 11 of ts&tle il)Wl (ICtC( t(I (lj)jC 1). Tlle veactiviti'5 of exwll ivi;\
WvITU idciu,(.I VOi. folin s alid blood 1,01ii'is of, cieli fiQS;le( tive ]Xl1 aIte clolne

C'Ibl )
1Ie~ c buo1liiigs Jli o\vum c(?ltl tha~t gp) 19 5 is pIels cI tn El Form a'I- s el \\c is
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-rABLE I
fIn m u nofluo rescen le R~ea clio s of mA bs !?erogn iziig gp 195of P.fa Icipa rum

with EE and Blood-Stage Schizonts

Immu tiollunrecerceratiiy

3D)7 11113 x 3D7 1113 x
7.3 - + ~ +

9.2 atd 71111 + - ± + -
7112. 71110, :1B10, 7 F1, *1G12, + + + + + +

and1(9.8

-Similar Signal tnelisity wa". observed with LEand1( blood-stage schizonts. hi tmiiolltior'-
cenice reactivity was graded! from .... to -. Whenosti SIve reactions were found,(I mAbs
7.3. 7132, 71110. 3111 were .... : tnAhs 9.2, 71111, and 9.8 were ...+: and inAbs 71
and 4G;12 were ++. Clone 31D7 andl 1I133, antd parasites derived froml a mixture of

gametocytes of eachi clone (X), were ustd as antigens. i Cl l/X, t inidicate a mixture of
positive anid ttcgative schizoits.

TABLE 11
Segregation of Allele-specific Epitopes of gp195 among EESchizonts

in Chimpanzees CH/3D7, CH/H83, and CHIX

Number of schizonts positive for epibopes
EE scli/mi~s otlBoth 7.3

toed 7.3 only 9.2 only an9.

CI1/:; D7 32 0 32 0
CFI1/11113 63 63 0 0
CII/X 66. 42 24 0

Scions of liver were incuba~ted with tmixtures of mnAs 7.3 and 9.2 stained with a
ixt ore of Ii norescein-cnmjugae totgat aniti -1000se I gI2a (recogn i i g to :~b 7.3)

Mnd rhoda miner-conjugat ed goat anti- mouse I gG I (recognizing tsA b 9.2), a not ex.
atiteol by I FA.

in blood schizonts of P.falcipa rum. If the binding of thesc antibodies to parasites
had been nonspecific, they would have been expected to react equally with both
3D7 and HB113. The fact that they reacted in a clone-specific mnanner with both
blood forms arid EE schizonts provides strong evidence that the primary structure
of the antigen is the samne it) both stages.

The genetics of gp 195 in EE schizonts was further investigated with double-
ininitiofluorescence tests. The gp195 antigen exists in thle P. falciparuin blood-
stage popuilation as a series of distinct alleles (11- 13), those of 3D7 arid H133
being distinguishhible -by miAbs 7.3, 9.2, and 7h! 1 Liver schizorns anid blood-
formr .clito's were linctibated with mixitires oF inAbs 7.3 and 9.2, followed by

st~:~:gwith a fluoresce'n-labeled antibody specific for~ mAb 7.3 (lgG'-a.) and at
rhod-.i~:ine-labeled antibody specific for 9.2 (IgG 1). In CH-/1-1B33, thle parasites
exhibited labeling only with fluorescein, anid in CI-I/3D7 only with rhodamine.jin CI I/X, schizonts were libeled with eihrf~rsenor rhodamine: none
were labeled wit bi ot h reagents (Tahle 11).

Formis (1 6). are genleticalIly hiaploid. A concurirent study (1 3) has established that
cross-fertilizationi betweentDin 11 gmtsocreda eyhg
frequtency inl thle Imos Iui toes ha I provided the sporozoites for inlfection of d I /\,
If the restilt ing ITE formns were diploid, it would be exp~ected that a1 large

I
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proportion of them would exhibit both forms of gp 195 that dist iguish the
parental lines. The absence of such EE forms 1;hows that segregation o. tIle alleles
determining the variant forms of this antigen haid Occurre( before tile EE stage
of the life cyc!e. Cytological studies using electron microscopy, have shown that
synaptonemal complexes, characteristic of meiosis, are present in the zygote stage
in the mosquito (17). It can be concluded, therefore, that the entire cycle in the
m;,malian best is haploid.

The use of cloned parasites that itre distinguishable by their reactivity with
different ImAbs has helped us establish that epitopes of gp195 of mature liver
stages of P. falciparum are antigenically identical to the u,,es present in blood
schizonts. In previous studies by Druilhe et al. (3), mAbs against unspecified
antigens of blood stages gave negative reactions in sections of EE forms of P.
falciparum obtained in a Cebus apella monkey. Here we have shown that multiple
epitopes of the gpl95 blood-form antigen are also present in mature EE forms
of distinct clones of the parasite in cHimpanzecs. The findings lead us to suggest
that ather blood-stage antigens may also be shared by EE stages. If immune
responses aginst gp195 and other shared antigens control the development of
P. falciparum, they could be effective not only against blood-stage parasites, but
also against merozoites emerging from the liver.

Summary
Mature exoerythrocytic (EE) forms of two cloned lines (3D7 and HB3) of

Plasmodium falciparum were obtained in tle livers of splenectomized chimpan-
zees. Sectioned preparations were examined by immunofluorescence (IFA) using
mAbs that distinguished allelic variants of the blood-form antigen gp195 and
mAbs that recognized .iLultiple conserved epitopes of gp195. EE forms and blood
schzonts exhibited identicJa IFA reactions for each respective clone, showing
that the antigen was expressed identically in liver and blood-stage parasites. A
third chimpanzee was infected with sporozoites derived from a mixture of 3D7
and F11B3 gametocytes that had undergone cross-fertilization in the mosquitoes.
I FAs oil tile EE forms in this aninial showed that segregation of each gp195
;,ilcle had occurred earlier in the life cycle, providing evidence that tile ptirasite
is haploid for tile whole of its mammalian development. ( i '' ) ( "

We imlink Drs. L. _H. Miller. F. A. Neva, W. E. Collins, W. 1. London, R. Wistar, Jr.. and
Ir. S. I loffmma for VAlIable discussimons.

Ierecived for publication 29 September 1987 and in revised form 28 October 1987.
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