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This repart contains the coliegtive views of an international group
af exparts convened by the UNDPAWORLD BANK/ WHQ SPECIAL
PROGRAMME FOR RESEAACH AND TRAINING IN TROPICAL
DISEASES (TDR), It does not necessarily reflect the views of
TOR/WHO. In the interests of rapid communication it has been
submitted to only minimal editorial revision. Moreover, any geo-
graphical designations vsed in the repyrt do not imply the expras-
sion af any opinion whatsoever on the gart of TOR or WHO
congerning the lagal status of any country, territory, city ar ares or
of its authorities concerning the defimitation of itz frontiers or
boungdaries.

Ce rapport exptime Yes vues collectives d'un groupe ipternational
d'sxperts réuni par 't PROGRAMME SPECIAL PNUD/BANQUE
MONDIALE/QOMS 0OE RECHERCHE ET DE FORMATION
CONGERMANT LES MALADIES TROPICALES {TDR). i ne
représente pas nécessairement les vues du TOR/OMS ef, en vue
d'une diffusion accélérée, il n'a pas dtd |'objet d'uns mise en forme
particuliérement soignée. En outre, les noms géographiguas utilisds
dans |e présent ragport n'impliquent, de la part du TOR cu de
I'OMS, aucune prise de position quant au statut juridique de tel ou
tel pays, territoire, ville ou zone, pu de ses autorités, ni quant au
tracé de ses frontiéres.
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1. INTRODUCTION

Research towards the development of malaria vacecines employs a strategy
invelving the identification and preduction of parasite antigens which
specifically elicit protective immune responses in the human host. Antigens
from several life-cycle stages of plasmedia are potential vaccine candidates.
In the case of target antigens of transmission-blocking immunity, the lmmunc
response will limit transmission of infection by suppressing the development of
gsexual apd sperogonie stages. The rationale for transmission-blocking vaccine
development rests on the expectation that sueh wvaceines will reduce malaria
transmizsion levels, at least under certain epidemiological conditions, and, if
used in combination with sperozoite or asexual bleood-stage vaccines, will
prevent the propagation of any vaccine-resistant mutant parasites.

The meeting held on 29-30 October 1990 under the auspices of the
Immunology of Malaria (IMMAL) component of TDR reviewed recent progress in the
cloning and characterization of sexual and sporeogonic stage malaria antigens
and in the elucidation of the mechanisms invelved in transmission-blocking
immunity. The potential iwmpact of transmission-blocking vaeccines in areas with
different levels of malaria tranemizsion was considered en the basis of
mathematical models., There was discussion on the planning of clinical and
field trials to evaluate transmission-blocking vaccines, and a product
development strategy was proposed, Areas requiring further study were
identified. This report of the meeting includes extended summary articles
provided by the participants, a summary of the main points of discussion on
each major area, and a series of recommendations for futrure research.

B

TARGRT ANTIGENS OF TRANSMISSION-BLOCKING ANTIBODIES

2.1 Target Antigens of Transmission-Blocking Immunity in the Malavia Parasites
Plasmodium gallinaceum and Flasmodium faleiparum

R. Carter, Department of Animal Geneties, University of Edinburgh,
Edinburgh, Scotland

Target antigens of transmission-blocking immunity in malaria were first
identified in the avian malaris parasite Plasmodium gallipsceum using
monoclonal antibodies (MAbs) which reacted with surface proteins of
cxtracellular gametes of the parasites (1), These MAbs, which suppressed
infectivity of the parasites to mosquitos in membrane feeding experiments,
immunoprecipitated a complex of three gamete surface proteins of 240 kDa, 56
kDa and 54 kDa from non-ienie detergent extracts of the gametes. Subsequent
studies showed that the 240 kDa protein could be separated from the 56 and 54
kDa proteins by phase separation in detergent TX-114 (2). Following phasze
separation of the proteins the MAbs reacted either with the 240 kDa protein
{which separated in agueous phase) or with the 56 and 54 kDa proteins (which
separated in detergent phase); no MAb reacted with both proteins after they
had been phase geparated. This, and other evidence from bicsynthetlc studies
(unpublished), suggests that while the 56 and 54 kDa proteins are closely
related, possibly preducts of a single gene, the 240 kDa protein appears to he
totally unrelated to them and is almost certainly the product of a different
gone .

In P. falciparum three proteins have been identified on the surface of
gametes of this species which appear to be analegous in &ll general properties
to the proteins described above in P, gallinaceum. These proteins, of apparent
size of 230 kba, 48 kDa and 45 kDa, are immunoprecipitated as a complex from
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extracts In non-ienie detergent but almest certainly represent the products of
entirely distinet genes - one for the 230 kDa protein and another, or two
closely related genes, for the 48 and 45 kDa proteins (3,4,5,6). Both the 230
kDa protein, designated Pfs 230, and the 48/45 kDa doublet, designated Pfs
4B8/45, are targets of transmission-blecking antibedies (7,3,4). Both sets of
proteins are gsyntheslsed in the gametocytes within the blood circulationm.
Following ingestion by a mosquito the gametocytes emerge as extracellular
parasitas., These surface proteins, which are present on both male and female:
gametes, comeé into immediate contact with such antibodies as may have been
ingested in the blood meal and are thus potential targets of antibodies whichk:
can bleck their infectivity to mosquites (3,4). N

As indicated from thelr properties during phase separation in TX-114 the
36/54 or 48/45 kDa doublets of P, gallinaceum and P, faleiparum respectively
are highly lipephilic. These molecules have been showm in P, falciparum te be
glycosylated (5,6) and to label with myristic acid (19). The 240 and 230 kDa-
prateins, on the othar hand, are highly hydrophilic and appear to be neither .-
glycosylated nor acylated (5,6,19). :

We and others have developed MAbs against both Pfs 48/45 (3,4,8) and Pfs
230 kDa protein (4,7 and unpublished). These MABs have been used in
immunoradiometric assays (IRMA) to define the target epitopes of the Mabs In
our laboratery the MAbs against Pfs 48/45 have been used in a two site IRMA in
which one MAb is bound to a plate to capture the 48/45 kDa antigen and a second
MAb, labelled with 1254, is reacted with the plate-bound complex. In this
assay when the capture (plate-bound) antibody and the labelled second antibody
recognize the same or s ¢losely pusitioned epitope little or no binding of the
lakelled antibedy can occur, If, on the other hand, the epitope is repeated in
the target protein or two spaecially distant epltopes are involved, the plate .:
bound MAb and the radio-labelled MAb ecan react zimultaneously with the target
protein resulting in a radicactive signal.,

There is as yet no evidence using this method that any of the epitopes
described here on sexual stage antigens 1s repeated within a single molecule,

Using this method we have defined three distinct epitope regions on Pfs
48/45 designated regions I,II and III (8). The antigenicity of each region is
tertiary structure dependent. Region II divides into subregions a,b and ¢ of
which a and e represent the only known genetically variant epitopes on this
molecule (9). Indeed subregions a and c generally behave as though they wera
mutually exclusive alleles. A recent study (10) has shown that about a quarter
of P. falciparum iseolates contain parasites which fail to react with MAbs
against subregion Ila and do react with MAbs against subregion II¢c. The
majority of the remaining parasites reacted in the reverse fashion. An epiltope
region IV has alsoc been identified which is distinguished from the others by
being tertiary structure independent, i.a. itz antigenicity is not destroyed by
reducing agents but is in fact increased as determined by reactivity on Western
blot (9). Epitope regions I,IIb,I1I and IV were invariant in reactivity with
MAbs among more than 30 icolates of P, faleipaxum studied (10).

MAbs against PEs 230 have been examined in several studies (4,5,7). Those
MALs so far described probably distinguish at least two epitope regions on the
molecule all or both of which are tertiary structure dependant., No variants of
this molecule have been identified in over 40 isolates of P. falciparum studied
{(10). We have recently generated a panel of 17 independently derived MAbs
against Pfz 230 and are in the process of analyzing their target epltopes in
the two site IRMA described above (11). Results sco far distinguish at least
three epitope tegions one of which corresponds to & reglon trecognized by s MAb
from a previous study (7).
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Following fertilizatien, and indeed apparently as a consequence of the
event of pametogenesis itself, new proteins begin to be synthesised by the
zygote, These events were first deseribed in P, gallinaceum (12). Two
proteins of 26 kDa and 28 kDa were synthesised de novo in the zygote (13) and
expraessed on its surface. Meanwhile, as the zygote transforms inte an cokinete
over a period of about 24 hours, the gamete surface proteins of 240 kDa, 56 kDa
and 54 kDa are shed from the zygote surface and can be recovered without
evidence of leoss of molecular waight or proteclytic degradation frem the
supernatant in which they have been cultured (12). A MAb against the 26 kDa
zygote surface pretein was shown to block infectivity of fertilized zygotes of
2. pallipnaceum to mesquites (14). Mabs against the 28 kba protein had no
detectable effect on the infectivity of the parasites to mosquitos.

In P. faleiparum & protein has been deseribed with properties closely
analogous to those of the 26 kDa zygote surface protein of P, gallinaceum.
This protein, a 25 kDa protein designated Pfz 25 (15), was characterized by
Vermeulen et al (4). Both the 26 kDa protein of P, gallinaceum and the 25 kDa
protein of P, falelparum are lipeophiliec, glycoesylated, acylated (5,13) and have
a high cysteine content (15,17). As in P, gallinaceum the 25 kDa protein of P
falciparum is gynthesised almost (oxr emtirely) de novo in the zygote almost
immediately after the events of gametogenesis and fertilization (4).

MAbs agalnst Pfs 25 can block the infectivity of zygotes of P, falciparum
to mosquites. At least two distinct epitope regions have been defined on this
molecule, both of which are tertiasry structure dependent (16) and also appear
to depend on the presence of linked acyl groups (19). The genes encoding the
Pfs 25 of P, falciparum (20) and the 26 kDa analogue of P. gallinaceum (17)
have been cloned and sequenced. The proteins from the two different specles
share extensive sequence homelogy. Using the PCR, the sequences of the Pfs 25
from eight different isolates of F, falciparum have been sequenced. With the
exception of a single base substitution enceding an amine acid change in the
gene from one of the isclates, the gene was otherwise fully conserved among all
seven lsolates (18).
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2.2 Plasmodium arum; Immunogenio d FEpitopes of GCamete
Gametocyte Surfa igens

G.A.T. Targett, Department of Medical Parasitology, Leondon 3cheool of
Hygiene and Tropical Medicine

Antibodies to three antigens expressed by gametocytes and gametes of
E. faleciparum, Pfs 230 and Pfs 48/45, can moderate infectivity of the parasites
to mosquites and may prevent transmission completely, To these may be added a
17 ¥D antigen expressed only at the gametocyte stage though there are only very
limited data te indicate that it can induce @ transmission-blocking response.
A post-fertilizatien antigen, Pfs25, is now well characterized as a target for
antibodies that stop development of the parasite within the vector (Kaslew,
1590).

Enltopes of Pfs 48/45 antigens

Eleven monoeclenal antibodies (MAbs), isolated after immunization with
gametocytes, gametes ot affinity-purified Pfs 48/45 were used in a one-site
competitive ELISA to determine how the epitopes to which they resct interact
with one another. Seven of the antibedies when tested singly blocked
transmission of infection effeetively; in contrast two of the antibodies were
net transmission-blocking, and the remaining two are effective only when used
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In combination (Carter et al., 1985, Table 1). BSclubilized gametocytes were
the gource of antigen used to coat microtitre plates (Ong et al., 1990). Each
antibody was used unlabelled in a series of dilutlons as the competing
antibedy, and conjugated with peroxidase to allow its binding to be measured.

Table 1 summarizes the competitive results, Virtually all combinations of
antibedies gave clear results, either competition or no competition, yet the
epltopes are not discreet. Carter et al., (19853) had previously identified
three epltope regions of Pfs 48/45 where antibodies to epitope I would bleck
transmission while those to epitope IT and IIT would not unless used in
combinagtion, More recently a fourth epiteope region was identified (Carter gt
al., 1990). The same classification is used here for clarity and comparison
though the map is more complex and results differ in important aspects (Table 1
and Figure I).

Table 1. One-site competitive ELISA with monoclonal antibedies (MAbs) to
epitopes on Pfs 48/45 antigens of P, falciparum

Conjugated UNLABELLED Mabs
MAbs 84B31 3E12 32F3 42A6 8206 32FL 82C4 BID3 TICS B4AZ
(-) {+) (+) (+) (+) (-7 (+) (+) (+) (+)

8453 c c c ; - - ] , ) c
32F3 c c o ; - - _ } . .
4246 . - - ¢ c c - - - c
82D& - - - ¢ ¢ ¢ - - - ¢
32F1 - - - c c c - . . i
B2Ch - . - E E . c c c -
81D3 - - . - . . c c c .

B4A2 c - - C C - - - - G ‘/

C = competitien bhatween labelled and unlabelled antibodies

- = 1o competition between antibeodies
E - enhancement of binding of labelled antibody by unlabelled MAb

{+) = MAb blocks transmizsion to vector
(=) = mnon-blocking antiboedy
{(+) = antibody blocks transmission only in combination with another

antibody (Carter et al. 1985)
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Figure 1

Epitope regions of gamete antigens Pfs 48/45 identified with a series of monoclonal
antibodies (Table I) tested in 2 one-site ELISA, Antibodies are either fuily effective
at blocking transmission of infection to mosquitoes (+-+), partially effective (¥) or
ineffective {-). Regions I, II and III are non-linear epitopes not recognized by the
antibodies when the antigen is in the reduced form. Epitopes IV and V are linear.

Competitive interactions in the ELISA are indicated as (¢+~———) while interactions
that cause enhanced binding of one antibody are shown as (& - - - -——).

11C5810 81D3
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Antibodies within each region compete with one another; thus, the three
MAbs of repion I compete but are separated intae Ia and Ib because there
1s reciprocal competition between MAb B4B3 and 8442 of region V while the
latter does not compete with 32F3 or 3IEIZ2.

Antibedies to epitopes I,11,III and V can block transmission; previously
it waz ghown that antibedies te regions I and III{ie, IA3.BE and
IIC3.Bl0) were only effective synergistically (Carter et al., 1990).

Both bloeking and non-blocking MAbs react with the same epltope region.
The reciprocal tests where each MAb is used either as the competing or as
the indicator antibody show that blocking is not a consequence of
antibody affinity. Nor is it obviously isotype related, though the data
are limited,

Epitopes IV and V are both linear since each iz still recognized by the

characterizing antibodies under reducing conditions. We do not know how
they relate to one another; 84A2, identifying epitope V is an effective
transmlssion-blocking antibody.

Studies on different isolates of P, falciparum zhewed that epitope
regions I, TIb and III are conserved but variations in expression of
region I1Ia and IIc are seen (Table 2). This confirms results from a
larger collaborative study (Foo et al., in press).

Table 2, Strain wvariation in the P, falciparum
gametocyte antigen Pfs 4B/45

MAbs STRATNS
Isotype NF54 Honduras

Epitope I IgGl

84B3 _H10(®) ND ND

3E12(a) + +

32¥3(a) + +
Epitope II IgG2a

4246 .F3(c) + +IFAT/-W . Blot

82D6.A10{¢) + -

1A3 B8(a) - +

32F1(h) ND ND
Epitope III IgG2a

B2C4 A% ND ND

81D3.D2 + +

11C5.B10 + +
Epitope IV IgG1

3G12 KD ND
Epitopae V

84A2 A4 + -
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(vi} The binding of some antibodies (eg 8204 reacting with epitope IITb) is
enhanced by antibodies to another epitope (4246 and 82D6 of the variant
epitope IIe), This implies that the regions are sufficiently close
gpatislly for anribodies to effect conformational changes.

(vii) Epitope regions I, II and IXI are conformational and it has not therefére
been possible to relate these data to the associated studies in gene
¢loning and peptide synthesis.

Epitopes Qﬁ Pfs 17

Three MAbs raised by immunizatien with gametocytes recognize a gametoeyte
protein of 17 kDa. One of the antibodies recognized clones from which partial
sequence data was cbtalned; the full sequence data were obtained in
cellaboration with Dr Richard Carter and colleagues (Bruce et gl., 1990} and
are described in following papers. Interestingly, we have been able te locate
the epitopes recognized by each of our three MAbs and by the one producead by
Carter and colleagues uging PEFSCAN analysis.

Two of the monoclonals antibodies have been tested for transmission-
blocking., One was ineffective, the other paxtially effective, but these tests
need to be repeated., The four monoclonal antibodies were tested by
Dr Dominique Mazier and colleagues (Hopital Pitie-Salpetriere, Paris) for
reactivity with sporozoltes and their ability to affect ilnvasion of hepatocytes
in vitre by the sporozeites of P, falciparum. The results were negative,
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2.3 Epitopes of the 25 kD Protein of P. faleiparum

J.H.E.Th. Meuwisgen, Institute of Mediecal Parasitelogy, University of
Nijmegen, Nijmegen, The Netheyxlands

The amino acid sequence of the 25 kDa surface protein (Pfs 25) of P,
falcipayum gametes was determined by Kaslow et al. (1). Follewing this,
efforte have made In collaboration with the research groups of Dr Meloen in
Lelyzstad and Mrs I. van Die in Utrecht (The Netherlands)

- te identify the amino acids that are involved in s transmigsion-blocking
B-cell epitope and to test its immunogenicity. This was attempted uging
synthetic peptides and the Pepscan method (2).
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to expressz In transformed E. goli bacteria the nonapeptide P122 that had
been identified in the studies mentioned above.

The following results have been obtained:

A single peptide (pl22, sequence LDTSNPVKT) was selected from 209 one
amine acid overlapping neonapeptides covering the total 25 kDa molecule,
This was done by the use of ELISA with two transmission-blocking
monoclonal antibodies (32FBl and 32F6l).

This oligopeptide in combination with keyhole-limpet-hemocyanin (KIH) and
complete Freunds adjuvant was used to immunize rabbits as well as mice,
The antisers reacted with P122 in the ELISA, but an indirect fluocrescent
antibody assay (IFA) with F. falciparum gametes as antigen was negative,
Alze it was shown that the sera did not block transmission,

In oxder to find out which of the 9 amino acids of P122? were essential for
the interaction with the transmission-blocking MAb's, a large series of
nonapeptides was prepared wherein each of the original amine acids was
replaced by one of the other 19, Amine acids 123 (D), 127 (P) and 129 (K}
appeared essential in this study.

A mew nonapeptide construct (FDDTDFIKK) was prepared by keeping these 3
"eszential" amine acids and selecting the best reacting ones for esch of
the other six sites.

The immunization of experimental animals with this nonapeptide construct,
did not result in the production of transmission-blocking antigera.

Modification of P122Z and the nonapeptide constructs by addition of either
flanking cysteine molecules in order to facilitate linking to the carrier
protein, or addition of amine aecids 116 to 121 that flank PL22 at the N
terminal side and with three amine acids beyvond pesition 130, regulred in
oligopeptide constructs that even In the absence of the carrier were able
to induce antibeody formatien,

Agalin the transmission-blocking assay, the IFA with P, falciparum gametes,
and & competitive ELISA with 25 kDa protein were negative,

When P122 was expresszed in P. fimbrise of E. goli K12 by using plasmids as
vectors for transformation, bacterial cells were obtained that
specifically reacted with the transmizsion-blecking monoclonal antibodies.

Immunization of Balb/c mice with 10 micropgrams of pili of the transformed
bacteria in Freunds adjuvant resulted in sera that rescted in the IFA with
PE. falciparum gametes; howaver, again NO transmizsion- blocking capacity
could be demonstrated in these sera,

In eonglusion: various efforts to express a functional B-cell epitope of
fe25 have so far been unsuccessful.
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2.4 Identification of a Novel Cross-reacting Continuous Epitope by Elasmodium
falciparum Trapsmission-blocking Monoglonal Antibodies i

N. Kumar, B, Wigzel and G. Koski, Dapartment of Immunology & Infectious: |
Diseases, School of Hygiene & Public Health, Johns Hopkins University,
Baltimore, Maryland, USA

Antigens in the sexual stages of malaria parasites have been identified:
using menecleonal antibedies (MAbs) as the targets of malaria transmission- !
blecking immunity (1). These MAbs act either before or aftey fertilization of
gametes and result in the reduction of infeetivity of gametocytes in the
mogquitas. In P. falciparum three proteins (apparent molecular weights 230, 48
and 45 kDa) on the surface of gametes and a protein designated as Pfs 25 (25!
kDa} present on the surface of zygotes undergoing transformation inte ocokinetes
have been identified as the target antigens. e

In most cases, epitopes recognized by such MAbs are reduction-sensitive
(conformatiensl) and thus pose real difficulties for cloning genes from
expression libraries and also make them less attractive candidates for any
synthetic vaceine development. We have been attempting to produce MAbs ti
recognizing eontinuous {reduction-insensitive) epltopes in order to overcome
the problems discussed above, v

Production of MAbs recopnizi continuous epjitopes

A total of 708 hybridomas cell lines were obtained from ten fusions.
Hybridema culture supernatants were screened by IFA using air-dried and :
methanel fixed parasites (gametocyte and gametes) followed by immunoprecipi-:
tation using detergent extracts of radiciodinated gametes. We obtained several
dozens of MAbs directed against conformational epitopes. Teo identify MaAbs
recognizing continuous (linear) epitopes, proteins in the extract wers reduced
and alkylated (denatured/reduced/alkylated; D/R/A antigen) prior to immuno-i:
precipitatien. Initially ten hybrids from five independent fusions tested
pesitive by immunoprecipitation using D/R/A antigen, Further cloning of :
positive hybridomas produced five MAbs recognizing D/R/A antigens. MAbs 6B6).
16C3 and 19F1 were isotyped as IgG2b and MAbs 5G3 and 11G12 were of IgG3 and
IgGl isotype respectively. Immunoprecipitation using D/R/A antigen extract i
revealed that MAb 5G3 recognized z linear epitepe shared between the 230 kDa
and the 48/45 kDa doublet gamete surface antigens. The remaining four MAbs
lmmuncprecipitated a protein of 27 kDa from detergent extracts of b
radioiodinated gametes or blosynthetically labeled gametocytes. In addition,
they also recognized a linear epitope shared between the 230, 45/45 kDa and the
27 kDa protein. The immunological cross-reactivity between various antigens
was further confirmed by using D/R/A forms of individusl antigens (purified
either by electro-elution or by Triton X-114 phase separation) for immuno-
precipitation. All five MAbs slso reacted with fixed parasites in IFA but
fziled to give any positive reactivity in IFA using live gametes,

Epitope ana i=

A one-site ELISA wag employed to determine the epitope specificity of all
the five MAbs recognizing linear epitopes shared between various antigens.
Mabs 6B6 and 16C3 were hiotinylated and tested in a competitive ELISA using
plates coated with the extract of sonicated gametes. Two cross-reacting linear
epitopes wete identified. One such epitope recognized by the MAb 5G3 {s shared
between the 230 kDa and the 48/45 kDa proteins. Another shared epltope was i
identified by the other four MAbs recognizing a linear epitope in tha 230,
48/45 kDa and the 27 kDa protein. In preliminary studies, one-site ELISA and,
impunodepletion analysis using a limited number of human sera (Papua New :
Guinea, obtained from Dr P. Graves) has also suggested that the linear epitope
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shared between the 27 kDs antigen and the 230 and 48/45 kDa antigens might even
be the target of the natural immune response, These studies are continuing.

Effect on the infestivity of sametocvtes in the mosguitos

All the MAbs were tested In membrane feeding experiments using cultured
P. faleipayumy (D7 clone of NF54) gametocytes and An. gambiae mesquito, Number
of cocysts and rate of infection were ecaleulated to assess the infectivity
blocking effectz of MAbs. MAb 563 did not have any transmission-blocking
effect (with or without complement). The other four Mab: when tested in the
presence or sabsence of complement, produced different levels of
transmigsion-blocking effects, MAb 6B6 in particular, resulted In nearly 100%
blocking even in the absence of complement (Table 3).

Antigen-zpecific T cells

A T cell line (MHC restricted) responding predominantly to antigens in the
molecular weight regions of 25-30 kDa (T cell Westerm blot) has been obtained
from mice hyperimmunized with purified gametes. We are currently cloning this
line to cobtain antigen-specific T cell clones and alse trying to produce T cell
hybridomas. These antigen-specific T cell clones will aid in the
identification of T cell epiltopes.

Cot 5

Five MAbs recognizing linear {continuous, reduction-insensitive) epitopes
in the gexual stages of P._falejparup have been produced. Four of these MAhs
recognize a novel linear epitope shared between the gamete surface proteina ef
230, 48/45 kDa and a protein of 27 kPa produced in the early stages of
gamatocytes and also present in the mature gametocytes. ‘These antibeodies alze
block infectivity of gametocytes in the mesquites. A second linear epitope is
shared between the 230 and the 48/45 kDa proteins only and does not appear to
be a blocking epitope. Pracise sequence identification of the target blocking
epitope and relevant T cell epitope using T cell clones is the primary goal for
future efforts in trying to develop & malaria transmission-blocking vaccine.
The linear nature of the blocking epiltope shared between several antigens which
are the targets of natural immune response 1s the most attractive aspect of our
resulta from the point of view of developing a synthetic vaccine. The immune
response agalnst these epltopes is more than likely to be boosted by natural
infection,

Reference

1. Carter, R., Kumar, N., Quakyi, I., Good, M., Mendisz, K., Craves, P,
and Miller, L. Prog. Allerpy., 41: 193-214 (1988).

2,5 Iransmission-Blocking Tmmunity in Malaris: Characterization of Target

Aptipens in the Rodent Malayia Parasites

R.E. Sinden, N. Tirawanchai, 5. Fleck, M. Paton, R. Alejo-Blanco,
G, Barker, H. Matsuoka & A. Simonetti, Molecular & Cellular Parasitology
Group, Department of Biology Imperial College, London, UK

Two target antigens have been recognized in the rodent malarial parasites,
one a 42kDa protein isolated from a microgamete preparation of P, yoelii (Harte
et al. 1985a), and the other a 21kDa protein isolated in abundance from the
ookinete of P. berghel (Winger et al. 1987). Hhoth antigens when purified and
used as immunogens induced a most effective and long lived
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Table 3. Effect of Mabs (Native) on infectivity of
P, falclparum gametocytes in An. gambiae

ML mosquitoes infected/ Qoeysts/Mosquito | Mean Percent Reduction
mosquitos dissected (Geometric Mean) in cocysts compared with
(No. of Feeds) control

563 69/120 (4) 0.6 - 9.5 19.6 f

Control 87/135 0.5 - 14,2 ‘

6B6 2/1062  (4) 0.0 - 0.03 99.6 :

Control BG/98 2.3 - 9.4

11612 50/95 (3) 1.3 - 1.9 68.1

Control 89/111 3.0 - 14,2

16¢3 4471612 (&) 0.0 - 2.6 85.3

' Control 107/173 0.5 - 9.4
19F1 43,808 (3) 2.4 - 2.7 80.1
Control 83/96 14.2 - 25.1

- Significantly different from control (P<0.001) x2

Effects of MAbs (Heat Inactivated) on infectivity of
E. felciparum gametocytes in An. gambise

MAb mosquitos infected/ Oocysts/Mosquito | Mean Percent Reduetion
mosquitos digsected (Geometric Mean) in vocysts compared with
(No. of Feeds) contral

' 3G3 65/90 (3 0.7 - 10.0 4.7

Control 85/103 1.3 - 13.9

£B6 23,423 (2) 0.2 - 6.1 %0.7

Control 36/45 1.7 - 102.6

11G12 18/75 (3 0.8 - 5.1 67.6

Contrel 55/75 1.6 - 23.4

16C3 50/95 (3 0.4 - 4.7 62.0

Control 76/98 1.3 - 13,9

19F1 47/75 (3> 0.6 - 4.9 40.1

Control 55/75 1.6 - 23.4

= Significantly different from comtrol (P<0.000] and P<0.05) X2
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transmission-blocking Immunity. In addition the 42kDa protein apparently
Induces a cell mediated immunity that suppresses gametocyte development and
infectivity in the vertebrate host (Harte et al. 1985h).

The 21kDa P. berpghei protein (Pbs 21) is synthesized de pove in the macro-
gamete and is detectable 1-2 hours post-fertilization. Expression on the cell
surface begins within 2 hours and reaches a maximal surface density 10 hours
later; the antigen iz readily shed from the cokinete surface, even in the
absence of antibody. Expression continues for at least Z days post-fertiliz-
atien 1.e. inte the developing ceocyst, From 2-6 days exprezsion is not
detectable, but anti-Pbs 21 antibody reacts with the surface of the sporezoite
(the target epitope is however not lnown for this stage of development), The
Fbs 21 gene is not expressed in the developing gametoecyte, nor in the
mievogametocyte following gametogenesis (ie, expresslon iz gex limited),

Fbrs 21 isolated from the cultured ockinetes has the following properties:

(1) The Mr lies between 21000 and 23000 under both reducing and non-reducing
conditions on SDS-PAGE.

(2) Amino acid composition studies indicate a low cysteine content in Pbs 21
(Cysteine 1 residue/Methionine 4 residues). However we note the
insensitivity of the technique for ¢ysteine.

(3 %gbeling replicate ookinete cultures with 333 _methionine and
S5-cysteine ar near equivalent melar ratios results In approximately
aqual efficilency of labeling of immunoprecipitated Pbs 21 {thus suggesting
the determination of the amine acid composition underestimated the
cysteine content),

(4) The protein lies in the glyecocalyx of the ookinete (and other post
fertilization stages) as determined by IFAT and immunogold studies.

(3) Tt is extracted readily in the detergent phase of Triton X-114 extracts of
the ookinete, and is probably an integral membrane protein.

(6) 5% iz the dominant protein on the ookinete surface as determined by
S-methicnine labeling (14 proteins ranging from ca 200kDa to 10kDa).

(7) Glycosylation iz not detectable by direet auteradiography of ocokinete
groteins fractionated on 5D3-PAGE; however, following immunoprecipitation
H-glusosamine can be seen to be weakly incorporated Inte Pbs 21,
Periodate treatment (deglycosylation) dees not destroy the lmmmo-
reactivity of any of the 3 B-cell epitopes known az shown by Western
blotting and ELISA.

(8) Despite the clear incorperation of both 3H-palmitate and myristic acid
into parasite lipids (as shown by thin layer chrematography) we are unable
to detect any incorperation inte iImmuncprecipitated Pbs 21. Deacylation
does not destroy the immunoreactivity of the known B-cell epitopes.

{9) Preliminary experiments (ethanolamine incorporation, and PI-plec
sensitivity) have been unable to detect a phoshatidylineositol-tail on
Pbs 21 (these experiments are being repeated).

{10) Three B-cell epitopes have been detected; one (MAb 17.%) is reduection
sensitive, and 'overlaps' the other two which are reduction Insensltive
(MAbs 13.1 and 12.1). Epitopes recognized by 12.1 and 13.1 are distinct.
Epitope 13.1 is identified in P. yoelii but not P. falciparum by IFAT.
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Purified Pbs 21 induces & total transmission blockade if administered as
acetene precipitated preteln in excess of 40 ug given as two inocula of
20 ug. Lesser amounts induce a lower blockade, and very low amounts no
blockade or a slight enhancement. K

Transmission blockade induced by 2 % 20 ug inocula is specifically
anti-Fhg 21, and is abgolute until the 33rd week when it falls to ca. 93%
blockade, At this time there 1s a concomitant fall in apecific anti-Pbs
21 IgG titre te below 40 ug/ml.

if specific anti-Fbs 21 IgG titres exceed 100/ug/ml in immunized mice
total blockade ensues. Below 40 pg/ml mice may range in effect from
significant blockade to gignificant ephancement,

Anti-Fbs 21 antibodies exert transmission-blocking effects both before and
after cokinete formation (te be presented by Dr Carter). ie.:

2) Ockinete formation in witre is reduced by anti-Pbs 21 monoclonal
antibodies to varying degrees, but the effect is linearly dependent
upon antibody concentration.

b) Infectivity of ookinetes, produced in vitre, to mosquiteos 1s
inhibited by MAb 13.1 in a dose dependent mammer.

o) In contrast to (a and b) infectivity of gametocyres in membrane
feeds, or in mice immunized by passive administration of MAb 13,1
shows a non-linear response. Significant blockade it observed at 6
and 200 ¥ g/ml but little blockade (or enhancement) is observed at
20 pg/ml. This discrepancy between 'simple' in yitro experiments
and the more complex and 'natural' infection is currently undey
investigation,
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reet Antipens of Tra ission-b g Tmmu of Plasmodium vivax

Malaria: thefr Characte ation and Polvmorphisp in Natura] Parasite
Isoplates

K.N. Mendis®*, 5. Premawansag#, P, Udagma®, K.L.R. Lakshman Parera#, s
G. Ariyaratne¥%, M. Aikaws+, P. David++, R. Carter # & J.S. Malik Peirig#
* Malaria Research Unit, Department of Parasitolegy, Faculty of Medicine
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Institut Pagteur, Paris; # Department of Animal Genetics, University of
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Gamete surface antigens of Plasmodium vivax which are targaets of

transmission-blocking immunity were defined using panels of monoclonal
antibodies (MAbs) [1}. Since blood stages of P. vivax cannot vet be maintained
in continuous in virre culture, parasites isolated from the bleod of acute
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malaria patients were used in this study. MAbs were raised by fuslon of spleen
cells of BALB/c mice immunized with preparations of extracellular femsles
gametes, with a myeloma cell line, Hybridoma cells lines were gsereened by the
Indirect Tmmunoflucrescence Test (IFT) using air-dried female gametes. A panel
of 20 anti-P. vivax female gamete yeactive MAbs was established and among then
16 were found te react with live extracellular female gametes by the IFT
indicating that the antigens with whieh they reacted are located on the gamete
surface, The 16 surface reactive MAbs in the form of hybridoma culture
supernatants were tested for their effects on the Infectivity of P, wvivax
paragite iselates to mesquites in membrane feeding experiments, The degree of
infectivity guppression by a given MAb varied from one experiment (or paragite
isolate) te another; nevertheless 7 MAbs were generally strong or moderate
suppressora of infectivity to mosquitos (Table 1), Among these, 4 MAba, M4,
G13, G21 and G24 were classified as strong blockers and the remaining 3
blocking MAbs M6, G2 and G9 were claszified asc moderate blockersz (Table 4),

Table 4. Summary of the infectivity suppressive activity of Mabgld

Mab# Transmission # of Geometric means Target
blocking capacity Tzolates of % infectivity antigen
tested (x/-standard deviation (kDa)
Ma 5 10 11.2 (4.37) 37/42
G13 g 4 2.1 {6.03) 24
G2l 3 6 7.0 (4.57) 20
G24 5 5 3.3 {3.98) 24
Al2 5 9 2.59 (0.65) 23/55
M6 M 8 22.8 (4.17) 37/42
G2 M 4 38.9 (1.23) 20
G9 M 4 22.3 (2.40) 24

® For each combination of MAb and isolate tested infectivity was given as the
mean number of ooeysts per mosquito gut in the experimental group expressed as
a percentage of the mean number of oocysts per gut in controls. In each
experiment (test and control) at least 5 mosquites and on average 12 mosquitos
were dissected, The average infectivity in contrels ranged from 3.2 te 251.3
ooeysts per mosquite. The data presented here are the geometrie means of
percent infectivities for all Isclates tested with the MAb indicated.

b 5 - Strong, M - Moderate

The relative molecular mass (Mr) of the antigens recognized by these Mabs
were ascertained by sodium dodecyl sulfate polyacrylamide pel electrophoresis
and Western blots using female gamete-enriched F. vivaw parasite extracts, As
wag found with their effects on transmission, the reactivity of a given Mab
varied with the parasite izolate. Despite these inconsistencies, three szets of
polypeptides of low molecular weights 20, 24 and a doublet of 37/42 kilo
Daltons (kDa) could be defined as target antigens of transmission- blocking
MAbs of P. wvivax (Table 1). These relative molecular weights were based on the
most frequently observed Mr iIn several different experiments. All these MAbs
which reacted with gamete antigens extracted under non-reducing conditions in
Western blots failed to resct when antigens were extracted under reducing
conditions indicating that the epltopes were all dependent upon the
conformation and tertiary structure. Four of the gamete-surface reactive and
transmission-blocking MAbs reacted with gametocytez (the precursor stages of
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gametes which eccur in the host circulation), and none cross rescted with
either asexual bleod stages of P. vivax or with ganmetes of P, falciparum,

In addition to antigens described above using a gamete-specific panel of
MAbs, we have defined yet another target antigen of transmission-blocking
immunity in P. vivax using a MAb which constituted ene of a panel raised
against asexusl blood stages. This MAb designated Al? was raised by
immunlzation of BALB/c mice with mature schizonts of P. wivax, and was found to
cross react with gametocytes and with the surface of extracellular gametes; it
was also found to have potent transmission-blecking effects on P. yivax
gametocytes in membrane feeding experiments (Table 1). MAb Al? reacted with an
antigen (GAM-1) located inm the parasitophoreus vacuole of trophoezoites and
schizonts, ac well as in gametocytes as shown by the IFT staining pattern amd
by electron microscopy following immuncgold labelling, Following gametogenesis
the antigen appears to be retained on gamete surface thereby aeting as a2 target
of transmission-blocking immunity. In $DS-PAGE of extracted female gamete as
well as schizont-enriched parasite preparations, the gnti-GAM-) MAb reacted
with twe prominent polypeptides of Mr 23000 and 55000 (Table 1). The epltope
recognized by the MAb Al2 appeared to be linear in configuration as reactivity
was obtained even when parasites were extracted under reducing conditions.

Differences in transmission-blocking capacity of a MAb between different :
parasite iselates could have been due to differences in the respective target
antigens in the different parasite isolates. Polymorphism of target antigens:
of transmission-blocking immunity was investigated in over 30 natural isolates
of P, vivax in Sri Lanka based on the reactivity of a MAb with an isalate as
asgegsed by rthe IFT using live extracellular female gametes, and in Western
blots using extracted gametes. The functional consequences of antigenic poly-
morphism on immunity were investigated in transmizgion-blocking assays using
membrane feeding experiments. A majority of target antigens of tramsmission-
blecking immunity were found to be polymorphic, exhibiting size as well as .
epitope polymerphism. On Western blot, MAbs M4 and M6 recognized proteing !
either of the 42/37 kDa doublet ot of a 38/67 kDa doublet or cone or other :
member of these doublets or a protein of 48 kDa depending upen the iszolate of
P. vivax. Likewise MAbs G1l3, G24 and G2 reacted with proteins of different
molecular weights varying between 20 and 27 kDa according to the MAb and the
isclate. There was also evidence of structural or epitepe polymorphism; these
MAbs (with the ewception of Al? and G9) failed te react with several of the
isolates tested in Western blots. MAb Al2 however, reacted with every parasite
isolate tested by Western blots and the different isolates did not show :
variation in the Mr of its tarpger antigen GAM-1. All of the transmission-
blocking MAbs reacted by IFT with the surface of extracellular gametes of P,
vivax. For each MAb with the exception of AlZ, at least one of the 13 isolates
tested failed to react., Al? reacted with every parasite isolate. :

In a few experiments different isolates of E. vivax were each tested for
the reactivity of MAbs using all three techniques, IFT, Western blots and the''
functional assay. In most combinations of MAb and isolate the presence or -
absence of s reaction was consisteat for IFT and Western blot. Al]l combina- !
tiong which were negative by IFT were also negative on Western blet (Table
I1). In many, but net all, ecombinations in which a MAbL reacted with a gamete”
" surface antigen by the IFT it also had significant effects on the infectivity
af the isolate to mosquites. However, variation in the effeects of Mabs on the
infectivity of different isolates to mogquitos showed little correlation with
the immunochemical reactivity of a MAb with an isolate (Table 5),

i

From these studies we conclude that there is extensive pelymorphism among'
isclates of P, vivax for epitopas on gamete surface antigens recognized by '
transmission-blocking MAbs with the exception of GAM-1 which appears to be
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Teble 5
Reactivliy of four transmission-biocking mAb wlrhﬂun differrent parasite (sclates™
mAb Niy,
Tirnaite > S et it —
malte 4 e s s
New. Surface Target Surfnee Target Surfoce Target Surface Target
1T A % Infectivity e y 6 Infectivity i Ag" k) Infecuv!.ty FT ag® % Infeatlvity i
MR 1136 + 45 G1.0 - - 1000 + 24 0.5 + 24 221.0
MR 1187 + 48 4.0 + - 40,0 - - NE© + - Q.0
MIT 1191 + A8 172.0 + 48 0.0 + 24 100.0 + - 0.0
MR 1248 + LY 0.94 - - 64.0 + 24 26.0 + 24 2.8
UMK 1268 ‘ A8 9.0 + 48 2.4 + 24 2.5 + 249 NG

" Pour mAb (M4, M6, G2, and G24) were tested for thelr reactlvity with fve different parasite isolates in three different
nasays: 1P totest the surface reactivity with Hve extraceilular female gametes, 2) Western blots with extracted gametes,
and 3} membrane fecding to assess the functional effects on infeetlvity, Infectivity is given as the mean number of oocysts
per mosquito midgut in the presence of mAb expressed as a percentage of the mean number of oocystx per mosquits
mitgat In cantrols.

 [lentified by M, in kilodalions,

° Not suceessful, '

conserved in all of the parasite isolates. It is likely that polymorphism

among P. vivax isolates for these target epitopes of transmlssion-blocking MAbs ‘,
accounts for some, but net necessarily all of the variation in results from

resting the affects of Individual MAbs on the infectivity of different isolates

of P, vivax to mosquitos.
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gens of Transmisgion-Blocking

zeneral Dlscus=ion

Tomanity (2.3 - 2.6)
The known target antigens of malaria transmission-blecking Immunity are

proteins expressed on the surface of extracellular sexusl stages of malaria

parasites (gametes, zygotes and cokinetes) in the midgut of a mosquite vector.

These sntlgens fall inte two groups (i) those which are already present in the

gametoeyras cireulating in the blood stresm of the vertebrate host and (ii)

those which are synthesised and expressed only after the parasites are ingested

in a blooad meal, In general antigems in group (1) are targets of fertilization

blocking antibodies; those in group (ii) prevent post-fertilizatien develop- .i

ment of the parasites in mosquitos. Antigens in the first group are availlable

te the hast's immune system as potential immunegens of transmission- blocking

antibodies and to boost previous immune responses to those antipens. Antigens

in the szecond group, since they do not oceur in a malarial infection, are not

avalilable as natural immunogens during infeetion and can, therefore, neither

induce nor boost transmission-blocking antibodies. In view of the potential

immune selection pressure on group (i) antigens to evade the antiparasitic

effects of tramsmiszsion-blocking immunity and the inability of antigens of

group (i1} to boost immunity follewing vaecination, identification of the group

to which an antigen belongs has become one of the central features in examining

its potential to function as a candidate transmission-blecking vaccine.

Another critical aspect for consideration of a potential vaccine candldate
antigen is the chemical nature of the target epitopes of transmission-blocking
antibodies. A majority, but not all, of the known target epitopes of
transmission blocking antibodies are tertiary structure dependemt. Such
epitopes cannot readily be reproduced in lmmunogenle form by peptide
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synthesis or from bacterial expression systems. Eukaryotic expression systems
may be required to produce immunogenic forms of these epitopes. Certain target
epitopes, however, behave az linear structures insensitive to reduetion and
denaturatien, It may be possible to generate immunogens for these using
synthetic peptides or bacterial expression systems. o

A third important consideration is the genetic diversity of a target =
antigen among natural populations of malaria parasites. Diversity of epitopes
on a target antigen is relevant in two respects 1) & vaccine should induce .
antibedies against most natural wvariants of a target epitope in the parasite
population ii) as an immunegen a vaceine should represent most or all warlants
of T-cell epitopes in order to be boosted by such variants represented in
natural parasite infeetions. Different human malarias and target antigens
appear to be distinet in the degree of variation or conservation of -
antibedy(B-cell) and T-cell epitopes. :

i

Finally account must be taken of the intrinsic immunogenicity of a target
antigen of transmission-blocking immunity. This area iz very poorly L
understood. Different antigens, however, appear to be vayy different in theif
imeunogenicity. Known targets are either very poorly immunogenic among all
individuals or the immune respemse is highly variable among individuals.
Ability to be widely and effectively immunogenic is c¢learly essential for a
vaccine candidate for transmissien-blecking immunity.

It is alsc impertant to consider the potential for a target of i
immunization to mutate te a vaccine resistant form and to be selected under |
immune pressure, While there is no reason to suppose that vaccine resistant |
mutation will occur less frequently for sexual stage specific antigens than for
antigens of other stages, selection of such mutants should be relatively much!
slower. This is becsuse 1} there can be no direct selection pregsure on a '
mutant parasite during its multiplication in the blood infection and thus no
expansion of the mutant parasite population during this phase as would oceur in
relation te an asexual blood stage anti-parasitic vaccine 11) selection ecan ..
only take place Im the mosquite blood meal in which not more than a minure
fraction of the parasite population from a blood infection is present, s
drastically reducing the rate at which mutants will even become exposed to
selection pressure i1i) for fertilization blocking antibodies, both male and .
female gametes must be mutants in order to escape destruction thus reducing
even further the likelihood that the mutation will be transmitted. i

Not only 1s selection of parasites resistant teo a transmission-blocking
vaccine likely %o be a very slow process but the vaccine irself will zerve ro
suppress the gpread of parasites which may have become resistant to a ‘
concomitantly administered asexual vaccine.

The target antigens of transmission-blocking immunity and their propertiés
or features are summarised in Table 6. i

3. DEVELOPMENT ASPECTS OF 3EXUAL STAGES AND GENERAJL, MECHANISMS OF
TRANSMTSSION-BLOCKING IMMUNITY

3.1 Molecular Aspects of Gametocyvte Differentiation

R.E. Finden, N. Tirawanchai, 5. Fleek, M. Paton, R. Alejo-Blanco, ;
G. Barker, H. Matsuoka & A. Simonetti, Molecular & Cellular Parasitology
Group, Department of Biology, Imperial College, London, United Kingdom

Transmission-blocking (sexual) immunity may be considered to act anywhere
between the induction of sexual differentiation In the blood of the infected
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Ta 6. GSexual stage antigens of malaria parasites

Species and cell Target of Gene cloned Gene Expression

location; antigen trangmisslon- and sequenced expressed products

(kDa and recognlized blocking immunogenic for

or proposed antibodies transmission-

designation} blocking
antibodies

P, gallinaceun

gametocyte and at gamete surface

240 (Pgz 240) yes ne

56/54 (Pgs 56/54) 7 no

zygote surface

28 (Pga 28) o no

26 (Pgs 26) yes yes yes yes

P, _falciparum

gametocyte and at gamete surface

230 (Pfs 230)* yes partially no

4B/45 (PEfs 4B/45)* yes partially no

40 (Pfs 4d) ? ne

17/16 (pPfs 17/16) ? yes yes no

zygote surface

25 (Pfa 25) ves vea yeSs yes

internal to gametocyte

27/25 (Pfg 27/25)* yes yes ne

P, vivay

gametocyte and at gamete surface

42737 (Pva 42/37) yes no

24 {(Pve 24) yes no

20 (Pvg 20) yas no

asexual /gamete/parasicophorous

vacuole/gamete surface

23/55 (GAM1 vivax) yes ves partially ?

P, cynomoled

asexual /gamete/parasitophorous
vacuole/gamete surface
?{CAM ] ecynomolgi) ? partially ne

"P, yoelid
gamete gurface yes el
42 (Pya 42)

P, be i
zygote surface
21 ({Pba 21) ves ?

* Linear epltupes recognized by transmission-blocking Mabs cross react in
these antigens.
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host, and the development of mature cocysts in the mosquito vector. Other
effects later in the mosquito arxe not considered here for two reasons: a) they
do net invelve sexual stages and b) there is no direect relationship between
cocyst burden and spoxozolte number inceulated by the mosquito, and thus
assessment of later blockade is exceptionally difficult (if not impossible).

Sexual development intvolves the following phenomena: induction of
gametocytogenesis; gametocyte differentiation: hest infeectivity; induetion
of gametogenesis in the mosquito vector; gamete differentiation and
fertilization; =zygote formation, meiogis and ocokinete development.

i, Induction of game;ggﬁtogenesis: In vitro studies have established that

environmental stimuli are capable of inducing gametocytogenesis (Carter &
Miller, 1979). At high patasite densities in vitrs more sexual-producing
schizonts are induced than at low parasite densities (Bruce et al, 1990).
Early suggestions that induction is mediated in vitrp by the cAMP pathway
of secondary messengers have not been confirmed. Suggestions that
envirommental medulation oceurs in vivo arise from the observatien that
gametocyte converslon Increases markedly and temporarily upon sub-passage
of a eloned parasite line from infeected to uninfected host (Dearsly et gl.
1990). This data is not Iinconsistent with the idea that induction ic :
suppressed by & persistent infection in P. bepphei, Clearly species and
host-parasite differences exist in this interaction, with the reasult that
gametocyte production is either short lived or extremely protracted.
Inducers of gametocytogenesis in vivo remain totally unknown.

2. Gametoeyte differentiation: Asexual bloodstage parasites do not respond

homogeneously to the unknown inducers of gametocytogenesis., Individual
schizonts may produce merozeites that give rise eXclusively te asexual or
exclusively to sexual elonal progeny (Bruce et al. 1990); such schizonts
may develop simultaneougly In the same infection. 1In P, berghei there
appears to be a constant rate of loss of sexual potential per eell per
generation, Preliminary karyotypie evidence suggests changes in the size”
of chromosomes 7 and 5 correlate with this loss of potential (Janse pers.
comm.}. A most exciting observation on B. falciparum by Forsyth (pers.
comn.) is that loss of sexua) development correlates with a deletion of an
arm of chromosome 9 that alse carries the cytoadherence phenotype (an
interesting evolutionary correlate suggesting the pathological
cytoadherence phenotype may be maintained 'to protect' the protracted
development of gumetocytes). Numerous studies indicate (mot surprisingly)
that different clones exhibit different stabilities of sexual potential .
1t will be interesting to determine precisely the genomic organization of
clones of different stability. Clearly gametocyte differentiation is
dependent upen a coordinated cascade of gene expression, numerous 'marker’
gametocyte-specific genes will be invelved, with diverse chromosomal
locations, and diverse eellular roles (receptors, secondary messengers,
early and late structural proteins, ete.). Amongst these are the Pfs
27/29, Pfs 25, The significance of any one marker should not be
over-interpreted, many will provide useful tools for the snalysis of
gametocyte induction and differentiation,

3.  Gametocyte infeectivity: With the advent of new systems for in vitro
culture of gametocytes, gametes and cokinetes the question of gametocyte

infectivity has been addressed in detail. The major point to emerge is
that innate infectivity of gametocytes is lemger lived than previously
supposed. 1Indeed it may now be appropriate to consider any mature
gametocyte in the peripheral circulation of a hest as being potentially
infective. Clearly, however, hosts carrying equal numbers of gametocytes
are not equally infective to mosquitos due primarily te factors present in
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the host cireculation, but alsc behavioural changeszs (Ressgignel et al,
1986). Data from P. berrhei suggest that 96% of the potential infectivity
of the host is suppressed by humoral factors, and that the production of
these factors follows predictable, but different, patterns in different
combinations of parasite and inbred mouse lines.

Analysis of this phenomenon in E. berghei, P. yoelii, P. cynomolgi and P.
vivax suggests that the host immune response is intimately invelved in
this regulation of gametocyte infectivity. Host antibody, cytokine and
other factors have all been incriminated. In P. berghel we have examined
extensively the role of recombinant TNF and tumour necrosis sera, and
conclude that these factors are not (alene) responsible. This analysiz
continues. Two relevant practical points emerge: 1In field studieszs we
need to be alert to the problems of the correct identification of
infectious individuals (as opposed to gametocyte carriers); and we must
be very careful in our description of 'control' infectivities in
assessment of transmission blockade or enhancement (le. controls may have
high levels of 'unidentified inhibiters' and thus introduce erroneous
interpretations of enhancement in the related contrel group).

4 . Induction of gametopenesis: New studies indicate that induction of

gametogenesis 1s multifactorial (Kawamoto et al. 1990)}. DNA replieation
for microgametogenesis way be trigpered by a fall in ambient temperature
alene, but cytoskeletal assembly and gamete formation is triggered by a
rize in pH; which is mediated by Ca++ and cGMP regulation. pHy can be
modulared in vitre by alkaline medis and 1s controlled by a complex series
of interdependent ion pumps and chammels controlling wat, xt, c1-,

and HCO, tramsport between the parasite and the enviromment. The

precise location of these pumps is not yet determined. These mechanisms
may be activated by mesquito factors related to bleod meal ingestion or

digestion.
5. Gamete formation, zygote and ookinete development and meiosis: Following

early detailed descriptions of the subeellular orgenization of these
events the molecular analysis of these parasites has dominated the deslgn
of transmission-blocking vaccines (these aspects will be described by
others in degeriptions of pre- and post-ferrilizarien transmissiom-
blocking antigens).

An exciting new development is the cloning of DNA-polymerase which fg
(presumably) responsible for the explosive replication of the parasite
genome during microgametogemesis. It will be interesting to see if new
inhibitors of this enzyme can be identified rhatr are not toxic to their
mammalian counterpart.
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Antibody Mediated Mechanisms of Trapnsmission-blocking Tmmunity

R. Carter, Department of Animal Genetics, University of Edinburgh,
Edinburgh, Scotland

Antibodies against surface antigens of gametes and zygotes of malaria
parasites can either suppress or enhance infectivity of the parasites to
mosquitos as measured by the densities of ooeysts present on a mosquite
midgut. The mechanisms by which these effects are mediated are poorly
understood and are affected by many different factors. One generalizarion can
be made, however. That is that anti-gamete or anti-zypgote antibodies affecr
only the development of the extracellular sexual stages in the mosquire
midgut; the intracellular gametocytes in the blood stream of the host are not
themselves affected by the presence of these antibodies. This is readily
demonstrated by the standard methodology for studying transmission-blecking
imeunity. 1In original experiments with chickens immunized with sexual stage
antigens of PB. gallipaceum, gametocyte-infected blood removed from an immunized
chicken and fed t¢ mesquitos through a membrane feeding apparatus did not
infect the mosquites (1). The same gametocyte-infected blood washed free of
its own plasma, wesuspended in plasma from a normal chicken and presented
through a membrane feeder, was highly infectious to mosquitos. Serum from the
immunized birds, on the other hand, completely suppressed infectivity to
mosquitos of gametocyte-infected bloed from a non-immunized bird,

In addition, it may be zald that most antibedy-mediated mechanisms of
anti-sexual stage transmission-blecking immunity affect either the ability of
the parasites to fertilize and form zygotes or affect the subsequent ability of
2 zygete to establigh itself in the mesquite. Some antibody-mediated
mechanisms of transmissien immunity are complement dependent while others are
independent of complement., The effects of anti-gamete antibodies on the
infectivity of the parasites to mosquitos may be influenced by the densities of -
gametocytes as well as by the concentrations of antibodies. Either may
determine the extent to which Infeetivity of the parasites is enhanced or
suppressed by the presence of the antibodies. This summary will refer to
selected examples which illustrate the different known features of antibody
mediated transmission immunity.

(1) Complement-dependent tremsmission-blocking antibodies

In the presence of humsn complement MAbs against the 230 kDa gamete
surface protein P, faleipayum strongly suppressed the infectivity of this
parasite to mosquitos in membrane feeding experiments (2). In the absence of
active complement the MAbs were without effeet., Complement-dependent g
transmission-blocking effects have also been recorded for certain MAbs against-
the 48/45 kDa gamete surface protein of P. falciparum (3). In vitro
observations ¢f similar complement-mediated effects against P. gallipaceum
showed that in the presence of the complement-dependent transmission-blocking
MAbs and active complement both male and female gametes and the fertilized
zygotes (which presumably would rarely form under these circumstances inp vivo) °
were totally lysed within 5 minutes of exposure.

(ii) Complement-independent fertilization-blocking antibodies

Many instances have been described of MAbs agalnst gamete surface proteins{
of malaria parasites which suppress infectivity in the absence of complement by
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preventing fertilizatrien of the parasitesz im the mosquito midgut. Most studies
are those against the 48/45 kDa gamete surface protein of P. faleiparum. Mahs
agalnst this protein have been described which individuslly are capable of
suppressing infectivity of gameteeytes of P. falciparum to mesquitoes (3,4,3).
Some of these MAbs have been demonstrated to block infectivity with equal
effect in the form of Fab fragments (5,6). Thus antigen cross-linking or even
gamete agglutination cannot be the mechanism by which prevention of fertiliz-
ation is achieved. It iz possible that these antibodies aect by blocking an
important function at the gamete surface such as a fertilizarion receptor.

Orher MAbs against the 48/45 kDa protein of P. faleipapruy have been
described which mediate effective suppressien of infeetivity to mosquitos only
when present in combination with each other (3). These Mabs, which react with
different epltopes on the molecule (5), thus functicn in a synergistic mammer,
Since the rarget epitepes appear not to be repeated in the 48/45 kDa molecule,
MAbs reacting with different epitopes could form a network of erosg-linked
antigens on a gamete surface. Agglutination of gametes of P. falciparum has
not been recorded in the presence of these or any other Mabs., The mechanism of
blocking fertilization is, therefore, unelear.

It hag been reported that the transmission-blocking effect of certain
complement - independent MAbs against the 48/45 kDa of P. faleiparum becomes
relatively less effective as the density of gametocytes in a blood measl is
reduced (7).

In E. vivax, transmission-blocking MAbs have been described against
several proteins expressed on the surface of gametes of this parasite (8,9).
It is characteristic of most of these proteins that they are highly polymorphic
in nature both as regards reactivity of epitopes with individual MAbs and as
regards size. They include an antigen which appears to occur primarily as a
doublet either of 42 and 37 kDa or of 67 and 58 kba and proteins of 24 kDa.
Another protein, or group of proteins, of about 24 and 57 kDa, are the targets
of a MAb against a highly conserved epitope present in, or associated with, the
parasitophorous vacuole of both gexual and asexual bloed stage parasites of P.
vivax. A MAb against this epitope is a highly effective blocker of infectivity
of the parasites to wmosquitos,

Since all of these P. yivax gamete surface proteins are already present in
the gametocyte and, therefore, probably expressed on the surface of the gametes
prior to fertilization, it 1z reasonable to propose that they are targets of
ferrvilization-blocking antibodies.

(111) Complement-independent anti-zygote antibodies

Transmission-blecking antibodies against the zygote surface antigens which
are expregsed de nove followlng gametogenesis and fertilization, affect only
the post-fertilization development of the parasites in the mogguitos. In P.
gallinaceum and P. falciparum the known target antigens are the 26 kDa (10) and
the 25 kDa (4) zygote surface proteins of these respective species. In P
herghei a 21 kDa zygote surface antigen has been described which is a target of
transmission-blocking MAbs (11). Complement is not necessary for the
transmission-blocking activity of MAbs against these proteins., There iz no
clear indication of how these MAbs mediate their effects. In P. falefparum (4)
and P. gallinaceum (11) the zygotes appear to develop normally into ookinetes
in the presence of the MAbs but fail to penetrate the mosquito midgut, In P.
berghei, on the other hand, it appears that the Mabas againat the 21 kDa zygote
surface protein in some way destroy the zygotes bafore they are able to develop
into cokinetes as well as preventing penetration of the mosquito midgut by
zygotes which survive to become ookinetes (12). In P. vivax transmission-
blocking MAbs have been described against a 20 kDa protein present in the
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extracellular gametes, and presumably zygotes, but shsent from gametocytes of
this species (9). It may be expected that antibodies against this protein
mediate a post-fertilization transmission-blecking mechanism.

(iv) Transmission-enhancing antibodies

MAbs against the surface antigens of gametes or zygotes of P. falciparum
have not been found to enhance infectivity of the parasites to mosquitos at any
concentration of antibody in the bleod meal (7). Antibody-medisted enhancement
of infectivity has, however, been described for MAbs against the polymorphic
42/37 or 67/%8 kDa protein expressed om the surface of gametes of P. wvivax
(8). At low coencentrations in a blood meal MAbs against this antigen enhanced
infectivity of P. wivax infected blood seversl fold above levels of controls,
The effect occurred over a narrow range of concentrations of the antibody
(within a four te eight fold dilution) and at lower concentratioms was without
detectible effect. It is noteworthy that the same MAbs which suppressed
infectivity at high concentrations enhanced infectivity at low concentrations
deitonstrating that the same target epitopes must be invelved in both phenomena.

Similar effects have been noted with dilutions of serum from natural human
infections of P. vivax. Thus sera which at high concentrations blocked
infectivity of the parasites to mosquites ephanced infectivity over a narrow .
range of low concentratiens of immune serum diluted in normal buman serum (8).
While no direct evidence is available it iz likely that these effects observed
with human serum are also antibody mediated. Recent evidence from studies with
human infections of P. vivax and also with infections of P. cynomelgi in toque
monkeys have shown that the densities of gametocytes in a blood meal are also
critical in determining the degree of enhancement mediated by low
concentrations of immune serum (13). Such sera, which mediated gtrong
enhancement of infeetivity of low concentrations of gemetocytes in a blood
meal, had little effect on their infectivity when present at relatively high
densities,

The mechanism{s) of serum/antibody mediated enhancement of infectivity is
unknown but could be due to anti-gamete surface antibodies at very low
coencentrations acting to increase the "stickiness" of male and female gametes
for each other and thus improving the rate of successful fertilizations among,
gametocytes at low densities in a blood meal.

(v) Transmission-blocking immunity during the course of natural infeetions of
malaria

The ¢ourse and effects of tranamission-bloeking immunity during malarial
infections has been studied in P. cynomolei infectiong Iin its natural host the
toque monkey (14). During the earliest phase of a blood infection when
gametocyte densities were very low the snimals were in fact highly infectious
to mosquitos. This could be shown to be due to serum mediated effects at a
time when low levels of antimalarial antibodies were present. The period of
high infectivity was, however, tramsient and rapldly declined beginning one ox
two days hefore the peak of parasitaemis. At this time the serum began to

mediate infeetivity suppressing effects and antimalarial antibody titers began
te peak.

It is well established that anti-gamete aptibodies are elsborated
naturally during malarial infectioms. We interpret the observations described
above to refleet the activity of very low concentrations of anti-gamete
antibodies mediating enhancement of infectivity of low densities of gametocytes
In the early infection and high titers of the same antibodies mediating
suppression of infectivity later in the infection.
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Infectivity of malaria Infections to mosquitos 1= due to the presence of

circulating gametocytes, the sexual stages which develop inte extracellularx
gametes in the midgur of blood fed mosquitos. Ancibodies against the purface
of these extracellular parasites, gametes, zygotes and ockinetes have been

@
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shown to reduce or abolish the infectivity of the parasite when they are
ingested in a mosquito bloodmeal aleng with gametoeytes. This type of immunity
termed "transmission-bloecking immunitry" is antibody mediated and acts in the:
mosquito midgut on extracellular paraszite stages, but does not affect
circulating intraerythreaytic gametoeytes in the wvertebrate host. We now
describe another type of 'transmission-bloeking' immunity acquired in response
to natural malaria infections which iz mediaced by host ecytokines. These .
cytokines, Tumour Necrosis Factor (TNF) and Gamma Interferon (IFN-gamma) act:in
conjunctlon with other extracellular factors present in host serum to
neurralize circulating intraerythrocytic gametocytes, We have demonstrated
such eytekine mediated gametocyte killing inm a non-human primate malaris system
Plasmodium eynomelei in its natural host the toque monkey (1), as well as iwm P.
vivax in man (2}. o

During a blood infection of P. eynomolgi in the toque monkey, Macaca
sinica, peak parasitaemia iz often accompanied by a erizis in the infection;
this is most pronounced in splenectomized animals and is characterized by the!
appearance of morphologically abnormal intraerythrocytic parasites, At erisis
there is also a sudden loss of infectivity of the parasites to mosquitos which
persists for 4 to & dayg. Leoss of infectivity at crisis is shown here to be
due to the death of ecirculating intraerythrocytic gametocytes mediated by
crisis serum (1). Healthy infeetious gametocytes of P. cynomolgi when
incubated for 3 hours in wvitro in culture medium containing 20% crisis serum
(serum taken from a splenectomized animal during ecrisis) completely lost
infectivity to mosquitos. The addition of antibodies againat either TNF or
IFN-gamma alone did not affect the killing activity of the erisis serum. '
However, the simultaneous addition of antibodies against both TNF and IFN-gamma
completely reversed the killing effects of crisis serum. As parasites survived
only when both cytokines were removed by antibody these results suggest that.
the levels of TNF and IFN-gamma in the erisis serum were each sufficient te
kill gametoeytes without the other,

When either recomblnant cytokine (rhuINF or rhulFN-gamma) was added to .
crisis serum which had been depleted of both, the killing effect of the crisis
serum was totally restored. These results confirm that TNF and IFN-gamma each
mediate gametocyte killing independently of the other. However, recombinant: :
cytokines rhuTNF and thulFN-gamma by themgelves, when added to normal monkey!
gserum alene or in combinatien had no parasite killing properties. Complemen-
tary factor(s) present in crisis serum were therefore essential for parasite
killing, Sinee these complementary factoxr(s) were present only in the erisis:
serum and not in normal monkey serum they must have been produced as a result
of the malarial infection itself,

A known inducer of TNF, LPS when injected inte toque monkeys produced a
killing effect similar to that produced by crisis serum: An infected animal::
whose bleod infection was infective to mosquitos just before LPS injection
completely lost infectivity 1.5 hours after LPS injection. We furthey
demonstrated that monkey peripheral bleoed menemiuclesr cells (PBMC) stimulated!
in vitro with LPS alse produced TNF and 'complementary factors' which mediated
the killing of intraerythroecytie gametocytes. ;

Our results demonstrate that the ecytokines TNF and IFN-pgamma mediate
pametocyte killing effects of serum taken during the crisis of a malaris blood
infection; these effects probably account for the total loss of infectivity of
the parasites to mosquites during crisis.

We extended these studies to human Infections of P. vivax and demeonstrated
that the cytokine TNF 1s gimilarly induced during clinical paroxysms;
parcxysms are pronounced febrile episcdes accompanied by chills and rigors that
characterize acute human malaria infections and coincide with the rupture of
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schizont infected erythrocytes. We demonstrate here that paroxysm associated
setum TNF acting in conjunction with other "complementary serum factor(s)" have
parasite (gametocyte) killing effects that result in the loss of infectivity of
patients to mosquites, and that these parasite killing faeters sre also
assoclated with clinieal symptoms (2,3). We present evidence to show that
clinical immunity or "tolerance” to malaria acquired by adults living in
malaria endemic reglons may be achiaved by avoiding the induction of high
levels of these faerorx(s).

Healthy infeectious gametocytes of P. wivax obtained from an acutely
infectad donor completely lost infectivity when incubated ip vitre in serum
taken within 1 hour of a paroxysm (paroxysm serum) but not in serum taken 3
hours later (post-paroxysm serum). These effects were observed in the sers of
non-immune adult patients. The addition of ant{-TNF antibodies to paroxysm
sera completely reversed their gametocyte killing effects. The killing
properties were restored by the addition of recombinant human TNF (rhuTNF) to
the TNF depleted paroxysm serum, These experiments indicated that TNF was
required for gametoeyte killing. However, when added ta normal human Serum,
rhullNF alene was without effect on gametocyte infectivicy. Additional
complementary factor(s) wust therefore have been present in parexysm serum that
were necessary for TNF to mediate gametocyte killing.

INF levels were elevated In serum taken ar parexysm in all non-immune
patients from Colombo. Although TNF levels tended to have fallen in the sera
taken 4 hours after a paroxysm this was often slight and in some sera TNF
levels even increased., Further, the addition of rhuTNF to post-paroxysm seyum
did not lead to parasite killing, The transient nature of the killing effact
must, therefore, be largely due to tha transient presence of the complementary
factor(s) whose presence, therefore, was closely associated with the
manifestations of the clinieal symptoms of malarial paroxysms,

Contrastingly, parcxysm sera of seml-immune patients with cliniecal P,
vivax infections from Kataragama, s malaria endemic region, did not show
parasite killing effects. TNF levels were relatively low in the paroxysm sers
of gemi-immune compared to non-immune patients and in semi-immunes fell
markedly in the serum taken &4 hours post-paroxysm. Using an in vitro system of
human PBMC, and
E. vivax blood stage parasite extracts to induce the production of parasite
killing factors, we demonstrated that convalescent sera of clinically
semi-immune adult patients from endemic areas had serum factors that suppresced
the production of these parasite killing factors, presumably by neutralizing
parasite antigens which induce their productiom.

We conclude from these gtudies that natural malaria infections lead to the
production of cytokines and other serum associated complementary facters that
kill intraerythrocytic bloed stage malaria parasites (gametocytes) which
regults in the loss of infeetivity of parasites to mosquitos. These parasite
killing factors appear to be associated with clinical symptems in malaria, and
individuals living in endemic areas acquire clinical immunity te melaria by
avoiding their induction during natural infections.
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General Discussion - Development A cts of Sexual Stapes and eral

Mechanisms of Transmission (3.1 - 3.3)

In reviewing develepmental aspects particular emphasis was placed on two
main areas 1) Regulation and Induction of sexual vs. asexual development and
mechanisms of gamete Induction; 2) Properties that modulate gametocyte
infeetivity in an infected hogt,

Briefly stated:-

1.a) Regulation and induction of sexual vs, asexua] development. Recognising

that "ancestral" malaris-like parasites produce exclusively gametocytes,
it was suggested that the search for inducers of gametocytogenesis should
be broadened conceptually to consider factors that induce a switeh hetween
asexunl and sexual phenotypes. Previous attempts to identify speeifie
inducers of gametocytogenesis e,g. drugs, antibodies, inorganic and
erganic molecules were suggested to be technically flawed, and such
inducers remain uncharacterised, The timing of the induction commitment on
present evidence may vary between malaria species, commitment being
described as prior to merozoite formation (P, falciparum) or post invasion
(E. berghei),

Genetic competence to form gametocytes requires a full karyotype {an
unstable character) and loss of gametocyte production in virre and/or in!
vive corvelates with loss of specific chromosomal DNA (Chx. @ P. :
falciparum; Chr. 7, 5 P. bexghei).

Further studies on the molecular basis of gametocyte differentiatien will
continue to reveal molecules (comparable to Pfs 17, Pfg 27/29) that will
be useful for analysis of parasite molecular architecture, biclogy and
Induction mechanisms. Most relevant to the meeting however is the
recognition of further potential targets of transmission-blocking .
immunity, :

b) Molecular mechanisms of pamete in%uggjog. New studies have identified -
ion-chanmels for Nat+, ¥+, H+, HCO”, €1, !

and secondary messenger systems
of Ca++ and cyclic nucleotides which potentially regulate pametogenesis in
the meszquite vector, Inhibitors of the channels and pathways have bheen. :
identified and may open the possibility of pharmacological intervention in
transmission. g

2. Infectivity of gametrecyte infected hosts (i.e, the ability of gametocyte§

to produce oocyste in the vector). It was noted that the correlation
between gametocyte density and cocyst burden is sigmoid mot linear. Other
studies have described a similar non-linearity between oocyst burden and
salivary gland sporozoite ratre, and importantly, no correlation between : |
salivery gland sporezoite rate and sporezoite imeoculum. It iz therefore
suggested it may be adequate (and much more practical) in field studies
simply to record patients as infectious/ non-infectious, and to record
mosquito infection rates as % positive/ total - and not to undertake
tedicus and expensive oocyst burden detexmination (this could be done by
ELISA using mixed mosquite stage antigens e.g. Pfg 25/circumsporozoite
protein/+ mosquito stage specifie antigen).

Host modulation of infectivity is both temporary (diurnal) and parmatent
and is cauged by a complex interaction between the intraerythreoecytic
gametocyte and host factors - which are already known to include anti-
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bodies (against pre-fertilization sewual stage proteins), cell mediated
immunity against gametocytes, cytokines and other {(as yet) unknown
factors. The interactions are clearly variable between different parasite
species, within a parasite specles, between hosts of different genotype
(e.g. inbred mouse stralns), and during the course of a single infection.
It i=s against this natural background of variable infectivity that
transmission-bleocking immunity has to be assessed. It is therefore
essential that:

(a) The mechanisms of natural bleckade are fully assessed and appreclated.

{b)} Assessment of transmission-blocking immunity clearly differentiates
induced specific transmission-blocking immunity from thisz complex
background.

{(c¢) 1t iz recognised that the infectious xeservelr cannot he predicted with
confidence by the simple identification of gametocyte carriers (not all
gametocyte carriers will be infectious).

(d) It is appreciated that "controls" of infectivity studies upon which
blockade/enhancement of transmizsion iz detetmined reguire careful
selaction,

Studies on both primate and rodent medels indicate that some of the
inhibitory activity (neon-specific and/or cytokine) is closely correlated with
high agexual burdens, crisis in the Iinfeetion, and paroxysms. Detalled studies
in primates have suggested most stromgly that either gamma-IFN or TNF in
association wilth unknown factors will effectively and, in the case of
B, cynomolpi, irreversibly render gametocytes neon-infectious. It hasz still to
be established whether the cytokines act directly on the gametoecyte or
indireectly on other host cells in the peripheral circulation.

Mechanigms of natural and induced antibody-mediated blockade of
transmission were deseribed. Pre-fertilization antigens (which broadly may be
concluded te be induced by proteins already present in the gametoeyte - and
therefore subject to natural Induction and boosting e.g. Pfs 230, 48/45) induce
antibodles that react with both macro-snd microgametes and act on the latter in
two ways: Firstly microgamete "head" agglutination and secondly lateral
apglutination of the mierogamete flapgella, of which the second mechanism
correlates with transmission blockade. It was suggested that head
agplutination may be involved with enhancement of transmission observed most
dramaticelly with prefercilization antigens of B, wivax and P, cypomolgi. The
post fertilization antigens(Pfs 25, Pbs 21} are now universally agreed to be
synthesised only in the gamete, and subsequent stages (including cokinete).
Studies on Pbs 21 have failed to detect boosting in naturally challenged,
immunized hests. The antibodies against Pbs 21 have a multifaceted efficacy,
preventing both ookinete formation and blecking infectivity of fully formed
ookinetes (the ookinetes remain longer in the midgut than controls where 1t 1s
agsumed they are subject to attack by the mozquite).

There was little discussion of the previously described cell-mediated
effects of immunisation with Pys 42, a prefertilization gamete antigen, studies
which elearly demonstrated cell mediated reduction in gametocytaemia and
infectivity.
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& NATURALLY ACQUIRED TRANSMISSION-BLOCKING IMMUNITY IN HUMANS

4.% Humpsn Antibody Responses to Sexual Stage Antigens of P, falciparum:
Inductio n Suppression? Memory?

E. Carter, Department of Animal Genetics, University of Edinburgh,
Edinburgh, Scotland

Antibody responses to sexwal stage specific antigens of P. falciparum have
been described in several conditions of endemicity. A study in an aves heavily
endemie for bhoth P. falciparum and P, vivax malaria in Papua New Guinea (PNG)!
demongtrated the presence of antibodies teo surface and internal antigens of =
gametes of P, falcipgrum in serum taken from 38 Iindividuals resident in the
endemic region (1,2). Antibedies to the same antigens were also found in sera
from 9 individuals £xem a non-endemic area follewing primary infections of
P. falciparum (1,2). The antigens recognized by sera from such individuals -
included the 230 kDa and 48/45 kDa gamete surface antigens (PFfs 230 and
Pfs 48/45) and an internal antigen characterized elsewhere (3,4) and designated
Pftg 27/25. Antibodies to the zygote surface protein Pfs 25 were notably
undetectable among the sera of either endemic or non-endemic residents. o

These observations demonstrate that malarial infection frequently induces
antibodies to antigens expressed in the gametocytes of P, faleiparum including
those subsequently expressed on the gamete surface namely Pfs 230 and
Pfs 48/45. Not surprisingly, howaver, no antibodies appear to be induced which
react with the Pfs 25 zygote surface antigen that is probably expressed only
after the parasites enter the mosquito and net during the human bleod
infeetien. Thus, follewing immunization with material representing any of
these antigens boosting of the response by a subsequent P. faleiparum infection
could be expected to occur for the Pfs 230 and Pfs 48/45 antigens which are
present in gametocytes but net fex the Pfs 25 antigent which probably is not,

It was noted in these studies that there was a marked discrepancy between
the presence of antibodies to the gamete surface antigens Pfs 230 and Pfs 48 /45
and the presence of antibodies to the internal sexual stage specifie antigens!
such as Pfs 2Y/25. Thus all residents of the endemic region had high levels -6f
antibodies to the Internal antigens but only about half of these had detectable
antibodies to either of the gamere surface antigens Pfs 230 and Pfs 48/45, -
Among the non-endemic residents experiencing a primary infection this s
discrepancy was mot apparent (3,5). Although the numbers in the non-endemic. !
group were low, observations from other studies inecluding residents of the :
Gambia, where P, falciparum is endemic (), and patients experiencing primary
and multiple infeetions of P. faleiparum attending a Londeon hospital (7),
suggest that antibody respomses to the gamete surface antigens of P, falciparum
are legz frequently found ameng individuals having long experience of malarial
infection than among those having & primary infection of P, falciparum. A
recent study of primary infections in Sri Lanka is consistent with this view

(8.

The data from the PNG studies, however, do not show a POOr response among
the endemic group to sexual-stage-specific antigens of P, falciparum in general
(2). On the contrary, antibedy responses to internal antigens such as Ffg
27/23 tended to be stronger in the éndemic group than these found in primary
infections of P. falcipapum., Thus non-response to the Pfs 230 and Pfs 48/45
gamete surface antigens in the endemic group appears to be antigen-specific

and, moreover, the non-responsiveness was acquired through exposure to malarial
infection,
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Many individuals had strong antibody responsesz toe the internal sexual
gtage specific antipens but no detectable antibodies to ene or other or both
gamete gurface antigens. The question thus arises whether there are innate
characterisatics of certain individuals which predispose them to non-responsive-
ness to specifie antigens. This question hag heen addressed in twe studies
which examined the possible relationship between HLA type and response to the
gamete surface antigens in endemic populationz in PNG (9) and the Gambia (6).
No associations could be demonstrated.

The obsgervation of gamete surface antigen apecific non-responsiveness in
endemic populations appears to me to be fairly sound and awaits sn explanstion.
Longitudinal studiez of individuals exposed to endemiec malaria will be
leportant. As noted above antibody responses to the internal antipens sueh as
Pfp 25/27 appear to become stronger and more widespread in a population under
endemic malardia and suggests that boosting and memory have a positive effect on
antibedy responses to these antigens. In the case of the gamete surface
antigens Pfs 230 and Pfs 48/45 the opposite appears to be true suggesting thae
possibility of acquired neon-responsiveness to these antigens. If this iz the
case, the acquired non-respensiveness ig alsgo, for whatever reason, individual-
specific, About half the population make no detectable response at all while
those who de eften have even higher gamete-surface antigen responses than those
experiencing & primary infection. This suggests the existence of boosting and
memory for non-response as well as for response to these antipgens in an
individual specific manner.

The antibedies to gamete surface antigens of P, falciparum induced during
or following malarisl infection appear to be effective in suppressing
infectivity of the parasites to mosquites (1). There is, as yet, little
evidence for infectivity-enmhancing antibodies during natural P, falciparum
infections although this gquestion needs further study with this species. 1In
the study of endemic malaria in PNG there was a stromg correlation between
levels of antibedies to the Pfs 230 gamete surface protein and serum-mediated
suppression of infectivity to mosquitos (1), No correlation was found between
infectivity suppression and levels of anti Pfs 48/45 antibodies. 1In the study
from S5ri Lanka on primary infections of P, faleiparum neither the Pfs 230 nor
the Pfs 48/45 antlbedy response correlated with degree of serum mediated
suppression of infectivity (8). These results could suggest that, although
prelonged exposure to endemic P, falcjiparum malaria may induce
non-responsiveness to targets of transmission-blocking antibedies, among
individuals who are capable of responding the effectiveness of the response
increases with exposure to infection.
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4.2 The Trapsmission-Blocking Assay

T. Ponmuduraf, J.H.E.Th. Meuwissen, Institute of Medical Parasitology,
University of Nijmegen, Nijmegen, The Netherlands

The assay of transmission-blocking (TR) antibodies in sera is based on the
comparison of mean number of ococysts. The gametocytes for membrane feeding of
anophelines are suspended in blood, containing control or test serum
respectively, or thelr isolated immumoglobulin fractions,

Variability in the test system relates to:

1, the number and quality of gametocytes used;
2. the varisbility in the individual mosquitos;
3. the number of mosquitos examined per serum sample.

Additienal problems occur in the field when different gametoecyte carriets
are used due to variation in their transmission capacity.

A standardized laboratory test for Plasmodium falcipapum is proposaed whxch
ineludes the following elements:

The use of

(a} a standard isolate. Little strain variation of the =exual stage antlgens
justifies the use of a single standard isolate;

(b) 2 standard serum, Different negative control sera support transmission
through mosquitos te a variable degree. Therefore to make comparison

possible over a long time, it is desirable to pool at least tenm different
human sera for this purpose;

{(¢) & standard for the estimation of the mean number of oocysts., Bince ooeyst

counts in mosquites have a skewed distyibution, the geometric mean of
Willjams offers the better way for cemparison;

(d) a standard contrel. Three conditions should be Ffulfilled:
- three lots of mosquites should be fed with gametocyte suspension in:
control serum for every test. There should be no significant
difference between the number of cocysts produced in these three :
controls (Kruskall - Wallis test). Moreover, multiple controls lower
the standard deviation and therefore add to the sensitivity of the |
a55aY;
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- each of the contrel as well as the test batehes should eonsist of at
least twenty mosgquitos,

- at least 90% of the blood fed control mesquitos should be positive
for ococysts;

(e) the reduction of transmission in the standard test 1is indicated as
significant at the 95% level, when the propertional reduction in
compatrison with the controel is twe times 1ts standard deviation.

Serum samples have been collected in the field (Camercon, Papua New
Guinea) and duplicate samples have been tested In our laboratory. The
following results were obrained:

- Gaperoon: mosquites were fed with parasite suspensions in autelegous or
replacing control serum., The results were as follows: 5/11 blocked
tranagmission completely while three blocked more than 70%. When the
autelogous serum was replaced by contrel serum, in every instant there was
an incyease In the number of infected mosquitos as well as ococysts. 1In
the laboratery six of the samples could be tested either as whole serum
and/or as their immunoglobulin fraction in the standardized test. Of the
five whole sera tested, all four that had blocked transmission »>70% in the
field did so in the aztandard test, one negative field sample showed little
reduction in the number of vocysts. However, when IgG fractions were
tested four of the six reduced transmission above 70% and one of the 100%
blockers became negative, These results indicated that a significant
number of the autologous sera of gametocyte carriers reduced transmission
either due to specific antibedies or to nen-specific inhibitory factors.

- apua New Guinga (sers collected by Dr P, Graves): 17 sera were included
in the standardized test. 76% of the samples reduced transmission
significantly in the presence of human complement and only 35% did so in
its absence, Therefore complement iz an essential ingredient in
tranemissien reduction, although it can eccur without it in a minority of
inetances. 77% of the sera that reduce transmission correlated with the
presence of an anti 230 kDa antibody on account of an immunoblot with P.
faleiparum gamete proteins. In these samples it appears that anti 230 kDa
antibodies are more fnvelved in transmissien-blecking than those apainst
the 45/48 kDa target antigens, which is consistent with the observations
of Br P. Graves and her collaborators.

4.3 T cel]l Responses to Gamete Antipens

G.A.T. Targett, C.5.L. Ong and D. A, Baker, Department of Medical
Parasitolegy, Londen School of Hygiene and Trepical Medicine

T cell responses are being investigated by measuring proliferative
rasponges, cytokine production (TNF, IFN, IL-2, IL-4, IL-&) and antibody to
sexual stage antigens of P, faleipavum in infected non-immune individuals and
also as part of a wider study in The Gambia on natursl immune responses to
sexual stage antigens. These are being studied in relation to season, age,
degree of exposurxe, clinical status and intensity of transmission. The results
obtained so far are on antibody responses in P, faleiparum-infected non- immune
patients (of the Hospital for Tropical Diseases, Lendon) and both humoral and
CM1 responses to crude and purified gametocyte antigens by immune Gambian
adults (Riley et al, 1990},

Natural antibodvy responszes to e
The antibodies were measured by immunofluorescence, competitive ELISA and

Immunoblotting. Some patients were infected non-immunes, others were Iimmune
individuals from endemic areas,
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Virtually everyone had antibodies against gametocyte antigens, including
these patients who had a primary infection.

More specifie responses were measured by using patients' sera in a
competitive ELISA against monoclonal antibodies (MAbs) that were used to define
three of the epitopes on Pfs 48/45% (Ong gt al 1990). The three MAbs used are
strong transmission-blocking antibodies. ’

Table 7 chowe competitive inhibition of the MAbs by individual sera from:
patients who had an acute P. falciparum infection, generally with no or only
limited previcus experlence of clinical malaria. Table B shows the proportions
of individuals from each of five groups of persons exposed to P, faleiparum
whose sera competed with the three MAbs. The points to note from the two
tables are:

{1) although thiz aszsay is measuring very specifie antibody reaponses, 60 per
cent of acutely infected individuals with little or no previous
experience of malaria had antibody;

(ii) amongst thoze who did have antibody to thesze epitepes the responses wara
very variable, with antibodies te (any) one of them, to two epltopes or,
in a few cases, to all three epitopes;

(iii) these individuals who had had only limited exposure to malaria (Groups A
and B) ineluded mere with antlbodies to the epitopes than the three
groups (C,D,E) where there had been conzlderable previous expesure.

Cellular and humoral responses of immune individuales to puvrified native

gametocvte antigens

Immune Gambian adults all responded strongly by lymphopreoliferation and
production of interferon-y when tested with crude gametocyte lysate. However)
responses to native purified Pfs 48/453 were much more limited with only 50 per
cent ef the individuals showing any responmse and most of these reacting in only
one of the three tests used (Table 9). The responsiveness was nmot HLA Class II
related (Riley et al, 1990); specific haplotypes appeared amongst beoth
responders to the antigen and non-responders.

Conclusions

This study is at an early stage but demonstrates considerable variability
in responses te the Ffs 48/43 antigens both In the nature of the response and
in the epitopes seen. Secondly there is a strong indication of some form of
downregulation of responge as a result of long-term exposure to infection,

The extent to which the relative non-responsiveness of immune,regularly
exposed, individuals is real or apparent should be shown from the onpoing
studies in The Gambia where seasonal changes in responsiveness will chow
whether there are good memory responses. In addition, it is clearly necessary
te use a wide range of tests to measure response to even a single antigen and
to ascertaln whether all or some of these are downregulated.

There are various possible mechanisms of downregulation, Regulation of
eytokine production could prevent the second signal responses that are needed
in addition te anfigen binding to cause T cell activation. CGCirculating
antigen-antibody complexes are also more likely in chronically infected, immune
individualz and could adversely affect responsiveness to the target antigen.
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Table 7 Competitive inhibition of MAbs to 48/45kD antigen

by patients’ sera

GROUP*  Serum

no,

Competitive inhibition of MAbs(%)

84A2.A4 42A6.F3 81D3.D2
A 11 . - .
13 - - -
30 C(59.4) - -
32 - - .
35 C(52.1) - -
51 C(86.6) C(51.3) C(79.6)
61 - - -
74 - - C(55.2)
89 . - -
217 . - C(80.1)
365 - - -
371 C(67.6) C(48.9) ND
381 - - C(51.6)
448 C(69.8) C(56.0) C(66.3)
B 1 - . -
27 C(58.7) - C(71.2)
44 C(58.0) - -
68 C(102.6) C(96.3) C(100.0)
80 - - -
110 C(92.8) C(76.1) C(7L.D)
135 C(90.8) C(47.3) -
137 - . -
200 - - ND
343 - - C(64.4)
172 . - -
418 - - C@sL1)
425 - . -
441 - - C(54.1)
453 C(60.0) C(43.0) -
148 - - C(51.4
MAb C(100.0) C(89.9) C(95.1)

£

Group A - patients with no past history of malaria
Group B - patients with a past history of malaria
Group C - a serum that inhibited binding by » 35% + SEM
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Table 9 Summary of immune responses to purified 48/45kDa
~ gametocyte antigen and infection status of Gambian donors

Donor LP IFN-y Ab Pf

1577 - + - -
1581 - - + -
1583 -
1584 -
1586 ++
1587 +
1588 -
1589 -
1590 -
1591 -
1592 -
1593 -
1594 -
1595 + - - -
1597 - ++ - -
1598 . - - -
1599 + - + -
1600 - + - +A
1601 - - - -
1602 - ++ . -
1603 . ; ) +A
1604 - -
1605 - ++

1606 - 4t . -
1620 - -

1621 - - - -
1622 - - - -
1624 + - - -
1628 - - - -
1629 - - - +A

L) “+ 4 F [} ] + 4+ L}
] 1 ] 1
1 ] ] [ ]

+
>

LP = lymphoproliferation

IFN- v= gamma interferon

Ab = antibody
Pt = P. falciparum
G = gametes

A = asexual blood-stage parasites
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Data available at present do not implicate either MHC restriction er antlgenlc
diversity as causes of non-responsiveness. :
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Iransmission-Blocking Immunity in P.vivax Malaria Patients in Kataragma,K '
2n FEndemic Region of Sri lanka: the Infectious Reservelr of P.vivax and’:
D.falciparum is Defined i

K.N. Mendis®, A.C. Gamage-Mendis®*, J. Rajakaruna® and R. Carteri*

#* Malaria Research Unit, Department of Parasitelogy, Faculty of Medicine,:
University of Colombo, Sri Lanka; ¥% Department of Cenetics, University'
of Edinburgh, Scotland ’

An epidemiological study of malaria was performed in Kataragama, a P. ;
vivax malaria endemic region in the south of Sri Lanks with the primary aim of
studying naturally acquived transmission-blecking immunity in humans. The
population had had a life leng ewposure te P.vivax but not to P.falciparum
which appeared as an epidemle after an absence of about 10 years. The malaria
incidence in this study populatien of 3625 residents in 7 contiguous villages .
was moenitored during a peried of 17 months (1986/1988) (1). Transmission- s
blocking/enhancing effects of the serum of infected patients were assessed by ‘'
membrane feeding experiments; mosquitos were also directly fed on a sample of
patients to define the infectious reserveir in the region. Several
entomological parameters of malaria transmission were alse monitored during
this peried. Data ohtained from this study was used in mathematical simula-
tions to assess quantitarively the impact of naturally aequired transmission-:.
blocking immunity on the transmission of malaria (2, see summary by De Zoysa g;
2l.}. Here we describe the transmission-blocking immunity levels in patients
sera and define the infectious resexrvoir of malaria in this area.

The acwte infection sera of 196 P.vivax patients who were detected over a-
period of 17 memths during the epidemiology study (1) were assessed for their'
effects on the infectivity of P.vivax parasites In membrane feeding experiments
(in preparation fer publicatien). Patients' ages ranged from 4 to 60 years
{median = 21 years),

22% of 196 sera completely suppressed the infectivity of gametocyres in
membrane feeding experiments. The sera of 48% of patients suppressed
gametocyte Infectivity by more than 75% and of a smaller proportion (12%)
showed pronounced infectivity enhancing effects, producing mosquito infections:
that exceeded infectivity in control sera by mere than 150%. A comparison of -~
these values with those from a smaller sample of acute P. wvivax patients from a
malaria non endemic xegilon of Sri Lanka which we have previeusly published (3)5
indicate that transmission-blocking immunity levels are significantly lower in:
the endemic population than in those unexposed to endemic malaria. This may be
due to immunosuppression following prolonged exposure to malaria (4). i

Transmission-blocking immunicy levels in patients did not increase with !
the age of the patient, rather, there was a tendency for immunity to decrease
with age. There was howsver, a wvery significant correlation between the level
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of transmizsion-blecking immunity and the number or frequency of previous
malaria infections experienced by a patient. Patients who developed malaria
infections for the first time (Group I) had the lowest levels of immunity, the
% Relative Infectivity mediated by their sexa (Mean + SD = 121.5% + 219.9) was
significantly lower (p < 0.01) than in thoge whe had experienced a malaria
infeetion previously within the past 4 months (Group IT1) whose average %
Relative Infectivity was 35.5% + 55.3. Transmission-blocking immunity levels
in those individuals who had experienced several previous malaria infections
but whose past malaria infectien occurred more than 4 months prior to the
present one (Group II) were not significantly different to those of primary
infection patients (Group I). These results confirm our previous hypothesis
(3} that transmission-blocking immunity is boosted by repeated malaria
infections only if they occur within a period of 4 months of the previous
infectien, and that beyond this period the immune memery for boosting wanes.
We show here that the transmission-blocking respeonse to sexual Stages iz not a
cumulative response which increased with age (and with prolonged exposure to
malaria) in an endemic area.

The direct infectivity of patients to mosquitos correlated positively with
the degree of transmission-blocking immunity in their sera, to the extent that
patients who have the highest levels of immunity were on average, the least
infective to mosquites and those who had the highest serum enhancing activicy
were (on average) the most infectious. However, within each group of patients
there was considerable variation im the direct infectivity. There was on the
average & 2-3 fold difference in the direct infectivity to mosgquitos between
those patients who had the highest degree of blocking activity and the higheat
level of enhancing activity in their sera.

The 196 samples of sera, each from a different patient were tested for
thelr effects on infectivity of gametocytes obtained from 35 differant
patients. The intrinsic infectivity of these parasite isolates ranged widely
from 5 to 250 cocysts per mosquite. A notable finding was that whilst
infeetivity suppressive effects of sera were evident over the entire range of
intrinsic infectivities, Infectivity enhancing effects of sera were only
observed when the intrinsic infectivity of the isclate was low (<50 oocysts/
gut). Thege findings accord well with results of experiments performed on P,
cynomolel (ih preparation for publication) and suggest the following: 1) the
infectivity blocking or enhancing activity of & serum (or antibody) iz a
funetion of the antibody concentratien, infectivity blockade being associated
with high, and ephancement with low antibody titres (A). 2) The effect of a
serum on infectivity is alse influenced by the gametocyte density/intrinsiec
infectivity of the parasite iselate: infectivity enhancement 1s greatly
potentiated by low intrinsic infectivities {gametocyte densities), and has not
In fact been observed at high gametocyte densities, whereas 'blocking' occcurs
at both high and low gametocyte densities.

The infectious reserveir of P. vivax and P. falciparum was defined in this
population by directly feeding mosquitos on a sample of 282 P. wivax and 79
P. faleiparum patientz during the period of 17 months (6). 62.6% of all
P. vivax patients and 8.7% of P. falciparum patients had a patent
gametocytaemla at the time they presented for diagnosis and treatment: 47.5%
of . vivay patients produced mosquite infections whereas only 7.8% of P.
falciparum patients did. We found that the E. vilvex gametocyte densities were
highest in the youngest age groups and declined steadily as age advanced. For
reasons that are not entirely clear, infectivity of gametocyte' appeared to be
lower in the younger ages than in older ones. In P. falciparum there was no
slgnificant correlation between the age of patients and their gametocyte
densities. P. vivax Infections generally tended to produce higher mosguito
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infections than did P. faleipapuy. Although individual infectivities varied-:
considerably, there was a disceranible trend in rthe average infectivity of age .
groups, it being lowest in the youngest (0-5 year) and the oldest (>50) age
groups. The contribution made by the different age groups to the reservoir of
infection was estimated as a funetion of the average infectivity and the .
frequency of malarisl infectionms in an age group. The age groups between 6 and
50 years contributed almest equally to about 87% of the infectious reserveoir.
The contribution of the different age groups to the reserveir appeared ,,
nevertheless to be fairly proportionate to representation of the age groups in
the population, implying that patients in sll age groups comtributed more or |
less equally to the recervelr.
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General Digeussion - Naturally-zcguiyed Transmission-blocking Impunity

in Humans (4.1 - 4.4) o

Data were presented on regponses to sexual stage antigens and on v
transmission-blecking immunity in infected nen-immune and immune individuals ;!
from Papua New Guinea, S5ri Lanka, Camercon and The Gambia, and in malaria
patients who had returned to non-epdemic areas,

The main conelusions and consequent recommendations rhat emerge are:

Antibody respenses to sexual stage specifiec antigens are readily :
demonstrable in all of the groups of individuals studied but there are marked
variations in vesponsiveness according to the location of the antigens (whether
internal or on the surface), the degree of exposure, and probable intrinsie
differences between individuals.

Most exposed individuals have antibodies to internal antigens such as Pfs.
27/25 of B, falciparum and the response is strongest in those exposed most.
Antibodies to gamete surfsce antigens (Pfs 230 and 48/45 of P. faleipayum) are:
more commonly demonstyable in infected non-immune persons than in individuals:.
exposed repeatedly (indicating that there is acquired mon-responsiveness to tﬁg
surface antigens with increased exposure). ;

In P. vivax malaria, although transmission-blocking immunity was
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demonstrable Iin half of infection sera from patients resident in an endemic
area, the immunity was greater in sers from patients living in non-endemic
regiona. Levels of transmission-blocking immunity generally decreased with age
but intewvals between infections were most important, boosting of the immunity
cccurring if a reinfection cccurred within four months.

Individual wvariationms in response to P, falciparum gamete surface antigens
are shown in different ways. Responses to Pfs 48/45 during infectionz In
non-immune persons, ineluding thoze with primary infectlons, are common but the
specific epitopes recognized varied greatly. Further exposure te infection
then leads to an apparent loss of responsiveness in gome Individuals bur even
higher responses in others. Ability to react with the surface antigens was not
found to be HLA-linked.

Correlation between transmisslion-blecking immunity and antibedy responses
te Pfs 230 was shown in Papua New Guinea and Camercon but not in Sri Lanka.

The apparent loss of responsiveness to gamete surface antigensz In thosze
from endemic P, faleciparum regloms may be mere a change in the nature of the
response. Fifty per cent of immune Gamblans responded te native purified Pfs
G4B/45, some by antibody preduction, but others through cellular responses,
either lymphoproliferation or Y-interferon production. Antibody-mediated
enhancement of transmizsion occurs with P, vivax. This is a function of
antibody concentration and related to low antibody titres;
transmission-bloecking occurs when antibody levels become raised. Enhancement
of ¥, falciparum transmission has yet to be demonstrated convineingly.

Gametocyte isolates of P, wivex have shown varying intrinsic infectivities
dependent partly on their numbers. Blocking effects of sera could be shown
with all igelates, but enhancement occurred only with those of low intrinsic
infectivity. P. vivax gametocyte numbers In Kataragama, Sri Lanka, were
highest in young children but all age groups contributed mors or less egually
to the infectious reservelr,

The wide variability in immune response, intrinsic parasite infectivity
and vector susceptibilicy makes fileld testing of transmission-blocking immunity
difficult to Iinterpret, with results different from those obtained using
carefully atandardized conditions in the laboratory. More studies under field
conditions are needed to determine factors that influence infectivity of
natural infections.

5. CLONTING AND EXPRESSION OF SEXUAL STAGE ANTIGENS

5.1 Cloning and Expression of P faleiparum Sexus] Stape Antigens

D.C. Kaslow, NIAID, Natiomal Institutes of Health, Bethesda, Maryland, USA

We have focused on cloning and expressing two related antigens, Pfs 25 and
Pgz 25, Both are surface proteins, and each 1s recognized by monoclonal
antibodiesz (Mabs) that block transmiszsion of Plasmodiuw faleipayrum(l) and
Plasmodium gallinaceum(2), reaspectively. The strategy we used for cloning Pfs
25 was to purify the protein from zygotes of B, faleiparum (3D7 clone of NF34),
using immunoaffinity chromategraphy, and then to micresequence HPLC purified
tryptic peptides. Degenerative oligonucleotides, the sequence of which were
based on amine acid sequence from the tryptic fragments, were used to screen
genomic libraries. The clone obtained encoded a polypeptide with a predicted
MW of 26.1kDa(3).

Five lines of evidence corroborate that Pfs 25 has been cloned. First,
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a4ll of the tryptic fragments sequenced are found within the deduced amino acid
sequence of Pfs 25(3). Second, by Northern blet analysia, the gene is= .
expressed preferentially in the sexual stages In which Pfs 25 is known to be |
synthesized(3). Third, Pfs 25 is known to be eysteine rich, and the deduced
aming acid sequence predicts a cysteine content of 11%(3). Fourth, Pfs 25 is a
surface proteln snd as such should have a secretory silgnal sequence and an
anchor sequence, hoth of which were found in the deduced amino acid .
sequence(3), Finally, mice, immunized with recombinant protein produced from
the elened gene, developed antibedies that bind to the surface of zygotes, that
immunoprecipitate a cysteine rich protein of the same molecular weight as

Pfs 25, that recognize a polypeptide comigrating with Pfs 25 by Western blot .
analysils, snd most importantly, these antibodies block transmission of

P, faleiparum in membrane feeding experiments(4).

Expression of recombinant Pfs 25 has been difficult. Early attempts to
express Pfs 25 in mammallian and bacterial expression systems failed, for
reasons that remain pooxrly defined, but appear to be due to sequences present |
in the secretory signal area. Abundant recombinant protein was obtained as .
inclusion bodies in E. coli when Pfs 25 was made as a fusion protein (PATH 103)
in which the signal and ancher sequences of Pfs 25 were deleted. The resulting
polypeptide lacked the native conformation of at least one target epitope of
transmission-bloeking antibodies, that of Mab 1C7. Antisera ralsed te PATH 103
recognized native proteln by immuncprecipitation, as well as native and reduced
protein by Western blet analysis, The antisera was weakly positive by
indirect, live immunofluorescence, and failed to bleeck transmission in
vitro(5),

In contrast, mammalian ecells infected with recombinant vaccinia virus
(vSIDK}, expressing Pfs 25, specifically bind Mab 1C7, as well as Mab 1D? and
32F61, indieating that at least those target epitope(s) are racreated in the ..
recombinant protein, tPfs 25(4). Furthermotre, we found that mice inoculated
with v5IDK developed antibodies that recognize native Ffs 25 by immunoprecipita-
tien and Western blot analysis, and even more Importantly, that completely
blocked transmission in membrane feeds(4), Monkey trials with vSIDK and
construction of a recembinant ademovirus that c¢an be administered orally are
currently in progress,

Mammalian cells, such as €COS-7 and CHO cells, can propexly process rPfs 25
such that it appears on the surface of transiently or stably transfected cells,
respactively(6). L cells, a murine derived cell line that lacks the ability te
transfer surface protelns te glycoesyl-phosphatidylinositol (GPI), falls to
express Pfs 25 on their surface(6), consistent with the notion rhat the mature-
Pfs 25 is anchered to the cell membrane by 2 GPI-like moiety. Studies designed
to determine if and hew Pfs 25 is transferred to a GPI in CHO and C05-7 cells,
and whether this Iz Important in inducing transmission-blocking antibodies are
in progress.

Expression of Pfs 25 in yeast has been achieved at Chiron Corporation by
synthesizing overlapping oligonucleotides to construct & synthetic gene that
encodes for the alpha-factor secretory signal sequence and the four EGF-like
domains of Pfs 25(7), The construct used codons favourable for expression in
yeast, and lacks the potential glycesylation sites present in the Pfsz 25
deduced aminoe acid sequence. Recombinant Pfs 25 (Pfs 25-mut) has been purified
to near homogenelity from culture supernatants. The signal obrtained with Mab
1€7 on Western blot analysis of the Pfs 25-mut is significantly less than that
expected given the amount of proteln present, suggesting that either a very
small portion of the Pfs 23-mut 1s properly folded at the Mab 1C7 epitope or
that none of Pfs 25-mut hag folded properly but Mab 1G7 weakly binds to the
improperly folded product. HNevertheless, sera from mice immunized with
Pfs 25-mut have transmigsion-blocking activity and Pfs 25-mut 1s & very
promising candidate fox use In a transmission-blecking vaceine(7).
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As mentioned above, we have also cloned and expressed Pgs 25, the
B, gallinaceuw equivalent to Pfs 25. Although the biochemical and biological
characteristies of Pfs 25 and Pge 25 are quite similar, the lack of crosg-
reactivity of monoelonal antibodies directed against Pfs 25 and Pgs 25, and the
lack of cross-hybridization of the Pfs 25 gene to P, gallinsceum genomic DNA or
sexual gtage RNA, indicated that the amino acid sequences and the nucleotide
sequence, respectively, of Pfs 25 and Pgs 25 were not highly conserved(8). To
clone Pgs 25, an oligonucleotide directed toward the fourth EGF-like domain
core comsensus sequence (the sequence which has the highest homology to other
EGF-like domains found in various eucaryotes) of Pfs 25 was synthesized and was
found to hybridize to RNA prepared from P. gallipaceum zygotes(8). The
oligonucleotide was then used to screen a ¢DNA library, and the clone with the
largest ingert was sequenced(8).

The expression of Pgs 25 in bacterial and mammalian expression systems is
nearly identical to the results cbtained with Pfs 25 in similar systems.
Abundant quantities of Pgs 25 have been produced as fusion proteins in
E. goli. The resulting recombinant Pgs 25 (rPgs 25) is weakly recognized by
transmission- blocking Mab TIDZ-C5-1(2), although rPgs 25 induces antisera that
recognize native Pgs 25(9). The antisera do not appear to block transmission
effectively in witro. In contrast, preliminary evidence suggests that chickens
lmmunized with & stable tranafectant, expreszing low levels of Pgs 25 on the
surface of CHO cells, develop transmission-blocking immunity that can be
assayed in vivo(9). At low parasitemias (less than 1% by giemsa stain of
periphersl blood smears), mosquitos fed directly on sham iwmmunized chickens
develop om average 24 oocysts per gut, vhereas mosquites fed on rPgs 25
immunized ehickens develop on average 1 ooeyst per gut. At higher parasitemias
(10%), these ssme chickens transmit malaria parasites to mosquites with equal
efficiency. We anticipate that the in vivo chiecken model will allow us to
answer two important questions: first, whether a natural infection, following
immunization with rPgs 25, will boost antibody titers to Pgs 25; and second,

how parasites might develop a means of evading transmilsslion-blecking immunity
to Pgs 25 after contimual serial passage of the parasite from immumized host
through the vector and back to an immunized hest.
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5.2 CGCloning of Sexual Stapge Antigens of P, falelpatug ‘ i

R. Carter* and P, Alano¥¥, *Department of Animal Genetics, University of
Edinburgh, Edinburgh, Seotland, ##Laboratory eof Cellular Biolagy,
Instituto Superiore di Sanitd, Rome Italy

We have cloned and sequenced, ox partlially sequenced, genes encoding three
sexual stage specific proteins of P, falelnapum. T

(i) Pfg 27/25

This protein has been discussed previously at this meating &% an abundant
internal protein of gametocytes expressed from a very early stage in gametocyte
development (1) and a highly immunogenic and widely recognised antigen in human
peplations exposed to P. falciparum malaria (2). The coding region of the gene
for this protein has 654 nucleotides and encodes a highly hydrophilie prorein
without repeated sequences and with ne obvious homologles to other known poly-
peptides (3). The stage specificity of Pfg 27/25 is controlled at the :
transeriptional level; a large message of 2.6 kb, detectable only in the
sexual blood stages of the parasites, contains aproximately 2.0 kb outside the
coding regloen. :

(ii} a 17 kba sexuasl stage specifile protein

Together with members of Professor G.A.T. Targett's laboratery, we have'
cloned and sequenced the gene encoding a 17 kba sexual stage specific protein
of P, falciparum (4). The protein is expressed in gametocytes from a very
early stage in their development. The gene encoding this protein is identical
in sequence to that of a Pfs 16 protein described elsewhere at this meeting °
{3). i

This protein is defined in our studles by Mabs 207 and 93A3A2 (4) which
react on Western blot with tertiary structure independent epitopes on the 17
kDA protein. In air-dried preparations of mature P, falciparum gametocytes the
Mabs reacted by IFA with material at, or blebbing away from, rhe surface of the
gametoeyte. In reaction with live extracellular female gametes of P, o
falciparum (which normally expose only cell surface epitopes to reaction with
antibody) the majority of the gametes failed to react with these Mabs although
they did react with Mabs against the gamete surface protein Pfs 48/45. This .
observation suggested that the target antigen, or at least epltopes, of theza
Mabs is not normally accessible to antibody at the surface of the gametes. A
minority of extracellular parasites, apparently gametes, reacted strongly with
the Mabs but usually the reacting material appeared ragged or partly detached
from the ecell surface. A smooth uniform surface fluorescence, which is
characteristic of reactions seen with the gamete surface, was rarely found,
Many small irregular shaped objects appearing like membrane fragments, also
reacted strongly with the Mabs.

These observatlens led us to the view that the target antigen of these . .
Mabs was probably lecated in the parasitopherous vacuole membrane of the
gametocytes, being relesased from the parasites during emergence from the red:
blaod cells at gametogenesis. We examined this hypothesis in an immunochemical
analysis of the material released from the parasites during pametogenesis,
Following gametogenesis of mature gametocytes of P. falciparum, cells and
membrane fragments were separated om a percol gradient, The separated
fractions were yun on SDS-PAGE, electroblotted outo nitrocelluleose and reacted
with Mabs 2G7 and 93A3A2 and also with a Mab against the Pfs 48/45 gamete ;
surface protein. The results showed that the target antigen of 2G7 snd 93A3A2
had separated mainly with the membrane fraction. Gametes themselves were
almost totally absent from this fraction as shown by its failure to react with
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the Mab against Pfs 48/45. The cellular gamete fraction reacted with the
Mabagainst the Pfs 48/45 and also with the Mabs against the 17 kDA protein,
Similar results were obtained when membranes were removed from gametocytes by
saponin lysis,

We interpret these results as demonstrating that much of the 17 kDa
antigen is releassed from gametoecyte infected red blood cells during
gametocytogenesis in association with cell-£free membrane. The releasze of the
azrociated membrane ls not always fully efficient, however, accounting for the
presence of the 17 kDA antigen also in the extracellular gamete fraction. The
Pfs 4B/45 protein, known te be associated with the gamete surface membrane, was
notably absent from the cell-free membrane material with which the 17 kDA
protein was found demonstrating that these two proteins are present on distinct
membrane components of the parasites,

Using the Mabs against the 17 kDA protein we have screened P, falciparum
gametocyte c¢DNA and genomic expression libraries in lambda grll; twe clones
were isolated (4). A third elome wasz isclated by screening genomic and cDNA
libraries in the C05-7 monkey fibroblast expression system (6) with polyclonal
rabbit serum raised against whole gametocytes of P, faleiparum, All three
clones have overlapping regions and together contain a long, uninterrupted
reading frame coding for 157 amino acid sequence with a hydrephobic regiom
towards the C-terminus which may act as a transmembrane anchor region. The
C-terminus itself is hydrophilic and highly charged with a high propextion of
lysine and aspartic acid residues,

Epitope mapping of the amino acid sequence shows that Mab 934342
recognizes & linear epitepe in a relatively hydrophilic reglon near the middle
of the protein while Mab 2G7 appears to recognise a short, highly charged,
linear epiteope at the extreme C-terminus of the molecule (7).,

Northern blot analysis confirms that the protein is expressed only in the
sexual forms of the blood stage parasites. An oligonucleotide designed from
the sequence of the gene for the 17 kDA protein hydridised to a single band of
1.4 kb on gametocyte mRNA but did not hybridise to mRNA from rings or
trophozeites or schizents of P, falciparum. As was found for the mRNA for Pfg
27/25 (described above), that for the 17 kDA protein carries a large tail
comprising abeut 0.9 kb outside the coding region.

{i11) a gene encoding a large sexual stage-specific protein

We have derived a panel of 17 Mabs which react with Pfs 230, the 230 kDa
protein expressed on the surface of gametes of P, faleiparupy. These Mabs
recognise at least three distinct epitope regions on Pfs 230 as determined in &
two site immuno-radiometrie assay with extracts of gametocytes of P,
falciparun, In cellaboration with Dr J. Elliott, University of Alberta, a pool
of 13 of these Mabs was used te screen a C0O5-7 cell library of genomic and cDNA
of pametocytes of P, falciparum (6). From this screening a clone with a 2.3 kb
insert was isolated. When used to probe a Northern blot containing gametocytes
and asexual mBNA, this insert hybridised only with the gametocyte mRNA giving a
dizerete band sized at 9 kb, Although the 2.3 kb insert iz not itself long
enough to encode the entire gene for a 230 kDa protein, a messape of 9 kb could
represent the gene for such a protein. A probe from the 2.3 kb insert wag used
to screen a Haelll library of P, falciparum genomic DNA in lambda grll, a
clone of 3 kb was isolated. Sequence data reveals a single open reading frame
covering the two fragments and overlapping by 132 bp. The combined sequence
data avallable from these fragments so far reveals an open reading frame of
2,463 bp coding for 821 amine acids. At the 3' end of this sequence iz an
uninterrupted series of almost perfect 9 aminoe acid repeats covering 189 bp.
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A Novel Protein Antigep of the Malaria Parasite Plasmodium falciparum
Located on the surface of gametes and Sporozoites

I.I.M.D. Moelans, J.F.G.M., Meis, C. Kocken, R.N.H, Konings and J.G.G.
Scheoenmakers, Department of Molecular Biology, University of Nijmegen,
Nijmegen, The Netherlands

ene structure

A Plasmodium falciparum cDNA c¢lone was isolated of which the insert is -

transeribed at high rates as a 1.4-kb mRNA in the sexual stages of the malaria
parasite. The cDNA clome contains a copy of a non-interrupted gene, denoted
the Pfs 16 gene, which codes for a protein of 157 amino acids (M=16,607). This
16 kDa protein does not contain repetitive sequences and is characterized by a
putative N-terminal signal sequence, a hydrophobic membrane anchor saquence and
a highly hydrophilic C-terminal region suggesting that this protein is an
integral membrane protein. The PBfs 16 protein sequence does not contain
cysteine, tryptophan and tyresine ner does it have potential glycosylation
sites for N-linked sugars. A similar conclusion was recently reached by Bruce
et al. (1990) who reported the sequence of & gene that for the major part is
identical te the Pfslé gene reported here, In the Pfs gene transcript the
¢oding sequence is flanked by approximately 260 nueleotides at the 5'-side and
370 nucleotides at the 3'-zide.

fel location

Rabbit antisera raised against a synthetic peptide covering amine acids
31-47 of the 16 kDa protein as well as antisera raised against recombinant
fusien proteins carrying various parts of the Pfz 16 gene product recognized
the 16 kDa antigen im protein extracts of gametocytes, mactogamete/zygotes and
sporozoites by Western bloet analysis. The rabbit antisera also reacted with
gametes, gametogytes and sporpzoites in a standard immunofluorescence assay..:
By immuno-electron microsecopy using the protein A-gold method the 16 kDa
protein could be clearly visualized on the membrane of intracellular
gametocytes and possibly on the parasitophorous vacuole membrane, on the outer
membrane of extracellular macrogametes and on the surface of sporozoites,
whereas the antigen was not detectable in the asexual erythroeytic stages of :
the paragite. The 1é kDa antigen of P, falciparum therefore might have the . .
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potential to elicit a dual protective immune response against the sporozoite
and sexusl stage parasites.

olymo of the 6 gene

Computer search analysis at the DNA as well as the protein level have
indicated that the Pfs 16 gene and its derived protein sequence, has no
significant similarity with any other DNA or protein sequences known so far.
Freliminary investigations have also indicated that the Pfs 16 gene product is
specles-specific; antibodies against the P, falciparup 16 kDa protein did not
react with P, berghe] gametocyte proteins on Western blets. Furthermore,
poelymerase chain reaction studies on P, .berghel, P. yoelii and P, wivax DNA did
not reveal the presence of DNA sequences In these species similar to the PFfs 16
Eéne sequence,

Natural sequence variation of the Pfz 16 gene of P. faleiparum has also
been investigated by DNA sequence analysis following the polymerase chain
reaction amplification using DNA frem eight geographically separate isolates,
{The DNA samples were a kind gift of Dr D. Kaslow, NIH). The Pfs 16 gene
sequence determined in 7G8 (Brazil), LF4 and LE5 (Liberia), HB3 (Hondurasz) and
CAMP (Malaysia) was found completely identical to the Pfs 16 gene sequence
determined for NF54. In Dd2 (Indechina) codon ATA (I1le-83) was mutated to TTA
(Leu-85) and codon AGC (Ser-90) was changed to AAC (Asn-90). The same mutation
at position 85 was found in GHl (Ghana) in which also an insertion of Asp-Lys
at position 142 was noted,

ol0 ropertie

The rabbit antisera raised against peptide 31/47 and the sera raised
against the recombinant fusion proteins did not show significant
transmisslion-blocking activity when tested in an ipg-vitro membrane feeding
assay. (I, Ponnudupraf, pers. communication),

Although the precise biolegical function of the 16 kDa protein has yet to
be established, the features of Pfs 16 suggest that it might be a candidate for
2 sporezoite vaceine. Experiments to determine whether peptide P31/47 or other
parta of the protein inhibit sperezeite invazion are currently under investiga-
tion. Preliminary studies have already indicated the involvement of the Pfs 16
gene product as a sporozoite binding factor in primary human liver eells.

Reference
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protein of Plasmodium falciparum. Nucleic Acids Res. 18, 3637.
5.4 e Dat Epitopes and Pfe 48/4 ens P,
falciparum

D.A. Baker, N.C. Rogers, C.5.L. Ong and G.A.T, Targett, Department of
Medical Parasitology, London Scheel of Hyglene and Tropical Medicine

Both eDNA and genomiec expression libraries have been constructed using
sequences from Plasmodium faleipayum. Libraries were screenmed using speeifie
meneclonal and poelyclonal antisers raised to gametocyte proteins.

M 000 anti

A lambda gtll genomic expression library was screened with a monoclonal
antibody (93A342) which reacts with a gametocyte protein of approximate
Mr 17,000 on Western blots. Two positive clones, desipgnated 93Al1 and 93a4, were
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isolated. The insexts were subcloned inte M13 for sequence analysis. 93A1
contained a single open reading frame encoding 74 amino acids. The sequence
was 58% AT and had no extensive homelogy with known sequences. :

Comparison of the restrictien map of this clone with one obtained by ;
Dr Richard Cartexr and ceolleagues in Edinburgh, revealsd that 93A1 was located
towards the 53' end of the gene encoding the Mr 17,000 gametocyte antigen and
overlapped by 57bp with a ¢DNA encoding 91 amine acids. This cDNA formed the
3" end of the molecule. The combined amino acid sequence gave a molecular |
weight of 15.4kDa which was ¢lose to the value obtained by Western blotting :
(Bruce et al., 1990). The 5' portion of the sequence contains a hydrophebic
segment of 14 amine acids which iz thought to constitute (part of) a signal
peptide. Moelans gt al. (1990) have described what is appavently the same
antigen with a total of 157 amine acids and a molecular weight of 16.6kDa.

Pepscan of the sequence (147 amine acids) was carried out to locate the
epitopes which the two monoclonal antibodies, 93A3A2 and 267, bind to. In -,
addition, two other Mabs which react with the 9341 fusion protein were tested.
Preliminary dats have shown that the 4 Mabs bind to four separate peptides and
that 267 reacts with a 3' region and the other three react with sequences !
towards the 3’ end as expected, since these Mabs all see the 93Al fusion
protein. One transmission-blocking agsay has been carried out with the 934342
Mab and indicated partisl blocking activity.

The second clone to be isolated with 93A3A2, namely 9344, contained a
larger ingsert which has more than one open reading frame. This insert has been
only partially sequenced and is less AT rich than the 93A) sequence. It also
has a repetitive region unlike 93A1. Northern and Southern analyses have shaown
that the two clones correspend to two different genmes, even though they were :
isolated with the same monoclenal antibedy, s

The 93A1 probe hybridized to a single gametocyte RNA species of :
approximately 1.8kb, whereas the 9344 probe hybridized to a single asexual RNA
species of approximately 3.0kb. v

Southern analysis suggested that the gene corresponding to the 93al clone
(encoding the M 17,000 antigen) has & single copy per haploid genome and wasi.
found te be conserved between the two P, falciparum strains tested (NF54 &
T994R). The probe did not hybridize to digests of genomic DNA from P, yoelii
nigeriencis. The gene corresponding to the 93A4 clone appears to have more -
than one copy per hapleid genome and was not conserved between the twe strains
used above,

Mr 48/45 0 _antigens

Most of the Mabs raised against these antigens are sensitive te reduction
and have therefore not been used successfully to screen E. coli expression
libraries. One Mab, (8442 to epitope V) however, sees a reduction resistant:
epitope, but this has also failed to select clomes encoding the 48/45 antigens,

A polyclonal antiserum was raised to the reduced form of the 48/45 doublet
which sees both native and reduced epitopes. The antiserum has been used to.
select two positive clomes (PM1 & PM2) from Agtll genomic expression library.
These two inserts were subcloned into M13 for sequence analysis and were found
te have identical nucleotide sequences.

The PM1/PM2 sequence contains a single open reading frame encoding 114 .
amino acids and possesses little homology with any known sequences. The AT .|
content is high (72%) whieh iz characteristic of P. faleiparum nucleotide
sequences. Notably, there are no repetitive sequences as in many Flasmodium
antigens,
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The stage specificity of these inserts has been verified by Northern
blotting. Probes hybridize to a single gametocyte RNA species of approximately
3.2kb. The molecular welght is clearly large enough to encode a polypeptide of
Mr 58,000 (size of the reduced form of the Pfs 48/45). A Preliminary Seuthern
analysis has suggested the presence of at least two copies of the gene per
haploid genome.

In an attempt te investigate further the identity of these clones, mousze
antizeya have been raised to both the fusion protein and the Plasmodium portion
of the fusion protein. $ince these inserts can be expressed at high levels in
lambda grll, the following method was used to purify the recombinant antigen.

The fusion protein was digested with N-chlorosuccinimide (Lischwe & Ochs,
1982). This reagent selectively cleaves tryptophanyl peptide bonds in proteins
and since B-galactosidase contains a relatively high proportion of tryptophan
residues, it can be readily degraded, This approach was possible becausa the
FM1/FM2Z amine acid sequence econteins no tryptophan residues. A band of
approximate Mr 18,000 can then be cut from a Coomassie-stained peolyacrylamide
gel. The size of the band represents the cloned fragment plus 22 .
L-palactosidase residues, 8 at the N-terminus and 14 at the C-terminus. These
residues form the junctions between the cloned fragment and the nearest .,“
tryptophan residues at either end,

The antizerum (Trp) raised by immunizing mice with the antigen produced as
described above, reacts strongly with Western blots of the FPM1/PM2 fuaion
protein, and weakly with Western blets of gametocyte antigens. The reaction
is, however, with a doublet in the Mr 48/45,000 region of polyacrylamide gels
run under non-reducing condirieuns. This antibody reacts mederately with fixed
gsmetocytes In IFAT, staining of macrogametes has also been obzerved. The
transmission-blocking activity of the antibody has not been tested.

In order te identify B cell epitopes, overlapping peptides were
synthéesized corregponding to the deduced amino acid sequence of the clened
fragment. This was carried out using the method described by Geysen g al.
(1984). Peptides containing ten amino acids overlapping by five were
synthesized, representing the deduced amino acid sequence plus the short,
flanking k-galactosidase sequences. Peptides containing B cell epitopes were
detected using a recommended ELISA-based system, Both mouse and human antisera
were used to screen the peptides. The three mouse antisera tested (Trp,
anti-PM] fusion pretein, and the original pelyelenal anti-48/45) all reacted
with peptide 17 (Figure 2). In addition, the Trp reacted with peptide 10, the
anti«PM1 treacted with peptide 8, and the anti-48/45 reacted with a total of ‘,
five peptides inecluding peptide 10.

Sera from a small number of patients (Hospital for Tropical Diseasas,
London) infected with P, falciparum were tested for reactivity with tha
peptides, The reactivity between patients was very variable; however, four
peptides (3,6,17 & 22) were seen by all the sera tested.

The two peptides seen by the Trp antiserum (10 & 17) have been studied in
greater detall in order to determine the specific sequences required for
antibody binding. A nested set of peptides corresponding to these two peptides
was synthesized using the same method as before. The results suggested that,
in each c¢ase, a 6-amino acid sequence is the smallest sequence required for
optimal antibody binding.

Peptides corresponding to peptides 3, 4, 10, 13, 17, & 23 have been
synthesized commercially and have recently been used to immunize mice,
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Figure 2
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Pepscan analysis of a cloned sequence (PM1) of Pfs 48/45 probed with an antisérum
(TRF) raised to the sequence and revealing two epitopes (peptides 10 and 17).
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A ¢DNA library constructed wusing P, falciparum gametocyte mRNA was
screened with the Trp antiserum, Three positive clones have been isolated,
each has an insext size of approximately 0.9-1kb. The fusion proteins in each
case react stromgly with the Trp antiserum and have an approximate Mr of
150,000 (including the 114,000 of the R-galactosidase). Sequence analysis of
thege Inserts is currently being carried out,

Mr 230,00 =

A polyeclonal mouse antiserum has been produced which reacts with the
reduced form of the Mr 230,000 gametocyte surface antigen. Four positive
clones have been isolated from a lambda gtll genomic expression library. 4
small number of serum samples from malaria patients has been shown to react
with these clones; however, the lambda gtll clones have proved difficult to
express at high levels. One of the c¢lones contains an insert of 4-5kb and is
awalting further characterization.
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Clonine of the Gene Encoding Phe-2

R.E. Sinden, N, Tirawanchai, 5. Fleck, M. Paton, R. Alejo-Blanca,
G. Barker, H. Matsucka snd A. Simonerti, Molecular & Cellular Parasitolegy
Group, Department of Blelegy, Imperial College, London, UK

A 2.7 kb fragment from random sheared P, berghei genmomic DNA has been
cloned into Agt 11. This expressed a fusion protein in E, coli Y1088 of 131
kD, i.a. the insert ¢coded for ca. 15 kDa of parasite polypeptide. This was
recognized by the tranemission- blocking antf-Pbs 21 monoclonal antibody 13.1,
The fusien protein however failed to induce antibodies that recognized
ockinetes in IFAT or Pbs-21 in ELISA.

Subsequently, an ookinete eDNA library has been constructed using
oligo-dT, and random primers. This has been cloned inte Agt-11 and 8 clones
were ldentified that resct strongly with MAb 13.1. Of these 35 have Inserts of
1.2 kbp: 1 of 1.1 kbp and 2 of 0.75kbp (which should encode a protein of ca.
29 kD) are being sequenced now,

The clones obtained are now being used to probe our libraries of P, vivax

and P, falciparum te determine if adequate homeology will permit identification
of the homologous genes,

3.6 GAM1, A Plasmodium vivax Antigen Shared bv Sexusl and Asexual Stages

P.H. David*, Sh. Longacre%, D. Mattei¥, E. Khoury* and K.N. Mendiaz %%
* Département 4'Immunclogie, Institur Pasteur, Paris
** Department of Parasitology, Faculty of Medicine, Colombo, 5ri Lanka

A transmission-blocking moneclonal antibody, Al2, was shown to react both
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with the surface of P, vivazx femsle gametes and the contents of the ,
parasitophorous vacuole In asexual erythrocytic stages and gametoeytes. Omn .
western blots of reduced denatured antigen, this monoclonal antibody mainly:
recognizes a4 24 kDa and less strongly a 57 kDa component. As opposed to
gamete-specific surface antigens which have been shown to be polymorphie in

2. vivax, polymorphism of GAML has yet to be detected in the different isolates
examined to date,

A DNA Clen ecognized b Al2 Monoclon ntibod Eue es a Fusiom
tein whieh In Transmizs -Blocking Ant ies

Sereening of a lambda gtll genomic P, vivax DNA expression library with
the Al2 momoclonal antibody allowed the iselation of a cleme expressing a
fusion protein containing approximately 2kDa of parasite polypeptide. When.
purified and incculated inte mice, this fusion product elicited the production
of transmission-blocking antibedies which also recognized the 24/27 kDa
doublet,

An Open Reading Frame Goding for a 24 kDa Polypepride ha=z been Chayacterized

Screening a lambda gtWES library with the lambda gtll clone described
above led to the isclation and characterization of a clene the nucleotide
sequence of which presents an open reading frame coding for a 24 kDa product,

This data indlcates that the gene coding for a P. vivax target of .
transmission-blecking immunity, the 24 kDa GAML antigen, has now been clemed,
sequenced and partially expressed in a form which induces transmission-blocking
antibodies. .

Expression of the © Gene

The initial lambda gtll clone produced a fusion protein which elicited::
transmission-blecking antibodies but only represented a third of the molecule.

We have attempted to express the complete GAML gene using a system in
which the parasite-specific protein can be isolated from the carrier protein
coded by the plasmid. We used the pGEX plasmid which allowe production of a.
fusion protein with the Schistosome glutathione transferase which subsequently
can be cleaved from the recombinant protein. Great difficulties in expressing
the entire GAM1 gene have been encountersd, as its product appears to be toxic
in E, goli. The clones which produced expression products recognized by the.
original Al2 bleocking monoclonsl showed, upon sequencing, that a large portion
of the gene had been deleted. The only clones containing the entire GAM1 gane
presented it in the wrong reading frame and thus did not express the protein.
Another expression system, the pEx32b plasmid, was used to attempt to solve ..
toxicity problems. Expression in this system is only present upon induetion-
leaving the opportunity for bacteria containing the GAM1 gene to grow before
induction of the toxiec product. However, in this gystem also, we were unable
to express the complete gene., We have now started to use expression in :
Baculevirus and hope that toxieity will net also represent a pitfall in this’
systenm,

Mapping of the Epitope Becognized by the Al2 Transmission-Blacking Monoclonat

Antibody

We have identified a sequence of 9 smino acids which carries the epitope
recognized by the Al2 transmission-blecking antibody. For this, different
portions of the GAM] gene were expressed and screening was performed with Al2.
We isolated a positive clone which, upon sequencing, was shown to enly contain
27 nucleotides from the GAMl sequence. The corresponding 9 amine acids were
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thus theought to play an important role in recognition by Al2. Mice ware
immunized with this fusion protein and the nonapeptide was synthesized in the
form of 4 branched polymers on a lysine backbone. By ELISA, the
anti-recombinant mouse zerum recognized the recombinant protein, this
indicating that indeed our & amine acid sequence was involved in recognition by
Al2. However, Al2 did not direetly recognize the peptide.

Isolation of the Gene Coding for the Equivalent of GAM] in Plasmodium gynomelpl

Towards the establishment of & transmission-blocking vaccine based on the
GAM1 molecule, we wish to complete our ztudlies in a primate infection In which
effect of vaccination on the modulatien of transmizsion can be studied:
the P, gvnogelgl DNA, was used to screen a ecynomolgd Llibrary. A pozmitive
clona, containing a 2kb insert, was isolated, The nucleotide caquence of the
3" end of the insert revealed a high degree of hemology with GaM1,
corresponding te the first 200 nucleotides of the 5'end of the GAMI gene,

General Discussion - Cloning and Expression of Sexual Stage Antigens
(5.1 - 5.6)

Cloning and expression of potential transmizszion-Blocking vacecine
candidates has moved ahead rapidly in the past two years., Two genes, one for
E. falciparum (Pfs 25) and on for P, vivax (GAM-1), which had previously been
¢loned have now been expressed as recombinant antigens and have been shown to
ellcit antibodies with transmizsion-blocking activities in nonprimate animals.
A wlde range of state-of-the-art molecular biology technigues have been applied
to ¢lone many of the other antigens thought to be critical for transmission-
blocking immunity, Immunesereening prokaryotic expression libraries was used
te clone a large portiem of the Pfs 17/16 gene, the entire Ffg 27/25 gene, part
of the Pfs 48/45 gene, and a frapment of the gene forPbs 21, while "panning" of
a mammalian expression library was uwsed to clone part of the gene for Pfs 16
arel possibly the 3' end of the Pfs 230 gene. Cross-hybridization was used to
clone the genes analogous to GAM-1 and Pfs 25 in the monkey (P, cynomolgl) and
avian (B, gallinaceum) animal models respectively, while subtractive
hybridization of sexual stage ¢DNA provided full length clones of Pfs 16 and
Pfe 25. Many of the sexual stage surface antigens appear to be "blocked" at
thelr N-termini; however, protein microsequencing has been successful for
¢leavage products of Pfs 25, Pfs 40, and is in progress for Pbs 21. Table 10
summarizes many of the findings presented.

The exact subcellular localization of Pfg 16 is unclear. Some investi-
gators have found that by immuncelectronmicroscopy, indirect immunofluoresence
of fixed gametocytes, and western blot analysis of parasitophorous vacuole
membranes purified by differential centrifugation, that Pf=z 16 is present
within the vacoule membrane. Other investigators have found that ¥fz 16 may be
present in gamete and spororoite surface membranes. The presence of Pfz 16 on
the surface of sporozoites may explain the inhibition of sporozoite invasion of
25% to 40% by anti-Pfs 16 sera., Furthermore, Western blot analysis suggest
that Pfs 16 is present in sporezoites. There is no evidence that the disparate
results obtained between laboratories iz due to the pregence of more than one
proteln ot more than one gene for Pfs 16,
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Iable 10  Cloning snd Expression of Sexual Stage Antigens of Malaria
Parasites: Current Statusg

EPITOPES EPITORE MHC CLONING AND SEQUENCING
CONSERV. | RESTR STATUS RECOMBINANT
EXPRESSIGN
Antigen C|E|B Y |M
1 Ccla e |[a
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1-Epitope conformation either linear (L) or conformational (sensitive to redwction){C)

2-Transmission blocking activity assocliated with antibedies to the epitope

3-Epitope conserved based on immunclogical data

4=-Epitope consarved basad on nuclectide sequence from PCR amplified sequence

5-aminc acid sequence directly from paptide microsecuencing

6-Nucleotide seguence avallabkle:+=complete saguenceP=partial or probable zequenca;-==no
seqguence available L

7=-Northern blot analysi=s of transcript size and sexuwal stage specificity (BBS)

- Antisera to either synthetic peptides or recombinant antigen recognize the native protein







