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through rotation at intervals. We should recruit expert-
help from outside, an idea vehemently opposed by the
‘mandarins’ of Indian science. At present, there is no
independent audit of individual or mission-oriented re-
scarch projects. Like in finance and accounts, the
‘spender’ cannot be the ‘auditor’.

UGC and all Government agencies and NGOs in-
volved in science and technology development in India
should support this ‘expecriment’ because 1t 1s revolu-
tionary and original. It is a direct attempt to replant the
cured soil of higher education in science with an epige-
netically modified and better-yiclding variety. Only after

success 1n such efforts would we deserve the status of

the third largest work-force in science and technology.
Indeed, it is worth rerouting this work-force and even
decreasing 1t because the quality, rather than quantity, 1s
relevant to the process of nation building at this point.
Even if the part dealing with the +3 level is imple-
mented, the scenario for life sciences will change dra-
matically in India. A 5-year M Sc programme is not

another band-wagon to attract ‘good’ students. It must tran-
scend geo-political considerations. Indian teachers are pa-
rochial and hate mobility. Then, let students move, as they
do, to the training site. The psychological ‘fix’ by a S-year
M Sc® wil] automatically curtail the use of students as the
‘manual labour’ for the peers practising science by ‘proxy’.
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Estimated cost: Rs. 4.5 crores for capital expenditure, Rs. 50
lakhs/year recurring, an intake of 40-50 students/year, and an en-
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Methods for aptitude tests are being studied.
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Progress towards malaria vaccine
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Resurgence of malaria has reached alarming pro-
portions. The situation has become worse because of the
widespread resistance to anti-malarials. Thus malaria
vaccine research has become an area of intense activity
even though host—-parasite interactions are not well un-
derstood. Several antigens from different stages of the
life cycle of malaria parasite have been identified. It is
now clear that both antibodies and cellular immune
responses are involved in malaria immunity. At the

MALARIA continues to be a major cause of morbidity
and mortality in the tropical and subtropical areas of the
world where approximately 350 million malaria cases
occur each year. More than two million children die of
the disease annually. The overwhelming success of
chloroquine as a drug and DDT as an insecticidal, intro-
duced in 1960s resulted In an 1mpression that malaria
could be controlled to a large extent if not eradicated.
Unfortunately, resistance of the human malaria parasite
Plasmodium falciparum to anti-malarial drugs and to its
mosquito vector to insecticides has led to an alarming
situation and drugs-resistant strains of P fulciparum
have spread throughout the tropics. Given the fact that
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same time if is becoming clear that plasmodium has de-
veloped exquisite mechanism to evade the immune re-
sponses mounted by the host. All kinds of vaccine
constructs, based on recombinant antigens, synthetic
peptides, and direct use of DNA are being attempted
and several of these are undergoing human trials. Re-
sults of these trials and other research works clearly
indicate that malaria vaccine development is hugecly
complex and success may not come easily,

no new anti-malarial drugs or new insecticides superior
to DDT are likely to be available in the near future, the
disease situation 1s becoming hopeless.

Vaccine should be a useful additton to chemotherapy
and the vector control program in malaria control. How-
ever, until recently there was no way to obtain suffi-
ciently large amounts of antigenic material from the
parasite. With the availability of P. falciparum in cul-
ture form, it has become possible o study the molecular
basis of the parasite function, Identfication and produc-
tion of antigens involved in protective immunily by apply-
ing tools of modern biology has changed the doection of
malaria rescarch, partcularly the vaceine development.
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There are four species of human malana: P, falcipa-
rum, rcsponsible for practically all malaria deaths, P.
vivav, also widespread and the cause of constderable
morbidity, and the less prevalent species P, ovale and P.
malariac. The parasitc undergoes a complex life cycle.
There are three major stages in the life cycle and each of
the developmental stages s morphologically and anti-
cenically distinet and there appear to be several anti-
cnic molecules at each stage that could be potential
vaccine targets.

Malaria vaccines against the three distinct develop-
mental stages of the parasite arc being developed'*.
Vaccines against the pre-erythrocytic stages of malaria
aim to eliminate infection by blocking sporozoites from
cntering hepatocytes or by destroying the infected hepa-
tocyvtes. The second type of vaccine targeted against the
biood stages of the parasite which would be expected to
prevent the disease or significantly reduce the parasite
load, and therefore the intensity of infection. The third
tvpe is aimed at the sexual stages of parasite and aims to
[imit transmission of the disease. An altogether different
kind of vaccine, namely anti-disease vaccine, has also
been proposed’. Such a vaccine would aim to neutralize
factors responsible for the pathology associated with
malaria infection. Keeping in view our own research 1n
the malaria research group at ICGEB, the main focus of
this review will be on sporozoite and blood stage based
vaccines.

Despite tremendous progress in malaria research dur-
ing the past twenty years which has led to a vast amount
of information, the exact nature of malaria immunity and
effector mechanisms involved remain ill understood.
Malaria immunity is slow to acquire and is usually
short-lived. Thus, children up to 5 years of age are most
susceptlible to severe clinical disease; adults show little
parasitaecmia and rare clinical disease. The highly poly-
morphic nature of malaria antigens within each parasite
spectes and antigen structure are proposed to be the
main reasons for the slow and transient nature of the
acquired immunity. Further, the immunity is both spe-
cies- and stage-specific. A person with immunity to P.
falciparum may still be susceptible to P, vivax infection
and vice versa. Similarly, immunity to the sporozoite
stages may still leave an individual susceptible to the
blood stage infection. It 1s often thought that a success-
ful malaria vaccine will have components from several
antigens belonging to the different stages of the parasite.
However, non-availability of a suitable animal model for
human malaria will remain a major hurdle 1n the devel-

opment of malaria vaccines.

fy

Is there a rationale for a malaria vaccine?

Given the complexity of the parasite’s hife cycle, com-
plicated and ill-understood host-parasite intcractions

G638

and scveral mechanisms that are opcrative in favour of
the parasite to evade immune responses, it does appear
that development of an antiparasite vaccine will be a
very difficult task, if not an impossible one. On the
other hand, there are several reasons to believe that ma-
laria vaccine will be developed in future. Some of these
are:

]. Individuals living in malaria endemic areas do de-
velop specific immunity that decreases the parasite’s
ability to survive in the human host and also decreases
the clinical consequences of infcction., However, in
contrast to rapid and long-lasting immunity induced
during wviral infections, malaria immunity takes a long
time to develop and is usually short lived in absence of
continued exposure to infection. Clearly a successful
malaria vaccine will have to be more effective at induc-
Ing 1immunity than the natural infection.

2. Transfer of immunoglobulin from 1individuals with
acquired malaria immunity, to naive humans almost
completely protected them from infection®.

3. Immunization with irradiated sporozoites induces a
solid immune protection in animals®® and in humans’.
However, only Intravenous deposition of irradiated spo-
rozoites, not a convenient route for general vaccination,
provides optimum protection. |

4. Significant levels of protection were observed in
early trials when purified malarial antigens were used as
immunogens°. More recently, several trials with re-
combinant antigens have shown high levels of protection
against challenge with blood stage parasites'>''. This is
encouraging for vaccine developments since only a few
antigens, out of the numerous suggested have actually
been tested in primates. It is very much possibie that
valuable vaccine antigens will be discovered and used as

vaccine candidates.

Nature of malaria vaccines

Most successful vaccines have been based on attenuated
or killed pathogens. Since human blood is needed for P.
falciparum culture and P. vivax has not yiclded to culi-
ture at all, the focus 1n malaria vaccine development 1s
largely limited to well-defined molecules which can in-
duce protective timmune responses and now be eastly
produced by recombinant DNA techniques in various
systems. While a recombinant hepatitis B vaccine 1s al-
ready in use in humans, several other recombinant vac-
cines are in the developmental stage.

The fact that immune response against short peptide
can produce neutralizing antibodies against viral and
other proteins, has opened way to the development of
synthetic peptides as immunogens for vaccination'”. But
short peptides are usually poor immunogens, and the
carrier proteins that are traditionally used to enhance
their immunogenicity have inherent problems associated
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with their use'”. Use of T cell determinants in place of
carrier proteins is being investigated'*™'°.

Viral vectors including vaccinia and salmonella have
been considered as vehicles for carrying the gene of a
target antigen. More recently, direct DNA immunization
has also been attempted 1n malaria vaccine develop-
ment'’. The main attraction of developing viral vectors
or direct DNA immunization protocols 1s that it obviates
the use of adjuvants which are necessarily needed in
case of recombinant proteins and synthetic peptides.

Liver stage antigens

The early observation that immunization with irradiated
sporozoites could protect rodents or humans against
challenge with viable sporozoites provided the basis for
much of the work on the sporozoite stage vaccine’™. It
is now clear that both humoral and cell-mediated im-
mune functions contribute to the acquired immunity in
man. In rodent model system also, antibodies to the cir-
cumsporozoite protein, CD** cells and CD** T cells have
all been implicated in protection. Of the liver stage
proleins, the circumsporozoite {(CS) protein has primar-
ily been the focus of most studies in both rodents and
humans'®.

The CS protein covers the whole surface membrane 1n
mature salivary glands, of all malaria species sporozoi-
tes and is believed to be involved in the process of spo-
rozolte’s penetration into hepatocytes. All CS proteins
have an immunodominant epitope in the middle region
formed by tandem repeats of amino acids, which vary in
sequence among different species of malaria parasites. It
was observed that antibodies 1o the epitopes formed by
the repeats mediate protection against sporozoite-
induced malaria. This led to the first generation of
subunit malarta vaccines to be tried in humans. Two
candidate vaccines based on (Asn—-Ala—-Asn—-Pro) re-
peats were developed. One of these was a recombinant
polypeptide (R32tet32), containing thirty two . falci-
parum CS repeat units, fused to a sequence of 32 amino
acid residues from the plasmid vector. The other vaccine
consisted of synthetic dodecepeptide, {(Asn—Ala—Asn—
Pro)3, which represents the epitope recognized by anti-
bodies in the sera of humans living in endemic areas,
conjugated to tetanus toxoid. However, both the con-
structs were poorly immunogenic in humans, when ad-
ministered in alum'""’. Limited protection which
correlated with the levels of anti-repeat antibodies was
observed but by and large these trials were considered
unsuccessful. Similarly 1n another human trial, poor
immunogenicity was again observed when a recombi-
nant CS protein of P. vivax was administered in alum®,
It was soon realized that a success{ul anti-sporozoite
vaccine will have to induce high antibody levels to the
repeat sequence with the appropriate specificity. It is
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now clear some parasite antigens like the CS protein are
poorly immunogenic because the helper T-cell epitopes
lie mostly in the polymorphic region of the protein. A
vaccine dependent on a foreign carrier protein to pro-
vide T-cell help may provide high primary antibody re-
sponse, but will not respond to subsequent parasite
challenge, and therefore will not be effective unless
adhinnistered repeatedly.

The target for cellular immunity can be any antigen,
surface or internal of the parasite, containing one or
more T-cell epitopes. Sensitized T-cells may secrete
y-interferon or other lymphokines including tumour ne-
crosis factor or oxygen species which are known to kill
parasites?‘i. Further, cytotoxic T-cells (CDS*'), in addition
lo activating the non-spectfic effector functions, may
also recognize specific epitopes on parasite-infected
hepatocytes and kill them. While T cell responses to CS
protein have been studied in some detail, recently, two
other ltver stage antigens namely, the sporozoite surface
antigen 2. (SSP-2) and the liver stage antigen [ (LSA-1)
have been characterized and their immune responses in
humans and in animals are being evaluated, in order to
develop these antigens as possible vaccine candi-

dates*>.

Asexual blood stage antigens

Antibody response to the asexual blood stages of ma-
laria parasites in extremely diverse. A very large number
of polypeptides are recognized by antibodies in the se-
rum of malaria-infected individuals. Selection of suit-
able candidate proteins from a very large number of
antigens is 1iself a major difficulty 1n the development
of a blood stage malaria vaccine (Table 1). Since the
titre of antibodies to the blood stage antigens does not
correlate with protection, it ts quite possible that most
antigens do not produce protective responses. The 1m-
mediate goal, therefore, is to identify the antigens ca-
pable of inducing protective immune responses.

Non-availability of a suitable animal model 1s anothcer
major block in the way of malaria vaccine development.
Although a vaccine target antigen for P. falciparum can
be tested in Aotus or Saimiri monkeys, the infection 1n
monkeys takes somewhat differcnt course than the hu-
man disease. Moreover these monkeys are not easily
available. For these rcasons, indirect criteria such as
location and the possible function of the antigens are
often uscd in choosing a possible proteclive antigen.
Some of the major vaccine target antigens from the
blood stages of the malaria parasites are brictly de-
scribed below,

Most protection studies with recombinant polypep-
tides {ragments or chemically synthesized hybrid pep-
tides have focused on a relatively small number of
antigens. Major surface protein 1 (MSP-1) was one of

TRy



REVIEW ARTICLE

S il e P ey ey S llall

mlal i el

the first antigens idenufied as a potential vaccine candi-
date. It contains variable and highly conserved regions
and is synthesized as a large protein, anchored to the
merozoite surface and undergoes processing in two
steps. Recombinant fragments representing the MSP-1
conserved regions were found to induce partial protec-
tion in Saimirni monkeys“. That immunogenicity of pep-
tide fragment can be highly enhanced by covalently
attaching it to suitable T helper cell epitopes was shown
in case of a conscrved MSP-1 {ragment, and higher lev-
els of protection were obscrved in monkeys with such a
construct™. A sicnificant result of these studies was the
speculation that the protection was at least partially T-
cell mediated. We have also characterized B and T-cell
epitopes in the conserved regions of MSP-1 and have used
these epitopes in the design of multiple epitope peptides®.
The C-terminal 19 kDa fragment, highly rich in cysteine
residues, which are found conserved 1n several species of
Plasmodium, appears to be crucially 1nvolved in merozoite
invasion of erythrocytes and is carried into cells by invad-
ine merozoites™ . Phase one and phase two clinical trials
using this fragment are being planned in the USA.

The second merozoite surface protein (MSP-2) is a 45
kDa protein located on the surface of the merozoite. The
molecule contains a variable central repeat region, but
the N and.C terminal regions are highly conserved.
Synthetic peptides from these conserved regions of Pf
MSP-2, conjugated to a carrier protein, provided sig-
nificant protection against P. chabaudi challenge in
miice”". Phase I trials with a combination of MSA-2 and
the CSP protein have been conducted 1n Australia. Api-
cal membrane antigen (AMA-1) is another protein that
1s highly conserved in all species of plasmodium ana-
lysed so far””. Monoclonal antibodies against this anti-
gen 1nhibit merozoite invasion of red cells and currently
this antigen i1s undergoing human trials as a vaccine
candidate. Genes for blood stage proteins like the acid
base rich antigen (ABRA), the ring-infected erythrocyte
surface antigen (RESA), the serine rich antigen (SERA),
erythrocyte binding antigen (EBA-175) and several
other malaria antigens (Table 1) have been cloned and
sequenced ", These antigens are at different stages of
development for their potential as vaccine target anti-
gens’ !, Immunization studies with these antigens, pro-
duced by recombinant methods have resulted in a wealth
of information which ironically reveal that malaria im-
munity might be more complex than thought earlier. As
a result of this 1t i1s now believed that an approach of
combining several conserved antigens in a cocktail vac-
cine might be more successful in addition to providing a
means to reduce the risk of the selection of vaccine re-
sistant forms of the parasite. An attenuatced live vaccinia
virus-based vaccine consisting of seven candidate anti-
gens from the different Life stages of the parasite, known
as NYVAC-7, 1s being tested in humans for safety and
immunogenicity in the USA.

970

Synthetic peptides as malaria vaccines

An alternative to the use of full length recombinant or
native antigens is to identify the peptide epitopes on
immunogens which induce a protective response and to
use synthetic versions of the peptides in the production
of vaccines. This approach seems particularly suited for
parasitic diseases where it is increasingly being realized
that some crucial epitopes of vaccine target antigens
remain cryptic during immunization with the native an-
tigens.

A synthetic peptide-based polymer, termed as SPf 66,
developed by M. E. Patarroyo in Colombia, has under-
gone extensive human trials in several locations 1n Latin
America and more recently in Africa and South East
Asia’*™, The basic unit of SPf 66 as a hybrid peptide
represents epitopes from CS protein, MSP-1 and two
other sequences from yet-to-be-characterized 335 kDa
and 35 kDa proteins from the blood stages of the para-
site’®>’. Following the protection experiments in mon-
keys, the first human trials with SPf 66 were conducted
in South America where high levels of protection were
reported™. These and subsequent results from a field
study conducted in Tanzania confirmed that the vaccine
was safe, induced anti-SP{66 antibodies and was able to
provide up to 30% protection in the immunized chil-
dren’®. However, more recent and carefully-designed
studies conducted in The Gambia and in Thailand have
shown™ that SPf 66 could not provide any protection at
all. It 1s now more or less accepted that this vaccine 1s
not protective in areas of high malaria endemicity and
that further efficacy trials are not warranted™. This has
been a major setback to malaria vaccine development
and the question as to why SP{66 has failed after initial
promise of partial protection does become a relevant
one, in particular with respect to field trials involving
future vaccine candidates.

The development of SPf66 has been full of contro-
versics, ranging from scientific criticism to the 1ssue of
attitudes towards research carried out in a developing
country. M. E. Patarroyo published in 1988 his findings
that SPf66 was partially protective against P. falciparum
infection in both Aotus monkeys and humans’®’’ and
since then insisted that SPf66 is a viable malaria vac-
cine. His enthusiasm has never been shared with vigour
by other scientists’® which was partly due to the fact that
two independent trials with SPf66 in monkeys failed
completely’®*. The protection observed in large field
trials in Latin America was also subjected to debates on
the basis of inadequate epidemiological design of these
trials and claims that SPf66 could also protect against P.
vivax infection; the latter certainly appeared implausi-
ble. These arguments were certainly rational and intel-
lectually justifiable. However, it should be pointed out
that the same arguments could equally well apply to
several clinical and field trials, including some peptide
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based malaria vaccines, performed by scientific institu-
tions 1n the developing world who were critical of Patar-
royo’s claims. Looking back, however, it does seem that
the simple approach of attempting to produce a
mintmilist mimic of the malaria parasite was ambitious,
just as 1t must be said once again, were the human trials
conducted 1n the USA with the synthetic constructs
based on repeat structures of the CS protein. Doubts
about the design of the earlier field trials with SPf66
were, however, removed 1n the later trials done in collo-
boration with WHO/TDR i1n Tanzania. But the most
puzzling observation in all these human trial studies™*
was the fact that while SP166 produced antibodies upon
immunization, it had no correlation with the observed
protection. Since the vaccine was not designed to induce
any cellular responses, it remained unclear how the ob-
served protection’* was being achieved. Perhaps some
unknown protective mechanisms were inveolved. In the
end, however, the inability of other workers to repro-
duce some of the key results described for SPf66, along
with the results of the recent human trials in The Gambia
and Thailand does seem to suggest that there 1s little chance
that 1t will be used as a vaccine against malaria. Be that as it
may, the development of SP{66 has certainly established
that a chemically synthesized peptide construct can be a
safe immunogen in humans, and has opened way for the
development of other peptide-based vaccines.

Malaria research at ICGEB

Some of the major malaria antigens have within their
structures regions that are highly conserved, not only
within the different strains of the parasite but also
among different species of malaria parasite. It has been
argued that it i1s most meaningful to base vaccine constructs
on the regions that have remained conserved under immu-
nological pressure; such sequences are more likely to repre-
sent functional domains of the parasite surface proteins. My
research group at ICGEB has followed this approach to
develop synthetic peptide immunogens as malaria vac-
cine candidates, to be initially tested 1n animals,

A special feature of most malaria proteins 1s the pres-
ence of immunodominant repeat peptide structures®'.
There 1s also extensive antigenic cross-reactivity re-
ported 1n malaria and these factors appear to be In-
volved in immune evasion mechanisms developed by the
parasite*®. To probe if the repeat structures contribute to
the observed cross-reactivity among the known antigen
of P. falciparum, we synthesized peptides based on re-
peat structures from different antigens of P. falciparum
and were able to show in a specific manner that the hu-
moral immune responscs to these peptides are highly
cross-reactive®. Circular dichroism studies on these
peptides revealed that these peptides tend to adopt heli-
cal structure in solution. However, it 1s not clear if the
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preference of repeat peptide structures for a given sec-
ondary structure alone is responsible for the observed
immunological cross-reactivity’°. Interestingly, we
found that the peptides based on P. vivax repeat struc-
tures did not show any significant cross-reactivity with
the P. falciparum-based peptides (unpublished work,
Chauhan et al.). It is now firmly believed that highly
immunodominant repeat structures are utilized by the
parasite to evade immune responses mounted by the
host. It 1s also being suggested that epitopes crucial for
the parasite survival may remain mostly hidden, and
although functionally relevant, they may not be as ac-
cessible to the immune system of the host as the struc-
turally dominant repeat structures. Delineation of such
conserved, perhaps cryptic, epitopes may be necessary
to the design of a peptide-based malaria vaccine.

The epitopes recognized on a protein may be linear or
spatial: B-cell epitopes, involved in the recognition of
antigens by antibody, may be either linear or discon-
tinuous, but the T-cell epitopes, involved in cell-
mediated immunity and T helper activities, are invaria-
bly linear. Peptides themselves are poor immunogens
and usually need to be conjugated to a suitable protein
to obtain an 1mmune response. We were able to show
that tmmunogenicity of a B epitope from Pf MSP-1
could be enhanced by linking it covalently with a T-cell
epitope sequence from the CS protein or tetanus
toxoid'®. There is increasing evidence that highly en-
hanced and specific immune responses can be obtained
by combining B-cell epitopes with Th epitopes although

a
P - 60: (Pf CSP: 331-390)
Th Th
' Regionll )
B-epitope —CTL —
b
P1:
BT P B1 —GPG —ﬁ‘z |

Bi: Y SLFQKEKMVL
BTl: LDNIKGNVGKNEDYIKKNKK
BT2: EENVEHDAEENVEENYV

Figure 1a, b. Schematic representation of P60 and Pl indicating
the {ocation of different epitopes. a, At the N-terminus of PoQO is a Th
epitope (amino acid residue no, 331-349 of the CSP) overlapping a
B epitope in region H (residucs 346-363 of the CSP), followed by
another Th epitope (362~381) and an overlapping CTL epitope (308~
390). &, BT1 und Bl are peptide sequences trom MSP-1 whereas
BT2 is a peptide sequence from RESA w a hybrid pepude P1
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Table 1. Ascxual stages vaccine target antigens

L . A " .
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Approx.
Anttgens $17€ Location
Sporozoite/liver stages
Circumsporozoite surface protein (CSP) 60 kDa Sporozoite surface
Sparozoite surface protein-2 (SSP-2) 63 kDa Sporozoite surface, Micronemes
Liver stage antigen-1 (LSA-1) 200 kDa Parasitophorous vacuole
Sporozoite threonine aspargine rich protein (STARP) 70 kDa Sporozoite surface
Blood stagces
Merozoite surface protein-1 (MSA-I) 195 kDa Merozoite surface
Merozotite surface antigen-2 (MSA-2) 45 kDa Merozoite surface
Apical membrane antigen-1 (AMA-1) 83 kDa Rhoptry organelle
Rhoptry antigen protein-1 (RAP-1) 80 kDa Rhoptry organelle
Rhoptry antigen protein-2 (RAP-2) 42 kDa Rhoptry organelle
Ring erythrocyte surface antigen (RESA) {55 kDa Dense granules
Acid base rich antigen (ABRA) 75 kDa Parasttophorous vacuole
Histidine rich protein-2 (HRP-2) 65 kDa Secreted into plasma
Serine repeat antigen (SERA) 110 kDa Released at rupture
Pf Erythrocyte membrane protein-1 (PIEMP-1) 250-400 kDa Parasitized erythrocyte surface
Erythrocyte binding antigen-175 (EBA-175) 175 kDa Micronemes/Apical end
Thrombospondin related anonymous protein 63 kba (7) (?)

(TRAP)/(SSP-2) ?

Table 2. Multiple epitope peptides developed at ICGEB

L

- i .

Peptide Sequence Antigen

Pl LDNIGNVGKNEDYIKKNKKPYSLFQKEKMVLGP MSP-1/RESA
GEENVEHDAEENVEENY

P13 EWSPCSVTCGOGNGIQVRIK CSP

P32 IEQYLKKIKNSISTEWSPCSVTCGNGIQVRIK CSP

P60 [IEQYLKKIKNSISTEWSPCSVTCGOGNGIQVRIKP CSP

GSANKPKDELDYENDIEKKICKMEKCS

the manner in which this can be done still needs to be
worked out. Design of synthetic peptides containing
disease relevant B and T epitope sequence in order to
generate specitfic immune responses 1§ central to the de-
velopment of peptide vaccines.

Carboxy-terminal to the repeats, CS proteins from all
Plasmodium species possess a conserved region (region
II} centered around a cysteine contamning nonapeptide
sequence, WSPCSVTCG, also found in proteins in-
volved in cell-cell interactions, such as throm-
bospondin, properdin, etc. Results from our laboratory
and the works of others have clearly indicated that re-
gion 1l 1s a sporozoite ligand for the hepatocyte recep-
tor"**. We were able to show that two peptides, based
on the P. falciparum region II sequence, P18 and P32
(Table 2) significantly inhibited P. berghei sporozoite
invasion into HEP-G2 cells®. Quite significantly, we
also found that antibodies to P32 also inhibited P. ber-
ghei sporozoite invasion of Hep-G2 cells. Since P32
contains a strong T-cell determinant 1in addition to the
conserved region Il motif, we immunized mice with P32
without using a carrier protein. Significant immune re-
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sponses were obtained in two different strains of mice.
The fact that immunization of mice with P32, without
the use of a carrier protein, protected them against a
lethal challenge of P. berghei sporozoites strongly sug-
gests that P32 contains crucial B and T-cell epitopes and
that region Il may be useful as a component of a malaria
vaccine®.

Surprisingly the conserved nonapeptide sequence of
the region II 1s also present in another sporozoite sur-
face antigen called thrombospondin related adhesive
protéein (TRAP or SSP-2), which also has been recog-
nized to play a crucial role in the sporozoite invasion of
hepatocytes®. Although first described from the blood
stages, the expression of TRAP during the erythrocytic
stages of the parasites has been controversial'®. We have
found that antibodics raised against a synthetic peptide
containing the conserved nonapeptide motif recognized
a protein in the blood lysate of P. falciparum culture®’.
Immunoprecipitation experiments with antibodies raised
against recombinant TRAP, and its fragments, provided
further evidence for the presence of a TRAP-like protein
during the blood stages of P. falciparum. Further, we
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found that anti-peptide antibodies inhibited merozoite
invasion of erythrocytes®’’. Mice immunized with syn-
thetic peptides P32 or P60 (Table 2), both of which
contain several B and T epitopes (Figure 1 a) including
the region Il sequence, were partially protected against a
heterologous challenge with blood stage parasites of P.
yoelii*®. Immunization with P60 in rhesus monkeys also
produced high anti-peptide antibody response. Protec-
tion experiments in Aotus monkeys with P60 have been
planned. Fine specificity of the immune responses to
these peptides with respect to various B and T-epitopes
showed that the response was focused on the region II
sequence. From the cytokine analysis data we observed
that both Thl and Th2 cellular responses were induced
upon immunization with the peptides*®. Our results
clearly show that through the use of appropriate peptide
it may indeed be possible to focus the immune response
to the regions which otherwise remain largely cryptic
during the course of natural infection or upon immuni-
zation with recombinant or native proteins.

It 1s generally believed that a future malarial vaccine
will need to contain a combination of different antigens.
Synthetic peptide constructs containing B and T-
epitopes from different antigens have been developed,
but a major concern with epitope-based constructs is the
genetic restriction of the immune response in an outbred
human population. Characterization of B and T-cell de-
terminants 1n a viral or parasite antigen may be rela-
tively simple now, given the advances 1In peptide
synthesis, theoretical prediction of antigenic sites and a
battery of simple assays. We have analysed immune re-
sponses to a series of synthetic peptides representing
predicted B and T-cell determinants from conserved
regions of MSP-1, TRAP, RESA and AMA-1. Analysis
of the development of immune response to specific 1m-
munodominant peptide fragments from different major
malaria antigens revealed a direct correlation of malaria-
specific antibodies with transmission of the disease™.
One of the pepuides, representing repeat structure pep-
tide of RESA has turned out to be a good marker and
may be used as a capture antigen in ELISA to determine
the status of malaria control programme®’.

Based on B and T-cell epitopes of liver and blood
stage antigens, CS protein, and MSP-1 and RESA, re-
spectively, two muluple epitope pepudes, Pl and P2
(ref. 50) were designed and synthesized (Table 2).
These linear peptides were highly immunogenic 1n mice
without the use of a carrier protein and both peptides
were able to induce cellular proliferative responses®.
We also studied the effect of different adjuvants on the
immunogenicity of these peptides and found that in alum
also these peptides are excellent antigens. Intercstingly
immunization with P1 (Figure 1) provided protection
to BALB/c mice against a heterologous, P. yoelii chal-
lenge infection. However, P2, which also contains simi-
lar B and T epitopes, but in different orientation, failed
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to provide any protection. We found that in case of P2
immunization the humoral response was focused on T-
epitope sequence instead of the B-cell determinant™. Qur
results suggest, as indeed from several other groups work-
Ing on peptide vaccines, that while linear multiple epitope
peptides may offer attractive alternatives as subunit vac-
cines, 1t 1s clear that ground rules for the design of such
immunogenic peptides are yet to be defined®' >,

It 1s obviously important to analyse whether the epi-
topic sequences from malaria antigens are immunogenic
In the context of infected individuals living in malaria-
endemic areas. Even though most of our work involves
the use of highly-conserved regions of the vaccine target
antigens, it will be of relevance to characterize these
antigens from Indian isolates of P. falciparum; surpris-
ingly none of these antigens have been characterized as
yet. As a step in this direction we have isolated, cloned
and sequenced the gene of the MSP-2 from three geo-
graphical isolates from different malaria-endemic areas
in India. The MSP-2 gene of Indian isolates is remarka-
bly similar to the FC-27 strain from Papua, New
Guinea’®. We are now in the process of characterizing
genes of MSP-1, CS protein, TRAP and AMA-1 of P.
falciparum from Indian isolates.

P. vivax/P. cynomolgi malaria

Of all the malaria cases 1n India up to 60 to 70% are due
to Plasmodium vivax infection and although P. vivax
infection does not directly kill the host, it causes a great
deal of discomfort and morbidity. Relatively less is
known about the immune responses of the host to P.
vivax infection. Also, the antigens of P. vivax are not as
well characterized as P. falciparum, mainly because
unlike P. falciparum, P. vivax has resisted all attempts
of culturing the parasite; infected humans remain the
only source of the parasite material. Plasmodium cyno-
mologi is a simian malaria which is closely related to P.
vivax in taxonomy and morphology, and is regarded as a
good model to study the P. vivax infection™. We have
characterized genes of three major vaccine target anti-
gens from a P. cynomologi 1solate, obtained from the
Central Drug Rescarch Institute, Lucknow, in order to
test their potential as vaccine candidates in the readily
available rhesus monkey model. We found that the
AMA-1 of P. cynomologi is closely related to the P,
vivax countcrpart, and most structural features like
number and position of cysteine residues and proline
residues are conserved in the two homologues™. The
full length AMA-1 and a truncated version of it have
been expressed in E. coli and baculovirus system, in our
taboratory. This will allow us to investigate the unmune
responses to Pc AMA-1 in the monkey model, and thus
to analyse tts role in protective immunity during the
blood stages of the parasite,
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Another important vaccine target antigen, TRAP, is
also a major focus in our laboratory for analysing its
role 1n malana immunity. We have observed that certain
highlv conserved B-cell epitopes of the Pf TRAP remain
cryptic during the course of natural infection. The abil-
ity to make important functional epitopes cryptic ap-
pears to be a general strategy of parasites to evade
host's immune responses as has been shown in case of
surface protein of Trypanosoma cruzi’’. We have cloned
and expressed in bacteria the full length TRAP gene of
P. falciparum {rom an Indian isolate, and its fragments,
representing the N and C-terminal domains of the pro-
tein. Since TRAP is considered one of the most con-
served malaria antigens, we have also characterized the
TRAP gene from P. cynomologiss. The potential of this
antigen and their fragments in protection will be tested
in a relevant ammal model. Since TRAP 15 highly con-
served across the Plasmodium species, the results of P.
cynomologi experiments will be of direct relevance in
evaluating its role in P. vivax and P. falciparum vaccine
development.

As mentioned earlier, 1t appears that the ability to
block the development of immune responses to the
functional epitopes is one of the main strategies to evade
immune responses of the host. This 1s why a synthetic
peptide-based vaccine development approach may be
most relevant in a parasite disease like malaria. Through
the use of peptides it may be possible to focus immune
responses to the otherwise cryptic epitopes; develop-
ment of synthetic peptides as immunogens 1s, therefore,
an immediate need for parasite vaccines. However, ge-
netic restriction of immune response, specificity of epi-
topic sequences, use of appropriate adjuvants, etc. are
some ot the problems that will have to be sorted out be-
fore peptides may be useful for vaccination. With the
avallability of recombinant antigens and their fragments
In our laboratory, 1t should now be possible for us to
compare the immune responses obtained upon immuni-
zation with whole antigens with those obtained from
the use of synthetic, multiple epitope peptides. For
the development of vaccines against parasitic
diseases, this appears to be one of the most important
queslons.
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What’s the essence of royalty — one keto group?
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A honey bee colony consists of a single queen, tens of
thousands of nearly sterile female workers and usu-
ally a few hundred drones. The presence of the queen
inhibits rearing of new queens, stimulates foraging
and interaction of workers with the queen and,
(along with the queen’s brood), inhibits the develop-
ment of worker ovaries. Most or all of these effects of
the queen on the workers are mediated through
primer pheromones secreted by the queen. An impor-
tant component of the queen’s pheromone blend is 9-
keto-(E) 2-decenoic acid (9-ODA). Workers also pro-
duce related substances which appear to function as
nutrients and food preservatives. A dominant com-
ponent of the worker blend is a diacid which is made
from a precursor molecule hydroxylated at the w

Honey bces

WILLIAM Morton Wheeler' says of the honey bee: ‘lts
sustained fhight, its powerful sting, its intimacy with
flowers and avoidance of all unwholesome things, the
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carbon atom rather than at the w—1 carbon atom.
The w-1 precursor is used by the queen which leads
to the formation of a keto acid. One might say that
the fundamental difference between a queen and
worker, the essence of royalty is therefore, one keto
group! The recently-elucidated caste-specific biosyn-
thetic pathway for the production of these pheromones
permits two other speculations. One is that workers can
be thought of as being closer to the ancestral solitary
condition and that queens can be thought of as a de-
rived invention of sociality. The other is that, compared
to non-social species, social insects are especially pre-
disposed to evolve novel structures and characters as
exemplified by the queen for example, through the
process of evolution of gene duplication,

altachment of the workers to the queen —regarded
throughout antiquity as a king -~ its singular swarming
habits and its astonishing industry in collecting and
stortng honey and skill in making wax, two unijue sub-
stances of great value to man, but of mysterious ongin,
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