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BACKGROUND®OF THE | NVENTI ON Pl asnodi um fal ci parumis the nost
pas hogeni ¢ species of human nelaria. The asexual parasites of this species
inred blood cells produce several proteins characterized by an unusually
hi gh content of the am no acid histidine. One of these proteins is

designated Histidine Rich Protein Il YHRP-11). HRP-11 is synthesized
t hroughout the asexual stage of the parasite and is released frominfected
cells into the blood stream The HRP-11 gene-has been isol ated and

sequenced. The predi cted am no acid sequence includes 34% histidine, 37%
al ani ne and 10% aspaMPRCVEDCANTIB0IEL Mo RuAdVMEIDIABY FALCIOSHM

FIELD OF THE INVENTION

The present invention relates to antibecdies which rescognize

and bind to HRP-II, a histidine-rich protein of Plasmodium

falciparum, assays employing these antibodies, and peptides for

generating the antibodies.

BACKGROUND OF THE INVENTION

Plasmodium falciparum is the most pathogenic species of

human malaria. The asexual parasites of this species in red
blood cells produce several proteins characterized by an
unusually high content of the amino acid histidine. One of
these proteins is designated Histidine Rich Protein II
(HRP-II). HRP-II is synthesized throughout the asexual stage
of the parasite and is released from infected cells into the

blood stream.

The HRP-II gene has been isolated and sequenced. The
predicted amino acid sequence includes 34% histidine, 37%
alanine and 10% aspartié . acid (Wellems and Howard. 1986.
PNAS 83, 6065-6069). The HRP-II protein is also unusual in
that it contains many tandem repeats of the amino acid
sequences Ala-His-His and Ala-His-His-Ala-Ala-Asp comprising

about 80% of the sequence of the protein. The functions of
N
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PNAS 83, 6065-6069). The HRP-I1 protein is also unusual in that it
cort ains many tandem repeats of the am no acid sequences Al a-His-H s and
Al a-Hi s-Hi s-Al a-Al a-Asp conprising about 80% of the sequence of the

pr ot ei n.

The functi ons of 2

*and the other histidine-rich progeins are not yet known, but HRP-1I
Is of particular interest for early detéction of

HRDP-II and the other histidine-rich proteins are not yet known,
but HRP-II is of particular interest for early detection of
malarial infection beqause it is transported out. of infected
cells into the extracellular medium where it cén be detected in
the blood of infected patients. Highly sensitive immunoassays

for detection of HRP-II are therefore desirable as a means for

detecting malaria infection at an early stage of the disease.

or HRP-II are known in the art.

[ }Y

Antibodies specific.
Monoclonal antibody MAb-~87 and its subclones, raised to the
intact HRP-II protein, have been described by Howard, et al.
(1986) J. Cell Biol. 103, 1269-1277; Rock, et al. (1987)
Parasitology 95, 209-227 and Panton, et al. (1989) Molec.
Biochem. Parasitology 35, 149-160. MAb-87 and its subclones
are also disclosed in WO 89/01785 to Taylor. However, Mab-87
and iﬁs related monoclonals are not suitable for diagnosis of
malaria, as they are capable of detecting a minimum of only
0.05% parasitemia in an enzyme linked immunosorbent assay
(ELISA). Suppl. to Amer. J. Trop. Med. Hyg. 1991. 45(3):
248-249. Polyclonal antibodies to a fragment of the HRP-II
protein containing Ala-His-His and Ala-Ala-Asp repeats - have
been reported by Knapp, et al. (1988. Behring Inst. Mitt. 82,
349-359). Wellems, et al. (1987. Cell 49, 633-642) have
produced polyclonal antisera td a synthetic peptide having the
amino acid sequence Ala—His—His—(Ala—His—His—Ala—Ala—Asp)2.
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mal arial infection because it is transported out of infected cells into
the._extracel | ul ar nmedi um where it can be detected in the blood of infected
patients. H ghly sensitive inmunoassays for detection of HRP-I1 are
therefore desirable as a neans for detecting nalaria infection at an early
stage .of the disease. Ant i bodi es gpecific for HRP-11 are known in the
art. Monocl onal antibody MAb-87 and it’s subclones, raised to the intact
HRP-11 protein, have been described by Howard, et al. (1986) J. Cel

Bi ol . 103, 1269-1277; Rock, et al. (1987) Parasitology 95,

209-227 and Panton, et al. (1989) Mlec. Biochem Parasitology 35,
149-160. MAb-87 and its subclones are also disclosed in WD 89/01785 to
Tayl or. However, Mab-87 and its related nonocl onals are not suitable for

diagnosis of A &c8Bonl8Y Fihd PP R 8 PE LR 24T M W 2LQ e
Howard disclose these same polyclonal antisera and synthetic
peptide in U.S. Serial No. 06/895,942. The foregoing authors
and inventors also describe the use of the wvarious anti-HRP-II

antibodies to detect HRP-II antigen in immunoassays such as

Western bloté and ELISA's.

SUMMARY OF THE INVENTION

The present invention provides antibodies which recognize
and . bind to HRP-II with increased specificity and affinity,
thereby providing increased sensitivity in immunoassays as
gompared to prior art anti-HRP-II antibodies. Monoclonal
antibcdies as well as polyclonal antisera were generated by
immunization with & unigue synthetic peptide comprising the
amino acid sequence (SEQ ID NO:1):

Cys—Gly-Ala-His-His-Ala~His-His-Ala-Ala-Asp-—-

Ala-His-His-Ala-Ala-Asp-Ala.
The N-terminal cysteine facilitates coupling of_the peptide to
maleimide-derivatized carrier proteins through its -SH group.
It is believed that the cysteine along with the glycine in the
second position serve as a spacer linkage between the
HRP-II-like sequence and the carrier protein which permits the
peptide to assume a more aﬁthentic conformation for the

production of antibodies. J. B. Rothbard et al. J. Exp. Med.
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0.05% parasitem a in an enzyme |inked inmunosorbent assay (ELISA). Suppl.
to~Amey. J. Trop. Med. Hyg. 1991. 45(3): 248-249. Pol ycl onal
antibodies to a fragment of the HRP-11 protein containing Ala-H s-H s and
Al a- Al a- Asp repeats have been reported by Knapp, et al. (1988. Behring
Inst. Mtt. 82, 349-359). Wellens, a al. (1987. Cell 49, 633-642)
have produced pol yclonal antisera to a synthetic peptide having the am no
acid sequence Al a-Hi s-Hi s-(Al a-H s-Hi s-Al a-Al a-Asp)[err],

3 _

1984. 160: 208-221.

——s

DETAILED DESCRIPTION OF THE INVENTION

The antibodies of the invention exhibit significantly
improved specificity and affinity for HRP‘-II antigen in
:'meunoassays as compared to the antibcdies described in the
prior art. They therefore increase the sensitivity of
immunoassays and represent a;i important advance in the ability
of clinicians to detect the disease at an early stage. The
antibodies of the invention are capable of detecting as 1little
as 0.0008% parasitemia in plasma and 0.0002% parasitemia in
whole blood, whereas an ELISA employing prior art antibodies
could reliably detect only parasitemias of 0.05% or dgreater
(Schaeffler et al. 1991. Program & Abstracts of the 40th
Annual Meeting of American Society of Tropi'cal Medicine and
Hygiene. Abstract #384. Amer. J. Trop. Med. Hyg. Suppl.
45(3): 248-249). The percent parasitemia is determined by
evaluating the number of infected red blood cells vs.
uninfected red blood cells in a stained blood. film and is a
reflection of the degree of infection. The improved antibodies
of the invention are intended to encompass both polyclonal and

monoclonal antibodies having the disclosed properties.

Taylor's prior art antibodies, as described in JCB (1986)
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and t hes

e antibodies bind to the HRP-11 protein. Wllens and Howard

di.scl ose these same pol yclonal antisera and synthetic peptide in U S
Serial No. 06/895,942. ~The foregoi ng authors and inventors al so descri be

t he use
| Munoas
SUMVARY
which re
affinity
conpar ed

of the various anti-HRP-11 antibodies to detect HRP-11 antigen in
says such as Western blots ang ELI SA' s '
OF THE | NVENTI ON The presént invention provides anti bodies
cognize and bind to HRP-11 with increased specificity and
, thereby providing increased sensitivity in inmmunoassays as

to prior art anti-HRP-1I antibodies. Monocl onal

103, 1269, were produced in mice immunized with emulsified,
purified red blood cells infected with whole parasites. In
contrast, the improved antibodies of the invention were
generated by immunizing mice with a synthetic peptide which is
a modification of the peptide described by Wellems and Howard

in U.S. Serial No. 06/895,942.

The immunogenic peptide has the amino acid sequence of SEQ
ID NO:1:
Cys—Gly-Ala-His-His-Ala-His-His-Ala-Ala-Asp—
Ala-His-His—-Ala-Ala-Asp-Ala.
wherein Cys represents the N-terminus of the peptide and Ala
represents the C-terminus. Residues 3-17. are a histidine-rich
repeat sequence similar to segments of native HRP-IIL. The
peptide may be synthesized using any of the synthetic methods
known in the 'art, for example the solid-phase method of
Merrifield (1969. Advan. Enzymol. 32:221) or the modified
solid-phase methods of Sheppard and Atherton (WO 86/03494)
which are now automated. Chemical synthesis of the peptide is

preferred.

An alternative method for producing the immunogenic peptide
is by expression of a recombinant oligonucleotide coding for
the 18-mer. Methods for synthesizing an appropriate nucleic

acid sequence, cloning it and expressing it in a transformed
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anti bodies as well as polyclonal antisera were generated by inmunization
with a unique synthetic peptide conprising the amno acid sequence (SEQ ID
NO 1) : ' Cys-Ad@ y-Al a-Hi s-Hi s-Al a-H s-Hi s- Al a- Al a- Asp-

Al a-Hi s-Hi s-A a-Al a-Asp-Ala. The N-termnal cysteine facilitates coupling
of -the peptide to nmualeimde-derivatizegl carrier proteins through its -SH
group. It is believed that the cysteine along with the glycine in the
second position serve as a spacer . linkage between the HRP-I1-1ike
sequence and the carrier protein which permts the pepti.de to assune a
nore authentic conformation for the production of antibodies. J.- B

Rot hbard et al. J. Exp. Med. :

host cell are well known and within the ordinarv skill in the

art.

The cysteine residue at the N-terminus of the peptide
facilitates coupling of the peptide to an immunogenic carrier
through the ~SH group of_cysteine. Coupling of the peptide to
an immunogenic carrier 1is ©preferred for ‘immunization, as
coupling allows the small antigenic determinant peptide (a
hapten) to elicit an antibody respcnse. Commenly .ﬁsed
immunogenic carriers useful for coupling to haptens such as the

peptide of the invention a&are listed in Immunology, 2An

Illustrated Outline by David Male, Gower Medical Publishing,

1986, pg. 31. Keyhole limpet haemocyanin (KLH) 1is the
preferred immunogenic carrier for coupling to the peptide to

generate the antibody response.

The N—terminal_Cys—Gly serves as a spacer 1linkage between
the carrier and the peptide. While not wishing to be limited
to .any particular method by which the invention operates,
Applicants believe that by providing such a spacer linkage, the
negative effects of the carrier on the conformation of the
peptide may be reduced, thus allowing the peptide to assume a
conformation more characteristic of a naturally occourring
epitope of the HRP-II protein. This more authentic

conformation may contribute to the ability of the peptide to
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4 1984. 160: 208-221. DETAI LED DESCRI PTI ON OF THE
| NVENFI ON The anti bodi es of the i.nvention exhibit significantly
i nproved specificity and affinity for HRP-I1 antigen in

| mmunoassays as conpared to the antibodies described in the prior art.

~They th

erefore increase the sensiti¥ity of

elicit the surprisingly high sensitivity antibodies of the

invention.

Methods for coupling carriers to haptens through sulfhydryl
groups are known in the art and any of these are suitable for
coupling the selected carrier to the immunogenic peptide. For

example, see the coupling protocols described . in Current

Protocols in Immunology, J. E. Coligan et al., eds., Greene

Publishing 2Assoc. and Wiley Interscience, 1992, Chapter 9.
Preferred reagents for coupling the sulfhydryl of cysteine to
an amino group of & carrier protein are sulfosuccinimidyl
4—(N-maleimidomethyl) cyclohexane-1-carboxylate (sulfo SMCC) or
SMCC and m-maleimidobenzoyl-N-hydroxysuccinimide (MBS) or
sulfo-MBS because they are specific for Cys~SH with essentially
no seéondary coupling reactions at other amino acid residuesf
The most preferred coupling reagent is sulfo SMCC, which may be
used to conjugate the hapten to the peﬁtide according to known
methods such as §. Hashida et al. (1984) J. Applied
Biochemistry S$6: 56—63; However, other coupling reagents such
as glutaraldehyde may also be used with some secondary reaction

at the histidine residues.

The Ala residue at the C-terminus of the peptide serves to
reduce the mnegative charge density at the C-terminus and

represents the next amino acid which would be present in the
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| rmunoassays and represent an inportant advance in the ability of
cl.inicians to detect the disease at an early stage. The anti bodi es of
the invention are capabl e of detecting as little as 0.0008% parasitema in
pl asma and 0.0002% parasitemia in whole blood, whereas an ELI SA enpl oyi ng
prior art antibodies could reliably dgtect onIy parasitem as of 0.05% or
greater (Schaeffler et al. 1991. Program & Abstracts of the 40th
Annual Meeting of Anerican Society of Tropical Medicine and Hygiene.
Abstract #384. Anmer. J. Trop. Med. Hyg. Suppl. 45(3): 248-249).
The percent parasitema is determned by evaluating the nunber of
infected red blood cells vs. uninfected red blood cells in a stained
blood filmand is a reflection of the degree of infection. The inproved
anti bodi gatiefe HFP-4IMemtoto@inre i ntended to enconpass both pol ycl onal and

Suitable methods for immunizing animals with synthetic

peptides are also well known in the art. See Current Protocols

in Immunoloqy, supra. In general, an immunogenic amount of

peptide/carrier coﬁjugate is dissolved or suspended in a
physiological buffer, e.g., phosphate bufferéd ~saline (PBS),
usually mixed with an adjuvant such as complete Freunds
adjuvant. Animals are initially immunized with this mixture
and thereafter boosted wifh additional doses of peptide/carrier
conjugate. The immunization with peptide/carrier conjugate is
then repeated with an adjuvant such as incomplete Freunds
adjuvant. At about 7 and 12 weeks after the initial
immunization the serum is generally tested using methods known
in the art to determine. the titer of antipeptide antibodies
(e.g., reactivity with the immuriogen in an ELISA)
Modifications and adjustments to this basic immunization
protocol to obtain optimal antipeptide antibody titers for any
particular peptide/carrier conjugate are within the ordinary
skill in the art. If purified polyclonal:- antibody is desired.
it may be isolated from the immune serum using well-established

methods, such as separation on a peptide affinity column.

The spleen cells of an animal immunized with the

immunogenic peptide may also be fused with murine myeloma cells
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nonocl onal anti bodi es having the di scl osed properti es. Taylor's prior
art_ antibodies, as described in JCB (1986)

5

103, 1269, were produced in mce i munized with emul sified,

purified red blood cells infected with whole parasites. In contrast,
t he i nproved anti bodies of the inventign were

for production of moncclonal antibodies  using the method of
RKohler and Milstein (1975. Nature 256, 495-497) or other
modifications of this method known in the art (0i and

Herzenberg. 1980. Selected Methods in Cellular Immunology,

Mishell and Shiigi, eds., pp. 351-372, W. H. Freeman, New York;

Goding. 198s. Monoclonal Antibodies: Principles and

&%

Practice. Academic Press, San Diego). The fused cells are
cloned and screened for production of the desired anti-peptide
monoclcnal antibody using immunological assays such as ELISAas.
If desired, purification of monoclonal antibody from hybridoma
culture supernatants or ascites fluid may be accomplished using
methods known in the art, e.q., érotein G or peptide affinity

column chrematography.

The isolated polyclonal and monoclonal antibodies produced
in response to immunization with the peptide may be used in

immunoassay protocols of several types. The antibodies may be

~used 1intact or fragments may be generated which are also

capable of binding to the peptide and HRP-II protein (Fab or

'F(ab')z). Intact antibodies as well as antigen binding

fragments thereof are intended to be encompassed by the present
‘invention. While immunoassays can be performed using only
polyclonal antibody reagents, in most cases monoclonal antibody
or a combination of polyclonai and monoclonal antibodies are

preferred. In general, antibodies or antigens in immunoassays
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generated by immunizing mce with a synthetic peptide which is a

nodi fication of the peptide described by Wllens and Howard in U S. Serial
No. 06/ 895, 942. The i mmunogeni ¢ peptide has the am no acid sequence of
SEQ 1D NO 1: Cys-Ady-A a-H s-H s-Al a-His-Hi s-Al a-Al a- Asp-

Al a-Hi s-Hi s- Al a- Al a- Asp-Ala. wherein gys represents the N-term nus of the
peptide and Ala represents the CGtermnus. Residues 3-17 are a

hi stidine-rich repeat sequence simlar to segnments of native HRP-11.
The peptide may be synthesized using any of the syntheti.c nethods known
in the art, for exanple the solid-phase nethod of Merrifield (1969.

Advan.

Enzynol. 32:221) or the nodified solid-phase nmethods of

Sheppard and Atherton (WD 86/03494)

are labeled by conjugsation to a detectable label to facilitate
detection of antigen/antibody binding by inclusion of the label
in the binding complekes formed. As used herein, -the term
“label”, "detectable label" and related terms are intended to

encompass both - the detectable 1label alone and, as described

below, detectable labels associated with particles. Suitable

labels and methods for conjugating them to proteins such as
antibodies are well known. Directly detectable 1labels, which

do not require additional reagents cor reaction to be detected,

“include radioisotopes, fluorescent dyes and visible absorbing

dyes. Enzymes capable of reacting toc produce colored products
are suitable indirectly detectable labels commonly used for
conjugation to antibodies in specific binding assays. All of
the foregoing 1labels are suitable for conjugation to the

polyclonal and monoclonal antibodies of the invention.

Particulate detectable labels are preferred for conjugation
to the antibodies. Such particles include particles of
polymers (e.g., latex or polystyrene), sacs, liposomes,
metallic sols (e.qg., célloidal silver or colloidal gold), other
colloidal particles or polymeric dyes. To form the particulate
label, the particles are derivatized to include the selected
detectable label, usually by formation of a chemical bond using
methods known in the art for this purpose. Polymer particles,

such as latex particles, may also have the dye incorporated
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whi ch are now automated. Chem cal -synthesis of the peptide is preferred.
An: al ternative nmethod for producing the inmunogenic peptide is by
expression of a reconbi nant ol i gonucl eotide coding for the 18-ner

Met hods for synthesizing an appropriate nucleic acid sequence, cloning it
and expressing it in a transforned 11 6

into the polymer.:  In the case of sacs and liposomes, the label

[

may alsd be entrapped in the vesicle. The particle &nd its
associated 1label ﬁay then Dbe chemically ‘conjugaced to the
antibo&y for wuse in spécific binding assays. Alternatively,
polymer particles, polymeric dyes and metal particles méy be
coated with the antibody as described in U.S. Patent No.

5,096,837. The preferred' detectable 1labels for association

~ with the present . antibodies are 1liposomes encapsulating an

‘Dl

‘entrapped visible dye or other colored particles, with the
antibody coupled to the surface of the liposome or particle.

Such liposome labels are described in U.S. Patent No. 4,695,554.

The protocols for immunoassays using the antibodiés are
well kncwn in the art. For example, polyclonal or monoclonal
antibodies according to the invention or antigen binding
fragments thereof may be employed in sandwich assays for
detecting HRP-II protein or in the known modifications and
variations of sandwich assay protocols.  Alternatively, the
antibodies and antigen binding fragments thereof may Dbe
employed in various competitivé assay formats as are known in
the art. The basics of these assay protocols are reviewed in

Current Protocols in Immunoloqy, supra. When used as a

diagnostic for malaria infection, it is preferred that the
sample tested for the presence of HRP-II protein be either

lysed or unlysed blood. However, other samples may be assayed
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host cell are well known and within the ordinary skill in the art.
The cysteine residue at the N-term nus of the peptide facilitates coupling
of the peptide to an i munogenic carrier through the -SH group of
cysteine. Coupling of the peptide to an inmunogenic carrier is
preferred for immunization, as cougling allows the small antigenic
determ nant peptide (a hapten) to elicit an antibody response.
Commonly used immunogenic carriers useful for coupling to haptens such as
the peptide of the invention are listed in Inmmunology, An |llustrated
Qutline by David Male, Gower Medical Publishing, 1986, pg. 31. Keyhole
limpet haenocyanin (KLH) is the preferred inmmunogenic carrier for
coupling to the peptide to

as well, for example, supernatants of infected cell cultures,

extracts of P. falciparum parasites, serum, rlasma, urine and

cerebrospinal fluid.

Devices for peﬁforming specific binding assays, especially
immunoassays, are known and can be readily adapted for use with
the present monoclonal and pochlonal'antibodies_for detection
of HRP-II. Solid;phase assays, in general, are easier to
perform than heterogeneous assay methcds such as precipitation
assays because separation of reagents 1is faster and simpler.
Solid-phase assay devices include. microtiter plates,
flow—through assay devices, dipsticks and immunocapillary or
immunochromatographic immunoassay devices as described in U.S.
Patent No. 4,743,560; U.S. Patent No. 4,703,017; U.S. Patent
No. 4,666,866; U.S. Patent No. 4,366,241; U.S. Patent No.
4,818,677; U.S. Patent .No‘. 4,632,901; U.S. Patent No.
4,727,019;\ U.S. Patent No. 4,920,046; U.S. Patent No.
4',855,240; U.S. Patent No. 5,030,558; U.S. Patent No.
4,168,146. Most preferred are immunocapillary assay devices
which can be used as a dipstick, employing the inventive

monoclonal or polyclonal antibodies.

The preferred immunocapillary dipstick assay device is
designed for conducting a sandwich immunoassay for HRP-II

antigen. It comprises a piece of microporous absorbent
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generate the antibody response. The N-termnal Cys-Ay serves as a
spacer- | i nkage between the carrier and the peptide. Wile not wwshing to
be limted to any particular nmethod by which the invention operates,
Applicants believe that by providing such a spacer |inkage, the negative
effects of the carrier on the conformat3on of the peptide may be reduced,
thus allowing the peptide to assune a conformation nore characteristic of
a naturally occurring epitope of the HRP-II pr ot ei n. Thi s nor e
authentic conformation may contribute to the ability of the peptide to

material such as nitrocellulcse 1laminated to a plastic
backing. In contact with the micropcrous material 1is z strip

1,

of a .second absorbent material such as glass fibe

(2]

n
O

als
laminated to the plastic baqking. Nitrocellulose is preferred
for the first material because it allows immobilization of
protein simply by applying the protein solutibn to the
nitrocgllulbse and allowing it to be absorﬁed. The second
absorbent is in fluid communication with the microporous
material and assists in pulling the assay fluids through the
microporous absorbent. The second absorbent also absorbs the
fluids which pass through the micrororous material.

A monoclonal antibbdj according to the invention 1is
immobilized on the microporous absorbent in a position where it
will not be directly immersed in the.sample being tested. To
perform the assay the portion of the microporous absorbent
below the monoclonallantibody is contacted with the sample such
that the sample fluid is drawn up into it by capillarity
(wicking), thus bringing the sample into contact with the
aﬁtibody and allowing binding between the antibody and any
HRP-~II antigen which may be present in the sample. Thereafter,
a solution containing a visible dye-labeled polyclonal antibody

. according to the invention is wicked up into the microporous
absorbent into contact with the monoclonal antibody/bound

antigen complex such that the polyclonal antibody binds to the
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7

elicit the surprisingly high sensitivity antibodies of the

I nvent i on. Met hods for coupling carriers to haptens through sul fhydryl
groups are known in the art and any of these are suitable for coupling the
sel ected carrier to the i munogenic peptide. For exanple, see the coupling
protocols described in Current Protocaqlgs 1in Inmmnology, J. E. Coligan et
al., eds., Geene Publi-shing Assoc. and Wley Interscience, 1992,

Chapt er

9. Preferred reagents for coupling the sul fhydryl of cysteine to

an am no group of a carrier protein are sulfosuccinimdyl.

complexes through interaction with_HRP—xI. .Optionally, a wash
solution containing a mild detergent which will nct disrupt the
liposomes (e.g., ZWITTERGENT) may be wicked 1intc the
microporous absorbent after binding of the polyclonal
antibody. The detectable dye label is then visualized in the

area of immobilized monoclonal antibody.

In a preferred alternative embodiment cf the dipstick assay
device, & positive control area is included on the microporous

absorbent in the vicinity of but distinct from the immobilized

monoclonal antibody. The positive control may be HRP-II

antigen, the immunogenic peptide or a derivative or analog

thereof which also binds the antibodies of the invention. The

preferred positive control is HRP-II antigen immobilized on

nitrocellulose in an area contacted by the migrating sample
fluid after it contacts the area of immobilized monoclonal

antibody.

The selected device and reagents for performing the
immunoassay may be packaged in the form of a kit for
convenience. For example, such a kit may include an
appropriate assay device, antibody reagents, reagents for
development of the assay such as buffers and, if needed,

reagents for detection of the chosen label.
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4- (N-mal ei m donet hyl ) cycl ohexane- 1-carboxyl ate (sulfo SMCC) or SMCC and
m mal ei m dobenzoyl - N- hydr oxysuccinimide (MBS) or sulfo-MS because they
are specific for Cys-SH with essentially no secondary coupling reactions
at other amino acid residues. The nost preferred coupling reagent is sulfo
SMCC, which may be used to conjugate 1 e hapten to the peptide according
to known nmethods such as S. Hashi et al. (1984) J. Applied

Bi ochem stry 56: 56-63. However, other- coupling reagents such as

gl ut ar al dehyde may al so be used with sone secondary reaction at the

hi sti di ne residues. The Al a residue at the C-term nus of the peptide
serves to reduce the negative charge density at the C-term nus and '
represents the next amno acid which would be present in the

The inventive antibodies may alsc be useful for reducing

the risk of P. falciparum infection or treating such infecticn

once established. Treatment may be accomplished oy
administering to an animal suffering from malaria infection,
preferably a human, a therapeutically effective amount of a
pharmaceutical composition comprising a monoclonal or
polyclonal antibody according to the invéﬁtion. Similar
pharmaceutically acceptablé compositions may be administered to

an animal in a dose sufficient to increase immunity to

subsequent P. falciparum infection. Alternatively,

anti-idiotypic =~ antibodies = raised against the inventive
monoclonal or pclyclonal antibodies may also be administered in
a pharmaceutical composition as a vwvaccine against malaria

infection.

The following experimental Examples are intended to
illustrate certain features and embodiments of the invention

but are not to be considered as 1limiting the scope of the

invention as defined by the éppended claims.
EXAMPLE 1
'An 18-mer peptide having the amino acid sequence of SEQ ID

NO:1 was prepared using Fmoc-mediated synthetic chemistry with

BOP and HOBT essentially as described by D. Hudson (1988. J.
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native HRP-11 protein.. Sui tabl e nethods for imunizing animals with
synthetic peptides are also well known in the art. See Current Protocols
i n | munol ogy, supra. In general, an inmunogeni c anmount of
peptide/carrier conjugate is dlssolved or suspended in a physiological

buff-er,

e.g., phosphate buffered sallneo(PBS) usually m xed with an

adjuvant such as conpl ete Freunds

Org. Chem. 53: 617-624). A Milligen/Bi o—Search.'EXCELL solid
phase peptide synthesizer was used as recommended by the
manufacturer to perforﬁt the synthesis. The completed peptide
was déprotected and cleaved from the resin using Reagent R as
recommended by Milligen/BioSearch in their instructions. Crude
peptide was- isolated by centrifuging the precipitate formed
upon addition of seven volumes of cold éiethyl ether to
‘combined Reagent R and trifluorocacetic acid (TFA) washes of the
resin. The preéipitate was washed with cold diethyl ether and
subsequently dried in vacuo.. Crude peptide was further
purified by chroﬁatography on a C,g-reverse phase matrix
elﬁted with a gradient of 0.1% TFA in water (Buffei A) and 0.1%
TFA in acetonitrile (Buffer B). The 18-mer peptide eluted at
33-34% Buffer B and was subsequently collected by lyophilizing
pooled fractions containing the peptide. Conjugation of the
purified peptide to sulfo-SMCC derivatized keyhole 1limpet
hemocyanin (RLH) was done as described by Rothbard, et al.
(1984. J. Exp. Med. 160: 208-221) with minor modifications.
Peptide conjugate was isolated from unconjugated peptide by
chromatography on Sephadex  G-75. The purified 18-mer

peptide:KLH conjugate was subsequently used as an immunogen for

eliciting antibodies to HRP-II.

Male BalbC/AnCrl mice (18-20 qg) were used for

immunization. A 2 mg/ml stock solution of the immunogenic

T




adj uvant . Animals are initially immunized with this m xture and
thereafter boosted with additional doses of peptide/carrier conjugate.
The imuni zation with peptide/carrier conjugate is then repeated with an
adj uvant such as inconplete Freunds adjuvant. At about 7 and 12

weeks after the initial immnization the serumis generally tested
using nmethods known in the art to determne the titer of antipeptide
antibodies (e.g., reactivity wth the imunogen. in an ELISA)

Modi fications and adjustnents to this basic immunization protocol to
obtain optinmal antipeptide antibody titers for any particular
peptide/carrier conjugate are wwthin the ordinary skill in the art. If
purified polyclonal antibody is desired, it may be isolated fromthe

' [ ng, el Liyestahld : ' ' nd1i
| mune SSIUR AL %Pl bieydtld By r8BbHSYI cutEY 28 SRR 8K ODyBPnd1ized

peptide in 4.0 ml of prewarmed PBS with vortex mixing until the
powder dissolved. The stock solution was diluted 1:1 with PBS
and the 1 mg/ml solution was used for immunization. The first
two injections were given in the footpad and subcutaneously
(100 pl at each site of 1 mg/ml peptide:KLH with 100 ul
Complete Freunds Adjuvant, Difco). This was followed by four
intraperitbneal injections of 100 yul of peptide:KLH at
approximately two day intervals. Anti-18-mer titers were
e&aluated, and three of the four mice immunized responded well
to the peptide. Two ihtraperitoneal injections of 100 ul of
peptide:KLH were then given at approximately Qeekly intervals.
After these injections, all four mice had some immune response
to the peptide. Approximately_three months later the mice were
boosted with four intraperitoneal injections of peptide:KLH.
Based on reactivity with the 18-mer peptide in an ELISA, one
was selecfed for fusion of the splenocytes with P3 myeloma
cells according to a standard protocol such as that described
in "Current Protocols in Immunology.," J. E. Coligan et al.,

eds., 1991, John Wiley & Sons, Chapter 2.

For screening immunized mice or hybridomas, ELISA plates
were coated overnight at 4°c with 20 ug/ml of unconjugated
18-mer peptide, peptide conjugated to KLH (the immunogen) or

peptide conjugated to BSA. Bleeds from immunized mice prior to

This Sheet Has Been Rerlaced _
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The spleen cells of an animal immunized wth the immunogenic
peptide may al so be fused with nurine nyeloma cells for
production  of nonocl onal antibodies using the nmethod of Kohler and

MIstein

(1975. Nature 256, 495-497) or other nodifications of this

met hod known in the art (O and Herzdsberg. 1980. Selected Methods in

Cel | ul ar

| munol ogy,

splenccyte fusion or hybridoma culture supernatants were
diluted 1:10 in PBS-Tween buffer, foilowed by serial two-fold
dilutions thereatfter. The dilutions were incubated in the
érepared ELISA plates for 1 hr at room temperature.
Horseradish peroxidase conjugated goat anti-mouse

immunoglobulin or rabbit anti-mouse IgG antibody was diluted in

PBS-Tween and incubated with the ELISA plates for 1 hr.

O-phenylenediamine dihydrochloride enzyme substrate was diluted

in citrate-phosphate buffer and incubated with the ELISA plates
for 10 min. at room temperature. The absorbance of the medium

was read at A490.

Hybridomas resulting from the fusion were cloned and
expanded based on reactivity with peptide:KLH in the ELISA.
Clone MAL 18-27 was found to be the only clone reactive with
both the unconjugated peptide and the conjugated peptide,
indicating that the antibody produced was specific for the
peptide rather than the KLH. MAL 18-27 was also shown to be
18-mer specific, as it was the only clone tested which did not
also react with a 10-mer and/or a 2l1-mer in the ELISA. An
isotyping assay of clone MAL 18-27 showed the antibody produced

to be an IgGlk isotype.

As it demonstrated the desired specificities, clone MAL

18-27 was further subcloned.: Two of these subclones, MAL
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M shell and Shiigi, eds., pp. 351-372, W H. Freeman, New York; Goding.
1986. © Monocl onal Ant i bodi es: Principl es and Practice. Academc
Press, San Diego). The fused cells are cloned and screened for -
production of the desired anti-peptide nonoclonal antibody using

i mrunol ogi cal assays such as ELISAs. idd desired, purification of

nonocl onal anti body from hybridoma culture supernatants or ascites fluid
may be acconplished using nethods known in the art,.e.g., Protein G or
peptide affinity columm chronat ography. The isol ated pol ycl onal and
nonocl onal anti bodi es produced in response to inmunization with the
peptide may be used in inmunoassay protocols of several types. The

anti bodies nmay be wused intact or fragnents nmay be generated which are al so

18-27.2.3.1 and MAL 18-27.2.3.1.2, have been devosited with the
American Type Culture Collection, Rockville, Maryland under

Accession Numbers HB 11111, deposited on September 3, 1992 and HB 11112,

deposited on September 3, 1992 respectively.

Monoclonal antibody MAL 18-27.2.3.1, the parent clone of
MAL 18-27.2.3.1.2, was tested in a solid‘ phase dipstick
immunoassay. The immunocapillary dipstick device comprised a
strip of nitrocellulose (Schleicher & Schuell, Keene, New
Hampshire) 7 mm wide and 25 mm long laminated to a plastic
backing strip. A strip of glass fiber (Gelman, Ann Arbor,
ﬁichigan) 7 mm wide and 5 cm long was also laminated to the
plastic backing such that the glasé fiber was in contact with
and slightly overlszpped the upper edge of the nitrocellulose.
One pg of monoclonal antibody MAL 18-27.2.3.1 was spotted on
the nitrocellulose in the form of a line at approximately the
midportion of the nitrocellulose strip. Approximately 6 mm
above the 1line, 0.17 ug of 1isolated HRP-II antigen was
spotted on the nitrocellulose in a dashed line. The HRP-II

antigen served as a positive control in the immunoassay.

The bottom edge of the nitrocellulose was placed in a
shallow well containing a 50 ul sample of lysed whole blood,
serum or plasma such that the sample fluid was wicked up into

the nitrocellulose and brought into <contact with the
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capabl e of binding to the peptide and HRP-11 protein (Fab or F(ab')[err]).
I nt.act. antibodies as well as antigen binding fragnents thereof are

i ntended to be enconpassed by the present invention. Wile imunoassays
can be perfornmed using only polyclonal antibody reagents, in nost cases
nonoclonal antibody or a conbination gf polyclonal and monocl onal

anti bodies are preferred. In general, antibodies or antigens in

| mMmunoassays 10.

immobilized antibody, allowing KERP-II antigen present in the
sample to bind. A drop of a tracer reagent comprising rabbit
polycional antibody raised against the immunogenic peptide-
incorporated into liposomes with entrapped sulforhodamine B was
placed in the well and wicked up into the nitrocellulose. The
tracer ieagent also contacted and became ‘bound to sample
antigen complexed with the immobilized monoclonal antibody. A

wash reagent comprising 0.125% ZWITTERGENT 3-10 (Calbiochem,

LaJolla, California) was then wicked into the nitrccellulose.

In positive samplés, the dye was visible in a line at the
midpoint of the nitrocellulose, indicating a positive assay.
The dashed line 6 mm above the midpoint also bound the labeled
polyclonal antibody, indicating that the device and reagents

were performing correctly.

One patient with 40 parasites/pl of plasma (corresponding
to 0.0008% parasitemia) gave é clear 1+ positive response 1in
the dipstick assay. Two patients with 2 parasites/100 white
blood cells in whole blood samples (corresponding to 0.003%
parasitemia) gave a very strong 3-4+ positive response in the

dipstick assay.
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are | abel ed by conjugation to a detectable label to facilitate detection
of : ant'i gen/ anti body bi nding by inclusion of the label in the binding
conpl exes forned. As used herein, the term "label", "detectable |abel™
and related ternms are intended to enconpass both the detectable | abel

al one and, as described below, detectable |abels associated wth

particles. Suitable labels and nmethods for conjugating themto proteins
such as antibodies are well known. Directly detectable |abels, which do
not require additional reagents or reaction to be detected, include

radi oi sot opes, fluorescent dyes and visible absorbing dyes. Enzynes
capabl e of reacting to produce colored products are suitable indirectly
detectabl e | abel s commonly used for conjugation to antibodies in specific
bi ndi ng assays. Al of the foregoi mxaMpal®ls are suitable for
conjugation to the :
The titer of monoclonal antibecdy MAL 18-27.2.3.1 to cthe
peptide antigen was compared to Mab 87-2G12 (WO 89/01785) as a
measure of antibody specificity. Each well of a 96-well
microtiter plate was coated with 50 1l of & 20 ug/ml
solution of peptide antigen in 0.1M carbonate buffer, pH 9.6
and incubated at 37°C, covered, overnight. The wells were
washed five times with 200 pl of DPBS-0.05% Tween 20 buffer.
Protein G purified monoclonal antibodies were serially diluted
into. the wells (50 ul/well), starting at a protein
concentration of 20 ug/ml. The antibodies were allowed to
bind to the immobilized antigen at 37°, covered for 1 hr. and

the wells were washed five times with 200 ul of PBS-0.05%

Tween 20 buffer,

Horse radish peroxidase (HRP) 1labeled goat anti-mouse 1Ig
(Organon ' Teknika, Durham, North Carolina) was added at =&
1:8,000 dilution in PBS-0.05% Tween 20 buffer, 50 ul/well,
and incubatéd 1 hr. at 37°C, covered. The wells were washed
as above and 50 ul of O-phenylenediamine dihydrochloride - (the
enzyme substrate) were added for 10 min. at room temperature.
The enzyme reaction was quenched by adding 50 ul/well of 4.5
M H,80, |
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pol ycl onal and nonocl onal anti bodies of the invention. ~Particulate

det ect abl

e |labels are preferred for conjugation to the antibodies. Such

particles include particles of polyners (e.g., latex or
pol ystyrene), sacs, | i posonmes, netallic sols (e.g., colloidal silver or

col | oi dal

gol d), other coll oidal partiel es or polynmeric dyes. To formthe

particulate | abel, the particles are derivatized to include the sel ected

det ect abl
known in

e label, usually by formation of a chemical .bond using nethods
the art for this purpose. Polyner particles, such as |atex

particles, may al so have the dye incorporated

The titer was calculated as the antibody concentration
which gave an 0D,,, of 1.00. The Mab 87-2612 resulted in an
OD reading of about 0.42 at 20 pg/ml, indicating that a titer
of greater than 20 pg/ml would be necessary for an OD reading
of 1.00. The inventive monoclonal antibody MAL 18-27.2.3.1, in
contrast, had a titer of 1.79 pg/ml and therefore exhibits a
significantly higher specific activity for the peptide
antigen. That is, to determine a fixed amount of peptide with
an intensity of 1.00 OD units, only 1.79 pg/ml of MAL

18-27.2.3.1 1is required as compared to more than 20 pg/ml of

Mab 2Gl12.

In a second comparison, MAL 18-27.2.3.1 was tested against
Mab 87-1E1 (WO 89/01785) for antigen titer. The wells were
cdated with 50 pl/well of Protein G purified monoclonal
antibody (10 upg/ml in 0.1M carbonate buffer) at 4%
overnight. The plates were washed five times on a Biotek EL403
automated 96 well washer. The peptide antigen was serially
dilutéd into the coated wells of the microtiter plates
(s50ul/well, starting at 10 pug/ml) and incubated at 37°%C

for 1 hr., covered, with shaking. The plates were again washed

five times on the Biotek washer.

10 ug/ml solutions of the detector antibodies were

prepared in PBS-0.05% Tween 20 buffer and 50 ul/well was
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into the polynmer. In the case of sacs and |iposones, the | abel may al so be
ent.rapped in the vesicle. The particle and its associated |abel may then
be chemi cally conjugated to the antibody for use in specific binding
assays. Alternatively, polyner particles, polyneric dyes and netal
particles may be coated with the anti¥dbdy as described in U S. Patent No.
5, 096,837. The preferred detectable labels for association wth the
present antibodies are |iposones encapsul ating an entrapped visible dye or
ot her colored particles, with the antibody coupled to the surface of the

| i posome or particle.

adéded to the antigen captured plates. The plates were
incubated 1 hr. at 37°, covered, with shaking. Tc ensure
that both ELISA's were optimized .to their maximum detectisn
ability, a monoclonal detector antibody was used for assay of
Mab 87-1E1 but the rabbit polyclonal detector _antibady
described in Example 1 was used to assay MAL 18-27.2.3.1.

Using Mab 87-1El1 as the capture antibody, about 144 pg/ml
of peptide antigen was required to give an average OD reading
of 1.0. Using MAL 18-27.2.3.1 as the capture antibody, only
0.8-1.2 ug/ml of peptide antigen was required for an averace
OD reading of 1.0. These results demonstrate a significantly

higher sensitivity in the assay using the inventive antibody.
FXAMPLE 3

Monoclonal antibody MAL 18-27.2.3.1.2 was clinically tested
in comparison with a commercially available diagnostic test
(QBC, Becton Dickinson Advanced Diagnostics, Baltimore,

Maryland) as a diagnostic for P. falciparum infection using the

dipstick assay format previously described. QBC results .were
confirmed by microscopic analysis of thin films. All tests

were performed on anticoagulated venous blood samples aged 2 -

24 hrs. and kept wunder refrigeration. Tests were also
performed after four days on three samples
. [ —
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Such |iposone | abels are described in U S. Patent No. 4, 695,554, The
pr.otacols for imunoassays using the antibodies are well known in the
art. For exanple, polyclonal or nonoclonal antibodies according to the

i nvention or antigen binding fragnents thereof nmay be enployed in sandw ch
assays for detecting HRP-Il protein q in the known nodifications and
variations of sandw ch assay protocols. Alternatively, the antibodies
and antigen binding fragments thereof may be enployed in various
conpetitive assay formats as are known in the art. The basics of these
assay protocols are reviewed in Current Protocols in |nmunology,

supr a. Wen used as a diagnostic for malaria infection, it s
preferred that the sanple tested for the presence of HRP-I1 protein be
ei t her

The twelve samples which tested positive by QBC and thin
films also tested positive in the dipstick assa?. One of these
samples was from a patient exhibiting only gametocytes. The
dipstick assay was positive for parasitemias below 0.1%,
including one parasitemia which showed only 3 parasites on the

2

thin film.

One patient followed for five days showed an initial
parasitemia of 4% which progressed to rare trophoblasts, then
rare gametocytes on the thin films. However, at each stage the

dipstick assay was clearly positive.

Twenty-one patiéht samples which tested negative by QBC and
thin films were tested with the dipstick assay. Three of these

patients, with proven P. falciparum malaria, had been treated

with intravenous quinine therapy. After three days their QBC
and films remained negative, but the patients tested positive

with the dipstick assay for as long as six days.

These results demonstrate that antibodies raised to "the
18-mer peptide have increased specificity and sensitivity in

clinical tests as compared to anti-P. falciparum antibodies

currently used in diagnostics.
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Iyséd or unlysed bl ood. However, other sanples may be assayed

12 . as well, for exanple, supernatants of infected cell cultures,
extracts of P. falciparum parasites, serum plasm, urine and
cerebrospi nal fl uid. Devices for perform ng specific binding assays,

especially imunoassays, are known aqg:can be readily adapted for use with

SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT: BECTON, DICKINSON AND COMPANY

(A) NAME: BECTON, DICKINSON AND COMPANY

(B) STREET: One Becton Drive
(C) CITY: Franklin Lakes

(D) STATE: NJ

(E) COUNTRY: US

(F) 2IP: 07417

(ii) TITLE OF INVENTION: Improved Antibodies tc

‘Plasmodium falciparum

(iii) NUMBER OF SEQUENCES: 1

(iv) COMPUTER READABLE FORM:
' (A) MEDIUM TYPE: Floppy disk

(B) COMPUTER: IBM PC compatible
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t he present nonocl onal and pol ycl onal antibodies for detection of HRP-11.
Sol4 d-phase assays, in general, are weasier to performthan
het er ogeneous assay net hods such as precipitation assays because-
separation of reagents is faster and sinpler. Solid-phase assay devi ces
i nctude mcrotiter pl ates, flow td ough assay devices, dipsticks and
i munocapil lary or i munochr omat ographi ¢ i-nmunoassay devi ces as descri bed
in US Patent No. 4,743,560; U S. Patent No. 4,703,017; U S. Patent No.
4, 666, 866, U.S. Patent No. 4,366,241, U S. Patent No. 4,818,677, U.S.
Patent No. 4,632,901; US. Patent No. 4,727,019; U S. Pat ent
No. 4,920, 046; U.S. Patent No. 4,855,240; U S. Patent No.
5,030,558; U S Patent No. 4, 168, 146. Most preferred are
i mrunocapillary assﬁ?)d@BEBéEINGhSEBTEan BE-DOSdM8sDOSi psti ck, enpl oyi ng
the inventive

(D) SOFTWARE: PatentlIn Release #1.0, Version #1.25

(v ) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:

(2) INFORMATION FOR SEQ ID NO:1:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 amino acids
(B) TYPE: amino acid

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1l:

Cys Gly Ala His His Ala His His Ala Ala Asp Ala His His Ala Als

1 5 10 15

Asp Ala

[
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nonocl onal or pol ycl onal anti bodi es. The preferred i mmunocapillary
di pstirck assay device is designed for conducting a sandwich i mmnoassay

for HRP-11 antigen. It <conprises a piece of m.croporous absor bent
material such as nitrocellulose lagnated to a pﬂh!sSh t Ha Bedui
cont act with the m croporous material Ts a strip II IIIl "I I

1. A monoclonal -antibody which binds to histidine rich protein I of
Plasmodium falciparum with a specificity and affinity which allows detection of less
than 0.05% Plasmodium falciparum parasitemia in blood by an immuncassay.

CLAIMS

2. A monoclonal antibody produced by a hybridoma having ATCC Accession
No. HB11111.

3. A monoclonal antibody produced by a hybridoma having ATCC Accession
No. HB11112. -

4, A peptide having the amino acid sequence of SEQ ID NO:1.

‘8. A monoclonal antibody which binds to a peptide having the amino acid
sequence of SEQUENCE ID NO:1 produced by the process of immunizing an
animal with a peptide having the amino acid sequence of SEQ ID NO:1, producing a
hybridoma from the immunized animal and selecting a clone which produces the
monoclonal antibody.

6. A pharmaceutical composition comprising a monocional antibody which
binds to histidine rich protein Il of Plasmodium falciparum and a physiologically
acceptable medium, the antibody having a specificity and affinity for the protein
which allows detection of less than 0.05% Plasmodium falciparum parasitemia in
blood in an immunoassay.

7.  The composition of Claim 6 wherein the antibody is the antibody
produced by a hybridoma having ATCC Accession No. HB11111 or HB11112.

8. A composition comprising a peptide having the amino acid sequence of
SEQ ID NO:1 and a physiological buffer.

S. The composition of Claim 8 wherein the peptide is ccupled tc an
immunogenic carrier.

10. The composition of Claim 9 further comprising an adjuvant.
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of a second absorbent material such as glass fiber, also lamnated to the
pl astic backing. Nitrocellulose is preferred for the ‘f-r‘r-st—n'&tefral———

because it allows imobilization of protein sinply b
protein solution to the nitrocellulose and allow ng|
The~second absorbent is in fluid 2®&nmunication wit Il rous
material and assists in pulling the assay fluids through

absorbent. The second absorbent al so absorbs the fl uids which pass
t hrough the mcroporous material. A nmonocl onal anti body according to
the invention is inmmobilized on the m croporous absorbent in a position
where i1, w A metitod forddetecting HRPE! of Plasmbdiens &aiplperimi campesingdthe To
perf%[t%%p‘e assay the portion of the m croporous absorbent below the
nono ant| body is contacted with the sanple such

contacting a sample with a monoclonal antibody which binds to the

HRP-I, the antibody having a specificity and affi nlty for the HRP-Il which allows
detection of less than 0.05% Plasmcdium falciparum parasitemia in blood in an
immunoassay; _

b) allowing the antibody to bind to the HRP-ll to form an
antibody/HRP-Il complex, and;

C) detecting the HRP-Il by means of a detectabie label included in the
complex. '

12.  The method of Claim 11 wherein the HRP-ll is detected on a solid phase.

13. The method of Claim 12 wherein the HRP-ll is detected on an
immunocapillary solid phase.

14. The method of Claim 11 or 13 wherein the HRP-ll is detected by means of
a second antibody which binds to the HRP-lI, the second antibody being conjugated
to the detectable label.

15. The method of Claim 14 wherein the HRP-il is detected by means of a
liposome coupled to the second antibody, the liposome encapsulating a visible dye.

16. The method of Claim 11 wherein the HRP-ll and HRP-lI conjugated to &
label compete for binding to the antibody.

17. A method of making an antibody which bmds to HRP-1l of Plasmodium
falciparum comprising the steps of:
a) immunizing a mammal with a peptide having the amino acid .
sequence of SEQ 1D NO:1, and; :
b) isolating 2 monoclonal antibody which binds to the HRP-Il with a
specificity and affinity which allows detection of less than about 0.05% Plasmodium
falciparum parasitemia in blood in an immunoassay.
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that the sample fluid is drawn up into it by capillarity (wicki ng) thus
bringi ng the sanple into contact with the antibody an

bet ieen t he antibody and any HRP-11 antigen which Tﬂiis)sh&? resent in the
sanpl e, Thereafter, a solution containing a visibl e ﬁm ycl onal

antibody according to the i'nvention i $SgWM cked up i n rous
absorbent into contact with the nonocl onal ant i body/ conpl ex
such that the polyclonal antibody binds to the

14

18. An lmmunoassay device comprising a microporous abscrbent material in
flund communication with a second absorbent material, the microporous absorbent
material having immobilized thereon a monoclonal antibody which binds to HRP-II
of Plasmodium falciparum with a specificity and affinity which allows detection of
less than 0.05% Plasmodium falciparum parasitemia in blood in an immunoassay.

18. The immunoassay device of Claim 18 wherein the microporous absorbent
material is nitrocellulose and the second absorbent material is glass fiber. .

20. The immunoassay device of Claim 19 which includes a positive control
area comprising HRP-II antigen. -

21. A Kkit of materials for performing an enzyme linked immunoassay for HRP-
Il of Plasmodium falciparum comprising: _
a) an assay device according to Claim 18, and;
b) a reagent comprising liposomes coupled to a polycional antibody to
HRP-II, the liposomes encapsulating a visible dye.
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conpl exes through interaction with HRP-11. Optionally, a wash solution
containing a mld detergent which wll.not -disrupt the I|iposones (e.g.
ZWTTERGENT) may be wcked into” the mcroporous absorbent after

bi ndi ng of t he pol ycl onal antibody. The detectable dye |abel is then
visualized in the area of inmmobilizedsoonocl onal anti body. In a
preferred alternative enbodi nent of the dipstick assay device, a positive
control area is included on the m croporous absorbent in the vicinity of
but distinct fromthe i mobilized nonoclonal antibody. .The positive
control may be HRP-11 antigen, t3SIRAMinogenic peptide or a derivative
or analog thereof which also binds the antibodies of the invention. The

IMPROVED ANTIBODIES TO PLASMODIUM FALCIPARUM

Antibodies which recognize and bind to histidine =zich

protein II of Plasmodium falciparum. These antibodies exhibit

improved specificity and affinity for the antigen which
provides enhanced sensitivity in immunoassays. Peptides useful

for generation of the antibodies are also provided.
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preferred positive control is HRP-11 antigen inmobilized on nitrocelluiose
in an area contacted by the migrating sanpl e fLupds@dtent smoon aclgy; t he
ar ea of: i'mobi l.Lzed nonoclonal antibody. | ;

reagent s 'for perhey @‘h@,&
of a_ kit fo cony,

a Al e Aorim
;ncl ude

" -L A2 e, ;

:.E}

an . appropr) at 4Gt i body reagenys, ﬁ;@enft:isi“f@ JeElaprert
of the assay such as buffers , i f needed; ~ reageh‘ts 15 Ger eE’t‘? ¥ of tihe
| T OF RECZIPT..AMA ... |
Sheet Has Been Replaced e . i .
H“‘I“ “““ ‘“I m ﬂl‘ "~ IMPROVED ANTIBODIES TO PLASMODIUM FALCIPARARUM

FIZELD QF THE INVENTION

The present invention relates to antibodies which recognize
and bind to HRP-II, a histidine-rich protein of Plasmodium

falcma*um.. assays employing these antibodies, and peptides for

generatz.ng the ant:.bod:.es .- -
BACKGROUND OF THE INVENTION

" Plasmodium falcipvarum is the most pathogenic species of
human malaria. The asexual parasites of this species in red
blood cells produce " several proteins _chérac%:e:ized by an
unusually high content of the.a.mino acid histidine. ' Qne of
these ©proteins 1is des:r.gnated H:.st:.d:r.ne Rich Protein 1II
(HRP-II). HRP-II :.s synthes:.zed throughout the asexual stage
of the parasite and is released from infected cells intc the

blood stream.

The HRP-~II gene has been isolated and sequenced. Tﬁe
‘predicted amino acid seguence includes 34% histidine, 37%
alanine and 10% aspartic acid (Wellems and Howard.  1986.
PNAS 83, 6065-6069). The HRP-II .protein is also unusual in
that it contains many tandem repeats of the a.mino acid
sequences Ala—His-I-i‘is and Ala-His-His-Ala-Ala-Asp comprising
about 80% ofl the sequence of the protein. The functions of
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15 The inventive antibodies nay al so be useful -for reducing the
risk of P. falciparuminfection or treating such infection once

est abli shed. Tr eat ment may be - acconpli shed by admnistering to
an anival .suffering fromnmalaria infection, preferably a hunan, a '
therapeutically effective amount of a pharnmaceutical conposition

conpri-si ng a nonocl onal or polyglonal antibody according to the
i nventi on. Sim|ar pharmaceutically ™ acceptabl e conmpositions may be
adm nistered to an animal in a dose sufficient to increase imunity to
subsequent P. fal ci parum I nfection. Al ternatively,

HRP-II and the other histidine-rich proteins are not yet known,
but HRP-II is of particuiar interest. for early detection of -
malarial infection because it is transported out of infected
cells into the extracellular medium where it can be detected in
the bloéd of infected patients. Highly sensitive immunoassays
for detection of HRP-II are therefore desirable as a means for

dececting malaria infection at an_early stage of the disease.

Antibodies specific for HRP-II are known in the ért.
Monoclonal antibody MADb-87 and its subclones, raised to the
intact HRP-II protein, have been described by Howard, et al.
';(1986) J. Cell Biol_. 103, 1269-1277; Rock, et al. (1987)
Parasitology 95, 209-227 and Panton, et al. (1989) Molec.
Biochem. Parasitology 35, 149-160. MAb-87 and its subclones
are also disclosed in WO 89/01785 to Taylor. However, Mab-87
and its related monoclonals are not suitable for diagnosis of
malaria, as they are capable of detecting a minimum of only
0.05% parasitemia in an enzyme 1linked immunosorbent assay
.(ELISA). Suppl. to Amer. J. Trop. Med. Hyg. 1991. 45(3):
248-249. Polyclonal antibodies to a fragment of the HRP-II
protein containing Ala-His~-His and Ala-Ala-Asp repeats have.
been reported by Knapp, et al. (1988. Behring Inst. Mitt. 82,
349-359). Wellems, et al. (1987. Cell 49, 633-642) have
produced polyclonal antisera to a synthetic peptide having the

amino acid sequence Ala—His-His-(Ala—His-His—Ala—Ala-Asp)2,
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anti-idiotypic antibodies rai sed agai nst t he I nventive nonocl onal
or poncIonaI anti bodies may al so be admnistered in a pharnaceuti cal
conposition as a vaccine against malaria infection. The
foll ow ng experinental Exanples are intended to illustrate certain
features and enbodi nents of the invention but are not to be considered as
limting the scope of the invention 3s defined by the appended cl ai ns.
EXAVPLE 1 An 18- ner peptide haV|ng the amino acid sequence of SEQ ID
NO 1 was prepared using Frnoc-nedi ated synthetic chem stry with BOP and
HOBT essentially as described by D. Hudson (1988. J.

and these antibodies bind to the HRP-II protein. Wellems and
Howard disclose these sam.e polyclonal antisera and synthei:ic
peptide in U.S. Serial No. 06/895,942. The foregoing authors
and inventors also describe the use of the wvarious ahti-HR;?-—II
antibodies to detect HRP-II antigen in immunoassays such as
Western blots and _ELISA's:. |

SUMMARY OF THE INVENTION

The present invention provides antibodies which recognize
and bind to HRP-II with increased specificity and affinity,
thereby providing increased sensitivity in immunoassays as
compared to prior art anti-HRP-II antibodies. Monoclonal
antibodies as well as polyclonal antisera were generated by
immunization with a unigque synthetic peptide comprising 'the
amino acid sequence (SEQ ID NO:1): |

Cys-Gly-Ala-His-His-Al aFHis-Hi s-Ala-Ala-Asp-

Ala-His-His~-Ala-Ala-Asp-Ala.
The N-terminal cysteine facilitates coupling of the peptide to
maleimide-derivatized carrier proteins through its —SH. group.
It is believed that the cysteine along with the glycine in the
second position serve as a spacer linkage between the
HRP-II-like sequence and the carrier protein which permits the
peptide to assume a more authentic conforma;:ion for the

production of antibodies. J. B. Rothbard et al. J. Exp. Med.
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Og. Chem 53: 617-624). CAMII g'en/ Bi o- Search EXCELL solid phaée
pepti de Synthesizer was used as recommended by the
the synthesis. The conpleted peptide was deprotected and. cleaved fromthe

resin «usi ng Reagent R as recomended by MIIligen/BioSearch in their
I nstructions. Crude peptide was isolated by centrifuging the precipitate

f or ned

upon addition of seven vol unes £f cold diethyl ether to

1984. 160: 208-221.

DETAILED DESCRIPTION QOF THE INVENTION

‘The antibodies of the invention exhibit significantly
improved specificity and affinity £for HRP-II antigen in

immunoassays"__'__ as compared to~ theé amtibodies described in the

PR

manuf acturer to perform

prior art. They therefore increase the sensitivity of

immunoassays and represent an important advance in the ability
of clinicians to detect the disease at an early stage. The
antibodies of the invention are capable of .detecting as little
as 0.0008% parasitemia in plasma and 0.0002% parasitemia in
whole blood, whereas an ELISA empldying prior art antibodies
could reliably detect only éarasitemias of 0.05% or greater
(Schaeffler et al. 1991. Program & Abstracts of the '40th
Annual Meeting of American Society of Tropical Medicine and
Hygiene. Abstract #384. A:ﬁer. J. Trop. Med. Hyg. Suppl.
45(3): 248-249). 'The percent parasitemia is. determined by

evaluating the number of infected red blocod cells vs.

uninfected red blood cells in a stained blood £film and is a

reflection of the degree of infection. The improved antibeodies
of the invention are intended to encompass both polyclonal and

monoclonal antibodies having the disclosed properties.

'_Taylor's prior art antibodies, as described in JCB (1986)
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conbi ned Reagent R and trifluoroacetic acid (TFA) washes of the resin.

The precipitate was washed with cold diethyl ether and subsequently dried
in vacudg. Crude peptide was further purified by chromatography on
a Cl8-reverse phase matrix eluted with a gradient of 0.1% TFA in water
‘(Buffer A) and 0.1% TFA in acetonitrile (Buffer B). The 18-ner peptide
eluted at 33-34% Buffer B and was subsequently collected by Iyophilizing
pool ed fractions containing the peptiae. Conj ugation of the purified
peptide to sul fo-SMCC derivatized keyhole |inpet henocyanin (KLH) was done
as described by Rothbard, et al. (1984. J. Exp. Med. 160: 208-221) with
m nor nodifications. Peptide conjugate was isolated from unconjugated
pepti de by chronat ography on Sephadex G- 75. The purified 18- er
pepti de: KLH conj ugate was subsequently used as an i nmunogen for

103, 1269, were produced in mice immunized with emulsified,
purified red blood cells infected with whole parasites. In
contras-t. the improved antibodies of the invention were
generated by immunizing mice with a synthetic peptide which is
a modification of the peptide described by Wellems and Howard

in U.S. Serial No. 06/895,942.

- e
- —— i =

The imunogéixic | peptide has the amino acid sequence of SEQ
ID NO:1: '
ch-Gly-Ala-st-H:.s-Ala—H:.s—H:.s-Ala—Ala-Asp—-
Ala-His-His—-Ala-Ala-Asp—-Ala.
wherein Cys represents the N-terminus of the peptide and Ala
represents the C-terminus. Residues 3_-17 are .a histidine-rich
repeat sequence similar to segments of native HRP-II. The
peptide may be synthesized using any of the synthetic methods
knowﬁ in the art, for example the solid-phase method of
Merrifield (1969. Advan. Enzymol. 32:221) or theé modified
solid-phase methods of Sheppafd and Athefton (WO 86/03494)
which are now automated. Chemicai synthesis of the peptide is

preferred.

An alternative method for producing the immunogenic peptide

is by expression of a recombinant oligonucleotid-e coding for

the 18-mer. Methods for syntheéizing an appropriate nucleic

acid sequence, cloning it and expressing it in a transformed
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eliciting antibodies to HRP-11. Mal e Bal bC/ AnCr | mce (18-20 g)
were = used for inmmunization. A 2 nmg/m stock solution of the '

i munegeni ¢ - 17 pepti de was
prepared by reconstituting 8 ng of |yophilized peptide in 4.0 m of
prewarmed PBS with vortex m xing until 6the powder dissolved. The stock
solution was diluted 1:1 with PBS

host cell are well known and within the ordinary skill in the

art.

The cysteine residue at the N-terminus of the peptide
‘facilitates coupling of the peptide to an immunogenic carrier
through the -~SH group of cysteine. Coupling of the peptide to
an immunogenic . c.arrier is priferred for immunization, as
coupling allows the small antigenic determinant éeptide (a
hapten) to elicit an antibody response. Comtixonly_ used
immunogenic carriers useful for coupling to haptens such as the

peptide of the invention are listed in Immunoloay. An

Illustrated Outline by David Male, Gower Medical Publishing,

1986, pg. 31. Keyhole 1limpet haemocyanin (KLH) is the
preferred immunogenic carrier for coupling to the peptide to

generate the antibody response.

The N-terminal Cys-Gly serves as a spacer linkage between
the carrier and the peptide. While not wishing to be limited
to any particular method by which the invention operates,
Applicants believe that bjr providing such a spacer linkage, the
negative effects of the carrier on the conformation of the
peptide may be reduced, thus allowing the peptide to assume a
conformation more characterisﬁic of a naturally occurring
epitope of the HRP-II protein. This more authentic

conformation may contribute to the ability of the peptide to
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and the 1 ng/m solution was used for immunization. The first two
injections were given in the footpad and subcutaneously (100 [err]l at
each .site of 1 ng/m peptide:KLHwith 100 [€rr]l Conplete Freunds

Adjuvant, Difco). This was followed by four intraperitoneal injections
of 100 T[err]l of peptide:KLH at appfoximately two day intervals.
Anti-18-nmer titers were evaluated, and three of the four nice imunized
responded- well to the peptide. Two intraperitoneal injections of 100

[err]] of peptide:KLH were then given at approximately weekly intervals.
After these injections, all four mce had some i ”Mmune response to the
peptide. Approximately three nonths later the mce were boosted with four
i ntraperitoneal injections of peptide:KLH Based on reactivity with the

18-ner peptide ip an ELI SA, one as, sel ected fqr fusion of the splenocytes
with P3£%§Si5nathe surpf§s1ng1ymﬁhlgh sensxtgv1ty antlbodfesp of %he

invention.

Methods for coupling carriers to haptens through éulfhydryl
groups are known in the art and any of these are suitable for
coupling the selected carrier to the immunogenic peptide. For

example, see the coupling protocols described in Current

Protocols in Immunology, J. E. "Coligan et al., eds., GFeene
Publishing Assoc. and Wiley Interscience, 1992, Chapter 9.
Preferred reagents for coupling the sulfhydryl of cysﬁeine_to
an amino group of a carrier protein are sulfosuccinimidyl
4-(N—ma1eimidomethy1) cyclohexane~l-carboxylate (sulfo SMCC) or
SMCC and m-maleimidobenzoyl-N-hydroxysuccinimide (MBS) or
sulfo-MBS because they are specific for Cys~SH with essentially
no secondary coupling reactipns at other amino acid residues.
The most preferred coupling reagent is sulfo SMCC, which may be
used to conjugate the hapten to the peptide according to known
methods such as §. Hashida et al. (1984) J. 'Applied
Biochemistry 56: 56-63. However, other coupling reagents such
" as glutaraldehyde may also be used with some secondary reaction

at the histidine residues.

The Ala residue at the C~-terminus of the peptide serves to

reduce the negative charge density at the C-terminus and

represents the next amino acid which would - be present in the
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cells according to a standard protocol such as that described in "Current
Protocols in I munology," J. E. Coligan et al., eds., 1991, John Wley &
Sons, Chapter 2. ~For screening i muni zed m ce or hybridomas, ELISA
pl ates: were coated overnight at 4Cwith 20 [err]g/m of unconjugated

18- ner .pepti de, peptide conjugated to KLH (the i munogen) or peptide
conjugated to BSA. Bleeds fromimmunized mce prior to

18

native HRP~II protein.

Suitable methods £for immunizing animals with synthetic

peptides are also well known in the art. See Current Protocols

in Immunolegy. supra. In general, an immunocgenic amocunt of

peptide/car__rier conjugate is dissolved or suspended in a
physiological buffer, e.g., -phosphate buffered saline (PBS),
usually mixed " with an adjuvant such as compl-ete. E’r_eunds.
adjuvant. Animals are initially immunized with this mixture
and thereafter boosted with additional doses of peptide)carrier
conjugate. The immunization with peptide/carrier conjugate is
then repeated with an adjuvant such as incomplete Freunds
-adjuvant. At about 7 and 12 weeks after the initial
| immunizajcion the serum is generally tested using methods known
in the art to determine the titer of antipeptide antiboedies
(e.g., reactivity with the immunogen in an ELISA) .
Modifications and adjustments to this basic immunization
protocol to. obtain optimal -antipeptide antibody titers for any
particular peptide/carrier conjugate. are within the ordinary
skill in the art. If purified polyclonal antibody is desired,
it may be isolated from the immune serum using well-established

methods, such as separation on a peptide affinity column.

The spleen cells of an animal immunized with the

immunogenic peptide may also be fused with murine myeloma cells
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spl enocyte fusion or hybridoma cul ture supernatants were diluted
1:10 in PBS-Tween buffer, followed by serial two-fold dilutions-

thereafter. The dilutions were incubated in the prepared ELISA
platess for 1 hr at room tenperature. Horseradish per oxi dase
conj ugat ed goat anti-nouse inmunogl obulin or rabbit anti-nouse IgG

anti body was diluted iin PBS-Tween ahd incubated with the ELISA
plates for 1 hr. O.phenyl enedi am ne di hydrochl ori de enzynme substrate was
diluted in citrate-phosphate buffer and incubated with the ELI SA pl ates
for 10 mn. at roomtenperature. The absorbance of the nmedium was read at
Alerr]. Hybri domas resulting fromthe fusion were cloned and
for production of monoclonal antibodies using the method of
Kohler and Milstein (197sS. Nature 256, 495-497) or other
modifications of this method known in the art (0i and

Herzenberq. 1980. Selected Methods in Cellular Immunoloqy.

Mishell and Shiigi, eds., pp. 351-372, W. H. Freeman, New York;

Goding. 1986. Monoclonal Antibodies: Principles and
Practice. Academic Press, San Diego). The fused cells are

cloned and screened for production of the desired anti-peptide
monoclonal antibody using imuriolbgical assays such as ELISAs.
If desired, purification of monoclonal antibody from hybridoma._'
culture supernaté.nts or .ascites £luid may be accomplished using
methods Xnown in the art, e.g., -Protein G dr.' peptide affinity

column chromatography. -

The isolated pochlonal and monoclonal antibodies produced
in response to immunization with the peptide may be used in
immunoassay protocols of several types. The antibodigs may be
used intact or fragments may be generated which are also
capable of binding to the peptide and HRP-II protein (Fab or
F(ab')z). Intact antibodies as well as antigen binding
fragments thereof are intended to be encompassed by the present
invention. While iinmunoassays can be performed usling_ only
polyclonal antibody reagents, in most cases monoclonall antibody

or a combination of polyclonal and monoclonal antibodies are

preferred. 1In genéral, antibodies or antigens in immunoassays
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expanded based on reactivity with peptide: KLH in the ELI SA. C one MAL
18-27 was found to be the only clone reactive with both the unconjugated
pepti de ahd the conjugated peptide, indicating that the anti body produced
was specific for the peptide rather than the KLH. MAL 18-27 was al so
shown to be 18-ner specific, as it was the only clone tested which did not
also react with a 10-ner and/or a 21-mé@ in the ELI SA An isotyping
assay of clone MAL .18-27 showed the anti body produced to be an |1gdk

I sot ype. As it denonstrated the desired specificities, clone MAL
18-27 was further subcloned. Two of these subclones, NAL

are labeled by conjugation to a detectable label to facilitate
detection of antigen/antibody bixiding by inclusion of the label
in the binding complexes formed. As used herein, the term
“label", "detectable label" and related terms aré intended to
encompass both the detectable label alone and, as described
below, det_gctable labels associated with 'particles. Suitable
labels and methods for conjugating. them to proteins such as
antibodies aﬁe'well known. Directly detectable labels, which
do not require additional reagents or reaction to be detected,
include radioisotopes. fluorescent dyes and visible absorbing
dyes. Enzymes capable of reacting to produce colored products
are suitable indirectly detectable labels commonly used for
conjugatior} to antibodies in specific binding éssays. All of
the foregoing 1labels are suitable for ‘conjugation . to the

- polyclonal and monoclonal antibodies of the invention.

Particulate detectable labels are preferred for conjugation
to the antibodies. Such particles -‘include particles of
polymers (e.g.; latex or polystyrene), sacs, liposomes,
metallic sols (e.g., colloidal silver or collocidal gold), other
colloidal particles or polymer'ic dyes. To form the particulate
label, the particles are derivatized to include the selééted
detectable label, usually by formation of a chemical bond using
methods known in the art for this puréose. Polymer particles,

such as latex pafticles, may also have the dye incorporated
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19 18-27.2.3.1 and MAL 18-27.2.3.1.2, have been deposited with the
American® Type Culture Collection, Rockville, Maryland under
Accession. Nunmbers HB 11111, deposited on Septenber 3, 1992 and HB 11112,
deposiited on Septenber 3, 1992 respectively. Monocl onal anti body MAL
18-27.2.3.1, the parent clone of MAL_ 18-27.2.3.1.2, was testedin a
solid phase dipstick inmunoassay. Lithe I mmunocapi |l ary di pstick device
conprised a strip of nitrocellulose (Schleicher & Schuell, Keene,
New Hanpshire) 7 mmw de and 25 nmlong |lamnated to a plastic

into the polymer. 1In the case of sacs and liposomes, the label
may also be entrapped in the vesicie. _ The particle and its
associated 1label may then be chemically conjugated to the
antibody for use in specific binding assays. Alternatively,
polymer particles, polymeric dyes and metal particles may be
~coated with the antibody as described in U.S. Patent No.
5,096,837. .The- preferred detectable labels for association
with the present antibodies are liposomes encapsulating an
entrapped visible dye or other colored particles, with the
antibody coupled to the surface of the liposome or particle. .

Such liposome labels are described in U.S. Patent No. 4,695,554..

The protocols £or-  immunoassays using the antibodies are
well known in the art. .For example,' polyclonal or monoclonal
antibodies according to the invention or antigen binding
fragments thereof may be employed in sandwich assays for
detecting HRP-II protein or in the known modifications and
variations of sandwich assay protocols. Alternatively, the
antibodies and antigen binding fragments therecf may be
employed in wvarious competitive assay formats as are known in
the art. The basics of these -assay protocols are reviewed in

Current Protocols in Immunology, supra. When used as a

diagnostic for malaria infection, it is preferred that the
sample tested for the presence of HRP-II protein be either

lysed or unlysed blood. However, other samples may be assayed
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~backi ng strip. A strip of glass fiber (Gelman,  Ann Arbor,. Mchigan) 7
mmw de and 5 cmlong was also lamnated to the plastic backing such that
the glass.fiber was in contact with and slightly overl apped the upper edge
of the nitrocellulose. One [err]g of nonoclonal antibody MAL 18-27.2.3.1
was spotted on the nitrocellulose in the formof a |line at approximtely

the mdportion of the nitrocellul ose ri p. Approximately 6 nm above
the line, 0.17 [err]g of isolated HRP-11 antigen was spotted on the
nitrocellul ose in a dashed line. The HRP-11 antigen served as a positive
control in the inmmunoassay. The bottom edge of the nitrocellul ose was

placed in a shallow well containing a 50 [err]l sanple of |ysed whole
bl ood, serumor plasma such that the sanple fluid was wi cked up into

as well, for example, supernatants of infected cell cultures,

extracts of P. falciparum parasites, serum, plasma, urine and

cerebrospinal fluid.

Devices for performing specific binding assays, especially
immunoassays., are known é.nd can be readily adapted for use with
the present'.monoclonal. and pglyc}_onal anfibodies for detection
of HRP-II. Solid-phase assays,l in general, are easier to
perform than heterogeneous assay methods such as precipitation
assays because separ;tion of reagents is faster and simpler.
Sclid-phase assay  devices include microtiter plates,
flow-through assay devices, dipsticks and immunocapillary or
'imunochromatographic .immunoassay devices as described in U.S.
Patént No. 4,743,560; U.S. Patent No. 4,703,017; U.S. Patent
No. 4,666,866; U.S. Patent No. 4,366,241; U.S. Patent No.
4,818,677; U.s. Patent |No. 4,632,901;. U.S. Patent No.
4,727,019; U.S. ©Patent No. 4,920,046; U.S. Patent No.
4,855,240; U.S. Patent No. 5,030,558; U.S. Patent No.
4,168,146. Most preferred are immunocapillary assay devices
which can be used as a dipstick, employing the inventive

monoclonal or polyclonal antibodies:

The preferred immunocapillary dipstick assay device is
designed for conducting a sandwich imunoassa} for HRP-II

antigen. It comprises a piece of microporous absorbent
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the nitrocellulose and brought ‘into <contact W th t he

I mobi | 1 Zed anti body, all-ow ng HRP-11 antigen present in the sanple to
bind.. A drop of a tracer reagent conprising rabbit polyclonal. antibody
rai sed. agai nst the i nmunogenic peptide incorporated into |iposones wth
entrapped sul forhodam ne B was placed . in the well and w cked up into the
nitrocel |l ul ose. The 13

material such as nitrocellulocse laminated to a plastic
backing. In contact with the microporous material is a strip
of a second absorbent material such as glass fiber, also
laminated to the plastic backing. Nitrocellulose is preferred
for the first material because it allows immobilization of
protein simply by applying <the protein solution to the
nitrocelluloee and allowing it to be absorbed. _The second
absorbent 1is 3iIn fluid communication with the microporous
material and assist_s in pulling the assay fluids through the
microporous absorbent. The second absorbent also abso'rbs the

fluids which pass through the microporous material.

A monoclonal antibody according to the invention is
immobilized on the microporous absorbent in a position where it
will not be directly immersed in the sample being tested. To
perform .the assay the portion of the microporous absorbent
below the monoclonal antibody is contacted with the sample such
that the sample £fluid is drawn up into it by capillarity
(wicking), +thus bringing the sample into contact with the
antibody and allowing binding between the antibody ‘and any
HRP~II antigen which may be present in the sample. Thereafter,
a solution containing a visible dye-~labeled polyclonal antibody
according to the invention is wicked up into the microporous
absorbent into contact with the monoclonal entibody/bound

antigen eomﬁlex such that the polyclonal antibody binds to the
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tracer reagent al so contacted and becane bound to sanple antigen conpl exed
with the i mobilized nonoclonal antibody. A wash reagent conprising 0.125%
ZW TTERGENT 3-10 (Cal biochem LaJdolla, California) was then wi cked into

t he ni.trocel | ul ose. In positive sanples, the dye was visible in a.
line at the mdpoint of the nitrocellyhose, indicating a positive assay.
The dashed |ine 6 mm above the m dpoint al so bound the | abel ed polyclonal
anti body, indicating that the device and reagents were perform ng
correctly. One patient with 40 parasites/[err]l of plasna
(corresponding to 0.0008% parasitem a) gave a clear 1+ positive response
in the dipstick assay. Two patients with 2 parasites/ 100 white bl ood
cells in whol e blood sanples (corresponding to 0.003%

complexes through interaction with HRP-II. Optionally, a wash
solution containing a mild &etergent which will not disrupt the
liposomes (e.g., ZWITTERGENT) may be wicked into. the
microporous absorbent after binding of the polyclonal
antibody. The detectable dye label is then visualized in the

area of immobilized monoclonal antibody.

In a preferred alternatiQ; eﬁsodiment of the dipstick assay
&evice, a positive control area is included on the microporous
absorbent in the vicinity of but distinct from the immobilized

| monocional antibody. The positive control may be HRP-II
antigen, the immunogenic peptide or a derivative or analog
thereof which also binds the antibodies of the invention. The
preferred positive control i; HRP-II antigen immobilized on
nitrocellulose in an aréa contacted by the migrating sample

fluid after it contacts the area of immobilized monoclonal

antibody.

The selected device and reagents for performing the
immunoassay may be packaged in the form of a kit for
convenience. Fér example, 'such a kit may include an -
appropriate assay device, antibody reagents, reagents for
development of the assay such as buffers and, if needed,

reagents for detection of the chosen label.
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parasitem a) gave a very strong 3-4+ positive response in the dipstick
assay. =~ . EXAVPLE 2 The
titer.of jronoclonal antibody MAL 18-27.2.3.1 to the peptide antigen was
conpar.ed to Mab 87-2Gl2 (WD 89/01785) as a neasure of antibody
specificity. Each well of a 96- V\qtsl- _

The inventive antibodies may also be useful for reducing

the risk of P. falcivarum infection or treating such infection

once established. Treatment may  be accomplished by
administering to an'animal suffering from malaria infection,'
preferably a human, a therapeutically effective amount. of a
pharmacéutical composition comprising a monoclonal = or
polyélonal antibody according to the invention. Similar
pharmaceutically. acceptable compositiéns may be administered to

an animal in a dose sufficient to increase immunity .to

subsegquent P. falcivarum infection. ' Alternatively,
anti-idiotypic antibodies raised | against  the inventive
monoclonél or polyclonal antibodies may also be administered in
a pharmaceutical composition as_' a vacéine against malaria

infection.

The following experimental Examples are intended to
illustrate certain features and embodiments of the invention
but are not to be considered as 1limiting the scope of the

invention as defined by the appended claims.
EXAMPLE 1

An 18-mer peptide having the amino acid sequence of SEQ ID
NO:1 was prepared using Fmoc-mediated synthetic c'hemistry with

BOP and HOBT essentially as described by D. Hudson (1988. J.
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mcrotiter plate was coated with 50 [err]l of a 20 [err]g/m solution of
peptide ‘antigen in 0.1M carbonate buffer, pH 9.6 and incubated at
37[err]C; covered, overnight. The wells were washed five tines with
200 [err]l of PBS-0.05% Tween 20 buffer. Protein G purified nonocl onal
anti bodies were serially diluted into,_the wells (50 [err]l/well),
starting at a protein concentrat f®n of 20 [err]g/m . The
antibodies were allowed to bind to the i nmpbilized antigen at 37[err],
covered for 1 hr. and the wells were washed five tinmes with 200 [err]| of
PBS- 0. 05% Tween 20 buffer. Hor se radi sh peroxi dase (HRP) | abel ed goat
anti-nouse g (Organon Teknika, Durham North Carolina) was added
at a 1:8,000 dilution in PBS-0.05% Tween 20 buffer, 50 [err]l/well,

Org. Chem. 53: 617-624). A Milligen/Bio-Search EXCELL solid
phase peptide synthesizer was used as recommended by the
manufacturer to perform the sfnthesis. The completed peptide
was deprotected and cleaved from the resin using Reagent R as
recommended by Milligen/BioSearch in their instructions. Crude
peptide was isolated by centrifuging the precipitate formed
upon addition of seven volumié of cold diethyl ether to
combined Reagent R.and trifluorocacetic acid (TFA)'washes cf the
resin. The precipitate was washed with cold diethyl ether an&
subsequently dried in vacuo. Crude peptide was further
purified by chromatography on a cis-reverse phase matrix
eluted with a gradient of 0.1% TFA in water (Buffer A) and 0.1%
TFA in acetonitrile (Buffer B). The 18-mer peptide eluted at
33-34% Buffer B and was subsequently collected Py lyophilizing
poocled fractions containing the peptide. Conjﬁgatiop of the
purified peptide ,to sulfo-SMCC derivatized keyhole limpet
hemocyanin (KLH) was done as described by Rothbard, et al.
(1984. J. Exp. Med. 160: 208—221) with minor modifications.
Peptide conjugate was isclated from unconjugated peptide Dby
chromatography on  Sephadex G-75. The purified 18-mer
peptide:KLH cohjugate was subsequently used as an immunogen for.

eliciting antibodies to HRP-II.

Male BalbC/AnCrl mice (18-20 q) were used for.

immunization. A 2 mg/ml stock solution of the immunogenic
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and incubated 1 hr. at 37[err]C, covered. The wells were washed as above
and 50 [err]l of O phenyl enedi am ne di hydrochloride (the enzyne substrate)
were added for 10 min. at roomtenperature. The enzynme reaction was
guenched by adding 50 [err]I/well of 4.5 MHerr]SJerr].

22 . The titer was calcul ated,.as the antibody concentration which
gave an OD[err] of 1.00. The Mab 8_7-‘2612 resulted in an

peptide was prepared by reconstituting 8 mg of lyophilized_
peptide in 4.0 ml of prewarmed PBS with vortex mixing until the
powder dissolved. The stock solution was diluted 1l:1 with PBS
and the 1 mg/ml solution was used fof immunization. The first
two injections were given in the footpad and subcutaneously
(100 pl at each site of 1 mg/ml peptide:KLH with 100 ul
Complete Freunds Adjuvant, Difco). This was followed by four
‘intraperitoneal - injections of 100 ul of peptide:KLH at
approximately two day intervals. Anti-18-mer titers were
evaluated, and three of the four mice immunized responded well
td the peptide. Two intraperitoneal injections of 100 ul of
peptide:XKLH were then given at approximately weekly intervals.
After these injections, all four mice had some immune response
to the peptide. Approximately three months later the mice were
boosted with £four intraperitoneal injections of peptide:KLH.'
Based on reactivity with the 18-mer peptide in an ELISA, one
was selected for fusion of the splenocytes with P3 myeloma
cells according to a standard pfotocol such as that described
in "Current Protocols in Immunology." J. E. Coligan et al.,

eds., 1991, John Wiley & Sons, Chapter 2.

For screening immunized mice or hybridomas, ELISA plates
were coated overnight at 4% with 20 pg/ml of unconjugated
18-mer peptide, peptide conjugated to KLH (the immunogen) or

peptide conjugated to BSA. Bleeds from immunized mice prior . to
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OD readi ng of about 0.42 at 20 [err]g/m, indicating that a titer of
greater than 20 [err]g/m would be necessary for an OD reading of 1.00.
The inventive nonocl onal antibody MAL 18-27.2.3.1, in contrast, had a
titer .of 1.79 [err]g/m and therefore exhibits a significantly higher
specific activity for the peptide,_antigen. That-is, to determ ne a
fi xed anmount of peptide with an inteﬁgity of 1.00 OD units, only 1.79
[err]g/mM of MAL 18-27.2.3.1 is required as conpared to nore than 20

[err]g/mM of WMab 2Gl2. In a second conparison, MAL 18-27.2.3.1 was
tested against Mab 87-1E1 (WD 89/01785) for antigen titer. The wel |'s
were coated with 50 [err]l/well of Protein G purified nonoclonal

antibody (10 J[err]g/m in O0.1M carbonate buffer) at 4[err]C

splenocyte fusion or hybtidoma culture supernatants were.
diluted 1:10 in PBS-Tween buffer, followed by serial two-fold
dilutions thereafter. The dilutions were incubated in che
prepared ELISA .plates for 1 hr at room temperature.
Horseradish peroxidase conjugated goat anti-mouse
immunoglobulin or rabbit anti-mouse IgG antibody was.diluted in
PBS-Tween é.nd incubated with E_he ELISA plates for 1 hr.
O-phenylenediamine dihydrochloride enzyme substrate was diluted
in citrate-phosphate buffer and incubated with the ELISA plates
for 10 min. at room temperature. The absorbance of the medium

was read at A490'

Hybridoma-s resulting from the fusion were cloned and
expanded based on reactivity with peptide:KLH in the ELISA.
Clone MAL 18-27 was found to be the only clone reactive with
both the unconjugated peptide and the conjugated peptide,
indicating that <the antibody produced was specific for the
peptide rather fhan the KLH. MAL 18-27 was also shdwn to be
18-mer specific, as it was the only clone tested which did not
also react with a 10-mer and/or a 2l1-mer in the ELISA. An
isotyping assay of clone MAL 18-27 showed the antibody produced

to be an IgGlk isotype.

As it demonstrated the desired specificities, clone MAL

18—-27 was further subcloned. Two of. these subclones, MAL
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overnight. The plates were washed five.tines on a Biotek EL403 autonmated

96 wel | Wwasher. The peptide antigen was serially diluted into the
coated wells of the microtiter plates (50[err]l/well, starting at 10
[err]g/mM) and incubated at 37[err]C for 1 hr., covered, wth shaking.
The pl-ates were again washed five tines on the Biotek washer. 10

[err]g/mM solutions of +the detectx antibodies were prepared in
PBS-0.05% Tween 20 buffer and 50 J[err]l/well was
23 :

18-27.2.3.1 and MAL 18-27.2.3.1.2, have been deposited with the
American Type Culture Collection, Rockville, Maryland under

. Accession Numbers HB 11111, deposited on September 3, 1992 and HB 11112

~r

deposited on September 3, 1992 respectively.

Monoclonal antibody MAL 18-27.2.3.1, the parent clone of
- MAL 18-27.2.3.1.2, was tested -in a solid phase dipstick
immunoassay. The immunocapillari; dipstick device comprised a
strip of nitrocellulose (Schleicher & Schuell, Keene, New
Hampshire) 7 mm wide and 2S5 mm long laminated to a plastic
backing strip. A strip of glass fibe-r (Gelman, Ann Arbor,
Michigan) 7 mm wide and 5 cm long was also laminated to the
plastic backing such that the glass fiber was in contact with
and slightly overlapped the upper edge of the nitrocellulose.
One ug of monoclonal antibody MAL 18—27.2.3.1_ was spotted on
the nitrocellulose in the form of a line at apprbximately'the
midportion of the nitrocellulose strip. Approximately 6 mm
above the 1line, 0.17 ung of isolated HRP-II antigen was
spotted on the .nitrocellulose in a dashed 1line. The HRP-II

antigen served as a positive control in the immuncassay.

- The bottom edge of the nitrocellulose was placed in a
shallow well containing a 50 ul sample of 1lysed_ whole blood,
serum or plasma such that the sample fluid was wicked up into

the nitrocellulose and brought into contact with the
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added to the antigen captured plates. The plates were incubated
1 hr.. at 37[err], covered, wth shaking. To ensure that both ELISA s
were optijnzed to their maxi numdetection ability, a nonoclonal detector
anti bady was used for assay of Mab 87-1E1 but the rabbit polyclonal
detect-or antibody described in Exanple 1 was used to assay MAL
18-27.2.3. 1. Usi ng Mab 87-1E1 as téRe capture anti body, about 144
[err]g/mM of peptide antigen was required to give an average OD readi ng
of 1.0. Using MAL 18-27.2.3.1 as the capture antibody, only 0.8-1.2
[err]g/mM of peptide antigen was required for an average OD reading of
1.0. These results denonstrate a significantly higher sensitivity in the
assay using the inventive anti body. :

immobilized antibody, allowing HRP-II antigen present in th_.e
sample to bind. A drop of a tracer reagent comprising rabbit
polyclonal antibody raised against the immunogenic peptide
incorporated into liposomes with entrapped sulforhodamine B was
placed in the well and wicked up into the hitrocellulose. The
tracer reagent also contacted and became bound to sample
antigen coﬁplexed with the immobilized monoclonal antibody. A
wash reagent comprising 0.125% ZWITTERGENT 3-10 (Calbiochem,

LaJolla, California) was then wicked into the nitrcceliulose.

In positive samples, the dye was visible in a line at the
‘midpoint of the nitrocellulose, indicating a poéitive assay.
The dashed line 6 mm above the midpoint also bound the labeled.
polyclonal antibody, indicating that the device and reagents -

were performing correctly.

One patient with 40 parasites/pl of plasma (corresponding
to'o.oaos% parasitemia) gave- a clear 1+ positive response in
the dipstick assay. Two patients with 2 parasités/loo white
blood cells in whole blood samples Zcbrresponding to 0.003%
parasitemia) gave a very strong 3-4+ positive response in the

~dipstick assay.
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EXAMPLE 3 Monocl onal antibody MAL 18-27.2.3.1.2 was clinically tested
I n conparison wwth a coomercially avail able diagnostic test (@BC, Becton
D ckinson Advanced Diagnostics, Baltimore, Maryland) as a diagnostic
for P.. falciparuminfection using the dipstick assay format previously
descri-bed. @BC results were confirnmed by mcroscopic analysis of thin
films. Al tests were perfornmed on anticoagul ated venous bl ood sanpl es
aged 2 - 24 hrs. and kept wunder pyefrigeration, Tests were also
performed after four days on three sanples

EXAMPLE 2

The.titer of monoclonal antibody MAL 18-27.2.3.1 to the
peptide antigen was compared to Mab' 87-2G12 (WO 89/01785) as a
measure of antibody specificity. Each well of a 96-well
microtiter ©plate was coated w_ith S50 pl of a 20 pg/ml
solution of peptide antigen in Q.1M carbonate buffer, pH 9.6
and incubated at 37°C._ covered, overnight. The wells were
washed five times with 200 ul of PBS-0.05% Tween 20 buffer.
Protein G purified monoclonal antibodies were serially diluted
into the wells (50 ul/well), starting at a protein
concentration of 20 ug/ml. The antibodies were allowed to
bind to the immobilized antigen at 37°, covered for 1 hr. and
the wells were washed five times with 200 ul of PBS-0.05%

Tween 20 buffer.

Horse radish peroxidase (HRP). labeled goat anti-mouse Ig
(Organon Teknika, Durham; North Carolina) was added at a
1:8,000 dilution in PBS-0.05% Tween 20 buffer, 50 _pl/well.
and incubated 1 hr. at 37°C, covered. The wel_Is were washed
as above and 50 ul of o-pheni}lenediamine dihydrochleride (the
enzyme sgbstrate) were added for 10 min. at room temperature.
The enzyme reaction was quenched by adding S0 p_l/well of 4.5
MH

2804.
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24 The twel ve sanpl es which t est ed posi_tive by QBC and thin
films also tested positive in the dipstick assay. One of these sanples was

froma patient exhibiting only ganetocytes. The dipstick assay was
positi.ve for parasitem as below 0.1% including one parasitem a which
showed only 3 parasites on the thin.f_ilm One patient foll owed

for five days showed an initial %’érasitema of 4% whi ch progressed to
rare trophobl asts, then .

The titer was calculated as the antibody concentration
which gave an OD,o, of 1.00. The Mab 87-2Gl2 resulted in an
OD reading of about 0.42 at 20 ug/ml, indicating that a titer
of greater than 20 pg/ml would be necessary for an OD reading
of 1.00. The inventive monoclonal antibody MAL 18-27.2.3.1, in
contrast, had a titer of 1.79 upug/ml and therefore exhibits a
significanﬁly higher specific _ activity _for the peptide
antigen. That-is, to determine a fixed amount of peptide with
an inténsity of 1.00 OD wunits, only 1.79 ug/ml of MAL
18-27.2.3.1 is required as compared to moﬁe than 20 ug/ml of

Mab 2G12.

In a second comparison, MAL 18-27.2.3.1 was tested against
Mab 87-1Z1 (WO 89/01785) for antigen titer. The wells were
coated with 50 pl/well of Protein G purified monoclonal
antibody (10 ug/ml in 0.1M <carbonate Dbuffer) at 4%
overnight. The ﬁlates were washed five times on a Biotek EL403
automated 96 well washer. The peptide antigen was serially
diluted into the coated wells of the microtiter plates
(s0pl/well, starting at io ug/ml) and incubated at 37°%
for 1 hr., covered, with shaking. The plates were again washed

five times on the Biotek washer.

10 pg/ml  solutions of +the detector antibodies were

prepared in PBS-0.05% Tween 20 buffer and S0 pl/well was
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rare ganetocytes on the thin filnms. However, at each stage.the . dipstick
assay was clearly positive. Twent y-one patient sanples which tested
negatjve by @BC and thin filns were tested with the dipstick assay. Three
of these patients, with proven P. falciparummal aria, had been treated

W th i.ntravenous quinine therapy. After three days their @BC and filns
remai ned negative, but the patients 8&sted positive wth the dipstick
‘assay for as long as six days. These results denonstrate that

anti bodies raised to the 18-nmer peptide have increased specificity and
sensitivity in clinical tests as conpared to anti-P. falciparum

anti bodies currently used in diagnostics.

added to the antigen capﬁured plates. The plates were
incubated 1 hr. at 37°, covered, with shaking. To ensure
that both ELISA's were optimized to their maximum dJdetection
ability, a monoclonal detector antibody was used for assay of
Mab é?—lEl but the rabbit polyclonal detector antibody

described in Example 1 was used to assay MAL 18-27.2.3.1.

- i

Using Mab 87-1El1 as the capture antibody, about 144 ug/ml
of peptide antigen was required to give an average OD reading
of .1.0. Using MAL 18-27.2.3.1 as the capture antibody. only
0.8-1.2 ug/ml of peptide antigen was required for an average
OD reading of 1.0. These results ~demonstrate a sigﬁificantly

higher sensitivity in the assay using the inventive antibody.
EXAMPLE 3

Monoclonal antibody MAL 18-27.2.3.1.2 was clinically tested
in comparison with- a commercially awvailable diagnostic test
(Q@BC, Becton Dickinson Advanced Diagnostics, Baltimore;
Maryland) .as a diagnostic for P. falciparum infection using the
dipstick assay format previously described. QBC results were
confirmed by microscopic analysis of thin films. All tests
were performed on anticoagulated venous blood samp}es aged 2 -
24 hrs. and kept under refrigeration. Tests were also

performed after four days on three samples
This is the replacement sheet
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25 SEQUENCE LI STING (1) GENERAL

| NFORMATI  ON: (i) APPLI CANT: Becton, Dickinson and Conpany (A
NAME: ,Becton, Dickinson and Conpany (B) STREET: 1 Becton Drive

(C) CTY: Franklin Lakes (D) STATE: NJ (E) COUNTRY: US (F)
ZI P: 07417 (ii) TITLE OF I NVENTI ON: | MPROVED ANTI BODI ES TO PLASMODI UM
FALCI PARUM S(iii) NUMBER OF SEQUENCES: 1 (iv) COVPUTER READABLE
FORM (A) MEDI UM TYPE: Fl oppy di sk

The twelve samples which tested positive by QBC and thin
fiims also tested positive in the dipstick assay. One of these
samples was from a patient exhibiting only gametocytes. The
dipstick assay was positive for parasitemias below 0.1%,
including one parasitemia which showed only 3 parasites on the

thin £ilm. . -

One patient followed for five days showed an initial
parasitemia of 4% which progressed to rare trophoblasts, then
rare gametocytes on the thin films. However, at each stage the

dipstick assay was clearly positive.

Twenty-one patient samples which tested negative by QBC and
thin films were tested with the dipstick assay. Three of these

patients, with proven P. falciparum malaria, had been treated

with intravenous quinine therapy.' After three days their QBC
and films remained negative, but the patients tested positive

with the dipstick assay for as long as six days.

These results demonstrate. that antibodies raised to the
18-mer peptide have increased specificity and sensitivity in
clinical tests as compared to anti-P. falciparum antibodies

currently used in diagnostics.
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(B) COVPUTER: | BM PC conpati bl e (C) OPERATI NG SYSTEM"

PC- DOS/ Ms- DOS (D) SOFTWARE: " Patent|n Rel ease #1.0, Version #1.25
(v) CURRENT APPLI CATI ON DATA: ‘ (A) APPLI CATI ON NUMBER 93113737.6
(B) FIEING DATE: August 27, 1993 (2) 1 NFORVATI ON FOR SEQ I D NO 1:

(1) SEQUENCE CHARACTERI STI CS: (#® LENGTH 18 am no acids

(B) TYPE: am no acid ( BFQUESRELIDSYING | near (i1) MOLECULE TYPE:
pepti de (xi) SEQUENCE DESCRI PTION: SEQ I D NO 1: Cys Ay Ala His
Tbs Al a,Hssuddng ﬁk@nﬁk@:d&sp AIpaAIH;s Hs Ala Ala 1 5

(i) A°PLI;ANT Becton, Dickinson and Company
(A) NAME: Becton, Dickinscn and Company

(B) STREZT: 1 Bec:zon Dxrive

(C) CITY: Franklin Lakes

(D) STATE: NJ

(E) COUNTRY: US

(F) ZIP: 07417

(ii) TITLE OF INVENTION: IMPROVED ANTIBODIES TO PLASMODIUM
FALCIPARUM

(1ii) NUMBER OF SEQUENCES: 1
(iv) COMPUTER READABLE FCRM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS )
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25
(v} CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: 93113737.6
{B) FILING DATE: August 27, 1993
{2) INFORMATION FOR SEQ ID NQ:1:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 amino acids
(B) TYPE: amino acid :
(D) TOPOLQOGY: linear : -

(ii) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

Cys Gly Ala His His Ala H:Ls His-Ala Ala Asp Ala His His Ala Ala
S 10 . 15

Asp Ala
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CLAIM5 1. A nonoclonal antibody which binds to histidine rich protein II
-of Plasnodiumfalciparumwi th a specificity and affinity characteristic of
monocl onal anti bodi es produced by hybri doma ATCC Accessi on No. HB11111 or
hybrf doma ATCC Accession No. HB11112. 2. - The nonocl onal . anti body of
Caim1 which is produced by hybridonma ATCC Accessi on No. HB11111. 3.

The nonocl onal antibody of Claim1 whichggs produced

CLAIMS

1. A monoclonal antibody which binds to histidine rich
protein IT of Plasmodium falciparum with a specificity and
affinity characteristic of monoclonal antibodies produced
by hybridoma ATCC Accession No. HB111lll or hybridoma ATCC
Accession No. HB111l12.

2. The monoclonal antibody of Claim 1 which is produced
by hybridoma ATCC Accession No. HB11l1lll.

3. The monoclonal antibody of Claim 1 which is produced
by hybridoma ATCC Accession No. HB11112.

4. The monoclonal antibody_ of Claim 1 which binds to a
peptide having the amino acid sequence of SEQ ID NO:1. -

5. A pharmaceutical composition comprising the monoclonal
antibody of Claim 1.

6. The composition of Claim 5 wherein the monoclonal anti-
body is produced by hybridoma ATCC Accession No. HB11111 or
hybridoma ATCC Accession No. HB11112.

7. A peptide having the amino acid sequence of SEQ ID
NO:1.

8. A composition comprising the peptide of Claim 7 and a
physiological buffer.

9. The composition of Claim 8 wherein the peptide is
coupled to an immunogenic carrier.

10. The composition of Claim 9 further comprising an
adjuvant. '
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by hybr| doma ATCC Accession No. HB11112. 4. The nonoclonal anti’ body of
Caim1 which binds to a peptide having the am no acid sequence of SEQ ID
NG 1. .- 5. A pharmaceutical conposition conprising the nonocl onal

anti body of C aim 1. 6. The conposition of Caim5 wherein the

nonocl enal anti- body is produced by hybwdoma ATCC Accession No. HB11111

or hybridoma ATCC Accession No. HB11112. . A peptide having the am no
aci d sequence of SEQ I D NO 1. 8. A corrp05| tion conprising the peptide of
Claim7 and a physiol ogical buffer. 9. The conposition of Claim38

wherein the peptide is coupled to an imrunogenic carrier.

11. A method for detecting HRP-Il of Plasmodium falciparum comprising the

- steps of:
a) contacting a sample with a monoclonal antibody which binds to the
" HRP-lI, the antibody-having a specificity and affinity for the HRP-Il which allows
detection of less than 0.05% Plasmodium falciparum parasitemia in biood in an
immunoassay, .
- b) allowing the antibody to bind to the HRP-ll to form an
antibody/HRP-Il complex, and;
c) detecting the HRP-Il by means of a detectable label included in the
complex. ) :

12. The method of Claim 11 wherein the HRP-Il is detected on a solid phase.

13. The method of Claim 12 wherein the HRP-II is detected on an
immunocapillary solid phase.

14. The method of Claim 11 or 13 wherein the HRP-ll is detected by means of
a second antibody which binds to the HRP-II, the second antibody bemg conjugated
to the detectable label.

15. The method of Claim 14 wherein the HRP-Il is detected by means of a
liposome coupled to the second antibody. the liposome encapsulating a visible dye.

16. The method of Claim 11 wherein the HRP-ll and HRP-ll conjugated to a
{abel compete for binding to the antibody.

17. A method of making an antibady which binds to HRP-ll of Plasmodium
falciparum comprising the steps of:
a) immunizing a mammal ‘with a peptide having the amino acid
sequence of SEQ 1D NO:1, and;
b) isolating a monoclonal antibody which binds to the HRP-lI w1th a
specificity and affinity which allows detection of less than about 0.05%. Plasmodium
falciparum parasitemia in blood in an immunoassay.
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10. The conposition of Caim9 further conprising an adjuvant.

27 Y 11. A nmethod for detecting HRP-11 of Plasnodi um fal ciparum
conprizsing-the steps of: a) contacting a sanple with a
nonocl onal anti body which binds to the HRP-11, the antibody-having a

specificity and affinity for the Hp-11 V\/mch al l ows detection of |ess than
0. 05% Pl asnodi um f al ci parum parasitema in bl ood in an inmunoassay;
b) allowing the antibody to bind to the HRP-I1 to form an

anti body/ HRP-11 conpl ex, and; c) detecting the HRP-11 by neans
of a detectable |abel included in the conplex. 12. The net hod of
Claim11 wherein the HRP-1| is detected on a solid phase.

18. An immunoassay device comprising a microporous absorbent material in
fluid communication with a second absorbent material, the microporous absorbent
material having immobilized thereon a monocional antibody which binds to HRP-II
of Plasmodium falciparum with a specificity .and affinity which allows detection of
less than 0.05% Plasmodium falciparum parasitemia in blood in an immunoassay.

19. The immunoassay device of Claim 18 wherein the microporous absorbent
material is nitrocellulose and the second absorbent material is glass fiber.

20. The lmmunoassay device of Claim 19 whlch mc!udes a pos:tlve control
area comprising HRP-1l antigen.

21. A Kkit of materials for performing an enzyme linked immunoassay for HRP-
Il of Plasmodlum falciparum comprising:
a) an assay device according to Claim 18, and;
b) a reagent comprising liposomes coupled to a polyclonal antibody to
HRP-lI, the liposomes encapsulating a visible dye. '

A
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_ - . B - qjetess X T -
13.  The.nethod.of Qlai-m--12. wherei-n-the HRP-11 is detect egemiMCEMENT SHEET

i mmnoca._piwj, ey A EMEIDRESE S - SY14. ¢ The method of Claim 11 .or 13 wherein
t e HRP-| IF: Dssaiatidet sasbh-‘mERiss%F - ai second anti body which binds te the
HRP- 11, theTéeedmd amtibody bepiigi eonjugated to the detectable |abel.

15. -The ret hodixefs) Cpagri .14taMger®i-n-the HRP-11.is detected by nmeans of ‘a

| i posone &dupkestit o Jrheekat ongagat hody, the |iposone encapsulating a. .

vi si bl e dye. 16. The method of @ aim 11l wherein the HRP-11 and HRP-1I
conj ugat.ed-t e:a--l abekreonpdt®i or Binding to.the anti body. 17. A

net hod of- ‘waki-ng-am-ant-+-boty-whi-ch-binds to HRP-11 _of Pl asnodi um

f al ci par um conpri siIMGROMED SANPEBQIIES TO PLASMODHUM FALMLPARMH 4 mammal with

a peptide having the ami no acid sequence off SEQ ID NO 1, and; . b)
i sol ating a nonocl onal antibody which binds to the HRP-11 with a :
specificity and affinity which allows detection of |ess than about 0.05%

Pl asmodi um fal ci parum par asH_&Tg aGE1 r)ml%! %%%&I%% | mmunoassay.

The prssent invsnticn relatas tc antibodiss which reccgnize
and bind to HRP-I1I, a histidine-rich protein cf Zlasmodium
falciparum, assays employing these antibedies, and peprides Icrz

generating the antikbcdies.

BACKGRQUND QF THE INVENTION

Plasmodium falciparum 'is the most pathogenic species of

human malaria. The asexual parasites of this species in red

blood cells produce saveral proteins characterized by an
unusually high content of the amino acié histidine. Qpne of

these cproteins is designated Histidine Rich Protein II
(KRP-II). HRP-II is synthesized throughout the asexual stage

of the parasite and is released from infected cells into the
blood stream.

The HRP-II gene has been isolated and seguenced. The
predicted amino acid seguence includes 34% histidine, 37%

alanine and 10% aspartic acid (Wellems and ‘Howard. 19886.

PNAS 83, 6065-6069). The HRP-II protein is also unusual in

that it contains many tandem repeats of <the aminc acid
sequences Ala-His-His and Ala-His-His-Ala-Ala-Asp comprising

about 80% of <the seqtien-ce of the protein. The functions ‘of
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28 ° ~ 18. ‘An inmunoassay deV|ce conpr|5|ng a nlcropgéﬁégac%pﬁﬂq

material in fluid conmuni cation with a second absorbent

. mi croporous absorbent material having immobilized therean a nonocl onal :
ant i body which binds to HRP-11 of Plasnodiumfalciparumwth- a specificity
and affinity which allows detection of |ess than 0. 05%)Plasnnd|un1 .

fal ci parum parasitema in blood in an iggrunoassay. - -19. The. |nnunoassay

device of Cl aim 18 wherein the nicroporous absorbent naterlal i's .

nitrocel lul.ose and the second absorbent material is glass fiber. 20.

The i mmunoassay device of O aim 1Qgubiseh i ncludes a positive control area

conprising HRP-11 antigen. . 217AKrt of materials for perform ng an

enzyne |inked i mmunoassay for HRP-. 11 of Pl asnodi um fal ci parum conpri si ng:

a) an assay devi Ceysfy q$ni BQ:CL im 18 Tanql.;,_T b) a reagent
conpri si ng I|posones—cuggieé—F&—af%GEQ%ﬁéﬁgﬁﬂﬂmﬁﬂﬂxiﬁﬂﬂ(3 HRP-11, the

| i posones encapsul ating a visible dye.

Antitccdies which reccgnize and bind to bistidine rich

cretein II of Flasmedium falcitarzum. These antibodies exhibit
improved specificity and affinity £cr che antigen which
crovides ennhanced sensitivitv in immuncassavs Peptides useful
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