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Abstract

The major aim of this study was to characterize a soRlakenodium  Key words

Jalciparum antigen from the plasma of malaria-infected humans andlutamate-dehydrogenase
Plasmodium falciparum culture supernatants, using immunoabsorbentPlasmodium falciparum
techniques and Western blotting. An Mr 60-kDa protein was isolatefxoantigens

from the plasma of patients wittasmodium falciparum malaria by * Soluble antigens

affinity chromatography using rabbit aftivzeus spp GDH(NADP)  * Malaria

serum as ligand. This protein, present in plasma of patients with adu"?‘ent'gemc enzymes

Plasmodium falciparum infection, inPlasmodium falciparum culture
supernatants, and in immune complexes, was teste®luittrodium
Jfalciparum malaria hyperimmune serum from patients living in hyper-
endemic areas and rabbit aAtiereus spp GDH(NADP) serum pre-
pared in the laboratory. In this report, we describe the results of a study
showing that parasite GDH(NADPcan be used to detect the pres-
ence ofPlasmodium falciparum. |t appears that this technique permits
the chromatographic detection aPlsmodium falciparum excretion
antigen that may be used in the production of monoclonal antibodies
to improve immunodiagnostic assays for the detection of antigenemia,
and opens the possibility of its use as a non-microscopic screening
method.

Introduction and it is difficult to separate the parasitic
material from the host products. In general,

Malaria is still one of the most importantit may be stated that the parasite has a me-
and devastating tropical diseases, 8hd- tabolism similar to the host, but the charac-
modium falciparum Kills about 2-3 million teristics of many enzymes compromised in
people per year (1). A concerted effort ighese pathways have been considered to be
necessary to improve the diagnostic methdifferent. Among these enzymes, this study
ods to control the disease. will concentrate on glutamate dehydrogen-

Among the compounds inherent to thease whose presence was suspected on the
parasite there are certain enzymes that coultdsis of appearance of an Mr 60-kDa band
be effective as markers in malaria diagnosighose enzymatic activity was confirmed by
(2). The difficulty encountered in isolating means of an enzymatic assay (Rodriguez-
them from the plasma of patients or in culAcosta A, Gamboa de DN, Aguilar | and
tures ofPlasmodium falciparum is the fact Girdn ME, unpublished data). In that study
that only minimal quantities are obtainedwe detected the enzymatic activity Réfss-
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modium falciparum GDH(NADP*) in the mM TPCK (Sigma Chemical Co., St. Louis,
plasma of acute malaria patients, capturefO), 200 mM PMFS (Sigma), 0.2 mM
by a rabbit polyclonal antroteus spp EDTAInPBS). The plasmawas separated to
GDH(NADP*), which took advantage of the be used as a source of antigens and stored at
immunologic relationships existing between-70°C until use.
the enzymes of the two species (3).

This GDH(NADP) activity of Plasmo-  Parasite culture
dium falciparum differs from mammalian
GDH in several features: kinetics, substrate, Plasmodium falciparum parasites (Ven-
specificity of co-factors, degree of affinity ezuelan isolates) were cultured with human
and immunogenicity (4-7). This report sug-erythrocytes at 2% hematocritin RPMI-1640
gests thaPlasmodium falciparum glutamate media and 10% human serum (8). The media
dehydrogenase-soluble antigen may be us&gere changed every 24 h, treated with a
as a target antigen in systems designed protease inhibitor cocktail and stored at
detect malarial disease. -70°C until use.

Material and Methods Fractionated precipitation of the Plasmodium
falciparum culture supernatant
Animals
Approximately 300 ml of culture super-
New Zealand rabbits weighing 2 kg werenatant was concentrated (30 times) inside a
used to obtain sera against whole parasitdjalysis bag by dehydration with Aquacide

culture supernatant and GDH(NADP [I. The concentrate was subjected to fraction-
ated precipitation with ammonium sulfate
Sample collection using 33, 40 and 50% saturation. The precipi-

tates obtained in each step were collected in

Blood samples were collected from paPPBS and analyzed by Western blotting.
tients attending the Malaria Consultation
Center at the Ciudad Bolivar Malariology Precipitation of immune complexes
Division. Ciudad Bolivar is a city located in
the northern part of Bolivar State, Venezu- In another group of experiments we ana-
ela. Many of the patients are migrant goldyzed the immune complexes formiedsiru
miners who routinely spend 20 to 30 daydy a combination of a) plasma from patients
prospecting in the tropical forest where moswith acute Plasmodium falciparum infec-
of their infections originate. A total of 30 tions and Yanumana Amerindian sera (hy-
patients with acute malaria were recruitegherimmune) at a proportion of 5:1 and b)
for the study as a source of antigens. All thelasma from patients with acu®asmo-
patients gave oral informed consent to padium falciparum infections with anti-
ticipate in the study. Each patient was interGDH(NADP*) antibodies ofProteus spp
viewed and address, place of origin and inproduced in rabbits at a proportion of 20:1.
formation about whether or not the patient The precipitation of immunocomplexes
had been treated with anti-malarial drugsvas effected in accordance with the protocol
were recorded in a questionnaire. utilized by the Laboratério de Malaria (Ma-

Blood samples from the patients (approxi{aria Laboratory), Instituto Oswaldo Cruz,
mately 20 ml) were collected into test tube®Rio de Janeiro, Brazil (C. Ribeiro, personal
that contained an anticoagulant and 100 dommunication). The mixtures were treated
of a mixture of proteinase inhibitors (0.15with polyethylene glycol 8,000 (PEG 8,000)
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(Sigma) at 2.5% final concentration and lef ;5\ apps)
on ice for 2.5 h. The samples were centri of Proteus sp serum

fuged at 2,50@ for 20 min at 4C and the etaleny
precipitate was washed with a solution o (NH2)2S04 g [ Normal}
2.5% PEG 8,000 in PBS, pH 7.2, and subs:t Totallgs _\plasma
quently dialyzed against 1 mM PBS, pH 7.2 lSepharose-4B i
for 2 h at 4C, and absorbance at 280 nm wa o anti_G:;’(‘;la:;Fﬂ;‘m Sephamse%}é,ami_GDH(N ADP*)
determined. The material obtained was ani ~" PBS to absorbance
lyzed by the Western blot method. Norma Eractick lat 280 nm
serum was used as a control and subjected absorbed Glycine-HCl
the same procedure. ) vPH28

Antigen

. ‘ (GDH-NADP*) J
Antibody preparation

Antibodies were obtained from plasma ofFigure 1 - Procedure for the separation of GDH(NADP*) from malarial
adult Yanumana Indians of both sexes livingatient plasmas by affinity chromatography.
in hyperendemic areas of malaria (Amazonas
State, Venezuela), diagnosed as being imecytes were lysed with saponin (Sigma) at a
fected withPlasmodium falciparum and hav-  final concentration of 0.1% for 15 min at
ing experienced two or more malaria epiroom temperature, washed and resuspended
sodes. Anti-malaria IgG was isolated fromagain in 0.5 ml of PBS which contained 0.1%
the plasma of hyperimmune adult patients bgf the mixture of protease inhibitors (crude
salting out and ion exchange chromatographyreparation of parasite extracts).
(DEAE cellulose; Sigma) as described (9). This antigen was utilized to immunize
the rabbits and obtain anti-whole-parasite
GDH(NADP+*) immunoaffinity separation serum as described (9). This serum was used
in the immunoblotting analysis of the anti-
Blood plasma (400 mg protein) as a sourcgens to be studied.
of antigens from patients with acutismo-
dium falciparum infections was loaded on Preparation of 1gG anti-culture supernatant
columns of Sepharose-4B-rabbit-IgG anti-
GDH(NADP*) of Proteus spp. The columns Approximately 300 ml of culture super-
were washed with PBS until absorbance atatant was concentrated (30 times) inside a
280 nm was equal to 0. The protein absorbedialysis bag by dehydration with Aquacide II
to the column was eluted with 0.1 M glycine-(Calbiochem, San Diego, CA). The concen-
HCI buffer, pH 2.6, concentrated (Figure 1)trate was precipitated with 33% ammonium
and analyzed by Western blot. Plasma fronsulfate to eliminate the human serum immu-
normal patients was treated in the same maneglobulins present in the culture medium.
ner as the plasma from malaria patients. The protein concentration of the immuno-
globulin-free supernatant was determined and
Anti-whole-parasite serum the supernatant was then used to prepare
anti-culture supernatant serum by inoculat-
The infected erythrocytes (20 ml) deriveding rabbits as described (9). The serum of
from cultures with a parasitemia of at leasimmunized rabbits was used to prepare 1gG
3% were suspended in PBS, pH 7.2, andy precipitation with 33% ammonium sul-
centrifuged at 30@ for 10 min at 4C. After fate and DEAE cellulose (Sigma) ion ex-
being washed with PBS three times, the erytlehange chromatography. This IgG (100 mg
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protein/ml) was absorbed by incubation wittDEAE-cellulose chromatography (Sigma).
a mixture of red blood cells (MRBC) typg 0 The 1gG fraction enriched with anti-
A* and B (1:1:1), maintaining the relation- GDH(NADP*) antibodies was used to pre-
ship of 1 ml MRBC to 3 ml IgG, for 2 h at pare Sepharose-4B anti-GDH(NADRgG,
4°C, and centrifuged at 2@for 10 min, and and the peroxidase conjugate (9). This conju-
the supernatant was separated out. This sgate was used in the immunoblotting analysis
pernatant was passed through a column of the different antigen preparations studied.
Sepharose-4B-human serum and the recov-

ered eluate was concentrated by Aquacide Folyacrylamide gel electrophoresis

dehydration. This preparation of purified Ig

was used to perform the immunoblotting Electrophoresis was carried out by the

analysis of the antigens to be studied.

Preparation of rabbit peroxidase-conjugated
anti-Proteus spp GDH(NADP™) 1gG

method of Laemmli (10) using a Dual Mini
Slam Kit AE-6450 (Atto Corporation, To-
kyo, Japan) chamber. The development gels
were prepared at 7.5% or in gradients of 5-
15% and in all cases the concentration gel

The serum of rabbits immunized againstvas prepared at 4.5%.

Proteus sSppGDH(NADP) (Sigma) was used

to prepare 1gG by saline precipitation withwestern blotting
33% ammonium sulfate and ion exchange

Mr x 103

180 —

116 —
84 =

58 =

48 —

36 >
26 >

a b c d e

Figure 2 - Western blot analysis of the antigenic fraction
present in malarial plasmas of patients infected with Plasmo-
dium falciparum separated through columns of Sepharose-4B
linked to anti-Proteus spp GDH(NADP*) IgG. The electropho-
retic separation was carried out in 7.5% SDS-polyacrylamide
gels under reducing conditions. Immunologic detection was
obtained by incubation with:

a, Anti-Proteus spp GDH(NADP*) serum/anti-IgG rabbit-per-
oxidase.

b, Anti-culture supernatant of Plasmodium falciparum/anti-
1gG rabbit-peroxidase.

¢, Anti-whole-parasite (Plasmodium falciparum)/anti-lgG rab-
bit-peroxidase.

d, Hyperimmune (Yanumana) serum/anti-lgG-human-peroxi-
dase.

e, Normal patient serum/anti-lgG-human-peroxidase.

The original immunoblotting technique
(11) was used. The electrophoresed proteins
were blotted onto nitrocellulose using a semi-
dry electrotransfer chamber with graphite
electrodes (Atto Corporation). The material
transferred was analyzed by immunostain-
ing using specific antibodies.

Results

Complete data was obtained for all pa-
tient sera tested. Of these 100% were parasi-
tologically positive folPlasmodium falcipa-
rum and negative for othéYasmodium spe-
cies. The parasite carriers with acites-
modium falciparum infections showed a para-
site density of 10,000/pl.

To characterize the antigens present in
plasma, captured by a column of Sepharose-
4B-anti-Proteus spp GDH(NADP), we sepa-
rated the antigens in polyacrylamide gels
and electrotransferred them for the Western
blot analysis. The result (Figure 2a) shows
that the parasite excretes a protein which is
recognized by antPRroteus spp GDH
(NADP*) serum/anti-rabbit IgG peroxidase,
that corresponded to a protein with Mr of
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approximately 60 kDa.

Thepolyclonal anti-culture supernatants
and anti-whole-parasite, as well as the hy- Mrx103
perimmune serum of the Yanumana Indians,
were also able to recognize the 60-kDa band
(Figure 2b,c,d).

In the Western blot analysis of crude 116 —
preparations of parasites, the complex com- g4 —
position of the sample becomes evident by
the use of an antiserum produced against the
proteins of the whole parasite. A band with
the same electrophoretic migration (approxi-
mately 60 kDa) is also recognized by the 36 —
hyperimmune serum of Yanumana Indians 26 —
and by the antProteus spp GDH(NADP)-
peroxidase conjugate (Figure 3).

The Western blot analysis of the 40%

180 —

58 —

48 —>

ammonium sulfate-precipitated fraction of Mrx 103

the culture supernatant Blasmodium falci-
parum is shown in Figure 4. When devel-
oped with the polyclonal anfiroteus spp
GDH(NADP*)-peroxidase, a band with a
molecular mass of approximately 60 kDa
appears, similar to that obtained from the
plasma of acut@/asmodium falciparum in-
fections.

The Western blot analysis of immune-
peroxidase-conjugated amticoteus Spp
GDH(NADP*) IgG indicated the presence of
a 60-kDa protein (Figure 5).

Discussion

The identification and description of new
malarial antigens should contribute to im-
proving both the individual and mass diag- ;g4
nosis of this endemic disease, as well as the
incorporation of antigens relevant to the
preparation of new vaccines. To date, stud-
ies focused in this direction have not been 1
consolidated. In this regard, the main pur-
pose of the present study was to identify the 84 =
products of excretion that could be associ- 58 —

Mr x 103

6 —

ated with infection byPlasmodium falcipa- 48 >
rum. The discovery of a 60-kDa protein in 36 —
the plasma of acut®lasmodium falciparum 26—

infections, in the culture supernatanPafs-

180 —

116 —
84 —

58 —

48 —

36 >

26 —>
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Figure 3 - Western blot analysis
of a crude preparation of Plas-
modium falciparum. The electro-
phoretic separation was carried
outin 7.5% SDS-polyacrylamide
gels under reducing conditions.
Immunologic detection of the
material transferred was ob-
tained by incubation of the nitro-
cellulose strips with:

a, Anti-whole-parasite (Plasmo-
dium falciparum) serum/anti-lgG
rabbit-peroxidase.

b, Hyperimmune (Yanumana)
serum/anti-lgG human-peroxi-
dase.

¢, Anti-GDH(NADP*)-peroxi-
dase.

d, Normal patient serum/anti-lgG
human-peroxidase.

Figure 4 - Western blot analysis of Plasmodium
falciparum culture supernatant fraction precipi-
tated at 40% SOg4(NHg)2 . The electrophoretic
separation was carried out in 10% SDS-polyacryl-
amide gels under reducing conditions. Immuno-
logic detection was obtained by incubation of the
nitrocellulose strips with anti-GDH (NADP*)-per-
oxidase.

Figure 5 - Western blot analysis of an immune
complex precipitated with PEG 8,000, from:
a, Normal patient plasma.

b, Acute malaria (Plasmodium falciparum) pa-
tient plasma combined with serum of
Yanumana Indians (hyperimmune serum).

¢, Acute malaria (Plasmodium falciparum) pa-
tient plasma, combined with anti-Proteus spp
GDH(NADP*) prepared in rabbit. The electro-
phoretic separation was carried out in 5-10%
gradients of SDS-polyacrylamide gels under
reducing conditions. Immunologic detection
was obtained by incubation of the nitrocellu-
lose strips with:

a) and b) Anti-whole (Plasmodium falciparum)
parasite serum, prepared in rabbit/anti-lgG rab-
bit peroxidase.

c¢) Anti-Proteus spp GDH(NADP™), prepared in
rabbit/anti-lgG rabbit peroxidase.

Braz ) Med Biol Res 31(9) 1998



1154

Braz ) Med Biol Res 31(9) 1998

A. Rodriguez-Acosta et al.

modium falciparum and in the isolated im- conditions, led to the interpretation that na-
mune complexes allows us to make an infetive GDH(NADP*) could correspond to a
ence regarding its high level ofimmunogeniprotein consisting of 4 subunits. GDH
city and distribution. The inclusion of anti- (NADP*) shows no cross-reaction with the
whole-parasite polyclonal antibodies in ourenzyme of mammals (14), but rather with
Western blotting experiments has proved t@roteus spp.
be a valuable tool in the characterization of From a practical point of view, and in
this antigen. As commented in the Introduckeeping with the findings of others (15-17),
tion (Rodriguez-Acosta A, Gamboa de DNwe would like to state that GDH should be
Aguilar | and Girén ME, unpublished data)considered to be the most important marking
we have detected the GDH(NABDRenzy- enzyme for malarial parasites, includifigs-
matic activity of this 60-kDa protein and modium falciparum.
evidence is provided that GDH reactivity = The characteristics mentioned earlier with
correlates with parasite burden. reference to the enzyme allow us to suggest

Following a strategy similar to that usedits possible use in the implementation of a
by Riha et al. (12) we decided to analyzenethodology forPlasmodium falciparum
from an immunological viewpoint the im- malaria diagnosis. Its double characteristic
mune complexes generated when the plasneé being a highly immunogenic product of
of acutePlasmodium falciparum infections excretion and an enzyme has the potential to
reacted with polyclonal anti-GDH(NADP be developed into a useful format for a diag-
and also with the hyperimmune serum fromrmostic test for malaria. Similarly, others (18)
Yanumana Indians. The immunological dehave proposed the measuremen®lafnio-
velopment of the immune complexes predium falciparum lactate dehydrogenase
cipitated by PEG 8,000 from prior mixtures(pLDH) activity. In our case, GDH(NAD%®
(Figure 5) using the polyclonal anti-whole-and proteases currently being studied in our
parasite prepared in rabbits allowed us ttaboratory would allow GDH to be used in
observe the presence of a series of ban@é®th an immunological and an enzyme-type
(absent in normal plasma), including onemethod, a methodology which is already
which has a molecular weight of approxi-being used with different enzymes (alkaline
mately 60 kDa. Considering the heterologicabhosphatase) in other parasites (19). In con-
nature of the antiserum used in immunodezlusion, it appears that this technique per-
velopment (anti-whole-parasite prepared imits the chromatographic detection éfas-
the rabbit), the parasitological nature of thisnodium falciparum excretion antigen that
antigen is once again confirmed. may be used for the production of mono-

Another important discovery in the pres-clonal antibodies to improve immunodiag-
ent study was the fact that the antigen underostic assays for the detection of antigenemia,
study was recognized by the naturally acand opens possibilities as a nonmicroscopic
quired antibodies of the Yanumana Indianscreening method. Furthermore, the GDH
(Figures 3 and 4). The serum of these pasoenzymes of differe®lasmodium species
tients, although it may prove to be heterogefaiciparum, vivax, berghei anGeathemerium,)
neous, had the advantage of being an indicaave shown to be immunologically different
tor of those antigens that produce a goo(R0).
immunological response.

Van Der Jagt et al. (13), who purified theAcknowledgments
GDH(NADP*) of Plasmodium falciparum
using HPLC, report a band of close to 230 We thank Dr. Stephen Tillet for helpful
kDa. Our results, obtained under reducingomments and for reviewing the English text.
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