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ABSTRACT

Monoclonal antibodies (mAbs) of the IgM isotypes were produced
from mice immunized with blood forms of Trypansoma cruzi Y strain.
Characterization of the epitope recognized by one of the mAbs,
164C11, as well as the effects of this mAb on complement-mediated
lysis and host cell invasion are reported. Immunocytochemical analy-
sis showed that the mAb was reactive with various strains of T. cruzi
(Y, WSL, and Colombiana) as well as other trypanosomatids. The
mADb 164C11 demonstrated a high complement-mediated lytic activity
against bloodstream trypomastigotes, being more effective than
chronic mouse serum. A protein with an apparent molecular weight
of 72 kDa was detected by this mADb on all developmental stages of T.
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cruzi. Studies using periodate and endoglycosidase treatments sug-
gested that the epitope is not a carbohydrate and seems to be located
on the parasite membrane. In addition, preliminary results are pre-
sented, suggesting that the 72-kDa protein is involved in adhesion/or
internalization of bloodstream trypomastigotes.

Index Entries: Trypanosoma cruzi; monoclonal antibodies; epi-
tope characterization; lytic activity; host cell invasion.

INTRODUCTION

Trypanosoma cruzi, the causative agent of Chagas’ disease, infects 20
million people in Central and South America (1), and evokes both cellular
and humoral immune responses in its host. It is well established that T.
cruzi has a complex antigenic constitution, yet there are many common
antigens among Trypanosomatidae (2).

Both humoral and cellular immunologic responses have been analyzed
in experimental infections in an attempt to identify antigens relevant to
protective immunity (3,4). These studies have been extended by the use
of hybridoma technology (5) to produce monoclonal antibodies (mAbs)
against different developmental stages and fractions of T. cruzi (6-10).

The present work reports the establishment and preliminary charac-
terization of murine hybridoma cell lines that secrete mAbs against
bloodstream trypomastigote antigens of T. cruzi. The epitope specificities
of one of these mAbs were characterized, and the lytic properties to
trypomastigotes from cell culture and bloodstream were evaluated. In ad-
dition, it was found that this mAb inhibits parasite infectivity and may
be implicated in the host cell recognition by T. cruzi.

MATERIALS AND METHODS

Parasites

Epimastigotes of three strains of T. cruzi, Y, WSL, and Colombiana,
classified as type I, II, and III, respectively (11-13), were grown in
diphasic Maekelt medium (14). Trypomastigotes and amastigotes of T.
cruzi Y strain were obtained from cultures of infected Vero cells (15). Y
strain blood trypomastigotes were obtained by histopaque centrifugation
as previously described by Gomes et al. (16). Promastigotes of Leishmania
amazonensis (IFA/BR/67/PH8) and Leishmania chagasi (MHOM/BR/74/PP75)
were grown in RPMI 1640 medium containing 2 mM L-glutamine, 15%
FBS, and antibiotics (penicillin 100 U/mL) and streptomycin (100 ug/mL)
at 26°C.
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Immunization of Mice

Y strain bloodstream trypomastigotes were used to immunize three
female 1-mo-old Balb/c mice. The inoculations were performed 20 d apart
on three occasions subcutaneously with 1 x 106 freeze-thawed/sonicated
parasites. The first injection was performed with complete Freund’s adju-
vant, the second and third with incomplete Freund’s adjuvant. Mice
were boosted intraperitoneally 4 d before cell fusion.

Production of Hybridomas

Spleen cells from trypanosome immunized mice were mixed with
immunoglobulin-nonsecreting, 8-azaguanine-resistant Sp2/0 myeloma
cells (5,17). These cells were fused with 50% polyethylene glycol follow-
ing the technique described by Galfre et al. (18). Hybridomas producing
the desired antibodies were screened by ELISA (enzyme linked immuno-
sorbent assay) (19) and were cloned by limiting dilution. Hybridoma cells
were injected intraperitoneally into pristane-primed Balb/c mice. Ascites
fluid was collected 10-14 d later and clarified by centrifugation.

Monoclonal Antibody Characterization

ELISA

Freeze-thawed and sonicated bloodstream trypomastigotes were used
as antigens for ELISA according to Voller (19).

ELIA

The antibody isotype was determined by enzyme labeled anti-isotype
assay (ELIA) essentially as in Gomes et al. (20).

ELAM

The enzyme-labeled antibody method (ELAM) was performed accord-
ing to Tachibana and Kaneda (7). As a specificity control, Vero and
macrophage (M¢) cells were used.

Lysis Assay

Bloodstream trypomastigotes or cell-culture derived trypomastigotes
were suspended in 0.1M PBS, pH 7.3 to a cell concentration of 3 x 10¢
cell/mL. The complement mediated lysis was carried out according to
Krettli et al. (21).

Host Cell Invasion Assay

Growth of Vero and M¢ cells were performed according to Andrews
and Colli (15). Y strain bloodstream trypomastigotes, were preincubated
for 1 h at RT with 164C11 mAb supernatant. As a control, trypomasti-
gotes preincubated with supernatant of Sp2/O cell culture were used.
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After the preincubation period and washing, the parasites were suspended
in DME (Dubbecco’s modified Eagle’s medium) containing 5% fetal calf
serum and added to the cell monolayer at a parasite:cell ratio of 3:1. The
preparations were then incubated for 6 h at 37°C, 5% CO,. The mono-
layers were washed with DME to remove the remaining parasite and in-
cubated further for 24, 48, and 72 h. After the incubation the cells were
washed with PBS, fixed, and stained in Giemsa. The percentage of in-
fected cells and the number of parasites/cells was evaluated by randomly
counting 100 cells at x1000 magnification. The Student’s t-test was used
in the statistical analysis. In a parallel experiment, the cells were in-
cubated with the 164C11 mAb and infected with the parasites incubated
with supernatants of Sp2/O cell cultures.

Antigen Characterization

Western Blot

Parasites in the presence of 1 mM phenylmethylsulfonyl fluoride
(PMSF) and 0.1 mM disodium ethylenediamine tetraacetic acid (EDTA)
were solubilized with sample buffer (0.0625M, Tris-HCl, pH 6.8, 2% SDS,
10% glycerol, B-mercaptoethanol, and 0.001 bromophenol blue). After
boiling for 3 min, lysates were analyzed by electrophoresis in 10% poly-
acrylamide gels according to the method of Laemmli (22). The proteins
were then blotted onto nitrocellulose sheets-NTC (0.45 u pore size; Bio-
Rad, Richmond, CA) and the immunoassay performed essentially as
described by Towbin et al. (23). The strips were incubated overnight at
room temperature with 164C11 ascites, immune mouse sera, or with sera
of nonimmunized mice, each diluted 1:100, and 164C11 culture super-
natants, that were used neat. After incubation with primary antibody and
washing, the blot was then incubated with horseradish peroxidase-
labeled IgM sheep (antimouse IgM, u chain specific, Sigma, St. Louis,
MO). For the color reaction, the strips were incubated with 0.01% DAB,
0.01% H,0, in 50 mM Tris-HCl (pH 7.6) at RT.

Deglycosylation Experiments

Two kinds of periodate treatment were carried out. In the first treat-
ment, epimastigote lysates were separated by SDS-PAGE, blotted to nitro-
cellulose (NTC) and then treated as described by Woodward et al. (24).
The second periodate treatment was performed according to Maizels et
al. (25). Epimastigotes were treated with sodium periodate and submitted
to Western blot analysis.

Glycosidase treatment of antigens was accomplished by treating ali-
quots with N-glycanase (Genzyme, Boston, MA), according to the instruc-
tions of the supplier, followed by Western blot analysis.

Isolation of Parasite Membranes

Epimastigotes Y of strain T. cruzi suspended in 0.1M PBS, pH 7.4, 0.1
mM EDTA, and 1 mM PMSF were ruptured by sonication and centrifuged
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at 30,000¢ for 60 min. The pellet (insoluble protein), and the supernatant
(soluble proteins) were analyzed by Western blot analysis. Protein con-
centration was determined by the method of Lowry et al. (26).

RESULTS

Selection of Hybrid Cell Lines
and Isotype Characterization

One fusion was performed with Sp2/O myeloma cells and spleen
cells from mice immunized with bloodstream Y strain T. cruzi. The effi-
ciency of the fusion was 100%. Antitrypanosomal activity was detected
by ELISA in 3% of the wells (B9, C11, and D5) containing hybrid cells.
Clones were selected by limiting dilution and 13 cell lines were estab-
lished. Analysis of immunoglobulin isotypes by ELIA showed that all the
mAbs were IgM. The mAb 164C11 showed strong reactivity to bloodstream
trypomastigotes by ELISA and was selected for this study.

Specificity of the Monoclonal Antibody

The specificity of the mAb 164C11 evaluated by the ELAM method
showed the presence of common antigens on the amastigotes, epimasti-
gotes, bloodstream, and cell-culture derived Y strain T. cruzi trypo-
mastigotes (Fig. 1). Reactivity was observed on specific body areas of the
amastigotes, epimastigotes, and trypomastigotes. The mAb was also
found to react with other strains (WSL and Colombiana) of T. cruzi and
other trypanosomatids (L. amazonensis and L. chagasi). Vero and M¢ cells
are not reactive with the mAb (data not shown).

Western Blot Analysis

The mAD recognized a 72 kDa protein on the amastigotes, epimasti-
gotes, bloodstream, and cell-culture derived Y strain trypomastigotes of
T. cruzi (Fig. 2A). The difference in the intensity of the recognized bands
is probably owing to the relative amounts of antigens present in different
stages of the parasite as also suggested by Fig. 1. In addition, 80- and
110-kDa bands were recognized in bloodstream trypomastigotes, sug-
gesting some degree of homology. Western blot analysis also was carried
out using epimastigote antigens of other T. cruzi strains (see Material and
Methods) as well as promastigotes of L. amazonensis and L. chagasi. A
72-kDa protein was also recognized on the epimastigotes of the WSL and
Colombiana strains, whereas proteins of slightly different molecular
weights were observed on L. amazonensis and L. chagasi (Fig. 2B). As the
72-kDa protein is present on all developmental stages of T. cruzi Y strain,
epimastigote forms were selected to characterize the epitope recognized
by the mAb.
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Fig. 1. Immunoperoxidase staining reaction by ELAM method on all
developmental stages of T. cruzi (Y strain) with 164C11 mAb. A, amastigotes;
B, epimastigotes; C, cell-culture derived trypomastigotes; D, bloodstream trypo-
mastigotes. 1-4, 164C11 mAb reactivity; 5-8, infected mouse serum reactivity;
9-12, normal mouse serum reactivity.

Epitope Characterization

To evaluate if the epitope recognized by the mAb was a peptide or
carbohydrate periodate oxidation and endoglycosidase F treatment was
performed. Two kinds of periodate oxidation assays were used. First,
strain Y epimastigote lysates were electrophoresed, blotted onto NTC, and
then treated with periodate (24). As shown in Fig. 3A, the periodate treat-
ment did not abolish the ability of the 72-kDa protein to bind the mAb.
Second, the periodate treatment was performed followed by Western blot
analysis (25), resulting in a 60-kDa protein recognized by the mAb (Fig.
3B), suggesting that although the 72-kDa antigen is a glycoprotein, the
epitope recognized is a peptide. Finally, digestion with endoglycosidase
F neither abolished the reactivity nor changed the migration of the anti-
gen, indicating that the carbohydrate moiety is not N-linked (Fig. 3C).
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A B

Fig. 2. Reactivity of 164C11 mAb with T. cruzi Y strain antigens by Western
blot. (A) 1, Amastigotes; 2, epimastigotes; 3, cell-culture derived trypomasti-
gotes; 4, bloodstream trypomastigotes (arrows indicate the bands of interest
(110, 80, and 72 kDa). (B) Different strains of T. cruzi and Leishmania. 1, 2, and 3,
epimastigotes of Y, WSL, and Colombiana strain of T. cruzi, respectively; 4, pro-
mastigotes of L. amazonensis; 5, promastigotes of L. chagasi. 1 x 107 parasites
were used per lane.

Association of the 72-kDa Antigens
with the Membrane

The detection of the 72-kDa antigen by Western blot in the insoluble
pellet (Fig. 4) after ultracentrifugation of T. cruzi homogenates may indi-
cate that the antigen is part of the parasite membrane.

Lytic Effect of the Monoclonal Antibody

164C11 demonstrated the highest complement-mediated lysis (CML)
activity directed against bloodstream trypomastigotes (among the mAbs
tested) and was more effective than the chronic mouse serum-CMS. CML
activity was very weak when the mAb was directed against cell-culture-
derived trypomastigotes (Table 1). This finding may be related to different
amounts of the target antigen in different stages of the parasite.

Effect of Monoclonal Antibody 164C11
on Trypomastigote—Host Cell Interaction

To determine whether the 72-kDa glycoprotein could be associated
with parasite entry into professional and nonprofessional phagocytic
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Fig. 3. Effect of periodate and glycosidase treatments on the 164C11 mAb-
reactivity. Epimastigote forms of T. cruzi Y strain were used as antigen. A, para-
site proteins were separated by SDS-PAGE, blotted onto NTC, and treated with
periodate: treated (lane 1), untreated (lane 2). B, parasites were treated with
periodate following SDS-PAGE and Western blot: treated (lane 3), untreated
(lane 4). C, parasites were treated with endoglycosidase F treated (lane 5),
untreated (lane 6).

cells, we examined the interaction of blood forms (Y strain) with M¢ and
Vero cells, in the presence of mAb 164C11. As shown in Tables 2 and 3,
after an incubation of 72 h the percent infection inhibition by 164C11 on
M¢ and Vero cells was 82.8 and 75.7%, respectively. The intracellular
multiplication of parasites was also inhibited. The number of parasites/100
M¢ or /100 Vero cells was 3.3 + 0.5and 7.3 + 1.5, respectively (X + SD).
In constrast, in the control the cellular infection was elevated (42.6 + 8.3
parasites/100 M¢ and 43.6 + 21.3/100 Vero cells). These differences are
significant (p < 0.05). No inhibition was observed when the M¢ and Vero
cells were incubated with the mAb before the infection with the nontreated
parasites (data not shown). These results suggest that the 72-kDa glyco-
protein may be one of the trypomastigote surface components implicated
in the process of the host cell invasion.

DISCUSSION

Hybridomas secreting mAbs were produced using spleen cells from
mice immunized with Y strain bloodstream trypomastigotes. The results
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Fig. 4. Western blot analysis of soluble and insoluble proteins of epimasti-
gote forms of Y strain T. cruzi. Parasites were sonicated and centrifuged at
30,000¢ for 60 min. 1, Supernatant (soluble proteins, 10 ug); 2 pellet (insoluble
proteins, 10 ug); and 3, total epimastigotes antigens (20 pg). The reaction was
done using 164C11 mAb.

Table 1
Complement-Mediated Lysis of Trypomastigotes by
Monoclonal Antibody Against Blood Forms of Trypanosoma cruzi

CML of trypomastigotes, %*

mAb Bloodstream Cell-culture derived
164C11 83.0 + 6.0 56.0 + 1.5
Chronic serum? 54.0 + 45 54.0 + 5.8

“The results are the average of three experiments performed with
mAb supernatant followed by standard deviations.
b Chronic chagasic mouse serum.

presented in this report show that 100% of the selected hybridomas
secreted IgM isotype immunoglobulins. The reason for the high preva-
lence of hybridomas producing antibodies of this isotype is not clear.
However, this seems to be a common finding when mAbs are produced
against T. cruzi (8,27,28). According to Araujo et al. (27), the pre-
dominance of IgM isotype may be caused by the antigen employed to im-
munize the mice or to the immunization protocol. In addition, the fact
that the spleen is the major site of IgM synthesis in the early mice may ex-
plain the predominance of the IgM isotype after fusions (29).
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Table 2
Effect of Monoclonal Antibody 164C11 on the Invasion
of Macrophage by T. cruzi Bloodstream Trypomastigotes

Culture, Infected cells, Parasites/ Inhibition,

h %* 100 cells® %"

24 Cr 11.0 + 7.0 16.6 + 12.6 0
mAb 20+ 1.0 20+ 1.0 82.0

48 Ce 153 + 7.5 39.0 + 27.2 0
mAb 20+ 0 26 + 1.1 87.0

72 Ce 12.0 + 5.0 426 + 8.3 0
mAb 1.0 + 1.2 33+ 05 89.6

4The values are the means followed by the standard deviations of triplicate samples.
bPercentage of inhibition refers to infected cells per 100 cells.

¢C, Control.

Table 3
Effect of Monoclonal Antibody 164C11 on the Invasion
of Vero Cells by T. cruzi Bloodstream Trypomastigotes

Culture, Infected cells, Parasites/ Inhibition,
h %?* 100 cells® %?
24 Cr 12.3 + 8.5 19.6 + 8.5 0
mAb 3.0 + 1.7 33+ 15 75.7
48 Ce 18.0 + 7.0 44.0 + 24.0 0
mAb 43 + 4.1 7.3+ 5.1 76.2
72 Cr 16.6 + 5.6 43.6 + 21.3 0
mAb 7.6 + 0.5 73+ 15 78.4

4The values are the means followed by the standard deviations of triplicate samples.
bPercentage of inhibition refers to infected cells per 100 cells.
¢C, Control.

The 164C11 mAb showed reactivity with a 72-kDa polypeptide present
on all develomental stages of T. cruzi Y strain, as well as on epimastigotes
of WSL and Colombiana strain. On the other hand, the epitope is not
species specific as it is present in Leishmania. As judged by the photo-
mycrographs in Fig. 1, there may be a variation in the relative abundance
of the antigen on different stages of the parasite.

Epitope analysis of epimastigote antigens was evaluated by periodate
and glycosidase treatments. Periodate breaks hexose rings and therefore
disrupts carbohydrate epitopes. Endoglycosidase F selectively removes
N-linked oligosaccharides. Pretreatment of epimastigotes with periodate
before Western blot analysis resulted in the recognition by the mAb of a
60-kDa polypeptide. This finding suggests that a carbohydrate moiety
was broken off the 72-kDa polypeptide. On the other hand, the periodate
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treatment of parasites after transfer to NTC or glycosidase treatment did
not modify the reactivity pattern of the 72-kDa polypeptide. Taken
together, these data suggest that the 72-kDa polypeptide is a glycoprotein
(not N-linked) but the epitope recognized is a peptide.

A mAb, WIC 29.26, has been described that binds to the carbohydrate
portion of a 72-kDa glycoprotein (GP 72) on the surface of T. cruzi
epimastigotes and metacyclic trypomastigotes (6). Further characteriza-
tion of this GP 72 has been based on assays using both mAb WIC 29.26
and other independently derived mAbs with the same or similar specifici-
ties. Such studies using radioimmunoassays showed that the GP 72 epi-
tope recognized by WIC 29.26 and a second GP 72-specific antibody (8G2
B9) is expressed in a zymodeme-specific fashion (30,31). However,
zymodeme associated differences in GP 72 expression were not apparent
in SDS-PAGE of surface-labeled epimastigote antigens immunoprecipi-
tated with WIC 29.26 (31). In addition, ELISA with WIC 226.4 raised
against periodate-treated GP 72 (31) confirmed that a GP 72 polypeptide
was expressed in all T. cruzi strains examined. The characterization of a
gene for GP 72 described by Snary et al. (6) was performed by Cooper
et al. (32). An amino acid sequence was determined from a peptide iden-
tified by WIC 29.26 in a Western blot, providing a direct link between the
mADb and the gene. This protein has a very high proportion of serine and
threonine residues, some of which are clustered together with proline. Al-
though no consensus signal for O-glycosylation is known, protein domains
destined for O-glycosylation are rich in proline, threonine, and serine
(33). This amino acid bias is consistent with the earlier observation that
GP 72 is heavily O-glycosylated (34). In addition Cooper et al. (32) did not
detect any change in mobility of GP 72 after treatment with N-glycanase.

As there are some similarities between the antigen recognized by our
mAb and the 72-kDa glycoprotein characterized by Snary et al. (6) and
Cooper et al. (32), it is not clear that they are unrelated. We are address-
ing this question currently.

There is preliminary evidence that the antigen recognized by the
mAD described in the present paper is membrane associated. Parasite cell
surface antigens are logical candidates for subunit vaccines because they
are exposed to the host’s immune system (35).

The mAb 164C11 presented CML activity and was prepared using
spleen cells of mice immunized with the sonicated bloodstream trypo-
mastigotes without any challenge. This is in conflict with the experiments
of Krettli and Brener (36) that did not detect lytic antibodies in the sera of
mice immunized with dead parasites, or with a purified glycoprotein
isolated from epimastigotes. The presence of lytic antibodies may be a
good marker for protection. Lytic antibodies in the serum of mice immu-
nized with the flagellar fraction of epimastigotes (Tulahuen strain) were
able to confer a high degree of protection (9,10). Because trypomastigotes
are resistant to complement in the absence of lytic antibodies and the
72-kDa glycoprotein is a target antigen for the mAb 164C11, the 72-kDa
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glycoprotein may play an important role in complement resistance of the
parasite that is abrogated by specific antibodies. Currently we are investi-
gating the protective potential of the 164C11 mAb in passive immuniza-
tion experiments. This mAb is also being used to affinity purify the
72-kDa antigen, to be used subsequently in vaccination experiments.
The 72-kDa antigen described in this paper, may be one of the blood-
stream trypomastigote surface molecules involved in host cell recognition,
based on the fact that the penetration of bloodstream trypomastigotes in
Vero and M¢ cells is partially inhibited by mAb 164C11. These findings
suggested that the 72-kDa antigen is implicated in adhesion and/or inter-
nalization of bloodstream trypomastigotes. One possibility is that the
host cells recognize and bind a portion of the 72-kDa molecule containing
the 164C11-reactive epitope, which is likely to be a polypeptide sequence
rather than a carbohydrate. The latter assumption is based on the fact
that the treatment with periodate does not alter the reactivity of 72-kDa
antigen with mAb 164C11. Another possibility is that oligosaccharide side
chains of the 72-kDa antigen could bind to some lectin-like receptor mole-
cule on the host cell surface. In this case, 164C11 might impair binding of
72-kDa antigen to the host cell through steric hindrance of oligosaccharide
side chains. However, further experiments are needed to completely clar-
ify the participation of the 72-kDa antigen in parasite-host cell invasion.

ACKNOWLEDGMENTS

The authors thank David Freedman for reviewing the manuscript.
This investigation received financial support from the Conselho Nacional
de Desenvolvimento Cientifico e Technologico-CNPq, Brazil and the Eco-
nomic European Community.

REFERENCES

1. WHO (1986), Mem. Inst. Oswaldo Cruz 81(Suppl.), 181-244.

2. Afchain, D., Le Ray, D., Fruit, J., and Capron, A. (1979), J. Parasitol. 65,
507-514.

3. Krettli, A. U. and Brener, Z. (1976), ]. Immunol. 116, 755-760.

4. Takehera, H. A., Perini, A., da Silva, M. H., and Mota, 1. (1981), Exp. Para-

sitol. 52, 137-146.

Kohler, G. and Milstein, C. (1975), Nature 256, 495-497.

Snary, D., Ferguson, M. A. J., Scott, M. T., and Allen, A. K. (1981),

Biochem. Parasitol. 3, 343-356.

Tachibana, H. and Kaneda, Y. (1984), Jpn. . Parasitol. 33, 457-466.

Chao, D. and Dusanic, D. G. (1985), Am. ]. Trop. Med. Hyg. 34, 694-701.

Segura, E. L., Bua, J., Rosenstein, de Campanini, A., Subias, E., Esteva,

M., Moreno, M., et al. (1986), Immunol. Lett. 13, 165-171.

SAN

© >N

Applied Biochemistry and Biotechnology Vol. 50, 1995



mAb Lyses T. cruzi and Inhibits Invasion 69

10.
11
12,
13.
14.
15.
16.

17.
18.

19.
20.

21.

22.
23.

24,

25.

26.
27.
28.
29.
30.
31
32.
33.
3.

35.
36.

Ruiz, A. M., Esteva, M., Subias, E., Moreno, M., Rosenstein de Campanini,
A., Velazquez, E., et al. (1990), Mol. Biochem. Parasitol. 39, 117-126.
Andrade, S. (1974), Rev. Pat. Trop. 3, 65-121.

Andrade, S. (1985), Rev. Soc. Bras. Med. Trop. 18(Suppl.), 39-46.

Gomes, Y. M., Leal, T. C., Coutinho, E. M., Silva, M. R., Santiago, C. M. G.,
and Andrade, S. (1991), Mem. Inst. Oswaldo Cruz 86(Suppl.), 139.
Maekelt, G. A. (1960), Z. Tropnmed. Parasitol. 11, 152-186.

Andrews, N. and Colli, W. (1982), J. Protozool. 29, 264-269.

Gomes, Y. M., Carvalho, A. B., Santos, M. L., Cavalcanti, V. M. S., and
Monjour, L. (1992), Appl. Biochem. Biotechnol. 33, 183-192.

Schulman, M., Wilde, C. D., and Kohler, G. (1978), Nature 276, 269,270.
Galfre, G., Howe, S., Milstein, C., Butcher, G. V., and Howard, J. C.
(1977), Nature 266, 550-552.

Voler, A. (1975), Lancet 22, 426-428.

Gomes, Y. M., Regis, L. N., Carvalho, A. B., Nakazawa, M., Monjour, L.,
and Furtado, A. F. (1992), Appl. Biochem. Biotechnol. 36, 75-80.

Krettli, A. U., Weisz Carrington, P., and Nussenzweig, R. S. (1979), Clin.
Exp. Immunol. 37, 416-423.

Laemmli, U. K. (1970), Nature 227, 680-685.

Towbin, H., Staehelin, T., and Gordon, J. (1979), Proc. Natl. Acad. Sci. 76,
4350-4354.

Woodward, M. P., Young, W. W., and Bloodgood, R. A. (1985), ]. Immunol.
Meth. 78, 143-153.

Maizels, R. M., Blaxter, M. L., Selkirk, M. E., and Robertson, B. D. (1991),
Parasite Antigens Parasite Genes. A Laboratory Manual for Molecular Parasitol-
ogy, Imperial College of Science, p. 224.

Lowry, O. H., Rosebrouch, N. J., Farr, A. L., and Randall, R. J. (1951), J.
Biol. Chem. 193, 263-275.

Araujo, F. C., Sharma, S. D., Cox, P., Tsai, Van, and Remington, J. S.
(1982), Infect. Immun. 37, 344-349.

Villalta, E., Lima, M. F., Ruiz-Ruano, A., and Zhou, L. (1992), Biochim.
Biophys. Res. Commun. 182, 6-13.

Haaijman, J. J, Schuit, H. R. E., and Haaijman, W. (1977), Immunology 32,
427-434,

Chapman, M. D., Snary, D., and Miles, M. A. (1984), J. Immunol. 132,
3149-3153.

Kirchhoff, L. V., Engel, J. C., Dvorak, J. A., and Sher, A. (1984), Mol. Bio-
chem. Parasitol. 11, 81-90.

Cooper, R., Inverso, J. A., Espinosa, M., Nogueira, N., and Cross, G. A. M.
(1991), Mol. Biochem. Parasitol. 49, 45-59.

Jentoft, N. (1990), Trends Biochem. Science 15, 291-294.

Ferguson, M. A.]., Allen, A. K., and Snary, D. (1983), Biochem. |. 213, 313-319.
Scott, M. T. and Neal, R. A. (1984), Phil. Trans. R. Soc. Lond. 307, 63-72.
Krettli, A. U. and Brener, Z. (1982), . Immunol. 128, 2009-2012.

Applied Biochemistry and Biotechnology Vol. 50, 1995



