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A Schistosoma mansoni adult worm anionic fraction (PIII) has previously been shown to protect
mice against challenge infection and to reduce pulmonary and hepatic granulomatous hypersensitivity.
Serum from PIII-immunized rabbit was used to screen a λgt11 cDNA library from S. mansoni adult
worm in order to identify antigens capable of modulating granulomatous hypersensitivity. We obtained
four clones with 400 (Sm-III.11), 900 (Sm-III.16), 1100 (Sm-III.10) and 1300 (Sm-III.12) bp of length.
All clone-specific antibodies were able to recognize most of the PIII components. The sequence analysis
showed that these clones presented high homology with S. mansoni paramyosin (Sm-97). These findings
ascribe a new function to this antigen with an important role in modulation of granulomatous hypersen-
sitivity to S. mansoni eggs.
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Schistosomiasis mansoni pathology is ascribed
to an inflammatory response towards parasite eggs
trapped in host tissues (von Lichtenberg 1987,
Boros 1989). The intensity of this response can be
modulated by host (Ottensen 1979, Goes et al.
1991) and parasite factors (Ellner et al. 1981,
Boulanger et al. 1991). Worms and eggs share the
same environment and many adult worm antigens
are constitutively shedded in flow blood (Simpson
et al. 1984). These antigens can crossreact with
egg components (Dunne et al. 1988, Goes et al.
1989) and could be able to modulate the immune
response against eggs.

On experimental models, the protective immu-
nity has been studied using a number of antigens
isolated from parasite forms (Simpson & Cioli
1987, Butterworth 1992). Many of these parasite
components were able to induce moderate levels
of protection (Harn et al. 1987, Sher et al. 1986).
However, these studies did not analyze the induced
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granulomatous reactivity to eggs. Besides protec-
tion, if granuloma formation could be prevented
or suppressed,  the development of severe disease
might be averted (Boros 1989).

Our laboratory has produced an adult worm
anionic fraction (PIII) by separation of adult worm
antigen preparation (SWAP) using anionic ex-
change chromatography on FPLC system (Hirsch
& Goes 1996). Immunization of mice with PIII in
the presence of Corynebacterium parvum and
Al(OH)3 as adjuvant induced an immune response
that caused a significant protection degree against
a challenge infection (Hirsch et al. 1997). In addi-
tion, we also showed that PIII induced a signifi-
cant decrease in granuloma formation to eggs in
the liver and lungs of vaccinated mice (Hirsch et
al. 1997). Therefore, the interest in the understand-
ing of immunobiology of granuloma response and
the role of purified PIII components in the induc-
tion of regulatory events that modulate the granu-
lomatous hypersensitivity to S. mansoni eggs, has
directed our efforts to the characterization of PIII
components at molecular level. In this study, we
report the identification of S. mansoni cDNA clones
which encode adult worms antigens recognized by
rabbit serum specific for PIII.

MATERIALS  AND METHODS

Antisera - Serum was obtained from rabbits
immunized by i.m. injections of 100 µg/ml of PIII
or SWAP in Complete Freund Adjuvant, boosted
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twice at two weeks intervals with identical antigen
amounts, but in Incomplete Freund Adjuvant.

Antibody select solutions were prepared by
plating out phage clone of interest, inducing fu-
sion protein expression by overlaying the plates
with isopropyl-β-D-thiogalactopyranoside (IPTG)-
soaked nitrocellulose filters, then incubating these
filters containing adherent fusion protein overnight
in anti-SWAP or anti-PIII rabbit sera. Affinity se-
lected antibodies were then eluted from the filters
with 0.1 M glycine buffer pH 2.6, the eluates
pooled, neutralized with Tris-HCl, pH 8.0 and fe-
tal calf serum added to 10%.

PIII  preparation - PIII was prepared as previ-
ously described by Hirsch and  Goes (1996).
Briefly, SWAP (30 mg) was dialyzed against 20
mM Tris-HCl, pH 9.6, and filtered using an
acrodisc 0.2 µm filter. Separation was performed
by FPLC (Pharmacia, Upsala, Sweden) on Q-
Sepharose anion-exchange chromatography (5 mm
x 90 mm glass columns, packed with Q-Sepharose;
bead size distribution: 45-165 µm; Pharmacia).
Proteins were eluted with 20 mM Tris-HCl, pH 9.6,
in a multistep increasing gradient up to 1 M NaCl,
interrupted by hold-gradient intervals at 0 (PI), 100
(PII), 280 (PIII), 450 (PIV), 600 (PV) and 750 mM
(PVI). Flow-through fractions were concentrated
by lyophilization. The concentrated material was
dialyzed against 0.15 M  phosphate-buffered sa-
line (PBS), pH 7.4, sterilized by filtration and stored
at -70oC. The protein content of SWAP fractions
was measured according to Bradford microassay
(Bradford 1976).

Sodium duodecylsulfate polyacrylamide gel
electrophoresis (SDS-PAGE) and Western blotting
- PIII and S. mansoni antigen preparations (SWAP)
were subjected to discontinuous electrophoresis
using SDS-10% polyacrylamide gels, under reduc-
ing conditions (Laemmli 1970). The separated pro-
teins were electrophoretically transferred to nitro-
cellulose paper (Towbin at al. 1979) and then re-
acted with rabbit sera against SWAP and PIII.

cDNA library screening - An adult worm cDNA
library, constructed in the λgt11 vector was
screened (Jeffs et al. 1991) using rabbit serum
against PIII, the protective anionic fraction from
SWAP. Positive phage plaques were selected and
re-screened to obtain pure clones. Clone inserts
were amplified by Polymerase Chain Reaction
(PCR) using λgt11 primers adjacent to the EcoRI
cloning site (λgt11F: 5’-ggtggcgacgactcctgg
agcccg-3’ and λgt11R: 5’-ttgacaccagaccaact
ggtaatg-3’). The amplification reaction mixture
contained 1 µl of the phage suspension in SM
buffer, 0.2 µM of each primer, 1.5 mM MgCl2, 200
µM dNTPs and 1U Taq DNA polymerase
(Promega) in a 20 µl final volume of a specific

reaction buffer (50 mM KCl, 10 mM Tris-HCl pH
9.0 and 0.1% Triton X-100). The thermal profile
comprised 30 cycles of denaturation at 96°C for 1
min, annealing at 50°C for 1 min and extension at
72°C for 2 min. Amplification products were ana-
lyzed on ethidium bromide stained 1% agarose
gels.

DNA sequencing and homology searches- Ph-
age inserts from clones Sm-III.10, Sm-III.11, Sm-
III.12, Sm-III.16 were PCR amplified using the
biotinylated forward primer (λ31F: 5’-
gaaggcacatggctgaatatc-3’) and the reverse primer
(λ183R: 5’-gcgaaatacgggcagaca-3’) in a final vol-
ume of 100 µl, following the amplification proto-
col described above. The amplification products
were purified using streptavidin coated beads
(Dynal). DNA was alkali denatured and the im-
mobilized strand was used for dideoxy chain-ter-
mination sequencing with the nested λgt11R
primer, essentially as described by Hutman et al.
(1989). The sequencing reactions were performed
as suggested in the Auto Read Sequencing kit
(Pharmacia LKB). The sequencing products were
submitted to electrophoresis on a Pharmacia A.L.F.
Automated DNA Sequencer. Partial sequences ob-
tained were searched for homology with DNA and
protein sequences deposited in databases using the
Basic Local Alignment Search Tool (BLAST)
(Altshul et al. 1990) e-mail server at the National
Center for Biotechnology Information (NCBI) site.

RESULTS

Anti-PIII rabbit serum was able to recognize,
by Western blot analysis, components of 160, 97,
45 and 36 kDa after separation on 10% SDS-PAGE
under reducing conditions (Figs 1, 2).

This serum was used to screen a λgt11 cDNA
library constructed from S. mansoni adult worms.
Various positive phage plaques were selected and
re-screened in order to obtain pure clones (Fig. 3).
Four phage preparations were shown to be pure
after two re-screenings and all clones contained
only one insert after PCR amplification. The sizes
of the four inserts were 400 (Sm-III.11), 900 (Sm-
III.16), 1100 (Sm-III.10) and 1300 (Sm-III.12) bp
long (Fig. 4).

Antibodies specific to the clones were obtained
by overnight incubation of filters containing pure
phage plaques expressing fusion proteins with anti-
PIII polyclonal rabbit serum. Affinity selected an-
tibodies were eluted and used on Western blot as-
says. These four antibody select solutions recog-
nized most of PIII components separated on re-
ducing conditions in 10% SDS-PAGE (Fig. 5).

The phage inserts were PCR amplified using
the biotinylated forward primer (λ31F) and the re-
verse primer (λ183R) and submitted to solid-phase
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sequencing. Partial sequences obtained after single-
runs on the A.L.F. DNA sequencer were searched
for homology with all DNA and protein sequences
deposited in non-redundant databases. All se-
quences were shown to presented 100% homol-
ogy with S. mansoni  paramyosin.

Fig. 1: SDS-PAGE analysis of SWAP fractions from FPLC  and
other Schistosoma mansoni antigen preparations. Aliquots of
20 µg of each antigenic preparation were separated on 10%
polyacrylamide gels, under reducing conditions, followed by
silver staining. S. mansoni antigens: SWAP; SEA; CAP and
SWAP fractions - I, II, III, IV, V and VI.

Fig. 2: Western blot analysis of Schistosoma mansoni antigens
and SWAP fractions, recognized by anti-PIII rabbit serum.
Samples prepared from SEA, SWAP (SW), CAP or SWAP frac-
tions (I-IV) were subjected to 10% SDS-PAGE, under reduc-
ing conditions, and electrophoretically transferred to nitrocel-
lulose paper. The membrane was incubated with anti-PIII rab-
bit serum and revealed with goat anti-rabbit IgG conjugated
with peroxidase.

Fig. 3: identification and cloning of Schistosoma mansoni-λgt11
recombinants expressing antigenic polypeptides. The plaques
were screened with antibodies from  rabbit immunized with PIII
(A - 1st screen, C-2nd screen, D-clone) or from normal rabbit
serum (B). The positive clones were identified using BICP/NBT
by incubating with goat anti-rabbit Ig conjugated directly to
alkaline phosphatase.

Fig. 4: PCR amplification of Schistosoma mansoni-cDNA
clones. Ten microlliters of each sample  were electrophoresed
on 1% agarose containing ethidium bromide (0.5 µg/ml). Lane
1- Sm-III.12 clone; lane 2- Sm-III.10 clone; lane 3- Sm-III.11
clone  and lane 4- Sm-III.16 clone.
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DISCUSSION

In previous studies on the search of antigens
that mediate modulation of granulomatous hyper-
sensitivity against S. mansoni eggs, we reported
the use of an antigenic protein fraction, obtained
from S. mansoni adult worm, PIII. This fraction
fails to induce vigorous granulomatous hypersen-
sitivity to eggs on liver and lungs, and causes pro-
tection against a challenge infection in mice after
local (s.c.) immunization. The ability of PIII to
suppress both pulmonary and hepatic egg-induced
granulomatous responses suggested the possibil-
ity of prophylatically immunizing mice against
granulomatous inflammation by sensitizing them
with adult worm antigens in the presence of C.
parvum and Al(OH)3. This indicates the presence,
within adult worm antigens, of several molecules
that might play a role in cell activation and modu-
lation of granulomatous hypersensitivity.

Various experimental approaches have been
carried out by investigators to identify target anti-
gens that provide protective immunity and partici-
pate as granulomatous modulating agent in schis-
tosomiasis (Harn et al. 1987,  Simpson & Cioli
1987, Boulanger et al. 1991, Hirsch & Goes 1996).
We believe that molecular cloning and sequencing
analysis is an important strategy to identify candi-

date vaccine antigens  against S. mansoni.
The data presented here describe four cDNA

clones Sm-III.10, Sm-III.11, Sm-III.12 and Sm-
III.16 encoding immunologically recognized
polypeptides that correspond to proteins contained
in PIII, an anionic fraction obtained from SWAP
(Hirsch & Goes 1996). The utilization of antibod-
ies specific to the products of these clones was able
to identify SWAP proteins with molecular weight
of 97 and 35 kDa by western blot analysis. Partial
nucleotide sequences of these clones showed 100%
of homology with S. mansoni paramyosin.

Paramyosin (Sm-97) is the most abundant an-
tigen on S. mansoni adult worm. Studies have
shown that it is able to induce protection against
challenge infection in mice model (Sher et al.
1986). As GST, paramyosin was recognized by
reinfection resistant human sera (Correa-Oliveira
et al. 1989). Sm-97 was already cloned (Lanar et
al. 1986) and its structure is well known (Sher et
al. 1986, Lanar et al. 1986, Pearce et al. 1986).
Although its capability to induce granulomatous
hypersensitivity in footpad swelling assay (Pearce
et al. 1986), our studies showed shorter hepatic
granuloma reaction induced in  immunized mice
with PIII (Hirsch & Goes 1996), where paramyosin
is a prevalent antigen as we showed in this paper.

In summary, using a powerful rabbit antiserum
to screen an adult worm cDNA library, up to
240,000 PFU were analyzed and for four times we
obtained clones coding for the muscular protein
paramyosin. These findings suggest a prevalence
of this antigen in PIII anionic fraction and our re-
sults ascribe a role for paramyosin in granuloma
modulation.

REFERENCES

Altshul SF, Gish W, Miller W, Myers EW, Lipman D
1990. Basic local alignment search tool. J Mol Biol
215: 403-408.

Boros DL 1989. Immunopathology of Schistosoma
mansoni infection. Clin Microbiol Rev 2: 250-269.

Boulanger D, Reid GDF, Sturrock RF, Wolowczuk J,
Balloul JM,  Grezel D, Pierce RJ, Otieno MF, Guerret
S, Grimaud JA, Butterworth AE, Capron A 1991.
Immunization of mice and baboons with the recom-
binant Sm 28 GST affects both worm viability and
fecundity after experimental infection with Schisto-
soma mansoni. Parasite Immunol 13: 473-478.

Bradford MM 1976. A rapid and sensitive method for
the quantification of microgram quantities of pro-
tein utilizing the principle of protein-dye binding.
Anal Bioch 72: 248-254.

Butterworth AE 1992. Vaccines against schistosomia-
sis: where do we stand? Trans R Soc Trop Med Hyg
86: 1-2.

Correa-Oliveira R, Pearce EJ, Oliveira GC, Golgher DB,
Katz N, Bahia LG, Carvalho OS, Gazzinelli G 1989.
The human immune response to defined immuno-

Fig. 5:  Western blot analysis of SWAP and PIII probed with
antibody selecting solutions against Sm-III.10 and Sm-III.11
clones. SWAP incubated with normal rabbit serum (lane 1);
SWAP (lane 2) and PIII (lane 3) incubated with anti-PIII rabbit
serum; SWAP (lane 4) and PIII (lane 5) incubated with  anti-
body selected against Sm-III.10 clone; SWAP (lane 6) and PIII
(lane 7) incubated with antibody selected against Sm-III.11.
Antibodies were probed with a goat alkaline phosphatase-con-
jugated anti-rabbit Ig.



667667667667667Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 92(5), Sep./Oct. 1997

gens of Schistosoma mansoni: elevated antibody lev-
els to paramyosin in stool-negative individuals from
two endemic areas in Brazil. Trans R Soc Trop Med
Hyg 83: 1205-1210.

Dunne DW, Grabowska AM, Fulfordd AJC, Butterworth
AE, Sturrock RF, Koech D, Ouma JHC 1988. Hu-
man antibody responses to Schistosoma mansoni:
the influence of epitopes shared between different
life-cycle stages on the response to the
schistosomulum. Eur J Immunol 18: 123-127.

Ellner JJ, Olds RG, Osman SG, el Kholy A, Mahmoud
AAF 1981. Dichotomies in the reactivity to worm
antigen in human schistosomiasis mansoni. J
Immunol 126: 309-315.

Goes AM, Gazzinelli G, Rocha RS, Katz N, Doughty
BL 1991. Granulomatous hypersensitivity to Schis-
tosoma mansoni egg antigens in human schistoso-
miasis. III. In vitro granuloma modulation induced
by immune complexes. Am J Trop Med Hyg 44: 434-
443.

Goes AM, Rocha RS, Gazzinelli G, Doughty BL 1989.
Production and characterization of human mono-
clonal antibodies against Schistosoma mansoni.
Parasite Immunol 11: 695-711.

Harn DA, Quinn JJ, Cianci CM, Ko A 1987. Evidence
that a protective membrane epitope is involved in
early but not phase immunity in Schistosoma
mansoni. J Immunol 138: 1571-1576.

Hirsch C, Goes AM 1996. Characterization of fraction-
ated Schistosoma mansoni soluble adult worm anti-
gens that elicit human cell proliferation and granu-
loma formation in vitro. Parasitology 112: 529-535.

Hirsch C, Zouain CS, Alves JB, Goes AM 1997.  Induc-
tion of protective immunity and modulation of granu-
lomatous hypersensitivity in mice using PIII an an-
ionic fraction of Schistosoma mansoni adult worm.
Parasitology. In press.

Hultman T, Stahl S, Hornes E, Uhlen M 1989. Direct
solid phase sequencing of genomic and plasmid DNA
using magnetic beads as solid support. Nucl Acids
Res 17: 4937-4946.

Jeffs SA, Hagan P, Allen R, Correa-Oliveira R, Smithers

SR,  Simpson AJG 1991. Molecular cloning and
characterization of the 22 kDa adult worm Schisto-
soma mansoni antigen recognized by antibodies from
mice protectively vaccinated with isolated tegumen-
tal surface membranes. Mol Biochem Parasitol 46:
159-168.

Laemmli UK 1970. Cleavage of structural proteins dur-
ing the assembly of the head of the bacteriophage
T4. Nature 227: 680-685.

Lanar DE, Pearce EJ, James SL, Sher A 1986.  Identifi-
cations of paramyosin as schistosome antigen rec-
ognized by intradermally vaccinated mice. Science
234: 593-596.

Ottesen EA 1979. Modulation of the host response in
human schistosomiasis. I. Adherent supressor cells
that inhibit lymphocyte proliferation responses to
parasite antigens. J Immunol 123: 1639-1644.

Pearce EJ, James SL, Dalton J, Barral A, Ramos C,
Strand M, Sher A 1986. Immunological character-
ization and purification of Sm-97, a Schistosoma
mansoni antigen monospecifically recognized by
antibodies from mice protectively immunized with
a nonliving vaccine. J Immunol 137: 3593-3600.

Sher A, Pearce E, Hieny S, James S 1986. Indution of
protective immunity against Schistosoma mansoni
by a non-living vaccine. IV. Immunoprophylatic ac-
tivity. J Immunol 136: 3878-3883.

Simpson AJG, Cioli D 1987. Progress towards a defined
vaccine for schistosomiasis. Parasitol Today 3: 26-
27.

Simpson AJG, Payares G, Walker T, Knight M,  Smithers
SR 1984. The modulation of expression of polypep-
tide surface antigens on developing schistosomula
of Schistosoma mansoni. J Immunol 133: 2725-2731.

Towbin H, Stachelin T, Gordon J 1979. Electrophoretic
transfer of proteins from polyacrylamide gels to ni-
trocellulose sheets: procedure and some applications.
Proc Natl Acad  Sci USA 76: 4350-4354.

von Lichtenberg F 1987. Consequences of infections with
schistosomes, p. 185. In D Ollinson, AJG  Simpson
(eds). The biology of schistosomes: from genes to
latrines. Academic Press. New York.


