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Abstract

Sm14 is a 14-kDa vaccine candidate antigen from Schistosoma man-
soni that seems to be involved in cytoplasmic trafficking of fatty acids.
Although schistosomes have a high requirement for lipids, they are not
able to synthesize fatty acids and sterols de novo. Thus, they must
acquire host lipids. In order to determine whether Sm14 is present in
different stages of the life cycle of the parasite, we performed RT-
PCR. Sm14 mRNA was identified in all stages of the life cycle
studied, mainly schistosomulum, adult worm and egg. Additionally,
we used a rabbit anti-Sm14 polyclonal antibody in an indirect immu-
nofluorescence assay to localize Sm14 in adult worm sections. The
basal lamella of the tegument and the gut epithelium were strongly
labeled. These tissues have a high flow of and demand for lipids, a
finding that supports the putative role of Sm14 as an intracellular
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transporter of fatty acids from host cells.

Schistosomiasis is a chronic parasitic dis-
ease which affects more than 200 million
people worldwide causing extensive liver
damage (1). Although drugs are available to
treat schistosomiasis, the large extension of
endemic areas and the constant reinfections
make chemotherapy an ineffective approach
to control the disease (2). Therefore, much
effort has been devoted to research for vac-
cine development. Recently, the World Health
Organization selected six molecule candi-
dates to compose a subunit vaccine against
schistosomiasis (3). One of them is Sm14, a
14-kDa Schistosoma mansoni antigen that
induces partial protection in mice following

vaccination and cercarial challenge (4). Sm14
is a cytoplasmic fatty acid-binding protein
(FABP) and its ability to bind to palmitic and
linolenic acids in vitro has been demon-
strated (5).

Schistosomes have a strong requirement
for lipids in order to synthesize and maintain
their complex membrane systems (6). Fatty
acids act as precursors for lipid and phospho-
lipid synthesis, and therefore play an impor-
tant role in the life cycle of the parasite,
including membrane formation, functioning
as lipid anchors for proteins, sexual matura-
tion, and regulation of egg production (6).
However, schistosomes are unable to syn-
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thesize fatty acids and sterols de novo, and
thus must acquire lipids from host cells (7).
The parasite is capable of synthesizing only
phospholipids and triacylglycerols from pre-
cursors obtained from the host such as the
low-density lipoproteins (LDL) of the blood
in which the parasites reside (8). LDL recep-
tors have been identified on the surface of
schistosome membranes (9). The fraction of
fatty acids can subsequently be modified,
mainly by chain elongation (7).

FABPs appear to be involved in the ac-
quisition and utilization of fatty acids in
different organisms (10). There are at least
two main classes of FABPs, a cytoplasmic
and a plasmalemmal FABP (11). Cytoplas-
mic FABP has been identified in a variety of
parasites, including Fasciola hepatica (12),
Schistosoma mansoni (5) and S. japonicum
(13). Plasmalemmal FABP seems not to be
present in trematodes.

The aim of the present study was to first
determine the gene expression profile of Sm14
in different stages of the life cycle of the
parasite and then to localize the Sm14 protein
within adult S. mansoni by indirect immunola-
beling using rabbit anti-Sm14 polyclonal se-
rum followed by fluorescence microscopy.

For detection of Sm14 in different stages
of the parasite life cycle, we used RT-PCR.
Eggs were recovered from macerated liver
of infected mice and adult worms were per-
fused from the portal vein of 42-day-in-
fected mice. The cercariae were obtained
from Biomphalaria glabrata infected with a
single miracidium in vitro and recovered
using artificial light. The schistosomula were
mechanically transformed according to
Ramalho-Pinto et al. (14) and cultured in
vitro in RPMI 1640 medium (Gibco BRL,
Rockville, MD, USA) until day 7 that corre-
sponds to the lung stage worm.

Total RNA was extracted from newly
transformed schistosomula, in vitro cultured
schistosomula, adult worms, cercariae and
eggs using the Rneasy total RNA system
(Qiagen Inc., Valencia, CA, USA). The RNA

C.F.A. Brito et al.

samples were quantified by spectrophotom-
etry and 2.5 pgwas used to synthesize cDNAs
using oligo d(T) as a primer. cDNAs were
then amplified using specific primers for
Sm14 (Sml4f: 5-CGGTGGTCGTTCAA
GCGTATCAGAAGC-3' and Sml4r: 5'-
CCCTCGCAAATATCAGTGTTCATTTG-
3"). To standardize the quantities of cDNA
used, we also amplified the cytochrome oxi-
dase C1 gene (housekeeping) from S. man-
soni using specific primers (CoxF: 5'-
AAACTGCGAGGTTGAGCAGG-3' and
CoxR: 5-CAACACTAAACATAAAAA
CAGATAG-3"). Five pmoles of each primer
was used in PCR, which consisted of a dena-
turation step at 90°C for 1 min, a primer
annealing step at 50°C for 30 s, and an
extension step at 72°C for 1 min. This cycle
was repeated 30 times for Sm14 and 22
times for Cox amplification. The samples
were resolved on 4% acrylamide gels and
stained with ethidium bromide and densi-
tometry analysis of bands was carried out
using the ImageMaster VDS® videodocu-
mentation system and software (1996, ver-
sion 2.0; Pharmacia Biotech Inc., San Fran-
cisco, CA, USA).

For immunofluorescence analysis, the
specific antiserum was produced by immu-
nization of two rabbits with recombinant
Sm14 (4). The rabbits were injected three
times at two-week intervals with 50 pg of
recombinant Sm14 emulsified in Freund’s
complete adjuvant subcutaneously and the
last immunization was performed without
adjuvant. Sera were collected 10 days after
the final boost. The specificity of the poly-
clonal antibody was confirmed by Western
blot analysis (data not shown).

S. mansoni Puerto Rican strain main-
tained in BALB/c mice was used in the
immunolocalization assay. Adult worms were
obtained by perfusion of mice 42 days after
infection (15). The recovered parasites were
maintained in RPMI 1640 culture medium
(Gibco BRL). About eight worms were in-
cluded in resin (Tissue-Tek® 4583 O.C.T.
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compound; Sakura Finetek, Torrance, CA,
USA) and quickly frozen by immersion in
liquid nitrogen. These blocks were cut with a
microtome at -20°C into sections of approxi-
mately 6-7 um. The cryosections were fixed
with acetone on glass slides for 3-4 min at
room temperature. Nonspecific binding sites
were blocked by incubation of slides with
naive goat serum diluted 1:10 in 0.15 M
PBS, pH 7.2, for 30 min at room tempera-
ture. A rabbit anti-Sm14 antibody diluted
1:100 in PBS plus 10% (v/v) naive goat
serum was added to each slide and kept at
room temperature for 1 h. As a negative
control, we used normal rabbit serum as
primary antibody (data not shown). Unbound
antibodies were removed with three washes
of 10 min each with PBS. Slides were then
incubated with goat anti-rabbit IgG conju-
gated with FITC (fluorescein isothiocyanate,
Vector Laboratories, Burlingame, CA, USA)
diluted 1:50 in 10% (v/v) naive goat serum.
Slides were then washed in PBS again, dried
and covered with Vectashield® fluorescent
medium (Vector Laboratories) before a cov-
erslip was applied. Slides were then kept at
4°C in the dark and immunofluorescence
was observed using a fluorescence micro-
scope (Nikon, Melville, NY, USA).

Using RT-PCR, we were able to identify
transcripts for Sm14 in all parasite stages stud-
ied (Figure 1A). Using the values of Cox
amplification to normalize the Sm14 mRNA
levels we plotted a graph with the mean value
of two experiments performed independently
to determine the relative quantities of Sm14
mRNA (Figure 1B). Higher levels of Sm14
transcripts were detected in 6- and 7-day-
cultured schistosomula, adult worms or eggs
compared to the other parasite life cycle stages
studied. Since the lung schistosomulum of S.
mansoni is the main target of protective immu-
nity in vaccinated mice and there is evidence
of cross-reactivity among schistosomulum,
adult worm, or egg antigens, we speculate that
the higher expression of Sm14 in these para-
site stages may be related to the ability of this

antigen to induce protection against infection
in mice. However, further studies should be
performed using a more powerful technique
such as “real-time” PCR to confirm the Sm14
expression levels found within these parasite
stages.

Figure 2 shows a longitudinal section ofa
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Figure 1. A, Amplification of cDNA from a Schistosoma mansoni newly transformed
schistosomulum (0), and from 2, 4, 5, 6 or 7-day-cultured schistosomula; adult worm (AW);
cercariae (Cc) or egg using specific primers for Sm14 or Cox. B, The data represent relative
guantities of specific Sm14 mRNA in relation to the Cox transcripts (intensities of Sm14 in

pixels x 100/intensities of Cox in pixels).

Figure 2. Localization of Sm14 by indirect immunofluorescence staining in adult worm
cryosections. The sections reacted with rabbit anti-Sm14 polyclonal antibody diluted 1:100.
The arrows indicate the basal lamella of the gut and of the tegument. Bar = 100 pm.

Braz ) Med Biol Res 35(3) 2002



380

male adult worm where the gut is clearly
visible in the center. The major structure
sharply delineated is the basal lamella of the
gut which was revealed as a thin bright line
in the immunofluorescence reaction. The
basal lamella underlying the tegument was
also strongly positive. Therefore, Sm14 was
localized by anti-Sm14-specific antibodies
in the basal lamella of the gut and underlying
the tegument. Both tissues are related to flow
of and demand for fatty acids and these
results corroborate the putative role for Sm14.
As a positive control, we used a rabbit anti-
SWAP IgG as the primary antibody and the
labeling observed was not localized to spe-
cific structures, but was broadly distributed
throughout all tissues (data not shown). A
previous study by Moser et al. (5) demon-
strated that Sm14 was present on tubercles,
which are structures located on the dorsal
surface of the parasite rich in lipid globules,
but not in the muscle layers or the tegument.
Thus, our findings bring new insights into
the localization and putative function of Sm14
in S. mansoni.

The localization of Sm14 shown in this
study is related to other FABPs, which are
preferably localized in tissues with a high
flow of or demand for fatty acids (10). In
mammals, there are three major cytoplasmic
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FABPs: intestinal, heart and liver FABPs.
Intestinal and liver FABPs are abundant in
the gut epithelium, associated with delivery
and metabolism of fatty acids from the diet
(16). Heart FABP is expressed at high levels
in the myocardium, associated with 3-oxida-
tion to generate power to the muscle (17).
Although Sm14 has a higher phylogenetic
relationship to heart FABP, it is known that
S. mansoni is unable to use lipids as a power
source (18,19).

Furthermore, Sm14 is localized in tissues
near the interfaces of parasite/host contact,
such as the basal lamella of the tegument and
the epithelium of the gut. This suggests a
putative role for Sm14 as a second element
in the uptake and transport of fatty acids, but
it is not clear whether this uptake occurs
through the tegument or the gut because both
tissues are related to the flow of and demand
for fatty acids. Hockley and McLaren (20)
demonstrated that the captured fatty acids go
to the basal lamella of the tegument and are
stored in the gut or in the esophageal gland.
Furthermore, our results are similar to
Gobert’s findings (21), who recently local-
ized S. japonicum FABP in the subtegumental
region of male adult worms and vitellinic
glands of female worms using electron mi-
croscopy and colloidal gold staining.
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