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Biological context

Schistosomiasis is a public health problem in many
developing countries and is considered the most im-
portant parasitic disease after malaria. Schistosomiasis
treatment relies heavily on prazinquantel, and con-
cerns are being raised about emerging drug-resistant
worms (Doenhoff et al., 2002). Vaccine development
against S. mansoni is thought to be a better way
to control the disease, along with establishment of
proper sewerage systems and education. While new
potential vaccines will arise from genomic informa-
tion (Verjovski-Almeida et al., 2003), several vaccine
candidates are under investigation. One of these is
the antigen Sm14, a 14 kDa protein identified in an
immunoscreening using antibodies raised against an
extract from adult S. mansoni worms (Moser et al.,
1991). Sm14 belongs to the fatty acid binding protein
family (FABP) and it shows 47% of sequence simil-
arity with the human brain type FABP (PDB 1JJX).
Since schistosomes cannot synthesize sterols and fatty
acids ‘de novo’, they are heavily host-dependent for
these molecules and Sm14 is expected to play a vital
role in the uptake, transport and compartmentalization
of host-derived fatty acids. Sm14 was shown to re-
duce the worm burden of vaccinated mice challenged
with cercariae larvae of S. mansoni and to protect
against the meta-cercariae challenge of Fasciola hep-
atica, thus indeed resulting in a potential candidate for
an anti-helminth vaccine (Almeida et al., 2003). The
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polymorphism of the protein is low, the most common
being at the amino acid position 20 (Met ↔ Thr). In-
terestingly, the methionine isoform is more stable than
the threonine isoform, while it exhibits a higher affin-
ity for the long-chain fatty acids, no differences are
detected for the short-chain ones (Ramos et al., 2003).
The instability of the recombinant isoforms has been
one of the main concerns during Sm14 production,
transport and storage as it hampers its use as a vac-
cine. Therefore, studies to determine the structure and
molecular flexibility of these isoforms are necessary
to devise mutants showing both higher stability and
protective efficiency against these parasitic diseases.
The only cysteine residue at position 62 was identified
as responsible for Sm14 time dependent dimerization
and aggregation (C.R.R. Ramos et al., unpublished
results). A mutant protein, in which Cys62 was re-
placed by Val, Sm14-M20(C62V), was over-expressed
in E. coli. Since it showed good protective effect as
well as a folding and a structural stability comparable
to the native protein, as judged by CD analysis, it has
been selected for further structural studies.

Methods and experiments

The Sm14-M20(C62V) was expressed in E. coli strain
BL21(DE3) using the pAE vector (Ramos et al.,
2003). For 15N and 13C isotopic enrichment, E. coli
cells were incubated in M9 minimal medium con-
taining 15NH4Cl and 13C6H12O6 as nitrogen and car-
bon sources, respectively. The protein, which sedi-
ments with cell debris following centrifugation of the
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Figure 1. 15N-HSQC spectrum of 0.7 mM apo Sm14-M20(C62V)
protein in phosphate buffer pH 6.3 at 293 K, collected at 600 MHz.
Only the backbone cross peaks are indicated with the residue num-
bers. The extra NH peaks should be related to conformational
exchange.

E. coli lysates, was extracted with deoxycholate 0.5%
and fractionated by anion exchange chromatography.
A final chromatographic step on a Lipidex column
(Sigma) was used to convert the protein to the apo
form [apo-Sm14-M20 (C62V)].

Samples for NMR analysis were prepared dissolv-
ing the protein in 50 mM NaH2PO4 pH 6.3, 0.05%
NaN3 in 5% or 100% D2O to a final concentration
of 0.7 mM. NMR spectra were collected at 293 K
on either a Varian Inova® 500AS or 600AS spectro-
meter at the LNLS, Brazil, or on a Bruker Avance®
600 MHz spectrometer, at the Porto Conte Laboratory,
Alghero, Italy.

For the backbone assignments 15N edited HSQC
spectrum, the HNCA, HN(CO)CA, HNCO, HNCACB,
CBCACONH 3D triple resonance experiments and a
TOCSY-NHSQC were obtained using the 5% D2O
sample. For the side-chain assignments we carried out
13C edited HSQC and HCCH-TOCSY, HCCH-COSY,
(H)CCH-TOCSY and TOCSY-CHSQC experiments
using the 100% D2O sample. Spectra were processed
and analysed using the NMRPipe/NMRView soft-
wares (Delaglio et al., 1995; Johnson and Blevins,
1994).

Extent of assignments and data deposition

Approximately 95% of the backbone has been as-
signed. Figure 1 shows the 124 assigned peaks from
a total of 131 (133 amino acids minus 2 prolines).
Briefly, the CO, Cα, Cβ and Hα assigned atoms cor-
responded to 100%, 100%, 96% and 100% of the
total resonances of each nucleus. From the unassigned
amide residues, two are located at the N-terminus
(M1 and S2). The remaining five unassigned residues
correspond to T39, T93, Q94, T116 and R131.

Approximately 90% of the total side-chain sig-
nals have been completely assigned (120 from 133
residues). Some aromatic protons remain unassigned
for F42, F57, F70 and F66, as well as some aliphatic
protons of N15 and S75. The forthcoming NOE ana-
lysis is expected to allow their determination.

The global chemical shift analysis, based on the
available data and carried out using the CSI method
(Wishart et al., 1992), provided a preliminary de-
scription of the protein secondary structure confirming
the expected presence of 10 β-strands and two helical
segments (data not shown).

Resonance assignments have been deposited in the
BioMagRes Bank under accession number 6150.
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