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Abstract The interleukin-4-inducing principle from

Schistosoma mansoni eggs (IPSE/alpha-1) is a major

immunogenic component of schistosomes. It potently trig-

gers the release of interleukin-4 from basophilic granulo-

cytes in an IgE-dependent manner, suggesting a key function

in the modulation of the host’s immune response to Schis-

tosoma mansoni infection. Here we present the near com-

plete assignment of an IPSE/alpha-1 variant, IPSEDNLS,

which comprises the core domain of the protein.
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Biological context

Schistosomiasis is a chronic disease, which is caused by

parasitic trematode worms of the genus Schistosoma.

Approximately 700 million people in 74 mostly rural

countries are at risk of being infected. More than

207 million people, with 85% of the infections occurring in

Africa, are suffering from Schistosomiasis and 200,000

death cases per year have been reported for sub-Saharan

Africa (World Health Organisation, Schistosomiasis Facts,

2010). Schistosoma mansoni, which is the best character-

ized member of Schistosoma family, is the major cause of

intestinal Schistosomiasis (Hotez et al. 2010).

A major part of the pathology of a chronic S. mansoni

infection results from the immune response of the host to

the parasite eggs, which induce a T helper type 2 (TH2)

reaction. During chronic infection, S. mansoni eggs can

accumulate in the intestine or liver resulting in granulom-

atous inflammation and subsequently fibrosis and organ

failure (Wilson et al. 2007). IPSE/alpha-1 has been iden-

tified to be a major immunogenic component secreted from

S. mansoni eggs (Schramm et al. 2007). It has been shown

that IPSE efficiently mediates the release of the signature

TH2 cytokines IL-4 and IL-13 and the degranulation of

basophils. This step is supposed to be critical for the ini-

tiation/amplification of the TH2 response of the host. IPSE/

alpha-1 activates basophils via an antigen-independent

interaction with IgE bound to the surface of basophils

(Schramm et al. 2007). However, details on this interaction

and the subsequent receptor activation are obscure.

In order to perform NMR and structural studies of IPSE/

alpha-1 and its interaction with IgE we assigned the NMR

signals of the core domain of IPSE/alpha-1.

Methods and experiments

In spite of considerable efforts we were not able to prepare

full-length IPSE/alpha-1 in sufficient amounts and quality

for NMR analysis. Therefore, a variant of IPSE/alpha-1,

named IPSEDNLS, which is lacking the last 10 amino

acids was expressed from the expression vector pProExHtB

IPSEDNLS as a His-tagged fusion protein (Mayerhofer

et al. 2009). This shortened protein variant shows increased
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solubility as compared to the wildtype protein. To obtain

uniformly 15N, 13C-labeled protein freshly transformed

E. coli BL21(DE3) cells were cultivated in minimal (M9)

medium supplemented with 13C-D-Glucose and 15NH4Cl.

IPSEDNLS was purified from inclusion bodies as described

elsewhere (Schramm et al. 2003). After removal of the

His-tag using tobacco etch virus (TEV) protease, the pro-

tein was concentrated to a final concentration of 1 mM and

kept in phosphate buffered saline (PBS, 137 mM NaCl,

2,7 mM KCl, 10 mM Na2HPO4.) at a pH of 7.0.

All NMR measurements were carried out at 298 K on a

Bruker Avance III 750 MHz spectrometer equipped with a

TXI probehead. Spectra where processed with NMRPipe

(Delaglio et al. 1995) and analyzed with Sparky (Goddard

and Kneller 2004). For backbone chemical shift assign-

ments CBCA(CO)NH, CBCANH and spectra were recor-

ded (Sattler et al. 1999). Some of the missing amide

protons could be assigned from a 15N-edited NOESY

spectrum with a mixing time of 70 ms. Aliphatic and

aromatic H(C)CH-TOCSY and 13C-edited NOESY spectra,

as well as (HB)CB(CGCD)HD and (HB)CB(CGCDCE)HE

experiments (Yamazaki et al. 1993) were recorded for 1H

and 13C sidechain assignments.

Assignments and data deposition

Near complete assignments were obtained for IPSEDNLS.

A 1H,15N HSQC spectrum with assignments is shown in

Fig. 1a. Approximately 98% of all 15N, 1HN, 13Ca and
13Cb, including all resonances of five prolines could be

assigned. Due to severe line-broadening in the 15N-edited

experiments the amide 1HN/15N signals of D21, C23, K115

and N123 could not be assigned. Assignments for D21 and

E120 1Ha and K118 1He were not obtained due to spectral

overlap The unambiguously assigned backbone amide

signals of V63 (1HN/15N), and the amide protons of T82

and R36 have unusual chemical shift values. Upfield shifts

of the N80 and Y81 1Ha chemical shifts are presumably

induced by ring current effects of Y81. The 13Cb of all

cysteine residues are consistent with the oxidized state.

Blast search in the sequence database does not reveal any

similar sequences to IPSE/alpha-1, besides proteins origi-

nating from other Schistosomes. However, secondary-

structure predictions indicate a mainly b-sheet fold. Due to

the presence of Y/FXXXXY/FXG signature sequence,

IPSE/alpha-1 was predicted to be a member of the crystallin

family (Wistow 1990; Schramm et al. 2003; Mayerhofer

Fig. 1 a 1H,15N-HSQC

spectrum of IPSEDNLS and

b 13C secondary chemical shifts
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et al. 2009). Secondary chemical shift analysis indeed shows

that IPSEDNLS is an all b-sheet protein and are consistent

with a crystallin fold (Fig. 1b). It has been shown, that IPSE/

alpha-1 can homodimerize via an intermolecular disulfide

bridge involving the C-terminal Cystein, C132. (Mayerho-

fer et al. 2009). Consistently, the shortened protein variant

IPSEDNLS (res 20–124) is incapable of homodimerization.

Although it cannot be excluded that homodimerization is

critical for the function of IPSE/alpha-1 the NMR analysis

presented herein shows that monomeric IPSEDNLS is

remarkably stable and adopts a global structure. IPSEDNLS

is thus useful for studying its structure and interaction with

IgE. The 1H, 13C and 15N chemical shifts of IPSEDNLS

have been deposited to the BMRB under accession code

17405.
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