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Ascaridia galli fatty acid-binding protein, a member of the nematode

polyprotein allergens family
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A fatty acid-binding protein from the nematode Ascaridia galli was characterized. The gene was isolated and
recombinantly expressed in Escherichia coli. According to the deduced amino acid sequence A. galli fatty acid-
binding protein (AgFABP) belongs to the family of nematode polyprotein allergens, as shown by Western blotting
and PCR analysis with genomic DNA and cDNA. Both native and recombinant proteins bind fatty acids and
retinoids with high affinity. The fluorescent fatty acid analogue 11-[(5-dimethylaminonaphthalene-1-sulfonyl)-
amino] undecanoic acid (DAUDA) shows substantial changes in its emission spectrum when bound to AgFABP; this
binding is reversed by fatty acids such as oleate. Moreover, changes of the intrinsic fluorescence of retinol and
retinoic acid confirm retinoid binding activity of AgFABP. Fluorescence titration experiments with DAUDA indicate
stoichiometric binding to a single binding site per monomer unit with affinities (Kg) of 1.6 and 1.8 X 10~7 m for
native and the recombinant protein, respectively. The apparent binding affinities of the nonfluorescent ligands were
calculated in displacement experiments with DAUDA and values in the same range were obtained for myristic,
palmitic, oleic, linoleic, arachidonic and retinoic acid. Additionally, the binding affinity of AgFABP for oleate and
palmitate was determined by direct and indirect radiochemical analysis and the values obtained were similar to those
from the fluorescent experiments. Both proteins show a preference for the binding of long-chain saturated and
unsaturated fatty acids, but not for short chain (C3—C12) and branched fatty acids, cholesterol and tryptophan.
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Parasitic nematodes have to adapt to different environmental
conditions during their life cycle. The free-living stages utilize
endogenous carbohydrate reserves and are also able to meta-
bolize lipids aerobically for energy generation, whereas the
adult parasitic stages are solely dependent on carbohydrate
metabolism as an energy source [1]. However, due to a constant
turnover of structural lipids the adult nematodes synthesize
triacylglycerols and furthermore, certain lipid derivatives are
metabolically active (prenoids, steroids, prostaglandins) [2].

In all stages of Ascaris suum and Ascaris lumbricoides, a low
M, antigen was identified and found to be secreted by the
parasites in vitro [3]. In a variety of other nematode parasites
similar antigens were identified which are distinguished by their
abundance and immunodominance [4—7]. These proteins, termed
according to their immunological importance and their protein
organization ‘nematode polyprotein allergens’ (NPA) [8], have
been found to bind a broad range of lipidic ligands with high
affinity: fatty acids, retinol and retinoic acid [9—-11]. Little is
known about the precise function of the fatty acid-binding
proteins (FABPs) in mammals and other organisms, but it is
generally assumed that they are involved in fatty acid transport
and metabolism [12-15].
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We have focused our attention on Ascaridia galli, a prevalent
and costly nematode parasite in chicken. This infection results in
reduction of both the rate and efficiency of weight gain in the
birds [16]. The significant amount of fatty acid present in the
host’s intestine, together with the fact that the parasite itself
contains large amounts of lipids but possesses only limited
ability to synthesize long chain fatty acids de novo, raises
questions about the function of FABP in fatty acid transport and
metabolism in A. galli [17].

MATERIALS AND METHODS

Chemicals

The fluorescent fatty acid analogue 11-((5-dimethylaminonaph-
talene-1-sulfonyl)amino)undecanoic acid (DAUDA) was obtained
from Molecular Probes Inc. [1—]4C]Palmitic acid (54 mCi-
mmol ') was from NEN-DuPont. All-trans-retinol, retinoic
acid, all fatty acids, BSA, nitro-blue tetrazolium and 5’-bromo-
4-chloro-3-indolyl phosphate were from Sigma.

Parasites

Adult A. galli parasites were isolated from the intestine of
experimentally infected chicken, washed in NaCl/P; (137 mm
NaCl, 8 mm Na,HPO,, 3 mm KCl, 2 mm KH,PO,, pH 7.5) and
stored at —70 °C.

Purification of FABP

A. galli fatty acid-binding protein (AgFABP) was purified as
described previously for FABP from Ascaris suum reproductive
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tissue [18] and summarized in Table 1 and Fig. 1A. The fatty
acid binding activity during the purification procedure was
determined using the fluorescent fatty acid analogue DAUDA
[19]. The relative fluorescent intensity proportional to the
amount of DAUDA bound was determined as outlined by Wilton
[20]. The specific activity is expressed as pmol bound ligand
(DAUDA) per g of protein. The M, of the native protein was
estimated by gel filtration on a calibrated FPLC-Superdex 75
column (1.6 X 60 cm). The purity and the size of a single
transcriptional unit of AgFABP were demonstrated by SDS/PAGE
(Fig. 1A). The N-terminal sequence of the purified AgFABP was
determined by automated Edman degradation on an ABI 473A
protein sequencer (Applied Biosystems).
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Table 1. Purification of A. galli FABP. The specific activity determination
is described in Materials and methods section.

Native AgFABP Recombinant AgFABP

Specific Total Specific Total
Purification activity protein activity protein
step (pmol-pg ") (mg) (pmol-pg™")  (mg)
Cytosol 6.3* 308.0 4.1 180.0
(NH,4),SO4 10.3* 48.0 6.7 102.6
DEAE 19.2* 8.0 12.6 37.8
Superdex 75 31.7 4.0 29.7 14.4

# AgFABP was accompanied by a 50-kDa protein binding DAUDA. By direct
N-terminal sequencing (data not shown) it was confirmed that it represents
an entirely different FABP from the one investigated in this study.

Identification of AgGFABP gene and message by PCR

Genomic DNA and total RNA from A. galli were isolated from
whole worm homogenate using the guanidinium-thiocyanate
extraction procedure as described previously [21].

Based on the N-terminal sequence of the native AgFABP
(EQKEELKQM), the degenerate sense oligonucleotide
[5'-GA(A/G)CA(A/G)AA(A/G)GA(A/G)GA(A/G)(C/T)TNAA
(A/G)CA(A/G)ATG-3’] was designed. The antisense oligo-
nucleotide [5'-TA(G/A/T/)AT(T/C)TT(T/C)TT(A/G)CAN(A/G)
CNGG-3'] was based on a conserved region (YIKKC/VAP) of
known FABP sequences of other helminths [10,18]. The PCR
was performed on either genomic DNA or reverse transcribed
RNA of A. galli, using the following protocol: 95 °C, 2 min;
48 °C, 1.5 min; 72 °C, 1.5 min for 30 cycles. The PCR products
were separated on a 1% agarose gel, excised from the gel and
purified (Geneclean, BIO 101). Subsequently, the products were
cloned into a TA modified vector (pCR II, Invitrogen) and both
strands were sequenced using the dideoxynucleotide chain
termination method [22].

Rapid amplification of cDNA ends (RACE)

In order to obtain the 5’ and 3’ ends of the AgFABP mRNA,
RACE was performed according to the manufacturer’s
instructions (Gibco-BRL). Total RNA of A. galli was reverse
transcribed with either an oligo d(T) adapter primer
(5’-GGCCACGCGTCGACTAGTACTT 3-3") (3'RACE) or a
specific antisense primer (5'RACE) (Fig. 2). The single-stranded
cDNA was then tailed (5'RACE) or used directly for a PCR
using specific primers directed to the adapters and the specific
nucleotide sequence of AgFABP. The PCR products were

Fig. 1. SDS/PAGE and Western blot of AgFABP. (A) Purification of
recombinant (r) (lanes 1-4) and native (n) (lanes 5-8) AgFABP (15%
SDS/PAGE). Lane 1, cytosol of pJC20-AgFABP-transformed E. coli after
induction (17 pg protein); lane 2, supernatant after 70% ammonium
sulphate saturation (9 g protein); lane 3, rAgFABP fraction after DEAE
cellulose chromatography (4.1 g protein); lane 4, rAgFABP eluted from
a Superdex 75 column (1 pg protein); lane 5, nAgFABP eluted from an
FPLC Superdex 75 column (0.8 pg protein); lane 6, nAgFABP fraction
after DEAE cellulose chromatography (3.5 pg protein); lane 7, supernatant
obtained after 70% ammonium sulphate saturation of A. galli cytosol
(6.2 pg protein); lane 8, A. galli cytosol (14 wg protein). Proteins were
visualized by Coomassie blue staining. (B) Immunoblot of anti-AgFABP
raised against recombinant AgFABP. Forty pg of cytosolic protein (lane
1) or 2 pg of purified A. galli native (lane 2) and recombinant (lane 3)
protein were resolved by 10% SDS/PAGE, blotted onto nitrocellulose,
incubated with rabbit anti-rAgFABP serum, followed by anti-rabbit IgG,
conjugated with alkaline phosphatase, and developed.
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analysed on a 1.4% agarose gel, excised, purified and subcloned
into pCRII (Invitrogen), using T/A cloning. The nucleotide
sequences were determined as described above.

Construction of expression plasmid

To synthesize the AgFABP coding region for expression in
E. coli, the sense oligonucleotide FABPExS1 (encoding the first
six amino acids of a single transcriptional AgFABP unit
including the ATG start codon) and the antisense oligonucleo-
tide FABPExAS1 (encoding the last seven amino acids includ-
ing the TAA-termination codon) were designed and used to
perform a PCR with reverse transcribed RNA of A. galli as
template. The sense primer contained an Ndel and the antisense
primer a BamHI restriction site to ensure directed cloning into
the expression vector pJC20 [23]. To facilitate subcloning into
pJC20 the PCR fragments were first subcloned into pCRII, using
T/A cloning; this was followed by a preparative digestion with
Ndel and BamHI and isolation of the restricted AgFABP coding
region which was then cloned into pJC20 previously digested
with the same restriction enzymes. The construct was transformed
into E. coli BL21 (DE3) and used for the expression of the
recombinant protein.

Production of recombinant AgFABP

Transformed E. coli BL21 (DE3) were cultured in Luria—
Bertani medium containing 50 pg ampicillin-mL ™! overnight at

37 °C. The stock culture was diluted 1: 100 in the same
medium and the bacteria grown to Aggp 0.5 before induction
with 1 mM isopropyl thio-B-D-galactoside. After 4 h at 37 °C,
the cells were harvested and recombinant AgFABP was purified
as described for the native protein.

Western blotting

One hundred microgrammes of purified rAgFABP were used to
raise antibodies against the protein in a rabbit (BioScience). The
final bleed was used for analysing the native protein in whole
A. galli extracts. For immunoblotting, A. galli soluble protein
was separated by 10 or 15% SDS/PAGE and transferred to
nitrocellulose membranes [22,24]. Membranes were blocked
with 2.5% BSA in NaCl/P; and subsequently incubated with the
primary antibody at a dilution of 1 :5000. After extensive
washing with NaCl/P;/Tween the membranes were incubated
with an alkaline phosphatase-conjugated goat anti-(rabbit IgG)
secondary antibody (Sigma), and developed with nitro blue
tetrazolium and 5’-bromo-4-chloro-3-indolyl phosphate.

Binding assays

The fatty acid binding of the protein with palmitic acid and
its displacement by oleate were determined with the Lipidex
method in 10 mm potassium-phosphate buffer, pH 7.4 using
['*C) palmitate [25].
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Fig. 3. Alignment of the amino acid sequence deduced from AgFABP ¢cDNA (GenBank accession number AF065383) with FABP homologues of seven
other genera of parasitic nematodes. TBA-1 precursor of Toxocara canis (EMBL/GenBank accession number D89753); ABA-1 allergen from Ascaris suum
(L03211); LL20 15 kDa ladder allergen from the filarial nematode Loa loa (U03103); gp15/400 glycoprotein from Brugia pahangi (X68190); Di5 cuticle
antigen from Dilofilaria immitis (M95173); excretory/secretory antigen from Ostertagia ostertagi (Z46800) and DvA-1 polyprotein precursor from
Dictyocaulus viviparus (U02568). The conserved residues are indicated in bold. The amino-terminal sequence determined by direct sequencing of native

AgFABP is boxed.

The binding of DAUDA, retinol and retinoic acid of AgFABP
was determined with a spectrofluorescence assay [26] at an
excitation wavelength of 350 nm (SFM 25, Kontron). The
fluorescence was analysed for 1 um DAUDA, 1 pM retinoic
acid or 0.5 pM retinol in the absence or presence of 0.56 um
native or 0.58 M recombinant AgFABP. The emission spectra
between 400 and 600 nm were determined. The fluorescent
maxima for the other ligands with or without protein were
obtained by scanning between 450 and 550 nm at the excitation
wavelength indicated.

Displacement studies with DAUDA were performed by the
addition of 0.5 pmM DAUDA with or without 0.5 M competitor
to 0.2 pm FABP. Emission spectra (450—-550 nm) were recorded
at an excitation wavelength of 350 nm because the various
competitors cause a different wavelength shift of the fluores-
cence emission maximum.

The K4 for DAUDA was estimated according to Bagshaw and
Harris [26]. The fluorescent measurements were corrected for
dilution and the fluorescent contribution of the unbound ligand
and the data (bound ligand vs. unbound ligand) were either fitted
by standard nonlinear regression methods or subjected to
Scatchard analysis and the K4 and number of binding sites (n)
for each AgFABP monomer estimated.

The binding of nonfluorescent ligands to AgFABP and
rAgFABP was evaluated by measuring the displacement of
DAUDA bound to FABP. The K, for competing ligands were
calculated by standard analysis [26].

RESULTS

AgFABP DNA sequences

The 300-bp PCR AgFABP genomic and cDNA fragments
containing part of the coding region of the FABP from A. galli
were cloned initially. To obtain the entire 5’ and 3’ regions of
the AgFABP mRNA, RACE was performed (Fig. 2). The cDNA

obtained contained neither the 5’ nor the 3’ noncoding regions
of AgFABP, but showed parts of another unit of the coding
region (Fig. 2) suggesting that AgFABP is transcribed from a
gene encoding a protein that consists of multiple tandemly
repeated units, with basal subunits of 405 bp. To investigate this
further, several PCRs were performed using oligonucleotides I
and II (Fig. 2). The fragments obtained encoded a single open
reading frame which translated into 1.5 partial subunits of
AgFABP. The same results were obtained with genomic DNA
and reverse transcribed RNA, indicating that the AgFABP gene
does not contain introns.

Deduced amino acid sequence and native protein

The deduced amino acid sequence of one unit encoded a protein
of 135 amino acids with a typical protease recognition site of
polyproteins and prohormones at the C-terminus (RRLR) of
each unit [8,27,28]. In contrast to the FABP of Brugia malayi,
the AgFABP does not contain a consensus site for N-glyco-
sylation. This is in accordance with the predominant occurrence
of the native AgFABP in the cytosolic fraction of A. galli.

The alignment of AgFABP with FABPs of other helminths
shows a high percentage of identity (41-64%) particularly with
those of Ascaris suum ABA-1, B. malayi, Dirofilaria immitis,
Toxocara canis, Loa loa, Dictyocaulus viviparus and Oster-
tagia ostertagi (Fig. 3) [7,9—-11,29-33], but not with the retinol
binding protein from Onchocerca volvulus Ov-20, the lipid
binding protein from the cestode Monziesia expansa and those
isolated from trematodes which seem to represent different
classes of parasitic FABPs [34-38].

The molecular mass of AgFABP based on the deduced amino
acid sequence is 15.69 kDa. The sizes of the native and
recombinant proteins are in good agreement with the predicted
molecular mass (12 and 13 kDa) as shown by SDS/PAGE
(Fig. 1A) and subsequent Western blot analysis (Fig. 1B).
Further, the occurrence of translated multiple repeated subunits
of AgFABP was shown by Western blotting (Fig. 1B). At least
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Fig. 4. Fatty acid binding activity of native AgFABP. Fluorescence
emission spectra (uncorrected, Nexe = 350 nm) of 1 umM DAUDA in 50 mm
potassium phosphate buffer, pH 7.2 or with 0.56 wm AgFABP. Also shown is
the reversal of changes in DAUDA emission by competition with oleic acid
(0.05-0.15 M) added to the AGFABP/DAUDA mixture.

five units (12 kDa, 23 kDa, 31 kDa, 45 kDa and 60 kDa) were
detectable when a 100 000 g supernatant of A. galli prepared in
NaCl/P; was separated by 10% SDS/PAGE.

Purification of native AgFABP and production of
recombinant rAg-FABP

DNA encoding one unit of AgFABP (including the ATG start
codon and the TAA stop codon) was amplified by PCR using
Elongase (Gibco-BRL), cloned into the expression vector pJC20
and E. coli BL 21 (DE3) were transformed. Bacteria trans-
formed with the expression plasmid pJC20-AgFABP produced
high amounts of recombinant protein: 36 mg pure rAgFABPLi1
bacterial culture was obtained. After gel filtration the proteins
were eluted in a single peak of =~23-24 kDa, suggesting that
AgFABP may form a dimer.

Ligand binding

Both, native and recombinant AgFABPs bind the fluorescent
fatty acid analogue DAUDA. Upon binding to AgFABP the
emission is strongly increased (8—10-fold) and the fluorescence
emission spectrum is characterized by a marked blue shift of
~50 nm (Fig. 4). Titration of both native and recombinant
proteins from A. galli resulted in apparent dissociation constants
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Fig. 5. Analyses of DAUDA binding to purified native (A) and recom-
binant (B) AgFABP. DAUDA was added in small aliquots to fixed amounts
of protein (= 0.3 pM) in 50 mM potassium phosphate buffer, pH 7.2. The
fluorescent measurements (Aexe = 350 nm, A = 490 nm) were corrected
for dilution and contribution of unbound ligand. It was assumed that the
maximal fluorescence determined according to the method described by
Bagshaw and Harris [26] by titration of a fixed amount of DAUDA with
increasing concentrations FABP, represents 100% binding and that the
amount of the fluorescent probe bound is proportional to the relative
intensity. The lines derived were fitted by nonlinear regression techniques to
a single binding-site model to give estimates of K, and n (main graph). The
data were also subjected to Scatchard plots (inserts). Correlation coeffi-
cients: (A) r* = 0.98 and r” = 0.93, (B) r> = 0.99 and r” = 0.95, for the
main graph and the insert, respectively.

of 0.16 £ 0.01 pm and 0.18 £ 0.01 pm (means £ SD of four
experiments), respectively, with one binding site (n = 0.78 = 0.02
and 0.76 = 0.02) per protein monomer (Fig. 5A and B).

Retinoids also appear to have an intrinsic fluorescence when
bound to AgFABP as shown for both retinol and retinoic acid
(Fig. 6A and B). The binding can be reversed by the addition of
oleic acid, indicating that the binding sites for retinol and fatty
acids coincide or interact competitively (Figs 4, 6A and B). The
K4 values for retinol, calculated from titration experiments, were
0.56 = 0.15 um for both native and recombinant protein
(n =0.80 = 0.12).

Binding of fatty acid

Binding activities of fatty acids to AgFABP were analysed by
competition experiments in which DAUDA bound to the
AgFABP was displaced by nonfluorescent compounds. The
percentage of displacement obtained for fatty acids with varying
chain length and saturation, as well as the K; values are
summarized in Table 2. The K; values describing the binding
affinity of both native and recombinant AgFABP for retinoic
acid were calculated to be 0.20 = 0.03 and 0.23 * 0.04 and the
displacement percentage of DAUDA by this ligand was found to
be 66.2 = 7.3% and 65.0 = 14.3%, respectively. The data show

Table 2. Displacement of DAUDA and binding affinity of AgFABP for various fatty acids.

Native AgFABP Recombinant AgFABP

Ligand K; (uMm) Displacement (%) K; (um) Displacement (%)
Lauric acid (11 : 0) 1.15 = 0.17 48.6 £ 7.4 1.11 £ 0.18 53.8 £ 4.6
Myristic acid (12 : 0) 0.37 = 0.08 65.0 = 8.3 0.34 = 0.07 62.9 £ 4.7
Palmitic acid (16 : 0) 0.18 = 0.06 88.6 = 34 0.17 = 0.04 92.0 £ 2.2

Oleic acid (18 : 1) 0.08 = 0.02 945 + 3.5 0.08 += 0.01 95.6 £ 2.4
Linoleic acid (18 : 2) 0.21 = 0.01 65.1 = 10.1 0.19 = 0.01 73.8 £ 12.8
Arachidonic acid (20 : 4) 0.20 = 0.02 68.5 £ 5.9 0.24 + 0.05 62.5 =+ 9.8
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Fig. 6. Binding of retinol (A) and retinoic acid (B) to AgFABP. Fluor-
escence emission spectra (uncorrected, Aexc = 350 nm) of 0.5 M retinol and
1 wM retinoic acid, respectively, in 50 mM potassium phosphate buffer,
pH 7.2 or with 0.56 pm AgFABP. Also shown is the reversal of changes in
retinoid emission by competition with oleic acid (0.2 uM and 0.5 pMm,
respectively) added to the AgFABP/retinol or AgFABP/retinoic acid mixture.

that both native and recombinant AgFABP have similar binding
properties, indicating that the recombinant protein is correctly
folded. In order to confirm the results from the DAUDA binding
experiments as well as the similarity in the binding character-
istics of native and recombinant AgFABP, the radiochemical
Lipidex procedure in combination with the competitive method
were used for analysis of ligand—protein binding. The binding
affinity of rAgFABP for palmitic acid was determined to be
0.14 = 0.2 pm (Table 2). One binding site (1.03 £ 0.05) per
monomer AgFABP was found. Furthermore, the binding affinity
for oleate was investigated in displacement experiments using
[*C]palmitate. For oleic acid, a K; of 0.08 + 0.01 um was
calculated, in excellent agreement with those obtained by
DAUDA displacement studies (Table 2). AgFABP shows a
preference for binding oleic and palmitic acid. Further, increas-
ing the chain length of saturated fatty acids favours binding
to the protein. Under standard assay conditions 0.5 M butyric,
2-methyl-butyric, valeric, 2-methyl-valeric, caproic, caprylic or
capric acid did not displace the fluorescent lipid analogue from
the binding site of AgFABP.

DISCUSSION

A cytosolic fatty acid binding protein was purified from A. galli.
The N-terminal sequence of the native protein was determined
and degenerate oligonucleotides were used to isolate parts of the
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gene and cDNA of AgFABP. The protein is transcribed from a
gene composed of multiple tandemly repeated units as shown by
PCR analyses using genomic DNA and cDNA. In accordance,
native AgFABP is derived from a large precursor of at least
60 kDa to form units of 12—13 kDa as shown by Western blot
analysis. These results are in agreement with data reported
for the other nematode polyprotein allergens from Ascaris
suum, T. canis, B. malayi, L. loa, Dictyocaulus viviparus, Diro-
filaria immitis and O. ostertagi [7,29-33]. Both native and
recombinant AgFABPs appear to form dimers as suggested by
single 23 or 24 kDa activity peaks after gel-filtration, respec-
tively. Similar results were reported for gpl15/400 from
B. malayi, ABA-1 from Ascaris suum and DvA-1 from
Dictyocaulus viviparus [9-11].

The slight size difference observed between native and
recombinant proteins may be due to the proposed proteolytic
cleavage of the polyprotein-precursor,which only occurs with
the native FABP [8,27]. Further, a secondary action of an
amidopeptidase considered as exopeptidase is maybe used to
trim the primary endoproteolytic cleavage products of poly-
proteins [39].

The ligand binding properties of the native and recombinant
AgFABP are similar for both proteins and comparable to those
reported for NPA units from other nematode species e.g. ABA-1,
gp15/400 and DvA-1 [9-11]. Although the amino acid sequence
and gene organization of Ov-20 appear to be different from that
of the AgFABP, both proteins bind a similar range of substrates
such as retinol, retinoic acid, DAUDA and oleate with compar-
able affinity [38] suggesting similarities in their specific func-
tions in the nematodes. Another lipid binding protein isolated
from Moniezia expansa is different from all those described
above but it still has similar binding characteristics to the NPA
and occurs in the cytosol as oligomer [37,40].

Upon binding to the FABPs the emission spectrum of the
fluorescent lipid analogue DAUDA changes considerably. During
the interaction the fluorescence emission intensity of DAUDA is
enhanced and the peak of the emission spectrum is shifted to the
shorter wavelength [19]. Similar results were obtained with
AgFABP: the intensity of DAUDA fluorescence was increased
by 8—10-fold and the emission spectrum peak was shifted to the
blue range by =50 nm. The blue shift is greater than those
observed with BSA and rat liver FABP [19] but is comparable
with those reported for ABA-1, gp15/400 and DvA-1 [9-11].
These data support the existence of a remarkable degree of
apolarity within the binding site of AgFABP suggesting that
during transport the retinoids and free fatty acids are isolated
from the polar solvent in the cytosol of the cell to prevent their
oxidation [9].

The binding of hydrophobic, nonfluorescent fatty acids and
retinoids was determined in competitive experiments by dis-
placement of DAUDA from the AgFABP binding site. In
addition, by direct and competitive radiochemical analysis,
respectively, the binding affinity of palmitic and oleic acid to
AgFABP were determined. Oleate, palmitate, arachidonic acid,
linoleic acid and retinoic acid competed strongly with DAUDA
binding, whereas no effect was obtained with short chain fatty
acids (C3-C10), cholesterol or tryptophan. The branched chain
fatty acids 2-methyl valeric and 2-methyl-butyric acid, excreted
by the adult nematodes as final products of the carbohydrate
metabolism are proposed to serve as an energy source for
developing embryos in Ascaris suum [1] but were not found to
bind to the AgFABP. Similar results were obtained for DvA-1
from Dictiocaulus viviparus [11] which suggest that AgFABP is
not involved in the transport of these fatty acids. Nevertheless,
the observations that FABP from O. volvulus is localized within
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the cells of developing parasite embryos, As-p18 (a FABP from
Ascaris suum) is in the pervitelline fluid [41], and ABA-1 is
abundantly expressed in reproductive tissue of Ascaris suum
[18] support the idea that an important function of FABPs is the
supply of fatty acids as an energy source to the developing
stages of the worms. In other parasite nematodes it has been
discussed that FABPs are involved in sequestration and distri-
bution of hydrophobic ligands which are taken up via the
cuticle. This suggestion is supported by the predominant
localization of FABPs in the cuticle [30] and directly beneath
it in the underlying hypodermis of these parasites [5,29].
Another possible function of these proteins is their capacity to
bind and to sequester hydrophobic toxic compounds [42].
Further, most of the nematode FABPs are not only present at a
high abundance inside the parasite, but are also secreted by the
parasites [5,30]. This observation implies that these proteins
might be involved in the host—parasite relationship possibly by
interacting with the host’s immune response [8].
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