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Abstract

The proteome of most parasite species is currently unknown. Hairworms (Nematomorpha), 300 species distributed around the world, are
parasitic in arthropods (mainly terrestrial species) when juveniles, but they are free-living in aquatic environments when adult. Most aspects of
their systematics and biology are currently unknown. The aim of this paper was (i) to report a novel and reproducible protocol for the analysis
of the proteome of hairworms using two-dimensional gel electrophoresis (2-DGE) and mass spectrometry (matrix laser desorption ionization-
time of flight mass spectrometry (MALDI-TOF)) and (ii) to determine the level of proteomic divergence between two sympatric but
taxonomically unrelated nematomorph species in the adult stage, Paragordius tricuspidatus Dufour (Nematomorpha, Gordiidae) and
Spinochordodes tellinii Camerano (Nematomorpha, Gordiidae). In total, 689 protein spots were observed for P. tricuspidatus, 575 for S.
tellinii. Only 36.2% spots were shared between the two species. Quantitative analysis of the proteins which are common to both parasite
species reveals substantial differences in the pattern of protein expression. These results suggest a rapid evolutionary divergence between
these two nematomorph families. Also, to test the value of our MALDI-TOF protocol, we used Actin-2 (Act-2), a protein highly conserved in
the course of evolution. Peptide mass fingerprint (PMF) data obtained for Act-2 of P. tricuspidatus and S. tellinii suggest a very high homology
with Act-2 of different worms species belonging to the Bilateria phylum (Annelida and Nematoda) and more specifically to Lumbricus
terrestris (Annelida, Lumbricidae) and Caenorhabditis elegans (Nematoda, Rhabditidae). We discuss our results in relationship with current
ideas concerning the use of proteomics in systematics.

1. Introduction

Understanding the biological mechanisms of parasitic
strategies is not only of interest to parasitologists, but also to
those involved in infectious diseases control strategies,
evolutionary ecology and medicine (Thomas et al., 2002a).
Among approaches that focus on proximate causes, the
recent interest of scientists in proteomics is due to several

* Corresponding author. Tel.: +33 4 67 41 63 18; fax: +33 4 67 41 62 99.
E-mail address: biron@mpl.ird.fr (D.G. Biron).

factors, including firstly the fact that DNA sequences per se
provide little information on the dynamic processes involved
between a parasite and its host. In addition, although
definition of the transcriptome using DNA array technology
allows the detection of differential gene expression, the
correlation between this information and levels of translated
proteins often remains low (Anderson and Seilhaver, 1997;
Gyzgi et al., 1999; Maniatis and Tasic, 2002). Because the
proteome encompasses, at any given time, all proteins that
are expressed in a biological system (cell, tissue, organ, etc.),
proteomics is viewed as one of the main streams of science
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in the so-called ‘post-genomic era’ (Hochstrasser, 1998;
Ashton et al., 2001; Barret et al., 2002; Fields, 2001).
Finally, biochemical techniques like proteomics can also be
particularly useful for the systematics of morphologically
similar species, and/or when environmental factors influence
classical taxonomic characters (Platzer, 1981; Fullaondo et
al., 2001; Navas and Albar, 2004). Despite the promising
perspectives offered by ‘parasitoproteomics’, the proteome
of most parasite species is currently unknown. The
‘parasitoproteomics’ is the study of the reaction of the
host’s and parasite’s genomes via the expression of the host’s
and parasite’s proteomes (genome operating system) during
their complex biochemical cross-talk.

In this paper, we report for the first time on a reproducible
protocol for analysis of the proteome of hairworms
(Nematomorpha) by two-dimensional gel electrophoresis
(2-DGE) and mass spectrometry (matrix laser desorption
ionization-time of flight mass spectrometry (MALDI-
TOF)). We then analyse and compare the proteomes of
two hairworm species in the adult stage, Paragordius
tricuspidatus and Spinochordodes tellinii, just after they
emerge from their host. The molecular (based on 18s rRNA)
and morphological systematics suggest (i) monophyly for
the Nematomorpha Order; (ii) a sister-groups relationship
between Nematomorpha and Nematoda; (iii) a sister-groups
relationship between the nematomorph marine genera and
(iv) P. tricuspidatus and S. tellinii are not be closely related
within the freshwater Nematomorpha (Gordiida) (Bleidorn
et al., 2002). Based on these informations, we can predict
that we will observe an important differential expression
between the proteome of P. tricuspidatus and S. telliniii.

The Gordiida is a poorly studied taxonomic group
(Schmidt-Rhaesa, 1997; Schmidt-Rhaesa et al., 2003).
When juvenile, they are parasitic in arthropods, mainly
terrestrial insects (Schmidt-Rhaesa, 1997, 2001). Hosts
become infected when they ingest parasitic larvae, directly
or indirectly through a paratenic host (Hanelt and Janovy,
1999; Schmidt-Rhaesa, 2001). During their development,
the parasite grows from a microscopic cyst to a large worm
whose size exceeds that of the host by a significant amount.
When they reach this stage, nematomorphs must emerge into
an aquatic habitat (e.g. streams) to reproduce. Previous
studies have shown that mature hairworms manipulate the
behaviour of their host, effectively making them jumping
into water (Thomas et al., 2002b, 2003). After the
emergence from the host, adult nematomorphs are free-
living and aquatic, and gather to mate in tight masses called a
‘Gordian knot’.

2. Materials and methods
2.1. Sampling

During July and August 2002, many crickets, Nemobius
sylvestris Bosc (Orthoptera, Gryllidae), infected with P.

tricuspidatus and many grassshoppers, Meconema thalassi-
num De Geer (Orthoptera, Tettignoidae), infected with S.
tellinii Camerano (Nematomorpha, Gordiidae) were cap-
tured following published protocols (Thomas et al., 2003) at
night between 22:00 and 01:00 h around a swimming pool
(15 m x 10 min area) located in Avenes les Bains (Southern
France, 70 km north of Montpellier). This pool is located
near a forest criss-crossed by small streams in which adult
nematomorphs were commonly found during the summer.
Between the pool and forest, a 5 m wide area allowed the
direct observation and capture of behaviourally manipulated
crickets and grasshoppers, which attempted to reach the
pool (Thomas et al., 2003). Infected N. sylvestris and
M. thalassinum were then placed individually in a glass of
freshwater to cause the release of the parasitic worm.
Immediately after emergence, worms of both species were
preserved in liquid nitrogen until analysis. To avoid the
possible effects of multiple infection, or host- and/or
parasite-sex specific factors on the proteomic expressions of
the two parasite species (Thomas et al., 2002a), only adult
males in single infection and emerging from a male insect
host were considered.

2.2. Protein extraction

For both nematomorph species, five worms were cut into
fine equal pieces on an ice bath and under sterile conditions.
The samples were put in a microcentrifuge 1.5 ml tube at
4 °C. To recover the water-soluble proteins and to avoid the
risk of host contamination outside the parasite tissues, each
sample was rinsed three times in a 10 mM Tris—HCI
solution, pH 7.4. For each species, samples were crushed
using an electric mini-grinder in 40 pl of an homogenizing
solution (15 M urea, 10 mM Tris—HCI, pH 7.4, 5% (v/v)
B-mercaptoethanol, 2% ampholytes, pH range 5-8) in an ice
bath (Bossis and Mugniéry, 1993; Marché, 2003). The
concentration of each protein sample was estimated by
measuring the shift of extinction of Coomasie Blue G-250 at
a wavelength of 595 nm (Bradford, 1976). Protein con-
centration was standardized at 2 g/l by the addition of the
required volume of the homogenizing solution. The protein
samples were stored at —70 °C prior to electrophoretic
separation on 2-DGE.

2.3. First dimension

One (first)-dimensional BioRad IPG strips of pH 5-8
were rehydrated in passive conditions (0 V, 20 °C) during
10 min in a denaturation solution (7 M urea, 2 M thiourea,
4% Chaps, 0.24% Triton X100, 20 mM DTT, 4% carrier
ampholytes pH 5-8). The extracted protein (40 wl) were
added to this solution, resulting to 80 g nematomorph
proteins per gel. Following the passive rehydration and after
recovering the IPG strips with mineral oil, an active
rehydratation was performed at 0-200 V for 1 h, 1000 V for
1 h and 10 000 V, finally reaching a maximum 80 000 V/h.
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After isoelectric focusing (IEF), the IPG strips were
incubated at room temperature for 15 min in an equilibration
buffer (6 M urea, 2% (w/v) SDS, 20% (w/v) glycerol,
375 mM Tris-HCI, pH 8.8, 130 mM DTT). A second
equilibration step was perfomed for 20 min in the same
buffer, except that DTT was replaced by 135 mM
iodoacetamide. The IPG strips were rinsed with de-ionized
water for 1-2 s. At least two IPG strips of pH 5-8 were run
per hairworm species.

2.4. Second dimension

Following the two rehydratation steps, the IPG strips were
laid on the top of the 1.5 mm vertical second-dimensional
separating gel (BioRad vertical system) (10% T, 1.5 M Tris—
HCI, pH 8.8, 10% SDS, acrylamide/PDA). Electrophoresis in
the second dimension was performed at 30 mA/gel for
20 min, followed by 60 mA/gel. SDS—-PAGE was halted when
the bromophenol blue tracking dye had reached the bottom of
the gel. Gels were stained using the tetrathionate—silver nitrate
technique (Oakley et al., 1980; Rabilloud et al., 1994).

2.5. Analysis of 2D-gels

The 2D gels obtained for the two nematomorph species
were digitized using a BioRad scanner. At least two
replicated pictures were conserved per species. Replicated
gels for the same treatment were compared using Melanie-
IV software (GeneBio, Geneva, Switzerland). The best gels
obtained for each treatment were then used to build a 2D
synthetic gel for each nematomorph species. The selection
criterion for these gels was the absence of significant
distortion, a low background and good staining. The p/ and
MW scales of 2D gels were determined using a protein
standard kit from BioRad (2D SDS-PAGE standards). These
unique standards provide calibrated references for 2D SDS—
PAGE applications and are analysed by Melanie IV to
elaborate the p/ and MW scales.

The Melanie IV software was also used to compare the
protein patterns observed for P. triscuspidatus and S. tellinii.
Melanie IV allows background subtraction, spot detection,
quantification and spot matching across different gels. Three
quantitative measures are available for each spot: ‘Od’ (the
highest calibrated pixel intensity in the protein spot), ‘Area’
(protein spot’s area in mm?), and ‘Volume® (integration of
‘Od’ over the spot’s area. We used the normalized volume
data for the common protein spots (groups). Melanie IV
takes into consideration the gel variation in making a ratio
for each common protein spots based on the sum of
“Volume’ for all groups. By definition:

Vol
Vol(%) = ——— x 100,

ZVOIS
S=1

where Vol is the volume of spot S in a gel containing n spots.

In order to analyze gel similarities between P. tricuspi-
datus and S. tellinii, a 2D scatter plot was done on common
protein spots with the Melanie IV software. This approach is
possible because ‘spot-by-spot’ quantitative comparison
between two treatments may be summarized as 2D scatter
plots characterized by a linear fit (y=ax+b) and a
correlation coefficient, r (Salekdeh et al., 2002). In the
case of the above scatter plot, variable x is the spot value
(%Vol) from S. tellinii gel and y is the corresponding value in
the P. tricuspidatus gel. For a high correlation (similarity)
between the expression of the common proteins of the two
hairworms, ‘r’ and ‘a’ should be closed to unity and ‘b’ to
zero. A two-tailed Student’s test was performed to compare
the slopes (a), the intercept values (b) and correlation
coefficients with theorical values, 1 for ‘e’ and O for ‘b’ and
‘r.

It is difficult to homologize loci among populations and/
or species using 2DE, so the generally employed genetic
distance methods could not be employed. Instead, we used
the association coefficient F = 2n,,/(n, + n,) where n, and n,
are the number of proteins spots scored in species x and y,
respectively, and where n,, is the total number of protein
spots shared by both species x and y. The genetic divergence
between species in this study is 1 — F (Thomas and Singh,
1992).

2.6. Protein identification by MALDI-TOF mass
spectrometry

New gels with the candidate protein spots were run and
were silver stained according to the procedure of
Shevchenko et al. (1996). Candidate protein spots were
excised manually and digested in gel using trypsin
(sequencing grade, Promega, Madison, WI), as previously
described (Shevchenko et al., 1996; Lee et al., 2002). Digest
products were completely dehydrated in a vacuum
centrifuge and resuspended in 10 pl formic acid (2%, v/
v), desalted using Zip Tips C18 (Millipore, Bedford, MA),
eluted with 10 w1 acetonitrile:trifluoroacetic acid (80:0.1%)
and concentrated to a 2 pl volume. Analyte solutions
(0.3 1) were mixed with the same volume of a-cyano-4-
hydroxy-trans-cinnamic acid (10 mg/ml in acetronile:tri-
fluoroacetic acid, 50:0.1%) and loaded on a MALDI target
(384) using the Dry-droplet procedure (Karas and Hillen-
kamp, 1988). Analysis was performed using an UltraFlex
MALDI-TOF mass spectrometer (Bruker-Franzen Analytik,
Bremen, Germany) in a reflectron mode with an accelerating
voltage of 20 kV and a delayed extraction of 70 ns. Mass
spectra were acquired in an automatic mode using the
AutoXecuteTM software from Flexcontrol™ (Bruker-
Franzen Analytik, Bremen, Germany) (laser power from
35 to 75%, 900 shots).

Protein identification was obtained by conducting a
database search of the peptide mass generated from MALDI
analysis. Monoisotopic peak lists were imported into
Peptldent (http://www.expasy.org/tools/pepident.html) and
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Protein Prospector (http://prospector.ucsf.edu/ucsthtml4.0/
msfit.htm) softwares with the following search parameters:
(1) ‘OTHER METAZOA’ in species field for Pepldent and
‘Codes Species’ of all worms from SwissProt in species field
of protein Prospector; (ii) p/ £ 2.0; (iii) Mw = 20%; (iv) one
missed cleavage; (v) tryptic digestion; (vii) carbamido-
methylation as a cysteine modification; (viii) oxidation of
methionine (Wilkins and Williams, 1997). Search tolerance
was set at 100 ppm with a MH+ charge state. Taking into
consideration the possibility of molecular crosstalk between
the cricket and the hairworm via the synthesis of mimetic
proteins or of host contamination, we performed protein
searches with all categories of the host-parasite system. In
result of interrogation, proteins with the highest score, a
minimum of miss cleavages and a p//Mw theorical near to
the p//Mw experimental were retained. Matching peptides
with missed cleavages were considered as pertinent only
when there were two consecutives basic residues or when
arginine and lysine residues were followed by a proline or
acidic residues inside the peptide amino acid sequence.

3. Results and discusssion

In our experimental conditions, at least 80 wg proteins
were needed in order to produce 2D gel patterns. With the
protocol of protein extraction used, enough proteins were
extracted per sample to run five such gels. Fig. 1A shows a
2D gel for P. tricuspidatus while Fig. 1B shows the same for
S. tellinii. In total, 689 protein spots were observed for
P. tricuspidatus, 575 for S. tellinii. The numbers of detected
spots are in a good range in comparison to proteome
revealed for phytophagous nematode species, Meloidogyne
spp. (Nematoda: Heteroderidae) at larval stages: ~700
protein spots (Navas et al., 2002; Marché, 2003).

In Fig. 2A, a synthetic gel obtained from comparison
between the proteomes of P. tricuspidatus and S. tellinii is
shown. A total of 928 protein spots are illustrated in this
figure. Only 36.2% of total protein spots (336) were shared
between the two hairworm species (Fig. 2A). Of the
remaining spots, 353 are specific to P. tricuspidatus and 239
to S. tellinii (Fig. 2A). Based on our proteomic results, the
genetic distance between P. tricuspidatus and S. tellinii is
0.47. The relationship between the volume of the spots
common to both parasites is significant, but the correl-
ation coefficient is low (r=0.42 (|t,=0; a.r=334| = 8.46;
p < 0.0001) suggesting a differential expression of many
common spots between the two species studied (Fig. 2B).
Moreover, the “a” and “b”" values of the regression suggest
an important differential expression of the proteome
between both species in the adult stage since “a’ value
is far from llllity (‘tazl; dAfA=334‘ = 1855,p < 0.0001) and “b”
value far from zero (|ty—o. a.r=334| = 124.98; p < 0.0001)
(Fig. 2B).

Actin is a protein which has from 374 to 379 amino acid
residues. Its amino acids composition of actin has been
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Fig. 1. Digitized two-dimensional gels of total soluble proteins extracted
from two nematomorpha species: P. tricuspidatus (A) and S. tellinii (B).

highly conserved in the course of evolution (Sheterline et al.,
1996). Also, it was demonstrated that Actin plays a role in
innate immunity (phagocytosis process) (Ramet et al., 2002;
Vierstraete et al., 2004). To develop and evaluate our
MALDI-TOF protocol, firstly, we used the Actin-2 (Act-2)
of the two nematomorph species. The protein spots A
(P. tricuspidatus) and F (S. tellinii) were excised manually
(Fig. 2A) and peptide mass fingerprint (PMF) (Table 1) data
were obtained according to the protocol described in
Section 2.

Results of searches in Protein databases (NCBI,
SwissProt and TrEMBL) with Pepldent and Protein
Prospector confirmed that the protein spots A and F (see
Fig. 2A) are the Act-2. All matchings found in protein
databases were the Act-2 of different worm species from
Bilateria phylum (Annelida and Nematoda) suggesting a
high conservation of amino acid residues and a specific mass
signals for the worm species. P. tricuspidatus (spot A) and
S. tellinii (spot F) have 14 common peptides for Act-2.
Also, nine and six specific peptides, respectively, for
P. trisupidatus and S. tellinii (see Table 1). The two
nematomorph species matched with Act-2 of Lumbricus
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Fig. 2. (A) Two-dimensional synthetic gel issued from comparison between the protein patterns of Paragoridus tricuspidatus and Spinochordodes tellinii
(a total of 928 spots). (O) Common protein spots (n = 336); specific protein spots to P. tricuspidatus (n = 353) (@); specific protein spots to S. tellinii (n = 239)
(@); (B) Scatter plots on groups for the %volume.
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Table 1

Protonated mass signals observed in the MALDI fingerprint spectra for 10 protein spots

Species

Paragordius tricuspidatus

Spinochordodes tellinii

A B C D E F G H I J
644.21* 1002.57 1019.62 931.49 900.51 644.36" 917.32 914.50 908.98 948.53
795.46 1005.54 1022.54 956.53 902.41 945.56" 950.47 917.27 992.59° 972.56
945.59* 1011.68 1332.81 964.49 916.50 976.47* 1219.72 956.56 1082.03 992.60°
976.50* 1022.56 1532.85 1035.58 947.56 1034.48 1332.80 1004.58 1219.69° 1129.65

1130.61° 1166.59 1640.00 1409.76 1233.62 1123.61 1378.68 1020.56 1248.67 1148.60

1188.63" 1184.63 1788.95 1477.77 1379.84 1130.59* 1390.82 1135.67 1332.76° 1190.73

1198.76 1338.88 1987.09 1521.79 1424.81 1158.60 1410.79 1332.80 1338.86" 1203.72

1359.75° 1486.81 2003.09 1537.80 1523.85 1171.61 1424.85 1388.79 1424.79° 1219.71°

1499.74* 1506.82 2221.10 1539.83 1539.85 1188.60" 1650.95 1424.83 1482.81 1332.77°

1515.82° 1622.88 2224.09 1551.83 1563.86 1198.74* 1897.00 1446.82 1651.86° 1338.86"

1574.80" 1715.86 2478.24 1561.78 1649.92 1359.73* 1918.99 1652.94 1784.90 1424.79°

1590.87 1788.94 1563.83 1666.97 1499.72% 2831.05 1774.94 1793.79 1622.90

1639.92 1987.06 1568.87 1675.98 1515.77* 1832.96 1788.93° 1651.90°

1640.41 1570.88 1687.99 1557.74 1997.97 1987.09° 1666.03

1772.95 1634.95 1802.95 1573.77 2412.00 1758.97

1790.96* 1649.90 2794.05 1574.74* 1774.92

1848.98" 1666.92 1790.91* 1788.93°

1850.90 1675.96 1848.91* 1987.09°

1954.13* 1687.94 1954.06" 2224.13

2027.78 172091 2215.05* 2250.91

2069.04 1799.81

2168.09 1907.02

2215.07* 2210.01

2261.07
3046.13

Alphabets A—J are assignation letters.
% Common peptides between A and F for the Actin-2.
 Common peptides between two isomorphs (I and J).

terrestris (Annelida, Lumbricidae) (code in SwissProt:
LUMTE). Another search was performed with Mascott
(http://www.matrix-science.com/search_form_select.html).
The highest score obtained in protein databases for each
nematomorph species confirm the results of Pepldent and
Protein prospector softwares. Also, the score obtained for
P. tricuspidatus (Act-2 LUMTE, score = 110) and S. tellinii
(Act-2 LUMTE, score = 100) are significant (p < 0.05)
(Fig. 3). The scores obtained in Mascott with Act-2 of
Caenorhabditis elegans (Nematoda, Rhabditidae), belong-
ing to a taxa nearest from the one of Nematomorpha, are 85
(34% of sequence coverage) and 71 (23% of sequence
coverage), respectively, for P. tricuspidatus and S. tellinii.
According to the scores obtained, our PMF results suggest
that the Act-2 of P. tricuspidatus and S. tellinii show a higher
similarity with the Act-2 of LUMTE.

To confirm the value of our MALDI-TOF protocol, we
chose randomly four proteins spots for the nematomorph
species: P. tricuspidatus (B-E) and S. tellinii (G-J) (see
Fig. 2A). Table 1 gives the mass signals (peptides) obtained
for each protein spots. The peptides obtained for two
S. tellinii protein spots, I and J, suggest that these spots are
probably two isoenzymes (isomorphs) (Table 2). Table 2
gives the results of searches in protein database of SwissProt
and TrEMBL. As Act-2, all matches found were in the worm

species within Bilateria phylum, more specifically in
Nematoda, the nearest taxa of the Nematomorpha.

Few previous studies have been perfomed, which directly
compare proteomes of species belonging to the same
taxonomic group. Thomas and Singh (1992) compared the
proteome of four Drosophila species, D. simulans, D.
melanogaster, D. sechellia and D. mauritania, at larval and
adult stages for many tissues (compartment) and they found
a maximum of 10% of qualitative difference (presence/
absence) between them for the majority of tissues except for
the reproductive tissues with a maximum of 30%. Navas
et al. (2002) compared the total proteome of three
phytophagous nematode species of the Meloidogyne genus,
M. arenaria, M. incognita and M. javanica, they found least
than 10% of qualitative difference between the three
Meloidogyne species. Zdobnov et al. (2002) compared the
total proteome of two dipteran species, Anopheles gambiae
s.s. Giles and D. melanogaster Meigen which diverged about
250 million years ago, and found about 44% of protein
similarities. This indicates that these two insects diverged
considerably faster than vertebrates (Zdobnov et al., 2002).

The two hairworm species considered in this study are
distinct in several aspects. First, according to systematic
analyses of morphological and molecular (18S ribosomal
DNA (rDNA) gene) characters, P. tricuspidatus and S.
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Fig. 3. Number of significant hits obtained with Mascot Server for Actin-2 of P. tricuspidatus (A) and S. tellinii (B).

tellinii are found to not be closely related within the
freshwater Nematomorpha (Gordiida) (Bleidorn et al.,
2002). The genus Paragordius is very basal in the tree
(Gordius is the basal taxon, but Paragordius branches off
next), while the genus Spinochordodes belongs to the
derived Chordodinae. These two nematomorph species also
display noticeable morphological differences. S. felinii, like
all Chordodinae, is characterized by an undivided posterior
end in males, whereas in all other Gordiida (including
Paragordius), males have two tail lobes. Finally, host
specificity also differs strongly between the two hairworm
species: while P. tricuspidatus is found only in N. sylvestris,
S. tellinii can occur in at least eight different species of
grasshoppers (Bleidorn et al., 2002). Our comparison of the
proteomes of the two nematomorph species in the adult stage
and for a given range of pl (4.5-8.5) and Mw (21-128 kDa)
reveals considerable differences. Some differences can be
caused by the phosporylation of proteins but our proteomic

results suggest, like the rDNA, ecological and morpholo-
gical data, that P. tricuspidatus and S. tellinii are not be
closely related.

The separation period of the nematomorph families used
in the present study is unknown, but our proteomic data
suggest a rapid divergence resulting in a differential
expression of proteome in the adult stage. A total proteome
analysis for each compartment (intestine, stomach, etc.) is,
however, needed to confirm this view. Similarly, it would be
necessary to verify in further studies whether the percentage
of protein similarities obtained here (~36%) remains stable
when analysis is performed on other life stages, i.e. adult
worms after several days of free-life or conversely, parasitic
stages inside the insect host.

This preliminary study on proteome of hairworms
will hopefully encourage future research on the systematics
of this group, along with research on the biochemi-
cal interactions between such parasites and their arthropod
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Table 2

Identification of protein spots with peptide mass fingerprint (PMF) data obtained with a MALDI-TOF

Theoretical

pl/Mw

Experimental
pl/Mw

Sequence coverage (%)

Matched

Number of

Family of
protein

Protein name Find in Accession and

Assignation letter
(see Fig. 2A)

Species

peptides (%)

48

peptides (%)

23

identiy codes
P92176;

5.37/41840

5.13/46315

38

Actin

Swiss-Prot

Actin-2

Paragordius

062463; 062463

ACT2_LUMTE

tricuspidatus

5.25/28641
5.22/27379

38 18.9 5.27/27417
36 5.30/27727

13

Zinc Finger ring
Proteasome

TrEMBL
TrEMBL

Y45F10B.9 protein
Clone ZZD1079

mRNA sequence

17.7

QB86F62; Q86F62

6.08/30260

5.77/31920

25 20 12.4

Nematode

TrEMBL 018286; 018286

ZK1010.7 protein

cuticle Collagen

Unknown

31 26.7 6.34/23454 6.85/21235
33 5.13/46315

16
20

062092; 062092

P92176;

TrEMBL

C37A5.2 protein

5.37/41840

45

Actin

Swiss-Prot

Actin-2

F

Spinochordodes

ACT2_LUMTE

tellinii

076406; 076406

5.25/38407

5.65/37645

16.9

4

12

Unknowm

TrEMBL

Hypothetical

protein T10B5.6
K10D3.3 protein

5.80/37593

5.70/37645

18.7

29

14

Transcription

Q21417; Q21417

TrEMBL

regulation complex

MATH-1

5.44/42336

5.99/46852

33 13.2

15

TrEMBL  Q9TZMS; QITZMS

Hypothethical

protein T27C10.4
Hypothethical

5.44/42336

6.08/49693

159

25

20

MATH-1

QYTZMS5; QITZMS

TrEMBL

protein T27C10.4

hosts. Further research should include, for example, focus on
the characterisation of the parasitic proteins involved in the
defence against the host immune system and/or in the
mechanisms involved in the behavioural manipulation
exerted by nematomorphs on their hosts.
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