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Abstract
Background: The bite of spiders belonging to the genus Loxosceles can induce a variety of clinical
symptoms, including dermonecrosis, thrombosis, vascular leakage, haemolysis, and persistent
inflammation. In order to examine the transcripts expressed in venom gland of Loxosceles laeta
spider and to unveil the potential of its products on cellular structure and functional aspects, we
generated 3,008 expressed sequence tags (ESTs) from a cDNA library.

Results: All ESTs were clustered into 1,357 clusters, of which 16.4% of the total ESTs belong to
recognized toxin-coding sequences, being the Sphingomyelinases D the most abundant transcript;
14.5% include "possible toxins", whose transcripts correspond to metalloproteinases,
serinoproteinases, hyaluronidases, lipases, C-lectins, cystein peptidases and inhibitors. Thirty three
percent of the ESTs are similar to cellular transcripts, being the major part represented by
molecules involved in gene and protein expression, reflecting the specialization of this tissue for
protein synthesis. In addition, a considerable number of sequences, 25%, has no significant similarity
to any known sequence.

Conclusion: This study provides a first global view of the gene expression scenario of the venom
gland of L. laeta described so far, indicating the molecular bases of its venom composition.

Background
Envenomation by spiders of the Loxosceles species (brown
spiders) can produce severe clinical symptoms, including
dermonecrosis, thrombosis, vascular leakage, hemolysis
and persistent inflammation [1].

Loxosceles is the most poisonous spider in Brazil and chil-
dren, who develop the most severe systemic effects after
envenomation, nearly always die. At least three different
Loxosceles species of medical importance are known in
Brazil – L. intermedia, L. gaucho, L. laeta – and more than
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3,000 cases of envenomation by L. intermedia alone are
reported each year. In North America, several Loxosceles
species, including L. reclusa (brown recluse), L. apachea, L.
arizonica, L. unicolor, L. deserta and L. bonetti are known to
be the principal cause of numerous incidents of enveno-
mation [2-5]. In South Africa, L. parrami and L. spinulosa
are responsible for cutaneous loxoscelism [6] and, in Aus-
tralia, a cosmopolitan species, L. rufescens, is capable of
causing ulceration in humans.

In the site of the envenomation, there is initially only a
minor discomfort. It begins as an expanding area of oery-
thema and oedema. A centrally located necrotic ulcer
often forms 8–24 h after envenomation [7,8]. Extensive
tissue destruction occurs and the ulcer takes many months
to heal; in extreme cases, debridement or skin grafting can
be necessary. The lesions are remarkable considering that
Loxosceles spiders inject only a few tenths of a microliter of
venom containing no more than 30 μg of protein.

Mild systemic effects induced by envenomation, such as
fever, malaise, pruritus and exanthema are common,
whereas intravascular hemolysis and coagulation, some-
times accompanied by thrombocytopenia and renal fail-
ure, occur in approximately 16% of the victims [1-4,9-11].
Although systemic loxoscelism is less common than the
cutaneous form, it is the main cause of death associated
with Loxosceles envenomation. Most of the deaths occur in
children and are related to the South American species L.
laeta [1]. Due to our limited understanding of the venom's
mechanism of action, effective treatment is currently not
available.

We have purified and cloned several sphingomyelinases D
(SMase D) from L. laeta and L. intermedia venoms and
shown that they are responsible for all the main local and
systemic effects induced by whole venom [12-14]. SMase
D cleaves sphingomyelin into choline and ceramide 1-
phosphate and has intrinsic lysophospholipase D activity
toward LPC [15]. The venoms of various Loxosceles species
contain several functionally active isoforms of the SMase
D, the identity varying from 40–90% [5,13,14].

Even though the venom of Loxosceles sp spiders is being
well studied, there is little information about the spider
venom gland at the molecular level and a limited number
of annotated Loxosceles spider nucleotide sequences, cur-
rently deposited in the public databases. Analysis of
expressed sequence tags (ESTs) has been utilized as an
efficient approach for gene discovery, expression profiling
[16,17] and development of resources useful for func-
tional genomics studies. Thus, the aim of our study was to
investigate the molecular complexity of the Loxosceles ven-
omous gland, by analyzing the repertoire of transcripts
using, as strategy, expressed sequence tags.

Results and Discussion
Overview of EST from the venom gland of L. laeta
After discarding the poor-quality sequences, 3,008 high-
quality ESTs were used to analyze gene expression profile
in the venom gland of L. laeta. ESTs were clustered into
1,357 clusters, of which 326 correspond to 'contigs' and
1031 to 'singlets'. Therefore, these clusters were consid-
ered as putative unigenes, although some of them could
still represent different segments of the same gene. All
sequences data reported in this paper have been submit-
ted into the public database [GenBank: EY188373 –
EY189729].

Sequence clusters were named as LLAE0001c to
LLAE0326c, for clusters with more than one read assem-
bled, or as LLAE0327s to LLAE1357s, for clusters contain-
ing only one sequence read. When compared to data
present on GenBank and dbEST, it was observed that from
the 1,357 clusters (3,008 clones), 751 exhibited signifi-
cant similarities to known cDNA and protein sequences.
This corresponds to 1930 clones (64.2%); the remaining
741 clones (13.5%) were not identified. Sixty four clusters
(337 clones), exclusively matching with mitochondrial
DNAs, mRNAs and ribosomal RNAs, were also found and
excluded from the quantitative analyses.

The identified clusters were organized in three categories,
e.g., "known toxins" for clusters coding for proteins that
are similar to well-known toxins from spider venoms;
"possible toxins" for clusters coding for molecules with a
probable toxic activity but with sequences not yet
observed in spider venoms; and "cellular proteins" for
those coding proteins related to cellular functions, with-
out evidence of being toxins. Figure 1 shows that 'known
toxins' correspond to 16.4% of all cDNAs (93 clusters
with 494 clones) and 25.6% of the identified messages,
while 'possible toxins' to 14.5% of all cDNAs (117 clusters
with 435 clones) and 22.5% of the identified messages.
The 'cellular proteins' represent 33.3% of the total
number of clones and 51.8% over the matching clones.
The remaining sequences are transcripts which have no
match with databases sequences (24. 6% over total
clones, with 542 clusters and 741 clones).

Table 1 shows the twenty most abundant groups of tran-
scripts, with eight, related to 'known toxins' and 'possible
toxins' products, eleven with 'cellular proteins', and one
group, which is the most expressed, has non-match
sequences (24.6% over total clones).

ESTs relevant to cellular functions (Cellular Proteins)
From a total of 751 clusters that presented significant hits
in the databases, 33.3% represent proteins involved in
various cellular functions. Figure 2A shows that 'gene tran-
scription and translation proteins' are the most abundant
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transcripts in this category (8.0%), which may reflect the
functional feature of this specialized tissue in the produc-
tion and secretion of substances involved in feeding and
predator interactions. The majority of the transcripts,
involved in transcription and translation functions, are
ribosomal proteins; the translation initiation and elonga-
tion factors (such as the group 8, from Table 1) and ATP-
binding proteins (group 19) are also highly expressed.

'Proteins related to structural functions' account for 7.4%
of the total of sequences, being the high expressed groups
5, 6, 8 and 11 (Table 1) among this category. Cellular reg-
ulation transcripts account for 5.3%, being the group 14
(Table 1) the most abundant of this category, with
sequences highly similar to LIM protein
(gb|AAV91410.1).

'Processing and sorting of proteins' account for 4.3% of
the sequences and, the majority of the transcripts, are
related to Heat shock protein (Hsp) and Protein disulfide
isomerase (PDI), as can been seen in Figure 2A and Table
1 (groups 7 and 15). The most abundant cluster of this
category, LLAE0312C (containing 26 clones), is similar to
heat shock protein 20.6 from Locusta migratoria
(gb|ABC84493.1), with 66% of identity. The main cluster
matching PDI, LLAE0141C (containing 17 clones), is sim-
ilar to ER protein disulfide isomerase from Aedes aegypti
mosquito (56% identity). PDI proteins have also been
described in the saliva of the ticks, as reported by KNIZE-
TOVA et al. (2006) that isolated a new member of the PDI
family in Amblyomma variegatum. The present study is the

first reporting the presence of Hsp and PDI proteins in the
venom glands of spiders. These transcripts are targets for
further isolation, functional characterization and evalua-
tion of their pharmacological properties.

'Other functions' account for 1.4% of total sequences, and
includes ESTs related to complement components
[LLAE0374S similar to complement component 3-like
protein (Carcinoscorpius rotundicauda) (gb|AAQ08323.1),
LLAE0774S similar to prominin-like protein (Danio rerio)
(ref|XP_684527.1) and LLAE0889S similar to comple-
ment factor B (Strongylocentrotus purpuratus)
(ref|NP_999700.1)], coagulation factors [LLAE0712S
similar to echinonectin (Lytechinus variegatus)
(gb|AAC32598)] and cell adhesion molecules
[LLAE0711S similar to immunoglobulin domain cell
adhesion molecule (Rattus norvegicus)
(ref|XP_001070255.1)] (Figure 2A). These molecules may
be involved in the haemolymph maintenance, as they are
observed in other arthropods, and there are no reports
about the presence of them in Loxosceles venom. Neverthe-
less, complement and clotting factors should always be
regarded as possible disturbing elements.

'Degradation of peptides' account for 0.7% of the total
number of sequences; most of them are represented by
ubiquitin, group 20 (Table 1). An interesting aspect is the
presence of sequences showing homology with retrotrans-
posable elements, including transposases and reverse
transcriptases. The remaining 83 clusters, corresponding
to 3.5% of total clones, were classified as 'unknown func-
tion', being similar to conserved hypothetical or unknown
proteins, in nr database, with unknown functions, as rep-
resented in group 4 (Table 1).

ESTs relevant to the envenomation process (Known 
Toxins)
From a total of 751 clusters presenting significant hits in
databases, 16.4% represent proteins related to toxic func-
tions, including sphingomyelinases D (489 clones and 93
clusters) and neurotoxins (5 clones and 2 clusters) (Figure
2B).

The predominance of sphingomyelinase D clones is not
surprising, since it has already been described as the cen-
tral toxic component of Loxosceles spider venom
[12,14,19-22]. We have recently obtained the first crystal
of a SMase D from Loxosceles laeta and solved its structure
[23,24]. All the spider venom SMases D sequenced to date
display a significant level of sequence similarity and thus
likely possess the same (α/β)8 or TIM barrel fold [24,25].
These new sequences described in this paper will help us
to further investigate the diversity and structural/func-
tional aspects of the SMases D present in Loxosceles laeta
venom glands.

Functional classification of the transcripts from Loxosceles laeta venom glandsFigure 1
Functional classification of the transcripts from Loxo-
sceles laeta venom glands. Graph showing the relative 
proportion of different types of transcripts: 'Known Toxins', 
'Possible Toxins' and 'Cellular Proteins', and no-match 
sequences, 'No Hit'.
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Figure 2B also shows the presence of neurotoxins, corre-
sponding to 0.2% of the total matched sequences. The
transcripts are similar to the neurotoxin magi-3 from Mac-
rothele gigas (sp|P83559|TXMG3). This is a wild spider,
living in forests, and no envenomation reports have been
associated to this animal. Neurotoxins are important tools
for predation and defence strategies and they, probably,
are present in most spider venom glands. Interestingly,
FOIL et al. (1979) have partially characterized lethal and
neuroactive components in Loxosceles reclusa venom. The
detection of these neurotoxins sequences in the cDNA
library will allow us to evaluate their role in the genesis of
loxoscelism.

ESTs possibly related to toxic functions (Possible Toxins)
Sequences, for which it was possible to assume a toxic
potential, were included in the category 'possible toxins'.
This group is represented by 14.5% of the significant hits
in the databases, with 435 clones and 117 clusters (Figure
2C).

The transcripts presenting similarity to 'metalloprotein-
ases' account for 8.3% of the total sequences, as present in
group 3 of Table 1. The cluster LLAE0224C corresponds to
the most abundant cluster, with 25 clones matching to
astacin protease family member (nas-37) from Caenorhab-
ditis elegans nematode (ref|NP_001024413.1). Although
some reports have already described the presence of met-
alloproteases in Loxosceles sp venoms [27,28], the present
data are interesting not only because of the high number
of transcripts similar to metalloproteinases found, but

also for the possibility of developing studies in order to
characterize these molecules and their role in the loxos-
celism.

Transcripts similar to 'serinoproteinases', correspondent
to 0.5% of the total sequences and 3.2% of this category,
were identified (Figure 2C) and are represented in group
18 of Table 1. High molecular weight serinoproteinases of
85- and 95-kDa have been previously identified in L. inter-
media venom and considered as toxic factors [29].
Sequences similar to cystein peptidases (2 clones/2 clus-
ters), lipases (6 clones/5 clusters) and aspartic proteases
(1 clones/1 cluster) were also identified, representing
0.3% of the total hits (Figure 2C). The cystein peptidases
present in this library have homology with proteins that
regulate the autophagic system [APG4
(ref|NP_998738.1)] and degradation of proteins [ubiqui-
tin thiolesterase (gb|AAI10248.1)]. Therefore, they could
perform either a physiological role or toxic (predation/
digestion) functions in the venom glands, what is sug-
gested by the presence of signal peptide in the cystein
peptidase LLAE0692S of our library, while the proteins
APG4 and ubiquitin thiolesterase do not present signal
peptide. Though analysis of lipases and aspartic proteases
ESTs were not found similar proteins endowed with toxic
functions, we can not exclude that this molecules perform
others roles beyond physiological functions.

Sequences matched with 'enzymatic inhibitors' were also
detected and represent 0.6% of the total number of
sequences (19 clones/11 clusters) (Fig. 2C). The singlets

Table 1: Identification of the high abundance transcripts present in L. laeta venom gland

Groups Number of clusters Number of clones Clones/clusters % of total Putative identification

1 542 741 1.37 24.6 No Hit*
2 91 489 5.37 16.3 Sphingomyelinase D*
3 59 248 4.20 8.2 Metalloproteinase*
4 83 105 1.27 3.5 Unknown Function*
5 9 75 8.33 2.5 Troponin
6 4 55 13.75 1.8 Actin
7 14 46 3.29 1.5 Hsp*
8 7 43 6.14 1.4 Elongation Factor
9 7 41 5.86 1.4 Salivary protein*
10 3 38 12.67 1.3 5'-nucleotidase*
11 7 36 5.14 1.2 Myosin
12 5 26 5.20 0.9 Chitinase*
13 4 23 5.75 0.8 Tubulin
14 2 23 11.50 0.8 LIM protein
15 6 22 3.67 0.7 PDI*
16 2 18 9.00 0.6 Venom allergen III*
17 6 15 2.50 0.5 Lectin*
18 12 14 1.17 0.5 Serine Protease*
19 2 13 6.50 0.4 ATP-binding
20 9 12 1.33 0.4 Ubiquitin

The (*) designates the detection of a putative signal peptide, predicted by using SignalP 3.0 program [54].
Page 4 of 12
(page number not for citation purposes)



BMC Genomics 2008, 9:279 http://www.biomedcentral.com/1471-2164/9/279

Page 5 of 12
(page number not for citation purposes)

Representation of the groups 'Cellular Proteins' [A], 'Known Toxins' [B], 'Possible Toxins' [C] and 'Others Venom Activities' [D], a subgroup of 'Possible Toxins', from the transcriptome of Loxosceles laeta spider venom glands, showing the relative distri-bution of the transcripts, proportions over transcripts (n) and over category (&#x25A1;)Figure 2
Representation of the groups 'Cellular Proteins' [A], 'Known Toxins' [B], 'Possible Toxins' [C] and 'Others 
Venom Activities' [D], a subgroup of 'Possible Toxins', from the transcriptome of Loxosceles laeta spider 
venom glands, showing the relative distribution of the transcripts, proportions over transcripts (n) and over 
category (&#x25A1;).
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LLAE0371S and LLAE0438S are related to the intracellular
coagulation inhibitor from Tachypleus tridentatus arthro-
pod (dbj|BAA12795.1), while the LLAE0785S,
LLAE0391S, LLAE0635S, LLAE0965S and LLAE1134S are
similar to serine (or cysteine) proteinase inhibitors from
Mus musculus (ref|NP_033152.2), Aedes aegypti
(gb|EAT35458.1), Branchiostoma lanceolatum
(emb|CAD68157.1), Gallus gallus (ref|XP_421343.1) and
Boophilus microplus (gb|ABG36931.1). Cystatins are bio-
chemically well-characterized as strong inhibitors of
cysteine proteinases of the papain protease family, espe-
cially cathepsins, and also of some lysosomal caspases,
such as legumain. An important contribution of cystatins
in the regulation of the cysteine proteinases is probably
the control of intracellular protein degradation [30]. The
Bmcystatin, a fat body cysteine proteinase inhibitor from
the tick Boophilus microplus, was cloned and characterized
as C1 cysteine peptidase inhibitor, with Mr of 11 kDa and
pI 5.7 [31]. The presence of these transcripts in the L. laeta
cDNA library will allow the isolation and characterization
of these putative inhibitors.

A group of 'C-type lectin' (0.5% of the total) was also
detected, group 17 with 15 clones and 6 clusters (Table 1),
which represents 3.5% of this category (Figure 2C). Group
17 in Table 1 (LLAE0029C, LLAE0069C, LLAE0091C,
LLAE0139C, LLAE0589S and LLAE0596S) matches to C-
type lectins from the Bos taurus (mammal), Tachypleus tri-
dentatus (arthropod), Bombyx mori (insect) and Sus scrofa
(mammal), respectively. C-type lectins are proteins of ani-
mal origin, calcium-dependent, that bind carbohydrates.
Animal C-type lectins are involved in extracellular matrix
organization, endocytosis, complement activation and
also mediate pathogen recognition and cell-cell interac-
tions [32]. A lectin-like peptide was isolated from the
venom of the Chinese bird spider Selenocosmia huwena,
and the biological activity assays showed that this peptide
has very low toxicity to both mammals and insects,
though is abundantly present in the venom [33]. Lectins
are also present in venoms of various snakes and other
poisonous animals [34].

Aiming at to stand out the importance of these molecules,
as future interest to isolate new peptides or proteins in
order to characterize their role in the loxoscelism, as well
as their pharmacological or biotechnological applica-
tions, we aligned amino acid sequence of some selected
clusters from hyaluronidases, 5'-nucleotidases, chitinases
and venom allergens with known sequences in database.
Some discussion about sequence features of these mole-
cules is provided below.

Transcripts with similarity to 'hyaluronidase' from Bos tau-
rus (gb|AAP55713.1), were also found, with 4 clones and
1 cluster (LLAE0048C), representing 0.13% of the total

sequences. Hyaluronidases are ubiquitously expressed
enzymes that naturally cleave hyaluronic acid, which is a
major component of the extracellular matrix of verte-
brates [35]. Loxosceles venom hyaluronidases were previ-
ously described as molecules with, 33 and 63 kDa in L.
reclusa [36], 32.5 kDa in L. rufescens [37] and 44 kDa in L.
deserta, L. gaucho, L. intermedia, L. laeta and L. reclusa [38].
Hyaluronidases in Loxosceles venom have been character-
ized as spreading factors, increasing the diffusion of other
toxins and also contributing to the gravitational dissemi-
nation of the local reaction [1]. Figure 3 shows the align-
ment of the deduced amino acid sequence of LLAE0048C
from L. laeta venom glands with known hyaluronidases
from Bos taurus, Apis mellifera and Vespula germanica. The
highest similarity between L. laeta hyaluronidase
sequences and those present in GenBank, is in the con-
served cystein domain and the three key catalytic residues
[39], suggesting that LLAE0048C from L. laeta encodes
hyaluronidase enzymes.

We have also established a subgroup of clusters matching
proteins (possible toxins) that has never been observed,
isolated or characterized in spider venom glands, denom-
inated 'Others venom activities', to describe transcripts
resembling putative salivary protein, 5'-nucleotidases,
chitinases and venom allergens, that represent 4.2% of the
total sequences, with 126 clones and 20 clusters (Table 1,
Figure 2D).

The main group of transcripts, with similarity to a 'salivary
protein' (gb|AAY66605.1), is composed by 41 clones and
7 clusters (group 9/Table 1 and Figure 2D). The majority
of these transcripts was similar to proteins from Ixodes
scapularis tick, a arachnid that may use these proteins of
saliva for feeding functions, since saliva of blood-sucking
animals contains powerful substances able to prevent
blood clotting during their feeding [40].

A group of transcripts related to '5'-nucleotidase' (1.3% of
the total) was also detected with 38 clones and 3 clusters
(group 10, Table 1; Figure 2D). The LLAE0040C (36
clones), LLAE1315S and LLAE1233S are the main
sequences, matching with proteins from Boophilus micro-
plus (gb|AAB38963.1), Strongylocentrotus purpuratus
(ref|XP_794802.1) and Xenopus laevis (gb|AAH97618.1),
respectively. The ecto-5'-nucleotidases are a widely dis-
tributed group of enzymes, hydrolysing a variety of nucl-
eoside mono-, di- and triphosphates to release the free
nucleoside. This enzyme is known to affect haemostasis
by inhibiting platelet aggregation, since it depletes the
ADP from plasma. The 5'-nucleotidases have been studied
in detail in many organisms, particularly mammalian
cells and tissues, but the amount of information available
for insects and other arthropods is relatively small [41].
Figure 4 shows the alignment of the amino acid sequence
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of LLAE0040C from L. laeta venom glands with known 5'-
nucleotidases from Glossina morsitans morsitans, Aedes
aegypti and Anopheles gambiae. The high sequence similar-
ity to known 5'-nucleotidases, the presence of putative
conserved cystein residues and 5'-nucleotidase domains
[42], indicate that LLAE0040C may encodes a 5'-nucleoti-
dase enzyme.

We have also detected transcripts matching with 'chiti-
nases', representing 0.9% of total hits (Figure 5), with 26
clones and 5 clusters (Table 1). These ESTs show similarity
to database proteins from Araneus ventricosus spider
(LLAE0128C, LLAE0033C, LLAE0027C)
(gb|AAN39100.1), Tribolium castaneum (LLAE1239S)
(gb|ABG47446.1) and Bombyx mori (LLAE0611S)
(gb|ABF51237.1) insects. Chitin is one of the most abun-
dant polysaccharides in nature and it is a linear polymer
of β (1→4) linked to N-acetylglucosamine (GlcNAc) resi-
dues. It is one of the most unique biochemical constitu-
ents found in the exoskeletons and gut linings of
arthropods and fungi. Chitinolytic enzymes that catalyse
the hydrolysis of chitin have been found in chitin-con-
taining organisms, as well as in microorganisms that do
not have chitin. The chitinases from various organisms

have many biological functions: they play roles in the
moulting process of invertebrates, including spiders, the
digestion of chitinous food, and defence against chitin-
bearing pathogens [43]. HAN et al. (2005) cloned a fat
body-specific chitinase cDNA from the spider Araneus ven-
tricosus; the cDNA was expressed as an active chitinase
enzyme with 61 kDa. Figure 6 shows the alignment of the
amino acid sequence of the main cluster similar to chiti-
nase from L. laeta venom glands (LLAE0128C), with
known chitinases from Araneus ventricosus and Dermat-
ophagoides pteronyssinus. The high level of similarity
between the sequences from L. laeta to chitinases and the
presence of the active site [44] suggests that LLAE0128C
encodes a transcript with chitinase enzymatic activity.

The transcripts similar to 'venom allergen III'
(sp|P35779|VA3_SOLRI) represent 0.6% of the total
sequences (Figure 2D), with 18 clones and 2 clusters, as
showed in group 16 (Table 1). The LLAE0068C (17
clones) and LLAE1344S matched with databases proteins
from Solenopsis richteri and Solenopsis invicta insects,
respectively. Venoms of Hymenoptera, including vespids,
honey bees and fire ants are common causes of allergic
reactions. Venom from the red fire ant, Solenopsis invicta,

Alignment of the amino acid sequence of LLAE0048C, from L. laeta venom glands, with known hyaluronidasesFigure 3
Alignment of the amino acid sequence of LLAE0048C, from L. laeta venom glands, with known hyaluronidases. 
Residues are numbered according to the aligned hyaluronidases sequences and dots represent gaps introduced to improve 
alignment. The conserved cystein residues are indicated by asterisks. Black and gray indicate amino acids that are identical or 
conserved, respectively. The three key catalytic residues are represented by arrows. The abbreviation and GenBank accession 
number for the hyaluronidases sequences aligned are: hyaluron1, Bos taurus hyaluronidase (AAP55713); hyaluron2, Apis mellif-
era hyaluronidase (AAA27730) and hyaluron3, Vespula germanica hyaluronidase (CAL59818).
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contains four important potent allergens, which cause
anaphylactic reactions in highly sensitive individuals. Fig-
ure 6 shows the alignment of the amino acid sequence of
LLAE0068C from L. laeta venom glands with known
sequences of venom allergen III from Solenopsis invicta,
Vespula vulgaris, Dolichovespula maculata and Aedes aegypti.
The similarity of the putative amino acid sequence of
LLAE0068C from L. laeta to known venom allergen III
sequences, including the presence of conserved cystein
residues and the motif HYTQ (residues 192–195), which
is shared by the majority of the allergen-like proteins [45],
suggests that spider venom may possess venom allergen
III-like proteins.

New transcripts that may encode venom toxins (No Hit)
'No hits' represents the biggest group of transcripts ana-
lysed in L. laeta cDNA library, accounting for 24.6% of
total sequences, with 741 clones and 542 clusters (Figure
1 and Table 1). This result is not surprising, since there is
a limited number of annotated Loxosceles spider nucle-
otide sequences currently deposited in the public data-
bases. 320 transcripts (59%) of the 542 'non- hits'
sequences contain putative signal peptide, as determined
by using SignalP 3.0 program (data not shown). The
search for conserved domains in databases (CDD)
showed that most of the sequences have no function
domains, except for a few that contain domains related to
metabolism (data not shown).

Alignment of the amino acid sequence of LLAE0040C, from L. laeta venom glands, with known 5'-nucleotidasesFigure 4
Alignment of the amino acid sequence of LLAE0040C, from L. laeta venom glands, with known 5'-nucleoti-
dases. Residues are numbered according to the aligned 5'-nucleotidase sequences and dots represent gaps introduced to 
improve alignment. The underlined amino acid sequence indicates the putative signal peptide. The conserved cystein residues 
are indicated by asterisks. Black and gray indicate amino acids that are identical or conserved, respectively. The 5'-nucleoti-
dases active site regions are indicate by crosses. The abbreviation and GenBank accession number for the 5'-nucleotidases 
sequences aligned are: 5'nuct1, Glossina morsitans morsitans 5'-nucleotidase (ABN80093); 5'nuct2, Aedes aegypti 5'-nucleotidase 
(ABF18486) and 5'nuct3, Anopheles gambiae 5'-nucleotidase (CAB40347).
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The abundance of these transcripts, the failure of match-
ing to known sequences and the presence of signal pep-
tide suggest that may encode for novel toxins.

Conclusion
By using Expressed Sequencing Tag strategy it was possible
to reveal, for the first time, the transcript repertoire of a
spider venomous gland. Results presented here show an
ample range of structural and functional putative mole-
cules in the gland of Loxosceles spider. L. laeta female spi-
der specimens were milked to stimulate the production of
mRNAs in the venom glands and after 5 days, the spider
venom glands were used. This process was developed stra-
tegiclly to induce the majority possible toxins production.
Sphingomyelinases D, the central toxin responsible for
the main local and systemic reactions induced by the
venom, corresponds to 16.4% of the sequences present in
L. laeta gland, confirming the high representation of these
proteins in the total transcript. Other transcripts present-
ing similarities to the sequences deposited in GenBank,
may act as toxins, such as neurotoxins, hyaluronidases,
metalloproteinases, lipases, serinoproteinases, C-type lec-
tin, enzymatic inhibitors, cystein peptidases and others.
This report also revealed the existence of transcripts
related to others venom activities, including salivary pro-
teins, 5'-nucleotidases, chitinases and venom allergens.

Moreover, we found a high percentage of transcripts (25%
of total sequences) that do not have any significant data-
base matches, which opens up new avenues for explora-
tion. Finally, these transcripts will be important tools not
only for further investigate the molecular mechanisms of
these spider proteins, as well as to uncover molecules with
biotechnological potential.

Methods
Loxosceles laeta spider
Loxosceles laeta spiders were provided by "Laboratório de
Imunoquímica, Instituto Butantan, SP, Brazil".

Library construction
One hundred L. laeta female spider specimens were
milked to stimulate the production of mRNAs in the
venom glands. After 5 days, the spider venom glands were
collected and kept in liquid nitrogen until use. For total
RNA extraction, Trizol reagent (Gibco-BRL Life Technolo-
gies) was used according to manufacturer's protocol. An
oligo (dT) cellulose column (Amersham) was used for
mRNA purification. The cDNAs were synthesised from 5
μg mRNA using the Superscript Plasmid System for cDNA
Synthesis and Cloning (Gibco-BRL Life Technologies),
linked to EcoRI adapters (Amersham), and cloned in
pGEM11Zf+ plasmid (Promega) at EcoRI/NotI sites.

Alignment of the amino acid sequence of LLAE0128C, from L. laeta venom glands, with known chitinasesFigure 5
Alignment of the amino acid sequence of LLAE0128C, from L. laeta venom glands, with known chitinases. Res-
idues are numbered according to the aligned chitinase sequences and dots represent gaps introduced to improve alignment. 
The underlined amino acid sequence indicates the putative signal peptide. The conserved cystein residues are indicated by 
asterisks. Black and gray indicate amino acids that are identical or conserved, respectively. Chitinase glycosyl hydrolases family 
18 active site signature is marked by a box. The abbreviation and GenBank accession number for the chitinase sequences 
aligned are: Chitn1, Araneus ventricosus chitinase (AY120879) and Chitn2, Dermatophagoides pteronyssinus chitinase 
(DQ078740).
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Escherichia coli DH5α cells were transformed with the
cDNA library plasmids and then plated on 2YT (Gibco-
BRL Life Technologies) agarose plates containing 100 mg/
mL ampicillin [14,46].

EST sequencing, data processing and bioinformatics 
analysis
For large-scale DNA sequencing (EST generation), ran-
dom clones were grown in antibiotic selective medium for
22 h and plasmid DNA was isolated using alkaline lysis
[46]. The DNA was sequenced on an ABI 3100 sequencer,
using BigDye2 kit (Applied Biosystems, Foster City, CA)
and the standard M13 forward primer, rising 5' ESTs.
Base-Calling was performed with PHRED and the cutoff

Phred score was 20 [47]. Original sequences were proc-
essed by removing vector, adaptors and E. coli DNA
sequences using CrossMatch [48]. High-quality ESTs were
assembled into contigs, using the CAP3 program [49] set
to join only sequences with at least 98% of base identity.
To assign annotation to the assembled ESTs (clusters),
these sequences were searched against the nr and nt (E val-
ues < 1e-05) for homologous comparison using BLASTX
and BLASTN [50]. The metadata available for the first five
hits, as well as bibliographic information when available,
were manually inspected to assign the putative functional
classification of the cluster. Categories used were based on
those from Adams et al., 1995, [51] modified to fit in a
toxin producing model. Additionally, the proteins coded

Alignment of the amino acid sequence of LLAE0068C, from L. laeta venom glands, with known sequences of venom allergen IIIFigure 6
Alignment of the amino acid sequence of LLAE0068C, from L. laeta venom glands, with known sequences of 
venom allergen III. Residues are numbered according to the aligned of venom allergen III sequences and dots represent gaps 
introduced to improve alignment. The underlined indicates the putative signal peptide. The conserved cystein residues are indi-
cated by asterisks. Black and gray indicate amino acids that are identical or conserved, respectively. The conserved motif 
HYTQ (residues 192–195) is indicated by crosses. The abbreviation and GenBank accession number for the venom allergen III 
sequences aligned are: Vallerg1, Solenopsis invicta (P35778), Vallerg2, Vespula vulgaris (Q05110), Vallerg3 Dolichovespula maculata 
(P10736.1) and Vallerg4 Aedes aegypti (EAT48176).
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by the clusters were grouped according to a possible par-
ticipation in the venom. Three categories were created,
'known toxins', 'possible toxins' or 'cellular proteins',
respectively for proteins with best hits to well-known tox-
ins from spider venom, proteins with hits to non-spider
toxin sequences presenting activities compatible with
toxic actions of venoms, and other products related to cel-
lular functions, without evidence of being toxins. The
presence of conserved domains, using the nr protein data-
base or the SMART [52] and Pfam [53] was also used to
guide the functional attribution. The occurrence of signal
peptide was predicted with the SignalP 3.0 program [54],
using both Neural Networks (NN) and Hidden Markov
Models (HMM) methods. A secretory protein was consid-
ered when both methods showed it possessing a signal
peptide according to their default parameters (mean S >
0.048 and mean D score 0.43 > in NN and signal peptide
probability > 0.5 in HMM).

Authors' contributions
MdFF–P performed the cDNA library, bioinformatics
analysis and drafted the manuscript. IdLMJ–d–A per-
formed the data processing, bioinformatics analysis and
drafted the manuscript. RMG–d–A identified, collected
the spiders, isolated the venom glands and drafted por-
tions of the manuscript. LSK performed the minipreps
and DNA sequencing. DDA performed partial bioinfor-
matics analysis and drafted portions of the manuscript.
PLH participated in data analyses resulting and drafted
portions of the manuscript. DVT conceived and coordi-
nated the study and contributed in project design, inter-
pretation and drafted the manuscript. All authors read
and approved the final manuscript.

Acknowledgements
This research was supported by grants from FAPESP, CNPq, Fundação 
Butantan and the Wellcome Trust.

References
1. Futrell JM: Loxoscelism.  Am J Med Sci 1992, 304:261-267.
2. Ginsburg CM, Weinberg AG: Hemolytic anemia and multiorgan

failure associated with localized cutaneous lesion.  J Pediatr
1988, 112:496-499.

3. Gendron BP: Loxosceles reclusa envenomation.  Am J Emerg Med
1990, 8:51-54.

4. Bey TA, Walter FG, Lober W, Schmidt J, Spark R, et al.: Loxosceles
arizonica bite associated with shock.  Ann Emerg Med 1997,
30:701-703.

5. Ramos-Cerrillo B, Olvera A, Odell GV, Zamudio F, Paniagua-Solis J,
et al.: Genetic and enzymatic characterization of sphingomy-
elinase D isoforms from the North American fiddleback spi-
ders Loxosceles boneti and Loxosceles reclusa.  Toxicon 2004,
44:507-514.

6. Newlands G, Isaacson C, Martindale C: Loxoscelism in the Trans-
vaal, South Africa.  Trans R Soc Trop Med Hyg 1982, 76(5):610-5.

7. Atkins JA, Wingo CW, Sodeman WA, Flynn JE: Necrotic Arach-
nidism.  Am J Trop Med Hyg 1958, 7:165-184.

8. Wasserman GS, Anderson PC: Loxoscelism and necrotic arach-
nidism.  J Toxicol Clin Toxicol 1984, 21(4–5):451-472.

9. Barreto OC, Cardoso JL, De Cillo D: Viscerocutaneous form of
Loxoscelism and erythrocyte glucose-6-phosphate defi-
ciency.  Rev Inst Med Trop 1985, 26:264-267.

10. Schenone H, Saavedra T, Rojas A, Villarroel F: Loxoscelism in
Chile. Epidemiologic, clinical and experimental studies.  Rev
Inst Med Trop São Paulo 1989, 31(6):403-415.

11. Sezerino UM, Zannin M, Coelho LK, Gonçalves J Jr, Grando M, et al.:
A clinical and epidemiological study of Loxosceles spider
envenoming in Santa Catarina, Brazil.  Trans R Soc Trop Med Hyg
1998, 92:546-548.

12. Tambourgi DV, Magnoli FC, Berg CW van den, Morgan BP, de Araujo
PS, et al.: Sphingomyelinases in the venom of the spider Loxo-
sceles intermedia are responsible for both dermonecrosis and
complement-dependent hemolysis.  Biochem Biophys Res Com-
mun 1998, 251:366-373.

13. Tambourgi DV, Fernandes-Pedrosa MF, Berg CW van den,
Gonçalves-De-Andrade RM, Ferracini M, et al.: Molecular cloning,
expression, function and immunoreactivities of members of
a gene family of sphingomyelinases from Loxosceles venom
glands.  Mol Immunol 2004, 41:831-840.

14. Fernandes-Pedrosa MF, Junqueira de Azevedo IL, Gonçalves-De-
Andrade RM, Berg CW van den, Ramos CR, et al.: Molecular clon-
ing and expression of a functional dermonecrotic and
haemolytic factor from Loxosceles laeta venom.  Biochem Bio-
phys Res Commun 2002, 298:638-645.

15. van Meeteren LA, Frederiks F, Giepmans BN, Fernandes-Pedrosa MF,
Billington SJ, et al.: Spider and bacterial sphingomyelinases D
target cellular LPA receptors by hydrolyzing lysophosphati-
dylcholine.  J Biol Chem 2004, 279:10833-10836.

16. Adams MD, Kelley JM, Gocayne JD, Dubnick M, Polymeropoulos MH,
et al.: Complementary DNA sequencing: expressed sequence
tags and human genome project.  Science 1991, 252:1651-1656.

17. Takasuga A, Hirotsune S, Itoh R, Jitohzono A, Suzuki H, et al.: Estab-
lishment of a high throughput EST sequencing system using
poly(A) tail-removed cDNA libraries and determination of
36,000 bovine ESTs.  Nucleic Acids Res 2001, 29:E108.

18. Knizetova P, Vancova I, Kocakova P, Slovak M, Proost P, et al.: New
member of the protein disulfide isomerase (PDI) family
identified in Amblyomma variegatum tick.  Insect Biochem Mol Biol
2006, 36(12):943-953.

19. Forrester LJ, Barrett JT, Campbell BJ: Red blood cell lysis induced
by the venom of the brown recluse spider: the role of sphin-
gomyelinase D.  Arch Biochem Biophys 1978, 187:355-365.

20. Kurpiewski G, Forrester LJ, Barrett JT, Campbell BJ: Platelet aggre-
gation and sphingomyelinase D activity of a purified toxin
from the venom of Loxosceles reclusa.  Biochim Biophys Acta 1981,
678:467-476.

21. Bernheimer AW, Campbell BJ, Forrester LJ: Comparative toxinol-
ogy of Loxosceles reclusa and Corynebacterium pseudotubercu-
losis.  Science 1985, 228:590-591.

22. Truett AP, King LE Jr: Sphingomyelinase D: a pathogenic agent
produced by bacteria and arthropods.  Adv Lipid Res 1993,
26:275-291.

23. Zela SP, Fernandes-Pedrosa MF, Murakami MT, de Andrade SA, Arni
RK, et al.: Crystallization and preliminary crystallographic
analysis of SMase I, a sphingomyelinase from Loxosceles laeta
spider venom.  Acta Crystallogr Sect D Biol Crystallogr 2004,
60:1112-1114.

24. Murakami MT, Pedrosa MFF, Tambourgi DV, Arni RK: Structural
basis for metal ion coordination and the catalytic mecha-
nism of sphingomyelinases D.  Journal Biol Chem 2005,
280:13658-13664.

25. Murakami MT, Pedrosa MFF, Andrade SA, Gabdoulkhakov A, Betzel
C, et al.: Structural insights into the catalytic mechanism of
sphingomyelinases D and volutionary relationship to glycer-
ophosphodiester phosphodiesterases.  Biochem Biophys Res Com-
mun 2006, 342:323-329.

26. Foil LD, Frazier JL, Norment BR: Partial characterization of
lethal and neuroactive components of the brown recluse spi-
der (Loxosceles reclusa) venom.  Toxicon 1979, 17(4):347-354.

27. Feitosa L, Gremski W, Veiga SS, Elias MCQB, Graner E, et al.: Detec-
tion and characterization of metalloproteinases with gelati-
nolytic, fibronectinolytic and fibrinogenolytic activities in
Brown spider (Loxosceles intermedia) venom.  Toxicon 1998,
36(7):1039-1051.

28. da Silveira RB, Filho JFS, Mangili OC, Veiga SS, Gremski W, et al.:
Identification of proteases in the extract of venom glands
from brown spiders.  Toxicon 2002, 40(6):815-822.
Page 11 of 12
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1415323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2831331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2831331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2403477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9360587
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15450925
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7179413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7179413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13533719
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13533719
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6381752
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6381752
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2577020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2577020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9861376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9861376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9790962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9790962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15234562
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15234562
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12419302
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14732720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14732720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14732720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2047873
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2047873
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11713328
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11713328
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11713328
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17098169
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=208467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=208467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=208467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6274420
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3983643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8397477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8397477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16480957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16480957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16480957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=494316
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9690796
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12175619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12175619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12175619


BMC Genomics 2008, 9:279 http://www.biomedcentral.com/1471-2164/9/279
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

29. Veiga SS, da Silveira RB, Dreyfuss JL, Haoach J, Pereira AM, et al.:
Identification of high molecular weight serine-proteases in
Loxosceles intermedia (brown spider) venom.  Toxicon 2000,
38:825-839.

30. Willadsen P, Riding GA: On the biological role of a proteolyti-
cenzyme inhibitor from the ectoparasitic tick Boophilus
microplus.  Biochem J 1980, 189:295-303.

31. Lima CA, Sasaki SD, Tanaka AS: Bmcystatin, a cysteine protein-
ase inhibitor characterized from the tick Boophilus microplus.
Biochem Biophys Res Commun 2006, 347:44-50.

32. Weis WI, Taylor ME, Drickamer K: The C-type lectin super-
family in the immune system.  Immunol Rev 1998, 163:19-34.

33. Liang SP, Pan X: A lectin-like peptide isolated from the venom
of the Chinese bird spider Selenocosmia huwenA.  Toxicon 1995,
33:875-882.

34. Ogawa T, Chijiwa T, Oda-ueda N, Ohno M: Molecular diversity
and accelerated evolution of C-type lectin-like proteins from
snake venom.  Toxicon 2005, 45:1-14.

35. Laurent TC, Fraser JR: The properties and turnover of hyaluro-
nan.  Ciba Found Symp 1986, 124:9-29.

36. Wright RP, Elgert KD, Campbell BJ, Barrett JT: Hyaluronidase and
esterase activities of the venom of the poisonous brown rec-
luse spider.  Arch Biochem Biophys 1973, 159:415-426.

37. Young AR, Pincus SJ: Comparison of enzymatic activity from
three species of necrotising arachnids in Australia: Loxosce-
les rufescens, Badumna insignis and Lampona cylindrata.  Toxicon
2001, 39:391-400.

38. Barbaro KC, Knysak I, Martins R, Hogan C, Winkel K: Enzymatic
characterization, antigenic cross-reactivity and neutraliza-
tion of dermonecrotic activity of five Loxosceles spider ven-
oms of medical importance in the Americas.  Toxicon 2005,
45:489-499.

39. Chao KL, Muthukumar L, Herzberg O: Structure of Human
Hyaluronidase-1, a Hyaluronan Hydrolyzing Enzyme
Involved in Tumor Growth and Angiogenesis.  Biochemistry
2007, 46:6911-6920.

40. Salzet M: Anticoagulants and inhibitors of platelet aggrega-
tion derived from leeches.  FEBS Lett 2001, 492:187-192.

41. Liyou N, Hamilton S, Mckenna R, Elvin C, Willadsen P: Localisation
and functional studies on the 5'-nucleotidase of the cattle
tick Boophilus microplus.  Exp Appl Acarol 2000, 24:235-246.

42. Volknandt W, Vogel M, Pevsner J, Misume Y, Zimmermann YIH: 5'-
Nucleotidase from the electric ray electric lobe. Primary
structure and relation to mammalian and procaryotic
enzymes.  Eur J Biochem 1991, 202:855-861.

43. Kramer KJ, Muthukrishnan S: Insect Chitinases: Molecular Biol-
ogy and Potential Use as Biopesticides.  Insect Biochem Mol Biol
1997, 27:887-900.

44. Han JH, Lee KS, Li J, Kim I, Ho JEY, et al.: Cloning and expression
of a fat body-specific chitinase cDNA from the spider,
Araneus ventricosus.  Comp Biochem Physiol B Biochem Mol Biol 2005,
140:427-435.

45. Schmidt M, Mcconnell TJ, Hoffman DR: Immunologic characteri-
zation of the recombinant fire ant venom allergen Sol i 3.
Allergy 2003, 58:342-349.

46. Junqueira-De-Azevedo ILM, Ho PL: A survey of gene expression
and diversity in the venom glands of the pitviper snake Both-
rops insularis through the generation of expressed sequence
tags (ESTs).  Gene 2002, 299:279-291.

47. Ashburner M, Ball CA, Blake JA, Botstein D, Butler H, et al.: Gene
ontology: tool for the unification of biology. The Gene Ontol-
ogy Consortium.  Nat Genet 2000, 25:25-29.

48. Laboratory of Phil Green. Genome Sciences Department
University of Washington   [http://www.phrap.org/]

49. Huang X, Madan A: CAP3: a DNA sequence assembly program.
Genome Res 1999, 9:868-877.

50. Altschul SF, Maddenl TL, Schäffer AA, Zhang J, Zhang Z, et al.:
Gapped BLAST and PSI-BLAST: a new generation of protein
database search programs.  Nucleic Acids Res 1997, 25:3389-3402.

51. Adams MD, Kerlavage AR, Fleischmann RD, Fuldner RA, Bult CJ, Lee
NH, Kirkness EF, Weinstock KG, Gocayne JD, White O, et al.: Initial
assessment of human gene diversity and expression patterns
based upon 83 million nucleotides of cdna sequence.  Nature
377(6547 SUPPL):3-174. 1995, SEP 28

52. Schultz J, Copley RR, Doerks T, Ponting CP, Bork P: SMART: a
web-based tool for the study of genetically mobile domains.
Nucleic Acids Res 2000, 28:231-234.

53. Bateman A, Birney E, Durbin R, Eddy SR, Howe KL, et al.: The Pfam
protein families database.  Nucleic Acids Res 2000, 28:263-266.

54. Bendtsen JD, Nielsen H, von Heijne G, Brunak S: improved predic-
tion of signal peptides: SignalP 3.0.  J Mol Biol 2004, 340:783-795.
Page 12 of 12
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10695968
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7458913
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16806070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9700499
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9700499
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8588212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15581677
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15581677
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15581677
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3816425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3816425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4206202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4206202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4206202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10978759
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15733571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15733571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17503783
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17503783
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17503783
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11257492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11257492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11108389
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1765099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1765099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1765099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9501415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9501415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15694591
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12708984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12459276
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12459276
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12459276
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10802651
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10802651
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10802651
http://www.phrap.org/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10508846
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9254694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9254694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9254694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7566098
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7566098
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7566098
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10592234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10592234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10592242
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10592242
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15223320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15223320
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Results
	Conclusion

	Background
	Results and Discussion
	Overview of EST from the venom gland of L. laeta
	ESTs relevant to cellular functions (Cellular Proteins)
	ESTs relevant to the envenomation process (Known Toxins)
	ESTs possibly related to toxic functions (Possible Toxins)
	New transcripts that may encode venom toxins (No Hit)

	Conclusion
	Methods
	Loxosceles laeta spider
	Library construction
	EST sequencing, data processing and bioinformatics analysis

	Authors' contributions
	Acknowledgements
	References

