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Abstract

Brown spiders (Loxosceles genus) are venomous arthropods that use venom for

predation and defense. These spiders have also been associated with human

accidents, and the primary clinical manifestations are dermonecrosis with grav-

itational lesion spreading, hematological disturbances, and acute renal failure.

Loxosceles venom comprises a complex mixture of toxins enriched in low

molecular mass proteins (5–40 kDa). Characterization of this venom revealed

three highly expressed protein classes: phospholipase-D family proteins,

astacin-like proteases, and inhibitor cystine knot (ICK) peptides. A recent
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study also showed the presence of several other venom proteins, such as serine

proteases, protease inhibitors, hyaluronidases, allergen-like toxins, and

translationally controlled tumor protein (TCTP), expressed at low levels in

Loxosceles venom. The Brown spider phospholipase-D family proteins have

been well studied, and these toxins alone induce inflammatory responses,

dermonecrosis, hemolysis, thrombocytopenia, and renal failure. In addition,

the functional role of hyaluronidases as spreading factors in loxoscelism has

been demonstrated. However, the biological characterization of other toxins has

not been reported. Nevertheless, the mechanism by which Loxosceles toxins

exert noxious effects is not fully elucidated. The aim of this chapter is to provide

insights into Brown spider toxins, including the identification of novel toxins

using molecular and proteomics approaches, and the biological characterization

and structural description of toxins using X-ray crystallography. Putative bio-

technological uses of Loxosceles toxins and future perspectives in this field will

also be discussed.

Introduction

Spiders of the Loxosceles genus are one of the four groups of venom-producing

spiders that cause significant clinical manifestations or human fatalities following

envenomation (Palagi et al. 2013). This condition, referred to as loxoscelism, is

commonly observed after accidents involving Loxosceles spiders and is character-

ized by several reactions. Although most bites are benign, local and systemic

symptoms can emerge. Local reactions manifest as dark blue-violet necrotic

wounds with gravitational spread that eventually become indurated, generating

scar tissue (Chaim et al. 2011). In approximately half of cases, cutaneous lesions

have been associated with nonspecific systemic symptoms, including fever, fatigue,

headache, vomiting, pruritic reactions, and rash (Chaim et al. 2011; Isbister and Fan

2011). Systemic loxoscelism is a less frequent complication more often observed in

children, with manifestations such as renal failure and hematological disturbances,

i.e., disseminated intravascular coagulation and intravascular hemolysis (Isbister

and Fan 2011).

Cutaneous loxoscelism has been described in several studies examining rabbit

skin exposed to Loxosceles venom (Chatzaki et al. 2012; Silvestre et al. 2005).

These studies describe the massive infiltration and aggregation of inflammatory

cells, interstitial edema, increased vascular permeability, intravascular fibrin net-

work deposition, thrombus formation inside the capillaries, and vessel degenera-

tion. Longer exposure times lead to the degeneration and necrosis of the skin

muscle and leukocyte infiltration into the skeletal muscle. The massive hemorrhage

and destruction of epidermal integrity and necrosis of surrounding collagen near the

epidermis have also been observed (Chatzaki et al. 2012; Gremski et al. 2014;

Silvestre et al. 2005).

Viscerocutaneous loxoscelism is the systemic injury resulting from Loxosceles
envenomation, and this condition occurs in up to 13 % of cases (Hogan et al. 2004).
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Patients might develop acute kidney injury, which is responsible for most lethal

cases of Loxosceles envenomation (Abdulkader et al. 2008). The analysis of mice

renal tissue following the treatment of Loxosceles intermedia venom showed acute

tubular necrosis in several nephrons, glomerular collapse, tubular epithelial cell

cytotoxicity, eosinophilic material deposition in the tubular lumen, and basement

membrane alterations (Luciano et al. 2004; Tambourgi et al. 1998). A direct effect

of L. intermedia venom on kidney structures was also demonstrated in mice

(Luciano et al. 2004). Using rats as models to examine Loxosceles gaucho venom

nephrotoxicity, Lucato and coworkers (2011) revealed that this venom produces

renal injury and rhabdomyolysis, independently from dermonecrotic injury or

blood pressure changes. These authors attributed the observed renal injury to

renal vasoconstriction and myoglobinuria because no direct effect of venom on

isolated proximal tubules was demonstrated.

The severity of loxoscelism has been associated with the venom content. Several

factors associated with the spider specimen, such as size, sex, species, nutritional

state, and age, might influence the amount and content of venom. Evidence suggests

that female venom exhibits the highest biological activity, positively correlated

with higher sphingomyelinase activity (de Oliveira et al. 2005). Loxosceles venom
primarily comprises a complex mixture of protein-based biologically active com-

pounds with toxic and/or enzymatic activities (Gremski et al. 2014). Nonprotein

compounds include sulfated guanosine derivatives, the major small-molecule com-

ponents of the venom of Loxosceles reclusa (Schroeder et al. 2008). However, no

correlation between loxoscelism and the presence of these molecules in the venom

has been described. Additionally, the histamine content detected in Loxosceles
intermedia venom is high enough to induce inflammatory responses (Paludo

et al. 2009).

As previously mentioned, Loxosceles venom is enriched in protein-based mol-

ecules. The 1D and 2D electrophoresis profiles of the components from

L. intermedia venom revealed two main groups of proteins at 20–40 kDa and

2–5 kDa (Fig. 1). The 2D map also showed that most spots were localized between

pI 6 and 10, but the more intense spots were localized at neutral pI (Fig. 1).

The 2D protein Loxosceles venom profile is similar among distinct species, such

as L. intermedia, L. adelaida, L. similis, L. gaucho, and L. laeta (Barbaro

et al. 2005; Luciano et al. 2004; Machado et al. 2005; Trevisan-Silva et al. 2013).

Many protein and peptide toxins present in Loxosceles venom have been described,

and the biological and biochemical properties of these compounds have been

reported, providing insight into the pathophysiology of envenomation (Chaim

et al. 2011; Hogan et al. 2004). Toxins, such as metalloproteases (da Silveira

et al. 2007a; Feitosa et al. 1998), serine proteases (Veiga et al. 2000b), phospholi-

pase-D family proteins (Chaim et al. 2006; da Silveira et al. 2007b; Tambourgi

et al. 2002), hyaluronidases (Barbaro et al. 2005; da Silveira et al. 2007c), and

insecticidal peptides (de Castro et al. 2004), have been detected in Loxosceles
venom. Proteome analysis also revealed metalloproteases, serine proteases,

phospholipases-D, and hyaluronidases in L. intermedia venom (dos Santos

et al. 2009).
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More recently, transcriptome analyses were conducted to examine the protein

content of Loxosceles venom obtained from the venom gland of two spider species:

L. laeta and L. intermedia (Fernandes-Pedrosa et al. 2008; Gremski et al. 2010).

The results showed the high expression of phospholipase-D and metalloprotease

toxin families, and for L. intermedia, transcripts encoding ICK peptides (insecti-

cidal peptides) were also highly expressed. Other toxin families, such as serine

proteases, hyaluronidases, venom allergens, TCTP (translationally controlled

tumor protein), enzymatic inhibitors, and C-type lectins, showed low levels of

expression (Fernandes-Pedrosa et al. 2008; Gremski et al. 2010). These cDNA

libraries provided an overview of the Loxosceles venom and facilitated the descrip-

tion of new molecules of biotechnological interest. Figure 2 displays the expression

profile of the toxin families produced by L. intermedia venom gland, highlighting

the main groups of venom components. Since then, several components, i.e., TCTP,

hyaluronidase, Loxosceles intermedia recombinant dermonecrotic toxin

7 (LiRecDT7), and U2-SCRTX-Li1b, have been further explored and produced

as recombinant molecules (Ferrer et al. 2013; Matsubara et al. 2013; Sade

et al. 2011; Vuitika et al. 2013). Together with recombinant phospholipase-D and

Fig. 1 Protein profiles from 1D and 2D gel electrophoresis analyses of L. intermedia crude
venom. For 2D electrophoresis, samples of 150 μg of L. intermedia venom were subjected to

isoelectric focusing (IEF) on 13-cm immobilized pH gradient gel strips with a pH linear range of

3–10. The second dimension analysis was performed on a linear SDS-PAGE gradient of 7.5–20 %

under reducing conditions. The second dimension analysis was performed using isoelectric-

focused venom and a sample of 20 μg of L. intermedia venom without IEF. The gels were stained

with colloidal Coomassie Brilliant Blue. Vn indicates the 1D protein profile of L. intermedia
venom. 3 pH 10 indicates the 2D protein profile of L. intermedia venom. Protein molecular mass

markers are indicated on the left of the figure
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metalloprotease LALP1 proteins, these recombinant toxins have been used as tools

to provide further knowledge concerning venom activity and loxoscelism.

In this chapter, the relevance of these toxins to loxoscelism and the potential

biotechnological application of these molecules are discussed.

Phospholipases-D

The phospholipase-D (PLD) family of toxins is the most well-studied and well-

characterized component in the Loxosceles species venoms. These molecules have

been reported to play an important role in the development of clinical sign and

symptoms in loxoscelism. As these toxins induce dermonecrosis in vivo, the Brown

spider PLDs are also known as dermonecrotic toxins (Chaim et al. 2011).

Gremski and coworkers (2010) revealed that 20.2 % of all the toxin-encoding

ESTs from the L. intermedia venom gland correspond to PLDs, representing a

significant proportion of the toxins present in the Brown spider venom (Fig. 2).

Consistent with these data, Wille and coworkers (2013) conducted 2D electropho-

resis analyses, showing at least 25 spots immunologically related to PLD toxins in

the L. intermedia crude venom. Indeed, Machado and coworkers (2005) also

identified at least 11 PLD isoforms, termed Loxonecrogin, in the venom of

L. gaucho, suggesting the presence of several different PLDs in the Brown spider

venom. Moreover, seven isoforms of PLD isoforms were generated as recombinant

proteins, named LiRecDT (Loxosceles intermedia recombinant dermonecrotic
toxin 1–7), based on the L. intermedia venom gland transcriptome (Gremski

et al. 2014), and these proteins have been classified as members of the Loxtox

family (Kalapothakis et al. 2007). These recombinant PLDs were further examined

to determine their roles in the inflammatory reaction, dermonecrosis, nephrotoxi-

city, and hemolysis observed in loxoscelism (Chaim et al. 2006; Chaves-Moreira

et al. 2011; Luciano et al. 2004; Paludo et al. 2009).

Fig. 2 Expression profile of

L. intermedia venom toxin

families over the total toxin-

encoding sequences
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Several PLD isoforms have also been identified in the venom of other Loxosceles
species. In L. reclusa venom, the native PLDs were present at a molecular mass of

approximately 32 kDa, and these four active isoforms induced dermonecrotic

lesions, hemolysis, and platelet aggregation. Two PLD isoforms, at 32 and

35 kDa, were also described in L. laeta venom, and these proteins exhibited

complement-dependent hemolysis, dermonecrosis, and sphingomyelin hydrolysis.

In L. laeta venom two new PLD isoforms were reported: rLIPLD1, a dermonecrotic

toxin with sphingomyelin hydrolysis activity, and rLIPLD2, a seemingly inactive

protein, lacking the PLD region (i.e., rLIPLD2 lacked the initial amino acids of the

catalytic site, such as His12). Several other PLD isoforms from the venom of other

Loxosceles species, such as L. gaucho, have also been well characterized. It has

been shown that recombinant isoforms of PLD from different species are able to

reproduce most of the toxic effects observed after Brown spider bite and antigenic

properties of the venom and can reverse venom effects with serum against them

(Chaim et al. 2011; Gremski et al. 2014).

The PLDs are responsible for a large variety of disturbances in loxoscelism.

Both native and recombinant PLDs trigger dermonecrotic lesions, increase vascular

permeability, induce an intense inflammatory response at the inoculation site and at

a systemic level, and promote platelet aggregation, hemolysis, nephrotoxicity, and

even lethality in controlled experiments (Chaim et al. 2011; Gremski et al. 2014).

In addition, recombinant L. intermedia phospholipase-D stimulates channel-mediated

calcium influx into the cells via L-type calcium channels (Chaves-Moreira

et al. 2011; Wille et al. 2013).

Initially, it was suggested that Loxtox protein family toxins played a role in the

exclusive cleavage of the head-groups of sphingomyelin, the so-called

sphingomyelinases. Further studies have shown that other substrates, such as

glycerophospholipids and lysophospholipids, are also susceptible to PLD catalysis.

Thus, the term phospholipase-D is more suitable for Brown spider dermonecrotic

toxins (Chaim et al. 2010; Chaves-Moreira et al. 2011; Wille et al. 2013).

Studies comparing recombinant isoforms with distinct capacities for degrading

substrates have shown differences in the intensity of the effects of these proteins

(Chaim et al. 2010). Several recombinants of PLD isoforms from the Loxosceles
genus have been heterologously produced in E. coli, and large amounts of the

soluble and enzymatically active forms of these proteins are easily obtained. In

addition, structural analysis of the catalytic site provided important insights into the

enzymatic activities of each isoform (de Giuseppe et al. 2011; Murakami

et al. 2005). Recently, de Giuseppe and coworkers (2011) published the crystal

structure of LiRecDT1 from L. intermedia, indicating that this toxin contained an

additional disulfide bond in the PLD structure catalytic loop compared with the

previously described PLD from L. laeta. The structural details of PLD molecules

reflect the distinct enzymatic behaviors of the venom from different species. PLDs

with different structures could have different substrate affinities or enzymatic

activities; therefore, these differences could explain the clinical symptoms or

severity observed at the local bite site or the systemic effects during envenomation

by different species of the Loxosceles genus.
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Comparisons of the amino acid sequences of spider venom PLDs indicate that

these proteins contain either 284 or 285 amino acids and display a significant degree

of homology (de Santi Ferrara et al. 2009). The single polypeptide chain folds to

form a distorted barrel, and the inner barrel surface is lined with eight parallel

β-strands (termed A–H) linked by short flexible loops to eight α-helices (termed

helices 1–8) that form the outer surface of the barrel (Murakami et al. 2005). The

interconnecting loops are primarily hydrophilic and hydrophobic in the upper and

lower sections, respectively. A short β-strand is inserted between strand B and helix

2, and two short helices are inserted between helix 3 and strand D and helix 4 and

strand E. The catalytic loop is stabilized by a disulfide bridge (Cys51 and Cys57),

and a second disulfide bridge (Cys53 and Cys201), which links the catalytic loop to

the flexible loop to significantly reduce the flexibility of the latter loop, is present

only in the class II enzymes (de Giuseppe et al. 2011). Because the α-helices,
β-strands, and loops vary in length and character, the barrel is significantly

distorted. The interior of the barrel is densely packed with hydrophobic amino

acids, and in the short N-terminal section and the C-terminal extension, which

contains a short helix, a β-strand and a random-coiled region cap the torus of the far

side of the barrel. The surface loops forming the near side of the barrel are primarily

hydrophobic, and a narrow cavity provides access to the catalytic site, characterized

by a ring of negatively charged amino acids (de Giuseppe et al. 2011; Murakami

et al. 2005). The catalytic and Mg2+ binding sites are located in a shallow depres-

sion and contain His12, Glu32, Asp34, Asp91, His47, Asp52, Trp230, Asp233, and

Asn252, which are fully conserved in Loxosceles PLD isoforms (de Giuseppe

et al. 2011; Murakami et al. 2005). Mutagenesis studies (de Giuseppe et al. 2011)

and the crystal structure of PLDs (Murakami et al. 2005) indicate the involvement

of two histidines in close proximity to the metal ion-binding site in the acid–base

catalytic mechanism. Based on the structural results, His12 and His47 of PLD are

key residues for catalysis and are assisted by a hydrogen bond network that involves

Asp52, Asn252, and Asp233. Glu32, Asp34, Asp91, and solvent molecules coor-

dinate the metal ion, which is essential for the catalytic activity of PLDs.

Furthermore, there are clear differences in the hydrolytic ability of PLD isoforms

within the Loxosceles genus (Chaim et al. 2010; Chaim et al. 2011). Studies of

LiRecDTs (isoforms 1–7) showed dermonecrosis at different levels in rabbit skin,

consistent with the results of the spectrofluorimetric analysis of sphingomyelin

hydrolysis (Chaim et al. 2011; Gremski et al. 2014). Ribeiro and coworkers (2007)

reported that LiRecDT1 and LiRecDT2 were similar in all functional tests, including

in vivo edema or cytotoxicity, while the effects of LiRecDT3 were significantly less

intense. The observed amino acid alignment paralleled these results: LiRecDT1 and

LiRecDT2 were markedly similar, but LiRecDT3 was slightly different. LiRecDT3

showed some important differences in hydrophobicity at the boundaries of the

catalytic site, reflecting the differential performance of this enzyme (Ribeiro

et al. 2007). In addition, site-directed mutagenesis of His12 in LiRecDT1, predicted

to play a central role in catalysis, was not sufficient to completely abolish the catalytic

activity of this enzyme. Moreover, the LiRecDT1H12A mutant isoform shows a

dramatic reduction in enzymatic activity, but with no change in the secondary
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structure, compared with LiRecDT1. Interestingly, although the mutant isoform did

not induce the same level of any activity examined, attachment to the cell surface or to

mobilized lipids remained unaltered (Chaim et al. 2010; Paludo et al. 2009; Wille

et al. 2013). It is likely that other protein domains besides the catalytic cleft were

preserved, and these domains might be relevant for interactions with the cell mem-

brane or lipid substrates. PLD catalysis has primarily been associated with the release

of lipid metabolites, which could modulate a wide range of biological events, such as

the cell cycle, cell proliferation, cell differentiation processes, and cell death (Chaim

et al. 2011; Gremski et al. 2014).

Dermonecrotic toxins are enzymes produced and secreted from Brown spider

venom glands. These molecules catalyze the hydrolysis of phospholipids, such as

sphingomyelin (SM), at a terminal phosphodiester bond to release choline and

produce ceramide 1-phosphate (C1P) (Chaim et al. 2010; Chaves-Moreira

et al. 2011; Wille et al. 2013). PLDs also mediate the Mg+2-dependent hydrolysis

of lysophosphatidylcholine (LPC) and release lysophosphatidic acid (LPA)

(Chaves-Moreira et al. 2011; Horta et al. 2013; van Meeteren et al. 2004). These

toxins are proteins that vary in molecular mass from 30 to 35 kDa and include a

signal peptide followed by a propeptide. The amino acid sequences of PLDs are

highly conserved (55–99 %), particularly in the residues around the catalytic cleft.

Studies have shown the upregulated expression of proinflammatory cytokines/

chemokines after human fibroblasts are exposed to L. reclusa PLD (Dragulev

et al. 2007), which hydrolyzes cell membrane SM into C1P, generating a

receptor-dependent inflammatory response. This idea challenged the hypothesis

that instead of C1P, LPA is a preferential product and bioactive metabolite,

reflecting the relative abundance of LPC in the plasma as a substrate (van Meeteren

et al. 2004). Recently, Horta and coworkers (2013) showed that cell death was

induced through L. similis whole venom (LsV), and this effect was particularly

observed with the recombinant isoform of L. intermedia PLD, recLiD1

(Kalapothakis et al. 2002). LPA released through the PLD activity of LsV and

recLiD1 did not activate LPA receptors in the presence of an LPA1/LPA3 antag-

onist. This effect was indirectly observed through ELISA assays for IL-6, IL-8,

CXCL1, and CXCL2. Moreover, these authors did not detect a role for LPA in the

apoptosis induced by LsV or recLiD1 in fibroblasts and endothelial cells in vitro,

which might be associated with other LPA-independent stimuli or the effect of C1P

on the cell membrane receptors, as previously described. The variety of molecular

mechanisms triggered through Loxosceles PLDs and their lipid metabolites should

be further investigated as a complex event dependent on the types of cells involved,

the abundance and availability of the lipid substrate, and intracellular signaling

cascades. PLDs can serve as biotools to examine cell–cell communication via cell

membranes in the context of inflammation. PLD isoforms have been proposed as

potential models for designer drugs or other biotechnological applications (Chaim

et al. 2011; Gremski et al. 2014). The production of more stable PLD isoforms with

enhanced enzymatic activity would greatly contribute to many areas of toxinology

and provide information to further the current understanding of the biochemical

features, biological implications, and their related molecular mechanisms of PLDs.
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Moreover, recombinant PLDs from Loxosceles arizonica also catalyze the

transphosphatidylation of SM to generate cyclic ceramide phosphate (CC(1,3)P)

and LPC to generate palmitoyl cyclic phosphatidic acid (CPA). The biological

properties of cyclic phosphates are vastly different from their monoester counter-

parts, and these molecules might be relevant to the pathology of Brown spider

envenomation (Lajoie et al. 2013).

Proteases

Proteases were first identified as components of Loxosceles venom in 1976 (Eskafi

and Norment 1976). This study described the protease activity of L. reclusa crude

venom against insect larvae using histochemical techniques. In addition, L. reclusa
venom showed protease activity on distinct L-aminoacyl-β-naphthylamide deriva-

tives, and L-leucyl-β-naphthylamide was more susceptible to the action of

L. reclusa proteases. Subsequently, caseinolytic activity was reported in the

venom of three Loxosceles species: L. gaucho, L. laeta, and L. intermedia (Chaim

et al. 2011; Gremski et al. 2014). Two classes of proteases, metalloproteases and

serine proteases, have been identified in L. intermedia venom (Feitosa et al. 1998;

Veiga et al. 2000a).

Loxosceles metalloproteases were first described as two molecules of distinct

molecular masses that degrade gelatin and exhibit clear substrate preferences

(Feitosa et al. 1998). These metalloproteases were named Loxolysin A, a 20–28-

kDa fibronectinolytic protease that is also responsible for the partial hydrolysis of

fibrinogen (Aα and Bβ chains), and Loxolysin B, a 30–32-kDa gelatinolytic prote-

ase (Feitosa et al. 1998). Serine proteases have been detected in L. intermedia
venom using zymography assays showing two gelatinolytic signals after trypsin

activation (Veiga et al. 2000a). The biochemical nature of these proteases was

characterized based on the total inhibition of gelatin hydrolysis using distinct

serine-protease inhibitors, such as aprotinin, benzamidine, leupeptin, PMSF, and

soybean-trypsin inhibitor (Veiga et al. 2000a). The biological functions of the

proteases in Loxosceles venom remain unknown, but it has been suggested that

these molecules might play a role in prey digestion and the deleterious effects

observed after Brown spider envenomation. Loxosceles proteases might promote

the diffusion of other venom toxins through the permeabilization of tissues and

propagation of the toxic effects of other biologically active venom toxins. More-

over, these proteases could be important for processing other toxic proteins that

become active after proteolysis (Barbaro et al. 2005; Chaim et al. 2011; da Silveira

et al. 2002; Feitosa et al. 1998; Gremski et al. 2014). Notably, studies on the

proteases in Loxosceles venom are scarce, and there have been more reports on

the identification of metalloproteases than serine proteases.

Complementary data from Loxosceles serine proteases was obtained from

transcriptome and proteome analyses (dos Santos et al. 2009; Fernandes-Pedrosa

et al. 2008; Gremski et al. 2010). The transcriptome analysis of the L. laeta venom

gland revealed fourteen ESTs that displayed similarity to serine-protease sequences
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from the database (Fernandes-Pedrosa et al. 2008). In addition, the transcriptome

analysis of the L. intermedia venom gland uncovered five transcripts with similarity

to distinct members of serine-protease families (Gremski et al. 2010). These toxins

are poorly expressed in L. intermedia venom, representing 0.3 % of the toxin

transcripts (Gremski et al. 2010). These findings are consistent with the results of

a proteome study of L. intermedia venom, in which five peptide sequences with

similarities to snake venom proteases were identified (dos Santos et al. 2009).

A previous analysis of the bidimensional protein profile of L. intermedia,
L. laeta, and L. gaucho venoms showed spots with molecular masses corresponding

to the identified serine-protease activities (Machado et al. 2005). However, the

biological functions of Loxosceles serine proteases remain unknown. It has been

suggested that this class of toxins are important not only for prey digestion but also

for local tissue toxicity and hematological disturbances, such as blood coagulation

and fibrinolysis, during Brown spider envenomation (Gremski et al. 2014; Veiga

et al. 2000a). Indeed, the serine proteases in snake venom possess thrombin-like

fibrinogenase and plasminogen-activating activities (Gremski et al. 2014). Because

serine proteases present diverse structures, functions, and modes of action, further

studies on Loxosceles serine proteases are imperative to obtain a better understand-

ing of loxoscelism pathology and to develop potential novel therapeutic agents.

Indeed, the potential therapeutic use of snake venom serine proteases in vascular

diseases, such as in myocardial infarction, ischemic stroke, and thrombotic dis-

eases, has been previously studied. Reptilase®, used to determine fibrinogen levels

in the presence of heparin, is a thrombin-like serine protease purified from Bothrops
atrox snake venom. Additionally, recombinant serine proteases have been studied

in both basic and clinical research. A thrombin-like enzyme from the venom of an

Agkistrodon rhodostoma viper improves the outcomes after cerebral stroke in

humans, and Defibrase, an enzyme from the venom of Bothrops, is clinically

beneficial in ischemic stroke (Chaim et al. 2011; Gremski et al. 2014).

Two metalloproteases have been identified in L. rufescens venom, a 23-kDa

fibrinogenolytic protease and a 27.5-kDa gelatinolytic protease, and enzymatic

activity was inhibited using 1,10-phenanthroline, thereby confirming the

metalloprotease activity of these proteins (Young and Pincus 2001). The degrada-

tion of Aα and Bβ fibrinogen chains has been reported in the venom of both

L. reclusa and L. laeta, and this activity was also inhibited with 1,10-

phenanthroline. Other extracellular matrix molecules have been demonstrated as

substrates of Loxosceles metalloproteases, such as entactin and heparan sulfate

proteoglycans (Veiga et al. 2000b). It has been recently suggested that the

Loxosceles metalloproteases identified in these studies were derived from gastric

contents during venom extraction and not components of the venom. Nevertheless,

the venom collected through electrostimulation and macerated venom glands were

compared, and the protein profile and the protease activity of both samples were

similar (da Silveira et al. 2002). Moreover, the distinct proteolytic profiles of the

gastric content of L. intermedia and the venom obtained through both electrosti-

mulation and macerated glands have been examined, and the results confirmed that

metalloproteases are venom components (da Silveira et al. 2002). Consistently, the
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proteolytic effect of L. rufescens venom was observed in venom obtained from the

microdissection of the venom glands, a procedure that ensures the absence of gastric

contaminants (Young and Pincus 2001). Evidence of Loxoscelesmetalloproteases has

continued to increase, and L. deserta, L. gaucho, L. intermedia, L. laeta, and

L. reclusa venoms showed in vitro protease activities primarily between 18.1 and

31.8 kDa (Barbaro et al. 2005). Thus far, all Loxosceles venoms have exhibited

gelatinolytic, caseinolytic, and fibrinogenolytic activities, and most of these activities

were abolished with 1,10-phenanthroline (Barbaro et al. 2005).

The analysis of a cDNA library of L. intermedia venom glands revealed a

sequence encoding a metalloprotease presenting the hallmarks of astacin family

enzymes: a catalytic domain of 18 amino acids (HEXXHXXGXXHEXXRXDR)

and a conserved methionine involved in a sequence turn, met-turn (MXY) (Bond

and Beynon 1995; da Silveira et al. 2007a). The zinc-dependent astacin (Merops

M12A family) proteases have been described in most organisms from yeasts to

humans. Although astacin family members are structurally related to

metalloproteases, these enzymes present extremely diverse biological functions,

including peptide hydrolysis, growth factor activation, and extracellular matrix

component processing (Bond and Beynon 1995). In addition, these enzymes carry

the name astacin based on the prototype enzyme isolated from the gastric fluid of

the crayfish Astacus astacus, which played a role in digestion (Bond and Beynon

1995). The L. intermedia astacin LALP (Loxosceles astacin-like protease) was the
first astacin family member identified as a constituent of animal venom. Two new

astacin protease isoforms have recently been identified as toxins in L. intermedia
venom, namely, LALP2 and LALP3. In addition, astacins have also been identified

in L. laeta (LALP4) and L. gaucho (LALP5) venoms, suggesting the existence of an

interspecies toxin family and revealing the importance of these metalloproteases as

components of Loxosceles venom (Chaim et al. 2011; Gremski et al. 2014). Inter-

estingly, the transcriptome analysis of L. intermedia and L. laeta venom glands

revealed that astacin metalloproteases are highly expressed toxins (Fernandes-

Pedrosa et al. 2008; Gremski et al. 2010). In the L. intermedia venom gland, astacin

transcripts comprise 22.6 % of the toxin-encoding transcripts and 8 % of the total

transcripts in the L. laeta venom gland (Chaim et al. 2010; Fernandes-Pedrosa

et al. 2008). Thus, Loxosceles proteases (metalloproteases and serine proteases)

account for 23.1 % of the total toxin-encoding transcripts in the L. intermedia
venom gland, second only to insecticidal peptide sequences, which comprise the

majority of expressed toxins (Fig. 2). In addition, the analysis of astacin content in

L. intermedia, L. laeta, and L. gaucho venoms, using two-dimensional Western

blotting and zymography, demonstrated a high content of active astacins among the

three analyzed venoms, consistent with the high mRNA expression of astacins

reported in the transcriptome analysis (Trevisan-Silva et al. 2013). Moreover, this

study showed a distinct and complex proteolytic profile of Loxosceles astacin-like
proteases, highlighting the importance of this toxin family to Brown spider biology

and loxoscelism toxicity (Trevisan-Silva et al. 2013).

The functional characterization of isolated Loxosceles astacins has only been

described for the first recombinant astacin isoform from L. intermedia venom
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(da Silveira et al. 2007a). LALP hydrolyzes fibrinogen, fibronectin, and gelatin,

consistent with previous data from distinct Loxosceles crude venoms (da Silveira

et al. 2007a). Moreover, rabbit subendothelial cells exposed to LALP showed

morphological alterations, such as the loss of substrate adhesion and cells that

were fully rounded up and lysed, demonstrating the cytotoxic effect induced by

LALP (da Silveira et al. 2007a). These results further suggest that metalloproteases

could play a role in the toxic effects of Brown spider bites and also indicate the

potential of these toxins for biotechnological applications (Chaim et al. 2011;

da Silveira et al. 2007a; Gremski et al. 2014). Therefore, additional studies are

required to explore the use of Loxosceles astacins as tools for the diagnosis of

loxoscelism, basic research protocols, and the design of new drugs as agonist and/or

inhibitor molecules. Additionally, astacins could be used as thrombolytic agents,

and astacin inhibitors could be developed for use in the prevention of

atherosclerosis.

Hydrolases (Hyaluronidases)

Hyaluronidases are a class of enzymes widely distributed throughout the animal

kingdom. Hyaluronidases primarily degrade hyaluronic acid (HA), a ubiquitous

component of the vertebrate extracellular matrix, and might also present hydrolytic

activity upon chondroitin, chondroitin sulfate (CS), and dermatan sulfate (DS).

Studies on several animal venoms, such as snakes, scorpions, spiders, bees, cater-

pillars, wasps, cone snails, fish, lizards, and stingrays, have described hyaluronidase

activity. These matrix-degrading enzymes have been proposed to act as “spreading

factors” in venom, as these enzymes promote tissue disorganization, facilitating the

increased diffusion of other toxins throughout the tissues of the bite victim (Chaim

et al. 2011; Gremski et al. 2014).

Cutaneous loxoscelism is characterized by edema, erythema, and necrosis,

indicating extracellular matrix disturbances potentially associated with the actions

of venom proteases and hydrolases. Indeed, a previous study of L. reclusa venom

demonstrated hyaluronidase activity upon HA and CS types A, B, and C (Wright

et al. 1973). The estimated molecular masses of the purified hyaluronidases were

33 and 63 kDa. Additionally, it has been demonstrated that rabbit antivenom serum

inhibited both hyaluronidase activity in vitro and the spreading effect induced by

the whole venom in vivo (Wright et al. 1973). HA-substrate SDS-PAGE was used

to describe the hyaluronidase activity of a 32.5-kDa protein identified in

L. rufescens venom (Young and Pincus 2001). Moreover, zymography assays

revealed a 44-kDa hyaluronidase responsible for HA degradation in the venom

obtained from five Loxosceles species of medical importance in the Americas

(L. deserta, L. gaucho, L. intermedia, L. laeta, and L. reclusa) (Barbaro

et al. 2005). These data suggest the biological conservation and significance of

Loxosceles hyaluronidases (Barbaro et al. 2005). Two hyaluronidase molecules of

41 and 43 kDa were characterized as pH-dependent endo-β-N-acetyl-d-hexosamin-

idases in L. intermedia venom (da Silveira et al. 2007a). These enzymes degraded
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HA and CS in vitro and HA in rabbit skin (da Silveira et al. 2007a). Consistently, a

proteomics study also described the presence of hyaluronidases in Loxosceles
venoms (dos Santos et al. 2009). Loxosceles hyaluronidases exhibit high activity,

requiring few micrograms of the total venom to identify the enzymatic activity

(Barbaro et al. 2005; da Silveira et al. 2007a). The transcriptome analysis of L. laeta
and L. intermedia venom glands showed that this class of toxins is expressed at low

levels (Fernandes-Pedrosa et al. 2008; Gremski et al. 2010). In the L. laeta venom

gland, hyaluronidases represent only 0.13 % of the total expressed sequences

(Fernandes-Pedrosa et al. 2008). The transcriptome of L. intermedia identified a

transcript with similarity to hyaluronoglucosaminidase 1 from Rattus norvegicus
(gbjEDL77243.1), which represents 0.1 % of the total toxin-encoding sequences

(Gremski et al. 2010). The low expression of hyaluronidase transcripts might reflect

the difficulties associated with the purification of this native enzyme from

Loxosceles venom, leading to the lack of the biological and biochemical character-

ization of this protein. Using molecular biology techniques, Ferrer and coworkers

(2013) generated a recombinant L. intermedia venom hyaluronidase, presenting a

calculated molecular mass of 46.1 kDa. The active enzyme, named Dietrich’s

hyaluronidase, was obtained after refolding in vitro and was able to degrade HA

and CS. These results are consistent with previous reports of native hyaluronidases

that degrade glycosaminoglycans, demonstrating that the recombinant hyaluroni-

dase can also be considered a chondroitinase (Ferrer et al. 2013). The biological

characterization of Dietrich’s hyaluronidase showed an increase in the erythema,

ecchymosis, and dermonecrotic effect induced with the recombinant dermonecrotic

toxin (LiRecDT1) in rabbit skin (Ferrer et al. 2013). This study greatly contributed

to the understanding of loxoscelism pathology, showing that hyaluronidase is a

spreading factor in Loxosceles venom (Ferrer et al. 2013). Additionally, active

Dietrich’s hyaluronidase can be used in further studies to examine the physiological

and pathological role of hyaluronidases in HA degradation. The degradation of HA

promotes tissue permeabilization and is involved in a great number of events, such

as bacterial pathogenesis, fertilization, and cancer progression (Girish and

Kemparaju 2007). Consequently, there are potential applications of hyaluronidases,

including distinct surgical procedures, drug delivery, research oncology, and

in vitro fertilization protocols (Chaim et al. 2011; Girish and Kemparaju 2007).

Inhibitor Cystine Knot (ICK) Peptides

Spiders are one of the most successful terrestrial predators, and the production of

highly toxic venom to subdue prey and detain predators is one of the main features

that contribute to the overall success of spiders (Windley et al. 2012). Most spider

venoms contain small disulfide-rich peptide neurotoxins as major components, and

these proteins are the largest and most extensively studied group of spider toxins

(Windley et al. 2012).

Nearly 60 % of all spider venom toxins have three disulfide bridges, and these

peptides primarily target voltage-activated ion channels. These peptides typically
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contain a “disulfide pseudo-knot” and can be classified among toxins and inhibitory

polypeptides with an “inhibitor cystine knot” (ICK) motif (Windley et al. 2012).

The cystine knot is a structural motif with an embedded ring formed by two

disulfide bonds that, together with their connecting backbone, are threaded by a

third disulfide bond. This motif forms a structure comprising three antiparallel

β-sheets (Daly and Craik 2011). In addition to ICK peptides, this same structural

motif is present in two other families: the cyclic cystine knot (CCK) or cyclotide

family and growth factor cystine knot (GFCK) family (Iyer and Acharya 2011). The

ICK scaffold renders these peptides highly resistant to extremes of pH, organic

solvents, high temperatures, and protease activities, which makes these molecules

adequate targets for the design of drugs, molecular tools, and bioinsecticides (Daly

and Craik 2011). The homology between the amino acid sequences of ICK peptides

is typically low, but the distribution of cysteine residues is generally conserved.

The consensus sequence of peptides exhibiting the ICK motif is

CX3–7CX3–8CX0–7CX1–4CX4–13C – where X is any amino acid. The biological

activities of spider ICK peptides are quite diverse, showing activity at voltage-

activated sodium, calcium, and potassium channels, acid-sensing ion channels,

transient receptor potential channels, and mechanosensitive channels (Windley

et al. 2012).

Castro and coworkers (2004) were the first to describe ICK peptides in

Loxosceles venom, and these authors isolated three peptides, LiTx1–3, with insec-

ticidal activity from the venom of L. intermedia. The amino acid sequences of these

toxins were demonstrated to contain an ICK motif, structurally defining these

proteins as ICK peptides. These components are polypeptides with molecular

masses ranging from 5.6 to 7.9 kDa, presenting insecticidal activity against highly

destructive pests, such as Spodoptera frugiperda and Spodoptera cosmioides.
Further analysis of the sequences revealed potential posttranslational modification

regions, such as N-myristoylation, amidation, and casein kinase II phosphorylation

sites, in the sequences of LiTx1–3. Based on the sequences of these toxins, the

authors proposed that LiTx3 might act on NaV channels and both LiTx2 and LiTx3

might act on NaV or CaV channels (de Castro et al. 2004). Subsequently, these

authors also described the sequence of another ICK peptide from L. intermedia,
LiTx4. Analysis of the L. intermedia venom gland transcriptome showed that ICK

peptides comprise 55,6 % of toxin-encoding mRNAs (Fig. 2). The most abundant

toxin transcripts were similar to LiTx3 (32 %), followed by LiTx2 (11.4 %), LiTx1

(6.2 %), and LiTx4 (3.7 %) (Gremski et al. 2010). Additionally, 2.3 % of the toxin-

encoding mRNAs represent transcripts similar to the ICK neurotoxin Magi3 from

Macrothele gigas, which binds to site 3 of NaV channels. The transcriptome

analysis of the L. laeta venom gland showed that 0,2 % of all toxin transcripts

were similar to Magi3 (Fernandes-Pedrosa et al. 2008). Further analysis of the ICK

peptide mRNAs from the L. intermedia venom gland revealed several sequences

similar to LiTx3 that have not yet been described, potentially representing novel

ICK neurotoxins (Gremski et al. 2010). Indeed, the cloning and production of a

recombinant peptide from L. intermedia venom with high similarity to the ICK

family of peptides, particularly LiTx3, has been described (Matsubara et al. 2013).
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The recombinant peptide, named U2-sicaritoxin-Li1b (U2-SCRTX-Li1b), was used

to demonstrate the antigenic cross-reactivity of antisera raised against the crude

venom of L. intermedia, L. gaucho, and L. laeta with U2-SCRTX-Li1b. This cross-
reactivity confirms the presence of ICK-like toxin members in these Loxosceles
venoms, consistent with the idea that this toxin family is widespread throughout the

genus (Matsubara et al. 2013).

Currently, there is no evidence of the involvement of Brown spider ICKs in the

pathogenesis of spider bites (Gremski et al. 2014). There is increasing interest in

toxins presenting the ICK motif, as the molecules exhibit marked stability and

target ion channels. These features suggest that these molecules might play an

important role in drug design and therapeutic applications and the development of

bioinsecticides and pharmacological tools to study the pharmacology and biophys-

ics of ion channels (Windley et al. 2012).

Translationally Controlled Tumor Protein (TCTP)

The L. intermedia venom gland transcriptome analysis described the sequence of a

protein identified as a member of the TCTP family and revealed that this TCTP is

present at relatively low levels in the venom, i.e., only 0,4 % of the toxin-encoding

transcripts (Gremski et al. 2010). Translationally controlled tumor proteins (TCTPs)
were first described as proteins that were regulated at the translational level. The tumor
is derived from the first TCTP cDNA sequence described, which was obtained from a

humanmammary tumor (Bommer 2012). This protein has also been demonstrated as a

histamine-releasing factor (HRF) and a fortilin (Bommer 2012). The Loxosceles
intermedia TCTP was cloned and expressed as a heterologous protein in an E. coli
expression system. The functional characterization of the recombinant protein,

LiTCTP, showed that this toxin caused edema and enhanced vascular permeability

(Sade et al. 2011). The cutaneous symptoms of envenomation with Loxosceles venom
include erythema, itching, and pain. In some cases, Loxosceles spider bites can cause
hypersensitivity or even allergic reactions. These responses could be associated with

histaminergic events, such as an increase in vascular permeability and vasodilatation.

LiTCTP could be associated with these deleterious venom activities, as this protein

was identified in L. intermedia venom (Sade et al. 2011). Another Loxosceles TCTP
has been described in the venom gland of L. laeta using transcriptome analysis

(Fernandes-Pedrosa et al. 2008). A recent transcriptome analysis revealed a TCTP

protein (named GTx-TCTP) in the venom gland and pereopodal muscle of the

tarantula Grammostola rosea (Kimura et al. 2012).

Proteins of the TCTP superfamily have previously been described in the gland

secretions of ixodid ticks and distinct spider species. In spiders, TCTP was first

identified as the main pharmacological toxin in the venom gland of the wolf spider

(Lycosa godeffroyi). The tarantula Grammostola rosea transcriptome analysis also

identified the GTx-TCTP. Recently, TCTP proteins were identified in the venom

gland of the spit spider (Scytodes thoracica). The three TCTP cDNA sequences

identified in S. thoracica were 86 % identical to LiTCTP (Zobel-Thropp et al. 2014).
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TCTP family members have been described as extracellular HRFs and are

associated with the allergic reactions of parasites. The TCTPs are completely

conserved among species from the same genus. The LiTCTP phylogeny tree

demonstrates the similarities with the TCTPs from ixodid ticks, which were also

characterized as HRFs (Sade et al. 2011). Ultrastructural studies of the

L. intermedia venom gland revealed that TCTPs and other constituents of the

whole venom are secreted through holocrine secretion (Gremski et al. 2010).

TCTP secretion proceeds via an ER-/Golgi-independent or nonclassical pathway,

most likely mediated through secreted vesicles, known as exosomes (Hinojosa-

Moya et al. 2008). TCTP mRNAs do not encode a signal sequence, and no

precursor protein has been described; however, a TCTP protein has been identified

in the biological fluid of asthmatic or parasitized patients, the saliva of ticks

(Hinojosa-Moya et al. 2008), and the crude venom of spiders. TCTPs represent a

large, highly conserved, and ubiquitous protein family in eukaryotes, and these

proteins are widely expressed in various tissues and cell types. TCTP protein levels

are highly regulated in response to a wide range of extracellular signals and cellular

conditions, suggesting that these proteins participate in various biological functions

at diverse biochemical and signaling pathways. Indeed, multiple functions and

biochemical roles for TCTPs have previously been examined (Chaim et al. 2011;

Gremski et al. 2014).

TCTP proteins have already been described as calcium-binding proteins and as

proteins that interact with the cytoskeleton through the binding and stabilization of

microtubules. The involvement of TCTPs in the mitotic spindle has also been shown,

and TCTPs are now considered as regulators of mitosis. A crucial role for TCTPs in

early development has also been described. The loss of TCTP expression in mice leads

to increased spontaneous apoptosis during embryogenesis and causes lethality. TCTP

can be described as a multifunctional protein, reflecting the high number of protein

partners and several areas/pathways of cell metabolism involving this protein (Amson

et al. 2012). TCTPs are also a therapeutic target in cancers. The downregulation of

TCTP has been implicated in biological models of tumor reversion, and these proteins

are the targets of various anticancer drugs (Amson et al. 2012).

Studying LiTCTPs can elucidate the biological aspects of loxoscelism, particu-

larly those aspects associated with histaminergic symptoms. Moreover, the analysis

of LiTCTP can provide new insights into the functional characterization of the

TCTP family. LiTCTP represents a promising tool for studies in toxinology and

immunological and allergenic and experimental oncology.

Putative Toxins

The overall composition of Loxosceles venoms has been recently studied using

proteome and transcriptome analyses (dos Santos et al. 2009; Fernandes-Pedrosa

et al. 2008; Gremski et al. 2010). The results of these studies have not only uncovered

the sequences of several toxins previously implicated in the pathophysiology of

loxoscelism, such as phospholipases-D and metalloproteases, but sequences that
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might represent proteins with putative roles in envenomation, i.e., putative toxins,

have also been revealed.

Sequences with significant similarities to allergen-like toxins from other venoms

were detected in the transcriptome studies of L. laeta and L. intermedia venom

glands (Fernandes-Pedrosa et al. 2008; Gremski et al. 2010). In both cases, these

transcripts are poorly expressed. The sequences identified in the L. intermedia
transcriptome encode cysteine-rich venom allergens that show significant similar-

ities to allergens from another spider genus (Lycosa singoriensis), as well as

scorpions and mite allergens (Gremski et al. 2010). The amino acid sequence of a

putative allergen from L. laeta venom is similar to venom allergen III (sp|P35779|

VA3_SOLRI) and includes the presence of conserved cysteine residues

(Fernandes-Pedrosa et al. 2008). In addition, the L. intermedia proteome analysis

revealed a putative allergenic protein similar to a mite allergen (dos Santos

et al. 2009). Indeed, allergic reactions following Loxosceles bites have been

described in a few cases, as reviewed by Gremski and coworkers (2014). A fine

macular or papular eruption appeared over the entire body in approximately 25 % of

the published loxoscelism cases (Pippirs et al. 2009). Additionally, cases of AGEP

(acute generalized exanthematous pustulosis) after accidents with L. reclusa and

L. rufescens have been reported (Lane et al. 2011; Makris et al. 2009). A recom-

binant allergen from L. intermedia venom has previously been cloned, with a

calculated molecular mass of 46.2 kDa and a predicted hydrophobic import signal

to the endoplasmic reticulum (Ferrer VP and de Mari TL, 2014, personal commu-

nication). This recombinant protein might facilitate the investigation of the mech-

anisms underlying the allergic responses observed in loxoscelism cases and might

be used for biomedical purposes in this field (Gremski et al. 2014).

Putative enzymatic inhibitors represented by transcripts with significant simi-

larity to sequences encoding this group of proteins have been described in

Loxosceles venom gland transcriptome analyses (Fernandes-Pedrosa et al. 2008;

Gremski et al. 2010). The sequences identified in the L. laeta transcriptome showed

significant similarities with serine (or cysteine)-protease inhibitors of diverse spe-

cies with different functions and activities associated with the inhibition of factor

Xa (Fernandes-Pedrosa et al. 2008). These studies also revealed transcripts with

sequences similar to the serpin Bl-Spn-1, which inhibits the proprotein-processing

proteases PC1/3 and furin. The L. intermedia transcriptome analysis revealed an

EST similar to protease inhibitors from the serpin family, as described in the

L. intermedia proteome, which also showed sequences similar to inhibitors from

the cystatin family and Kunitz-type inhibitors (dos Santos et al. 2009; Gremski

et al. 2010). Thus, Loxosceles venom might contain protease inhibitors belonging to

different groups. It has been suggested that venom protease inhibitors might protect

the integrity of the toxins through resistance to prey proteases (dos Santos

et al. 2009; Zhao et al. 2011). Venom protease inhibitors are potential candidates

to mediate certain biological processes, because proteases are involved in several

physiological processes and are excellent therapeutic targets.

The transcriptome analysis of the L. laeta venom gland revealed 15 clones

(0,5 % of the total) with sequence similarities to C-type lectins from different
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species, i.e., Bos taurus (mammal) and Tachypleus tridentatus (arthropod), among

others (Fernandes-Pedrosa et al. 2008). These clones were classified as “possible

toxins.” Indeed, a recent study showed that a C-type lectin isolated from Bothrops
atrox snake venom exhibited glycan-binding characteristics similar to endogenous

mammalian glycan-binding proteins and induced significant changes in leukocyte

migration and activation that might contribute to host inflammation following

B. atrox envenomation (Sartim et al. 2014). The authors point that previous studies

have also implicated venom C-type lectins in the inflammatory response. In addi-

tion, venom C-type lectins have been suggested as prospects for potential use in

cancer therapy because these factors promote antiangiogenesis and interfere with

tumor cell proliferation (Calderon et al. 2014).

Transcripts with similarity to a salivary protein from Ixodes scapularis ticks

have also been identified in the L. laeta transcriptome and included in the group of

“possible toxins” (Fernandes-Pedrosa et al. 2008). The authors suggested that these

sequences might be associated with substances that prevent blood clotting in the

saliva of this tick for feeding functions. In addition, sequences similar to

chitinolytic enzymes, which catalyze the hydrolysis of chitin, a polysaccharide in

the exoskeleton and gut lining of arthropods and fungi, have also been identified in

the L. laeta transcriptome and classified as “possible toxins” (Fernandes-Pedrosa

et al. 2008).

A group of transcripts similar to “50-nucleotidase” was also detected in the

L. laeta venom glands (Fernandes-Pedrosa et al. 2008). The authors pointed that

this group of enzymes might affect hemostasis through the inhibition of platelet

aggregation, as these enzymes deplete the ADP present in the plasma. Although

these transcripts were classified as encoding “possible toxins,” Sales and Santoro

(2008) showed that the venom of Loxosceles gaucho lacks most nucleotidase and

DNase activities.

The presence of phosphate-releasing enzymes has been reported in L. gaucho
venom (Sales and Santoro 2008). This study showed that alkaline phosphatases are

primarily involved in the degradation of nucleotides in L. gaucho venom. Indeed,

the authors point that previous studies demonstrated that the venom of L. reclusa
shows ATPase and alkaline phosphatase activities. However, the role of alkaline

phosphatase in Loxosceles venoms remains unknown.

Conclusion and Future Directions

Studies on Loxosceles toxins are continuously increasing. In recent years, several

new toxins have been identified in Loxosceles venom through data from molecular

biology techniques, proteomic studies, and the characterization of recombinant

toxins. Indeed, the identification, biological characterization, and structural analysis

of Loxosceles toxins improved the current knowledge of the venom composition

and participation of these toxins in loxoscelism. However, several molecules

remain unidentified, without biological characterization and/or unknown

mechanisms of action, particularly the toxins with low expression levels.
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Therefore, studies focusing on the recombinant production of novel toxins or the

production of increased amounts of some known toxins are imperative to characterize

the influence of these toxins on the toxic effects ofBrown spider venoms and to explore

the putative biotechnological applications of thesemolecules. Additionally, the design

of inhibitor molecules for different toxins could be used as a tool to elucidate the

underlying mechanisms and elaborate basic and clinical research protocols.

Cross-References

▶ Shotgun Approaches for Venom Analysis
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