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Proteolytic effect of Loxosceles intermedia
(brown spider) venom proteins on EHS-basement
membrane structures

Efeito proteolitico do veneno de
Loxosceles intermedia (aranha marrom) sobre
estruturas da membrana basal de EHS
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Loxoscelism is mainly characterized by two typical clinical signals,
i.e., adermonecrotic lesion and systemic effects. The dermonecrotic
lesions appear at the bite site, with erythema, edema, and a local dermali
haemorrhage, that can evolve to the formation of necrotic sore of diffi-
cult cicatrization with degenerative implications for the affected tissue
{FoRRESTER, BARRET & CamreiLL, 1978; FUTRELL, 1992). Systemic
effects are characterized by fever, malaise and bleeding that can evolve
to hemolysis, thrombocytopenia, disseminated intravascular coagula-
tion, and renal fathure (KurpiEwski ef al., 1981; Bascur, YEVENES &
Boragia, 1982; Rees eral., 1988; TamBoURG et al., 1995).
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Dermonecrotic lesions, thrombocytopenic activity, disscrninated in-
travascular coagulation and renal fatfure are events that could he as-
cribed to the presence of proteolytic enzymes that degrade extracellular
matrix molccules like fibronectin and fibrinogen (FEITOSA ef cif, 1998,
VEIGA ef af, 1998 i press) and especially the basement membrane of
subendothelial capillary cells with a consequent reduced stability of the
vessel wall, changing the normal surroundings for platelet adhesion and
aggregution or altering the integrity of the glomerular basement mem-
hrane involved in the filtering of molecules from blood to urine (FARQUHAR
efal 19910 Ronrpacn & Twver, 1993),  as demonstrated in
haemorrhage produced by snake bites (Baramova et af, [986; Hrme
et af, 1990y, The existence of protcolytic enzymes such as
metatloproteases, hyadluronidases and sphingomyelinase has been dem-
omstrated to be present in brown spiders venom (FoRRESTER, BARRET
& Camppinl, 1978 Kurriewski et af., 1981 FrrTosa et al., 1998;
Rekow, CivELLo & Green, 1983). Renal failure with proteinuria pro-
voked by brown spider bites represents a potential action of currently
unknown venom principles on renat tissue and on the renal extracellular
matrix (with special emphasis on the glomeralar basement membrane
that acts onrenal physielogy like aselective barrier, establishing a filter-
ing action between blood and urine formation).

ECM. whichis structurally separated into basement membrane, con-
nective maltrix and plasma matrix, 1s remarkable for its complex struc-
ture consisting ol secreted proteins and glycoconjugates that create a
molecular network when tridimensionally assembled (YurcHonko &
SCUITTRY, 1990), ECM interactions with receplor molecules on the
cell surlace support several biological processes such as cell adhesion,
locomotion and differentintion, playing an important physiological role
in the homeostatic functions of tissues (ALBELDA & CLayTow, 1990;
Myt Fazenr & Scowartz, 1993 Vieica ef al., 1997). Base-
ment membranes {aspecialized kind of ECM) acts like a biomolecular
[ter separating many specialized tissues such as muscle, epithelial, en-
dothelial, und nervous tissue from the respective connective tissues
(Marnxy & Tarn, 19873 Although they are widely disseminated i dif-
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ferent tissues of organisin, their molecular features are highly conserved.
Basement membranes are composed of four main molecules, /. e.,
laminin, type IV collagen, entactin and heparan sulfate proteogiycan
(Y ureunNco & Scrittay, 1990; Tiver, 1996). Basement membranes
promote cell differentiation and neurite outgrowth, are involved.in an-
giogenesis, platelet adhesion, blood-urine filtration in the kidney glom-
erulus where urine 1s formed, and also perform several other functions
(Farouiiar, 1991; Roarsact & TiwapL, 1993; TivpL ef al.,, 1O87).
The action of molecular constituents of brown spider venom on base-
ment membranes could explain the effects observed m Loxoscelism,
with cmphasis on haemorrhagic processes (subendothelial blood vessel
basement membrane) and renal fatlure (glomerularbasement membrane),
In the present studly, we checked the possibitity that L. intermedia venom
could act directly on basement membrane structures. Engelbreth-Holm-
Swarim (EHS) tumor was used, a sarcoma producing farge amounts of
basement membrane that has been used for the last years as the most
usetul model to study this specialized ECM because of the easy extrac-
tion of basement membranes and their constituents and also because of
the conserved characteristics of the tatter, which render them similar to
normal adult mammalian basement membrane structures (TiMrL eral.,
1987 TivpL er af., 1979). The EHS tissues were fixed in modified
Karnovsky’s fixative (KArRNovsKY, 1965) for I h. After fixation, the
tissues were washed in 0.1 M cacodylic acid buffer, pH 7.3, and incu-
bated with PBS or Loxosceles intermedia venom/PBS (100 ug/ml)
overnight with shaking at 37°C and postfixed m 1 % OsO, m 0.1 M
cacodylic acid buffer, pH 7.3, for I h. They were then dehydrated in
ethanol. critical-point dried, sputter-coated with gold und examined with
a MEV XL-30 Philips scanning electron microscope. EHS tissue incu-
bated with PBS served as negative controls. Figure [A shows an EHS
tissue that was incubated with PBS (arrow points the basement mem-
brane that is a capsute of tumor), and Figure [ B shows an EHS tissue
that was incubated with brown spider venom. A clearly visible disrup-
tion of the basement membrane (arrow) can be seen in EHS sections
treated with venom, indicating that some of the constituents of the base-
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ment membrane are degraded by the enzymes found in venom.

For transmission electron microscopy the tissues were fixed in modi-
fied Karnovsky’s fixative (Karnovsky, 1965) for 2 h. After fixation, the
tissues were washed in 0.1 M cacodylic acid buffer, pH 7.3, postfixed
inl % OsO,in 0.1 M cacodylic acid buffer, pH 7.3, for 1 h, dehy-
drated with ethanol and propylene oxide, and embedded in Epon. Thin
sections and uitrathin sections were then cut with a diamond knife on an
LKB ultramicrotome. Ultrathin sections were incubated with PBS (Fig-
ure 2A) or Loxosceles intermedia venom/PBS (100 ng/ml) (Figure
2B)overnight at 37 C under humidified conditions. After incubation,
these uitrathin sections were contrasted with uranyl acetate and lead
citrate and examined with a JEOL-JEM 1200 EX I1 transmission elec-
tron microscope at an accelerating voltage of 80 K'V. We can see ex-
tensive destruction of the basement membrane treated by venom, com-
pared with negative control (arrows).

Paraflin-embedded EHS-tissue sections mounted on glass slides were
deparaffinized in xylene overnight and rehydrated in a graded ethanol
series and water (Bricak & PauLETE, 1976). The EHS-tissue sections
were incubated with PBS (control) (figure 3A) or with Loxosceles
intermedia venom (100 pg/ml) (Figure 3B) overnight at 37° C under
humidified conditions. The EHS-sections were then washed with PBS
and incubated in 3 % H,0, at room temperature for 15 min to inhibit
the activity of endogenous peroxidase, washed with PBS and nonspe-
cific protein-binding sites were blocked with 1 % bovine serurn albumin
i1 PBS at room temperature for 30 min under humidified conditions.
After washing in PBS, EHS-sections were incubated with a primary
polyclonal anti-laminin antibody (Rb aLN) diluted I:500 overnight at
4° C. Excess antibody was removed with PBS and incubated with goat
anti-rabbit IgG peroxidase conjugate (Sigma) diluted 1:100. Following
further washing in PBS, diaminobenzidine was used to visualize the im-
munoreactivity. Sections were washed in PBS and water, dehydrated in
ethanol, cleared in xylene, and mounted in Entellan. We can see are-
duction in the staining profile in EHS section treated with venom, com-
pared to conlrol, and a basement membrane disruptive effect (arrows).
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Finally, in the figure 4, the major non-collagenous basement mem-
brane molecules represented by the laminin-entactin dimer complex (0.5
mg diluted in 50 mM Tris-HCI buffer, pH 7.3, containing 1 mM CaCl,
and I mM MgClL,) purified from EHS tumeors produced in 2-month-
old C57-BL 10 female mice as described (23) were incubated with 100
ug of Loxosceles intermedia venom for a period of 16 hours at 37°C
(lanc 1), or were incubated with PBS under the same experimental con-
ditions as negative control (fane 2); F.ane 3 shows the electrophoretic
positions of the major proteins of venom. These samples were analysed
by linear gradient 3-15 % SDS-PAGE under reducing conditions and
stained with Coomassie Blue R for visualization (Lagmw, 1970). Fig-
urc shows that the o1 faminin chain {open arrow) and the Bl/y1 laminin
chains that comigrate (closed arrow) were not cleaved by the venom.
However, the protein pattern of the entactin chain (arrowhead), amol-
ecule of 150 kDa, was reduced after venom treatment, and fragments
of approximately 100 kDa (minus signal) and 50kDa (plus signal) can
be scen. Entactin interacts with the other three major molecules of the
basement membrane (laminin, type IV collagen and heparan sultate
proteoglycan), and has the important function of stabilizing this ECM
structure.

Based on these results and on the cleavage of entactin by the brown
spider venom constituents, we may propose that the basement mem-
brane-disrupting effect of the venom is a possible and plausible mecha-
niste for haemorrhage and renal failure, which, together with other anti-
coagulant properties of the venom (FUTRELL, 1992; KurplEWSKI €7 ¢fl.
1981 FEiTtosa et al., 1998) provides a plausible mechanism for the
toxicity of brown spider venoms.
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Fig. 1. Effects of Loxosceles intermedia venom on EHS visualized by scanning electron
microscopy. A, EHS basement membrane (arrow) incubated with PBS (negative control)
overnight at 37°C; B, EHS basement membrane treated with L. intermedia venom under the
same experimental conditions as described above. The arrow points at an area where the
basement membrane was disrupted by the action of the venom.
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Fig. 2. Effects of Loxosceles intermedia venom on EHS visualized by transmission electron

.microscopy. A, EHS basement membrane treated overnight with PBS (negative control) at
37° C. The arrow indicates the intact basement membrane; B, EHS basement membrane that
was incubated with L. intermedia venom under the same experimental condition. The arrow
points at the basement membrane that was clearly fragmented by the venom.
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Fig. 3. Effects of Loxosceles intermedia venom on EHS visualized by light microscopy. A,
EHS basement membrane incubated with PBS at 37° C as control and visualized by an
immunchystochemistry using a rabbit polyclonal antibody against laminin; B, EHS basement

‘membrane treated overnight with L. intermedia venom under the same experimental conditions.
The arrows point at the basement membrane that was fragmented by the venom.
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Fig. 4. Action of Loxosceles intermedia on purified laminin-entactin dimer complex. Laminin-
entactin complex purified from EHS tumor was incubated with Loxosceles intermedia venom
or PBS for 16 hours at 37° C. Lane 1 shows the complex treated with venom; Lane 2 shows the
complex treated with PBS (negative control); and Lane 3 shows only venom. The open arrow
points at the @l laminin chain; the closed arrow points at the 81/yl laminin chains that
comigrate; the arrowhead indicates entactin; the minus signal indicates the entactin fragment
(100 kDa) that was produced by the action of the venom; plus signal indicates entactin
fragments of approximately 50kDa (an asterisk indicates the venom profile).

SUMMARY

The envenomation induced by bites of spiders of the genus Loxosce-
les (brown spider) is known as Loxoscelism and is remarkable for a
dermonecrotic lesion and systemic effects. These events are probably
attributable to the presence of proteolytic enzymes in brown spider venom
that degrade extracellular matrix (ECM) constituents. The objective of
the present study was to determine whether brown spider venom can act
on the basement membrane, a specialized kind of ECM. Using
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Engelbreth-Holm-Swarm (FHS) tissue sections treated with brown
spider venom and analysed by scanning and transmission electron mi-
croscopy and light microscopy, we detected a clearly visible destruc-
tion of the basement membrane structure. Using purified laminin-entactin
complex, two major constituents of basement mermbranes, treated with
venom and analyscd by SDS-PAGE, we detected a partial degradation
of the entactin molecule. The degradation of this molecule and the base-
ment membrane disruption activity appear to be a plausible mechanism
for some of the systemic effects triggered by the venom, as renal failure
and haemorrhage.

Key words: Loxoceles, loxoscelism, venom proteins.
RESUMO

O envenenamento induzido por acidentes com aranhas do género
Loxosceles {aranha marrom) € conhecido como Loxoscelismo e é
caracteristico por uma lesao dermonecrética e efeitos sistémicos. Estes
cventos silo atribuidos provavelmente 2 presenca de enzimas
proteoliticas no veneno desta aranha que degrada constituintes da matriz
extracelular (MEC). O objetivo do presente estudo foi determinar o
quanto o veneno da aranha marrom pode agir na membrana basal, am
tipo especializado de MEC. Usando cortes de tecido de Engelbreth-
Holm-Swarm (EHS) tratados com o veneno da aranha marrom e
analisados por microscopia eletrénica de transmissio, varredura e
microscopia de luz, detectamos uma destruicdo visivel da estrutura da
membrana basal. Usando complexo laminina-entactina purificado (dois
dos principais constituintes das membranas basais) tratados com veneno
¢ analisados por SDS-PAGE, detectamos uma degradacio parcial da
molécula de entactina. A degradagio desta moléculae a atividade de
rompimento da membrana basal aparenta ser um mecanismo plausivel
para alguns dos efeitos sistémicos ativados pelo veneno, como a
deficiéncia renal ¢ hemorragia.

PaiLavras cHaVE: Loxoceles, loxoscelismo, veneno.
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