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their structures have been organized into groups according
to their sources, cellular location (secreted, cytosolic, and



Superdex 75, but a 15-fold increase in specific activity was
observed.

Lonomia obliqua PLA2 is a thermolabile enzyme, and its
activity decreases as temperature is raised. The optimal
temperature and pH to maintain maximum activity of this
enzyme were 4 �C and 8.0, respectively (Figs. 4A and B).

Indirect hemolytic activity was induced by crude bristle
extract preparations and PLA2 chromatographic fractions.
Total hemolysis occurred exclusively in PLA2 fractions
obtained from gel filtration in Superdex 75 (Table 2).

To confirm the nature of the purified protein, fractions
with PLA2 activity obtained from ion Mono-Q HR 16/10
were pooled and subjected to reverse-phase chromatogra-
phy on a C18 column (Fig. 5). Thus, 0.15% of total
PLA2 activity was recovered, with a purity grade of greater
than 95% in tricine–SDS–PAGE (Fig. 5C). The molecular
mass and isoelectric point of L. obliqua PLA2 were
15 kDa and 5.9, respectively. The N-terminal sequence
obtained from this protein was: FMMFPGTKWCGPD
TTAXKXE, which is aligned with part of a putative
PLA2 predicted from a cDNA library obtained from
L. obliqua bristles and tegument (GenBank Accession
No. AY829845) [29] (Fig. 6).

Discussion

Secreted PLA2s are important for digestion and immo-
bilization of prey, and these enzymes are responsible for
some of the physiological disturbances observed in humans
following bee, wasp, spider, and snake envenomations
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suspectum (P16354), and Rhopilema nomadica (P43318)],
the enzyme purified herein is classified provisionally as a
Group III PLA2. In addition, an N-terminal motif which
is highly conserved in Group III PLA2s, PGTLWCG (res-
idues 5–11), is also present in this L. obliqua PLA2; several
of these residues (W9, G11) are also involved in coordina-
tion of the Ca2+ cation in bee venom PLA2 [35]. However,
L. obliqua PLA2 significantly differed in mass from PLA2s
found in other venomous insects, such as those of Euproctis
caterpillars (100 kDa) and Polybia paulista wasps (115–
132 kDa) [33,36].

Unlike Apis mellifera Group III PLA2, which is a basic
enzyme (pI 10.0), L. obliqua PLA2 is acidic, with an isoelec-
tric point of 5.9. Similar to L. obliqua PLA2, the Group III
PLA2 isolated form Heloderma horridum horridum is also
an acidic protein (pI 4.5) [37].

The purified PLA2 showed a pH optimum of 8.0 which
was stable when maintained at low temperature (4 �C).
Most enzymatically active secretory PLA2s show optimal
activity at basic pH [19,38,39]. However, when stored at
higher temperatures, enzymatic activity was gradually lost,
indicating enzyme instability. This is in strong contrast to
most secreted PLA2s, which typically are very stable upon
heating, and it suggests that the three-dimensional struc-
ture of L. obliqua PLA2 is much less constrained than those
of Group I and II PLA2s, which are stabilized by seven
disulfide bridges.

Lonomia obliqua PLA2 induced exclusively indirect
hemolytic activity, similar to activities observed for PLA2s
present in bristle extracts of Euproctis chrysorrhoea and



Euproctis subflava caterpillars [33]. However, the PLA2 of
Agelaia pallipes pallipes wasp venom (agelotoxin) also
induced direct hemolytic activity [38].

PLA2 activity was also detected in caterpillar hemo-
lymph (data not shown), suggesting that this enzyme may
also have an important function in homeostasis of
L. obliqua. However, in the bristles, this enzyme can induce
both local reactions—such as pain and inflammation
observed in humans and animals [10,40,41]—and systemic



manifestations, such as intravascular hemolysis [7–9]. Redi-
rection of regulatory/homeostatic proteins, from a regula-
tory role to a role in homeostasis disruption, is a motif
commonly seen among snake venom components, and it
appears to be present in insect venoms as well. To evaluate
the role of this enzyme in the etiopathology of hemolysis
that occurs in L. obliqua envenomations, we are currently
investigating its activity on lipids and glycoproteins of
erythrocyte cell membrane.
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