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Discovery of an MIT-like atracotoxin family: Spider venom peptides
that share sequence homology but not pharmacological

properties with AVIT family proteins
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Abstract

This project identified a novel family of six 66–68 residue peptides from the venom of two Australian funnel-web spiders,Hadronyche sp.
20 andH. infensa: Orchid Beach (Hexathelidae: Atracinae), that appear to undergo N- and/or C-terminal post-translational modifications and
conform to an ancestral protein fold. These peptides all show significant amino acid sequence homology to atracotoxin-Hvf17 (ACTX–Hvf17),
a non-toxic peptide isolated from the venom ofH. versuta, and a variety of AVIT family proteins including mamba intestinal toxin 1 (MIT1)
and its mammalian and piscine orthologs prokineticin 1 (PK1) and prokineticin 2 (PK2). These AVIT family proteins target prokineticin
receptors involved in the sensitization of nociceptors and gastrointestinal smooth muscle activation. Given their sequence homology to MIT1,
we have named these spider venom peptides the MIT-like atracotoxin (ACTX) family. Using isolated rat stomach fundus or guinea-pig ileum
organ bath preparations we have shown that the prototypical ACTX–Hvf17, at concentrations up to 1�M, did not stimulate smooth muscle
contractility, nor did it inhibit contractions induced by human PK1 (hPK1). The peptide also lacked activity on other isolated smooth muscle
preparations including rat aorta. Furthermore, a FLIPR Ca2+ flux assay using HEK293 cells expressing prokineticin receptors showed that
ACTX–Hvf17 fails to activate or block hPK1 or hPK2 receptors. Therefore, while the MIT-like ACTX family appears to adopt the ancestral
disulfide-directed�-hairpin protein fold of MIT1, a motif believed to be shared by other AVIT family peptides, variations in the amino acid
sequence and surface charge result in a loss of activity on prokineticin receptors.
© 2005 Elsevier Inc. All rights reserved.
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1. Introduction

Recently a novel non-toxic peptide was isolated from the
venom of one of the world’s most lethal group of arachnids,
the Australian funnel-web spiders (Araneae: Hexathelidae:
Atracinae)[42]. This 68-residue protein, ACTX–Hvf17, was
isolated from the venom of the Blue Mountains funnel-web
spiderH. versuta. Interestingly, it does not function like clas-
sical funnel-web spider atracotoxins to modulate mammalian
or insect voltage-gated ion channel function (for reviews see
[35,43]) since it lacks insecticidal activity and fails to affect
vas deferens smooth muscle or skeletal muscle contractility.
Despite some sequence homology with a variety of colipases
it also lacks colipase activity. Accordingly we have been inter-
ested in identifying the target of ACTX–Hvf17.

We have recently determined that ACTX–Hvf17 shows
significant sequence homology with a variety of novel pep-
tides from fish, frog, snake and several mammalian species
belonging to the AVIT family[19] as shown inFig. 3.
This includes MIT1 from the venom of the black mamba
snakeDendroaspis p. polylepis [2,39], Bv8 (Bombina var-
iegata 8 kDa protein;[32]) and its orthologs Bm8a–f (B.
maxima 8 kDa protein;[4,21]) from the skin secretions of
toads fromBombina spp., and the recently identified proki-
neticin 1 (PK1; also known as endocrine-gland vascular
endothelial growth factor or EG-VEGF) and prokineticin 2
(PK2) peptides[27]. These are all 77–94 residue peptides,
containing 10 cysteines with conserved spacing, whose N-
terminal four residues, ‘AVIT’, are all identical (Fig. 3).
All these peptides, including ACTX–Hvf17, display some
limited sequence homology with a variety of colipases but
lack colipase activity, are highly resistant to classical spe-
cific proteolytic enzymes, and have no overt toxic effects
in vertebrates or insects[19,42]. ACTX–Hvf17 shares 32%
sequence identity with Bv8, including the 10 conserved cys-
teine residues, and is 44% homologous if conservative sub-
stitutions are included (Fig. 3). The 3D fold of ACTX–Hvf17
remains undetermined as it is intractable to NMR analy-
sis due to aggregation under a wide variety of conditions.
Nevertheless, it is believed that ACTX–Hvf17 adopts the
MIT1/colipase fold[42]. Recently two non-AVIT family pep-
tides PRTx16C0 and PRTx16C1 with the highest reported
homology to ACTX–Hvf17 have also been isolated from
the venom of the Brazilian armed spiderPhoneutria rei-
dyi (SWISS-PROT data bank accession numbers P83893 and
P83997) (Fig. 3). Unfortunately, like ACTX–Hvf17, no target
has yet been identified for these non-toxic arachnid peptides.
This is not unique with only a few conotoxins within the
venom of marine cone snails (Conus spp.) causing death or
overt toxicity, requiring the target of the remaining peptides
to be carefully determined.

AVIT family proteins are distributed widely in mam-
malian tissues and have been shown to cause a variety of
actions. These include intestinal contraction[39], hyperal-
gesia[32,34], spermatogenesis[48], protection of neuronal
cells from apoptosis[31], control of behavioral circadian

rhythms[5] and stimulation of endocrine gland angiogenesis
[23–26]. In particular, MIT1, Bv8 and the prokineticins have
all been shown to potently stimulate contraction of guinea-
pig ileum smooth muscle with EC50 values in the low to
subnanomolar range[27,32,39]. However, they do not affect
a range of other smooth muscle preparations including vas
deferens, trachea, aorta, uterus, and gallbladder. Recent stud-
ies have shown that PK1 and PK2 are cognate ligands for two
G-protein-coupled receptors designated ZAQ (PK1 receptor,
PKR1) and I5E (PK2 receptor, PKR2), respectively[28,29].
PK1 and PK2 induce a transient increase in intracellular cal-
cium ([Ca2+]i ) with nanomolar potency in Chinese hamster
ovary (CHO) cells and human embryonic kidney (HEK293)
cells expressing PKR1 and PKR2 receptors[28,29]. They
bind to these receptors with high affinity but PK2 has a higher
affinity for both receptors than PK1.

In the present study, we have identified six novel MIT-
like ACTX orthologs using a combination of HPLC and
molecular biology techniques. Given the homology to the
AVIT protein family, we hypothesized that ACTX–Hvf17
and these MIT-like spider venom peptides stimulate noci-
ceptors and gastrointestinal motility. Thus, these peptides
may be useful compounds in the development of prokinetic
agents in the treatment of conditions involving poor gastroin-
testinal motility, or novel analgesics. We show that while
ACTX–Hvf17 shares sequence homology to AVIT family
proteins and conforms to a similar ancestral protein fold,
known as the disulfide-directed�-hairpin, it lacks the ability
to stimulate vertebrate gastrointestinal smooth muscle con-
tractility. It also fails to bind to prokineticin receptors that
mediate hyperalgesia and the prokinetic actions on smooth
muscle. Modeling of the 3D structure of the MIT-like ACTX
family and AVIT family proteins, based on the known struc-
ture of MIT1, revealed that the surface charges were also
significantly different between these two families of peptides
suggesting that the two families may target different receptors
and are likely to be functionally distinct.

2. Materials and methods

2.1. Peptide purification

Venom was collected from both male and female spec-
imens of the Australian funnel-web spider speciesH. sp.
20 (“Illawarra”) andH. versuta, and female specimens of
the Orchid Beach variant ofH. infensa (H. infensa: Orchid
Beach) by aspirating venom from the fang-tips (chelicerae) of
aggravated spiders into polyethylene pipette tips. Collected
venom was dissolved in 0.1% TFA (v/v) for sample transfer
to polyethylene tubes and dried down in a Savant SpeedVac
for storage at−20◦C.

ACTX–Hvf17 was isolated fromH. versuta venom as
described previously[42]. Lyophilized crudeH. sp. 20 and
H. infensa: Orchid Beach venoms were dissolved in 0.1%
TFA (v/v) and components purified using an analytical C18
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