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SHORT COMMUNICATION
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choline uptake of mammal cortices
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ABSTRACT
Context: Thr6-bradykinin is a peptide found in the venom of social and solitary wasps. This kinin, along
with other bradykinin-like peptides, is known to cause irreversible paralysis in insects by presynaptic block-
ade of cholinergic transmission. However, this activity has never been tested in mammals.
Objective: As such, the objective of this study was to evaluate the effect of Thr6-bradykinin on the cholin-
ergic system of rats.
Materials and methods: The peptide was isolated from the venom of the Neotropical social wasp Polybia
occidentalis Olivier (Vespidae). After correct identification and quantification by ESI-MS and MS/MS, the pep-
tide was tested in [14C]-choline uptake using rat cortical synaptosomes. Each uptake assay was accompa-
nied by lactic acid dehydrogenase (LDH) activity measurement to evaluate synaptosome integrity in the
presence of six increasing concentrations of BK or Thr6-BK (0.039, 0.156, 0.625, 2.500, 10.000 and
40.000 lM).
Results: Data revealed that neither BK nor Thr6-BK at any of the six concentrations tested (from 0.039 to
40.000 lM) affected [14C]-choline uptake in synaptosomes. Moreover, there was no increase in LDH in the
supernatants, indicating that BK and Thr6-BK did not disrupt the synaptosomes.
Discussion and conclusion: In contrast to previous reports for the insect central nervous system (CNS),
Thr6-BK had no effect on mammalian cholinergic transmission. Nevertheless, this selectivity for the insect
CNS, combined with its irreversible mode of action may be relevant to the discovery of new sources of
insecticides and could contribute to understanding the role of kinins in the mammalian CNS.
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Introduction

The presence of peptides similar to bradykinin (BK) in animal
venom has been widely reported (Jaques & Schachter 1954;
Kishimura et al. 1976; Griesbacher & Legat 1998). BK-related pep-
tides present in Vespid wasp venom are grouped as wasp kinins
(Nakajima 1986). The most active kinin isolated is Threonine6-
Bradykinin (Thr6-BK), found in the venom of social wasps such
as Polistes rothneyi iwatai Vecht (Watanabe et al. 1976), Polistes
jadwigae Dalla Torre, Polistes chinensis Fabricius, Vespa analis
Fabricius, Vespula lewisii Smith (Nakajima et al. 1984), Polybia
occidentalis Olivier (Mortari et al. 2007), and solitary wasps
Megascolia flavifrons Fabricius, (Yasuhara et al. 1987), Colpa inter-
rupta Fabricius (Piek et al. 1990), Campsomeriella annulata
Fabricius, Carinoscolia melanosoma Saussure, and Cyphononyx
dorsalis Lepeletier (Konno et al. 2002).

The neurokinin Thr6-BK is a small linear peptide with nine
amino acid residues, namely Arg-Pro-Pro-Gly-Phe-Thr-Pro-Phe-
Arg-OH. The neurotoxic action of Thr6-BK was described in a
model that mimics a wasp sting. This involves the microinjection
or microperfusion of the toxin into the cockroach central nervous
system (CNS) (Piek et al. 1993a, 1993b). This kinin causes

irreversible paralysis in insects via the presynaptic blockade of
cholinergic transmission induced by the noncompetitive inhibition
of choline uptake, similar to the effect of hemicholinium (Piek
1991; Piek et al. 1993b). In the insect CNS, this peptide was 10
times more potent than BK, despite a single conservative substitu-
tion in the sequence (Hue & Piek 1989). Its strong paralyzing and
irreversible effect on insects has prompted researchers to investi-
gate the development of new insecticides from its chemical struc-
ture (Piek et al. 1990; Schwartz et al. 2012).

Despite being one of the first chemically characterized social
wasp venom peptides, little is known about the pharmacological
activity of Thr6-BK and its mechanism of action in mammals
(Picolo et al. 2010). There are several reports of paw edema and
nociceptive behavioral responses after local (intraplantar) injection
in unanesthetized rats (Griesbacher & Legat 1998). Thr6-BK
caused contraction in guinea pig ileum smooth muscle prepara-
tions and was completely blocked by a B2 receptor antagonist
(Picolo et al. 2010). In addition, central anti-nociceptive effects
were assessed after intracerebroventricular injection in rats
(Mortari et al. 2007). However, the effect of this peptide on the
cholinergic system of mammal CNS remains unexplored. Thus,
the aim of the present study was to isolate and determine the
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activity of Thr6-BK in the choline uptake system, using rat cor-
tical synaptosomes.

Materials and methods

P. occidentalis nests were collected between August and October
of 2014 at the Ribeir~ao Preto Campus of the University of S~ao
Paulo in S~ao Paulo, Brazil, and immediately submitted to low
temperatures in a cooler containing ice. The nests were stored in
the laboratory at �20 �C for 5 h to euthanize the wasps. The
venom reservoirs were manually removed, crushed in Milli-Q
grade water/50% acetonitrile and centrifuged at 5000 g for 10 min,
at 4 �C. Supernatants were carefully collected.

The peptide was separated and isolated according to the meth-
odology proposed by Mortari et al. (2007). The supernatant was
filtered using a Microcon 3 centrifugal filter (Millipore). The fil-
tered extract was resuspended in 1:1 acetonitrile/water
(ACN/H2O; v/v) and 0.07% trifluoroacetic acid (TFA). The solu-
tion was chromatographed in an ODS C18 RP-HPLC column
(Jupiter 15 lm, 20� 250 mm, Phenomenex, Torrence, CA) at a
flow rate of 5.0 mL/min, and eluted using a linear gradient from
2% ACN/H2O (v/v) (containing 0.07% TFA) for 20 min, followed
by 2–60% for 40 min and 60% for 20 min. The fraction containing
Thr6-BK was re-chromatographed in an ODS C18 RP-HPLC col-
umn analytic (Jupiter 5 lm, 4.6� 150 mm, Phenomenex,
Torrence, CA) at a flow rate of 1.0 mL/min and eluted by a linear
gradient from 2% ACN/H2O (v/v) (containing 0.07% TFA) for
10 min, followed by 2–60% for 30 min and 60% for 10 min.
Molecular mass spectral analyses of peptides were performed on a
Micromass Quattro-LC mass spectrometer from Manchester, UK.
Solutions were infused into the ESI source at 10 lL/min, using a
Harvard Apparatus model 1746 syringe pump (Holliston, MA).
Deionized water (Milli-Q, Millipore, Billerica, MA) was used
throughout the study. The mass scan range was from m/z 1000 to
2000. Experiments were performed with a cone voltage of 30 V,
capillary voltage of 3 kV and a desolvation gas temperature of
80 �C. A single charged (protonated) molecule was submitted to
collision-induced dissociation (CID) with argon gas at collisions
energies of 10–50 eV. All MS/MS experiments were conducted in
continuous acquisition mode, scanning from m/z 50 to 2000, with
a scan time of 5 s. Peptide sequences were obtained based on the
ion products described in the mass spectra of each peptide, using
AminoCalc software (Protana A/S, Odense, Denmark).

Male Wistar rats (220–250 g) from the animal housing unit at
the Ribeir~ao Preto Campus of the University of S~ao Paulo were used
in the assays. The animals were kept in wiremesh cages in a room
with a 12 h dark/light cycle (lights on at 7:00 a.m.). Food and water
were provided ad libitum. Lighting and temperature (22 �C) were
kept constant in the housing and experiment rooms. Efforts were
made to minimize potential suffering of experimental subjects.
Animals were maintained in accordance with the ethical standards
of the Brazilian Society for Neuroscience and Behavior, which fol-
lows the guidelines for animal care set out by the Committee for the
Care and Use of Laboratory Animals of the National Research
Council (U.S.A.) and Brazil’s Arouca Law 11.794.

Cerebral cortices from male Wistar rats (200–250 g) were used
to prepare synaptosomes, as described by Gray and Whittaker
(1962). Synaptosomes were resuspended in Krebs-phosphate buf-
fer (NaCl 124 mM; KCl 5 mM; KH2PO4 1.2 mM; CaCl2 0.75 mM;
MgSO4 1.2 mM; Na2HPO4 20 mM; glucose, 10 mM, pH 7.4) and
centrifuged 1000 g for 20 min at 4 �C. Protein content was deter-
mined by the Lowry et al. (1951) method, modified by Hartree
(1972). [14C]-Choline uptake assays were conducted in accordance

with Briggs and Cooper (1981), with minor modifications.
Synaptosomes were resuspended in Krebs-phosphate buffer con-
taining eserine sulfate (10 lM; Sigma) and preincubated for 5 min
at 37 �C in the absence or presence of six increasing concentra-
tions of BK or Thr6-BK (from 0.039 to 40.0 lM). Uptake assays
were initiated by adding [14C]-choline (1 lM, final concentration;
Amersham Biosciences, Little Chalfont, United Kingdom,
58 mCi/mmol) to synaptosome suspensions (100 lg of protein/mL)
and incubated for 4 min at 37 �C. The final volume of each tube
was 500 lL. All reactions were stopped by centrifugation
(13,800 g, for 3 min at 4 �C). Supernatants were discarded, pellets
were washed twice with ice cold distilled water, homogenized in
10% trichloroacetic acid (TCA) and centrifuged (13,800 g, for
3 min at 4 �C). Supernatant aliquots were transferred to scintilla-
tion vials containing 5 mL of the ScintiVerse biodegradable scintil-
lation cocktail (Fisher Scientific, Waltham, MA). Radioactivity was
quantified in a scintillation counter (Beckman, LS-6800) with a
counting efficiency of 85% for 14C. Results were expressed as %
of control averages with their SEM. Nonspecific uptake was deter-
mined from samples incubated in the presence of hemicholinium-
3 (500 lM, Sigma). These values were subtracted from the total
uptake. Statistical analyses were performed using Student’s t-test.

Results

Two phases of chromatography produced high purity Thr6-BK,
whose sequence was confirmed by mass spectrometry (data not
shown). Figure 1 shows that neither BK nor Thr6-BK affected
[14C]-choline uptake. Each uptake assay was accompanied by par-
allel lactic acid dehydrogenase (LDH) activity measurement. No
increase in LDH was observed in the supernatants, indicating that
the synaptosomes maintained their integrity in the presence of
different concentrations of BK and Thr6-BK.

Discussion and conclusions

It is well known that arthropod and animal venom in general are
an important source of bioactive compounds. Moreover, the neu-
rotoxins present in these venoms have proved to be extremely
useful tools in understanding synaptic transmission events, in
addition to contributing to the development of new drugs for the

Figure 1. Effect of BK and Thr6-BK on [14C]-choline uptake. Effect of increasing
concentrations of BK and Thr6-BK on [14C]-choline uptake in synaptosomes from
the rat cerebral cortex. Student’s t-test showed no difference between choline
uptakes for any of the kinin concentrations used. Each bar represents the
average ± S.E.M. of three independent experiments, all performed in triplicate.
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treatment of neurological disorders (Nakajima 1986; Harvey et al.
1998; Beleboni et al. 2004).

The present study isolated, identified and tested the effect of a
neurokinin on rat cortical synaptosomes. Previous investigations
using the insect CNS have shown that Thr6-BK is 10 times more
potent than BK in the irreversible blocking of nicotinic receptors
of cholinergic transmission (Piek et al. 1990). The author attrib-
uted the blockade to depletion of the readily releasable store of
acetylcholine (ACh), similar to the activity of hemicholinium-3
(HC3), a classic choline uptake inhibitor (Hue & Piek 1989; Piek
et al. 1993a). Nevertheless, our in vitro assays demonstrated that
neither BK nor Thr6-BK inhibited choline uptake in mammalian
cortical synaptosomes.

Choline transport has two main purposes in the nervous sys-
tem, namely to provide supply for the synthesis of phosphatidyl-
choline or ACh. The latter, is mediated by a high-affinity
presynaptic choline transporter from the Naþ/solute symporter
family (for revision see Okuda & Haga 2003). This protein was
denominated CHT (Choline Transporter) and has been described
in a few species of mammals and insects (Okuda & Haga 2000;
Okuda et al. 2000; Apparsundaram et al. 2001; McLean et al.
2005). Analysis of the distribution of this transporter in the rat
CNS showed that it is the same as that of the known cholinergic
neurons, suggesting that a single protein may be responsible for
choline uptake and ACh synthesis in all cholinergic neurons
(Misawa et al. 2001; Okuda & Haga 2003).

Despite the high similarity described between all CHT amino
acid sequences for different species, this group may be divided
into a subfamily of insect choline transporters. McLean et al.
(2005) described the CHT of a cabbage looper and also made a
phylogenetic comparison with all known sequences of this protein
family. The analysis detected a small choline transporter clade
between insects and non-insect species.

In this respect, unlike HC3, the Thr6-BK showed no activity in
mammal cholinergic uptake, proving to be selective for the insect
nervous system. Therefore, our results strongly support the theory
that it may be a subfamily of insect CHT, increasing the oppor-
tunity of developing compounds that specifically target insect pro-
teins. In addition to the peptide’s irreversible mode of action, this
effect may be relevant to the discovery of new sources of insecti-
cides. Moreover, neuroactive kinins from wasp venom may also
contribute to research on the poorly understood role of kinins in
the mammalian CNS.
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Melo RL, Oliveira V, Lima-Landman MT, Cury Y, et al. 2010.
Bradykinin-related peptides in the venom of the solitary wasp
Cyphononyx fulvognathus. Biochem Pharmacol. 79:478–486.

Piek T, Buitenhuis A, Thomas RT, Ufkes JGR, Mantel P. 1993a. Smooth
muscle contracting compounds in the venom of Megascolia flavifrons
(Hym: Scoliidae) with notes on the stinging behaviour. Comp Biochem
Physiol C Comp Pharmacol Toxicol. 75:145–147.

Piek T, Hue B, Le Corronc H, Mantel P, Gobbo M, Rocchi R. 1993b.
Presynaptic block of transmission in the insect CNS by mono- and di-gal-
actosyl analogues of vespulakinin 1, a wasp (Paravespula maculifrons)
venom neurotoxin. Comp Biochem Physiol C Comp Pharmacol Toxicol.
105:189–196.

Piek T, Hue B, Mantel P, Nakajima T, Pelhate M, Yasuhara T. 1990.
Threonine6-bradykinin in the venom of the wasp Colpa interrupta (F.) pre-
synaptically blocks nicotinic synaptic transmission in the insect CNS. Comp
Biochem Physiol C Comp Pharmacol Toxicol. 96:157–162.

Piek T. 1991. Neurotoxic kinins from wasp and ant venoms. Toxicon.
29:139–149.

Schwartz EF, Mour~ao CB, Moreira KG, Camargos TS, Mortari MR. 2012.
Arthropod venoms: a vast arsenal of insecticidal neuropeptides.
Biopolymers. 98:385–405.

Watanabe M, Yasuhara T, Nakajima T. 1976. Occurrence of Thr6-bradykinin
and its analogous peptide in the venom of Polistes rothneyi iwatai V. Der
Vecht. In: Ohosaka A, Hayashi K, Sawai Y, editors. Animal, plant and
microbial toxins. Vol. 2. New York and London: Plenum Press; p. 105–112.

Yasuhara T, Mantel P, Nakajima T, Piek T. 1987. Two kinins isolated from an
extract of the venom reservoirs of the solitary wasp Megascolia flavifrons.
Toxicon. 25:527–535.

PHARMACEUTICAL BIOLOGY 3171


	Evaluation of Thr#6#-bradykinin purified from Polybia occidentalis wasp venom in the choline uptake of mammal cortices
	Introduction
	Materials and methods
	Results
	Discussion and conclusions
	mkchap1211715__ack
	Disclosure statement
	Funding
	References


