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Female sex pheromone production in certain moth species have been shown to be regulated by a cephalic endo-
crine peptidic factor: pheromone biosynthesis activating neuropeptide (PBAN), having 33 amino acid residues.
Antisera against synthetic Heliothis zea-PBAN were developed. Using these polyclonals, immunoreactivity was
mapped in the nervous system of Achaea janata. Three distinct groups of immunopositive secretory neurons
were identified in the suboesophageal ganglion; and immunoreactivity was observed in the corpora cardiaca,
thoracic and in the abdominal ganglia. From about 6000 brain sub-oesophageal ganglion complexes, the neuro-
peptide was isolated; and purified sequentially by Sep-pak and reversed phase high performance liquid chroma-
tographic methods. Identity of purified PBAN fraction was confirmed with polyclonal antibody by immunoblotting.
Molecular mass of the isolated peptide was determined by matrix-assisted laser desorption/ionization mass spec-
trometry, and was found to be 3900 Da, same as that of known H. zea-PBAN. Radiochemical bioassay con-
firmed the pheromonotropic effect of the isolated neuropeptide in this insect.

[AjithaV S and Muraleedharan D 2005 Tissue localization and partial characterization of pheromone biosynthesis activating neuropeptide
in Achaea janata; J. Biosci. 30 191-200]

1. Introduction Jacquin Joly et al 1998; Lee et al 2001; Iglesias et al

2002). A high degree of sequence homology exists in

In lepidopteran insects, females produce and release sex
pheromone to attract males for mating. The existence of a
neuropeptide in the brain-suboesophageal ganglion (Br-
SOG) complex which stimulates pheromone production
in Heliothis zea was already reported (Raina and Klun
1984). The peptidic nature of this neuropeptide led to
coining of the term ‘pheromone biosynthesis activating
neuropeptide’ (PBAN). Later PBANs were isolated from
several other lepidopteran species as well (Kitamura et al
1989, 1990; Masler et al 1994). Molecular cloning of
PBAN-encoding cDNA has been carried out in different
species of insects (Choi et al 1998; Duportets et al 1998;
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these peptides from different species of insects.

PBANSs are 33 or 34 amino acid peptides with an ami-
dated C-terminus (Raina et al 1989). The C-terminal pen-
tapeptide fragment called FXPRL (X = Gly,Ser,Thr,Val)
amide of PBAN is homologous in all which represents
the active core capable of eliciting physiological activity
in the insect Heliothis zea (Raina and Kempe 1990).
PBANSs are synthesized as part of a large precursor from
which biologically active peptides are derived by post-
translational processing (Sato et al 1993; Ma et al 1994,
Jacquin Joly et al 1998). Besides regulation of pheromone
production, peptide sequences encoded in pre-proPBAN
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Abbreviations used: AG, Abdominal ganglia; Br-SOG, brain-suboesophageal ganglia; CA, corpora alata; CC, corpora cardiana;
DAB, 3,3®diamino benzidene; MALDI-MS, matrix-assisted laser desorption/ionization mass spectrometry; MW, molecular weight;
PBAN, pheromone biosynthesis activating neuropeptide; PLI, PBAN-like immunoreactivity; SOG, suboesophageal ganglia; TG,
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appear to serve multiple physiological functions in in-
sects: these include cuticular melanization in larvae (Ma-
tsumoto et al 1990), embryonic diapause (Imai et al
1991) and myotropic functions (Holman et al 1986;
Schoofs et al 1991). Pheromonotropic activity has been
reported in the head of cockroaches Blatta orientalis and
cricket Gryllus bimaculatus (Sreng and Roelofs 1988;
Sreng et al 1990). PBAN-like peptides were localized in
the neuroendocrine system of a heteropteran insect Dys-
dercus cingulatus, and was isolated and purified (Ajitha
and Muraleedharan 2001a,b). For the first time PBAN
family of peptides were found to occur in a crustacean
Penaeus vannamei (Torfs et al 2001).

Sex pheromones are critical factors for reproductive
success in almost al species of insects. Since the emis-
sion of sex pheromone is necessary to attract a mate, failure
to produce and emit pheromone can be utilized as a poten-
tial strategy for manipulating adult moth behaviour. In-
formations obtained from different studies suggest that
PBAN may be useful in controlling pest insects since it
regulates a key physiological rolein pheromone production.

Molecular characterization of neuropeptides and their
structure-activity studies present unique opportunities for
developing specific, eco-friendly control measures, in-
cluding formulation of antagonists and superagonists.
Over-expression of neuropeptide genes at an inappropriate
time could also lead to catastrophic consequences (Schar-
rer 1989). Genomic DNA and PBAN-encoding cDNA of
H. zea and Bombyx mori have been sequenced (Sato et al
1993; Ma et al 1994). Based on evidence from Northern
blot analyses, the Hez-PBAN gene is transcribed in the
SOG of adult H. zea (Ma et al 1994). Recently an insect
neuropeptide-based antagonist insecticide was devel oped,
using PBAN family as amodel (Altstein 2004).

Our lab undertook a detailed study of PBAN in Achaea
janata the major pest of castor plants, which is one of the
most economically important annual herb in India. Being
polyphagous and voracious feeder, caterpillars of Acheae
destroy tea, rose, sugarcane, mustard, ground nut, tamarind,
etc. The adult moths attack soft fruits like citrus, tomato,
grapes, banana, etc.

Furthermore, using immunohistochemical techniques,
the major site of PBAN synthesis in A. janata, the castor
semilooper, was examined. Isolation, purification and partial
characterization of this neuropeptide were also under-
taken to pave way for sequencing of the peptide and car-
rying out of further cloning experiments.

2. Materials and methods
2.1 Insects

Achaea janata Linn (Noctuidae) larvae were maintained
in individual plastic cups supplied with fresh castor leaves
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until pupation under a 16 L : 8 D photoperiod and at
21 +1°C and 80 £ 5 relative humidity. Pupae were ob-
served each day for newly emerged adults. Adults were
held in wire-meshed cages and had access to 20% sucrose
solution.

2.2 Immunohistochemistry

Polyclonal antibodies against synthetic Hez-PBAN (Pen-
inzula Lab Inc., Belmont, CA, USA) were raised in New
Zedland strain of white rabbit. The antiserum was sub-
jected to affinity purification to improve its specificity
according to the method of Kingan et al (1992).

Immunocytochemical techniques were employed on
the central nervous system of day-4 females following
the method of Schooneveld and Veenstra (1988). Brain-
SOG, corpora cardiaca-corpora allata (CC-CA), thoracic
ganglia (TG) and abdominal ganglia (AG) were dissected
out in Ringer solution and fixed in Bouin's fluid at room
temperature. Tissue sections were incubated overnight at
4°Cin anti-PBAN diluted 1 : 1500 in PBS containing 0°8%
Triton X-100. The secondary antibody used was peroxi-
dase-conjugated goat anti-rabbit 1gG (Bangalore Genei).
Immunovisualization was achieved by using 3,3¢diamino
benzidene tetra hydrochloride (DAB-HCI) in the pres-
ence of H,0,.

2.3 Prepurification and HPLC fractionation

Brain-SOG complexes (about 6000) that found to contain
maximum amount of PBAN-like immunoreactivity (PLI)
were dissected out in homogenizing medium containing
methanol, water and acetic acid (90: 9: 1) and stored at
—20°C. Later tissues were homogenized, sonicated and
after centrifugation (16,000 g, 20 min, 4°C), the concen-
trated supernatant was applied to a C-18 Sep-pak pre-
parative catridge (MERCK, Germany) and eluted with
60% acetonitrile containing 0% TFA in water. The
catridge was finally washed with 100% methanol to re-
cover all proteins and sample was vacuum concentrated
to 500 pl.

The HPLC system used was a reversed phase C-18
(Shimadzu, Japan) dual pump delivery system. Mobile
phase comprised of 0% TFA in water (solution A), and
60% acetonitrile containing 04% TFA (solution B). A
linear gradient 0—100% of solution B was applied in 40 min
at aflow rate of 1 ml/min.

The standard peptide, Hez-PBAN was run at the above
parameters and the retention time was noted. The pre-
purified sample (20 pl) was injected into the column and
the fraction eluting at the same retention time was col-
lected automatically in a fraction collector. The same
fractions from multiple runs were pooled together, con-
centrated and injected as second step. The process was
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repeated until a single peak of the purified peptide was
obtained.

2.4 Tricine-SDS-PAGE and immunoblotting

The low molecular weight neuropeptide was resolved in
modified Tricine-SDS-PAGE following the procedure of
Schagger and Von Jagow (1987). It consisted of a 16%6%
T, 6% C small pore separation gel, overlaid by a 10% T,
3% C spacer gel and a 4% T, 3% C stacking gel. Both
synthetic Hez-PBAN and purified tissue sample were
dissolved in sample buffer and heated to 100°C for
3 min. At the end of the electrophoretic run, electrablot-
ting and immunostaining were carried out according to
the method of Jacquin Joly and Descoins (1996). Trans-
fer was performed for 90 min at a constant power supply
of 20 V. The membrane was taken out from the trans-blot
apparatus and incubated in primary antibody at a dilution
of 1:1500 overnight at 4°C. After washing with PBS,
the membrane was treated with secondary antibody for
1 h and visualized with DAB staining solution.

2.5 Bioassay

In vitro radiochemical assay was conducted according to
the method of Soroker and Rafaeli (1989). The phero-
mone gland from adult virgin female moths were dis-
sected out and washed under saline. The gland was in-
cubated in a 5l drop of saline containing 0% uCi **C-
sodium acetate (sp. act. 4158 m Ci/m mol, Bhabha Atomic
Research Centre, Mumbai) with and without isolated
neuropeptide fraction from A. janata. After appropriate
incubation period at room temperature, the glands were
analysed for label incorporation into the pheromone.
Radiolabel incorporation was determined by thin-layer
chromatography (TLC) using hexane: ethyl ether (85: 15)
as the developing solvent. The position of the acetate
esters in the TLC plate was determined by co-migrating a
standard (tri decanyl acetate) along with the sample and
exposing the plate to iodine vapours. The spots were scra
ped out, placed in a scintillation vial with cocktail and
counted using Liquid Scintillation Counter (LKB, Wallac).

2.6 Matrix-assisted laser desor ption/ionization
mass spectrometry

Matrix-assisted laser desorption/ionization mass spec-
trometry (MALDI-MS) was employed to determine the
molecular weight (MW) of the isolated peptide. Ten pg
of 2-cyano 4-hydroxy cinnamic acid (HCCA) matrix was
dissolved in 1 ml of acetonitrile containing 034% TFA in
H,0. 058 yl of sample in 0°8 pl of matrix was coated on

L

MALDI target plate and allowed to air dry at room tem-
perature prior to analysis. MALDI-MS spectra were re-
corded on Kompact SEQ, voyager elite time-of-flight
mass spectrometer (Kratos analytical, Manchester, UK).
A nitrogen laser (659 nm) was used as the desorption/
ionization source and positive ions were detected in lin-
ear modes. The instrument was operated with an accel-
eration voltage at 20 kV. Insulin from bovine pancreas
(5734 Da, Sigma, USA) was used to calibrate the mass
spectrometer. Hez-PBAN was also processed to ensure
the reliability of the method.

3. Results
3.1 Immunohistochemistry

Figure 1A is a diagramatic representation of the organi-
zation of the A. janata moth central nervous system and
the locations of neuronal cell bodies and neurohemal
structures exhibiting PBAN-like immunoreactivity. The
richest source of PLI in Achaea nervous system was ob-
served in the SOG. Insect SOG comprises the fused gan-
glia of the primitive mandibular, maxillary and labial
segments or neuromeres. In Achaea moth SOG itself is
fused to the brain (figure 1B).

Serial sections of Br-SOG complex reveaed three clus-
ters of PBAN-ir somata in the SOG (figure 2A). The an-
terodorsal mandibular cell group contained large immu-
noreactive somata (figure 2B). The maxillary cluster
contained a group of six-eight cells showing PBAN-
immunoreactivity (figure 2C). The labial group occupied
the most posteroventral position in the SOG and con-
tained two-four ir-neurons (figure 2D). The bands of im-
munoreactivity found in the SOG are attributable to
axons arising from the mandibular and maxillary clusters
(figure 2A, arrowhead). In the corpora cardiaca (CC)
immunoreactive axons and immunoreactive cells could
be located (figure 2E). Fused TGs and other three AGs
showed PLI containing neurons. Immunopositive neurons
were also localized in the TAG of adults (figure 2F).

3.2 RP-HPLC purification

PBAN-like peptide was purified from 6000 Br-SOG
complex of adult female insect by a three-step RP-HPLC
fractionation. Under specific parameters, synthetic
Hez-PBAN (used as standard) shows a retention time of
about 21 min (figure 3A). Twenty yl Sep-pak purified
Br-SOG extract of A. janata was injected into the column
under same parameters (figure 3B). A fraction eluted
showing a peak corresponding to that of the standard
PBAN retention time was collected (figure 3D). This
HPLC profile shows along with our peptide of interest,
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(A)

Figure 1. (A) Diagrammatic representation of A. janata moth central nervous system (CNS) and the
distribution pattern of immunoreactive somata. Br, Brain; CC, corpus cardiacum; CA, corpus allatum;
SOG, suboesophageal ganglion; TG, fused thoracic ganglia; AG, abdomina ganglia; TAG, terminal ab-
dominal ganglion. (B) Sagittal section of Br-SOG complex showing PBAN immunoreactive (ir) labial
celsin the SOG (arrow), no ir-cellsin the brain.
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Figure 2. (A) Sagittal section of SOG showing three clusters of PBAN positive cells—mandibular;
maxillary; and labial (arrows) and reveals tracts (arrowheads) comprising axons from neurons. (B)
Enlarged view of two mandibular PBAN-positive cells in the SOG. (C) Maxillary groups of small
immunopositive cells in the TS of SOG. (D) TS of SOG showing labial ir-somata. (E) Section of CC
showing PBAN-immunoreactive cells (arrow) and axona endings. (F) Immunoreactive neurons and
arborizarionsin the TS of terminal abdominal ganglion. (Scale bars: A, E, F, 20 mm; B, C, D, 10 um.)
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other peaks corresponding to several other peptides that
might be present in the same tissue. The particular frac-
tions showing almost same retention time were collected
from multiple runs, pooled and concentrated. This was
subjected to second and third HPLC purification steps.
Figure 3C shows second step purification in which fewer
peaks can be observed along with our peptide of interest
which appeared as a major peak after 21 min. This par-
ticular fraction was collected from five successive runs,
lyophilized and injected into the column. The final step

HPLC profile shows the single major peak corresponding
to the isolated peptide from Br-SOG extract of A. janata
(figure 3D).

3.3 Immunaoblotting
Using Western blot, antibodies raised against synthetic

Hez-PBAN proved to be specific for the corresponding
peptide (figure 4, lane 1). The antibodies were then tested
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Figure 3. (A) RP-HPLC profile of synthetic Hez-PBAN standard (solid bar) indicates the peak corresponding to PBAN. (B)

Fractionation of Sep-pak purified Br-SOG extract from A. janata on RP-HPL C-first step isolation profile of PBAN (solid bar)
indicates fraction showing PBAN-like activity. (C) Second step fractionation of active fractions eluted at about 21 min in first
step (B). Particular fractions were pooled from 10 runs. HPLC profile shows fewer peaks and solid bar represents the PBAN-
like fraction. (D) Final step reverse-phase fractionation of active fractions from second step HPLC. Active fractions were
pooled from five runs, concentrated and injected. Pheromonotropic activity was determined in the fraction eluting at 21>48 min

which represents purified PBAN from A. janata (solid bar).
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against purified PBAN-like fraction from A. janata. These
antibodies specifically recognized a peptide with almost
same electrophoretic mobility as the PBAN standard (fig-
ure 4, lane 2).

3.4 Bioassay

Addition of the purified peptide fraction into the incuba-
tion medium containing pheromone glands resulted in
higher label incorporation than the controls, indicating
higher pheromone production. Radioactivity (cpm/gland)
was measured and it was observed to be higher in ex-
perimental samples containing 1 pmol of PBAN fraction
than the control (figure 5).

3.5 Molecular weight analysis
MALDI-MS analysis of the HPLC-purified peptide frac-

tion from A. janata showed a single peak of molecular
weight 3900 Da (figure 6).

4. Discussion

In the adults of A. janata, the SOG itself is fused to the
brain. Serial sections of Br-SOG complex revealed no

1 2

Figure 4. Immunoblot of both Hez-PBAN (lane 1) and puri-
fied PBAN from A. janata (lane 2) using antibody against syn-
thetic Hez-PBAN.

L

PLI in the brain. This finding is similar to that with other
lepidopteran insects where ir-cells are not detected in the
brain (Blackburn et al 1992; Ichikawa et al 1995; Davis
et al 1996). Three clusters of ir-somata are detected in
the SOG which parallels the findings with H. zea (Black-
burn et al 1992; Kingan et al 1992) with B. mori (Ichi-
kawa et al 1995), Manduca sexta (Davis et al 1996),
Lymantria dispar (Golubeva et al 1997) as well as with
results in Agrotis ipsilon (Duportets et al 1998). In all
these reports, the three clusters of cells are mandibular,
maxillary and labial cell groups.

In the present study axonal endings could be detected
in the CC along with ir-cells which may suggest dual role
of the CC —the glandular and neuronal functions. Pres-
ence of putative PBAN in the CC and its fluctuating titer
between photophase and scotophase is quantified by in
vivo bioassay (Raina et al 1991), led to the assumption
that PBAN is continuously produced in the SOG and
transported to the CC and released into the haemolymph
at the onset of scotophase.

In the present study, in addition to Br-SOG, certain
cells of TG and AG reacted positively to anti-PBAN.
Similar results were obtained in gypsy moth L. dispar
where the prothoracic ganglion and meso- and metatho-
racic neuromeres of the pterothoracic ganglion each con-
tained a pair of ir-somata (Golubeva et al 1997). The
posterior part of the TAG in A. janata contained ir-cells
and a field of ir-arborizations not found in other ganglia.
Similar distribution of PLI could be located in H. zea also
(Kingan et al 1992).

Ceontral PRAN

Figure 5. Pheromonotropic effect of isolated PBAN from A.
janata.
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Through the development of in vitro bioassay, isolated
pheromone glands of H. armigera and H. zea were found
to be the target tissues for PBAN (Soroker and Rafaeli
1989; Rafaeli et al 1990). Injection of pheromone precur-
sor *C-hexa decanoic acid with and without PBAN into
decapitated B. mori resulted in pheromone production
only after administration of PBAN (Arimaet al 1991). In
M. brassicae PBAN stimulated the incorporation of
radiolabel acetate into the main pheromone component
(Jacquin-Joly et al 1994). High pheromone titers were
also observed in Plodia interpunctella after injection of
Hez-PBAN (Rafaeli and Gileadi 1995). Our in vitro in-
cubation result also fully agrees with the fact that PBAN
is active in isolated pheromone glands in A. janata. The
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Figure 6. MALDI-MS showing the molecular mass of iso-
lated PBAN.

Pheromonotropic activity could be recovered from A.
janata Br-SOG complex through RP-HPLC fractionation.
Hez-PBAN, a 33 amino acid peptide with a molecular
mass of almost 3900 Da was purified by several HPLC
steps (Raina et al 1989). Later Bom-PBAN | and 11 which
were purified from 6 x 10° heads of adult silk worm, B.
mori using multi-step purification procedure (Kitamura
et al 1989 1990). A much shorter peptide with phero-
monotropic activity has been isolated from 32000 heads
of the larvae of army worm, Pseudaletia separata by
HPLC purification (Matsumoto et al 1992). Lyd-PBAN
was isolated from about 2000 Br-SOG complexes in a 5
step HPLC purification protocol (Masler et al 1994).

Using Western blot, polyclonal antibodies raised against
synthetic Hez-PBAN (MW 3900 Da) specifically recog-
nized a peptide with the same electrophoretic mobility as
that of the standard. The estimated MW of this HPLC-
purified immunoreactive peptide in A. janata employing
MALDI-MS was found to be 3900 Da. This result is in
accordance with the observation that showed pheromono-
tropic activity in Br-SOG extracts from M. brassicae and
H. zea using western blot (Jacquin-Joly et al 1994; Jac-
quin-Joly and Descoins 1996). M. brassicae and H. zea
Br-SOG extracts showed two different immunoreactive
peptides with MW 38 and 5x kDa (Jacquin-Joly et al
1994). In all the spodopteran species studied, only one
peptide with a MW close to that of PBAN was visible
after immunodetection (Jacquin-Joly et al 1994).

During isolation and characterization of a neuropep-
tide, bioassay has to be employed to confirm its activity
in the insect. In this study radiolabel (**C acetate) incor-
poration into the pheromone was found to be higher in
experimental samples containing isolated peptide fraction
than that in the control not having it.

J. Biosci. 30(2), March 2005
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in vitro results obtained after culturing S. litura phero-
mone gland also favour our results that the target organ
of PBAN seems to be the pheromone gland (Fonagy et al
1992). PBAN receptors in pheromone gland cells of Helio-
this peltigera females were demonstrated with photoaffi-
nity biotinilated ligands (Altstein et al 2003).

This study suggests that the naturally occurring factor
isolated from Br-SOG extract of A. janata belongs to the
PBAN family of peptides and it controls pheromone pro-
duction in this species.
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