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Abstracts are listed in alphabetical
order by the last name of the senior
author.

Vitellogenesis in Dipetalogaster maxima,
a vector of Chagas’ disease, Dipetalogaster
maxima

S.A. Aguirre, L. Garcia, S. Frede, L. Sosa, L.E. Canavoso
and E.R. Rubiolo.

Departamento de Bioquimica Clinica, CIBICI-Conicet.
Facultad de Ciencias Quimicas, Universidad Nacional de
Cérdoba. Cordoba, Argentina. CP 5000.
lcanavo@mail.fcq.unc.edu.ar

Hematophagous insects, like vectors of Chagas’
disease, must surpass a threshold level in terms of
the amount and quality of the blood meal in order
to successfully produce eggs. During this process,
the fat body synthesizes the main egg protein,
vitellogenin (Vg), which will be taken up by the
ovary to be stored as vitellin (Vt). Vg and Vt have
been isolated from several species and their levels
are indicative of the efficiency of the oogenesis
process. However, information about their
regulation in Chagas’ disease vectors is still
scarce. In this work, therefore, we have analyzed
in anautogenous and autogenous females of
Dipetalogaster maxima (Hemiptera:Reduviidae):
a] the kinetic of Vg synthesis in fat body, b] Vg
levels in hemolymph, and c] the stores of Vt in
ovary. Vg synthesis and its levels in hemolymph
were  measured by  western-blot  and
enzyme-linked-immunoassay (ELISA),
respectively. The stores of Vt in ovary were
analyzed by  immunohistochemistry. In
anautogenous insects the study was performed
between 2—8 days post-ecdysis and between 2-
20 days post-blood feeding. In addition,
autogenous females were studied between 2-15
days post-ecdysis. During the post-ecdysis period,
anautogenous D. maxima showed decreased
synthesis of Vg and concomitantly, low levels of
Vg in hemolymph (5.5x1072 pg/ul at day 4). After
a blood meal, Vg synthesis in fat body and its
levels in hemolymph increased significantly,
reaching at day 20 post-feeding approximately 19
pg/ul. Histological and immunohistochemical
studies of the ovaries were in agreement with the
biochemical findings, especially the development
of the tissue from day 2 post-blood feeding as well
as the accumulation of Vt in developing oocytes.
Autogenous insects displayed a pattern for Vg and
Vt quite different compared with anautogenous
females, characterized by a decreased Vg
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synthesis and a poor development of the ovary.
The levels of Vg in hemolymph during the period
post-ecdysis fluctuated between 1.5— 4.0x1073
pg/ul. This was sufficient however to produce at
least one batch of eggs. Supported by Secyt-UNC
(E.R.R) and CONICET-Argentina (L.E.C).

The arginine vasopressin-like peptide and
its receptor in Tribolium castaneum

Michael J Aikins®, Khurshida Begum®, David A. Schooley?,
Yoonseong Park!

! Entomology, Kansas State University, Manhattan, Kansas.
ypark@ksu.edu

2 Biochemistry and Molecular Biology, University of
Nevada, Reno, Nevada.

Arginine vasopressin and its related peptides are
well known for their pivotal function in
vertebrates for diuresis, reproductive, and neural
functions. The arginine vasopressin-like peptide
(AVPL) in insect was originally described in the
locust Locusta migratoria, whereas a similar
sequence is absent in the genome of higher
dipteran insects including Drosophila, Anopheles,
Apis, and Bombyx. Analysis of the genome
sequence of Tribolium castaneum
(Coleoptera:Tenebrionidae) in BeetleBase
(http://www.bioinformatics.ksu.edu/BeetleBase/)
identified a putative avpl gene and a gene
encoding a novel G protein-coupled receptor as a
putative receptor for the AVPL. A pair of cells on
the ventral surface of subesophageal ganglion
expresses the AVPL. We found that the
monomeric form of AVPL is highly potent on the
receptor expressed in a heterologous expression
system, suggesting an authentic ligand-receptor
interaction. Bioactivity of the AVPL was tested for
its diuretic activity. Injection of the monomeric
AVPL in the adult Tribolium induced immediate
diuresis implying that the AVPL functions as a
diuretic peptide in Tribolium.

Proteomics to identify odorant binding
proteins (OBPs) and chemosensory
proteins (CSPs) from the antennae and
tarsi of Tribolium brevicornis

Taofic Alabi ! Frederic Francis! Edwin De Paw? and Eric
Haubruge?®

!Functional and Evolutionary Entomology, Gembloux
Agricultural University, Passage des Deportes 2, 5030
Gembloux, Belgium

2 Mass Spectrometry Laboratory, University of Liége, BAT.
B6 Chimie physique, allee de la Chimie 3, 4000 Liege 1,
Belgium, haubruge.e@fsagx.ac.be
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Chemoreception in insects is mediated by small
soluble proteins that are abundantly present in
the aqueous lymph of chemosensilla and that
interact with odorant molecules and pheromones
on their way to and from olfactory receptor. Two
major classes of such proteins have been
described: odorant binding proteins (OBPs) and
chemosensory proteins (CSPs). A proteomic
approach based on two-dimensional
polyacrylamide gel electrophoresis (2-D PAGE),
in which proteins are separated according to
charge (pI) by isoelectric focusing (IEF) and
according to size (Mr) by SDS-PAGE, was
performed for the resolution of complex mixtures
of proteins from antennae and Tarsi of Tribolium
brevicornis. The proteins were then silver-stained
and analysed by Matrix assisted laser desorption
time of flight MS (MALDI-TOF) or by
Electrospray (ESI) coupled with tandem Mass
Spectrometry (MS-MS). Proteins from this
Tribolium species was found to present sequence
similarities to OBPs and CSPs recently discovery
in several other insect orders. Development of
proteomic studies was discussed in term of
efficiency in functional and evolutional
entomology.

Application of insect genomics in the
identification of resistance mechanisms
and novel target sites

A. P. Alves!, M. D. Lorenzen 2, R. W. Beeman 2, and B. D.
Siegfried*

!Department of Entomology, University of Nebraska —
Lincoln, Lincoln, NE, USA, 68583-0816.
anaalves@unlserve.unl.edu

2Grain Marketing and Production Research Center,
ARS-USDA, Manhattan, KS, USA, 66502

Bacillus thuringiensis (Bt) is a valuable source of
insecticidal proteins for use in insect pest control
either in conventional spray formulations or in
transgenic crops. However, the evolution of insect
resistance in field populations is an important
threat to this technology especially with
transgenic plants that express the Bt toxins. The
western corn rootworm (WCR), Diabrotica
virgifera virgifera LeConte, one of the insect
pests targeted with Bt transgenic plants, has
displayed an amazing capacity to develop
resistance to most management strategies,
including soil insecticides, behavioral resistance
to crop rotation, and foliar adulticides. Therefore,
a critical need exists for new and effective
management options. The objective of this project
is to develop a system to identify genes and
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pathways important as possible target sites and in
conferring insecticide resistance to WCR. To
conduct this study, disruption of selected genes
will be obtained through RNA interference
(RNAi), based on the synthesis and injection of
gene specific double stranded RNA. To validate
the RNAIi technique in WCR, silencing of WCR
laccase, a gene involved in cuticle tanning, was
successfully obtained in our lab. Gene silencing
can be visualized by sustained lack of
pigmentation of injected larvae after molting. This
research will provide the basis for conducting
large-scale identification of genes related to insect
resistance and to vital pathways representing
potential insecticide target sites.

Regulation of genetically-based variation
in juvenile hormone esterase activity in
cricket, Gryllus assimil

A.N. Anand, E.J. Crone, A.J. Zera

School of Biological Sciences, University of Nebraska,
Lincoln, NE 68588-0118, USA. aanand2@unl.edu

A key step in understanding the evolution of
hormonal control is the characterization of
genetically-based variation and co-variation of
endocrine traits. Previously, natural genetic
variation was identified in an enzyme juvenile
hormone esterase (JHE). JHE degrades and
partially regulates the titer of the key insect
developmental hormone, juvenile hormone (JH).
Artificial selection produced replicated lines
differing 8 fold in hemolymph JHE activity in
Gryllus assimilis. Current study was undertaken
to identify the variable molecular and
physiological regulators responsible for JHE
activity differences between the lines. Analysis of
fat body and mid gut tissues, known to express
Jhe gene, revealed that higher hemolymph JHE
activity in high line was specifically correlated to
increased fat body JHE activity. Also, no
difference in juvenile hormone epoxide hydrolase
(another JH degrading enzyme) activities was
observed between the lines in either tissue. Age
profile for Jhe gene transcript levels was
determined for the tissues during the last larval
stadium. Higher Jhe gene transcript levels in high
selected line can partially explain the higher
hemolymph JHE activity. Work is in progress to
determine whether difference in Jhe gene
transcript levels is due to cis-linked (e.g.
promoter) vs. trans-unlinked (e.g.
neurohormonal) regulators, using cross and
intercrossed inbred lines. This is the first study to
look at the molecular and physiological causes of
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genetically-based variation in an endocrine
regulator in natural populations.

Specific interactions amongst classic and
Plus-C odorant binding proteins of the
African malaria vector Anopheles gambiae

Evi Andronopoulou’, Vassiliki Labropoulou?, Vassilis
Douris', Daniel F. Woods?, Harald Biessmann? and Kostas
Iatrou®

!Insect Molecular Genetics and Biotechnology Group,
Institute of Biology, National Centre for Scientific Research
“Demokritos”, 153 10 Aghia Paraskevi Attikis (Athens),
Greece. iatrou@bio.demokritos.gr

?Inscent Inc., Irvine, CA 92614, USA; 3Developmental
Biology Center, University of California, Irvine, CA 92697,
USA.

We discuss results from a comprehensive study
undertaken to deduce interactions between
various antennal proteins of the African malaria
vector Anopheles gambiae with a specific focus on
the interactions among odorant binding proteins
(OBPs). From an initial screen for proteins that
interact with a member of the Plus-C group of
odorant binding proteins, OBP48, which is
primarily expressed in female antennae and down
regulated after a blood meal, a number of
interacting proteins were identified, which
included five classic OBPs and OBP48 itself. The
interacting OBPs as well a number of other classic
and Plus-C group OBPs that were not identified in
the initial screen, were expressed in lepidopteran
cells and subsequently examined for in wvitro
interactions in the absence of exogenously added
ligands. Co-immunoprecipitation and chemical
cross-linking studies suggest that OBP48 is
capable of homodimerizing, heterodimerizing and
forming higher order complexes with those
examined examples of classical OBPs identified in
the initial screen but not with other classical or
Plus-C group OBPs that failed to appear as
interacting proteins in the screen. The latter OBPs
are, however, also capable of forming
homodimers in vitro and, at least in the case of
two examined classic OBPs, heterodimers as well.
These results suggest a previously unsuspected
potential of non-random  combinatorial
complexity that may be crucial for odor
discrimination by the mosquito.

An RNAi-based study of the metabolic
pathways for cuticle sclerotization and
pigmentation in Tribolium castaneum

Y. Arakane !, J. Lomakin 2, S. Muthukrishnan !, R. W.

Beeman 3, S. H. Gehrke 2, M. R. Kanost * and K. J. Kramer
13
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! Department of Biochemistry, Kansas State University,
Manhattan, KS 66506. arakane@gmprc.ksu.edu

2 Department of Chemical and Petroleum Engineering,
University of Kansas, Lawrence, KS 660452

3 Grain Marketing and Production Research Center,
ARS-USDA, Manhattan, KS, 66502 USA

Insect cuticle tanning (sclerotization and
pigmentation) is a complex process that involves
the production of quinones and quinone methides
from catechols, followed by their oxidative
conjugation with cuticular proteins, a process that
leads to cuticle hardening and darkening. Using
RNA interference (RNAi) methodology, we
previously demonstrated that laccase 2 is the
enzyme catalyzing cuticle tanning in the red flour
beetle, Tribolium castaneum. By tblastn analysis
of the Tribolium genome, conducted through
Beetlebase, we identified several genes probably
involved in the synthesis of catechols that are
potential laccase 2 substrates. These genes
include dopa decarboxylase (DDC), dopamine
N-acetyltransferase (NAT) and aspartate
O-decarboxylase (black). To further clarify the
metabolic pathways responsible for -cuticle
tanning and to determine the influence of these
genes and different catechols on sclerotization
and pigmentation, double stranded RNAs
(dsRNAs) for DDC, NAT and black were injected
into Tribolium larvae and the resulting changes in
morphology, pigmentation, and mRNA levels
were determined. Finally, dynamic mechanical
analysis was conducted to measure physical
properties of elytral cuticle obtained from body
color-mutant strains and dsRNA-treated insects.
A metabolic pathway for Tribolium cuticle
sclerotization and pigmentation will be presented.
Supported in part by the National Science
Foundation (MCB-0236039 and IBN-0316963).

Identification of the gene encoding laccase
of the silkworm, Bombyx mori:
Purification, analyses of cDNA sequence,
expression pattern and recombinant
protein

T. Asano, H. Yamazaki, and S. Izumi

Department of Biological Sciences, Tokyo Metropollitan
University, Minamiohsawa 1-1, Hachioji city, Tokyo,
JAPAN. asano-tsunaki@comp.metro-u.ac.jp

The laccase-type phenoloxidase (laccase) that is
present in the cuticle matrix has different
enzymatic properties from tyrosinase type
phenoloxidase for melanin synthesis. It is thought
that the laccase plays an important role in cuticle
formation, since it catalyzes the oxidation of
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phenolic compounds such as N-acetyl dopamine
and N-O-alanyl dopamine to corresponding
quinones, which is regarded as the key process of
the quinone-tanning for cuticle sclerotization.
Though insect laccases have been purified from
several species, little is known about their
structures. Recently, cDNA encoding a protein
(laccase-like oxidase) that has the catalytic
domain specific to laccases from other organisms
such as bacteria or plants was cloned from the
tobacco hornworm, Manduca sexta. Furthermore,
the RNAi studies of the red flour beetle,
Tribolium castaneum, revealed that laccase 2
functions in hardening and darkening of the
cuticle. However, the properties of their gene
products have not been characterized yet at the
protein level. To clarify the relationship between
laccase protein and laccase genes, we purified
laccase from the pupal cuticles of the silkworm,
Bombyx mori and investigated its partial amino
acid sequences by mass spectrometry. The tryptic
fragments were assigned to those predicted from
the laccase-like oxidase gene of M. sexta, and
finally an EST clone of B. mori laccase was found
in a database. This clone encodes 91 kDa protein
that shows high similarity (75 ~ 90 %) with
proteins encoded in laccase 2 genes from other
insects. The expression pattern was also similar to
those of other insect laccase genes. The high level
of expression was detected just before the ecdysis.
Considering that the laccase activity is detected
after ecdysis, this observation indicates that
laccase accumulates in the new cuticle as an
inactive precursor form and is activated after
ecdysis. In order to test this hypothesis, we are
currently undertaking the analysis of recombinant
laccase protein.

Small heat shock proteins of the silkworm,
Bombyx mori

Y. Aso %, D. Sakano %, B. Li "2, Q.-Y. Xia »* 2, and H. Fujii *

! Faculty of Agriculture, Kyushu University, Fukuoka
812-8581, Japan. yaso@agr.kyushu-u.ac.jp

2 College of Sericulture and Biotechnology, Southwest
University, Chongging 400716, China.

Alpha-crystallin is one of lenticular proteins in
mammals and has a C-terminal beta-strands-rich
domain. Small heat shock protein (sHSP) is a
ubiquitous family of 15—42 kDa polypeptides
having a similar C-terminal domain to that of the
alpha-crystallin. sHSP has been recognized to
play important roles in a variety of physiological
events, although details have not yet been
clarified. The most documented sHSP of insects is
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that from the Drosophila melanogaster, but little
information on lepidopteran sHSP’s are so far
available. Results presented here were from
studies on sHSP’s of the silkworm, Bombyx mori.
shsp19.9, 20.1, 20.4, 20.8, 21.4, and 23.7 cDNA’s
encoded sHSP’s having molecular sizes of 19.9,
20.1, 20.4, 20.8, 21.4, and 23.7 kDa, respectively.
sHSP21.4 was notably different from other
sHSP’s, based on all results from examinations so
far done. Deduced amino acid sequence of
sHSP21.4 was similar to that of the D.
melanogaster CG14207-PA (DmCG), whereas the
sequences of other five were quite similar to each
other. sHSP20.8 was highly similar to sHSP from
the Indianmeal moth, Plodia interpunctella (PT).
The occurrence and alignment of Cys residue was
characteristic. Each of sHSP20.8 and PI had a
N-terminal Cys, and these overlapped. Each of
sHSP19.9 and 20.1 also had a C-terminal Cys, and
these also overlapped. sHSP23.7 had three Cys
residues; two in a Cys-Pro-Cys might play a role in
oxido-reduction reaction. Neither sHSP20.4,
sHSP21.4, nor DmCG had any Cys residues. The
transcriptions of all the B. mori shsp’s were
constitutive, and transcripts were widely
distributed in a variety of tissues, although their
amounts were low. A heat shock triggered an
increase in transcription of a shsp except
shsp21.4. Results from phylogenetic analysis also
suggested that the B. mori sHSP’s are grouped
into at least two classes: sHSP21.4 and other five
SsHSP’s.

Molecular characterization of genes
associated with oogenesis and milk
production in the tsetse fly (Glossina
morsitans morsitans)

Geoffrey M. Attardo®, Nurper Guz?, Patricia
Strickler-Dinglasan?, Serap Aksoy*

! Yale School of Public Health and Epidemiology, 606
LEPH, 60 College Street, New Haven, CT 06520.
geoffrey.attardo@yale.edu

2 Center for Marine Biotechnology, University of Maryland
Biotechnology Institute

Tsetse flies (Glossina sp.) vector African
trypanosomiasis, a disease for which over 60
million people are at risk in sub-Saharan Africa.
Tsetse flies are viviparous and are unique in that
the adult flies carry their young in utero for the
duration of their embryonic and larval
development. Pregnant flies supply their larvae
with nutrients in the form of a “milk” substance
secreted from a modified accessory gland. Flies
give birth to a fully developed third instar larvae
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which pupate shortly after birth. This line of
research focuses on the dynamics of two gene
products associated with reproduction during the
first and second gonotrophic cycles of the tsetse
fly. The gene products studied are a previously
identified putative yolk protein (gmYp) and a
gene bearing homology to a protein found in
tsetse “milk” secretions (gmMGP). Stage and
tissue specificity of gmYp expression shows that
the transcripts for this gene are exclusively in the
reproductive tract of the fly at the same time as
oogenesis is occurring suggesting that this gene is
acting as a vitellogenic protein. Expression
analysis of gmMGP shows that transcripts for this
gene become detectable in parallel with
larvigenesis. Transcripts for gmMGP are specific
to the fat body and milk gland tissues. GMMGP
protein appears in the mother during larvigenesis
and is transferred to the larvae over the duration
of pregnancy. Immunohistochemical analysis of
GMMGP shows it to be exclusively found in the
milk gland of the mother. Staining is throughout
the gland and leads directly to its entrance to the
uterus where the mouthparts of the larvae are
positioned. These results indicate that these gene
products are involved in tsetse oogenesis (gmYp)
and larvigenesis (gmMGP). These genes can be
used as markers for further studies in tsetse
reproduction in regard to the effects of symbiosis
and trypanosome infection.

Sex-specific expression mediated by the
cis-acting control elements of the AeAct-4
gene of the yellow fever mosquito, Aedes

aegypti

Diane H. Aw', Nijole Jasinskiene', Rosemary S Burton?,
Matthew J Epton®, Hoang Kim Phuc?, Guoliang Fu3,
Thomas U. Berendonk2*, Aurora Ashykian®, Osvaldo
Marinotti?, Luke Alphey® 3 and Anthony A. James™*

IDepartment of Molecular Biology and Biochemistry,
University of California, Irvine, California 92697-3900,
USA. njasinsk@uci.edu

2Department of Zoology, University of Oxford, South Parks
Road, Oxford OX1 3PS, UK

30xitec Ltd., 71 Milton Park, Abingdon, 0X14 4RX, UK

4Department of Microbiology and Molecular Genetics,
University of California, Irvine, California 92697-3900,
USA

*Present address: Universitat Leipzig, Institut fiir Zoologie
Molekulare Evolution und Systematik der Tiere,
Liebigstr.18, D-04103 Leipzig, Germany

Various means of reducing populations of vector
insects have led to decreases in transmission of
the pathogens that cause diseases such as dengue
fever and malaria. Recent approaches include the
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development of transgenic mosquitoes to express
dominant conditional lethal genes whose
expression is driven by stage- and sex- specific
DNA control elements. The Aedes Actin-4 gene
(AeAct-4) was demonstrated previously to be
expressed only in female pupae of the yellow fever
mosquito, Aedes aegypti. The AeAct-4 cis-acting
control DNA was cloned into the Mos I mariner
transposable element and used to drive
expression of the DsRed reporter gene. While
both male and female pupae transcribe some
mRNA, only adult females were found to
accumulate DsRed protein. This transcriptional
and translational regulation may be exploited to
use the AeAct-4 control sequences to drive
expression of a lethal gene in mosquitoes.

The frontal ganglion in insect ecdysis: A
novel early role for Crustacean
cardioactive peptide

Amir Ayali

Department of Zoology, Tel Aviv University, Tel Aviv
69978, Israel. ayali@post.tau.ac.il

Chemical modulation is well established as an
important factor in the generation and control of
motor patterns and behavior. Insect ecdysis offers
an attractive model for the intricate interactions
between endocrine and neural control. The
molt-related behavior is composed of a series of
motor patterns whose timing must be precisely
coordinated to ensure the proper execution of its
vital outcome. A considerable amount of
knowledge has accumulated on the role of
peptidergic modulators in inducing and
controlling the different motor patterns. Yet, the
picture in different insect groups is far from
complete. We focus on the locust frontal ganglion
(FG) and the neuronal circuit(s) within it, as a
previously unexplored target for ecdysis peptides
and molt-related modulation. Our recently
reported results suggest that the FG is a key
player in insect molting. In our current study we
show that Crustacean -cardioactive peptide
(CCAP), previously reported to trigger ecdysis
motor patterns, induce a dose-dependent increase
in the frequency of the FG rhythmic activity. The
modulatory effects of CCAP on the FG motor
circuit are dependent on behavioral state and
physiological context; The FG shows maximal
competence to CCAP modulation during the molt.
We suggest that this context dependency is the
result of ETH acting on the FG prior to CCAP.
Pre-treatment of an isolated ganglion (dissected
from a non-molting animal) with ETH cause the
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CCAP-induced effects to be similar to those
induced by CCAP alone during pre-ecdysis. The
CCAP induced excitation can be also
demonstrated in the intact animal, where it is
accompanied by the appearance of air bubbles in
the locust gut. Early low hemolymph
concentrations of ETH are thought to precede
CCAP release in vivo. Our in-vitro and in-vivo
results indicate on a novel role for CCAP in
generating air-swallowing behavior during the
early stages of ecdysis. This is also supported by
distinct changes in the profile of CCAP
immunoreactivity in tritocerebral CCAP cells and
their axonal arborisation in the FG neuropile. The
CCAP increase in these cells precedes its peak in
abdominal ganglia. Finally, it was previously
observed in the abdominal ganglia of Manduca
and elsewhere that molt-related CCAP release is
¢GMP dependent. No elevation of c¢GMP
immunoreactivity = is  observed in  the
tritocerebrum CCAP cells innervating the FG at
the different stages of the locust molt.

Characterization of insect EcR and USP in
a mammalian cell culture system

Josh Beatty®, Jenna Callender?, Torsten Fauth “2, Cary
Weinberger', Margarethe Spindler-Barth?, and Vincent C.
Henrich?

!Biotechnology and Genomic Research Center. University
of North Carolina-Greensboro, Greensboro, NC
27402-6170. jmbeatt2@hotmail.com

2Dept. of General Zoology and Endocrinology, University of
Ulm, Germany

The functional ecdysteroid receptor in Drosophila
melanogaster and other insects is a heterodimer
composed of the ecdysone receptor (EcR) and
Ultraspiracle (USP). Combinations of three
natural EcR isoforms and USP fusion proteins
have been tested in a mammalian cell culture
system  (Chinese = hamster  ovary) for
transcriptional activity, ligand-binding, and
binding to the canonical inverted repeat ecdysone
response element (EcRE), hsp27. In this system,
the transcriptional activity of a luciferase reporter
gene whose promoter contains tandem repeats of
the hsp27 EcRE is elevated by 10-fold or more in
the presence of micromolar amounts of
muristerone A or 20-hydroxyecdysone. Both
natural EcR isoforms and USP constructs dictate
the level of transcriptional activity in both the
absence and presence of ecdysteroids, indicating
that both hterodimeric partners play a role in
determining the level of transcriptional activity.
For instance, an USP construct lacking its
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DNA-binding domain maintains a normal and
high level of activity with EcRB1, but activity is
drastically reduced with EcRA and EcRB2,
suggesting strongly that the nature of the
heterodimeric interaction varies among the
isoforms. Juvenile hormone and other analogues
fail to elevate transcriptional activity on the cell
culture assay, but in conjunction with
ecdysteroids, these compounds reduce the
maximal dosage of ecdysteroids by about tenfold.
The capacity for JH potentiation varies among the
EcR isoforms and different USP construct.
Site-directed mutagenesis further indicates that
some amino acid substitutions in shared regions
of both EcR and USP differentially affect

heterodimeric transcriptional activity,
presumably because isoform-specific
transcriptional complexes involve different

interactions with EcR and USP. The diversity of
EcR/USP capabilities is further suggested by
differences in transcriptional activity among
receptors from different species. Collectively, the
mutations provide an experimental basis for
assessing specific receptor functions.

Annotation of the Tribolium genome: A
progress report

R.W. Beeman?, Marcé D. Lorenzen, S. Richards>, G.
Weinstock?, R. Gibbs? and S.J. Brown3

'USDA-ARS-GMPRC, 1515 College Ave., Manhattan, KS,
66502, USA. richard.beeman@gmpre.ksu.edu

2Human Genome Sequencing Center, Baylor College of
Medicine, 1 Baylor Plaza, Houston, TX, 77030, USA

3Division of Biology, Kansas State University, Manhattan,
KS, 66506, USA.

The 165 Mb euchromatic genome sequence of
Tribolium castaneum consists of 420 scaffolds,
containing >95% of a sample of known genes. We
have anchored 80% of the sequenced genome to
the linkage groups at ~1 cM resolution using
SSCP-based recombinational mapping.
Alternative sets of gene predictions derived from
Genscan, Augustus, FgenesH, Geneid, NCBI, and
Ensembl have been compiled at the Human
Genome Sequencing Center, and a Glean
statistical analysis and aggregation of these sets
has been conducted (Aaron J. Mackey, U. Penn.).
Currently the gene count is approximately 16,000
genes, of which ~ 9,500 have supporting evidence
from both the Ensembl (run at the HGSC) and
NCBI Gnomen annotation pipelines. The genome
sequence and associated annotation tracks can be
viewed in the Genboree genome browser
(www.genboree.org) developed at the Baylor
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College of Medicine, and any desired sequences
can be retrieved either directly or via links to
NCBI. These computer predictions form a
preliminary annotation that will be further
amended and refined manually. Annotation teams
have been organized for several gene families.
Genome tiling and gene transcript arrays are
being developed at several locations to facilitate
the genome annotation and to support gene
expression studies. RNA interference and
transposon-mediated mutagenesis will help
elucidate functions of predicted genes. BeetleBase
(http://www.bioinformatics.ksu.edu/BeetleBase/)
will be the final repository

Cytochrome P450 genes in insects—an

embarrassment of riches

May Berenbaum

University of Illinois at Urbana-Champaign.
maybe@uiuc.edu

The genes encoding cytochrome P450
monooxygenases, heme-thiolate enzymes that
catalyze the NADPH- associated reductive
cleavage of oxygen to produce a functionalized
product and water, constitute one of the largest
superfamilies known, with over 5000 members
identified and named

ISSN: 1536-2442

Irvine, California 92697, USA. hbiessma@uci.edu

2Department of Biological Chemistry, University of
California, Irvine, California 92697, USA

SInscent, Inc, 17905 Sky Park Circle, Irvine, California
92614, USA

Female Anopheles gambiae mosquitoes respond
to odors emitted from humans to find a blood
meal, while males are nectar feeders. This
complex behavior is controlled at several levels,
but is probably initiated by the interaction of
various molecules in the antennal sensilla.
Important molecules in the early odor recognition
events include odorant binding proteins (OBPs),
which may be involved in odor molecule
transport, odorant receptors (ORs) that are
expressed in the chemosensory neurons and odor
degrading enzymes (ODEs). To obtain a better
understanding of the expression patterns of genes
that may be involved in host odor perception in
females, we have generated a custom microarray
to study their steady state mRNA levels in
chemosensory tissues, antennae and palps.
Microarray results were validated by quantitative
RT PCR. Our study identified several OBPs that
are expressed at significantly higher levels in
antennae and palps of females vs. males, while
others showed the opposite expression pattern.
Most OBPs are slightly down-regulated 24 hrs

(http:/ /drnelson.u’[mem.edu/Cy‘[ochromeP450.html).after blood feeding, but some, especially those

Although some P450 families are found in a wide
variety of taxa, others are more restricted in
distribution and accordingly are thought to have
more specialized functions. The CYP6 family is
unique to the Class Insecta and together with the
CYP4 family represents half of the 9o P450s
characterized in the genome of Drosophila
melanogaster (Tijet et al. 2000). To date, CYP6
genes in Lepidoptera have been implicated
exclusively in metabolism of xenobiotics and are
thought to be particularly important in
metabolism of plant chemicals in this almost
exclusively phytophagous group. How they have
evolved and diversified, however, remains an
open question. Possible mechanisms underlying
this diversification are described for the subfamily
CYP6B within the genus Papilio, the swallowtail
butterflies, which radiated in the context of the
toxic furanocoumarin-containing host families
Rutaceae and Apiaceae.

Gene expression in sensory tissues of the
malaria mosquito, Anopheles gambiae

H. Biessmann’, Q. K. Nguyen® D. Le?, R. Justice3 and M. F.
Walter*

'Developmental Biology Center, University of California,

with higher expression levels in males, are
up-regulated in blood fed females, suggesting a
shift in blood-fed females from human host
seeking to nectar feeding. qRT PCR
determinations of OBP mRNA levels in early and
late pupae as well as in heads of 1 day-old and 4
day-old females and males also detected
significant shifts in developmental expression
profiles. Polyclonal antibodies against some OBPs
have been generated that recognize the native
proteins in mosquito heads. Supported by the U.S.
Public Health Service grant Alo51485 and by
Inscent, Inc, Irvine, CA.

A cell culture system and infectious clone
for the study of Rhopalosiphum padi virus

S. Boyapalle!, R. Beckett?, N. Pal', W.A. Miller?, and B.C.
Bonning®

!Department of Entomology Iowa State University, Ames,
IA, USA. bonning@iastate.edu

2Department of Plant Pathology, Iowa State University,
Ames, IA, USA

Rhopalosiphum padi virus (Dicistroviridae)
(RhPV) is an icosahedral aphid virus with a 10 kb
positive-sense RNA genome. We screened
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lepidopteran, dipteran and homopteran cell lines
for susceptibility to RhPV following RNA
transfection and observed CPE in homopteran cell
lines derived from the glassy winged sharp
shooter, Homalodisca coagulata, and the corn
leaf hopper, Dalbulus maidis. Infection, viral

replication and production of virions was
confirmed by northern blot hybridization,
RT-PCR, western blot analysis and

immuno-electron microscopy. Full-length ¢cDNA
clones of RhPV were synthesized. RNA transcripts
produced from one of the clones were infectious
following transfection of the susceptible cell lines.
Infection was confirmed by CPE and
immuno-electron microscopy. Virions were
purified from infected cells and fed to bird
cherry-oat aphids, Rhopalosiphum padi. Aphids
tested positive for infection by the RhPV clone by
RT-PCR, western blot analysis and
immuno-localization by light microscopy, two
weeks after acquisition in three replicate
experiments. The cDNA clone of the RhPV
genome was inserted into the genome of
Autographa californica multiple
nucleopolyhedrovirus to create the recombinant
baculovirus AcRhPV6. Expression of the RhPV
genome in Sf21 cells resulted in formation of
RhPV virus-like particles (VLPs) whose capsids
are structurally and immunologically
indistinguishable from the native virions. The
presence of genomic RhPV RNA in recombinant
baculovirus infected cells and in VLPs was
confirmed by RT-PCR. Assembly of RhPV VLPs in
the nucleus of baculovirus infected cells suggests
that in Sf21 cells (1) both the 5" and IGR IRES of
RhPV are active, (2) the virus encoded protease is
functional for processing of RhPV polyproteins,
and (3) replication of RhPV is not required for
encapsidation of RNA. For analysis of the
infectivity of baculovirus expressed RhPV6,
virions purified from baculovirus-infected Sf21
cells were fed to R. padi. Aphids were tested for
infection by the baculovirus-produced RhPV clone
by RT-PCR and western blot analysis, four weeks
after acquisition. Baculovirus expression of RhPV
in lepidopteran cell lines that do not support
replication of RhPV provides a potential
alternative approach for in vitro production of
clones of this virus.

Important interactions of Bacillus
thuringiensis toxins with membrane
receptors and their role in insect
resistance

A.Bravo, I.Gomez, L.Pardo, C.Muifloz, C.Pérez, L.Fernandez
and M.Sober6n
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Departamento de Microbiologia Molecular, Instituto de
Biotecnologia Universidad Nacional Auténoma de México,
Cuernavaca Morelos, Mexico. bravo@ibt.unam.mx

The insecticidal proteins produced by Bacillus
thuringiensis (Bt), Cry toxins, are used to control
insect pests. The primary action of Cry toxins is to
lyse midgut epithelial cells by forming lytic pores
in the apical membrane. Cry toxins are modular
proteins comprised of three domains, domain I is
involved in pore formation and domains II and III
in receptor interactions. Here we summarize
recent findings on the Cry-receptor interactions
and their role in toxin action. Cry toxins interact
sequentially with multiple receptors. In
lepidopteran insects, Cry1A toxins interact
initially with a cadherin-receptor. This interaction
involves three different epitopes and promotes a
final proteolytic processing of the toxin that
induces the formation of a 250 kDa pre-pore
structure, which has been suggested to be the
responsible for the ionic pore-formation. The
pre-pore showed 200 fold higher affinity to the
second receptor, a glucosyl-phosphatidil-ionositol
(GPD-anchored  Aminopeptidase = N,  this
interaction leads to the insertion of oligomeric
toxin into membrane microdomains (or lipid
rafts) inducing cell swelling and insect death.
Some authors suggested that a GPI-anchored
Alkaline phosphatase could also participate in
driving the pre-pore to lipid rafts. In addition,
recent data shows that not only protein receptors
are involved in Cry toxin interaction with
membrane of susceptible organisms since certain
glycolipids have a role in toxin action. These
glycolipids are specific for insects or nematodes.
The role of all these interactions in promoting
insect resistance is of interest. In the case of
mosquitocidal Cry toxins, we found that
GPI-anchored proteins are also involved in
binding Cry11Aa toxin. The case of mosquitocidal
Bt toxins is very interesting since Bt subsp.
israelensis (Bti) produces two different type of
toxins, Cry and Cyt proteins, which together show
a synergistic effect in their toxicity. In addition,
no-resistance to Cry toxins has been selected in
the presence of Cyt1A and Cyt1A overcomes insect
resistance to different Cry toxins. We found that
the molecular mechanism of synergism involves
interaction of these two toxins and we identified
the specific epitopes involved in this interaction.
We will present data that show that CytiA
synergizes or suppresses resistance to Cry toxins
by functioning as membrane bound receptor. Bti
is a highly effective pathogenic bacterium as it
produces a toxin and also its functional receptor
in the same crystal inclusion, promoting toxin
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binding to the membrane and avoiding the
generation of insect resistance.

Function and evolution of a mosquito
salivary protein family

E. Calvo, B.J. Mans, J.F. Andersen and J.M. Ribeiro

Section of Vector Biology, Laboratory of Malaria and Vector
Research, National Institute of Allergy and Infectious
Diseases/NIH, 12735 Twinbrook Parkway, Rockville, MD
20852, USA. ecalvo@niaid.nih.gov

Saliva of blood-sucking arthropods contains a
complex and diverse mixture of antihemostatic,
antiinflammatory, @and  immunomodulatory
compounds. The D7 salivary family of proteins is
abundantly expressed in blood-feeding Diptera
and is distantly related to the odorant-binding
protein super family. In mosquitoes, two
subfamilies exist, the long and short D7 proteins.
Ticks and kissing bugs evolved salivary lipocalins
that act as efficient scavengers of biogenic amines,
and a similar function was postulated for the D7
proteins. Accordingly, we expressed the five
members of the small D7 family of the African
malaria vector Anopheles gambiae and a D7 long
form from Aedes aegypti and showed by
isothermal microcalorimetry, a modified and very
sensitive non-equilibrium
chromatography/spectrum distortion method,
and by smooth muscle bioassay that four of these
five short D7 proteins and the D7 long form bind
serotonin with high affinity, as well as histamine
and norepinephrine. The nonbinding D7 protein
is poorly expressed in the salivary glands and
appears to be on the path to becoming a
pseudogene. Scavenging of host amines would
antagonize their vasoconstrictor,
platelet-aggregating, and pain-inducing
properties. It appears that counteracting biogenic
amines is of strong adaptive value in the
convergent evolution of arthropods to
hematophagy. This adaptation has been solved
independently in ticks, bugs, and mosquitoes by
co-option of either member of the lipocalin or, as
shown here, by the odorant-binding protein
families. This work was supported by the Division
of Intramural Research, National Institute of
Allergy and Infectious Diseases, National
Institutes of Health.

The short neuropeptide F-like receptor
from the red imported fire ant, Solenopsis
invicta

Mei-Er Chen and Patricia V. Pietrantonio

Department of Entomology, Texas Agricultural Experiment
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In invertebrates, neuropeptide F (NPF) peptides
share structural similarity with vertebrate
neuropeptide Y, which regulates food
consumption, circadian rhythms, anxiety and
other physiological processes. The insect
neuropeptide F receptors belong to the G
protein-coupled receptor (GPCR) rhodopsin
family. We have cloned the fire ant, Solenopsis
invicta Buren (Hymenoptera: Formicidae),
putative short NPF receptor using PCR and RACE
methods. The complete 2185 bp ¢cDNA encodes a
387-residue protein with a predicted GPCR seven
transmembrane region structure. We propose that
the sequence of the honey bee short NPF receptor,
that has not yet been annotated, encodes a protein
of 393 residues. In fire ant mated queens,
receptor transcripts were detected in the brain,
midgut, hindgut, Malpighian tubules, fat body
and ovaries. The highest transcriptional
expression was found in the brain. The
downregulation of the fire ant short NPF receptor
transcriptional expression in the brain with
starvation suggests that the short NPF signal
transduction cascade may play a role in feeding
regulation in fire ant mated queens. Arch. Insect
Biochem. Physiol. 61: 195-208, 2006.

Eph-ephrin interactions establish a
midline boundary for migrating neurons
during the formation of the enteric
nervous system in Manduca sexta

T.M. Coate’, T.L. Swanson’, A. Nighorn?, and P.F.
Copenhaver*

'Dept. Cell & Developmental Biology L-215, Oregon Health
& Science University, Portland, OR 97239.
coatet@ohsu.edu

2program in Neuroscience and Arizona Research
Laboratories, Div. of Neurobiology, University of Arizona,
Tucson, AZ 85721

Eph receptor tyrosine kinases and their ephrin
ligands modulate the guidance of many
developing neurons in the vertebrate nervous
system, but overlapping expression patterns and
promiscuous interactions among multiple ephrins
and Ephs have hindered a functional analysis of
specific ligand-receptor pairs in wvivo. As an
alternative strategy, we have investigated the role
of ephrin-Eph interactions in the control of
neuronal migration within the developing enteric
nervous system (ENS) of the moth, Manduca
sexta. During the formation of the ENS, a
population of ~300 neurons (EP cells) migrates
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along a set of identified muscle band pathways on
the midgut while avoiding adjacent interband
regions. We have shown that the EP cells express
a single GPI-linked ephrin (MsEphrin), which can
be detected in their filopodial processes as they
explore the midgut surface. Concurrently, the
midline interband regions of the midgut (which
are inhibitory to migration) express MsEph, the
sole Eph receptor homologue in Manduca.
Blocking endogenous MsEph receptors in
cultured embryos with soluble MsEphrin-Fc
fusion proteins induced abnormal midline
crossing by the neurons and their axons. In
contrast, treating the EP cells with soluble
MsEph-Fc proteins inhibited their migration and
outgrowth without inducing midline crossing.
These results indicate that the expression of
MsEph by the midline cells of the midgut
normally prevents ectopic growth by the
migratory EP cells across this interband
boundary. They also suggest a novel role for
reverse signaling via a GPI-linked ephrin ligand in
the control of neuronal guidance. Previous in
vitro studies have suggested that several different
non-receptor tyrosine kinases (NRTKs) may be
activated during reverse signaling by GPI-linked
ephrins, but validation of these observations in
vivo has been lacking. We are -currently
investigating the extent to which Src-family
kinases and other NRTKs are coupled to
MsEphrin-mediated reverse signaling in the EP
cells as a mechanism for controlling the motile
behavior and guidance of these neurons within
the developing ENS.

Paratransgenesis: constructing the enemy
within
R. E. Collier', C.Husseneder?, L. Foil*, R. Cooper? and F.
Enright®

!Department of Entomology, Louisiana State University
Agricultural Center, Baton Rouge, LA 70803.
rcollier@agcenter.lsu.edu

2Veterinary Science, Louisiana State University
Agricultural Center, Baton Rouge, LA 70803

Paratransgenesis is the genetic manipulation of a
host’s symbiotic microorganisms to achieve an
array of objectives, ranging from disease
eradication to control of the host organism. The
application of paratransgenesis is promising in
social insects because social interactions promote
the exchange of microbes between colony
members. Within the social insects, termites are
known not only for their ecological and
economical importance but for their close
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relationship with microbial symbionts. The hind
gut of the Formosan subterranean termite (FST)
provides a refuge for an array of protozoa and
bacteria that fulfill important functions in the
survival of their hosts, such as cellulose digestion.
These symbionts are excellent tools and targets
for paratransgenesis, which this study aims to
employ in the control of FST. The goal of this
study is to genetically engineer termite specific
indigenous gut bacteria to secrete peptide toxins
to target and kill the termite’s protozoa, which are
responsible for the digestion of cellulose into
metabolites subsequently utilized by the termite
host. Without their protozoa and a supply of
nutrients the termite dies. This study has shown
that defaunation of termite guts using
Metronidazole is followed by starvation and death
of the termite host within six weeks. Peptide
toxins were screened in vitro and in vivo for
protozoicidal activity. In vitro tests on anaerobic
cultures of protozoa confirmed activity of the
peptides against the termite protozoa targets. In
vivo tests using microinjection resulted in
defaunation of the termite gut within 72hr of
treatment with the selected toxins. The genes of
the detrimental toxins have now been synthesized
and a gene-shuttle system is presently being
constructed to deliver, express and secrete the
selected genes into the termite hind gut. The
gene-shuttle is currently being optimized for
inducible expression within the recently
characterized termite specific anaerobic, gram
positive bacterium Pilibacter termitis. The
optimization of the gene-shuttle will ensure that
environmental impacts are minimized and
efficient colony level control of FST is achieved.

A normal role for a nasty protein: the
insect homologue of the Amyloid
Precursor Protein (APP) regulates
neuronal migration during embryonic
development

P. F. Copenhaver, T. L. Swanson, L. M. Knittel, T. M. Coate,
S. M. Farley, and M. A. Snyder

Department of Cell & Developmental Biology L-215,
Oregon Health & Science University, Portland, OR 97239.
copenhav@ohsu.edu

APP-like protein (APPL) is the insect homologue
of vertebrate APP, a transmembrane protein that
is aberrantly cleaved to produce the amyloid
peptides associated with Alzheimer’s Disease.
While both APP and APPL are abundantly
expressed during neural development, their
normal functions remain controversial. We have
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investigated the potential role of APPL as a
neuronal guidance receptor in the enteric nervous
system (ENS) of Manduca sexta, a preparation
that permits manipulations of developing neurons
in vivo. During the formation of the ENS, an
identified set of neurons (EP cells) migrates along
pre-formed muscle band pathways before
extending axons and terminal synapses onto the
gut musculature. We found that Manduca APPL
(MsAPPL) is strongly expressed by the EP cells
during their migration, while post-translational
processing and trafficking of the holoprotein
coincides with specific phases of neuronal
differentiation. Provocative work has shown that
human APP can regulate the heterotrimeric G
protein Gol in cell culture, suggesting that it may
act as an unconventional G protein-coupled
receptor. We found that Manduca GoO
co-immunoprecipitates with MsAPPL; the two
proteins also co-localize within the leading
processes of the EP cells, suggesting that they may
directly interact. Activating GoO within the EP
cells  inhibited their motility in a
calcium-dependent manner, supporting the
model that Go[O-coupled receptors may mediate
the response of migrating EP cells to inhibitory
guidance cues. To test whether MsAPPL might act
as such a receptor, we inhibited its expression in
the developing ENS with antisense morpholinos;
this treatment resulted in aberrant, ectopic
migration of the EP cells onto the interband
regions of the gut (normally inhibitory to
migration). Treating the ENS with synthetic
ectodomain fragments of MsAPPL (designed to
interfere with its endogenous ligands) caused
similar effects. Together, these results suggest
that MsAPPL may act as a GoO-coupled receptor
for one or more guidance cues that normally
prevent the EP cells from migrating into
inappropriate regions. We are currently testing
whether MsSAPPL regulates Go[d activation in the
EP cells, and we are using an expression cloning
strategy to screen for potential ligands of MsAPPL
in the ENS. Supported by NIH R56 AGo25525
and a grant from the Oregon Partnership for
Alzheimer’s Research.

Microevolution of endocrine regulation:
Jhe transcript abundance underlies
genetic variation in JHE activity

Erica J. Crone, Anurag Anand and Anthony, J. Zera

School of Biological Sciences, University of Nebraska at
Lincoln, 1104 T St, Lincoln, NE 68588. ecrone2@unl.edu
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Juvenile hormone acting in concert with the
steroid hormone 20-hydroxy ecdysone is
responsible for many essential developmental
processes in insects. Many studies have shown
that juvenile hormone levels in the hemolymph
are under tight control, both by biosynthesis of
the hormone and degradation of free hormone by
the specific esterase juvenile hormone esterase
(JHE). Hemolymph JHE activity from a species of
field cricket, Gryllus assimilis, has been used as a
model to study the microevolution of an
endocrine trait. Selection for elevated or
decreased hemolymph JHE activity showed that
hemolymph JHE activity differences are heritable
in this species. However, this and other work on
the evolution of endocrine traits has primarily
focused on the study of biochemical and
physiological aspects and not the underlying
molecular  mechanism(s) controlling  the
microevolution of these traits. This study is
attempting to address this deficit using
hemolymph JHE activity in G. assimilis as a
model. We have begun by looking for evidence
that the heritable differences in hemolymph JHE
activity are due to differential transcription of the
Jhe gene. Evidence documents that transcript
levels in the fat body and mid gut, tissue and
hemolymph enzyme activity and an internal Jhe
gene marker are correlated on one developmental
day in two separately selected blocks of lines. This
study shows that differences in Jhe transcript
abundance are responsible for the heritable
differences in hemolymph JHE activity in the
selected lines. It is the first study to document the
molecular basis for naturally occurring genetic
variation in a hormonal regulator. Heritable
differences in hemolymph JHE activity are also
seen in a wing polymorphic species, Gryllus
firmus, the molecular basis for these differences
are also under investigation.

The cloning of one putative octopamine
receptor and two putative serotonin
receptors from the tobacco hawkmoth,
Manduca sexta

Andrew M. Dacks!. Joel B. Dacks?, Thomas A.
Christensen®, Alan J. Nighorn® 1

!Arizona Research Laboratories, Division of Neurobiology,
The University of Arizona, Tucson, Arizona 85721, U.S.A.
adacks@email.arizona.edu

2Department of Biological Sciences, The University of
Calgary, Calgary, Alberta, T2N 1N4 Canada.

Serotonin (5HT) and octopamine (OA) are
biogenic amines that are active throughout the
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nervous systems of insects, affecting sensory
processing, information coding and behavior. As
an initial step towards understanding the
modulatory roles of these amines in olfactory
processing we cloned one putative OA (MsOAR)
and two 5HT receptors (MssHT1,R and
Ms5HT1ijR) from the moth Manduca sexta.
Phylogenetic analysis confirmed that MsOAR
shares significant sequence homology with OA
receptors previously characterized in the
cockroach and the bee, but shows much less
similarity to putative OA/tyramine receptors from
the moths Bombyx mori and Heliothis virescens.
Using the MsOAR sequence, fragments encoding
putative OA receptors were obtained from 6. mori
and H. virescens, and this analysis grouped these
receptors in a separate clade with other identified
tyramine receptors. Collectively, our results
indicate that MsOAR is likely the first OA receptor
cloned from a lepidopteran species. MssHT1jR
and Ms5HT1jiR were both similar to 5HT1-type
receptors from other invertebrate and vertebrate
species but differed from each other in their
N-terminus and 3rd cytoplasmic loop. Ms5HT1,R
was nearly identical to a 5HT receptor from H.
virescens and MsSHTInR was almost identical to
a 5HT receptor from B. mori. The sequences for
homologs of MssHT1,R from B. mori and
Ms5HT1,iR from H. virescens were also obtained
and phylogenetic analysis of these data confirmed
that the Lepidoptera likely have at least two
5HT1-type receptors.

Molecular Identification of bursicon
neurons in central nervous system of the
tobacco hawkmoth, Manduca sexta

Li Dai', Lisa Pitts?, Hans-Willi Honegger?, and Michael E.
Adams!

'Departments of Entomology and Cell
Biology/Neuroscience, University of California, Riverside,
CA 92521, USA. lidai@ucr.edu

2Department of Biological Sciences, Vanderbilt University,
Nashville, TN 37235-1634, USA.

During post-eclosion, adult insects undergo
sequential processes of wing expansion,
sclerotization and melanization under hormonal
control. Bursicon, a key neurohormonal regulator
of these behaviors, is highly conserved in the
Insecta. Recent reports characterize bursicon as a
pburs/burs heterodimeric cysteine knot protein in
Drosophila melanogaster. We show the presence
of two predicted proteins encoded by genes
Mas-burs and Mas-pburs in Manduca sexta. in
situ hybridization with Mas-burs and Mas-pburs
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DNA probes and immunohistochemistry with
bursicon antibodies were used to label neurons,
which express bursicon in the CNS of pharate
larvae, pupae and adults. During development,
the morphology and number of
bursicon-expressed neurons in ventral ganglia
changes during transitions through larva to pupa
to adult stages. A cluster of intrinsic cells was
identified in corpora cardiaca labeled only by
pburs-specific DNA and antibody probes, and an
additional pair of lateral cells in several
abdominal ganglia were labeled only by a burs
antibody probe. Using a recombinant bursicon
protein, we observed that the pure hormone has
dual functional roles in both wing expansion and
tanning in Manduca sexta.
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Structurally related ion transport peptides (ITP)
and crustacean hyperglycemic hormones are
increasingly implicated in diverse metabolic and
developmental functions in arthropods. We have
identified a conserved ITP gene encoding two
peptides in Manduca sexta, Bombyx mori and
Aedes aegypti: A C-terminally amidated ion
transport peptide (ITP) and C-terminally
unblocked ITP-like peptide (ITPL). In silico
genomic DNA analysis indicates the ITP gene is
conserved in other insect species. These peptides
are expressed in two, regionally distinct neuronal
populations. Mas-ITP expression is confined to
the brain in five pairs of lateral neurosecretory
cells (Type Ia2) projecting ipsilateral axons into
the retrocerebral complex and 3-4 pairs of
adjacent small lateral cells with extensive
arborizations within the brain. Expression of
Mas-ITPL is comparatively weak in the brain, but
strong in the ventral ganglia and peripheral
nervous system, where MasITP is absent.
Mas-ITPL occurs in multiple bilaterally paired
cells in the thoracic ganglia and one bilateral pair
in each abdominal ganglion (AG1-9). In the
peripheral nervous system, we find strong
Mas-ITPL expression co-localized with crustacean
cardioactive peptide (CCAP) in peripheral
abdominal neurons (L1) of abdominal segments
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2—7, which project axons into the transverse
neurohemal nerves. Expanded cellular expression
of MasITPL during metamorphosis consists of
two additional pairs of small lateral neurons in
the brain, and one pair of medial cells in each
abdominal ganglion AG3-6. A similar pattern of
ITP and ITPL expression was observed in the
central and peripheral nervous systems of
Bombyx mori and Schistocerca americana. These
distinctive cellular expression patterns suggest
that ITP and ITPL have evolved specialized
physiological functions in arthropods.
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To fully understand the regulation of growth and
size in an organism requires knowledge of the
cellular mechanisms regulating growth processes
and how those mechanisms are integrated at the
organismal level with nutritional, metabolic, and
endocrine factors. The insulin signaling pathway
has been implicated as an important regulator of
the growth of developing tissues as well as the
overall size of an organism. Understanding the
interaction between insulin signaling and the
systemic regulation of growth requires a model
organism amenable to the molecular study of
insulin signaling, as well as characterization of the
systemic regulation of body size. Here we describe
the isolation of a cDNA from the tobacco
hornworm, Manduca sexta, encoding a protein
with similarity to the insect insulin-like
neurohormone, bombyxin. A combination of
degenerate PCR and 3" and 5" RACE yielded a
300bp amplicon sharing 58% identity at the
protein level with a previously identified Agrius
bombyxin-related peptide. Subsequent real-time
PCR showed that transcript abundance increased
in response to carbohydrate injection.
Comparative homology modeling is used to
generate a predictive 3D structure of our
Manduca bombyxin. The work presented here is
an important first step in developing tools for the
m