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Abstract: 

 To assist with the characterization of ligand specificity of the variety of 

Serotonin (5HT) Receptors expressed in the Tobacco Hawkmoth Manduca sexta, the 

open reading frame sequence for receptors 5HT1a, 5HT1b, and 5HT7 will be amplified 

from whole brain cDNA using PCR and ligated into a the expression vector pBS-MXT. 

This vector will then be used for receptor expression in Xenopus frog eggs to facilitate 

electrophysiological testing and subsequent comparison of various ligands as various 

exclusive agonists and/or antagonists. The ultimate goal of this work is to identify ligands 

concentration specificities and ligands which bind exclusively to each of the receptor 

subtypes so that their function can be observed providing greater insight into modulation 

of olfactory processing in the antennal lobe of Manduca sexta. 

 

Intro: 

Olfactory Perception: 

Chemosensation is a vital component of nearly all living things, to one degree or 

another. Olfaction is used to facilitated feeding, mating, defense, and various other 

behavioral necessities. The amazing capacity of the olfactory system to perceive such an 

enormous diversity of odorants, discriminate between chemically similar odorants, 

interpret combinations of odorants, as well as the relative plasticity of olfactory 

sensitivity makes it a particularly intriguing field of study, illuminating many general 

aspects of higher order processing in its wake.  

The basis of olfaction is the activation of epithelial receptors by airborne (or water 

in the case of fish and some insects) chemicals which are present in relatively small 
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concentrations. The odorant molecules, or combinations of molecules, will be associated 

with some abstract or concrete concept to the perceiving organisms and will illicit some 

response, or at least recognition of the stimulus. The cellular basis for olfaction was first 

clearly delineated by nobelaureates Richard Axel and Linda Buck who successfully 

cloned vertebrate olfactory receptor proteins and subsequently paired them to odorant 

molecules (Buck 1991). These receptors are part of a large multigene family of proteins 

encoding for seven-transmembrane helices G-protein coupled receptors found in the nasal 

epithelium of mammals and the antennae of insects. The receptors reside on olfactory 

cilia in the antennae of insects. In vertebrates, activation of these receptors then induces a 

conformational change which allows the intracellular exchange of GDP for GTP in 

associated G-protein. This allows the dissociation of the α-subunit of the G-protein which 

can then activate adenylyl cyclase which serves to convert ATP into cyclic AMP 

(cAMP), the primary second messenger for this system. cAMP in turn activates ligand 

gated ion channels allowing influx of sodium and calcium ions and efflux of chloride ions 

consequentially depolarizing the cell ultimately resulting in the initiation of an action 

potential. cAMP also activates a host of other intracellular proteins involved in 

depolarization and cellular sensitization including a calcium dependent 

phosphodiesterase, which depletes cytosolic cAMP, and Protein Kinase A and Olfactory 

Receptor Kinase which inhibit the receptor (Firestein 2001). It has also been shown that 

each primary olfactory receptor neuron exclusively expresses a given receptor, and that a 

given subset of olfactory receptor neurons will project to a single glomerulus specific to 

that receptor (Vosshall 2000). It appears however that each of these receptors can respond 

to a limited variety of odors and there is likely much over lap between receptors implying 

http://www.google.com/search?hl=en&client=firefox-a&rls=org.mozilla:en-US:official&hs=xrJ&ei=LsElSu_8BtrgtgfByZzdBg&sa=X&oi=spell&resnum=0&ct=result&cd=1&q=nobelaureate&spell=1
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an integrated response to a given odor. This also arguably implies a currently undefined 

mechanism for the vast discriminatory capacity and perception of the multitudes of odors 

which largely outnumber the quantity of genes encoding receptors, which are quite 

numerous themselves (Duchamp-Viret 1999).  

Details aside, olfactory signals are coded and processed by activation of specific 

subsets of olfactory receptor neurons which in turn activate specific glomeruli. Within the 

antennal lobe there is much interaction between glomeruli via inhibitory and excitatory 

interneurons, much of which is likely subject to modulation. After processing in the 

antennal lobe, the stimulus is then transmitted to the higher order processing centers of 

the brain, including the mushroom bodies, via projection neurons. This means that the 

firing patterns pertaining to olfactory perception at higher order centers of the brain are 

not necessarily congruent with the firing patterns of the receptor neurons corresponding 

directly to the stimuli. Rather it is tuned to the current circumstantial needs of the animal 

based on the time of day, the availability of food, presence of mates, stage in life cycle, 

and even sensitization from prior exposure to a given odor. The neural circuits are not 

immediately malleable enough to achieve such plasticity, so cellular responsiveness must 

be altered instead. This is selectively achieved by neuromodulation. 

Serotonin: 

Serotonin (5-hydroxytryptamine, or 5HT) is an important neurohormone, 

neurotransmitter, and, the focus of this study, neuromodulator in the insect central 

nervous system. Concerning neuromodulation serotonin essentially aids in the plasticity 

of the brain allowing adaptation to a given circumstance by altering responsiveness to 

stimulatory cues, in this case olfactory stimuli at the level of the antennal lobe and 
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mushroom bodies. This appears to be very important in regard to the mating behaviors of 

male moths. Serotonin release is based on a circadian rhythm being highest at dusk and 

dawn when the moths are most active. This peak in serotonin levels also corresponds 

with the greatest sensitivity to pheromone (Gatellier 2004). The molecular mechanism of 

5HT is to decrease potassium ion conductances resulting in increased excitability of 

neurons. Action potentials are initiated by the influx of sodium and calcium cations 

which increases the intracellular cation concentration moving the membrane potential 

away from the very negative resting potential. Once the membrane reaches its threshold 

potential, the action potential is self propagating. The cationic influx is countered by the 

efflux of potassium cations. These potassium leak channels are important for 

reestablishing the resting potential and for opposing the positive potential shift, thus 

adjusting sensitivity to stimuli. When these transmembrane potassium conductances are 

slowed, it increases the net cationic influx making the threshold potential easier to 

achieve (Kloppenburg et al 2007). The overall effect is essentially to increase 

responsiveness. It also functions to increase duration of depolarization and frequency of 

action potentials. 5HT also increases calcium cation conductances at the synaptic 

terminals which facilitates increased vesicle fusion, effectively increasing output of 

serotonin modulated neurotransmitters, be they inhibitory or excitatory. 

 There are four known subsets of 5HT receptors expressed in Manduca sexta: 5HT 

1a, 5HT 1b, 5HT 2 and 5HT 7. The receptors are well conserved and there is much 

sequence homology between them and orthologous serotonin receptors. Obviously all of 

which respond to serotonin, but several questions exist surrounding their details and 

functions, which could be individually unique or vastly overlapping. One such quandary 
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is their expression patterns. It is not known if they are expressed simultaneously or 

exclusively on a given cell, or if a given subset is limited to certain neuronal populations. 

Different populations of projection neurons and interneurons are likely associated with 

specific receptor subtypes. Another potentially important discrepancy between the 

subtypes could be concentration dependence. If each of the receptors has a specific 5HT 

concentration range to which it responds most strongly, that will have significant 

implications in relation to the unique morphologies expected to be observed. The answers 

to these questions will greatly illuminate the role of this imperative neurotransmitter and 

its receptor subtypes in antennal lobe modulation. 

 The groundwork for this study will be accomplished by cloning each receptor—

5HT1a, 5HT1b, 5HT7, and eventually 5HT2 once the full sequence is determined—into 

the Xenopus oocyte expression vector pBS-MXT (vector map in Materials and Methods). 

This work will them be carried on by electrophysiological pharmacological testing on 

Xenopus oocytes and subsequent in vivo testing based on the pharmacological agents 

identified. 

Model Organism: 

The model organism used in this study is the Tobacco Hornworm, or Tobacco 

Hawk Moth, Manduca sexta. M. sexta belongs to the order Lepidoptera, which 

encompasses moths and butterflies, and the family Sphingidae, which contains the hawk 

moths, also known as sphinx moths. M. sexta is an ideal model for neurobiological 

studies due to its relatively short life cycle which can be 30-50 days (Villanueva 1998), 

the relative ease of rearing and mating, the ease of brain exposure and/or excision, and 

the metamorphosis it undergoes during its lifecycle which includes a reorganization of 
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the nervous system. Most importantly M. sexta is well studied and characterized 

providing a vast knowledge base on which to build. The species lends itself particularly 

well to the study of olfaction due to the complex processing, similar to that of vertebrate 

olfaction, occurring in the anatomically simple antennal lobe, analogous to the olfactory 

bulb in vertebrates. Due to this similarity and relative simplicity, discoveries made in the 

insect model can have many implications to the complexities occurring in the vertebrate 

counterparts. 

 

Materials and Methods: 

 Whole brains were excised from recently eclosed Manduca sexta of both sexes, 

cleared of trachea and placed directly into liquid nitrogen. The tissue was then 

homogenized. The whole brain RNA was extracted using a solution of Invitrogen’s 

TRIzol and chloroform which was mixed thoroughly with sample and centrifuged for 15 

minutes at 13,000 rpm at 4°C. This separated the RNA into the upper aqueous phase 

which was removed and placed in a fresh tube. Alcohol precipitation was then performed 

to purify and concentrate RNA extracted. All steps were performed in RNase-free 

conditions, with RNase-free reagents. 

Reversetranscription: 

To utilize only the mRNA, a reverse transcription reaction was performed 

producing complementary DNA from the mRNA isolated from the brain tissue. The 

oligo-dT primer complements the poly-A tail on the mRNA allowing polymerization of a 

complementary DNA strand. This step was optimized by using a temperature gradient. 

This reaction yields a DNA-RNA hybrid which is converted to single stranded DNA 
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upon addition of an RNase. Subsequent polymerization forms the desired double stranded 

DNA complement (cDNA) to the original mRNA. This cDNA is now ready for PCR.  

PCR Amplification: 

Fortunately the open reading frames for the sequences of interest have already 

been defined (Dacks 2006, and unpublished observations Dacks et al). This allowed for 

relatively simple PCR primer design. After optimization of reagent concentrations and 

temperature gradients, exclusive and high yielding PCR products were obtained. The 

Qiagen Gel Extraction Kit was used to isolate the amplified fragments.  

Insertion Into Vectors: 

The amplified fragments were then incorporated into Invitrogen’s Topo 2.1 vector 

using topoisomerase ligation. Once the inserts were verified via sequencing, the inserts 

were cut out with restriction enzymes leaving specific overhang sequences. The inserts 

were isolated by gel extraction. The expression vector pBS-MXT was also digested to 

present complementary overhangs to those of the excised insert and was also isolated by 

gel extraction. The expression vector and inserts were ligated using T4 DNA ligase and 

amplified via E. coli transformation to yield the final product ready for expression in 

Xenopus oocytes. 

 

 pBS-MXT Vector Map 
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Results: 

 The open reading frames for 5HT1a, 5HT1b, and 5HT7 were all successful cloned 

into the Xenopus oocyte expression vector pBS-MXT and amplified to sufficient quantity 

for their purpose. 

 

Conclusion: 

The ultimate goal of this study is to identify concentration dependence along with 

exclusive agonist and/or antagonists for each receptor subtype. Once pharmacologically 

isolated, the individual and combined physiological effects of each receptor subtype can 

be observed in vivo after bath application. With exclusive pharmacological stimulation of 

a given receptor, electrophysiology can be used to determine whether the neurons 

responding to the stimulus are projection neurons or interneurons based on the 

differences between their basal firing rates. This method will also be able to determine 

whether any given neuron is a mosaic of the receptor subtypes, or if a single subset is 

expressed exclusively by each individual neuron. This will be accomplished using single 

neuron recordings while stimulating each receptor subtype individually. Regional 

excitation could also be visualized by techniques such as calcium imaging. With the data 

produced by these techniques and once antibodies for each receptor subtype are further 

refined, structure and function can eventually be compared illuminating valuable insights 

into the roles of these receptor subtypes and the mysterious details of serotonin’s 

neuromodulatory function in the antennal lobe of Manduca sexta. 

 

 



P. J. Summers 2009 
University of Arizona 

Honors Thesis- 12 
Sources: 

 

Buck, Linda, Axel, Richard. "A Novel Multigene Family May Encode Odorant 

Receptors: A Molecular Basis for Odor Recognition." Cell 65(1991): 175-187. 

Dacks, A. M., Dacks, J. B., Chistensen, T. A., Nighorn, A. J.. "The cloning of one 

putative octopamine receptor and two putative serotonin receptors from the 

tobacco hawkmoth, Manduca sexta." Insect Biochemistry and Molecular Biology 

36(2006): 741–747. 

Duchamp-Viret, P., Chaput, M. A., Duchamp, A. . "Odor Response Properties of Rat 

Olfactory Receptor Neurons." Science 284(1999): 2171 - 2174. 

Firestein, Stuart. "How The Olfactory System Makes Sense of Scents." Nature 

413(2001): 211-218. 

Gatellier, Laureline, Nagao, Takashi, Kanzaki, Ryohei. "Serotonin modifies the 

sensitivity of the male silkmoth to pheromone." Journal of Experimental Biology 

207(2004): 2487-2496. 

Kloppenburg, Peter, Mercer, Alice. "Serotonin Modulation of Moth Central Olfactory 

Neurons." Annual Review of Entomology 53(2007): 179-190. Print. 

Villanueva, R. "Tobacco Hornworm, Manduca sexta (Linnaeus), and Tomato Hornworm, 

Manduca quinquemaculata (Haworth), (Insecta: Lepidoptera: Sphingidae)." 

Featured Creatures. University of Florida (1998): retrieved June 2, 2009 

Vosshall, Leslie B., Amrein, Hubert, Morozov, Pavel, Rzhetsky, Andrey, Axel, Richard. 

"A Spatial Map of Olfactory Receptor Expression in the Drosophila Antenna." 

Cell 96(1999): 725–736. 



P. J. Summers 2009 
University of Arizona 

Honors Thesis- 13 
Vosshall, Leslie B., Wong, A. M., and Axel, Richard “An olfactory sensory map in the 

fly brain.” Cell 102 (2000): 147–159. 

 


	SummersP_title.pdf
	SummersP.pdf

