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The mosquito Aedes aegytpi expresses many chemoreceptors. Several of them,
ionotropic receptors and olfactory receptors, are used to pick up volatile chemicals. It is
believed that one of these receptors is responsible for directing mosquitoes to their hosts
for blood feeding. While the antennae is the primary olfactory organ and the ideal target
for inquiry, this project examines the labellum of the female mosquito where other
olfactory receptors are expected to reside. While there is no conclusive data to suggest
that a receptor in the labellar region is activated by human skin odor, this study provides
evidence that ionotropic receptors may detect odorants there. Additionally, the sensilla
were characterized using a small odorant panel and revealed that several of them
responded differently, suggesting that the labellum uses different categories of sensilla to
carry out olfactory detection.
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Introduction:
Throughout history, mosquito species have been some of the deadliest insects
on the planet, responsible for spreading deadly diseases among the human
populations. Viruses such as West Nile virus, or parasitic organisms like Plasmodium
falciparum (malaria), use mosquitoes as a vector in their life cycles to infect human
hosts[1]. Female mosquitoes will attempt to blood feed from infected individuals,
becoming infected themselves, thereby spreading the disease. Upon landing on a new
host for feeding, the mosquito injects saliva contaminated with the pathogen into the
blood stream, further infecting the host. Thus, the mosquitoes acts as a ‘dirty needle’,
passing the pathogen onto new victims[2][3][4].
In 2016 alone, 216 million cases of malaria infection were documented
worldwide, mostly in children on the African continent, wherein almost half a million
people died[5]. In the Americas, the Zika virus is spread through Aedes aegypti and
was brought into the public eye with recent epidemics in 2015 and 2016, causing
deformities in infant cranial development[6]. As such, these diseases are not only
lethal, but also heavily disruptive to economic productivity[7]. Therefore, prevention
of mosquito bites and containment of mosquitoes should be considered a top priority,
especially for those nations located in regions of considerable mosquito population
density. In order to combat the propagation of these illnesses, it is necessary to
understand the mechanisms governing mosquito attraction to their human prey.
Mosquitoes have several chemoreceptors to identify food sources or
repellent/toxic compounds in their environment. These are generally transmembrane
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receptors belonging to ligand gated ion channels or G-protein coupled receptor
(GPCRs). These receptor families are mostly split into three categories: Gustatory
Receptors (GRs) and Olfactory Receptors (ORs), which conflicting evidence points to
either GPCRs or ligand gated ion channels, and Ionotropic Receptors (IRs), which are
ligand gated ion channels[8][9]. Usually these receptors are housed in the dendrites of
neurons expressed in a porous organ called a sensillum (sensilla in plural)[10].
Vertebrate sensory neurons will usually only express one type of receptor,
generalized as the “one neuron - one receptor” rule[11]. In contrast, insects are
somewhat different. Gustatory Receptor Neurons (GRNs) and Olfactory Receptor
Neurons (ORNs) may coexpress more than one receptor, though usually ORNs also
expresses an OR Coreceptor (Orco), which is highly conserved among insect species.
While ligands bind to their target ORs, Orco dimerizes to the OR and allows for
signal transduction[12][13]. Depending on the classification, up to four sensory
neurons expressing different receptors can exist within a sensillum bathed in sensillar
lymph[14][15]. All in all, this allows for a variety of different receptor combinations
to exist, creating distinct sensilla types to meet out certain functions, such as
identifying CO2 plumes (ie. Drosophila ab1 sensilla) or sources of sugar (ie.
Drosophila L-type sensilla)[16][17].
GRs are more commonly found in taste organs, such as the proboscis and tarsi,
involved in the detection of non-volatile compounds through physical contact[18].
ORs, normally found in the antennae and maxillary palps, are capable of picking up
volatile chemicals from further away[19]. IRs are found in both taste and olfactory
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organs and are believed to be used for the detection of both volatile and nonvolatile
compounds. Unlike Ors, these receptors do not require dimerization with the Orco in
order to function properly. Instead, it is thought that they form dimers with IR25a or
IR8a[20][8].
Host seeking behavior in mosquito species is believed to primarily be
governed by olfaction combined with visual aid, sensitivity to temperature, and
sensitivity to moisture. It has been well documented that mosquitoes are attracted to
the carbon dioxide in our breath as well as volatile chemicals found in human sweat
[21][22]. These compounds act as kairomones for mosquito species such as
Anopheles gambiae and Ae. aegypti, leading them to a potential source of
blood[22][23]. The ORNs in the antennae or maxillary palps relay these signals
usually send them to the Antennal Lobe (AL) of the brain for processing, which is
analogous to the Olfactory Bulb in vertebrates[24]. In addition to the AL, ORNs may
also project from the proboscis labellum to the Subesophageal Zone (SEZ)[25].
Mosquitoes have had several millions of years to develop keen olfactory
senses to locate targets for blood feeding. Some, like Aedes aegypti and A. gambiae,
have adapted to better locate humans based upon the odor exuded from the skin (or
skin flora) and collected in sweat[26]. Several volatile chemicals can be found in
human skin odor[27]. Carboxylic acids, such as lactic acid, and ammonia are
attractants and alone can draw An. gambiae[28]. Interestingly, these compounds are
commonly exuded together and it is known that a combination of them have
synergistic effects, creating a greater attraction for mosquitoes. When lactic acid and
3

ammonia are combined with a mixture of other carboxylic acids, the resulting odor
generates a considerably greater amount of attraction compared to any of these
components alone. Even combining two out of the three components is not always
sufficient to generate the same degree of potency[22]. Still, it is not well known
which neurons detect these combinations. The discovery of a sensitive OR or IR here
would likely give way to possible methods of genetic manipulation preventing these
pests from finding hosts. With this in mind, human sweat odor, containing all of these
individual chemicals, can be used to identify neurons involved in detecting humans.
A mosquito’s receptors can activate upon coming into contact with plumes of
these individual compounds and may have an even greater response when present
together in a blend. But how does the insect know when to insert its blood-feeding
stylus into an animal? A mosquito probes a patch of skin with its proboscis before
blood feeding begins, so naturally one would expect GRs to be present and be
responsible for physically evaluating the entry site. However, a recent finding
indicates that ORs do exist on the proboscis labellum, suggesting olfactory function
may also play a role in identifying the feeding site[22][29]. Upon landing, the
mosquito’s proboscis is closest to the skin compared to the antennae above it, which
could indicate the ORs in this instance as possibly being tuned to detect non-volatile
chemicals on the surface.
Olfactory studies have been conducted on An. gambiae labellum using the
Type II sensilla[29], yet these studies have yet to examine Ae. aegypti.
Morphologically, there are short papillae sensilla (sp) on the Ae. aegypti labellum that
4

are analogous to the Type II sensilla classification in previous studies and is believed
to be an olfactory organ as they express ORs[30][31][32].
The Type II sensilla on the labellar region, however, have several Orco (-)
sensilla[25]. One would reasonably suspect that these house GRs, but there is also
room to suggest that IRs may exist there as well. Indeed, Orco loss of function
mutants are still capable of locating humans to feed on, which would suggest that the
ORs are not the only necessary receptors for target seeking[33]. Meanwhile, GRs can
pick up volatile chemicals like CO2[34], using sensilla located on the maxillary palp.
Perhaps unexplored IRs and GRs confer sensitivity to human odor?
In this study, we set out to find both Orco dependent and Orco independent
signaling pathways for host odor detection by labellar ORNs in Ae. aegpyti. We
examine the response profiles of several sensilla on the dorsal labellar surface of wild
type and Orco mutant Ae. aegypti mosquitoes. Preliminary data suggests that, despite
the use of freshly collected human sweat and skin odor, the mosquito labellum lacks
any notable olfactory responses that are tuned to identify human prey. Interestingly,
though several of these sensilla do respond to certain individual components of
human odor. While eight to nine sensilla are visible under the microscope, there is
evidence to suggest that there may be at least two different classes, and it is more than
likely that there are some sensilla not within visual range. Additionally, sensilla in
Orco mutants showed similar, albeit diminished, responses to the same test odors,
suggesting that the sensillar neurons likely use the IRs that inhabit them. The
information altogether presented suggests that while there are different olfactory
5

sensilla classes populating the labellum of female Ae. aegypti, as of yet, there do not
appear to be any labellar sensilla that respond to gestalt human odor blend as an
attractant for host seeking and feeding.
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Materials and Methods:
Insect Preparation. Following rearing protocols[35] with slight variation, Ae.
aegypti Orlando strain mosquitoes and Orco16 loss of function mutant mosquitoes[33]
were allowed to lay eggs on moist paper towels in paper cups. These eggs were then
deposited into water filled containers and kept at 27°C until they develop into the
larval stage, after which they are kept at 25-28°C and 70-80% humidity. Mosquitoes
were given 14 hours of light exposure, alternating with 10 hours of darkness. Their
source of food is Tetramin tablets. They are further incubated until the pupae stage is
achieved, at which point 250 males and 250 females were allotted to water filled
plastic cups inside of a net cage and hatch into adults. Each cage has a total of 500
mosquitoes with 10% sucrose solution as a food source.
Odorant Stimulation. A test panel of 15 odorants was selected. Most of these
chemicals came from Sigma-Aldrich at >96% purity. Ammonia, which also came
form Sigma-Aldrich, was from a 28-30% ammonium hydroxide solution, and, in the
case of 2-oxopentanoic acid, came from Tokyo Chemical Industry at >95%. These
compounds were based off of previous works regarding mosquito response and
attraction to individual components of human odor, odor blends, or activation of
Drosophila IRs[27][28][29][36][37][38]. Water and paraffin oil are used as solvent
negative controls. 2-oxopentanoic acid, isovaleric acid, lactic acid, propionic acid,
phenylacetic acid (PAA), phenylethylamine (PEA), acetoin, putrecine, butylamine, 1butanol, and ammonia were used to characterize sensilla response. Following
established protocol[39], odorants were diluted in water or paraffin oil based on
7

solubility to a concentration of 1% (vol/vol). The final portion of the panel consisted
of a control vehicle and the addition of sweat odor collected from human feet. The
control consisted of a 15mL falcon tube with one hole drilled at the bottom and one
hole drilled into the cap, allowing for the insertion of an air tube. Pieces of cloth
netting roughly 4cm x 20cm were rolled up and placed inside the tube to act as a
control. The foot odor would be collected on a similar piece of cloth after being worn
inside of a sock for 12 hours. This sock would be worn inside of a secondary sock to
prevent outside contamination. Chemical odorants would be introduced through a
glass air tube pointed at the experimental mosquito using a continuous flow of humid
air at about 5mL/sec. Odorants would use a pulse of 10mL/sec to be injected into the
airstreams and delivered to the mosquito. The collected sweat odor did not use the air
tube. Instead, we opted to directly apply the human odor from the falcon tube to the
mosquito with the 10mL/sec pulse.
Single Sensillum Recordings (SSR). 2-13 day old mosquitoes were collected in vials
subsequently knocked out by placing the vials in ice. Once the mosquitoes fall
unconscious on ice, the female mosquitoes are dissected with forceps, removing the
wings and legs, and are then loaded into a specially carved out pipette tip stuck in
clay on top of a coverglass. They were oriented on top of a glass cover slip also on
top of clay layered with Scotch double sided tape so that their proboscis were stuck to
the surface with the dorsal side facing up. Glass electrodes were filled with SLR
solution, with reference electrodes inserted into the abdomen and recording electrodes
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used to puncture the sensilla walls, collecting action potentials. Extracellular single
unit recordings were performed using methods found in Dobritsa et al.[40]
Data Processing. Each sensilla contains ~2-3 olfactory neurons. The spike frequency
for each neuron could not be sorted by spike amplitude given the inconsistent nature
of the spike amplitudes, so spike counts are aggregates representing the total number
of action potentials observed. Spikes were counted at the start point of response (~0.2
seconds after stimulus) or at 0.2 seconds after stimulus if there was no response. The
counting window spans 0.5 seconds and the amount is then multiplied by 2 in order to
extrapolate spike frequency in hertz. The 1 second pre-stimulus frequency was
subtracted from the total count for each sensillum, to get he odor-dependent increase
in spike frequency. These results were then averaged based on the replicate numbers
used.
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Results:

Fig. 1. Rough schematic of Ae. aegypti labellar map. From a dorsal view, about 8
sensilla are visible (numbered domes in blue).
We initiated characterization of the labellar sensilla of wild type Ae. aegypti
starting with one furthest from the labellar tip, designated as sp8 (Fig. 1) due to it
tenuously being the eighth sensilla visible counting from the top of the lobe to the
base. Its position also made it considerably easier to access via SSR, as sp1 and sp2
were too difficult to reach. Of the 13 odorants used, only 4 generated varying degrees
of response (Fig. 2A and B). Butylamine and ammonia generate the greatest
concentration of action potentials, whereas 2-oxopentanoic acid and isovaleric acid
show considerably weaker reactions. In contrast, lactic acid, propionic acid, PAA,
PEA, 1-butanol, acetoin, and putrescine had little to no response.
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Fig. 2. (A) sp8 wild type sensilla odor traces. Headspace from 1% odorants in water
(isovaleric acid and ammonia) and paraffin oil (2-oxopentanoic acid and butylamine)
were used. (B) sp8 Odorant panel. (N=11)
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While there may be more than one neuron firing inside of a sensillum, it is
difficult to examine the traces from the short papillae sensilla, as the varying
amplitudes of each spike does not lend itself to proper identification of specific
neurons being used (Fig. 2A). We have, therefore, decided to collate all spikes in total
as the overall response until further notice.
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Fig. 3. (A) Odor traces from wild type sp8 sensilla. Headspace from plain netting and
sweat infused netting were used. (B) Quantified sp8 response to human foot odor.
(N=11)
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When exposing sp8 sensilla to human sweat, it was revealed that the sensilla
lacked any appreciable reactivity to foot odor compared to the control vehicle (Fig.
3A and B), not once in 11 replicates. This evidence suggests that sp8 is not attracted
by whole human odor, and would not be responsible for guiding mosquitoes to their
hosts, though it does not explain why it would respond so readily to singular
components of human sweat.
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Fig. 4. (A) sp8 Orco16 odor traces. sp8 Orco16 sensilla odor traces. Headspace from
1% odorants in water (isovaleric acid and ammonia) and paraffin oil (2-oxopentanoic
acid and butylamine) were used. (B) sp8 Orco16 odorant panel. (N=12)
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Concurrently, we also sought to look for evidence of IRs existing within the
mosquito labellum. By using Orco16 mosquitoes, which have lost the ability to use
their ORs, any response coming from the sensillum would likely indicate the presence
of at least one neuron expressing an IR. Indeed our findings do show that the mutant
mosquitoes’ response profiles to certain odors is lower compared to the wild type,
confirming the normal presence of OR activity. Yet, there is still considerable activity
in the sp8 mutant sensillum to odorants such as butylamine and 2-oxopentanoic acid
(Fig. 4A and B). Therefore, this data is evidence that there are at least two different
neurons existing at once inside the sp8 sensilla: one expressing an IR and one
expressing an OR. Whether or not other neurons exist remains to be seen.
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Fig. 5. (A) Odor traces from Orco16 sp8 sensilla. Headspace from plain netting and
sweat infused netting were used. (B) Quantified sp8 response to human foot odor.
(N=12)
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For the sake of completeness, these Orco16 mosquitoes were also exposed to
human odor to compare responses with the wild type. As expected, the mutant
sensilla had little to no response when foot sweat was directed at them (Fig. 5A and
B). As even Orco16 mutants are still able to located human hosts and since wild type
sp8 did not elicit any responses to foot odor, this further solidifies our position that
the labellar sensilla sp8 is not responsible for host attraction.
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Fig. 6. (A) sp7 wild type odor traces. Headspace from 1% odorants in water
(isovaleric acid and ammonia) and paraffin oil (putrescine and butylamine) were used.
(B) sp7 odorant panel. (N=8)
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As sp8 did not show reactivity to human odor, it was necessary to move on to
another prospective sensilla. Wild type sp7 was next in line for electrophysiological
studies. Out of 8 replicates, this particular sensilla shows slightly different response
profiles compared to sp8, lacking activity in the case of 2-oxopentanoic acid, but
having an increase in activity when sampling putrescine while having a similarly
strong response to butylamine and ammonia (Fig. 6A and B). However, at least two
replicates showed distinct lack of response to ammonia, suggesting that perhaps there
is a subset of sensilla with divergent response profiles.
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Fig. 7. (A) Odor traces from wild type sp7 sensilla. Headspace from plain netting and
sweat infused netting were used. (B) Quantified sp7 response to human foot odor.
(N=8)
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When foot odor was introduced to the sp7 sensilla, it showed as little response
to the odorant as sp8 (Fig. 7A and B). From this data, we concluded that sp7 does not
respond to whole human odor.
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Fig. 8. (A) sp6 wild type odor traces. Headspace from 1% odorants in water
(isovaleric acid and ammonia) and paraffin oil (putrescine, 2-oxopentanoic acid, and
butylamine) were used. (B) sp6 odorant panel. (N=5)
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Fig. 9. (A) Odor traces from wild type sp6 sensilla. Headspace from plain netting and
sweat infused netting were used. (B) Quantified sp6 response to human foot odor.
(N=3)
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After sp7 failed to react to human odor, we continued to test the odorant panel
against sp6. This sensilla also failed to elicit a response to foot odor (Fig. 9A and B),
but at least showed an overall different profile to the odorant panel compared to sp7
and sp8. This sensilla showed reactivity to 2-oxopentanoic acid, isovaleric acid,
ammonia, putrescine, butylamine (Fig. 8A and B).
While we ostensibly tested three different sensilla, closer observation shows
certain differences between individual responses for sp8, and sp7. While most sp8
showed ammonia and butylamine, there were two that also seemed to show
pronounced sensitivity to putrescine as well (Fig. 10A). Two other sensilla show a
considerable lack of response for ammonia, putrescine, and weakened response for
butylamine (Fig. 10B). These sensilla may show strong neural activity in the presence
of 2-oxopentanoic acid, though in truth, several of the other sp8s showed similarly
intense reaction.
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Fig. 10. Divergent sp8 profile. (A) Alternate sensilla response A. (B) Alternate
sensilla response B.
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Similarly, sp7 also had two subtypes that did not quite match the overall
response profile. Two sensilla showed strong reactivity to putrescine in contrast to the
others, with one among them showing a similarly strong reaction isovaleric acid. (Fig.
11A). Two other sensilla showed a noticeably lowered response to ammonia
compared to the others, hovering around 50 spikes per second, and were the lowest
count in that regard (Fig. 11B). Together, these observations suggest that there are at
least six or seven different sensilla classes used to parse through odorants.

27

Fig. 11. Divergent sp7 profile (A) Alternate sensilla response A. (B) Alternate
sensilla response B.
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Fig. 12. Human odor response from multiple sensilla types. (N=16)
As the previous three sensilla would not respond to human sweat, we settled
for a quicker and more broad approach to surveying the labellum, testing any
available sensilla based on ease of access. 16 sensilla ranging from sp7 to sp2
continuously showed a lack of activity when introduced to human sweat, and sp1 was
found to be too difficult a target to acquire (Fig. 12). Ultimately, the data suggests
that most, if not all of the visible sensilla from the dorsal labellum do not function to
locate and attract the mosquito to its prey.

29

Table 1. A comparative list of responses for sp8, sp7, and sp6 to the odorants.
Odorants were kept at 1% concentration in solvents.
30

Discussion:
It still remains unclear what olfactory receptors in which sensilla direct
mosquitoes to locate human skin odor. This project has aimed to identify any labellar
sensilla which would respond strongly to human odor collected from feet and further
characterize it against a panel of diagnostic odorants, each of which is a component
present on human skin or shown to attract mosquitoes. We have, so far, only managed
to accomplish the characterization of a few of these sensilla, while ruling out their
activity to whole human odor. Of the 25 or so Type II sensilla (or short papillae) on
the labellum[29], 8 were visible and accessible on the left lobe, of which three were
examined in depth.
So far, the short papillae examined show interesting results (Table 1). Sp8,
sp7, and sp6 all share similarly strong reactions to butylamine, one of the components
of human sweat[41]. Sensilla sp6 and sp7 show increased activity in the presence of
putrescine, which is also found on human skin and used for ovipositioning[42][43], 2oxopentanoic acid, another chemical found in human sweat known to trigger landings
from An. gambiae[44], and isovaleric acid, a common secretion from human
feet[45][46], generates an increase in action potentials fired per second between sp8
and sp6. Lastly, all three wild type short papillae elicited dense and rapid firing when
exposed to ammonia, found in sweat and a known synergistic attractant with lactic
acid[23][36], even though lactic acid itself does not produce a strong response with
any of the tested sensilla.
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Both wild type and mutant showed nothing aside from baseline neuron
activity when given human odor. At least in the case of the Orco16 mosquitoes, it has
been documented that Orco mutants lose preference for human odor unless in the
presence of CO2[33], which could have explained the lack of response. However,
because the wild type sensilla also lacks a noticeable response, we are left to conclude
that none of the sensilla examined in this study are responsible for attraction to whole
human odor. Future studies on Aedes labellar sensilla may benefit from testing
chemical mixtures, such as lactic acid with ammonia, and human odor with carbon
dioxide.
The preliminary and broad test of human odor against other sensilla on the
labellum surface yielded fruitless results, suggesting that perhaps the labellum’s does
not function to directly detect human odor. That these sensilla are capable of
detecting the individual components of human sweat without showing a greater
reaction to the gestalt is perplexing. One possibility could be that, while these sensilla
do not use whole human sweat odor as a host seeking trigger, they are narrowly tuned
to collecting the individual chemicals, and the accumulation of specific odorant
signals are processed into an attractive behavioral response in the SEZ. Alternatively,
in contrast to the way that certain chemicals combined produce a synergistic effect
that can produce strong responses from the olfactory neuron, perhaps they may work
in the opposite sense by reducing such responses as well. Another possibility to
consider is whether or not the concentration of odors presented are much higher in the
single odor range. For instance, ammonia is known to act as an attractant at low
32

concentrations, between 17ppb and 17ppm, but is repellent at higher concentrations at
136,371 ppm[47][48]. Perhaps the concentration of compounds in the human odor
was lower than the detection threshold. Or perhaps, more likely, the concentrations
used in the odorant panel may have greatly outweighed those in the naturally
occurring collected skin-odor blend.
Orco mutants used in this experiment had the Orco16 allele, which possessed a
truncation in the Orco protein, creating a loss of function that prevented ORs from
dimerizing and propagating a signal[33]. Orco16 sp8s behaved similarly to their wild
type counterparts, though with some slight differences. The significantly reduced
response to ammonia in Orco16 sp8 sensilla implies the involvement of an OR in its
detection for the wild type strains. Still, despite the loss of the Orco protein, there was
still noticeable activity from the sensilla, suggesting that there may at least one more
neuron inside the sensillum wall containing an IR. The alternative, the mutants may
be physically weaker than wild type, and may give lower responses overall.
The gustatory Type II sensilla discovered in Culiseta inornata tarsi contains
two salt sensitive neurons and one mechanosensory neuron[49]. This same
classification was used to designate similar sensilla types on the labellum of An.
gambiae in which olfactory activity was discovered[32]. These labellar Type IIs are
morphologically similar to the short papillae of Ae. aegypti[30][31][32], though
whether or not the specific olfactory cues are conserved is unknown. Could it be
possible that GRs are also included within these sensilla? Certain GRs can detect
airborne chemicals, after all, and the labellar neurons lead into the SEZ, which is
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known for processing gustatory information[25][34]. While we cannot disregard the
possibility of mechanosensory or gustatory neurons residing inside, we can speculate
from the fact that the olfactory responses continued to react strongly to butylamine
indicates that IRs may take an active part in olfactory cues on the labellum.
Given the differences between the short papillae recordings, it is at least
evident that there are different subclassifications for these sensilla. Indeed, a recent
finding demonstrated that Type II sensilla on Anopholes colluzzii labella had several
subtypes tuned to different chemical odorants[50]. It should be noted that
identification of the labellar sensilla in this study were primarily done via visual
approximation of their location and position, and that they all were morphologically
similar. In fact, there were several sensilla in sp7 and sp8, both wild type and mutant,
that generated different signals on the individual level when placed next to the
cumulative profile, where at least six different profiles were noted to exist. Analysis
of RNAseq data in the labellum of An. colluzzii indicated the abundant presence of
multiple OR and IR transcripts, sharing several homologues with Ae.
aegypti[50][51][52](Table 2). Just how similar these Type II subcategories are to the
Ae. aegypti labellum and in what numbers is still unknown.
This study does at least provide a rudimentary and preliminary
characterization of a few labellar sensilla types with subtle differences in their
response. There is the possibility that the same sensilla types were collected in each
data set due to relying on visual categorization, but due to the dissimilarities found
between the individual responses from the short papillae, we can conclude that there
34

are at least three different response types. While it is not yet known which ORs or IRs
exist in the short papillae, retrotranscription of An. gambiae proboscis has revealed
several labellar ORs, and considering how commonly these receptors are conserved
between species, it is likely that Ae. aegypti also has orthologs. RNA sequencing of
Aedes labellar tissue followed by subsequent knockouts of prospective receptor types
should be used to determine which of the resident ORs and IRs are inhabiting the
various short papillae.
We have, thus far, been unable to find any odorant response from the labellum
of Ae. aegypti that are activated by whole human sweat, though we did find evidence
to suggest that there are different classes of short papillae sensilla occupying the
dorsal labellar region and further evidence that may indicate the presence of IRs there
as well. This is not to say that the labellum does not maintain a number of sensilla
dedicated to picking up human odor, for sp1 was unreachable for the duration of this
project, and several sensilla which populate the ventral side of the laballar surface
were not explored. Additionally, only the left lobe of the labellum was investigated,
leaving open the possibility that the right lobe could contain a completely different set
of sensilla with unique response profiles. Last of all, synergism between odorant
compounds was not tested during this study, leaving open the question of whether or
not a combination of carboxylic acids and amines may activate labellar receptors for
some unknown function.
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Table 2. A list of shared receptors between female An. coluzzii and Ae. aegypti. (A)
Shared ORs. (B) Shared IRs. (* refers to the presence of the expressed gene family,
though the specific name of the protein is not known)
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