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Abstract:

This project aims to extend our knowledge of hormonal signaling of mosquitoes, which

threaten human health as disease vectors in many parts of the world. We are especially interested

in ETH (Ecdysis Triggering Hormone). When ETH is released from the Inka cells into the

hemolymph, it triggers a sequence of behaviors that allow the mosquito to complete the ecdysis

process. Through this project we aim to examine the role that ETH plays in adult mosquitoes that

will no longer undergo ecdysis. We believe that ETH is needed for reproduction and that

depressed levels of ETH will result in reduced fecundity. We will be using 2 different methods to

test our hypothesis. The first method will involve ETH receptor activity and the second method

involves measurements of ETH concentration in hemolymph.
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Introduction

Collectively, mosquitoes are considered to be the deadliest animals in the world, causing

the death of around a million humans every year. A single mosquito can come into direct contact

with multiple animals/humans carrying pathogens from one and delivering it right into the

bloodstream of another. For example, mosquitoes are known to be the main carriers of Zika,

Malaria, and West Nile viruses. Research about mosquitoes is limited even though they threaten

thousands of lives everyday. They require a blood meal to produce eggs and an aquatic

environment to lay them. This, combined with their small and delicate body make it very

difficult to keep one pure line of mosquitoes alive for long-run research. My research is devoted

to  extending the knowledge of hormonal signaling in mosquitoes that can possibly be used to

help in controlling their population in the future.

Mosquitoes have multiple developmental stages. Females lay eggs in water and two days

later they hatch into larvae. It takes them about 3-4 days to become pupa and another 3-4 days to

emerge into adults that can finally fly out of the water. This life cycle is controlled by a hormone

signaling cascade led by the Ecdysis Triggering Hormone (ETH) which is also believed to be

involved in the reproduction process. This makes ETH the main target of our research because a

deep understanding of this hormone will provide us with an insight on different possibilities to

regulate not only growth, but also reproduction. Our research will be focused only on female

mosquitoes because males do not feed on blood; therefore, they do not transfer pathogens or

threaten humans.
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Figure 1: Life cycle of mosquitoes. Source: www.mosquitoes.org/LifeCycle.html.

Background/Literature Review

When ETH is released from Inka cells into the hemolymph, it commands or triggers a

sequence of behaviors that are critical for shedding of the exocuticle in mosquitoes at the end of

each stage of development. This makes ETH a vital hormone for mosquito development from

egg to larva, larva to pupa, and eventually into adults. “Ecdysis triggering hormones (ETHs)

from endocrine Inka cells initiate the ecdysis sequence through action on central neurons

expressing ETH receptors (ETHR) in model moth and dipteran species.” (Roller et al., 2010).
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ETH can be found in many other types of insects, and it has been studied in some of

them, such as the  fruit fly Drosophila and moths Manduca sexta and Bombyx mori, but although

has been studied in mosquito larvae (Dai et al., 2009), no studies have been published on the

adult stage.

We are also working on mapping the locations of Inka cells in mosquitoes and to help us with

that, we have created a visual representation (drawing attached at the end) of the tracheal system

in mosquitoes because we believe that Inka cells are located along this system. We are also trying

to map the location of the ETH receptors in mosquitoes and establish functional relationships

between ETH and two other hormones: Juvenile Hormone and the steroid Ecdysone.  Juvenile

hormone helps to regulate the  reproductive process in mosquitoes and provides ETH with the

signals required to initiate egg release and development.

Research has also shown that ETH production is affected by different stress environments

such as high temperature or the lack of food and this led to less amount of eggs being produced

by the females (Meiselman et al., 2018). This also suggests that ETH is directly related to the

reproduction process in insects.

It was found in Drosophila that the increase of concentration of ecdysone that was

induced by stress resulted in a decrease in the concentration of ecdysis triggering hormone, likely

due to steroid-induced inhibition of secretory competence (Cho et al.,2013). The depressed

concentration of ETH resulted in decrease in juvenile hormone-producing corpus allatum

(Meiselman et al., 2018). As a result of the depressed levels of ETH that were induced by various

types of stress such as nutritional stress (providing the flies with sugars only) or heat stress

(altering the temperature of the environment) which resulted in fecundity attenuation. This
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correlation indicates the significance of ETH in reproduction in Drosophila. (Meiselman, et al.,

2018). The goal of this research is to detect and quantify  the concentration of ETH in

mosquitoes at different stages of development and study its relation to reproduction in

mosquitoes.

Methods

In order to guarantee accurate data we use a single colony of mosquitoes and we ensure

that we collect eggs consistently for future research using the same colony. Two lines are used,

one possessing CRISPR knockin (KI) gene construct in the ETH receptor locus containing

tdTomato, a fluorescent reporter and another that is wild type. Due to our interest in the function

of ETH we work with altered ETH receptor gene where reporter red fluorescent protein was

knocked in. Eggs are collected on wet cotton or paper in a dark environment to mimic the natural

environment of mosquitoes. The eggs are allowed to dry and stored for later use (eggs can last

for several months). In order to hatch the eggs they dry cotton or paper and are placed in a

container full of water and left for 2 days to hatch into larvae. Food is provided every other day

and within a week after hatching the larvae start their ecdysis process and become pupa. Within

2-3 days the pupa will undergo ecdysis again and turn into adult mosquitoes. It is crucial to

separate pupae into different containers as they tend to require more food and if this step is not

performed the competition for food will result in smaller adult mosquitoes. Adult mosquitoes are

provided with sugar water as their primary source of food and female mosquitoes are also blood

fed in order to reproduce.

Data will be collected at different stages of the mosquito development such as Larva state

(4th instar specifically) and pre/post blood feeding in adults. The method of analyzing our data
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will be through using immunohistochemistry to ETH receptors and have a clear view on their

precise locations. Dissection of mosquitoes and using the location of the trachea nodes as an

estimate for the location of the Inka cells that produce ETH. We also extract the hemolymph

from mosquitoes to then analyze it using mass spectroscopy and/or enzyme immunoassay in

order to identify the hormone levels in mosquitoes at different stages of the reproductive cycle.

Method of ETH receptors (ETHRs) mapping

We will be dissecting the mosquitoes first. PBS (phosphate buffer solution) is used

because it prevents the denaturing of proteins that usually occurs when the mosquito body is

opened and exposed to the air (prevents change of pH in the open body). The mosquito body

then will be fixed flat. To help with the fixation

process, PFA (paraformaldehyde) is

used, because it preserves the soft tissues, preventing

curling or folding. This will help us with visualizing

the sample slides that will be prepared later on. The

dissected sample is fixed in PFA for 24 hours and

then washed with PBS and PBST (5 times for 5

minutes each)  in order to remove excess PFA.

Fig. 1: A dissected mosquito pinned out in PBS solution. This was later used to
create slides for microscopic observation.

8



Immunohistochemistry

The process through which antigens in cells are visualized using specific antibodies

Using the primary antibody: Rabbit anti-tdTomato, will ensure the binding on these specific

receptors and no other similar cells or receptors. The secondary antibody: Alexa Fluor 488

anti-rabbit, binds to the primary antibody and provides us with the fluorescent colors. These

fluorescent colors are visible under fluorescence microscopy and will provide us with a visual

representation of the location of the ETHRs. We believe that these receptors are going to be most

active at late larva (4th instar specifically) and late pupa stages. These are the stages where ETH

is believed to be at a high concentration and therefore its receptors must be active.

Fig. 2. (Left) Fluorescent microscope and (right) slides created using the dissected
mosquitoes such as the one shown in Fig 1.
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Methods for ETH concentration levels in the hemolymph:

In order to measure ETH concentration, we collect the hemolymph (insect blood) from

the mosquito. In order to do this, fine needles were created using 100-ul micro glass capillary

tubes using a pipette puller P-30 (Sutter Instrument, Novata, CA) and mounted in a pipette pump

(DRUMMOND, Broomall, PA). We use these fine needles in order to inject 20 μL of a blood

buffer (a saline solution with a similar pH to the hemolymph of the mosquito) into the thorax

(the upper body of the mosquito), and we make a small cut  at the bottom of the abdomen (the

lower body of the mosquito). The bleeding solution was made of phosphate-buffered saline

(PBS) (100 mM NaCl, 25 mM NaHCO3, pH 7.2). This allows the buffer to push the hemolymph

to be collected out of the mosquito. The initial drop of perfused hemolymph will be collected on

a glass silanized tube (Thermo Scientific) and placed on ice. Three independent samples of the

initial hemolymph drop are required to create a single data point.  The blood will be collected in

a small glass tube and stored in -80 degrees fahrenheit. Storing the sample at a very low

temperature will prevent any denaturation in proteins and result in an accurate measurement of

the ETH concentration. The samples were sent to Florida for analyzing since mass spectrometry

will be the method of analyzing the sample.

10



Fig. 3. This iImage shows the pipette puller device that was used to create fine
needles from were using 100-ul micro glass capillary tubes. Pipette puller P-30
(Sutter Instrument, Novato, CA).

Although ETH is known to be involved in growth, it has also been found alongside other

hormones to have an impact on reproduction in Drosophila. Furthermore, the role of ETH has

been tested in the reproductive response to stress in Drosophila. ETH was found to be an

allatotropin - promoter of juvenile hormone production - and therefore contributes to oogenesis

(Meiselman et al., 2017). Subsequent work showed that various types of stress, including those

elicited by elevated temperature, nutritional deficit, and courtship memory resulting from

stressful social experience (rejection) leads to ecdysone elevation (Ishimoto et al., 2009),

inhibition of ETH release, and reduced oogenesis and ovulation (Lee et al., 2017; Meiselman et
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al., 2018). ETH deficiency results in reduced activity of octopamine neurons innervating the

ovaries (Meiselman et al., 2018). We would like to find the role of ETH in adult mosquitoes that

have completed ecdysis and compare that to the function of ETH in Drosophila that had already

been tested.

In order to test the role of ETH in reproduction, we started a mosquito colony and

focused on adult female mosquitoes. After 24 hours of providing them with a blood meal, the

mosquitoes were collected and their hemolymph was gathered and stored in -80oF. This was

performed to allow us to examine the concentration of ETH in the hemolymph. We also

performed the same process using 2 day post eclosion non-blood-fed mosquitoes in order to test

the effect of blood feeding on ETH levels. The reason that blood feeding is very important is the

fact that mosquitoes require a blood meal in order to lay eggs and therefore blood feeding is a

part of the reproductive cycle in mosquitoes.

Fig. 4. Shows the enlarged ovaries of mosquitoes after blood feeding
under a microscope. This method can be used to count the number of eggs
in the ovaries.
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Fig. 5A & 5B: A dissected mosquito in PBS (phosphate buffer solution) showing
the trachea mapping throughout the abdomen of the mosquito. Image 5B is a
close-up of the trachea and the nodes created by the branches.
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Results:

Figure 6. Drawing by myself, depicting the estimated location of Inka cells located near
the blood sack (pink) , ovaries (green), and gut (yellow).
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Inka cell mapping

Figure 6 shows white tubes which are called the tracheae that mosquitoes use to exchange

oxygen and other gases. We believe that the Inka cells are located in close proximity to the nodes

of the tracheae. After dissecting 50 mosquitoes and mapping the tracheae nodes we averaged

their location and used it to estimate the location of the Inka cells. We found between zero and

four Inka cells in each segment of the mosquito abdomen. No Inka cells were located in the

thorax of the mosquito or near the head. The segments of the abdomen are labeled from 1 to 10.

A total of 20 Inka cells were mapped, 10 of which surrounded the blood sack, 4 surrounded the

ovaries, and 6 were located around the gut of the mosquito. Segments one, eight, nine, and ten

did not contain any Inka cells. Whereas, segment two, three, six, and seven contained 4 Inka

cells each. Finally, segments four and five contained two Inka cells each.

We are interested in the location of Inka cells because these are the cells that produce

ETH and therefore their location may provide us with important information to where the ETH

receptors could be located. Research in Drosophila has shown that the nodes of the trachea

system are a good approximation to where the Inka cells are located and therefore we attempted

to examine the same pattern in mosquitoes.

Immunohistochemistry

In order to test our hypothesis of ETH involvement in growth and reproduction we

decided to use immunohistochemistry to examine the activity of ETH receptors during different

stages of development ( Larval state, 4th instar specifically and pre blood feeding and post blood

feeding in adults). We also examined dissected ovaries of mosquitoes 24 hours post blood
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feeding and without performing immunohistochemistry in order to test if ovaries have ETH

receptors. Ovaries were examined as a representation of the reproductive system in mosquitoes.

Research in Drosophila indicated that low ETH levels induced by stress reduces the number of

eggs produced by female mosquitoes and therefore encouraged us to look for ETH receptors in

the ovaries. The ovaries of the mosquitos become significantly larger after a blood meal and

therefore we decided to use fresh dissections to make it easier to locate any fluorescent ETH

receptors or associated neurons.

CRISPR

CRISPR is an advanced system in which we are able to alter the DNA at a specifically

targeted location. The technique has already revolutionized gene editing and we were able to use

it in order to alter the ETHRA ( Ecdysis Triggering Hormone Receptor Isoform A) with the

reporter red fluorescent protein that was knocked in. The Knocked in mice after undergoing the

immunohistochemistry are expected to show the active and now fluorescent ETH receptors.

16



ETH Receptor Data:

Fig. 7. Ovaries of CRISPR knock-in mosquito ovaries under bright field illumination.

Fig 8. These images show the same ovaries as in Fig. 7 but under fluorescence illumination.
Based on previous work in Drosophila (Meiselman et al., 2018) we hypothesize that these are
octopaminergic neurons that express ETH receptors in the ovaries .
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Future Research:

Due to the pandemic we were unable to finish the project related to ETH concentration in

hemolymph. We would like to continue the project with multiple independent variables that

induce stress. This will allow us to examine the concentration of ETH after blood feeding in KI

mosquitoes and WT mosquitoes. We believe that the results will be similar to the study we

discussed earlier that was done on Drosophila where stress reduced ETH concentration and

results in reduced fecundity (Meiselman et al., 2018). Nutritional stress, heat stress, and death

stress (having dead mosquitoes in the same cage as the live ones) could be some independent

variables to use.

A line of KI mosquitoes and another of WT will be needed. Each line will be split into

three different cages. Cage #1 will be only offered sugar water as their nutrition, cage #2 will

have higher temperature, Cage#3 will have dead insects and alive ones. The wild type and the KI

are going to undergo the same stresses. Following this experiment a blood meal will be offered

and eggs will be collected and counted. Eggs can be counted under a light microscope and the

weight of the ovaries will be measured. This will allow us to compare the KI line to the WT and

provide us with further information that can support our hypothesis that ETH is involved in

reproduction.

Finally, we found it very difficult to obtain consistent data using mounted and fixed slides

after performing immunohistochemistry. However, we were successful in examining fresh

samples that have not undergone immunohistochemistry or mounting under a fluorescent

microscope. Using different antibodies might help resolve this issue.
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