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Abstract 

 Insulin signaling has a wide range of effects throughout the animal kingdom. The VG-myrAsteAkt 

line of transgenic mosquitoes overexpresses insulin signaling in the fat body. This line has shown to have 

an increased lifespan as compared to the wild-type counterparts (unpublished data). Differences in 

insulin-like peptide signaling were found, especially with ILP2 in the head of the organism.  Lifetime 

fecundity differences were also observed with transgenic mosquitoes laying 21.0% to 29.4% more eggs 

on average than the non-transgenic. More replicates of both are needed to prove statistical significance. 

This paper outlines the current work being done to investigate this line including differences in the 

innate immune response, rate of fourth instar transition to pupae, and blood meal intake comparisons.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Introduction 

 Plasmodium falciparum is the most deadly of the malaria parasites and is transmitted by many 

species of mosquitoes that include Anopheles stephensi. Traditional methods of control such as trying to 

eliminate the parasite through drug treatment haven’t worked. Drugs derived from artemisin have 

previously proven to be effective against P. falciparum, and many continue to be today. However, 

resistance is growing within the plasmodium population due to the expression of genes such as the 

Pfmdr1 (Pascua et al. 2013). Pfmdr1, which stands for Plasmodium falciparum multi-drug resistance 

gene one, refers to a gene recently identified to confer drug resistance to the plasmodium even to 

combination therapies (Pascua et al. 2013). The efforts to kill vectors of the disease face equal 

challenges.  Mosquitoes have developed resistance to insecticides. This is all evidence that a different 

approach to the problem is needed.  

 Work done in the Riehle lab has shown that an increase in insulin signaling in the midgut of the 

mosquito makes it incapable of transmitting the parasite (Corby-Harris et al. 2010). This could be a 

major step forward in the development of novel methods to reduce malaria incidence. There was a 

drawback to the new transgenic line, however. The life span decreased by a substantial amount 

resulting in a much lower fitness than the wild-type mosquitoes that were used as a control (Corby-

Harris et al. 2010). In order to become a method of decreasing malaria incidence, the transgenic 

mosquitoes would likely have to have the same or greater fitness than those found in the field. 

Otherwise, any attempts to release the transgenics into the wild would result in them dying out quickly 

and having no effect. As a result, work began on a transgenic line that increased the insulin signaling in 

the fat body. The fat body acts as a liver in the mosquito. This line is dubbed the VG-myrAsteAkt. This 

paper is a summary of the current work done on this line in order to gain a better understanding of the 

transgenic mosquito life history.  

 Insulin signaling has been shown to have broad reaching effects to a wide spectrum of 

vertebrates and invertebrates including changes in lifespan, reproduction, and immunity. An increase of 

insulin signaling in the midgut of A. stephensi was found to decrease lifespan an average of 18% (Corby-

Harris et al. 2010). The effects of insulin signaling are well conserved throughout the animal kingdom as 

the disruption of insulin signaling in the adipose tissue of experimental mice resulted in longer lifespans 

(Kloting and Bluher 2005). Reproduction is another factor that is affected by altered insulin signaling. 

According to Arik et al., increasing insulin signaling leads to an increase in 20-hydroxyecdysone, an 

important part of yolk deposition in the egg (2009). The increase of insulin signaling in the fat body of 

the mosquito also led to the overproduction of vitellogenin, which is one of the proteins responsible for 

the production of egg yolks.  

 The immunity of an animal is also dependent on insulin signaling. Insulin like peptides have been 

shown to increase exponentially in mammalian experiments as this is an integral part of the innate 

immunity (Luckhart and Riehle. 2007). Human insulin, which is taken in during a blood meal, activates 

the production of reactive oxygen species in the midgut of the mosquito which is useful in killing 

pathogens that may be present in the blood (Luckhart and Riehle. 2007). Insulin like peptides are 

another important part of mosquito immunity and metabolism. Four of the five insulin like peptides 



were all shown to increase in response to infection by P. falciparum (Marquez et al. 2011). With this 

information in mind, the final goal of this study is to gain a better understanding of how the VG-

myrAsteAkt line is unique and hopefully apply that knowledge to aid in controlling malaria.   

Methods 

Mosquito Rearing and Lines 

 The mosquitoes under study are a line of genetically altered flies that have increased insulin 

signaling in the fat body. The methods of mosquito rearing were as described in Corby Harris et al 

(2010). Mosquitoes were reared under 16 hours of light and 8 hours of dark. Transgenic male 

mosquitoes were crossed with wild-type females from the lab in order to get approximately 50/50 

transgenic to non-transgenic offspring. The females were then fed human blood through an artificial 

plastic membrane attached to a glass bell that was kept at 37 degrees Celsius by a water bath. The 

human blood was acquired from an expired stock from the American Red Cross and kept in a freezer at -

80 degrees Celsius until use. After eggs were collected from the females, they were hatched in 

containers containing cat food as a carbon source. After the eggs hatched into larvae, pupae would be 

formed after at least a week though it was not uncommon for me to see pupae as many as twelve days 

after egg collection. Pupae were then collected and scanned under a fluorescent microscope capable of 

detecting the EGFP proteins that are expressed in the eyes of the transgenic mosquitoes.  After the 

pupae were separated, they were placed into cages and males from females were separated after they 

emerged.  

Lifespan Assays 

 In order to determine the effects of the insulin signaling on the lifespan of the mosquitoes, four 

different treatments were used to determine if there was a difference in lifespan due to the increase of 

insulin signaling in the fat body. The treatments were sugar fed and blood fed using the transgenic and 

non-transgenic lines. After mating for 48 hours, the blood fed treatments were blood fed every Monday, 

Wednesday, and Friday. The dead were removed daily and the numbers were recorded.  

Egg Count Assays 

 To ascertain the effect of increased vitellogenin production by the fat body on egg production 

over a lifetime, a direct comparison was needed. Transgenic and non-transgenic female mosquitoes 

(n=40-45) were separated into two cages and males from the same cohort were allowed to breed with 

both cages for 48 hours. There was about a one female to one male ratio in each container. The females 

were then blood fed and the number in each container was reduced to 25 fully blood fed females to 

remove those that did not blood feed and to ensure that the two test cages were as similar as possible. 

Every Monday, Wednesday, and Friday the females were blood fed for one hour and the number that 

fed were counted and recorded. The number of deaths was also recorded. Egg counts were done on 

every Friday and Monday. The average numbers of eggs per cycle and lifetime fecundity were 

calculated. The results were then analyzed using the student t-test.  



Insulin-like Peptide Comparisons 

 Insulin-like peptides (ILP) 1 through 5 from A. stephensi mosquitoes were another area of 

interest. To quantify the ILPs, a qRT-PCR assay with Sybr green was performed and the samples were 

prepared as follows. The females were mated for 48 hours. Afterwards, some females would be 

removed for the non-blood fed dissection. The rest were fed and all were dissected with the time points 

were NBF (non-blood fed), 6 hour PBM (post blood meal), 24 hr. PBM, and 36 hr. PBM. The head, 

midgut, and abdomen were dissected, homogenized and the RNA was extracted using the RNeasy kit 

from Qiagen per the manufacturer’s directions.  

Rate of Pupal Formation 

 After a mosquito is finished developing from its larval form, it morphs into a pupa where the 

final development before adulthood takes place. To determine if there was a difference in the rate of 

pupal formation, three different cohorts of varying size were tracked from the day when the fourth 

instar began to form into pupae until four days after. I found that under equal crowding and feed 

conditions, pupae begin to show themselves about eight days after the eggs were laid. The significance 

values of the average number of pupae that formed daily from the three replicates were calculated 

using a students two-tailed t-test.  

Antimicrobial Peptide Assays 

 Finally, we compared the innate immune response between the transgenic and non-transgenic 

lines. The mosquitoes were challenged by pricking the flies with needles dipped in a tube containing E. 

coli. As controls, another needle was dipped in ethanol to disinfect the tips, and then dipped in 

deionized water to account for the effects of the prick itself. The last control group wasn’t pricked. The 

mosquitoes were blood fed and pricked at different intervals; NBF, 24 hr. PBM, 36 hr. PBM, and 48 hr. 

PBM. This was done in order to show the effects of the transgene on the system. The gene itself is only 

expressed following a blood meal.  

 The mosquitoes were first cold aestheticized for three to five minutes to render them immobile. 

Mosquitoes were inoculated and allowed to recover for a period of four hours, providing for the innate 

immune system to become active. Five of the surviving mosquitoes from each treatment were then put 

into 250 microliters of 1% beta-Mercaptenethanol in RLT. The tubes were then sonicated. The final 

volume was brought up to 350 microliters by adding another 100 microliters of RLT/BME. Using Qiagen 

products, the RNA was isolated and qRT-PCR on each sample was performed. The relative levels of 

antimicrobial peptide production were then analyzed via Microsoft Excel.  

Blood Intake Assays  

 We compared the blood meal size between transgenic and non-transgenic mosquitoes. 

Approximately 100 females from each line were bred with random males for 48 hours. The cages in 

which they were enclosed contained a sugar bottle for them to feed on. After mating, the sugar bottle 

and the males were removed from the cage and the females were starved for 24 hours. The females 



were then put into a smaller cage. The weight of this cage was already known and recorded. The 

females were cold anesthetized for less than five minutes and the weight of the cage with the 

mosquitoes was taken and recorded. The average weight per mosquito pre-blood meal was then 

calculated. The females were then allowed to blood feed for one hour. All of the mosquitoes that did 

not take a blood meal after that hour were removed. The cage was again put into a freezer for a few 

minutes and the weight was again taken. The average weight pre-blood meal was subtracted from the 

average weight post-blood meal and the average amount of blood was calculated. This data was then 

entered into Excel to ascertain if there was a significant difference between the two lines.  

Results 

Lifespan Results 

 Arik et al discerned that the lifespan of the transgenic lines was actually longer than the non-

transgenic (unpublished data). The lifespan increased by an average of five days, from 18.1 days in the 

non-transgenic to 23 in the transgenic lines (unpublished data). These lines were blood fed every 

Monday, Wednesday, and Friday (unpublished data). The transgene becomes active between 36 and 48 

hours after a blood meal so the feeding every 48 hours ensures that the gene remains active 

continuously (unpublished data).  

Effect of Overproduction of Vitellogenin in the Fat Body  

 Despite the fact that the transgenic line of mosquitoes produced more vitellogenin than the 

non-transgenic, there was no significant difference between the egg productions from the entire 

lifespan collections from the first two replicates. Only two replicates were completed, so further 

replicates may reveal significant differences. The average number of eggs per cycle is located in Table 1. 

We found that a transgenic mosquito will lay, on average, 21.0% to 29.4% more eggs over a lifetime 

than a non-transgenic female.  

Figure 1: The results from the average number of eggs produced per blood fed mosquito over a lifetime.  
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ILP Results 

 Data has successfully been gathered from ILPs 1-5 from a single cohort. The time points for the 

ILP collection were NBF, 6 hr., 24 hr., and 36 hr. as the previous work on the transgenic lines have shown 

that the gene does not become fully expressed until at least 24 hours (unpublished data). The non-blood 

fed was to serve as a baseline in which to compare the ILP levels after a blood meal. The most dramatic 

difference between the ILP2 levels in the bodies of the mosquitoes was found in the head. The 

transgenic line had much higher levels of the peptide in their heads even before the blood meal. ILP2 

also seemed to increase at a much faster rate at six hour and then dropped after 24 and 36 hours. There 

was no significant amount of ILP2 in the midguts of either line. There was also no pattern of differences 

between the lines in the abdomen. ILP1 and ILP3 had many instances where there failed to be any 

amplification to analyze.  

Figure 2:  

Note: The vertical axis represents 2^Delta Ct of control minus sample. The red bars indicate the 

transgenic line and the blue, the non-transgenic. The following graphs are only of ILP2 and trace the 

levels of the ILP throughout the time course.  
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Pupal Formation Results

 After examining the results on the Excel, there was no significant difference between the rate of 

pupal formation between the transgenic and non-transgenic line during the first four days (data not 

included). It was hypothesized that there would be no difference between the two as the inserted gene 

does not become active until after a blood meal. The larvae shouldn’t have been directly affected by the 

transgene itself.  

Discussion 

 While it does go against much of the current literature that has found that the increase of 

insulin signaling shortens lifespan, the VG-myrAsteAkt line lives longer when transgene expression is 

induced by a bloodmeal (unpublished data). A possible reason behind the different results is that this 

increase in insulin signaling takes place in only a single organ of the mosquito, the fat body. This fact is 

unlike many of the previous studies that involve decreasing insulin signaling throughout the entire body 

0.E+00

1.E-03

2.E-03

3.E-03

4.E-03

5.E-03

6.E-03

7.E-03

8.E-03

0h 6h 24h 36h

2
^D

e
lt

a 
ct

 o
f 

co
n

tr
o

l m
in

u
s 

sa
m

p
le

 

Midgut 

A. stephesi ILP2 TG

NTG

0.E+00

1.E-03

2.E-03

3.E-03

4.E-03

5.E-03

6.E-03

7.E-03

8.E-03

0h 6h 24h 36h

2
^D

e
lt

a
 c

t 
o

f 
co

n
tr

o
l m

in
u

s 
sa

m
p

le
 

Abdomen 

A. stephesi ILP2 TG

NTG



of the organism. Brejning et al found that a knockdown of NDG-4 in conjunction with a knockdown of 

daf-16 in C. elegans resulted in an increase in lifespan of nearly 100% (2013). There are major 

differences, however, between the flatworm and the mosquito that requires a blood meal for 

reproduction so a direct comparison of the effects of insulin signaling may not be accurate.  

 It is difficult to explain why there is no significant difference between the egg productions 

between the two lines, though this may change with additional replicates. It would make sense that the 

increased amount of vitellogenin would result in higher egg production. If further replicates show that 

there is no difference in egg production, more investigating will be need to find out what happens to the 

excess vitellogenin protein. Another investigation should be done to see if the eggs from the transgenic 

females have a higher amount of yolk in them. If a higher amount of yolk is found, larvae from 

transgenic females, crossed with wild-type males, will have to be investigated for their rate of pupal 

formation. It would be interesting to see if there is a significant difference for larval growth given higher 

amounts of yolk initially.  

 The levels of insulin-like peptides may be different between the transgenic line and the non-

transgenic. The fact that it is an incomplete data set makes it impossible to ascertain any statistical 

differences. It appears from this first set of data, however, that there is more ILP2 in the head of the 

transgenic mosquitoes and after the blood meal; ILP2 becomes more profoundly expressed in the 

abdomen. The same overall pattern is also seen in the non-transgenic line though it takes almost 12 

hours longer to peak than the transgenic. To see a major change in ILP2 is not expected. According to 

Marquez et al, ILP2 doesn’t become pronounced in the head and thorax until after P. falciparum 

infection (2011). More replicates will be needed to see if this trend continues.  

 There are a few studies that were mentioned in the paper that are in their early stages or are in 

the pilot stage. These are the current avenues in which the research is proceeding. The energy 

quantification study should give us a clearer picture of where the nutrients from the sugar and blood 

meals are being allocated. This would be a part of the ongoing effort to discover why the transgenic line 

lives longer.  
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