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Describe the process for writing your prospectus and how it got from initial idea to 
final form.
At least in our program, by the time you begin thinking about your prospectus, you would 
have already written (and passed!) your qualifying exam – so many people draw 
inspiration for the prospectus from the written portion of quals, as well as grant 
applications they have submitted in the meantime. However, in some cases, the results 
of your experiments point into a direction completely different from the one you 
anticipated in your proposals, and going where the science leads leaves you writing the 
prospectus from scratch. That was my situation. I restructured some of my aims, and 
added a completely new aim, motivated by new data, and upon receiving green light from 
my advisor and committee members, I started writing the prospectus. My strategy was to 
first create a comprehensive outline for each of the aims, and then fill it in, starting from 
the specific aims page and moving then to research strategy and progress, highlighting 
how the data from completed experiments informed the next, proposed steps of my 
dissertation research. I did end up drawing from my previous grant applications and 
qualifying exam for background and significance portions of the proposal.

What advice would you give to current grad students writing their prospectuses?

If you’re uncertain where to start, begin with the specific aims – not only it’s one of the 
most important parts of the prospectus, being the compressed version of your 
dissertation project, but once you have an outline, it will guide your literature review 
process. Always keep track of your references, I can’t recommend using reference 
managers (e.g. Mendeley or EndNote) enough. Pro tip: organize the references by topic 
folder to avoid losing the relevant ones – you’ll have to read a lot in the coming years. And 
don’t hesitate to ask for help, be it from your advisor, lab peers, or GWL fellows!



Specific Aims
Aedes aegypti mosquitoes transmit human viruses, including dengue, Zika, yellow fever,
and Chikungunya, causing increasing mortality and morbidity around the world. Those 
viruses maintain their cycle predominantly through horizontal transmission between 
mosquito vectors and human hosts. The role of vector proteins in colonization of the 
mosquito tissue and transmission to mammalian host remains understudied. Better 
understanding of their role in the host-vector-pathogen interaction can lead to 
development of novel preventative and therapeutic approaches. I propose approaching 
this problem from two angles. The first aim of my project aims to examine the role of A. 
aegypti midgut proteins in arboviral transmission from the mammalian host into mosquito 
vector and evaluate their role in virus survival in the vector midgut. Complementary, my 
second aim focuses on the transmission of viral particles from infected mosquito into 
mammalian host and the role salivary gland proteins of the mosquito vector.

Aim 1: Based on our current understanding of virus-mosquito dynamics, I hypothesize 
that the
A. aegypti midgut contains proteins that upon neutralization would prevent DENV 

colonization of the vector and consequently break the cycle of human transmission. 
To identify such proteins, I will evaluate the impact of antibodies against mosquito 
midgut extract on the replication and dissemination of arboviruses in vector and 
host.
1a. I will generate and collect rabbit antiserum against the midgut of the Aedes 
aegypti mosquito. To capture the differentially expressed proteins that hypothetically 
play a significant role in viral infection, I will collect midguts from blood-fed 
mosquitoes after 24 hours of blood-feeding, and use them as antigens for three 
booster immunizations.
1b. After generating anti-midgut antiserum, I will assess its transmission-blocking 
efficiency through passive immunization of infected mice and evaluation of viral 
dissemination in mosquitoes after feeding.
1c. To identify the specific targets, I will probe the antiserum cocktails against the 
barcoded library of secreted Aedes proteins, using BASEHIT technology. I will narrow 
down the results based on known data on proteins that are differentially expressed 
during the blood meal and infection, and focus on potential receptor proteins.
1d. I will then validate the interactions between virus and protein, and determine the 
basis for its transmission-blocking activity in live mosquitoes 

Aim 2: Mosquito salivary proteins are known to play an essential role in viral transmission 
from mosquito vector to the human host. I hypothesize that vaccination against 
salivary proteins of A. aegypti mosquitoes will provide protection against ZIKV 
infection. To test this hypothesis, we designed and generated 3 lipid nanoparticles, 
containing mRNA encoding 25 selected A. aegypti salivary proteins each.
2a. I will immunize AG129 mice with each of the mRNA-LNP cocktails separately and will 
use immunized mice and their serum for subsequent experiments. 



I will challenge immunized mice with ZIKV-infected A. aegypti and monitor mice for 40 
days for survival and signs of morbidity. I will also take blood from mice at different 
timepoints and measure viral titers and IgG reactivity.
2b. To elucidate which proteins encoded in the cocktails were responsible for generating 
an immune response, I will screen sera of vaccinated mice against BASEHIT yeast display 
library.
2c. I will confirm the role of protein targets in altering mouse survival of ZIKV challenge by 
vaccinating AG129 mice with individual recombinant proteins and observing the resulting 
phenotype through ZIKV challenge.

Role of Aedes proteins in viral colonization of the vector and transmission to human 
host Background and significance:
Arboviruses are a growing public health threat
One of the many health threats to human health worldwide are arboviruses, including 
dengue virus (DENV), Zika virus (ZIKV), and yellow fever virus (YFV). In particular, DENV is 
responsible for up to 100 million symptomatic infections and 10 thousand deaths every 
year 1,2 . With projected climate change increasing mosquito habitat, the burden of 
DENV will continue to rise,
increasing its potential to spread to the continental United States, as has been seen with 
other mosquito-borne diseases like West Nile Virus and malaria 2–4 . Dengue infection 
can lead to the development of life-threatening dengue hemorrhagic fever and dengue 
shock syndrome, and there is currently no specific antiviral treatment against dengue or 
other flaviviral diseases 4. Efforts in prevention of dengue and other mosquito-borne 
diseases have traditionally been focused on controlling the mosquito vector A. aegypti, 
such as the use of insecticides for spraying and the implementation of insecticide-
treated nets. Consequently, continuous use of insecticides gives rise to insecticide-
resistant mosquitoes, which are becoming more and more widespread in arbovirus-
endemic areas 5 . Recently, a strategy involving introduction of endosymbiotic bacterium 
Wolbachia pipientis into A. aegypti populations has demonstrated effectiveness in 
reducing dengue burden in mosquito vector 6–9 . However, challenges with this method 
include potential spill-over effects and limited effectiveness under certain conditions 
10,11. The first dengue vaccine (Dengvaxia ®) was licensed in 2015, but it proved to be 
unsafe in non-dengue-immune individuals 12 . In recent years, several other candidate 
vaccines have been in development, but none of them ensure complete protection 
against all serotypes of the virus 13,14. Thus, despite the existing global efforts to fight 
against the emerging threat of DENV, novel approaches are required to prevent its spread 
and ease its burden on the population.
Mosquito proteins aid in arbovirus transmission
DENV maintains a natural cycle between mosquito vector and human host 15 . Naïve 
mosquitoes acquire the virus with blood from feeding on a viremic mammal. Taken up 
with the blood from a viremic host, the virus enters the mosquito midgut, where it needs 
to establish a productive infection 16,17. This is the first major barrier: while the 
mosquito's innate immune system is attempting to eradicate the infection 18 , a virus 
infects a limited number of midgut cells and then starts spreading in a cell-to-cell 
manner 17,19.



 DENV triggers various changes in the A. aegypti midgut protein expression 20,21 and is 
thought to use different mosquito proteins to help it in the infection process 22.
In turn, to continue its cycle, DENV infects salivary glands of a mosquito, and is then 
transmitted to a mammalian host during bloodmeal. An infected A. aegypti mosquito 
feeds on a human host, it injects salivary proteins and virus particles into the dermis of 
the bite site. Components of mosquito saliva have long been known to aid in mosquito 
feeding by modulating host responses, such as coagulation and vasodilation 15,23 . In 
addition, various studies, including studies published by our group, have shown that 
components of mosquito saliva promote dissemination of the virus and are necessary 
for effective early infection 24–33 . Many recent studies have attributed this effect to the 
ability of mosquito saliva to modulate host immune response contributing to promotion 
of infection and increase in disease severity 24,28,29,31,32,34 .

Mosquito proteins are novel targets for vaccine development
The bottleneck of midgut infection presents an opportunity to interrupt the transmission 
of dengue, terminating its normal life cycle. The idea of transmission-blocking is highly 
applicable to the case of arboviruses whose major non-arboviral reservoirs are humans, 
such as DENV and ZIKV. Transmission-blocking vaccines (TBVs) aim to reduce the 
prevalence of the virus in the mosquito population, gradually preventing cases that 
would have resulted from mosquito bites. Mosquito midgut proteins are ideal 
candidates for TBV development, as they include receptors for viral cell entry and other 
proteins that are essential for virus to begin its dissemination. Neutralizing 
abovementioned proteins will prevent arboviral colonization of
mosquito tissues and subsequent delivery to the next host. This idea has been explored 
in context of colonization of A. gambiae by malaria parasites 35–38 , but it’s application 
to mosquito-borne viruses is largely understudied.
On the other side of the transmission cycle, prevention of transmission of virus from 
infected mosquito to human host will involve targeting mosquito salivary proteins. 
Neutralizing vector salivary proteins to protect the host against the pathogen 
transmission has been studied in the context of different arthropod vectors. In 
mosquitoes, our group has demonstrated protective effect of vaccination against A. 
gambiae salivary protein AgTRIO against malaria infection 39,40, and of A. aegypti 
proteins Nest1 and AgBR1 against Zika infection in mice 24,41 . We have also
demonstrated the effectiveness of mRNA vaccination with multiple saliva proteins of 
the tick vector Ixodes scapularis in inducing protection against the pathogen of Lyme 
disease, Borrelia burgdorferi 42,43 . However, the method involving several salivary 
proteins in one mRNA-LNP cocktail has not been explored in protection against 
transmission of mosquito-borne viruses.



Innovation:
1. TBVs are a largely understudied approach to combat arboviral infections, and

with my research, I will address this knowledge gap
TBVs are unlikely to result in the development of resistance from the mosquito because 
while they target mosquito proteins, they would not decrease the fitness of the insect; 
instead of putting evolutionary pressure on A. aegypti, they may trigger its natural anti-viral 
defenses. Considering that there are no specific treatments for arboviruses including 
dengue, and current vaccines cannot provide complete protection against the infection, a 
combinatory approach is likely required. A combination of a traditional vaccine together 
with a TBV would provide protection for the vaccinated individual, while also preventing the 
transmission of the virus further in case said individual gets infected. This complementary 
approach can become an essential step in eradicating mosquito-borne arboviruses.
2. mRNAs are a novel method of vaccine target delivery
mRNA-LNP platform offers many advantages in vaccine development, including its 
effective stimulation of innate immune system without an adjuvant, potential for rapid 
manufacturing, and ability to encode multiple targets. Recent studies have demonstrated 
potential for mRNA vaccines against arboviral proteins. However, mRNA platform has not 
been previously explored for its potential in targeting multiple diverse mosquito proteins, 
which can enhance the efficacy in eliciting immune response and the degree of protection 
vaccine offers.
3. BASEHIT is a novel method for elucidating interactions between vector proteins 
and mammalian antibodies
I will utilize an innovative high-throughput method generated in our lab for the 
identification of interactions between DENV and mosquito proteins. This was based on the 
Bacterial Selection to Elucidate Host-Microbe Interactions in High-Throughput yeast 
display library (BASEHIT) which allowed to study human host protein-microbe-protein 
interactions 44,45 . For this approach, a yeast-display library of Aedes aegypti mosquito 
was generated in our lab, expressing secreted and surface-exposed proteins which can be 
used for the identification of novel protein targets. 

Progress to date
Aim I: I aim to identify the missing DENV entry receptors and explore their potential for 
a transmission-blocking approach. I hypothesize that the midgut of A. aegypti 
mosquito contains protein factors, such as receptors, that are essential for DENV 
infection, and their neutralization inhibits viral colonization of the vector.



1a. After generating anti-midgut antiserum, I will assess its
transmission-blocking efficiency through passive immunization of
infected mice and evaluation of viral dissemination in mosquitoes 
after feeding.

Progress: I generated antibodies against the midguts of A. aegypti, using sugar-fed midguts 
and blood-fed midguts, collected 24 hours post blood meal. I assessed binding of 
antibodies to the midgut and the absence of background autoimmunity by Western blots 
and ELISA with whole midgut extracts (Fig. 1). I then evaluated the protective effect of sera 
by passively immunizing AG129 mice, injecting animals with DENV2 virus subcutaneously, 
and feeding naïve A. aegypti mosquitoes on those animals. I then dissected mosquitoes at 
different timepoints and quantified DENV titers in various organs to evaluate viral infection 
of the midgut and dissemination to other tissues. There was no significant difference in viral 
load in mosquito organs. During experiments, I noticed an unexpected phenomenon: 
mosquitoes exposed to sera had lower survival than control. I conducted additional 
experiments and quantified the lowered survival of mosquitoes fed on anti-sugar-fed- 
midgut sera (Fig. 2).
1b. To identify the specific targets, I will probe the antiserum cocktails against the barcoded 
library of secreted Aedes proteins, using BASEHIT technology. I will narrow down the results 
based on known data on proteins that are differentially expressed during the blood meal 
and infection, and focus on potential receptor proteins.
Progress: To identify specific protein targets of the anti-midgut serum, I utilized bacterial 
selection to elucidate host-microbe interactions in high throughput (BASEHIT) – a novel 
technology allowing to screen and identify interactions between antibodies and proteins 
exposed as a yeast display library. Our lab has developed and validated a library of over 
2000 secreted proteins of A. aegypti, as well as the ectodomains of surface-exposed 
proteins. The strength of binding is evaluated by the REAP-score, which represents the 
strength of binding. I purified IgG from the anti-midgut serum and screened it against the 
library, including pre-immune serum IgG as a biological negative control, and pre-selection 
yeast library and empty beads as technical negative controls. Briefly, I incubated 
biotinylated IgG with yeast library, then separated bound yeast clones via magnetic 
selection and sequenced the selected clones to identify the barcodes for proteins of 
interest. Screening anti-midgut serum against the library revealed a pattern of binding to the 
proteins of A. aegypti (Fig. 3). We then selected protein targets that only bind to anti-midgut 
serum and have a REAP-score above 3.0 for further validation.



Aim II: Mosquito salivary proteins are known to play 
an essential role in viral transmission from mosquito 
vector to the human host. I hypothesize that 
vaccination against salivary proteins of A. aegypti 
mosquitoes will provide protection against ZIKV 
infection. To test this hypothesis, we designed and 
generated 3 lipid nanoparticles, containing mRNA 
encoding 25 selected A. aegypti salivary proteins each.
2a. I will immunize AG129 mice with each of the mRNA-
LNP cocktails separately and will use immunized mice 
and their serum for subsequent experiments. I will 
challenge immunized mice with ZIKV-infected A. aegypti
and monitor mice for 40 days for survival and signs of 
morbidity. I will also take blood from mice at different 
timepoints and measure viral titers and IgG reactivity.

Progress: I vaccinated AG129 mice with 5 ug
cocktail 1 (L1) following a prime-boost-boost
schedule with 3 weeks between each injection. To 
confirm the recognition of salivary proteins by serum 
from mice 2 weeks after the last boost vaccination, I 
performed ELISAs using salivary gland extract (SGE) as
substrate. 

Immunocompetent mice of the same background (SVE129) were immunized following the same 
schedule to confirm that they demonstrated comparable levels of immune recognition of 
mRNA-encoded targets (Fig. 4). Naïve A. aegypti mosquitoes were infected with ZIKV through 
intrathoracic injection of the virus. The protective efficiency of cocktail L1 was evaluated through 
feeding ZIKV-infected mosquitoes on vaccinated mice and then monitoring mice for 30 days for 
survival and signs of morbidity and measuring viremia by taking blood every 2 days for 9 days in 
total postchallenge (Fig. 4). Mice vaccinated with L1 have shown decreased survival of ZIKV



challenge compared to Luc mRNA-LNP control 
group. Repeat of experiment is currently in 
progress. Similarly, I evaluated the impact of 
vaccination with cocktail L2 on the morbidity 
and mortality of AG129 mice following a 
mosquito-ZIKV challenge. L2 is composed of a 
different set of 25 salivary proteinsof A. 
aegypti. Following a schedule described 
above, I vaccinated AG129 mice with 5 ug L2 
mRNA-LNP, and subjected the mice to a 
challenge with ZIKV-infected mosquitoes 2 
weeks after the last booster dose. Mice 
vaccinated with L2 demonstrated slightly 
decreased survival of the challenge, while 
viremia remained without statistically 
significant difference between the two groups 
(Fig. 5).

2b: To elucidate which proteins encoded in the
cocktails L1 and L2 were responsible for generating
an immune response and resulted in an altered
phenotype of mouse survival, I will screen mouse
sera against BASEHIT yeast display library.
Progress: To identify specific antigens in cocktail L1,
I utilized bacterial selection to elucidate host-
microbe interactions in high throughput (BASEHIT), 
as described in 1c. In brief, I purified IgG from the
serum of vaccinated mice and screened it against
the library, including pre-immune serum IgG as a
biological negative control, and pre-selection yeast
library and empty beads as technical negative
controls, and then continued screen according to
previously described protocol. Screening mouse
serum against the library revealed which salivary
proteins of A. aegypti served as antigens after
vaccination with L1 mRNA LNP (Fig. 6).



Proposed Research Plan

Aim I:
1c. I will then validate the interactions between virus and protein, and 
determine the basis for its transmission-blocking activity in live mosquitoes, 
using a variety of biochemical and genetic techniques.
Proposed experiments:  I analyzed the results of BASEHIT screen of Aedes 
library, picking the protein targets for downstream analysis. I picked 7 protein 
targets among the results, which (1) do not bind to pre-immune serum or beads; 
(2) are expressed in mosquito midgut, according to literature; (3) have REAP-
scores over 3.0 (Fig. 7). Out of 7 selected proteins, targets 1-3 bind to
both anti-sugar-fed midgut and anti-blood-fed midgut serum, while targets 4-7 
exclusively bind to anti-sugar-fed midgut serum and were picked because only 
anti-sugar-fed midgut serum is responsible for the phenotype of decreased 
mosquito survival when supplied to mosquitoes through a bloodmeal.

 It is worth noting that 
target #2 (AAEL13875) 
has been suggested in 
literature as an 
essential protein for 
DENV dissemination 
between cells of 
mosquito midgut

epithelium19. After selecting the protein targets, I will begin by validating the results of the 
BASEHIT yeast library screen, which involves confirming the binding between
serum IgG and protein. I will grow yeast clones expressing each protein antigen individually,
confirm expression of the protein on yeast surface by flow cytometry; I will then incubate the
clones individually with anti-sugar-fed midgut and anti-blood-fed midgut serum IgG and 
validatebinding by flow cytometry. At the same time, I will clone each gene, including only 
fragment encoding for extracellular region of the proteins, into pEZT plasmid and express 
proteins in Expi293 mammalian cell expression system. As mammalian cells, they provide 
appropriate modifications during protein synthesis and are suitable for mosquito protein 
expression and purification. I will then observe the binding between each recombinant 
protein and corresponding serum IgG through ELISA and Western Blot. Finally, I will confirm 
the expression of proteins of interest in the mosquito midgut by dissecting midguts of sugar-
fed and blood-fed (24 hours after feeding) A. aegypti females and measuring the transcript of 
protein targets by qPCR.



After validating the binding between protein targets and anti-midgut serum IgG, I 
will move on to identifying which of the antigens are responsible for the observed 
phenotype of altered mosquito survival. I will synthesize dsRNA targeting each 
gene, and inject 3–5-day old A. aegypti females intrathoracically with 0.5 – 1ug 
dsRNA. First, I will confirm the dose of dsRNA required for knockdown of the gene 
in midgut tissue by measuring expression by qPCR in comparison with
dsGFP control injections; I will then inject mosquitoes with the dose required for 
effective knockdown and monitor their survival. If alterations in mosquito survival 
are observed, I will also confirm that knockdown is sustained 7- and 14-days post 
injection. At the same time, I will begin the production of serum against protein 
targets by vaccinating SVE129 mice with recombinant mosquito proteins. After 
bleeding vaccinated mice and purifying IgG, I will validate the binding to
respective recombinant proteins by Western blotting and ELISA. Sera and IgG 
against individual proteins will then be used similarly to Aim 1a to assess the 
effect of individual midgut targets on mosquito survival. In brief, I will supplement 
it in mosquito bloodmeal, feed 5–7-day old A. aegypti females, and monitor their 
survival over 21 days post feeding. 
Alternative approaches: There are several steps in the proposed experiments 
that can be approached differently. Starting with the validation of BASEHIT 
screen results: while yeast display library is a reliable and well-validated tool for 
uncovering vector protein interactions, some of the targets identified in the 
process of library selection and analysis can be a result of “sticky” proteins, 
which tend to bind without distinction. Thus, it is a possibility that post-screen
validations, including flow cytometry with yeast clones and ELISA/Western 
blotting with recombinant proteins, will show no binding with anti-midgut sera. In 
case all proteins from my selection will turn out to be false-positives, I will select 
new targets for downstream validation. Additionally, if over half of the current 
targets will appear false-positive, I will select additional targets from the screen 
results, to keep the working list at 5-7 target proteins. During the next validation 
steps, expression of recombinant proteins in Expi293 system is preferable 
because use of eukaryotic cells ensures correct post-translational modifications 
to the recombinant protein product. However, it could turn out that mosquito 
proteins are toxic to cells, or are not released extracellularly. In case purification 
proves difficult, I will try using difference expression systems, including S2 insect 
cells and E. coli bacterial cell expression systems. In addition, since I will express 
only extracellular portions of the proteins of interest, misfolding could be a 
concern if the truncated region is required for the correct folding and
consequently function of the protein. In that case, I will attempt expressing and 
purifying fulllength protein in an appropriate expression system.



My proposed approach to mosquito experiments includes two methods: dsRNA 
and antibodymediated neutralization of protein targets. dsRNA knockdown in live 
mosquito is preferred method because of its practical ease and less time 
requirement compared to antibody production; however, I recognize that the 
effect of knockdown may be limited, and the period of time for which the protein 
is not present in the midgut is not enough to have a significant impact on 
mosquito survival. Thus, I will only use this method for preliminary assessment 
while mouse vaccinations are ongoing.
Finally, the major potential pitfall associated with the use of BASEHIT screen is 
that the targets with the highest REAP scores may not be the same antigens 
responsible for the altered mortality phenotype. While REAP score is useful for 
recognizing the affinity between IgG and yeast surface-expressed vector protein, 
it may not correspond with the protein which has the largest impact on mosquito 
survival. Thus, if none of the chosen targets in 1c have an effect on survival, I will 
compose a new set of targets by (1) composing a list of positive hist from
BASEHIT screen to include only proteins that do not bind to pre-immune serum 
or beads and are expressed in mosquito midgut, not regarding REAP-score (2) 
through literature review, identify proteins that are most likely to have a role in 
mosquito survival, including proteins involved in fat metabolism pathways.
Aim II:
2a. I will immunize AG129 mice with each of the mRNA-LNP cocktails separately 
and will use immunized mice and their serum for subsequent experiments. I will 
challenge immunized mice with ZIKV-infected A. aegypti and monitor mice for 40 
days for survival and signs of morbidity. I will also take blood from mice at 
different timepoints and measure viral titers and IgG reactivity.
2b. I will screen mouse sera against BASEHIT yeast display library.
Proposed experiments:
To complete Aim 2a, we have designed and generated 3 mRNA-LNP
cocktails containing 25 distinct A. aegypti mosquito salivary proteins each. 
Experiments with the first cocktail, L1, are complete; cocktail L2 has been used 
for mouse immunizations and subsequent experiments are complete, but a 
second repeat of L2 mouse experiments, as well as BASEHIT screens of mouse 
serum IgG from both repeats to identify which proteins are responsible for 
generating an immune response and resulted in an altered phenotype of mouse
survival. Lastly, I will begin experiments with cocktail L3, which contains a novel 
set of salivary proteins (Table 2). Similarly to cocktails L1 and L2, I will immunize 
AG129 mice with 5 ug L3 cocktail, following a prime-boost-boost schedule with 3
weeks between each injection; I will then subject mice to ZIKV challenge 2 weeks 
after the last boost by feeding ZIKV-infected A. aegypti females on mice, and 
monitor mouse morbidity and mortality for 30 days after the challenge. 



Similarly, I will collect mouse sera before prime
and after each immunization to validate the reactivity 
of sera against salivary gland extract via ELISA and 
Western blot, and collect mouse blood every two days 
for 10 after challenge to evaluate ZIKV viremia by 
qPCR. I will then isolate mouse serum IgG and use 
BASEHIT technology to screen against Aedes library to 
identify the proteins from cocktail L3 responsible for 
any potential effects on mouse viremia, morbidity and 
mortality.
2c.  I will confirm the role of protein targets in altering 
mouse survival of ZIKV challenge by vaccinating 
AG129 mice with individual recombinant proteins and 
observing the resulting phenotype through ZIKV 
challenge
Proposed experiments: 
Up to date, immunization with
cocktail L1 demonstrated consistent reduction in 
mouse survival of ZIKV challenge compared to Luc-
vaccinated control mice (Fig. 4). Upon examining
the results of BASEHIT screen identifying which 
proteins of the cocktail were responsible for antibody 
generation, I found that out of the 9 proteins 
recognized by IgG from all vaccinated mice and none 
of the control mice (Table 3), AAEL000533 (C-type 
lectin 16) is implicated in having a naturally protective 
effect against DENV dissemination. C-type lectins are 
abundant in mosquito saliva, and have been thought 
to promote viral infection during probing and 
bloodmeal46,47, which motivated us to include C-
type lectin 16 (CTL16) in L1 cocktail. 

However, Chang et al. have identified in their 2024 publication48 that knockout of CTL16 in 
mosquito increased DENV titers in the salivary glands, as well as increased infection rate and 
decreased survival of mammalian hosts after challenge with infected mosquitoes. Based on 
this new data, I hypothesize that presence of anti-CTL16 antibodies in L1- vaccinated mice has 
increased their susceptability to ZIKV infection, resulting in increased mortality. To test this 
hypothesis, I will use subcocktails of L1 – 5 mRNA-LNPs each containing 5 of the 25 proteins 
encoded in L1. I will vaccinate mice with subcocktail L1-C, which does not contain CTL16, and 
follow the same protocol for challenge and assessment as previously described. This will allow 
me to establish if presence of CTL16 is responsible for the observed phenotype.



Alternative approaches:  While the impact of CTL16 on viral dissemination is well 
documented, there are two alternative possibilities. First, as described previously, 
BASEHIT screen can sometimes yield false-postive results. In case of verifying 
cocktail antigens from a defined list (as opposed to identifying novel targets, as in 
Aim 1) the possibility is lower since we don’t rely on REAP-score ranking, but it still 
exists. To account for this possibility, I will verify the binding between yeast clone 
surface-exposed proteins and mouse serum IgG by flow cytometry, as previously 
described. Secondly, because of the complexity of interactions between different
salivary proteins, host immune components, and viral particles at the bite site, the 
neutralization of CTL16 may not be the dominant reason for altered mouse 
survival. Decreased survival of mice vaccinated with cocktail L2, which doesn’t 
contain CTL16, also points away from my primary hypothesis. Alternatively, the 
decreased ZIKV challenge survival of mice vaccinated against salivary proteins of 
viral vector could be explained through an ADE-like mechanism: some of mosquito 
salivary proteins, including AAEL017253 and AAEL00079349 present in the 
cocktails, are known to bind to the surface of ZIKV, and may mediate increased 
interaction with FcγRs on phagocyte surface, resulting in increased viral uptake 
into the phagocytes. To evaluate this hypothetic mechanism, I will (1) vaccinate 
mice with subcocktails which do not contain any salivary proteins that can bind to 
ZIKV; (2) observe the effect of L1- and L2-vaccinated mouse IgG on virus intake by 
incubating ZIKV and serum in macrophage cell culture and asess the amount of 
internalized viral particles. Both approaches will allow me to study the mechanism 
behind increased mortality phenotype, and enhance our understanding of the role
mosquito salivary proteins play in pathogenesis of arboviruses.










