
Introduction
Mosquito borne illnesses are emerging as one of the most

pressing global health crises of the modern era. Specifically, the

current Zika virus (ZIKV) epidemic has affected over 70

countries, and over 1,000,000 people in Brazil alone (WHO). One

of the most damaging effects of ZIKV has been the thousands of

babies born with microcephaly because of ZIKV transmission in

utero among pregnant mothers infected with ZIKV (CDC). The

resulting brain and nervous system damage cripples the baby

intellectually and physically, with no cure or treatment in sight.

A significant difficulty in tracking the spread of Zika virus is

movement of mosquito populations, since virus transmission via

mosquito bites remains the primary route of ZIKV spread. A

frontline monitoring - “alarm” - system of live mosquitoes in the

wild would thus be very useful. This “alarm” monitoring system

would minimize human exposure to possible virus by allowing

immediate quarantine of suspected areas until detailed tests can be

done. These latter tests involve capturing mosquitoes in carbon

dioxide traps, transport to a laboratory, grinding them up to release

any virus inside, using reverse-transcription polymerase chain

reaction (RT-PCR), and sequencing to match the RNA to known

viruses (Oumar et al.). While this is clearly the gold standard, the

need for processing delays the time between virus arrival in the

wild and its detection, sometimes to the point of weeks. The

design and testing of such a all-in-one “alarm” system is described

here where ZIKV can be detected in the saliva of live mosquitoes,

without human intervention.

The main goal of this experiment was to develop a field kit for

detection of ZIKV in mosquito saliva. This field kit must:

(a). trap and monitor live mosquitoes in their habitat,

(b). detect salivary ZIKV RNA in real time without human

intervention,

(c). provide results in the form of a visual output, and

(d). be of low cost to deploy in large numbers

A mosquito trap was designed that induces them to salivate into

a solution where ZIKV RNA is detected in situ via a simple color

change caused by a gold nanoparticle (AuNP)-based

deoxyribozyme (DNAzyme)-linked (AuNP-DNAzyme) one-step

method, in as little as 15 mins. Finally, the specificity, detection

limit, and stability of the assay was then established.

Engineering Goal

Proposed Use of Field Kit

Low-Cost Mosquito Trap and 

Mosquito Saliva Detection
Figure 1: Functions of saliva factors

during mosquito feeding. The factors

contained in mosquito saliva that are

injected into blood during feeding. Apyrase

will be used for saliva detection, to be

described later. Mosquito image courtesy of

The Huffington Post.

Mosquito Trap Construction

The mosquito trap based on a design used in Hall-Mendelin et al.

Briefly, a USB computer fan was attached to the top of a 10cm

PVC pipe to create suction that drew live mosquitoes in. A

holding chamber fabricated out of a clear storage container for

trapped live mosquitoes held a plate containing 10% sucrose for

mosquito feeding and for saliva collection. All materials were

purchased at Home Depot and Walmart. (Fig. 2)

Figure 2: The design and setup of the mosquito trap, from (a) to (c). (a) shows the trap with the lid

removed for convenience. The computer fan at the top of the PVC pipe generates suction that draws

mosquitoes into the holding chamber. Arrows show airflow through the trap. (b) to (c) shows the

setup and use of the trap in a field environment. (b) shows a close-up of the trap hanging from a

tree, while (c) shows the trap from the reverse with a light inside for illumination. The white cooler

below the trap contains dry ice, a potent attractor of mosquitoes, and will be kept close to the trap

when in the field for long-range attraction.

a. b. c.
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Mosquito Saliva Detection By Apyrase Activity

Studies by Ribeiro et al. have shown that Aedes aegypti saliva contains high levels of apyrase, an enzyme hydrolyzes ATP and ADP

into AMP. This activity was detected by the luciferase reporter system (Fig. 3), a bioluminescence reaction that uses ATP to produce

light. The apyrase present in mosquito saliva breaks down this ATP and lowers the measured luminescence (Fig. 4). To determine the

sensitivity of this assay, serially diluted apyrase was added to assay tubes containing 0.7mM ATP and luminescence was measured.

(Fig. 5)

Figure 3: A diagram describing the

luciferase assay. The enzyme luciferase

combines luciferin and ATP to produce

oxyluciferin and light. Image courtesy of

Thermo Fisher.

Figure 5: A standard assay curve used to determine the sensitivity of the

luciferase assay, against 0.7mM ATP. Based on these results, it is concluded

that the detection limit of this assay (the highest level that produces a

significant reduction in luminescence) is approximately 1ng of apyrase.

Mosquito Trap Testing in vivo with Live Aedes Aegypti Mosquitoes

Saliva Detection in Cage Saliva Detection in Trap

Figure 7: The measured luminescence data

after leaving the well plate in the mosquito

cage. A 40% reduction in luminescence was

observed, indicating the presence of

mosquito saliva.

Figure 8: The measured luminescence data

after leaving the well plate in the mosquito

trap. A 46% reduction in luminescence was

observed, indicating the presence of

mosquito saliva.

For the first run of the mosquito assay, the well plate was introduced

into the mosquito cage and left overnight to allow mosquitoes to feed

on the sucrose solution and deposit saliva. Luminescence was

measured after 24 hours; the measured reduction (Fig. 7) indicated

the presence of salivary apyrase. All mosquito experiments were

performed at the CT Agricultural Experiment Station.

To determine whether mosquitoes will deposit saliva once captured

by the trap, approx. 60 mosquitoes were aspirated into the trap

holding chamber and allowed to feed on the sucrose solution ad

libitum. The resulting reduction in luminescence (Fig. 8) indicates

that once mosquitoes are captured by the trap, they will deposit

saliva; in a field environment, they would also deposit virus.

Figure 6: Clockwise from top left: the

mosquito cages; the well plate inside the cage;

a mosquito engorging itself on the sucrose

solution; the control plate.
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Figure 9: Clockwise

from top left: the

mosquito trap ready for

use; the holding

chamber of the trap

after aspiration of

mosquitoes; a mosquito

engorging itself on the

sucrose solution once

inside the trap.

DNAzyme-Based Nanoparticle Assay for ZIKV RNA Detection

A DNAzyme is a DNA oligonucleotide containing two domains: a catalytic core that can cleave a bound RNA molecule, and the

RNA recognition arm segments. The arm segments (Fig. 10; blue) are specific for the target RNA sequence (Fig. 10; red). The

DNAzyme catalytic core is auto-catalytic and is modeled on the self-splicing ability of RNAs (e.g. mRNAs). The target sequence

binding to the DNAzyme arms in this case is a conserved region in ZIKV strains chosen by sequence alignment to not be present in

other flavivirus genomes (Fig. 11).

Figure 10: Catalytic

activity of the

DNAzyme Target

RNA strand (red) is

bound by the

recognition arms of

DNAzyme (light blue),

while the catalytic

cores cleaves at the

correctly positioned

AU (arrow) in a Mg2+

dependent activity.

Figure 2: A snapshot of the aligned sequence output from Clustal Omega. The DNAzyme target site

is highlighted in black. Note the nearly exact match with other ZIKV strains, and the near-zero

match with other flaviviruses, confirming that the target is specific to ZIKV and highly conserved

among ZIKV strains.

Adapting the 10-23 DNAzyme For ZIKV

Figure 11: A snapshot of the aligned sequence output from Clustal Omega. The DNAzyme target

site is highlighted in black, and was determined using a program written in Java that scanned the

aligned sequences for a specific binding site that fit the DNAzyme’s requirements. Note the nearly

exact match with other ZIKV strains, and the near-zero match with other flaviviruses, confirming

that the target is specific to ZIKV and highly conserved among ZIKV strains.

ZIKV Assay Testing

Generation of AuNP-DNAzyme complexes and the assay principle is shown in Fig. 12 and 13.

Functionalization of AuNPs

Thiol-modified DNAzymes were attached to AuNPs as

follows:

Principle of the AuNP-DNAzyme Assay

Figure 14: An initial test to demonstrate positive ZIKV detection with gold

nanoparticles. The well at far left contains no ZIKV RNA (blank), while all other wells

contain a 600nM final concentration of ZIKV RNA. As can be seen, the well with no

ZIKV RNA remained red, while the wells

Figure 15: Specific dependence on DNAzyme of the AuNP assay. DNase treatment of

AuNP-DNA destroys the ability of DNAzyme to detect RNA and aggregate AuNPs, confirming

successful coupling of DNAzyme to AuNP and the role of DNAzyme for detection to take

place.

Initial tests focused on detection of a synthetic ZIKV RNA fragment in

the presence of 0.1% SDS (used to lyse virus) and 10% sucrose.

Positive detection was confirmed within 15 min. in situ after addition

of NaCl by a red-to-clear color change, indicating aggregation of

AuNPs (Fig. 14).

Successful functionalization was confirmed by DNase treatment of

AuNP-DNAzymes; the removal of the DNAzyme by DNase prevented

RNA detection (Fig. 15), while the far right tube shows this result is

not caused by short-term AuNP destabilization.

The results of RT-PCR/agarose gel further confirmed DNAzyme

cleavage activity. (Fig. 16)

Assessing Sensitivity, Specificity,

Stability of AuNP Assay
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Figure 17: The results of assays designed to test the limits of the ZIKV detection assay. (a) shows

the graph of the data from the sensitivity assay pictured in (c) using UV-Vis spectroscopy at 520nm.

(b) shows the absorbance results from the stability assay; the low absorbance on the last bar

indicates positive detection even after 48hrs. at room temp. (c) shows the specificity assay results;

no color change in the Dengue well indicates no detection, while all ZIKV wells showed positive

detection. (Only the 1uM well was loaded for DENV.) Finally, (d) shows the results of the sensitivity

assay whose results are graphed in (a); the sensitivity was determined to be ~330fmol.
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1. Testing of the AuNP assay using full ZIKV genomic RNA or

inactivated virus.

2. Evaluation of mosquito trap performance in the field with

wild Culex mosquito populations native to Connecticut during

summer months.

Conclusions

Future Research

• A low-cost mosquito trap that efficiently captures mosquitoes

was constructed, with an estimated cost of ~$25 per trap.

• Mosquito saliva was aspirated into the trap by live Aedes

aegypti mosquitoes, and was detected with using a

luminescence-based reaction, showing that virus, if contained

in saliva, will also be deposited into the trap in a field

environment.

• AuNPs were successfully functionalized with ZIKV

DNAzyme, with functionalization and catalytic activity being

confirmed by DNase treatment and RT-PCR, respectively.

• AuNP-DNAzymes were shown to successfully detect ZIKV

RNA, with a clear visual red-to-clear/blue color change in

situ in 15 mins, under conditions of virus lysis. (PBS, 0.1%

SDS, RNasin, 10% sucrose, 1.5M NaCl, 10mM MgCl2)

• The assay was shown to be specific to ZIKV, and the

measured sensitivity and ambient stability shown to be within

values suitable for field detection.

• Considering that an average mosquito releases approximately

3,000 viruses while probing (Clements) it is estimated that an

average test kit would collect between 1x105 and 1x106 RNA

molecules per mL, sufficient for easy detection.

• Overall, this rapid field kit can reduce the delay between the

arrival of virus in the wild and its detection, limiting spread to

humans by early quarantine measures.

• The kit is ready for field tests with intact virus.

Figure 12: Attachment of thiolated DNAzyme to AuNPs Figure 13: Schematic of the working principle of the AuNP aggregation assay..
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All aspects of the engineering goal were accomplished:

+
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Unless otherwise noted, all images and graphs were taken or created by the student researcher.

Figure 4: A flowchart showing how mosquito saliva is

detected. Once deposited, the apyrase present in

mosquito saliva immediately begins breaking down any

ATP present, which can be measured with the luciferase

assay (previous figure) as a reduction in luminescence.
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