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Genetic modification has not only been applied in bacteria ¥
but also in animals. Transgenic mice, sheep, dogs, zebra = ;
fish, flies and silkworms have appeared in laboratories, as — promzte, PiggyBac transposase genel——

have transgenic mosquitoes. Anopheline mosquitoes that
transmit malaria have been targeted for the insertion of
transgenes to reduce their ability to spread disease [1].
Some laboratories, including ours, have succeeded in pro-
ducing transgenic mosquitoes with lower levels of malaria
parasites in the digestive tract after blood meals on malaria
-infected animals [2,3]. The goal of such attempts is to
control disease transmission through genetic modification
of the mosquitoes [4].

As part of our Grand Challenge Exploration grant
(Round 1; 2008) we considered producing a pathogen pro-
tein in the mosquito salivary glands through insertion of a
novel gene into the mosquito genome.

2 The idea

We aimed to put a gene encoding a pathogen protein into a
mosquito chromosome, causing it to express the protein in
its saliva and inject it into animals or humans during the
blood-feeding process. As a result, we anticipated that the
host would develop antibodies to the recombinant protein.
If transgenic mosquitoes whose saliva contained a vaccine
protein against a disease are released in an area where the
disease is prevalent, people that are bitten daily by these
mosquitoes would develop antibodies to the vaccine pro-
tein, and ultimately the entire community would be
‘vaccinated’ against the disease. In this situation, mosqui-
toes would play the role of vaccine deliverers [5].

We previously discovered a platelet inhibitor in the
salivary gland (SG) of the mosquito Anopheles stephensi,
cloned its gene, and named the molecule “Anopheline Anti
-Platelet Protein” (AAPP) [6]. AAPP is sex-specific and
only expressed in the female salivary glands. We used an
upstream region of the AAPP gene (aapp) as a promoter
for a vaccine protein (Fig. 1).

Figure 1. DNA construct injected into mosquito eggs. 3xP3: A
protein expressed in the eyes; GFP: green fluorescent protein as
an eye marker; AAPP: Anopheline Anti-Platelet Protein [6];
DsRed: Saliva marker; HSP: Heat Shock Protein.

3 Results

We succeeded to produce transgenic mosquitoes that not
only express DsRed (Fig. 2a) but also secreting it in their
saliva. The recombinant protein (DsRed) was secreted in
the lumen of the salivary gland (Fig. 2b). The recombinant
protein (DsRed) was exuded from the mosquito’s probos-
cis (Fig. 3).

Figure 2. A: GFP and DsRed expression in the abdomen and
salivary glands in the thorax of Anopheles stephensi, respective-
ly. B: Expression of GFP in salivary gland cells (left), of DsRed
in the lumen of the salivary gland (middle), and a combined im-
age (right).
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Figure 3. DsRed secretion in the saliva of transgenic mosquitoes.

After repeated biting on mice, the mice developed anti-
DsRed and anti-saliva antibodies (Fig. 4). Furthermore,
once we injected DsRed into a mouse to prepare memory
B cells and exposed the mouse to transgenic (DsRed) mos-
quito bites, the mouse produced a higher titer of antibodies
to DsRed (Fig. 5). Thus the transgenic mosquito bites act-
ed as a booster.

4 Discussion

Mosquitoes deposit saliva in the skin when they take a
blood meal that induces a variety of physiological respons-
es in the host. Repeated biting leads to the development of
anti-saliva antibodies. In arecas where malaria is hyper-
endemic, more than one hundred anopheline mosquitoes
can bite a person in a single hour during the night [7]. In
these areas, therefore, most people have high levels of anti-
saliva antibodies [8,9]. If we could produce transgenic
mosquitoes expressing a vaccine protein in saliva and re-
lease millions of these mosquitoes into the field, people
would be supplied with the protein when they were bitten,
produce antibodies to the protein, and develop immunity to
the disease.

We employed a coloured protein, DsRed, so as to ob-
serve the location of the alien protein under a fluorescence
microscope. As expected, we observed that the transgenic
mosquitoes excreted DsRed in the cavity of the salivary
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Figure 4. Development of anti-DsRed and anti-saliva (SG) anti-
bodies following bites from DsRed-transgenic mosquitoes.
Mouse 1 and 2 were each bitten by 50 DsRed-transgenic mosqui-
toes five times over a 2-week interval. In both mice anti-DsRed
antibody production was induced. Mouse 3 and 4 were each bit-
ten five times by 50 wild-type mosquitoes.
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Figure 5. Development of anti-DsRed and anti-saliva (SG) anti-
bodies after DsRed injection or DsRed-transgenic mosquito (TG)
bites. All mice were first injected with 1 pg of DsRed. Subse-
quently, mouse 5 and 6 were each bitten by 50 DsRed-TG mos-
quitoes five times over a 2-week interval and produced high lev-
els of anti-DsRed antibodies. Mouse 7 and 8 were each bitten
five times by 50 wild-type mosquitoes. Following the first injec-
tion, mouse 9 and 10 were injected again with 1 pug of DsRed.

glands (Fig. 2). Moreover, these mosquitoes discharged
DsRed via their proboscis (Fig. 3). The mice bitten by
DsRed-TG mosquitoes produced anti-DsRed antibodies as
expected (Fig. 4), however, the titer was not as high as that
of the anti-saliva antibody. In the next experiment, we in-
jected 1 pg of DsRed intra-peritoneally once and allowed

MalariaWorld Journal, www.malariaworld.org. ISSN 2214-4374

2

January 2013, Vol. 4, No. 4



Matsuoka MWJ 2013,4:4 (GCE special issue)

o J, “v,g -
JOURNAL

the mice to be fed upon by DsRed-transgenic mosquitoes.
After several rounds of biting, the mice developed a higher
concentration of anti-DsRed antibody than did the mice
only bitten by DsRed-TG mosquitoes (Fig. 5). Memory B
cells might be produced in the mice in response to the first
injection of DsRed. The DsRed-transgenic mosquito biting
might then act as a booster. This suggests that the primary
immunization of infants with a malarial vaccine protein
followed by exposure to transgenic mosquitoes excreting
the malarial vaccine protein in saliva could produce a syn-
ergistic effect.

5 Future perspectives

In our recent publication [10], we exposed mice 20 times
to 100 transgenic mosquitoes. Over four months and about
1500 bites were needed to induce sufficiently high anti-
body titers to inhibit malaria parasite invasion of hepato-
cytes [10]. However, pre-immunizing methods may reduce
the overall number of mosquito bites needed. If one pre-
immunization was made in a mouse, five exposures to 50
transgenic mosquitoes might be sufficient to induce similar
titers of anti-Plasmodium antibodies in the mouse. Further
experiments are needed to confirm this possibility.
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