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ABSTRACT

The present article considers the potential of transgenesis of the bioluminescent gene for malaria
and other vector borne diseases (VBD) control. Vector control is an important component of every
vector control operations for the vector borne disease control. Actually the bioluminescence
phenomena and the green fluorescent protein GPF open great field of researches and “On
December 10, 2008 Osamu Shimomura, Martin Chalfie and Roger Tsien were awarded the Nobel
Prize in Chemistry for "the discovery and development of the green fluorescent protein, GFP". Bio-
molecular technologies and transgenesis open the field for getting BL mosquitoes such as
Plasmodium (several references) for “Transmission Reducing Activity” (TRA) without any hazard on
human beings and ecological level. For exemple BL mosquitoes would be of paramount importance
for mark-release-recapture becoming easier to implement and giving more relevant and reliable
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data on relation between density (size of the population) and distance (and wind) as the vector
population size decrease with increasing distance from the source of production (breeding site) or
release point. BL appeared already of great interest to understand the relation vector/parasite and
to assess transmission intensity. Our idea is to genetically produce “Bioluminescent Mosquitoes”
allowing a better identification of their presence, behavior, densities, infected specimens, risk of
transmission before/after vector control operations which could be greatly improved thanks to the
targeting of mosquitoes resting site or flight range and any other biological component.

Keywords: Transgenesis;
technologies.

1. INTRODUCTION

Vector control is an important component of
every vector control operations for the vector
borne disease control as it was recently
published by Bhatt et al. [1] in malaria. Actually
they estimated that between 2000 and 2015
some 663 million of malaria clinical cases were
averted, insecticide treated nets (ITNs) were by
far the most contributors (68% of cases averted);
25% resulting from drugs (Artemisin Combined
Therapy “ACT”) and 10% from Inside Residual
Spraying (“IRS”). Therefore it appeared that
more than 500 million of clinical malaria cases
were averted thanks to vector control measures.

But remaining transmission remaining a matter of
concern specially what is called “residual malaria
transmission” and several recent international
meeting have underlined these issues of residual
malaria transmission [2,3,4,5,6] due to the
change in the behavior of vector with
implementation of vector control (such as
deterrent effect from houses of permethrin
treated nets or irritant effect of DDT) [7] or
exophagic species [8,9,10] not impacted by
operations done inside houses such as An.dirus,
or insecticide resistant populations which
remains in spite of vector control operations
[11,12] or vector population still living during the
long dry season in Sahel areas (hiden
“somewhere”) and new blow up of vector and
malaria, when rains are coming again, or
hibernation phenomena in “temperate” areas.

As underlined by Riehle et al. “after
implementing existing vector control
approaches...it may be necessary to develop
specialized tools to detect and control persistent
sources of residual transmission; reservoirs of
highly efficient vectors, o vectors that evade
control, can contribute unevenly and cryptically to
residual transmission”.

[13]

vector borne disease;

bioluminescent mosquitoes; bio-molecular

2. METHODOLOGY

Presence and evaluation of “outside” mosquito
population is of great concern and raises several
issues in sampling methods [14] because
everyone are well known for their bias, collecting
actively or passively (by traps) mosquitoes at
their resting sites or while feeding on human
beings or on wild or domestic animals or ate their
sexual phases (swarming) etc.

One of the issue is to evaluate this “residual” or
natural amount of transmission [15] due to
expophilic mosquitoes starting by knowing
where are these anopheles outside and if they
are still present in spite of "something was done”
in term of chemical use (space spray) or
environmental modification or else. Recent
molecular biology technics opened new field of
important research such as in depth genomic
studies recently devoted to the exophilic
exophagic malaria vector Anopheles dirus
[16,17,18].

Our consideration is to promote studies and
implementation of transgenesis in the targeted
Anopheles population of the bioluminescent gene
[19,20,21] which allows the well-known light of
fireflies [22,23,24,25,26] or the GPF of jellyfish
[27,28,29,30,31,32,33,34,35,36,37,38] and
therefore to actually study the “outdoor
population”, in identifying their presence with the
flight of such modified bioluminescent
mosquitoes such as the nocturnal flight of
fireflies.

Actually the bioluminescence phenomena and
the green fluorescent protein GPF open great
field of researches and “On December 10, 2008
Osamu Shimomura, Martin Chalfie and Roger
Tsien were awarded the Nobel Prize in
Chemistry for "the discovery and development of
the green fluorescent protein, GFP" [39].
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Fig. 1. Bioluminescent fireflies

Fig. 2. Picture of a flight of fireflies
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The obvious presence of such bioluminescent
vectors underlines thus the actual presence and
therefore the risk of disease transmission, the
needs for special adapted vector control and an
reliable evaluation of their success (no more light
= no more vectors = no more transmission) or
failure.

Such bioluminescence can be expressed at 3
levels:

Larva with sampling larval population allowing
better identification of positive breeding sites to
be treated or still positive after larval control
programme; this could be of paramount
epidemiological for example with Aedes to
determine the “house index” or the Breteau index
procuring information on the risk of outbreak, or
by mark-release recapture to have an estimate of
the size of population. for the time being larva
were marked with paints (different color) or
radioactive material (such as P* which emits
beta particles and has a half-life of about 14 days
and therefore cannot be used if the duration of
larval stage extend for longer time (colder
months in temperate regions) and the
percentage of actually radioactive larva even
after immersing them in P32 for 48h could be low
[40];

Fig. 3. Example of marked larva

Males allowing identification of place and time of
swarm [41] and it is known that control of swarm
is a current developed approach in some African
countries. One can easily envisage introducing
BL gene with Sterile Males Technique allowing
easy evaluation of the actual diffusion of such
sterile & in the population, or the needs for new
mass release specimen etc

Females allowing identification of presence,
flight, flight range, resting site close to human
habitations or breeding site or resting sites
among vegetation during the blood digestion and
it is known that females take sugar feeding for

flight;  bioluminescent could improve the
determination of preferred plants for their
focused treatment, an approach currently
implemented. As Plasmodium falciparum strain
expressing the firefly luciferase protein were
prepared it should therefore be possible to easily
identified infected specimen with both BL
parasite and phenotype and make a quick
evaluation of malaria risk with control operations
(drugs, vaccines, vector control etc.).

Fig. 4. Foreseen of a bioluminescent
Anopheles (GC drawing)

Mark-release-recapture of “BL mosquitoes” will
procure important information on, among other
indicators, their flight range/dispersal; the actual
densities of the population, it is well known that
currently used methods of captures inside and
mainly outside gave biased samples.

Several technics were used to “mark” adults
mosquitoes such as aniline dyes, dusts and
powders, paints, radionuclides which could be
not ecologically sound (alpha nuclides) or health
hazard (gamma rays) and beta-emitting nuclides
are used (such as P* used by Gillies, [42] to
study the dispersion of Anopheles gambiae) [42]
but this method need technical equipment (to
“make” radioactive mosquitoes, to detect them by
Geiger-Mdller  counters; liquid  scintillation
counters, autoradiography) which make their use
difficult in several field situation.

Bio-molecular technologies and transgenesis
open the field for getting BL mosquitoes without
any hazard on human beings and ecologically
sound. They make the mark-release-recapture
easier to implement and to get e relevant and
reliable data on the relation between anopheles
density and distance between human habitations
and breeding site, natural or man-made
(dams, rice-culture) and therefore on the risk
(increasing or decreasing) of malaria
transmission.
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BL could be implemented for an evaluation of the
presence of infected mosquitoes (with
Plasmodium or virus) and their evolution with
measures undertaken.

The bioluminescence phenomenon was already
used to assess the Malaria Transmission
Reducing Activity (“TRA”).

Cevenini et al. [43] considered that “Multicolor
Bioluminescence Boosts Malaria Research”.
They prepared “a panel of six ATP-dependent
luciferases derived from different bioluminescent
species (including the “LitRE6” from Luciola
italica) or obtained by rational mutagenesis
(which) were selected according to their
enzymatic properties and expressed for the first
time in the malaria parasite” to assess the
efficacy of P. falciparum gametocyte drug
treatments. They concluded that “the same
approach could be easily applied to develop new
screening assays for identifying antimalarial
drugs targeting different parasite stages.
Besides, this methodology can be used, for
instance, to simultaneously compare expression
of stage-specific gene products, measure distinct
cellular pathways, or evaluate the activity of an
inducible or treatment-responsive promoter as
compared to a constitutive internal viability
control, respectively driving the expression of the
two luciferases in the same parasite.

Stone & Bousema [44] described “a novel
method of assessing the transmission of a
Plasmodium falciparum strain expressing the
firefly luciferase protein in the SMFA (standard
membrane feeding assay). They showed that
“Measuring the mean luminescence intensity of
groups of individual or pooled mosquitoes
provides comparable estimates of transmission
reducing activity at 5-10-fold the throughput
capacity of the standard microscopy based
SMFA. This high efficiency protocol may be of
interest to groups screening novel drug
compounds, vaccine candidates, or sera from
malaria exposed individuals for transmission
reducing activity (TRA)".

Stone et al. [45] “Using a Plasmodium falciparum
strain expressing the firefly luciferase protein, we
present a luminescence-based approach to
SMFA evaluation that eliminates the requirement
for mosquito dissections in favor of a simple
approach in which whole mosquitoes are
homogenized and examined directly for
luciferase activity. Analysis of 6860 Anopheles
stephensi mosquitoes across 68 experimental
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feeds shows that the luminescence assay was as
sensitive as microscopy for infection detection.
The mean luminescence intensity of individual
and pooled mosquitoes accurately quantifies
mean oocyst intensity and generates comparable
TRA estimates”. Authors considered that “this
new method of assessing Plasmodium infection
and transmission intensity could expedite the
screening of novel drug compounds, vaccine
candidates, and sera from malaria-exposed
individuals for TRA”.

Moreover, the single-cell BL imaging of the
human malaria parasite P. falciparum opens the
possibility to monitor in real-time individual
luciferase-expressing parasites in their stage-
specific functional interactions with host tissues
and cells and to assess how distinct cell types
affect viability of specific parasite stages in in
vitro and in ex vivo settings”.

Siciliano & Alano [46] considered that
“enlightening the malaria parasite life cycle:
bioluminescent Plasmodium in fundamental and
applied research”, for them “mainly the human
malaria parasite Plasmodium falciparum and the
rodent parasite P. berghei have been engineered
to express bioluminescent reporters in almost all
the developmental stages of the parasite along
its complex life cycle between the insect and the
vertebrate hosts. Plasmodium lines expressing
conventional and improved luciferase reporters
are now gaining a central role to develop cell
based assays in the much needed search of new
antimalarial drugs and to open innovative
approaches for both fundamental and applied
research in malaria”.

Miller et al. [47] reported that “bioluminescent
parasites have previously been shown to be an
effective and non-invasive alternative to
monitoring liver stage burden”; they reported “the
generation and characterization of a transgenic
P. yoelii parasite expressing the reporter protein
luciferase throughout the parasite life cycle. In
vivo bioluminescent imaging of these parasites
allows for quantitative analysis of P. yoelii liver
stage burden and parasite development”; “Thus,
this rapid, simple and noninvasive method for
monitoring P. yoelii infection in the liver provides
an efficient system to screen and evaluate the
effects of anti-malarial interventions in vivo and in
real-time”.

Flores-Garcia et al. [48] used a “genetically
engineered strain of Plasmodium berghei that
expresses luciferase, GFP and the Plasmodium
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falciparum orthologue of CSP, the effect of
laboratory preparation, mosquito treatment and
mouse factors on sporozoite infectivity was
assessed using an in vivo bioluminescence
assay on mice” they found that “Bioluminescence
assay demonstrated similar detection levels of
the quantity and kinetics of liver-stage infection,
compared to PCR-based detection” and
considered that “the PbGFP-Luc line and in vivo
bioluminescence imaging provide highly sensitive
read-outs of liver-stage infection in mice, and this
method can be useful to reliably evaluate
potency of pre-erythrocytic interventions”.

Azevedo et al. [49] described “a methodology
that simplifies the in vitro screening of much-
needed transmission-blocking (TB) compounds
employing a bioluminescence-based method to
monitor the in vitro development of sporogonic
stages” and the most active compounds against
the parasite’s sporogonic stages and TB
compound screening.

Annoura et al. [50] described “simple and
sensitive in vitro and in vivo assays to analyze
Plasmodium liver stage development using
transgenic P. berghei parasites (PbGFP-Luccon),
which express the bioluminescent reporter
protein, luciferase” and parasite development in
hepatocytes is thus visualized and quantified by
real time bioluminescence imaging both in
culture and in live mice”.

Ploemen et al. [51] did some “evaluation of
immunity against malaria using luciferase-
expressing Plasmodium berghei parasites” using
“a transgenic Plasmodium berghei parasite,

PbGFP-Luccon, expressing the bioluminescent

reporter luciferase” which appeared as “s
straightforward  and valuable  tool for
comprehension of the  biological and

immunological principles underlying protection
against malaria”.

Matsuoka et al. [62] made an important
breakthrough in producing “transgenic rodent
malaria parasite (Plasmodium berghei) that
contained the luciferase gene These transgenic
(TG) parasites expressed luciferase in all stages
of their life cycle, allowing observation of
sporozoites in skin following their deposition by
the probing infective mosquitoes. “Our transgenic
parasites may have emitted stronger
bioluminescence than previous TG parasites.
Since luciferase activity diminished immediately
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after the death of the parasites, luciferase activity
could be an indicator of the existence of live
parasites. Our results indicated that sporozoites
survived at the probed site for more than 42
hours. We also detected sporozoites in the liver
within 15 min of the intravenous injection.
Bioluminescence was not observed in the lung,
kidney or spleen. We confirmed the observation
that the liver was the first organ in which malaria
parasites entered and increased in number”.

Rocha et al [53] considered that”
paratransgenesis” could be a promising
alternative for controlling malaria transmission by
Anopheles darlingi in the Amazon region.
“Paratransgenesis aims to  inhibit the
development of parasites within the vector
through the action of genetically modified
bacteria”. Symbiotic bacteria were isolated and
transformed with a GFP expressing plasmid then
reintroduced in mosquitoes by feeding. And it
appeared that “their survival and persistence in
the next generation was assessed by the
isolation of fluorescent bacteria from eggs,
larvae, pupae and adult homogenates”.

As well underlined by Irvin et al. [54] “Advances
in insect biotechnology, in particular the
development of genetic transformation methods,
have led to renewed interest in genetic-based
insect control strategies” and “Anopheles
gambiae, the major vector of human malaria in
Africa, is one high profile target of this new form
of genetic insect control”. With their project,” it is
envisioned that the mosquito’s susceptibility to
malaria parasites would be genetically altered;
insects possessing this new genotype would be
introduced into native susceptible mosquito
populations in such a way as to lead to the
replacement of endogenous  susceptible
mosquito populations, thereby reducing malaria
transmission” but one of the key point should be
to “recognized these genetically modified
Plasmodium resistant specimen” among native
susceptible one and get reliable data on the
success of actions implemented (how fast a
genotype must be disseminated among natural
population) or the needs for more specimens.
Actually Irvin et al (loc.cit.) underlined that “Other
vector-borne diseases may also be targets of this
form of genetic control. To implement these
ideas, effective methods are needed to introduce
novel genes into insect genomes, and
transgenes must be identified that can lead to the
elimination of pathogen transmission”.
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3. RESULTS AND DISCUSSION

An important genetic and epidemiological
breakthrough was recently done by Riehle et al.
[12] who noticed that “the 2La inversion in the
chromosome of An.gambiae populations of
Burkina Faso, Guinea and Kenya is significantly
associated with differential malaria infection. In
an analysis of oocyst infection prevalence,
A.gambiae complex mosquitoes with the
homozygous 2L+/2L+ inversion genotype were
significantly more likely to carry midgut oocysts
than the 2La/2La homozygotes”. This is very
interesting as it is well-known that inversions are
physical rearrangements of a chromosome
segment that suppress recombination and limit
exchange and variation between two alternate
suite of alleles, in other words a mutation inside a
loop of inversion is maintained in further
generation.

One can therefore envisage to insert the BL gene
inside the 2La/2la inversion allowing the quick
and easy direct “eye” phenotypical identification
(“visualization”) of “infected BL Anopheles”
among the wild population instead of the time
consuming dissections and microscopical
examination of polytene chromosomes of ovaries
or dissection of salivary glands or Elisa tests
checking CSP protein of sporozoites to evaluate
the risk of transmission and the impact of malaria
control measures. Inserted BL in 2La inversion
being maintained in next generation thanks to the
properties of chromosome inversion and could
be a great progress for malaria control and
elimination.

3.1 Bioluminescence in Fireflies. Some
Background Data

There are more than 2000 species of fireflies,
almost all of which produce light. This light
comes from the abdomen of fireflies, which is
lined with photophores. These photophores
contain photocytes arranged in a ring around the
trachea. Each photocyte consists of small
organelles called peroxisomes, where the
chemical reaction that produces light emission
occurs.

This emission is controlled indirectly by the
nervous system. Indeed, the brain sends a nerve
signal to the muscles of the abdomen. The latter
contract and expel reagents from the reaction on
the surface of the epidermis of the firefly. The
chemical reaction takes place and the light
appears.
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This light is then intensified by the epidermis of
the firefly lantern. The serrations present on the
cuticle of the abdomen of the fireflies allow
indeed a better extraction of the light.

Bioluminescence produces a light called cold
light. Indeed, almost all of the energy released is
light energy. The amount of thermal energy
produced is negligible.

3.2 Chemical Reaction

Two molecules are essential for this reaction:
The luciferin substrate protein and the luciferase
enzyme which bind to form a complex. Then in
the presence of oxygen, this complex oxidizes
and becomes unstable and excited. Finally, the
complex becomes stable again and at the same
time, releases carbon dioxide and energy in the
form of a photon, that is, light energy.

The cycle of the reaction can continue because
luciferase is present again and luciferin is
synthesized by the animal body.

Fireflies emit on average a light of wavelength
equal to 560 nanometers (nm), which
corresponds to a light of color green / yellow but
fireflies do not shine only a yellow or green color.
The light of the bioluminescence of fireflies
covers the entire domain of the visible spectrum.

According to species there are several variables
of the reaction allowing the bioluminescence.
This comes from the complexity of oxyluciferase
(the essential element of the reaction) which
exists in 6 different forms, varying with respect to
the chemical environment.

Researchers succeeded in synthesizing and
analyzing the 6 forms of oxyluciferase. Then they
built a graph which compares their wavelength
as well as their hydrogen potential (pH: Basicity
or acidity) and gave the precise wavelengths of
the emission as a function of each oxyluciferase
used.

The gene coding for Iuciferase has been
identified and even transplanted, a technic used
in  human cancer imaging. Indeed, the
bioluminescence reaction generates a release of
photons, which can be captured by sophisticated
medical cameras sensitive to the presence of
these photons through the material. To carry out
this bioluminescence reaction and locate it at the
level of the cancer cells or the found treatments,
the researchers inject the living being studied
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with a dose of luciferin then use a gene coding
for the luciferase of which they affect the
cancerous cells.

The luciferin-luciferase oxidation reaction which
causes light emission thus allows the localization
of the cells where the coding gene for luciferase
has been transplanted.

One can then imagine anopheles with this
bioluminescence which makes them visible
outside during the night "explaining" the residual
transmission and its maintenance, and its
reduction, with the implementation of adapted
vector control operations.

Transgenesis of  encoding gene for
bioluminescence such as GPF has already been
done (see below) and gene coding for luciferase
has already been identified owing the
possibilities of developing such bioluminescent
mosquitoes and better understanding field
situation of vector borne diseases, therefore
better targeting vector control without spraying
useless and not ecologically friendly lot of
insecticide outside.

3.3 Other Outcome

Transgenesis of bioluminescent gene can also
be applied to Aedes in the framework of
arbovirus control showing the presence of
vectors, allowing the identification of their main
nocturnal resting site and therefore better
targeting focused control operations with their
evaluation.

It should be possible to used genes coding for
different wavelength transplanted in eggs of
Aedes aegypti and Aedes albopictus to better
recognize the presence of each species, their
preferred (or common) breeding sites etc.

The field of use of this new approach of
bioluminescent mosquitoes is “no limit”. They can
be used to improve vector control in some
situations such as Martinique or Polynesia
Islands or La Reunion island and several
continental countries where dengue (and other
arbovirus such as Zika, Chikungunya) outbreak
occurred or are currently occurring and where
ecological situation make difficult vector control
such as space sprays not readily accepted by
communities. The bioluminescence technic has
already been used in studies of Aedes aegypti
[55].
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Fig. 5. Foreseen of a bioluminescent Aedes
albopictus (GC drawing)

A great lot of genetical researches has been
done for long time on Aedes aegypti with some
particular strains (pink eyes, vestigial wings etc)
and it could be relatively “easy” to prepare such
BL specimens.

On the other hand Lu et al. [55] developed a
“calcium bioluminescence assay for functional
analysis of mosquito (Aedes aegypti) and Tciks
(Rhipicephalus microplus) G Protein-coupled
Receptors” with the protoprotein isolated from
luminescent jellyfish to measure intracellular
bioluminescence and determine calcium level
(emitting luminescence) as tools for pest control.

As it was well underlined by Adelman et al. [56]
“transgenesis technology has been developed for
the yellow fever mosquito, Aedes aegypti. A
number of marker genes, including the
cinnabar(+) gene of Drosophila melanogaster
and fluorescent protein genes, can be used to
monitor the insertion of transposable elements.
“The availability of multiple elements and marker
genes provides a powerful set of tools to
investigate basic biological properties of this
vector insect, as well as the materials for
developing novel, genetics-based, control
strategies for the transmission of disease”.

McGee et al. [57] studied the “infection,
dissemination and transmission of a West Nile
Virus Green Fluorescent Protein (GFP) Infectious
Clone by Culex pipiens quinquefasciatus
mosquitoes” and “focal expression of GFP was
observed 3 days post-infection, with the majority
of posterior midgut epithelial cells being positive
by 7 days post —infections; GFP foci were
observed in salivary glands 14 days post-
infections. It was therefore possible to “see” the
GFP virus inside the vector and get some
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information on the dissemination of the West Nile
Virus (WNV) with Cx.p. quinquefasciatus.

This could also be developped for Culex
tritaenyorhynchus control according to
Encephalitis Japanese risks of outbreak in SE
Asian countries in spite of the already available
vaccine.

3.4 Other Bioluminescence: The Green
Fluorescent Protein: The GFP Gene in
the Jellyfish

3.4.1 Chemical reaction of bioluminescence

In the jellyfish Aequorea victoria, there is no
enzymatic reaction and oxygen is not necessary
for Bioluminescence.

Indeed the jellyfish A. victoria is endowed with a
photoprotein; Aequorin, derived from the crown
of the jellyfish, which is composed of an
apoprotein, coelenterazine, and a luciferin.

Aequorin to emit light needs to react with a
calcium ion, which plays the role of luciferase.

The photon that it then emits has a wavelength of
between 460 and 520 nm (in the blue domain)
but with the presence of the green fluorescent
protein, which is more commonly called GFP,
this emission of light takes a Green wavelength
when the jellyfish is illuminated by an ultraviolet
lamp.

3.5 Green Fluorescent Protein: GFP
During the 1960s, Osamu Shimoma, Martin

Chaffie and Roger Y. Tsien succeeded in
isolating the GFP protein, which is the cause of

the green / blue bioluminescence of the jellyfish,
during their research on jellyfish A. discovery
earned them the Nobel Prize in Chemistry in
2008.

GFP protein consists of 238 amino acids. Its
internal  structure (see three-dimensional
structure) comprises a chromophore composed
of three amino acids * 65 (glycine), 66 (tyrosine)
and 67 (serine). Knowing that a chromophore is
a group of atoms having one or more double
bonds and forming with the rest of the molecule a
double conjugated double bond sequence, it can
create a delocalized electric cloud. It is a
chemical group that absorbs or emits light.

3.6 The Use of the GFP Protein
Transgenesis

in

More than 5000 scientific articles dealing with the
Green fluorescent protein were recently
published  [58,59,60,61,62] with  detailed
information on “structure and function of the GFP

polypeptide, the mechanism of fluorescence
emission, excited state protein transfer, the
design of ratiometric fluorescent protein

biosensors and an overview of the fluorescent
proteins”.

The bioluminescence in the jellyfish Aequorea
victoria and more precisely the GFP protein, has
allowed scientists to make some scientific
advances that have become indispensable today
thanks to transgenesis.

For research in biology, the goal is to express the
GFP protein to certain cells in the body of a rat or
mice for example [63]. Thus, if the GFP gene is
inserted in a suitable place, it can confer green
color to neurons, cancer cells, or even the entire

glycine

tyrosine

n?ljlvelle_____,,
liaison

Fig. 6. Three-dimensional structure of
GFP

serine

Fig. 7. Zoom on the chromophore of GFP
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Fig. 8. The use of the GFP protein in transgenesis

pigmentation of the animal. This will help to
understand how an organ or tissue develops, to
analyze different parts of the genome, to follow
the cellular locations of certain proteins, the
axonal guidance of neurons or tissue transplants.

Before the discovery of the GFP protein, it was
very difficult for scientists to study the production
and development of a cell's proteins in a living
organism.

This method consists of taking the GFP gene
(using restriction enzymes) from the equator
Aequorea victoria, then injecting it into a mouse
egg cell and finally transferring it into the oviduct
of the female mouse.
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In order to achieve the fluorescent character of
an organism, the DNA of a cell must be modified.
For this purpose, the GFP gene is associated
with another gene coding for another protein by
means of plasmids (natural or artificially modified
circular bacterial DNA molecule). Thus the GFP
protein will be produced normally in the cell. It
will be attached to the desired protein and we
can follow its development.

Transgenesis in the medical field: Transgenesis
also has many applications in the field of health.
The GFP protein makes it possible in particular
to understand how an organ or a tissue develops
but also to follow the displacement of the desired
protein.
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4. CONCLUSION

A great lot of studies were devoted to “genetically
modified mosquitoes” aiming at producing Sterile
Males or Plasmodium resistant etc. But curiously
the key point of improving the knowledge of their
presence, mainly outside house where malaria
transmission is still occurring, did not received
the obviously needed attention. The same
concern is devoted to other arbovirus with deadly
outbreak of dengue, DHF, Zika etc where no
vaccine is still available and vectors are
exophilic, exophagic and breeding in both natural
and anthropic sites.

It appeared that several insects and animals
have developed some possibilities to produce
some light with the phenomena of
bioluminescence with different methods. The
gene involved in these phenomena was already
identified and transgenesis is already done, even
for human health (cancer).

Our idea is to genetically produce such
“Bioluminescent Mosquitoes” allowing a better
identification of their presence, behavior,
densities, risk of transmission before/after vector
control operations which could be greatly
improved thanks to the targeting of mosquitoes
resting site or flight range and any other
biological component.

The availability of multiple technics and marker
genes provide a powerful set of new tools to
investigate biological properties and infectivity of
vectors as well as foreseeing new genetic based
control strategies of vector borne diseases
overcoming the current development of
insecticide and drug resistance.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Bhatt S, Weiss D, Cameron E, et al. The
effect of malaria control on Plasmodium
falciparum in Africa between 2000 and
2015. Nature. 2015;526(7572):207-211.

2. Durmez L, Coosemans M. Residual
transmission of malaria: An old issue for
new approaches. In: Manguin S, Editor
Anopheles mosquitoes - New insights into
malaria vectors Rijeka, Coratie:
InTechOpen. 2013;671-704.

16

10.

1.

12.

13.

14.

15.

Killeen G. Characterizing, controlling and
eliminating residual malaria transmission.
Malar J. 2014;13:330.

Wangdi K, Furuya-Kanamori L, Clark J, et
al. Comparative effectiveness of malaria
prevention measures: A systematic review
and network meta-analysis. Parasit
Vectors. 2018;11(1):210.

Monroe A, Moore S, Koenker H, et al.
Measuring and characterizing night time
human behaviour as it relates to residual
malaria transmission in Sub-Saharan
Africa: A review of the published literature.
Malar J. 2019;18(1):6.

Pollard E, MacLaren D, Russell T, Burkot
T. Protecting the peri-domestic
environment: The challenge for eliminating
residual malaria. Sci Rep. 2020;10(1):
7018.

Hamon J, Choumara R, Adam JP, et al. Le
Paludisme dans la zone pilote de Bobo

Dioulasso  Haute-Volta. Cahiers de
'ORSTOM. 1959;1:125.
Mouchet J, Gariou U. Exophilie et

exophagie d'Anopheles gambiae Giles
1902 dans le Sud Cameroun. Bull Soc
path Exot. 1957;50:446.

Mouchet J, Gariou J. Anopheles moucheti
au Cameroun. Cah ORSTOM, sér Ent med
Parasitol. 1966;4:71.

Carnevale P, Le Goff G, Toto J-C, Robert
V. Anopheles nili 1904 as main vector of
human malaria in villages in South
Cameroon. Med Vet Entomol. 1992;6:135-
138.

Hemingway J, Field L, Vontas J. An
overview of insecticide resistance.
Science Washington. 2002;298(5591):96-
97.

Ranson H, Lissende N. Insecticide
resistance in African anopheles
mosquitoes: A worsening situation that
needs urgent action to maintain malaria
control. Trends Parasitol. 2016;32:187—
196.

Riehle M, Tullu Bukhari T, Awa Gneme A,
et al. The Anopheles gambiae 2La
chromosome inversion is associated with
susceptibility to Plasmodium falciparum in
Africa. Elife. 2017;6:e25813.

Service M. Mosquito ecology. Field
sampling methods. Applied Science
Publishers Ltd, London. 1976;583.

Zhu L, Mdiller G, Marshall J, et al. Is
outdoor vector control needed for malaria
elimination? An individual-based modelling
study. Malar J. 2017;16:266.



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Camevale and Carnevale; AJRID, 6(3): 6-19, 2021, Article no.AJRID.66521

Obsomer V, Defourny P, Coosemans M.
The Anopheles dirus complex: Spatial
distribution and environmental drivers.
Malar J. 2007;6:26.

Phunngam P, Boonkue U,
Chareonviriyaphap T, et al. Molecular
identification of four members of the
Anopheles dirus complex using the
mitochondrial cytochrome C oxidase
subunit | gene. Am Mosqg Control Assoc.
2017;33(4):263-269.

Zhu L, Hu X, Xu J, Li S, Feng X.
Identification, molecular structure and
expression characteristics of Torso like
gene in Anopheles dirus. Zhongguo Xue Xi
Chong Bing Fang Zhi Za Zhi.
2020;32(6):584-590.

Wilson T, Hastings J. Bioluminescence.
Annu Rev Cell Dev Biol. 1998;14:197-230.
Reeve B, Sanderson T, Ellis T, Freemont
P. How synthetic biology will reconsider
natural bioluminescence and its
applications. Adv Biochem Eng Biotechnol.
2014;145:3-30.

Zhang B, Jones K, McCutcheon D,
Prescher J. Pyridone Luciferins and Mutant
Luciferases for bioluminescence imaging.
Chembiochem. 2018;19(5):470-477.

da Silva PL, da Silva JE. Firefly
chemoluminescence and bioluminescence:
Efficient generation of excited states.
Chemphyschem. 2012;13(9):2257-2262.
Cheng Y, Liu Y. Luciferin regeneration in
firefly bioluminescence via proton-transfer-
facilitated hydrolysis, condensation and
chiral inversion. Chemphyschem.
2019;20(13):1719-1727.

Chen X, Dong Z, Liu G, He J, Zhao R,
Wang W, et al. Phylogenetic analysis
provides insights into the evolution of
Asian fireflies and adult bioluminescence.
Mol Phylogenet Evol. 2019;140:106600.
Oliveira G, Viviani V. Temperature effect
on the bioluminescence spectra of firefly

luciferases: Potential paplicability for
ratiometric biosensing of temperature and
pH. Photochem Photobiol Sci.

2019;18(11):2682-2687.

Zhang R, He J, Dong Z, et al. Genomic
and experimental data provide new
insights into luciferin biosynthesis and
bioluminescence evolution in fireflies. Sci
Rep. 2020;10(1):15882.

Chalfie M. Green fluorescent protein.
Photochem Photobiol Sci. 1995;62(4):651-
656.

17

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Prasher D. Using GFP to see the light.
Trends Genet. 1995;11(8):320-323.

Okabe M, lkawa M, Kominami K, et al.
'Green mice' as a source of ubiquitous
green cells. FEBS Lett. 1997;407(3):313-
319.

Gorokhovatsky A, Marchenkov V, Rudenko
N, et al. Fusion of Aequorea victoria GFP
and aequorin provides their Ca(2+)-
induced interaction that results in red shift
of GFP absorption and efficient
bioluminescence energy transfer. Biochem
Biophys Res Commun. 2004;320(3):703-
711.

Belogurova N, Kudryasheva N, Alieva R,
Sizykh AJ. Spectral components of
bioluminescence of aequorin and obelin.
Photochem Photobiol B. 2008;92(2):117-
122.

Markova S, Burakova L, Frank L, et al.
Green-fluorescent  protein  from the
bioluminescent jellyfish Clytia gregaria:

cDNA cloning, expression and
characterization of novel recombinant
protein.  Photochem  Photobiol  Sci.

2010;9(6):757-765.

Malikova N, Visser N, van Hoek A, et al.
Green-fluorescent  protein  from the
bioluminescent jellyfish Clytia gregaria is
an obligate dimer and does not form a
stable complex with the Ca(2+)-discharged
photoprotein clytin. Biochemistry.
2011;50(20):4232-4241.

Titushin M, Feng Y, Lee J, Vysotski E, Liu
Z.  Protein-protein  complexation in
bioluminescence. Protein Cell.
2011;2(12):957-972.

Chen S, Ferré N, Liu Y. QM/MM study on
the light emitters of aequorin
chemiluminescence, bioluminescence and
fluorescence: A general understanding of
the bioluminescence of several marine
organisms. Chemistry. 2013;19(26):8466-
8472,

Fourrage C, Swann K, Gonzalez Garcia J,
et al. An endogenous green fluorescent
protein-photoprotein pair in Clytia
hemisphaerica eggs shows co-targeting to
mitochondria and efficient bioluminescence
energy transfer. Open Biol. 2014;4(4):
130206.

Eremeeva E, van Berkel W, Vysotski E.
Transient-state kinetic analysis of complex
formation between photoprotein clytin and
GFP from jellyfish Clytia gregaria. FEBS
Lett. 2016;590(3):307-316.



38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Camevale and Carnevale; AJRID, 6(3): 6-19, 2021, Article no.AJRID.66521

Zhu C, Bai T, Wang H, et al. Single
chromophore-based white-light-emitting
hydrogel with tunable fluorescence and
patternability. ACS Appl Mater Interfaces.
2018;10(45):39343-39352.

Zimmer M. GFP: From jellyfish to the
Nobel prize and beyond. Chem Soc Rev.
2009;38(10):2823-2832.

Rioux J, Croset H, Suquet P, Tour S.
Essais de marquage par le phospore
radioactif P32 pour I'estimation absolue
des populations larvaires de culicides
(Diptera-Culicidae). Vie Milieu. 1968;19:55-
62.

Epopa P, Millogo A, Collins C, et al. The
use of sequential mark-release-recapture
experiments to estimate population size,
survival and dispersal of male mosquitoes
of the Anopheles gambiae complex in
Bana, a West African humid savannah
village. Parasit Vectors. 2017;10(1):376.
Gillies M. Studies on the dispersion and
survival of Anopheles gambiae Giles in
East Africa, by means of marking and
release experiments. Bull Ent Res.
1961;52:99-127.

Cevenini L, Camarda G, Michelini E, et al.
Multicolor bioluminescence boosts malaria
research: Quantitative dual-color assay
and single-cell imaging in Plasmodium
falciparum  parasites.  Anal Chem.
2014;86(17):8814-8821.

Stone WJR, Bousema T. The standard
membrane feeding assay: Advances using
bioluminescence. Methods Mol Biol.
2015;1325:101-112.

Stone WJR, Churcher TS, Graumans W, et
al. A scalable assessment of Plasmodium
falciparum transmission in the standard
membrane- feeding assay, using
transgenic parasites expressing green
fluorescent protein-luciferase. J Infect Dis.
2014;210(9):1456-1463.

Siciliano G, Alano P. Enlightening the
malaria parasite life cycle: Bioluminescent
Plasmodium in fundamental and applied
research. Front Microbiol. 2015;6:391.
Miller J, Murray S, Vaughan AM, et al.
Quantitative bioluminescent imaging of
pre-erythrocytic malaria parasite infection
using luciferase-expressing Plasmodium
yoelii. PLoS One. 2013;8(4):e60820.
Flores-Garcia Y, Herrera SM, Jhun H, et
al. Optimization of an in vivo model to
study immunity to Plasmodium falciparum
pre-erythrocytic stages. Malar J.
2019;8(1):426.

18

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Azevedo R, Markovic M, Marta Machado
M, et al. Bioluminescence method for in
vitro screening of Plasmodium
transmission-blocking compounds.
Antimicrob Agents Chemother. 2017;61(6):
e02699-16.

Annoura T, Chevalley S, Janse CJ, et al.
Quantitative analysis of Plasmodium
berghei liver stages by bioluminescence
imaging. Methods Mol Biol. 2013;923:429-
443.

Ploemen |, Behet M, Nganou-Makamdop
K, et al. Evaluation of immunity against
malaria using luciferase-expressing
Plasmodium berghei parasites. Malar J.
2011;10:350.

Matsuoka H, Tomita H, Hattori R.
Visualization of malaria parasites in the
skin using the luciferase transgenic

parasite, Plasmodium berghei. Trop Med
Health. 2015;43(1):53-61.
Rocha EM, Marinotti O, Serrdo DM, et al.

Culturable  bacteria associated with
Anopheles darlingi and their
paratransgenesis  potential. Malar J.

2021;20(1):83.

Irvin N, Hoddle MS, O'Brochta DA, et al.
Assessing fitness costs for transgenic
Aedes aegypti expressing the GFP marker
and transposase genes. Proc Natl Acad
Sci USA. 2004;101(3):891-896.

Lu H, Kersch C, Taneja-Bageshwar S,
Pietrantonio P. A calcium bioluminescence
assay for functional analysis of mosquito
(Aedes aegypti) and tick (Rhipicephalus
microplus) G protein-coupled receptors. J
Vis Exp. 2011;20(50):2732.

Adelman ZN, Jasinskiene N, James AA.
Development and applications of
transgenesis in the yellow fever mosquito,
Aedes aegypti. Mol Biochem Parasitol.
2002;121(1):1-10.

McGee CE, Shustov AV, Tsetsarkin K, et
al. Infection, dissemination and
transmission of a West Nile virus green
fluorescent protein infectious clone by
Culex pipiens quinquefasciatus
mosquitoes. Vector Borne Zoonotic Dis.
2010;10(3):267-274.

Chalfie M, Tu Y, Euskirchen G, et al.
Green fluorescent protein as a marker for
gene expression. Science. 1994;263:802-
805.

Yang F, Moss LG, Philips GNJ. The
molecular structure of green fluorescent
protein. Nature Biotech. 1996;14:1246—
1251.



Camevale and Carnevale; AJRID, 6(3): 6-19, 2021, Article no.AJRID.66521

60. Ormo M, Cubitt AB, Kallio K, et al. Crystal 62. Remington SJ. Green fluorescent protein:

structure of the Aequorea victoria green A perspective. Protein Sciences.

fluorescent protein. Science. 1996;273: 2011;20(9):1509-1519.

1392-1395. 63. Delhove J, Karda R, Hawkins K, et al.
61. Tsien RY. The green fluorescent protein. Bioluminescence monitoring of promoter

Annu  Rev Biochem. 1998;67:509— activity in vitro and in vivo. Methods Mol

544. Biol. 2017;1651(49-64).

© 2021 Camevale and Carnevale; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www. sdiarticle4.com/review-history/66521

19



