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MepiAinym

To {nToUuEvO TNG €pyaciag autriig ATavV va TTPAYMOTOTTONBEI pia PEAETN TTAvw o€
évav mlavo opéa yia TNV HEBOBO TNG TTaPa-dIayoVIKAG TTAPEUPACNG OTOV KWVWTTA,
ME ATTWTEPO OKOTTO TNV QVTIMETWTTION TNG €Aovoaiag. Baoiouévol oe TTponyouueva
TelpapaTikA dedopéva, OTTou €xel atmodeixBei 0TI To PBaktiplo Asaia sp. €xel Tnv
IKavoTNTa va €dpaiwBei oTnv  PIKpo-xAwpida Tou peoeviépou Tou Anopheles
stephensi kai Tou Aedes aegypti (Favia et al., 2007) TTpoxwpNoape 0TV PEAETN TNG
ouvartoTnTag TNG £dpaiwong Tou Asaia oto Anopheles gambiae, 0 oTToiog gival Kal 0

KUPIOG QopEag TNG EAOVOCIiag aTnv AQPIKN.

2UYKeKpIYEVA XpNOoIPoTToinBnke 1o O0TEAEXO NQOUusSSO TO OTToIO €ival avikel Kabapd
otnv M popr. MNpovuugeg Tou POAUVONKav Pe TO BAKTAPIO Eva PETAOXNUATIOUEVO
ME TO TTAaopidio Asaia TO oTToio TOUu TTPOCdIdEl TN dUVATOTNTA VO EKTTEUTTEI TTPACIVO
QPw¢ Uttd PBopiovTa QwTIoNS. H pyéAuvon ATav €mMTUXAS KAl Ol ATTOIKIEG OTO £VTEPO
NG TPovUueng nATav eudldkpiteg. To idlo @aivouevo TTapatnpPndnkKe kalr oTo

METEVTEPO TOU EVIAIKOU ATOMOU.

Mia emimrAéov TTaparApnon nrav n dia@opd o€ pubPd avaTITugNG HETAEU HOAUCUEVWV
Kal un poAuopévwy TTpovup@wy. O1 poAuopéveg pe Asaia TTPOVUPGES TTapoudiacav
MIO ypnyopdtepn — Katd 1 ewg 2 pépeg — avamTuén, dlavuoviag Ta TEOOEPQ
TIPOVUUQPIKG OTAdIA KAl QTAVOVTAG OTO OTAdIO TNG VUP@NG KOl TOU €VNAIKOU pE
TaxUTeEPO pubud amod OTI O Pn POAUCMEVEG TTPOVUUQEG. 2Ta eVAAIKO ATOMO OtV

TTapATNPNONKE KATTOIO AVATITUEIOKN dIagopd.

TENOG €yive pia ouAAoyry RNA atrd Tpovip@eg og OAa Ta oTAdIO — OAUCEVEG KAl Un
- M€ aTmmwTEPO OKOTIO VA TTPAYHOTOTTOINBEI pia avdAuon e microarrays TTEpPAITEPW
avaAuon Twv amoTeAeopdTwy Kal meavr) cuoxETiIon yovidiwyv TTou 1fon cival yvwoTto

TTwg eTnpedlovtal até 1o Plasmodium.

To Asaia sp. dcixvel va TTapapével oTaBepd TO00 OTA TTPOVUUPIKA 0TddIa 600 Kal OTO
eVNAIKO oTddI0 TOU KWVWTTA. MOAAG epwTApaTa, OTTWG TTIOAVEG TTOIVEG OXETIKA JE TNV
UTTapENG €vOG PETAOXNMOTIOYEVOU BaKTNPIOU OTOV OPYaVIOUO, TTAPANEVOUV AKOPO
avaTTavTnTa. Edv Opwg 10 mpwta autd OciyhaTa BETIKWV OTTOTEAECUATWV
ouveyxioouv va ugioTavTal, TOTE To Asaia 6a putTopouoe va Taiel Tov poAo Tou TTapa-

dlayovikoU gopéa KaTd TnG eAovoaiag.



Abstract

The goal of this undertaking was to conduct a research on the topic of a possible
vector for a paratransgenic approach in the mosquito, so as to combat malaria.
Based on results from other laboratories, where it has been proven that the
bacterium Asaia sp. has the ability to colonize the micro-flora of the midgut lumen of
Anopheles stephensi and Aedes aegypti (Favia et al.,, 2007), we moved on to
investigating the ability of Asaia to colonize Anopheles gambiae, which is the major

vector of malaria in sub-Saharan Africa.

Due to the speciation event that is happening in the Anopheles complex, it was
decided that a specific strain of Anopheles gambiae was going to be used, namely
the Ngousso strain, which is M form only. The advantage of this is that the results will

be as genetically “clean” as possible.

Larvae were infected with a transformed strain of the bacterium, with a plasmid
containing a GFP cassette for easy detection under fluorescent light. The infection
was successful and colonies in the gut of the larvae were clearly visible. The same

observation was made for the midgut of the adult mosquito.

Another, unexpected, observation was a difference in the developmental rate
between infected and non-infected larvae. Infected larvae showed a faster advance
in development, ranging from 1 to 2 days, traversing the four developmental stages
of larvae and arriving at the pupal stage faster than their non-infected counterparts.

No difference in development was observed for adult mosquitoes.

Finally, RNA was extracted and collected from all the different larval stages, both for
infected and non-infected, so as to conduct an expression profiling analysis through
microarrays for possible correlation of genes which are already known to be affected

by the Plasmodium parasite.

Asaia sp. seems to remain stable in both larval stages and in the adult stage of the
mosquito. Questions regarding any potential fitness costs regarding the presence of
the transformed bacteria in the mosquito need to be answered, but if any of those
early indications prove to be facts, Asaia could fill the role of a paratransgenic vehicle

in the fight against malaria.



Introduction

Insect borne diseases cause significant human morbidity and mortality. Current
control and preventive methods against vector-borne diseases rely mainly on
insecticides. The emergence of insecticide resistance in many disease vectors
highlights the necessity to develop new strategies to control these insects. One of the
major transmitted diseases is malaria. Each year, there are approximately 350-500
million cases of malaria, killing between one and three million people, the majority of
whom are young children in sub-Saharan Africa (Snow et al., 2005). Malaria is
naturally transmitted by the bite of a female Anopheles mosquito. When a mosquito
bites an infected person, a small amount of blood is taken, which contains malaria
parasites. These develop within the mosquito, and about three weeks later, when the
mosquito takes its next blood meal, the parasites are injected with the mosquito's
saliva into the person being bitten. After a period of between two weeks and several
months spent in the liver (depending on the parasite species), the malaria parasites
start to multiply within red blood cells, causing symptoms that include fever, and
headache. In severe cases the disease worsens leading to hallucinations, coma, and
death. Despite intensive efforts in the last few decades, an effective vaccine has not

yet been developed (Marquardt et al., 2004).

More recently, a great deal of attention has been devoted to the development of a
novel approach, based on the manipulation of bacterial symbionts inhabiting the
midgut lumen of the vector, in order to generate symbionts producing anti-plasmodial
effector molecules inside mosquitoes (Riehle et al., 2005). Indeed, the midgut hosts
the oocyst, the most vulnerable stage of Plasmodium development, which represents
a bottleneck of the malaria cycle since only few oocysts develop inside a single
mosquito (Ghosh et al., 2000).

Genetic manipulation of bacteria is simpler and faster than genetic manipulation of
mosquitoes; bacteria are much easier to introduce into mosquito populations and can
be produced easily and cheaply in large quantities. Furthermore, the introduction of
modified bacteria into a mosquito population will bypass genetic barriers of
reproductively isolated mosquito populations which often occur in endemic malaria.
However, there are requirements that must be met for this approach to work for a

given vector/parasite combination (Damiani et al., 2010). Six characteristics have
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been identified that are necessary for a successful paratransgenic control strategy
(Beard et al., 2002):

Symbiotic relationship between bacteria and vector

Symbiotic bacteria can be cultured and genetically engineered
Genetically engineered bacteria should be stable

Fitness of the engineered bacteria should not be compromised

A

An effective anti-parasite molecule should be produced by the engineered
bacteria
6. An efficient means of distributing the bacteria must be devised

It was first demonstrated by the transformation of the bacterial symbiont,
Rhodococcus rhodnii, of the kissing bug, Rhodnius prolixius, which is a vector of
Chagas disease (Durvasula et al., 1997). Chagas disease is a tropical parasitic
disease caused by the protozoan Trypanosoma cruzi. T. cruzi is ingested by R.
prolixus when the bug consumes a blood meal from an infected vertebrate host. The
parasite develops within the midgut and is passed to the next vertebrate host with the
feces when the bug defecates during blood feeding. The parasite can enter the
vertebrate host when rubbed into the bite, through a wound or mucous membranes.
T. cruzi is ideally suited to paratransgenic control because R. prolixus requires the
bacterial symbiont, R. rhodnii, in the gut lumen for survival (Baines, 1956; Harrington,
1960). The bacterial symbionts are acquired by first- or second-instar nymphs
through ingestion of R. prolixus fecal material containing the symbiotic bacteria.
Nymphs that do not obtain the bacteria fail to reach adulthood and they usually die
after the second instar molt. This absolute requirement for the bacteria, as well as the
bacteria’s close proximity to the parasite in the midgut lumen, made it an attractive

target for genetic modification.

The effector molecule chosen to be expressed and secreted by the symbiotic
bacteria was Cecropin A, a 38 amino acid antimicrobial peptide. Cecropin A attacks
microbes by inserting itself into cell membranes and forming pores, resulting in cell
lysis and death. This peptide efficiently lyses T. cruzi cells without affecting the R.

prolixus host or the symbiotic bacteria (Durvasula et al., 1997).



Recently, symbiotic bacteria from Anopheles stephensi were isolated, and one of
those was Asaia sp (Favia et al.,, 2007). Asaia is a recently described genus
consisting of two members, i.e., A. bogorensis and A. siamensis. This genus is
included in the acetic acid bacterial lineage and is phylogenetically closely related to
the genera Acetobacter, Gluconobacter, Acidomonas, and Gluconacetobacter. The
natural habitats of Asaia spp. have been reported to be in flowers of the orchid tree,
plumbago and fermented glutinous rice. Among acetic acid bacteria, the genus Asaia
differentiates because it does not (or weakly) oxidize ethanol to acetic acid (Yamada
et al., 2000).

Asaia has been found stably associated with larvae and adults of An. stephensi,
dominating the microbiota of the mosquito. PCR analysis showed that Asaia DNA is
present in eggs, pupae, and different larval stages, as well as in various mosquito
organs, including gut, salivary glands, ovaries, and testes (Favia et al., 2007).

The bacteria were successfully transformed with GFP-expressing plasmids and used
to re-infect adult mosquitoes through sugar or blood meals, which contained the
transformed bacteria. Transformed Asaia were found in mosquito organs which are
sites for pathogen development, such as midgut and salivary glands, as well as in
male and female reproductive tracts although with less efficiency. Vertical and
venereal transmission of Asaia has been demonstrated by crossing males fed with
the GFP-tagged Asaia with normal females of Anopheles stephensi in the laboratory.
After mating, fluorescent bacteria can be detected in the spermatheca and in the
terminal portions of the gastrointestinal tract, thus indicating the transmission of
the bacterium along with sperm. Furthermore, the vertical transmission of the
bacterium to the progeny has also been observed. Progeny resulting from matings
between females and males fed with and without GFP-tagged Asaia respectively
were observed to be colonized by fluorescent cells (vertical or maternal transmission)
(Favia et al., 2007).

Asaia exhibits all the required ecological characteristics making it the best candidate,
available to date, for the development of a paratransgenic approach for manipulation
of mosquito vector competence. Key features of Asaia are: (i) dominance within the
mosquito-associated microflora; (ii) cultivability in cell-free media; (i) ease of

transformation with foreign DNA and (iv) wide distribution in the larvae and adult



mosquito body, as revealed by transmission electron microscopy, and in situ-

hybridization experiments (Favia et al., 2008).

All of the above renders Asaia a potentially very useful tool in the fight against
malaria.



Materials and Methods

Mosquitoes

Anopheles gambiae mosquitoes from the Ngousso strain were obtained from the
insectary of Imperial College in London. The strain in London was established
through collection at a research facility in Cameroun. The mosquitoes were reared
under standard conditions in the insectary at IMBB: 16/8 light/dark cycle, RT=28°C,
humidity=80%. There was a slight difference in the rearing conditions of the larvae in
the insectary at the Department of Biology of the University of Crete, were the
experiments on the treated and non-treated specimen were conducted. The
conditions there were: 16/8 light/dark cycle, RT=27 °C, humidity=60%.

After mosquito eggs were laid they were transferred into a pan containing water and
left to rest for 48 hours. Splitting of the large number of 1% stage larvae into different
pans containing 50-60 individuals followed. Ground up cat food was sprinkled on the
water surface as a food source, three days later additional cat food was added. On
day 8 the first pupae appeared which were collected and placed in a water filled cup
that was transferred into a mosquito cage. A cotton ball soaked with 10% glucose
was placed atop the cage. The soaked cotton ball is the food source for the emerged
adult mosquitoes. The collection of pupae was continued for 3 days. Ten days after
emergence the cage containing the adult mosquitoes is starved, e.g. the soaked
cotton ball was removed from the cage for 4 hours, after which an anesthetized
mouse was placed on top of the cage in order for the females to obtain their blood
meal. The blood meal lasted for 30 minutes. Two days after the blood meal a water

filled cup was placed inside the cage so the females could lay their eggs.

Growing of Asaia sp. and colonization of the larval gut

Asaia sp. SF2.1(Gfp) was grown 24h at 30°C in GLY medium. GLY medium
comprises of 25 g-liter* glycerol, 10 g-liter’ yeast extract, pH 5. The glycerol stock
was prepared by growing an Asaia culture as described above and diluted 1:20 in
25ml of GLY. It was incubated until early log phase (ODgyp=0.6-0.8). Centrifugation at
1500rpm for 10min at 21°C followed. It was washed twice with 3ml 1xPBS, after that
pellet was resuspended in 5ml of 20% v/v sterile glycerol. Another centrifugation at

the same conditions followed and the pellet was resuspended in 0.5ml of 20% v/v
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sterile glycerol stock. The final solution was aliquoted in eppendorf tubes 50ul each
and stored at -20°C.

Asaia sp. were grown in 3ml GLY medium, 50ug/ml of kanamycin was added,
together with 15ul of Asaia from glycerol stock. It was incubated until it reached
ODggo=1.2-1.5. Centrifugation at 1500rpm for 10min at 21°C followed. It was washed
twice with 3ml 1xPBS. Each larvae pan was filled with 400ml of distilled water and 40
first stage larvae were released in it. The PBS containing the Asaia was added into
the water along with a small amount of ground up cat food.

Larvae dissection and observation under fluorescent microscope

After 48, 72 and 96 hours 10 treated larvae were removed from the pan and washed
twice with 1XPBS to remove any material carried over from the water. They were
placed individually on a glass slide and the peritrophic matrix was removed using
dissection forceps. The peritrophic matrix was placed on a microscope slide, a small
amount of Vectashield from Vector Labs was added and it was observed under

fluorescent light, using an Nikon E800 fluorescent microscope.

RNA extraction
RNA extraction was performed using the Qiagen RNeasy kit together with the
RNase-Free DNase Set from the same company. The protocol used was: Purification

of Total RNA from Animal Tissues.

cDNA creation and RT-PCR conditions
cDNA was created using the ThermoScript RT-PCR System by Invitrogen and using
2ul of RNA.

RT-PCR was performed using the Phusion Hot Start High-Fidelity DNA Polymerase
by Finnzymes. 1ul of cDNA and 1yl of S7 primers from a stock solution of 25pmol/pl
were used. The nucleotide sequence is as follows:

S7A: GGCGATCATCATCTACGT

S7B: GTAGCTGCTGCAAACTTCGG
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Initial denaturation at 98°C for 30 sec was followed by 33 cycles of denaturation at
98°C for 15 sec, annealing at 60°C for 15 sec and extension at 72°C for 2 min. A final

extension at 72°C for 10 min was the last step before holding at 4°C.
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Results and Discussion

Ngousso strain

It was decided that a specific strain of Anopheles gambiae was going to be used,
namely the Ngousso strain, which is monomorphic for the M molecular form and
which was recently established from mosquitoes caught in Cameroun. The
advantage of this is that any results obtained could directly be compared to other
data previously obtained at Imperial College since the strain is also routinely used by
the Christophides lab. The Ngousso strain was thus first introduced into the insectary
of the IMBB and the insectary of the Department of Biology at the University of Crete;
it was acclimated to the local conditions, which to some extent differ from those at the
London laboratory. It was readily and successfully established using standard culture
conditions. Several generations have now passed and the strain remains extremely

stable.

Colonization of mosquito larvae with Asaia sp.

The bacterium used to infect the mosquito larvae was Asaia sp., strain SF2.1, which
had been stably transformed with the pHM2 plasmid, thus having a kanamycin
resistance phenotype. In addition a GFP cassette is present in that plasmid for easy
detection under fluorescent light (Favia et al., 2007). This particular strain of Asaia
has been shown previously to colonize Aedes aegypti, Anopheles stephensi as well
as Scaphoideus titanus, and it is therefore an ideal microorganism for potential

paratransgenesis uses.

We first wanted test whether symbiosis was true for Anopheles gambiae as well, in
particular on the Ngousso strain. To this end newly hatched 1% stage larvae were
infected through feeding with the above mentioned bacterial strain and allowed to
reach the pupal stage. The larvae were dissected and observed under a fluorescent

microscope.

After 72 hours of growth colonies of Asaia were clearly visible in the larval guts (Fig.
1). The colonies were present only in the peritrophic matrix and not in the actual gut
of the larvae. Infection was maintained for the whole duration of the larval stages.

There didn’t seem to be any loss in bacteria numbers (Fig. 2).
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Fig. 1: Peritrophic matrix of an Anopheles
gambiae larvae 72 hours after infection with
Asaia.

Fig. 2: Peritrophic matrix of an Anopheles
gambiae larvae 96 hours after infection with

Asaia.

The above pictures make it obvious that Asaia is able to stably colonize the larval gut
of Anopheles gambiae. The ability of the bacteria to be established in such an early
developmental stage of the mosquito is important, because it is easier to manipulate
the larval stages than the adult mosquito. If Asaia turns out to be a viable
paratransgenic vehicle, its introduction in the larval stages will also greatly reduce

costs - monetary and environmental -, since a different approach, rather than rearing

14



thousands of infected adult mosquitoes and releasing them into the environment, will

be possible.

Colonization of adult mosquito guts with Asaia sp.

In order to expand on those findings, some larvae were allowed to reach the adult
stage. Through dissection of the midgut it was shown that the bacteria continued to
be present even after the transformation from pupae to adult (Fig. 3). Also, the
infected adults kept the infection stable for the whole duration of their lifecycle. Asaia
colonies were clearly visible from the emergence of the adults up until the 27" day of

their lifecycle (Fig. 4), after which they started to perish.

Fig. 3: Midgut of an infected adult mosquito, 5
days after emergence from the pupal stage.
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Fig. 4: Detail of the midgut of an
adult infected mosquito, 24 days
after emergence from the pupal
stage.

This shows clearly that Asaia is easily transferred through vertical transmission
rendering it a potentially valuable candidate for a paratransgenic approach, since
after the initial infection is made there is no further need to manipulate the disease
vector even more, thus potentially tampering with the delicate balance of the

host/parasite relationship between the mosquito and Plasmodium.

Taken together with the fact that colonization is stable when introduced in the larval
stages, it — again — proves the ability and value of Asaia as a potential

paratransgenic vehicle.

Side effects from colonization with Asaia sp.

Apart from the above another potentially noteworthy observation was made. The
infected larvae showed a significantly faster growth and development through the
different larval stages. After 48 hours of infection with Asaia the infected larvae
showed a notable size difference - it was clearly visible to the naked eye - to their
non-infected counterparts. The difference in size was maintained throughout the four

larval stages (Fig. 5, Fig. 6).
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Fig. 5: 72 hours old larvae. The one on the left is infected with Asaia, the one on the right is
untreated.

Fig. 6: 96 hours old larvae. The left one is untreated, the right one is infected with Asaia.
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In addition to showing a significant difference in size, the infected larvae also had a

more rapid development, reaching the different larval stages at a faster pace than

their non-infected counterparts (Table 1).

48 hours 2" instar 1% instar

72 hours

4™ instar 2" instar

6 days Pupae/Adults 3" instar

VACEVS

8 days Adults Pupae

9 days

Table 1: Comparison of development between treated and untreated mosquito larvae.

The rapid growth and development of the infected larvae could be due to the bacteria
being a better food source than the normal food the larvae are given. Or it could be
due to the fact that the bacteria growing inside the peritrophic matrix are releasing
products that are speeding up those processes. Experiments to distinguish if Asaia is

playing an active role or just providing better nutrition are currently underway.

Since infected larvae show such an advanced development the next logical step was

to investigate if the same is true for the adult stages. To this end, bacteria treated

18



larvae were allowed to survive past the pupal stage and their lifespan compared to

untreated ones.

Adult infected Anopheles gambiae showed no difference in their lifecycle and
duration of their lifespan when compared to their uninfected counterparts. Their size

was the same and both groups survived for the same time period (27-30 days).

The above findings combined lead us to the tentative conclusion that whatever role
Asaia sp. plays, it does not affect adult mosquito life cycle. Further analysis is
needed to confirm that indication. This, of course, seems to point to that the bacteria
truly are a better food source for the larvae and that their colonization of the
peritrophic matrix doesn’t play a deeper role in the developmental cycle. Early results
of experiments where dead bacteria were given to the larvae proved to be

inconclusive.

That the colonization of Asaia in the adult midgut doesn’t seem to have any effect on
the developmental rate of the adult Anopheles gambiae could be attributed to the fact
that: a) adult mosquitoes don’t feed on bacteria, they feed on sugar and the females
also need a blood meal to lay their eggs and b) different genes are active during the
larval stages than in the adult stage. Those gene products could be targeted by the
products of the bacterial colonies in the peritrophic matrix while the organism is in the

larval stages.

To this end, as will be mentioned below, a microarray analysis will be conducted, in
order to identify the possible up- or down-regulation of genes involved in the

developmental process of the mosquito.

RNA extraction and collection

After establishing the fact that Asaia can stably colonize the gut of the larvae of
Anopheles gambiae the next step was to extract RNA from all the larval stages of
both treated and untreated specimen. Newly hatched larvae were infected with the
bacteria and after 24 hours 10 individuals were selected and their RNA extracted.
This was repeated every 24 hours until the pupal stage was reached. The same
procedure was repeated for the untreated larvae. In order to confirm the presence of
RNA, cDNA was created and then amplified through RT-PCR using S7 primers (Fig.

7). Those are primers for ribosomal tandem repeats that give a product with a
19



molecular weight of about 200kb, while they give a bigger product when applied on

genomic DNA (300 kb). Thus it was used as a means of control.

Fig. 7: Agarose gel from PCR product of amplified cDNA created by the extracted RNA from the

mosquiro larval stages. U=untreated, T=treated, G=genomic DNA, m=marker, numbers correspond to
the day of RNA extraction after the passing of the 24 hours of treatment.

It is clearly shown in the gel that the RNA extraction was a success and no
contamination can be detected. The extraction was repeated 3 times so as to collect
enough material for further experiments. The next step in that direction is an
expression profiling analysis through microarrays. By comparing the two different
groups expression levels of genes that are already known to be affected by the
malaria parasite or to be part of the immune response against Plasmodium, will
become clear. Even novel genes, which affect or are affected by Plasmodium could

be identified and thus become available for further studies.
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Conclusion

The ultimate "goal" is the identification of a bacterium that could be symbiotic to
mosquito vectors and could then be used as a paratransgenesis vehicle. From the
results of previous work (Favia et al,. 2007 and Favia et al., 2009) and the results of
the above described experiments, in addition to unpublished data from the lab of
Prof. Christophides, the potential of Asaia sp., to fill that role is made clearly visible. It
fits the first three of the aforementioned criteria that are necessary for a successful
paratransgenic control strategy (Beard et al., 2002) and further experiments will
investigate if the other three can be met as well, although there are early indications

that this is the case (personal communication).

Based on the results reported here, mosquitoes of the genus Anopheles could
represent another environmental niche for Asaia where it lives at a particularly high
density in the gut. This acetic acid bacterium could be taken up by mosquitoes from
their environment, i.e., from water during the larval stages or from flowers during the

first sugar meals as an adult.

Although it is still early to say with any kind of surety, there are many factors that
point to the fact that Asaia is a stable symbiont of Anopheles gambiae. Further, more
detailed analysis, of the workings of the bacteria inside the mosquito, both in its larval

and adult stages, are needed and are currently underway.

Asaia shows a stable association with larval and adult mosquitoes as withessed by
its presence in all the samples that have been analyzed, which belonged to different
generations. Questions regarding any potential fithess costs regarding the presence
of the transformed bacteria in the mosquito need to be answered, but if any of those
early indications prove to be facts, Asaia could fill the role of a paratransgenic vehicle

in the fight against malaria.
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