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Aedes aegypti mosquitoes obtain from vertebrate blood nutrients that are essential to oogenesis, such as
proteins and lipids. As with all insects, mosquitoes do not synthesize cholesterol but take it from the diet.
Here, we used a chemically defined artificial diet, hereafter referred to as Substitute Blood Meal (SBM),
that was supplemented with cholesterol to test the nutritional role of cholesterol. SBM-fed and blood-
fed mosquitoes were compared regarding several aspects of the insect physiology that are influenced
by a blood meal, including egg laying, peritrophic matrix formation, gut microbiota proliferation, gener-
ation of reactive oxygen species (ROS) and expression of antioxidant genes, such as catalase and ferritin.
Our results show that SBM induced a physiological response that was very similar to a regular blood
meal. Depending on the nutritional life history of the mosquito since the larval stage, the presence of
cholesterol in the diet increased egg development, suggesting that the teneral reserves of cholesterol
in the newly hatched female are determinant of reproductive performance. We propose here the use
of SBM as a tool to study other aspects of the physiology of mosquitoes, including their interaction with
microbiota and pathogens.

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction metabolic pathway or synthesis of virulence factors (Donnellan
Aedes aegypti females, being an anautogenous mosquito, need to
feed on a protein-rich diet to be capable of producing eggs and
need to obtain, from a vertebrate blood meal, the nutrients that
are essential for oogenesis. In addition to proteins, a blood meal
also provides lipids, in particular cholesterol, a molecule that
insects are unable to synthesize and must acquire from the diet
(Canavoso et al., 2001; Clark and Block, 1959). Cholesterol is an
essential component of biological membranes and is a precursor
of the ecdysteroid hormones that regulate yolk synthesis and egg
maturation and are indispensable for the success of oogenesis
(Clifton and Noriega, 2012). Moreover, cholesterol is an essential
regulator of insect development that must be present in the diet
for the completion of their life cycle (Canavoso et al., 2001).

Chemically defined media have been extensively used to char-
acterize the nutritional needs of microorganisms to increase the
et al., 1964; Kim et al., 2012), but chemically defined artificial
meals that permit the direct testing of the physiological role of
specific molecules are not available for most animal species.
Synthetic diets have been described for a few insect species to
study many aspects of insect physiology and nutritional depen-
dence. Noland and Baumann (1949) reported that choline is essen-
tial for Blattella germanica to grow and avoid death in early stages.
Monroe (1959, 1960) used a synthetic diet to show that dietary
cholesterol is important to support the viability of eggs in the
house fly Musca vicina. Piper et al. (2014) published a complete
chemically defined media that was capable of supporting develop-
ment in Drosophila melanogaster and compared diets differing in
the contents of cholesterol, vitamins or amino acids. The flies that
were fed a cholesterol-free holidic media had reduced lifespan and
oogenesis. Pitts (2014) showed that, in Aedes albopictus, a synthetic
diet containing just albumin was enough for success in oogenesis,
similar to blood-fed insects. Culex quinquefasciatus females were
maintained for 50 generations with synthetic diets; however,
during the first generations, this diet did not reproduce the blood
effect on egg raft size, which was reversed after some gonadotropic
cycles (Griffith and Turner, 1996). In the present study, we used an
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artificial diet that was based on previously reported protocols
(Cosgrove and Wood, 1996; Kogan, 1990) and supplemented with
cholesterol, herein named Substitute Blood Meal (SBM), to
compare several physiological parameters of SBM-fed and blood-
fed adult females of A. aegypti. In addition, we used SBM to
investigate the role of cholesterol in egg development in mosqui-
toes that were exposed to different nutritional regimens during
larval development.

2. Materials and methods

2.1. Ethics statement

All of the animal care and experimental protocols were con-
ducted following the guidelines of the institutional care and use
committee (Comissão de Ética no Uso de Animais, CEUA-UFRJ)
and the NIH Guide for the Care and Use of Laboratory Animals
(ISBN 0-309-05377-3). The protocols were approved under the reg-
istry # CEUA-UFRJ 155/13. The technicians of the animal facility at
the Institute of Medical Biochemistry (UFRJ) carried out all aspects
related to rabbit husbandry under strict guidelines to ensure the
careful and consistent handling of the animals.

2.2. Mosquitoes

A. aegypti (Red Eye strain) were raised in an insectary at the
Federal University of Rio de Janeiro, Brazil, under a 12-h light/dark
cycle at 28 �C and 70–80% relative humidity. The larvae were fed
dog chow (Pedigree Co, Brazil) that had the following nutritional
composition, as declared by the manufacturer: Moisture (max)
12%, Crude Protein (min) 25%, Crude Large (min) 8%, Crude Fiber
(max) 3%, Mineral content (max) 11%, Calcium (min) 1%, Calcium
(max) 2%, Phosphorus (min) 1%, Phosphorus (max) 1.8%, Sodium
(min) 3100 mg/kg, Potassium (min) 6200 mg/kg, Zinc (min)
240 mg/kg, Linoleic Acid (min) 24 g/kg, Vitamin E (min) 120 UI/
kg, and Selenium (min) 0.31 mg/kg. The adults were maintained
in a cage and given a solution of 10% sucrose ad libitum. For the
development of the ‘‘large” mosquito, the larvae were raised in
polypropylene trays (8 cm � 28 cm � 44 cm) with 1.5 g of dog
chow in 1 L of water per tray, while for the ‘‘small” mosquito, only
0.7 g of dog chow was added. On average, 250 larvae were raised
per tray for both diets. Five- to ten-day-old females were used in
the experiments. Wing length was used as a body size parameter,
which individual female wing was dissected and measured in a
microscope containing a micrometer ocular Heparinized rabbit
(New Zealand) blood was obtained from ear vein and used in arti-
ficial feeding with water-jacketed artificial feeders that were main-
tained at 37 �C sealed with Parafilm membranes.

To measure oviposition, fully engorged females were trans-
ferred to individual cages (10 cm diameter � 15 cm height), and
eggs laid onto a wet piece of filter paper were counted 7 days after
the meal. Adult insects were maintained with 10% sucrose solution
ad libitum.

The SBM basic composition has the purified bovine proteins sol-
ubilized in Tyrode’s buffer, which one is composed by 8 g of NaCl;
0.2 g of CaCl2; 0.1 g of MgCl2; 0.2 g of KCl; 0.05 g of NaH2PO4 and
1 g of glucose per liter of water (pH 7.4).

2.3. Lipids

Small and large females, at 1 and 7 days after emergence, were
used to measure the lipid content in the whole body. For glycerol,
pools of 14–20 females were homogenized in phosphate-buffered
saline (PBS; 10 mM Na-phosphate buffer, pH 7.2, 0.15 M NaCl),
and the neutral lipid content was measured using a commercial
kit assay that evaluated the glycerol that was produced upon tria-
cylglycerol hydrolysis (Doles) according to the manufacturer’s
instructions. For cholesterol, the samples were analyzed by the fer-
ric chloride method (Zlatkis et al., 1953).

2.4. Lipoprotein purification and cholesterol micelles

The human Low Density Lipoprotein (LDL) that was used here
was kindly provided by Dr. Nuccia De Cicco using a KBr ultracen-
trifugation gradient protocol that was described in De Cicco et al.
(2012) and LDL protein concentration was estimated by the Lowry
method (Lowry et al., 1951). To produce cholesterol-containing
micelles, chloroform solutions of cholesterol (Sigma) 2 mg/mL
(5 mL) and phosphatidylcholine (asolectin from Soybean; Sigma)
70 mg/mL were mixed and dried as a film under a stream of N2

in a round-bottom flask. The lipid film that was obtained was
resuspended in Tyrode’s physiological solution by vortexing and
sonication until complete emulsification. Phospholipid micelles
without cholesterol were obtained using the same protocol. For
the experiments evaluating Reactive Oxygen Species (ROS), a dif-
ferent source of L-a-phosphatidylcholine (Sigma, #61755) with a
higher degree of purity (60%) was used to prepare micelles instead
of the asolectin, which produced a high autofluorescence back-
ground under the microscope.

2.5. Reactive Oxygen Species (ROS) in the midgut

Two hours after feeding, the midguts were dissected in PBS and
were incubated in Schneideŕs Drosophilamedium with L-glutamine
(Gibco) supplemented with 10% Fetal Bovine Serum (FBS; Cultilab)
containing 50 lM Dihydroethidium (hydroethidine; DHE;
Invitrogen) for 30 min at room temperature in the dark. The mid-
guts were then washed in dye-free medium, and the fluorescence
of the oxidized DHE was recorded using an Olympus MVX10 epi-
fluorescence stereomicroscope with a DP-72 camera (Benov
et al., 1998; Kalyanaraman et al., 2012; Oliveira et al., 2011).

2.6. RNA extraction and qPCR analyses

At least two pools of 10 midguts for each replicate were dis-
sected in PBS, and RNA was extracted using TRIzol (Invitrogen)
according to the manufacturer’s instructions. RNA was treated
with DNase, and cDNA was synthesized with the High-Capacity
cDNA Reverse transcription kit (Applied Biosystems). Quantitative
PCR (qPCR) was performed with a StepOnePlus Real Time PCR Sys-
tem (Applied Biosystems) using Power SYBR-green PCR master
MIX (Applied Biosystems). The Comparative Ct Method was used
to compare changes in the gene expression levels (Pfaffl, 2001).
The A. aegypti ribosomal protein 49 (RP-49, AAEL003396-RA) gene
was used as an endogenous control (Gentile et al., 2005) and the
bacterial load was measured, using the same cDNA samples above
mentioned, through analyses of 16S expression, a eubacterial ribo-
somal gene. The primer sequences that were used in this study
were RP49_F: GCTATGACAAGCTTGCCCCCA, RP49_R: TCATCAG-
CACCTCCAGCT; Catalase (AAEL013407-RB) Cat_F: CAATGAACTG-
CACCGACAAC, Cat_R: AGCCTCATCCAGAACACGAC; Ferritin
(AAEL007385-RA) Fer_F: GGCAGCAATGACTTCCACTT, Fer_R:
TTTAAGCGTGGCGATCTTCT and 16S_F: TCCTACGGGAGGCAGCAGT,
16S_R: GGACTACCAGGGTATCTAATCCTGTT.

2.7. Peritrophic matrix staining

Midguts from insects that were fed SBM, blood or sugar were
dissected 24 h after feeding and fixed in 4% paraformaldehyde for
3 h. All of the midguts were kept on PBS-15% of sucrose for 12 h
and then in 30% sucrose for 30 h. After a 24-h infiltration in OCT,
serial microtome 14-lm-thick transverse sections were obtained
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and collected on slides that were subsequently labeled with the
lectin WGA (Wheat Germ Agglutinin; a lectin that is highly specific
for N-acetylglucosamine polymers) coupled to fluorescein isothio-
cyanate (FITC). The slides were washed 3 times in PBS buffer con-
taining 2 mg/mL BSA (PBSB). The samples were then incubated in
50 mM NH4Cl/PBS for 30 min; in 3% BSA, 0.3% Triton X-100 PBS
for 1 h; and in PBSB solution with 100 lg/mL WGA-FITC (EY Labo-
ratories) for 40 min. The slides were then washed three times with
PBSB and mounted with Vectashield with DAPI mounting medium
(Vector laboratories). The sections were examined under a fluores-
cence microscope (Zeiss Observer.Z1 with Zeiss Axio Cam MrM)
(Farnesi et al., 2012; Rudin and Hecker, 1989).
2.8. Statistical analysis

Statistical analyses were performed using GraphPad Prism Soft-
ware, and the experiments were repeated at least twice. For Fig. 1,
the mosquito’s weight, wing length and oviposition were evaluated
by an unpaired T test. Comparisons between mosquitoes that were
fed phospholipids and phospholipids + cholesterol (SBM) were per-
formed by an unpaired T test (Fig. 2). All of the other experiments
were analyzed using ANOVA followed by Tukey’s or Dunnett’s Mul-
tiple Comparison Test. The relative expressions of the qPCR results
were expressed as mean DDCt values, but the SEM bars and statis-
tical analysis were based on DCt values.
3. Results

3.1. Small and large mosquitoes

Mosquito larvae were raised under two distinct feeding regi-
mens, as described in Section 2, which differed in the amount of
Fig. 1. Female wing length, weight and oviposition after blood meal – (A) wing length of
(n = 80); (B) weight of individual females (n = 59); (C) cholesterol content of small and la
cholesterol (lg) to total protein (lg) content (n = 6); (D) glycerol content of small and l
blood-fed small or large females (n = 37). Small and large females were obtained usin
described in Section 2. The data are the mean ± SEM (A, C, D and E) or median (B). The
food that was offered, resulting in mosquitoes with significantly
body size difference and almost doubling of the wet weight of
adult female mosquitoes (Fig. 1A and B). The small mosquitoes laid
25% fewer eggs than did the large mosquitoes after feeding on
blood (Fig. 1C). Moreover, on the 1st day of life, small female mos-
quitoes had almost half of the cholesterol content compared to that
of large females. On the 7th day after emergence, cholesterol
reserves in the small mosquitoes were reduced by 50% compared
to those on the 1st day, while the large mosquitoes maintained a
similar cholesterol content (Fig. 1D). In contrast, when the triacyl-
glycerol (TG) content was evaluated, the small females contained
approximately 70% less TG than did the large females. However,
on the 7th day of life, there was no significant difference between
the TG content of both small and large mosquitoes (Fig. 1E). These
results indicate that the nutritional status of the larval stage is
directly related to success in oogenesis and impacts on lipid
reserves.
3.2. Substitute of blood meal favors oogenesis

The SBM composition is essentially a mixture of proteins and
cholesterol diluted in physiological saline (Table 1) and is based
on the diet described by Kogan (1990) and modified by Cosgrove
and Wood (Cosgrove and Wood, 1996), which was a chemically
defined artificial diet that allowed oviposition in adult females of
A. aegypti. Feeding small mosquitoes with a synthetic diet without
lipid supplementation allowed oviposition, although the number of
eggs that were laid was less than half that of the blood-fed insects
(Fig. 2A). This differed from the original report of Kogan (1990),
who obtained a similar number of eggs to that produced by
females who were fed blood. All of the mosquitoes that were fed
the lipid-supplemented diet had the three proteins solubilized in
individual female mosquitoes that emerged from distinct larval feeding protocols
rge females on days 1 and 7 after the emergence of adults expressed as the ratio of
arge females on days 1 and 7 after the emergence of adults (n = 6); (E) eggs laid by
g larval rearing protocols that offered different amounts of food to the larvae, as
asterisks are *P < 0.05, **P < 0.01, and ***P < 0.001 and ***P < 0.0001.



Fig. 2. Egg laying after feeding different diets – (A) eggs laid by small female mosquitoes (n = 77 females); (B) eggs laid by large female mosquitoes (n = 69 females). The
composition of each diet is described below the graph. The data are the mean ± SEM. *P < 0.05, **P < 0.01, and ***P < 0.001 and ***P < 0.0001.

Table 1
Substitute Blood Meal (SBM) composition.

Basic Components Concentration

Hemoglobin 8 mg/mL
Albumin 100 mg/mL
Y-globulin 30 mg/mL
Tyrode’s 1�
Supplementary components
Cholesterol* 2 mg/mL
Asolectin or phosphatidylcholine* 70 mg/mL
Low Density Lipoprotein (LDL) * 0.8 mg/mL

* Added as mentioned in the figure legends.
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Tyrode’s buffer as the basis, while varying only the lipid composi-
tion. Feeding with phospholipid micelles without cholesterol did
not change the number of eggs that were laid by the insects.
However, feeding small mosquitoes with the diet that was supple-
mented with either LDL or phospholipid micelles loaded with
cholesterol (SBM) increased oviposition to close to 80% that of
the blood-fed females, showing that the cholesterol in fact is an
important molecule to allow the oogenesis. When the large mos-
quitoes were fed diet with LDL or cholesterol, the positive effect
of cholesterol supplementation was also observed, but the increase
in egg laying was less pronounced than the result obtained with
small females (Fig. 2B). Taken together, the best diet composition
for mosquito’s physiology is the one supplemented with choles-
terol and we will adopt this synthetic diet as Substitute of Blood
Meal (SBM).

3.3. Mosquitoes that were fed SBM show decreased ROS levels and
increased antioxidant defenses

Oliveira et al. (2011) showed that after a blood meal, ROS gen-
eration by the midgut epithelium decreased. This downregulation
of the ROS level is triggered by heme from the blood meal. Thus,
we evaluated the ROS levels in SBM-fed mosquitoes using an
oxidant-sensitive probe, dihydroethidium (hydroethidine – DHE).
Similar to the previous report (Oliveira et al., 2011), compared to
mosquitoes fed sugar, the ROS levels decreased when the insects
were fed blood, and the same profile was observed in the mosqui-
toes that ingested SBM (Fig. 3A–D)or other diet combination with-
out cholesterol supplementation. Two antioxidant genes, catalase
and ferritin, have increased expression in the A. aegypti midgut
after a blood meal (Sanders et al., 2003), and a similar profile
was observed after feeding with SBM, (Fig. 3E and F). Compared
to the levels following a blood meal, both catalase and ferritin
showed similar expression levels in the midguts of females fed
SBM.

3.4. The SBM permits peritrophic matrix development

After a blood meal, the mosquito midgut secretes an extracellu-
lar layer that surrounds the intestinal bolus. This layer, the per-
itrophic matrix (PM), is formed by the association of chitin and
proteins and represents a major event of blood digestion in mos-
quitoes, performing a protective role (Pascoa et al., 2002; Villalon
et al., 2003). To determine whether the SBM can induce normal
PM formation, females were fed sugar, blood or SBM, and the PM
was observed by WGA lectin conjugated to FITC (a lectin that binds
N-acetyl-D-glucosamine, the unit forming chitin) 24 h after feeding
(Fig. 4). Notably, the SBM induces the formation of a PM in the
intestinal lumen with a similar appearance to that formed by
blood-fed females.

3.5. Substitute of blood meal permits the proliferation of midgut
microbiota

In response to the incoming blood meal, the midgut microbiota
proliferate explosively, increasing 100–1000-fold in magnitude
(Oliveira et al., 2011). The intestinal microbiota were evaluated
by qPCR for the 16S ribosomal bacterial gene (Fig. 5), revealing
similar bacterial growth to that in the gut of the insects that were
fed blood or SBM.

4. Discussion

In the A. aegypti life cycle, blood feeding provides, in only a cou-
ple of minutes, all of the raw materials that are essential to ooge-
nesis, and this large flood of nutrients triggers an array of signaling
cascades that promote a concerted regulation of digestion, absorp-
tion of nutrients, and oogenesis and fuels the metabolic demands
of activities such as flight and the immune response to pathogens.
Given these facts, it is surprising that almost no study of mosquito
physiology has been reported using the diet that was originally
proposed by Kogan (1990). Here, we have improved this artificial
diet by supplementation with cholesterol, as insects are not able
to perform de novo synthesis (Clark and Block, 1959). Our results
show that, in spite of the mosquito auxotrophy for cholesterol,
the positive effect of dietary cholesterol on egg development is
highly dependent on the nutritional status of the newly hatched
adult, which in turn is a product of its nutritional regimen
during larval development. Telang et al. (2006) also showed that



Fig. 3. Levels of ROS in the midgut after SBM feeding and the expression of antioxidant genes – (A–E) the midguts were dissected 2 h after a meal with the indicated diets and were
incubated with 50 lM DHE for 30 min. DHE oxidation was observed under a fluorescence microscope. The scale bar is 100 lM. Bright field images are shown as insets. (F and
G) Gene expression was analyzed in the mosquito midgut 24 h after feeding. (F) Catalase. (G) Ferritin. The relative expression of genes was analyzed through q-PCR and RP-49
was used as an endogenous control. The gene expression in blood-fed mosquitoes was used as a reference (n = 6). The data are the mean ± SEM. ***P < 0.001.

Fig. 4. Peritrophic matrix formation after a meal – the midguts of females that were fed sugar or 24 h after blood or SBM feeding were dissected and fixed, and sections were
stained with WGA-FITC (green) and DAPI (blue). (A) Sugar-fed; (B) Blood-fed; (C) SBM-fed. The peritrophic matrix is indicated by white arrows in panels B and C. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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nutritional availability during larval instar regulates the body size,
lipid reserves and oogenesis in A. aegypti adults. Here, we obtained
similar results showing that the larval nutritional status directly
affects the body size, wet weight, oviposition of adult mosquitoes
(Fig. 1A–C) and the size of lipid reserves (Fig. 1D and E). The use
of SBM or another diet combination without cholesterol revealed
that dietary cholesterol in the blood meal becomes an important
factor if the larvae are reared under suboptimal food availability.
In this way, the cholesterol of teneral reserves were crucial for
egg development because small females, which had smaller
cholesterol reserves (Fig. 1C), showed an increased number of eggs
after feeding with SBM supplemented with this lipid. However, the
large females had more cholesterol reserves and did not show the
same dependence on additional dietary cholesterol as did the small
mosquitoes, revealing an important aspect of mosquito biology, as
under field conditions, food is rarely available ad libitum. It is inter-
esting to note that large variations in the cholesterol plasma con-
centration exist between different species of mammals and
among different human populations, which led us to speculate
on whether cholesterol is a dietary component whose availability



Fig. 5. Midgut microbiota proliferation induced by SBM – The eubacterial 16S
abundance was analyzed through q-PCR 24 h after the meal; RP-49 was used as an
endogenous control, and 16S in sugar-fed mosquitoes was used as a reference. The
data are the mean ± SEM n = 6. ****P < 0.0001.
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may be of critical relevance for establishing the population dynam-
ics of mosquitoes.

The diet described in the original reports of Kogan (1990) and
Cosgrove and Wood (1996), and used in other studies, such as
the recent communication of Gonzales et al. (2015), only oviposi-
tion was followed as a readout for the physiological performance
of the mosquitoes that were fed the artificial meal. Here, we inves-
tigated several aspects of the mosquito physiology beyond egg
development that could be studied using this approach and found
that the gut physiology of the SBM-fed mosquitoes closely resem-
bled that in mosquitoes fed a regular blood meal.

Free radicals have been implicated as relevant players in the
biology of the insect midgut and as mediators of the relation with
the indigenous microbiota (Ha et al., 2009) and regarding insect
vectors of diseases, redox metabolism has been put in the center
of the vectorial competence, defining an important role in the rela-
tionship with pathogens (Molina-Cruz et al., 2008; Oliveira Gde
et al., 2012; Pan et al., 2012). In the A. aegypti midgut, a conse-
quence of blood intake is a dramatic change in redox equilibrium,
which down-regulates the production of ROS, and this response is
also triggered by the SBM meal (Fig. 3). Lowering ROS production
seems to be one of the factors that permits microbial growth in
the gut and was suggested to be an antioxidant mechanism to
compensate for the intake of large amounts of heme, a pro-
oxidant molecule.

A counterpart of the free-radical chemistry that takes place
after a blood meal is the essential role that is performed by genes
with antioxidant roles. These genes are essential for the gut tissue
to withstand the oxidative challenge that is elicited by the large
amounts of incoming heme, a pro-oxidant molecule, as well as
by oxygen and nitrogen reactive species that control microbial
growth and pathogen transmission (Bahia et al., 2013; Ha et al.,
2005). In agreement with this concept, several genes with antiox-
idant function are upregulated after a blood meal, including
catalase – a hydrogen peroxide scavenging enzyme – and ferritin
– which limits the occurrence of free iron that otherwise would
generate hydroxyl radicals through the Fenton reaction. Both of
these genes were upregulated in insects that were fed SBM when
compared to sugar-fed insects, as occurs with a regular blood meal
(Sanders et al., 2003). Catalase expression in SBM-fed mosquitoes
increases to levels that are indistinguishable from those that are
found in blood-fed insects. Ferritin also increased expression after
SBM feeding but did not reach the same mean level as that of the
blood-fed mosquitoes (Fig. 3).

A hallmark of blood meal digestion in mosquitoes is the forma-
tion of the peritrophic matrix (PM), which involves the blood bolus,
separating it from the epithelia. The PM has been suggested to
work as a barrier that parasites (as shown with Plasmodium sp.
and Trypanosoma sp. parasites) must have for transposition to
infect the midgut epithelia (Billingsley and Rudin, 1992;
Shahabuddin et al., 1996; Weiss et al., 2014). A. aegypti PM plays
a role in the deposition of heme aggregates that constitute a heme
detoxification mechanism in mosquitoes (Devenport et al., 2006;
Pascoa et al., 2002). Recently, Cázares-Raga et al. (2014) reported
that a very incipient small PM is formed upon feeding with an
artificial meal that is based on salts, glucose and latex beads. In
contrast, when mosquitoes were fed SBM, a chitin-containing PM
was secreted with a thickness similar to that observed in blood-
fed mosquitoes (Fig. 5).

One of the most rapidly evolving areas in gut biology is the
study of the intestinal microbiome, and insects are not an excep-
tion to this trend. Once termed the commensal microbiota, the
intestinal bacterial community is a major player in gut homeosta-
sis, exerting its influence in the regulation of metabolism and
development at the systemic level, much beyond the gut epithe-
lium (Buchon et al., 2013; Lee et al., 2013; Shin et al., 2011). In
insect vectors, several studies have approached a relationship
between microbiota diversity and vectorial competence (Castro
et al., 2012; Cirimotich et al., 2011; Xi et al., 2008). We also show
here that, despite its simple composition, SBM permits the prolifer-
ation of midgut microbiota to levels that are similar to those found
after a blood meal (Fig. 5), suggesting the use of artificial diets as an
important tool for studying the interaction between mosquitoes
and their indigenous microbiome. Additionally, in a currently arti-
cle, we report that SBM allows dengue proliferation. Moreover, in
this report, we used a hemoglobin-free SBM as a tool to investigate
the effect of heme on viral replication in the midgut and showed
that heme from the diet is a modulator of the mosquito immune
response (Bottino-Rojas et al., 2015).

Taken together, our data show that the synthetic diet SBM clo-
sely reproduces the physiological changes that take place in A.
aegypti after a blood meal, and we propose its use as a tool for
studying mosquito physiology and its interaction with intestinal
microbiota and pathogens. In the course of the validation of SBM
use as a proxy for a blood meal, we showed that dietary cholesterol
is an important factor in the onset of oogenesis in A. aegypti
depending on the nutritional history of larval development.
Acknowledgments

We thank all of the members of the Laboratory of Biochemistry
of Hematophagous Arthropods, especially Katia Anastacio Laia and
Jaciara Miranda Freire for rearing the insects and João Marques,
Thiago Varjão, Charlion Cosme and S.R. Cassia for providing techni-
cal assistance. We also thank Dr. Nuccia de Cicco for providing the
purified LDL that was used here and Dr. Ana Caroline P. Gandara for
her microscopy assistance. This work was supported by grants
from the Conselho Nacional de Desenvolvimento Científico e Tec-
nológico (CNPq), Coordenação de Aperfeiçoamento de Pessoal de
Nível Superior (CAPES), and Fundação Carlos Chagas Filho de
Amparo a Pesquisa de Estado do Rio de Janeiro (FAPERJ).



O.A.C. Talyuli et al. / Journal of Insect Physiology 83 (2015) 1–7 7
References

Bahia, A.C., Oliveira, J.H.M., Kubota, M.S., Araujo, H.R.C., Lima, J.B.P., Rios-Velasquez,
C.M., Lacerda, M.V.G., Oliveira, P.L., Traub-Csekoe, Y.M., Pimenta, P.F.P., 2013.
The role of reactive oxygen species in Anopheles aquasalis response to
Plasmodium vivax infection. PLoS ONE 8.

Benov, L., Sztejnberg, L., Fridovich, I., 1998. Critical evaluation of the use of
hydroethidine as a measure of superoxide anion radical. Free Radical Biol. Med.
25, 826–831.

Billingsley, P.F., Rudin, W., 1992. The role of the mosquito peritrophic membrane in
bloodmeal digestion and infectivity of Plasmodium species. J. Parasitol. 78, 430–
440.

Bottino-Rojas, V., Talyuli, O.A., Jupatanakul, N., Sim, S., Dimopoulos, G., Venancio, T.
M., Bahia, A.C., Sorgine, M.H., Oliveira, P.L., Paiva-Silva, G.O., 2015. Heme
signaling impacts global gene expression, immunity and dengue virus
infectivity in Aedes aegypti. PLoS ONE 10, e0135985.

Buchon, N., Broderick, N.A., Lemaitre, B., 2013. Gut homeostasis in a microbial
world: insights from Drosophila melanogaster. Nat. Rev. Microbiol. 11, 615–626.

Canavoso, L.E., Jouni, Z.E., Karnas, K.J., Pennington, J.E., Wells, M.A., 2001. Fat
metabolism in insects. Annu. Rev. Nutr. 21, 23–46.

Castro, D.P., Moraes, C.S., Gonzalez, M.S., Ratcliffe, N.A., Azambuja, P., Garcia, E.S.,
2012. Trypanosoma cruzi immune response modulation decreases microbiota in
Rhodnius prolixus gut and is crucial for parasite survival and development. PLoS
ONE 7, e36591.

Cázares-Raga, F.E., Chavez-Munguia, B., Gonzalez-Calixto, C., Ochoa-Franco, A.P.,
Gawinowicz, M.A., Rodriguez, M.H., Hernandez-Hernandez, F.C., 2014.
Morphological and proteomic characterization of midgut of the malaria
vector Anopheles albimanus at early time after a blood feeding. J. Proteomics
111, 100–112.

Cirimotich, C.M., Dong, Y., Clayton, A.M., Sandiford, S.L., Souza-Neto, J.A., Mulenga,
M., Dimopoulos, G., 2011. Natural microbe-mediated refractoriness to
Plasmodium infection in Anopheles gambiae. Science 332, 855–858.

Clark, A.J., Block, K., 1959. The absence of sterol synthesis in insects. J. Biol. Chem.
234, 2578–2582.

Clifton, M.E., Noriega, F.G., 2012. The fate of follicles after a blood meal is dependent
on previtellogenic nutrition and juvenile hormone in Aedes aegypti. J. Insect
Physiol. 58, 1007–1019.

Cosgrove, J.B., Wood, R.J., 1996. Effects of variations in a formulated protein meal on
the fecundity and fertility of female mosquitoes. Med. Vet. Entomol. 10, 260–
264.

De Cicco, N.N., Pereira, M.G., Correa, J.R., Andrade-Neto, V.V., Saraiva, F.B., Chagas-
Lima, A.C., Gondim, K.C., Torres-Santos, E.C., Folly, E., Saraiva, E.M., Cunha, E.S.N.
L., Soares, M.J., Atella, G.C., 2012. LDL uptake by Leishmania amazonensis:
involvement of membrane lipid microdomains. Exp. Parasitol. 130, 330–340.

Devenport, M., Alvarenga, P.H., Shao, L., Fujioka, H., Bianconi, M.L., Oliveira, P.L.,
Jacobs-Lorena, M., 2006. Identification of the Aedes aegypti peritrophic matrix
protein AeIMUCI as a heme-binding protein. Biochemistry 45, 9540–9549.

Donnellan Jr., J.E., Nags, E.H., Levinson, H.S., 1964. Chemically defined, synthetic
media for sporulation and for germination and growth of Bacillus subtilis. J.
Bacteriol. 87, 332–336.

Farnesi, L.C., Brito, J.M., Linss, J.G., Pelajo-Machado, M., Valle, D., Rezende, G.L., 2012.
Physiological and morphological aspects of Aedes aegypti developing larvae:
effects of the chitin synthesis inhibitor novaluron. PLoS ONE 7, e30363.

Gentile, C., Lima, J.B., Peixoto, A.A., 2005. Isolation of a fragment homologous to the
rp49 constitutive gene of Drosophila in the Neotropical malaria vector Anopheles
aquasalis (Diptera: Culicidae). Mem. Inst. Oswaldo Cruz 100, 545–547.

Gonzales, K.K., Tsujimoto, H., Hansen, I.A., 2015. Blood serum and BSA, but neither
red blood cells nor hemoglobin can support vitellogenesis and egg production
in the dengue vector Aedes aegypti. PeerJ 3, e938.

Griffith, J.S., Turner, G.D., 1996. Culturing Culex quinquefasciatus mosquitoes with a
blood substitute diet for the females. Med. Vet. Entomol. 10, 265–268.

Ha, E.M., Lee, K.A., Seo, Y.Y., Kim, S.H., Lim, J.H., Oh, B.H., Kim, J., Lee, W.J., 2009.
Coordination of multiple dual oxidase-regulatory pathways in responses to
commensal and infectious microbes in drosophila gut. Nat. Immunol. 10, 949–
957.

Ha, E.M., Oh, C.T., Ryu, J.H., Bae, Y.S., Kang, S.W., Jang, I.H., Brey, P.T., Lee, W.J., 2005.
An antioxidant system required for host protection against gut infection in
Drosophila. Dev. Cell 8, 125–132.

Kalyanaraman, B., Darley-Usmar, V., Davies, K.J., Dennery, P.A., Forman, H.J.,
Grisham, M.B., Mann, G.E., Moore, K., Roberts 2nd, L.J., Ischiropoulos, H., 2012.
Measuring reactive oxygen and nitrogen species with fluorescent probes:
challenges and limitations. Free Radical Biol. Med. 52, 1–6.

Kim, Y.J., Eom, H.J., Seo, E.Y., Lee, D.Y., Kim, J.H., Han, N.S., 2012. Development of a
chemically defined minimal medium for the exponential growth of Leuconostoc
mesenteroides ATCC8293. J. Microbiol. Biotechnol. 22, 1518–1522.

Kogan, P.H., 1990. Substitute blood meal for investigating and maintaining Aedes
aegypti (Diptera: Culicidae). J. Med. Entomol. 27, 709–712.

Lee, K.A., Kim, S.H., Kim, E.K., Ha, E.M., You, H., Kim, B., Kim, M.J., Kwon, Y., Ryu, J.H.,
Lee, W.J., 2013. Bacterial-derived uracil as a modulator of mucosal immunity
and gut-microbe homeostasis in Drosophila. Cell 153, 797–811.

Lowry, O.H., Rosebrough, N.J., Farr, A.L., Randall, R.J., 1951. Protein measurement
with the Folin phenol reagent. J. Biol. Chem. 193, 265–275.

Molina-Cruz, A., DeJong, R.J., Charles, B., Gupta, L., Kumar, S., Jaramillo-Gutierrez, G.,
Barillas-Mury, C., 2008. Reactive oxygen species modulate Anopheles gambiae
immunity against bacteria and Plasmodium. J. Biol. Chem. 283, 3217–3223.

Monroe, R.E., 1959. Role of cholesterol in house fly reproduction. Nature 184 (Suppl.
19), 1513.

Monroe, R.E., 1960. Effect of Dietary Cholesterol on House Fly Reproduction.
Noland, J.L., Baumann, C.A., 1949. Requirement of the German cockroach for choline

and related compounds. Proc. Soc. Exp. Biol. Med. 70, 198–201, Society for
Experimental Biology and Medicine.

Oliveira Gde, A., Lieberman, J., Barillas-Mury, C., 2012. Epithelial nitration by a
peroxidase/NOX5 system mediates mosquito antiplasmodial immunity. Science
335, 856–859.

Oliveira, J.H.M., Goncalves, R.L.S., Lara, F.A., Dias, F.A., Gandara, A.C.P., Menna-
Barreto, R.F.S., Edwards, M.C., Laurindo, F.R.M., Silva-Neto, M.A.C., Sorgine, M.H.
F., Oliveira, P.L., 2011. Blood meal-derived heme decreases ROS levels in the
midgut of Aedes aegypti and allows proliferation of intestinal microbiota. PLoS
Pathog. 7.

Pan, X., Zhou, G., Wu, J., Bian, G., Lu, P., Raikhel, A.S., Xi, Z., 2012. Wolbachia induces
reactive oxygen species (ROS)-dependent activation of the Toll pathway to
control dengue virus in the mosquito Aedes aegypti. Proc. Natl. Acad. Sci. U.S.A.
109, E23–E31.

Pascoa, V., Oliveira, P., Dansa-Petretski, M., Silva, J., Alvarenga, P., Jacobs-Lorena, M.,
Lemos, F., 2002. Aedes aegypti peritrophic matrix and its interaction with heme
during blood digestion. Insect Biochem. Mol. Biol. 32, 517–523.

Pfaffl, M.W., 2001. A new mathematical model for relative quantification in real-
time RT-PCR. Nucleic Acids Res. 29, e45.

Piper, M.D., Blanc, E., Leitao-Goncalves, R., Yang, M., He, X., Linford, N.J., Hoddinott,
M.P., Hopfen, C., Soultoukis, G.A., Niemeyer, C., Kerr, F., Pletcher, S.D., Ribeiro, C.,
Partridge, L., 2014. A holidic medium for Drosophila melanogaster. Nat. Methods
11, 100–105.

Pitts, R.J., 2014. A blood-free protein meal supporting oogenesis in the Asian tiger
mosquito, Aedes albopictus (Skuse). J. Insect Physiol. 64, 1–6.

Rudin, W., Hecker, H., 1989. Lectin-binding sites in the midgut of the mosquitoes
Anopheles stephensi Liston and Aedes aegypti L. (Diptera: Culicidae). Parasitol.
Res. 75, 268–279.

Sanders, H.R., Evans, A.M., Ross, L.S., Gill, S.S., 2003. Blood meal induces global
changes in midgut gene expression in the disease vector, Aedes aegypti. Insect
Biochem. Mol. Biol. 33, 1105–1122.

Shahabuddin, M., Lemos, F.J., Kaslow, D.C., Jacobs-Lorena, M., 1996. Antibody-
mediated inhibition of Aedes aegypti midgut trypsins blocks sporogonic
development of Plasmodium gallinaceum. Infect. Immun. 64, 739–743.

Shin, S.C., Kim, S.H., You, H., Kim, B., Kim, A.C., Lee, K.A., Yoon, J.H., Ryu, J.H., Lee, W.J.,
2011. Drosophila microbiome modulates host developmental and metabolic
homeostasis via insulin signaling. Science 334, 670–674.

Telang, A., Li, Y., Noriega, F.G., Brown, M.R., 2006. Effects of larval nutrition on the
endocrinology of mosquito egg development. J. Exp. Biol. 209, 645–655.

Villalon, J.M., Ghosh, A., Jacobs-Lorena, M., 2003. The peritrophic matrix limits the
rate of digestion in adult Anopheles stephensi and Aedes aegypti mosquitoes. J.
Insect Physiol. 49, 891–895.

Weiss, B.L., Savage, A.F., Griffith, B.C., Wu, Y., Aksoy, S., 2014. The peritrophic matrix
mediates differential infection outcomes in the tsetse fly gut following
challenge with commensal, pathogenic, and parasitic microbes. J. Immunol.
193, 773–782.

Xi, Z., Ramirez, J.L., Dimopoulos, G., 2008. The Aedes aegypti toll pathway controls
dengue virus infection. PLoS Pathog. 4, e1000098.

Zlatkis, A., Zak, B., Boyle, A.J., 1953. A new method for the direct determination of
serum cholesterol. J. Lab. Clin. Med. 41, 486–492.

http://refhub.elsevier.com/S0022-1910(15)00217-6/h0005
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0005
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0005
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0005
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0010
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0010
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0010
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0015
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0015
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0015
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0020
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0020
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0020
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0020
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0025
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0025
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0030
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0030
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0035
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0035
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0035
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0035
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0040
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0040
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0040
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0040
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0040
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0045
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0045
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0045
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0050
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0050
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0055
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0055
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0055
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0060
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0060
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0060
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0065
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0065
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0065
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0065
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0070
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0070
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0070
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0075
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0075
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0075
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0080
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0080
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0080
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0085
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0085
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0085
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0090
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0090
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0090
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0095
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0095
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0100
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0100
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0100
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0100
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0105
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0105
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0105
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0110
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0110
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0110
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0110
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0115
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0115
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0115
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0120
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0120
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0125
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0125
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0125
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0130
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0130
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0135
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0135
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0135
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0140
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0140
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0150
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0150
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0150
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0155
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0155
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0155
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0160
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0160
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0160
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0160
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0160
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0165
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0165
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0165
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0165
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0170
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0170
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0170
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0175
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0175
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0180
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0180
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0180
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0180
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0185
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0185
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0190
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0190
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0190
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0195
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0195
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0195
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0200
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0200
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0200
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0205
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0205
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0205
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0210
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0210
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0215
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0215
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0215
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0220
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0220
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0220
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0220
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0225
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0225
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0230
http://refhub.elsevier.com/S0022-1910(15)00217-6/h0230

	The use of a chemically defined artificial diet as a tool to study Aedes aegypti physiology
	1 Introduction
	2 Materials and methods
	2.1 Ethics statement
	2.2 Mosquitoes
	2.3 Lipids
	2.4 Lipoprotein purification and cholesterol micelles
	2.5 Reactive Oxygen Species \(ROS\) in the midgut
	2.6 RNA extraction and qPCR analyses
	2.7 Peritrophic matrix staining
	2.8 Statistical analysis

	3 Results
	3.1 Small and large mosquitoes
	3.2 Substitute of blood meal favors oogenesis
	3.3 Mosquitoes that were fed SBM show decreased ROS levels and increased antioxidant defenses
	3.4 The SBM permits peritrophic matrix development
	3.5 Substitute of blood meal permits the proliferation of midgut microbiota

	4 Discussion
	Acknowledgments
	References


