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An antimicrobial peptide belonging to the cecropin
family was isolated from the hemolymph of bacteria-
challenged adult Aedes aegypti. This new peptide,
named cecropin A, was purified to homogeneity and
fully characterized after cDNA cloning. The 34-residue
A. aegypti cecropin A is different from the majority of
reported insect cecropins in that it is devoid of a tryp-
tophan residue and C-terminal amidation. The impor-
tance of these two structural features on the activity
spectrum was investigated using a chemically synthe-
sized peptide. A comparison of the antimicrobial activ-
ity spectrum of A. aegypti and Drosophila cecropin A
showed a lower activity for the mosquito molecule. A.
aegypti cecropin mRNA expression was not detected by
Northern blot or reverse transcription-polymerase
chain reaction analysis in any immature stage of the
mosquito, nor in naı̈ve adults, but it was observed in
challenged adults 6 h after bacteria inoculation, and it
continued over 7–10 days.

One factor contributing to the enormous success that insects
have exhibited through evolutionary time is their ability to
mount a rapid and effective response against invading patho-
gens. This response includes the rapid production of potent
antimicrobial peptides effective against bacteria and fungi;
transcriptional activity may be detected within minutes of a
stimulus, resulting in 1–100 mM concentrations of specific pep-
tides in the hemolymph within 24 h (1). Since the isolation of
cecropin from Hyalophora cecropia by Boman and co-workers
(2), approximately 170 immune peptides have been character-
ized from insects and other invertebrates (for a recent review,
see Ref. 1). In insects, these molecules are rapidly synthesized,
easily stored, and promptly available after infections. These
features, together with the low metabolic cost for the insect and
a low specificity (see review in Ref. 3), make antimicrobial

peptides a very versatile component of the insect immune
response.

In mosquitoes, which serve as obligate vectors for serious
debilitating human diseases such as malaria, lymphatic filari-
asis, and numerous arboviruses, the predominant immune pep-
tide is a member of the insect defensin family (4–7) Although it
has been suggested that inducible antimicrobial peptides have
no impact on eukaryotic parasites (8), several studies suggest
otherwise. Reports have implicated cecropins or synthetic
cecropin derivatives (9–12), insect defensins (13), or a general
immune activation process (14, 15) in reducing the develop-
ment of parasites in mosquitoes.

Because of the potential role cecropins might play in the
anti-parasite responses cited above and the recent reports of
synthesized cecropin-like molecules that kill Plasmodium sp.
(16, 17), we have attempted to isolate and characterize
cecropins from mosquitoes. Cecropins are a family of inducible
antibacterial peptides of 4 kDa, devoid of cysteine residues,
constituted by two a-helices linked by a short hinge, with a
strongly basic N-terminal region and a long hydrophobic do-
main in the C-terminal half. Cecropins integrate into the bac-
terial cell membrane and cause lysis and cell death by a loss of
cations (18). Cecropins have been characterized from Lepidop-
tera and Diptera (1, 19), but in mosquitoes, there has been only
limited information (20, 21) until recently, when Sun et al. (22)
reported the purification of a 35-amino acid cecropin from an
Aedes albopictus cell line. We report herein the identification
and full characterization of a new member of the cecropin
family isolated from the hemolymph of immune-activated
Aedes aegypti.

MATERIALS AND METHODS

Insect Immunization and Hemolymph Collection—A. aegypti (Liver-
pool strain) mosquitoes were reared as described previously (23). Adult
female mosquitoes were immunized (4), and 24 h later, the hemolymph
was collected from individual mosquitoes by perfusing the hemocoel
with Aedes saline as described previously (23). The hemolymph from
about 2600 bacteria-challenged mosquitoes or 2000 naı̈ve mosquitoes
was centrifuged at 5000 3 g for 5 min at 4 °C, and the supernatant was
frozen until use.

Extraction and Purification of Antibacterial Peptides—Antibacterial
peptides were purified from acidified cell-free hemolymph. Acidification
was performed with ammonium acetate buffer at pH 3.5 (final concen-
tration, 25 mM), supplemented with aprotinin (Sigma) as a protease
inhibitor (final concentration, 1.5 mM) and phenylthiourea (Prolabo) as
a melanization inhibitor (final concentration, 20 mM). After extraction
under gentle stirring for 30 min in an ice-cold water bath, the sample
was centrifuged at 10,000 3 g for 20 min at 4 °C. The supernatant then
was loaded onto a 12-cc Sep-Pak Vac C18 cartridge (WatersTM) equili-
brated with acidified water (0.05% trifluoroacetic acid). Stepwise elu-
tion was performed with 2, 40, and 80% acetonitrile in acidified water.
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The 40% Sep-Pak fraction was analyzed by reversed-phase HPLC1 on
an Aquapore RP 300 C8 column (250 3 7 mm; BrownleeTM) using a
linear gradient of 2–60% acetonitrile in acidified water for 120 min
(flow rate 1.3 ml/min). The antibacterial activity of the collected frac-
tions was detected by liquid growth inhibition assay against Micrococ-
cus luteus A270 and Escherichia coli SBS363, as described previously
(4). The active fractions were further purified on a Delta-Pak HPIC18

column (150 3 2 mm; WatersTM) with a linear biphasic gradient of
acetonitrile in acidified water from 2 to 22% over 10 min and from 22 to
32% over 50 min at a flow rate of 0.2 ml/min at 35 °C. The first step of
HPLC purification was performed with a Beckman Gold HPLC system
equipped with a photodiode-array detector Beckman 168. The subse-
quent steps were carried out using a Waters HPLC system (Waters,
model 626) attached to a tunable absorbance detector (Waters, model
486) and equipped with an internal oven. For all HPLC purification
steps, the effluent was monitored by its UV absorption at 225 nm.
Fractions were hand collected, concentrated under vacuum, and recon-
stituted in MilliQ water (MilliporeTM) before antimicrobial assays.

Capillary Zone Electrophoresis—The purity of the isolated peptides
was ascertained by capillary zone electrophoresis as described previ-
ously (4). Analyses were conducted on a model 270A-HT capillary elec-
trophoresis system (PEApplied Biosystems) equipped with a fused sil-
ica capillary.

Mass Measurement by Matrix-assisted Laser Desorption Ionization
Time-of-flight Mass Spectrometry (MALDI-TOF MS)—Measurements
were carried out on a Bruker (BIFLEXTM) mass spectrometer equipped
with a delayed extraction ion source. Mass spectrometry analysis was
performed as described previously (24), using a-cyano-4-hydroxycin-
namic acid (Sigma) as matrix.

Microsequence Analysis—The isolated peptides were subjected to
Edman degradation on a pulse liquid automatic sequenator (PEApplied
Biosystems, model 473A).

Cecropin cDNA Isolation—Total RNA was extracted from whole bod-
ies of immune-activated mosquitoes 1–24 h after inoculation and re-
verse-transcribed as described previously (25), using the primer 59-
CGGGCAGTGAGCGCAACGT14-39 for the RT reaction. PCR ampli-
fication of cecropin cDNA was performed using a reverse primer, con-
sisting of the initial 18 nucleotides of the RT primer, and two forward
degenerate primers (59-GGIAARAARYTIGARGGIGC-39 and 59 AAIA-
THTTYGTITTYGTIGC 39) designed to the cecropin sequence obtained
by Edman degradation. PCR conditions used were 94 °C (2 min) and 30
cycles of 94 °C (1 min), 50 °C (1 min), and 72 °C (2 min), followed by one
10-min extension period at 72 °C. PCR products were cloned and se-
quenced as previously described (25). Full-length cDNAs were obtained
using the Marathon cDNA synthesis kit (CLONTECH) using specific
primers designed to the partial cDNA sequence obtained and the kit
primers. PCR amplification and cDNA cloning were done as described
above. Phylogenetic analysis and multiple alignment of A. aegypti
cecropin A with other insect cecropins were performed with the com-
puter program DNAstar® (using Clustal method with PAM 250
matrix).

Northern Analysis—Northern analysis was performed as described
previously (25) using 5 mg of total RNA extracted from whole bodies of
immature stages of A. aegypti and naı̈ve and immune-activated adults.
32P probes were made using specific primers to amplify 50 ng of a
177-base pair cecropin cDNA clone in a PCR described previously (25).
The ribosomal probe rpL8 was used as a loading control.

RT-PCR—RNA from naı̈ve larvae, white and black pupae, and naı̈ve
and immune-activated adults was extracted, reverse-transcribed, and
PCR-amplified as described above. PCR products, obtained with the
cecropin specific primers indicated in Fig. 2, were quantified on a 1%
agarose gel using an Eagle Eye II still video system (Stratagene). PCRs
were standardized using ubiquitin specific primers.

Peptide Synthesis—Peptide synthesis was performed by classic Fmoc
fluoren-9-ylmethoxycarbonyl methodology as described previously (26).
The synthetic cecropin was prepurified by solid phase extraction on
Sep-Pak C18 and by two reversed-phase HPLC. Authenticity and purity
of the peptide was determined by Edman degradation, mass spectrom-
etry and capillary zone electrophoresis.

Bioassays—Antimicrobial assays were performed as described previ-
ously (27). To define the antibacterial activity spectrum we used, in
addition to the bacterial strains reported in a previous study (4), the

following strains: E. coli 1106, E. coli D31, Serratia marcescens, Bacil-
lus megaterium, Erwinia carotovora, Xanthomonas campestris, Kleb-
siella pneumoniae, Listeria monocytogenes, and Salmonella typhi-
murium. The following fungal and yeast strains were also evaluated:
Aspergillus fumigatus, Candida albicans, Candida glabrata, Cryptococ-
cus neoformans, Beauveria bassiana, Fusarium oxysporum, Fusarium
culmorum, Neurospora crassa, and Saccharomyces cerevisiae TGY
48–1. Antiyeast activity was assessed in yeast complete medium (1%
yeast extract, 1% peptone, 2% glucose (w/v)), following the same proce-
dure used for antibacterial assays. The control antibiotic peptides
MSI-94 and PGLa (linear amphipathic frog antibiotics) were gifts from
M. A. Zasloff (Magainin Scientific Institute, Philadelphia, PA).

RESULTS

Purification of Cecropin from the Hemolymph of A. aegypti—
With regard to our previous study on Aedes defensins (4), we
focused the present analysis on the fraction, eluted with 40%
acetonitrile, that contained the bulk of antibacterial activity.
This fraction was subjected to reversed-phase HPLC analysis
(Fig. 1, Step 1). A marked antibacterial activity against M.
luteus and E. coli was observed in eight consecutive fractions
eluted from 25 to 30% acetonitrile. Each individual active frac-
tion (Fig. 1, Step 1, shaded area) was further subjected to a
second reversed-phase chromatography. The collected fractions
were tested against M. luteus and E. coli, as before. The results
obtained are only reported for the three most representative
fractions (Fig. 1, A-C). After the antibacterial assays, three
individual active peaks were purified from fractions A, B, and
C. Two peaks (Fig. 1, Step 2, peaks 1 and 2 in dark gray) eluted
at 26 and 28% acetonitrile, respectively, were active against M.
luteus and E. coli at high concentrations. At a lower concentra-
tion (in regards to the absorbance at 225 nm), an activity was
detected only against M. luteus. In contrast, peak 3 (Fig. 1, Step
2, hatched peak) was active only against E. coli. Mass meas-
urements of fractions 1 and 2 by MALDI-TOF MS indicated the
presence of compounds with mass values similar to those of the
A. aegypti defensins A, B, and C (4) (data not shown). Partial

1 The abbreviations used are: HPLC, high performance liquid chro-
matography; RT, reverse transcription; PCR, polymerase chain reac-
tion; MIC, minimal inhibitory concentration; MALDI-TOF MS, matrix-
assisted laser desorption time-of-flight mass spectrometry.

FIG. 1. Reversed-phase HPLC of an acidic hemolymph extract
from bacteria-challenged adults A. aegypti. Step 1, the 40% aceto-
nitrile fraction eluted from Sep-Pak C18 was first analyzed by reversed-
phase HPLC with a linear gradient of acetonitrile in acidified water.
Fractions were tested against M. luteus and E. coli. The active fractions
(shaded area in Step 1) were further purified and the chromatograms
obtained for three of them are reported (A, B, and C in Steps 1 and 2).
Step 2, purifications were performed on a Delta-Pak HPIC18 column
with a same biphasic linear gradient of acetonitrile in acidified water
(dotted line). Absorbance was monitored at 225 nm (solid line). Peaks 1
and 2 highlighted in dark gray were active against both M. luteus and
E. coli, whereas those in light gray were only active against M. luteus.
Peak 3 (hatched lines) was exclusively active against E. coli.
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N-terminal sequencing by Edman degradation confirmed that
peak 1 was Aedes defensin C (4155.7 Da) and that peak 2
contains the isoforms A and B, as judged by an additional
capillary zone electrophoresis analysis (data not shown). To
obtain structural information on the compound present in peak
3, this peak was further purified to homogeneity by an addi-
tional chromatography step using the same reversed-phase
column as in step 2 (data not shown). After the antibacterial
assay against E. coli, only a single active fraction was found.
The purity was ascertained by capillary zone electrophoresis
and MALDI-TOF-MS. Only a single mass signal at 3391.5 Da
was recorded, confirming the purity of the molecule. The pep-
tide then was subjected to Edman degradation and the follow-
ing 32-amino acid sequence was obtained: GGLKKLGKKLE-
GAGKRVFNAAEKALPVVAGAK. The calculated molecular
mass for this 32-residue peptide (3206.8 Da) was lower than
the measured molecular mass (3391.5 Da) by approximately
186 Da, indicating that the obtained sequence was not com-
plete. We used the cDNA sequence obtained (see below and Fig.
2) to determine what residues were missing. By Edman degra-
dation, we determined that the N-terminal residue of the ma-
ture peptide was a glycine. This residue was found at position
24 in the deduced cDNA sequence. Molecular mass measure-
ment of the mature peptide (3391.5 Da) established that it
would end at the leucine residue at position 57 in the deduced
cDNA sequence. The calculated average molecular mass of the
predicted sequence (3391.1 Da) was in perfect agreement with
the measured molecular mass by MALDI-TOF-MS at 3391.5
Da. Thus, the active compound of peak 3 (Fig. 1, Step 2) corre-
sponded to a 34-amino acid peptide with the residues Ala-Leu
following the 32-amino acid sequence obtained by Edman deg-
radation (Fig. 2). A search in the SWISS-PROT protein data
base showed high homology with cecropins, antibacterial pep-
tides from Lepidoptera and Diptera. We designated the new
isolated peptide as A. aegypti cecropin A.

cDNA Isolation—The A. aegypti cecropin cDNA contains a
deduced open reading frame of 177 nucleotides. The consensus
sequence begins with an ATG codon and encodes a protein of 59
residues containing a deduced sequence identical to the 32
amino acid sequence previously established by Edman degra-
dation. The coding region contains a stop codon, a 39 untrans-
lated region of 38 nucleotides, the putative polyadenylation
consensus signal (AATAAA), and 13 additional nucleotides be-
fore the poly(A) tail (Fig. 2). The deduced protein sequence

contains a putative signal peptide comprising the first 23 res-
idues and the mature cecropin (34 residues), followed by a
dipeptide (Arg-Lys). The signal peptide region is highly hydro-
phobic and is predicted to terminate with an alanine residue
(Ala23). This prediction is based on the fact that the mature
cecropin peptide found in the hemolymph of immune-chal-
lenged mosquitoes started with, and did not contain any of the
residues preceding, Gly24.

Northern and RT-PCR Analysis—By Northern analysis, we
did not detect cecropin mRNA in any immature stage of A.
aegypti, nor in naı̈ve adults (Fig. 3A). Expression was found in
immune-activated adults: transcription was detected 6 h posti-
noculation and continued for 7–10 days. Similarly, by RT-PCR
we could not detect cecropin in cDNAs isolated from larvae,
pupae, or naı̈ve adults of A. aegypti (Fig. 3B). However, a strong
signal for cecropin was detected in immune-activated
mosquitoes.

Activity Spectrum of A. aegypti Cecropin—After synthesis,
HPLC purification, and mass spectrometry measurement to
confirm the authenticity of the molecule, 9.3 mg of pure
cecropin were obtained (approximate yield, 11.6%). The activity
spectrum of A. aegypti cecropin A was compared with Drosoph-
ila cecropin A, which presents the typical features of cecropins
(presence of a tryptophan residue and a C-terminal amidation).
The activity spectra of these two peptides are presented in
Table I, compared with two control antibiotics forming a-heli-
ces, PGLa and MSI-94. In the antibacterial assays, A. aegypti
and Drosophila cecropins were more effective against Gram-
negative strains than against Gram-positive bacteria. Among
the 11 Gram-negative strains tested, only one bacteria (S.
marcescens) was not affected by A. aegypti and Drosophila
cecropins at the highest concentration tested (100 mM). The
insect cecropins were more active than the two control antibi-
otics against the Gram-negative bacteria (Table I), and the
Drosophila cecropin was several times more effective than the
A. aegypti cecropin. The measured difference factors were (i)
2-fold against E. coli D22 and D31, K. pneumoniae, and S.
typhimurium; (ii) 10-fold against P. aeruginosa, and (iii) 100-
fold against E. cloacae. Gram-positive bacteria were affected
almost equally by the two cecropins. A. aegypti cecropin A was
essentially inactive against three of the four Bacillus species
tested (B. cereus, B. thuringiensis, and B. subtilis), as well as
against L. monocytogenes and S. aureus, up to a concentration
of 100 mM. Against B. subtilis and S. pyogenes, however, the
results differed according to the cecropin used: the growth of B.
subtilis was not affected by 100 mM of A. aegypti cecropin A but

FIG. 2. Nucleotide sequence of cDNA and deduced amino acid
sequence of the A. aegypti preprocecropin. The mature peptide
sequence is in italics. The beginning of the mature peptide (arrow) and
the stop codon (asterisk) are indicated. The putative polyadenylaton
signal is double underlined. The nucleotide sequences used as primer
sites for RT-PCR and for making 32P-labeled probes are underlined.

FIG. 3. Temporal expression of A. aegypti preprocecropin in
naı̈ve and immune-activated mosquitoes. A, Northern analysis of
naı̈ve larvae (L), white pupae (WP), black pupae (BP), adults (A0) and
immune-activated adults (AI) at various times after challenge (in days).
A probe generated from a ribosomal protein encoding cDNA (rpL8) was
used as a loading control. B, RT-PCR analysis of cecropin expression in
larvae, white and black pupae, and naı̈ve and bacteria-inoculated
adults. Expression of a gene encoding the ribosomal protein ubiquitin
was used as a control. PCR controls were performed with a cecropin
cDNA clone as template (1) or without template (2).
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was sensitive to the Drosophila molecule (MIC, 10–25 mM). In
contrast, the growth of S. pyogenes was not affected by Dro-
sophila cecropin A but was inhibited by the A. aegypti peptide
(MIC, 10–25 mM). The two cecropins were less active against
Gram-positive bacteria than PGLa and MSI-94. A. aegypti and
Drosophila cecropins were generally equally active against the
fungi F. culmorum, F. oxysporum, and N. crassa (MIC, 1–2.5,
2.5–5, and 5–10 mM, respectively). A. fumigatus and B. bassi-
ana, however, were insensitive to cecropins. In antiyeast as-
says, only A. aegypti cecropin showed a moderate activity
against C. albicans, C. neoformans (MIC, 25–50 mM), and S.
cerevisiae (MIC, 50–100 mM).

DISCUSSION

The data presented here established that the cell-free hemo-
lymph of bacteria-challenged adults of A. aegypti contains sev-
eral antibacterial substances, among them the previously de-
scribed A. aegypti defensins (4, 5). Following a detailed study
by reversed-phase HPLC of the defensin zone, we have isolated
and partially characterized a novel antibacterial peptide be-
longing to the cecropin family. This is the first report present-
ing the full primary structure of a mature mosquito cecropin
isolated from the insect hemolymph. Previously, the only report
in mosquitoes was the cecropin isolated from an A. albopictus
cell line (22).

In common with all preprocecropin sequences isolated from
Diptera, the A. aegypti preprocecropin ends with an alanine
residue (Fig. 4). In most of the dipteran cecropins listed in Fig.
4, the terminal region of the signal peptide has a highly con-
served consensus sequence (GQSEA). All the sequences de-
duced from the cDNAs showed conserved residues (MNF) at
the translation start site and other highly conserved areas

within the preproregion, showing the following overall consen-
sus sequence: MNF-K-FIFVALIAI-GQSE. In contrast to the
Diptera, preprocecropin sequences from Lepidoptera all end in
a proline residue, preceded by either an alanine or a glutamic
acid residue (Fig. 4). With the exception of the Bombyx mori
cecropin D (39) and the Trichoplusia ni cecropin A (40), the
lepidopteran preprosequences begin with the consensus MNF,
suggesting that the cecropin molecules occurred in the insects
before the divergence of the Diptera and Lepidoptera. Similar
cecropins also have been isolated from tunicates, marine inver-
tebrates belonging to the phylum Chordata (42), which share
many of the residues in the consensus region of dipteran
cecropins, suggesting the conservation of these peptides among
phyla other than insects.

Sequence comparison of A. aegypti mature cecropin A with
other dipteran cecropins (Fig. 4) showed similarities of 82.4,
88.2, and 35.3% with the A. albopictus, Anopheles gambiae,2

and Drosophila cecropins, respectively. Comparison of A.
aegypti cecropin with previously characterized dipteran and
lepidopteran cecropins revealed several interesting contrasts.
Of specific note is the absence of a tryptophan residue in the A.
aegypti sequence, because a tryptophan residue has been re-
ported, at amino acid position 1 or 2, in all characterized insect
cecropins, except for the other mosquito cecropins (22)2 and the
B. mori cecropin D (39). A. aegypti cecropin A is not amidated
at the C-terminal end, as deduced from the characterization of
the full cDNA sequence. This is in contrast to the common

2 J. Vizioli, P. Bulet, M. Charlet, C. A. Lowenberger, C. Bass, C.,
H.-M. Muller, G. Dimopoulos, J. Hoffmann, F. C. Kafatos, and A.
Richman, submitted for publication.

TABLE I
Activity spectrum of Aedes and Drosophila cecropins compared with two control antibiotics (PGLa and MSI-94)

The MIC (28) is expressed as final concentration (mM). ND, not detected at the highest concentration tested (100 mM).

Microorganism
MIC

Aedes
cecropin

Drosophila
cecropin PGLa MSI-94

mM

Gram-negative bacteria
E. coli D22 0.25–0.5 0.1–0.25 1–2.5 1–2.5
E. coli D31 0.25–0.5 0.1–0.25 1–2.5 0.5–1
E. coli SBS363 0.1–0.25 0.1–0.25 1–2.5 1–2.5
E. coli 1106 0.25–0.5 0.25–0.5 1–2.5 1–2.5
Enterobacter cloacae b12 50–100 0.5–1 ND 5–10
E. carotovora 0.25–0.5 0.5–1 1–2.5 1–2.5
K. pneumoniae 1–2.5 0.5–1 10–20 2.5–5
Pseudomonas aeruginosa 10–25 1–2.5 20–40 1–2.5
S. typhimurium 1–2.5 0.5–1 10–20 1–2.5
S. marcescens Db11 ND ND ND ND
X. campestris 0.5–1 0.5–1 5–10 0.5–1

Gram-positive bacteria
Aerococcus viridans 2.5–5 5–10 0.5–1 0.5–1
Bacillus cereus ND ND 2.5–5 1–2.5
B. megaterium 1–2.5 1–2.5 0.5–1 0.5–1
Bacillus subtilis ND 10–25 0.5–1 0.5–1
Bacillus thuringiensis ND ND 5–10 1–2.5
L. monocytogenes ND ND 1–2.5 1–2.5
M. luteus 10–25 5–10 0.5–1 0.5–1
Staphylococcus aureus ND ND 1–2.5 1–2.5
Streptococcus pyogenes 10–25 ND 1–2.5 1–2.5

Fungi
A. fumigatus ND ND 10–20 20–40
B. bassiana ND ND ND ND
F. culmorum 1–2.5 1–2.5 0.5–1 0.5–1
F. oxysporum 2.5–5 1–2.5 2.5–5 0.5–1
N. crassa 5–10 5–10 2.5–5 5–10

Yeasts
C. albicans 25–50 ND 1–2.5 0.5–1
C. glabrata ND ND
C. neoformans 25–50 ND
Saccharomyces cerevisiae 50–100 ND ND ND
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feature of a C terminus blocked by an amine group, in all insect
cecropins except the A. albopictus cecropin A (22) (Fig. 4). The
A. aegypti cecropin A has more than 13 amino acids in common
with the other representative dipteran cecropins over the 15
first N-terminal amino acids. This high degree of identity (87%)
was not observed in the C-terminal region. It is surprising that
only two amino acids (one valine and two alanine residues) are
common among the 10 last residues of mosquito cecropins and
the same C-terminal region of other dipteran cecropins (Fig. 4).

A phylogenetic analysis of the insect cecropin family was
performed at the amino acid level. The phylogenetic tree of the
mature peptides (Fig. 5) shows that mosquito cecropins appear
in one branch and all other dipteran and lepidopteran
cecropins are grouped in another branch. This suggests an
earlier divergence between the cecropins isolated from mos-
quito species and the other Diptera and Lepidoptera. All
dipteran cecropins, except those from Aedes and Anopheles,
originate from only one root, whereas the lepidopteran
cecropins are separated in two rooted groups. This same pat-
tern of separation is maintained when only the prepro se-

quences of these cecropins are compared (data not shown).
Interestingly, if the phylogenetic analysis is based on a partial
amino acid sequence corresponding to the hydrophobic C-ter-
minal half of the cecropins, this pattern is altered; mosquito
cecropins are more similar to lepidopteran than to dipteran
cecropins and are closest to B. mori cecropin D (data not
shown).

Transcription for A. aegypti cecropin was restricted to im-
mune-activated individuals (Fig. 3). In contrast with the A.
aegypti defensin (25), there is no detectable transcription in
any immature stage of this species. Once immune-activated,
transcripts can be detected by 6 h and remain detectable for at
least 7 days, which represents a large portion of the life span of
a mosquito. Northern blot analysis done with whole body or fat
bodies alone produce similar results (data not shown), suggest-
ing that the majority of transcription for cecropin occurs in the
fat body.

The cecropins isolated from A. aegypti and D. melanogaster
were generally effective against the same bacteria and filamen-
tous fungi species tested, but the Aedes cecropin was

FIG. 4. Comparison of the amino acid sequence of Aedes preprocecropin with typical dipteran and lepidopteran cecropin
precursors. The sequences are aligned for similarities and gaps were introduced for optimal alignment. The number in parentheses after the
species name indicates the reference from which the sequence was obtained.

FIG. 5. Phylogenetic analysis of in-
sect cecropins. Constructions are per-
formed on the basis of the homology se-
quences calculated from the complete
amino acid sequence of the mature
cecropins. Sequences were selected from
Hetru et al. (1) with the following, in ad-
dition: A. albopictus cecropin A (22), A.
gambiae (Footnote 2), B. mori cecropin D
(39), and Hyphantria cunea cecropin A
(41). The homology sequences were calcu-
lated using the Clustal method with the
PAM250 residue weight table.
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generally less active than the Drosophila peptide. In addition,
only the A. aegypti molecule was active against yeast. These
qualitative and quantitative differences between these two
peptides could be related to the absence of tryptophan residue
and C terminus amidation in A. aegypti cecropin A. In H.
cecropia, the activity of a synthetic analogue of cecropin was
strongly reduced when the tryptophan residue was replaced by
a nonaromatic residue (43, 44), and in Sarcophaga peregrina,
the amidated cecropin was reported to have an antibacterial
activity 3–4-fold higher that the corresponding compound with
a free carboxylic group (45). Similar results were reported for
Hyalophora cecropins and analogues, in which a marked de-
crease in activity was observed for the nonamidated forms (43,
46). In addition, Callaway and colleagues (47) showed that only
the recombinant form with an amidated C terminus had an
activity similar to the native cecropin. In B. mori (39), a
cecropin D precursor form showed a higher efficiency against
bacteria, after a posttranslational C-terminal amidation.

In our bioassays, A. aegypti cecropin exhibited a marked
activity against fungi and medically important yeasts such as
Candida spp. Similar anti-fungal and anti-yeast activities have
been reported for Hyphantria and Hyalophora cecropins
(41, 48).

The activity of A. aegypti cecropin is sufficient to affect the
growth of certain bacteria strains that are naturally present in
mosquito midgut (i.e. Erwinia spp., Klebsiella spp., Pseudomo-
nas spp., and Xanthomonas spp.) (29). Even if the estimated
concentration of the circulating cecropin in A. aegypti (approx-
imately 5 mM) is sufficient to affect the growth of such bacteria,
it is difficult to determine the role of this peptide in protecting
mosquitoes from eukaryotic pathogens. Several studies already
have implicated cecropins or synthetic analogues in limiting
the development of parasites (see the Introduction). In addition
a possible synergistic interaction between cecropin, defensins,
and other immune-induced peptides, could occur in vivo, in-
creasing pathogen mortality. Such an aspect remains to be
investigated.

The characterization of the cecropin reported here and the
identification of novel inducible immune peptides that is in
progress will expand our knowledge of mosquito immunity.
This will allow us to delve further into the role these peptides
may play during insect development and protection of mosquito
vectors from pathogens.
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