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The most common approach in proteomic studies is to separate and visualize as many proteins as possible of an organism,
tissue, or cell, by two-dimensional electrophoresis and to subsequently identify differentially expressed proteins by mass
spectrometric techniques. One of the major constraints of this
technology is that proteins of a molecular mass lower than 10
kDa are generally not retained and overlooked in most of the
proteomic studies. Nevertheless this mass region contains a
group of very important proteins, the peptide hormones and
neurotransmitters.
To date, many neuropeptides have been purified from vertebrate and invertebrate sources. Peptide physiology in the pregenomic era (before the realization of the genome projects) was
time-consuming as a peptide present in tissue extracts had to
be purified to homogeneity prior to sequencing, synthesis, and
functional analysis.
Drosophila is an outstanding model system for the molecular
genetics and developmental biology in higher eukaryotes. Yet,
its molecular endocrinology is poorly documented because only
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seven neuropeptides have been identified by traditional purification. Recently, a milestone was reached with the completion
of the Drosophila genome project (1). Through the BLAST
program, one can screen the genome of an organism for candidate-neuropeptides based on sequence homology with known
neuropeptides from other organisms. In this way, 31 (neuro)peptide genes were found in Drosophila melanogaster (2–5).
These findings, however, give no information on the temporal
and spatial expression nor on the physiological relevance of
these (neuro)peptide genes. Often, the precursors of biologically active peptides encode several peptides. In general, these
peptides can be predicted from the precursor gene as it is
assumed that proteolytic processing generally occurs at monoand dibasic cleavage sites. However, not all of these possible
cleavage sites are always used. Prediction of precursor-derived
peptides is even more difficult when the existence of unconventional cleavage sites is taken into account (6). As a result, it is
impossible to predict with certainty what the final processing
products will be, based on the sequence of the precursor solely.
This means that the structural characterization of the naturally occurring peptides remains necessary, not only to confirm
the cleavage of the peptides from their precursor but also to
identify posttranslational modifications, which cannot be predicted with certainty from the DNA sequence alone.
Along with the emergence of very sensitive mass spectrometry and the miniaturization of separation techniques, a new
approach, designated as peptidomics in analogy with proteomics, enables us to analyze the entire peptidome of a tissue at the
amino acid sequence level, starting from very little material.
Peptidomics overcomes the drawback of the small body size of
Drosophila that hampered traditional purification efforts.
In this study, we investigate the neuropeptide profile of the
larval Drosophila central nervous system, using nanoflow capillary liquid chromatography-tandem mass spectrometry and
the Drosophila genome data base as tools to find and identify
neuropeptides
EXPERIMENTAL PROCEDURES

Animals—D. melanogaster are kept in 250-ml bottles and fed on a
diet per bottle consisting of 70 ml of water, 17 g of sucrose, 0.45 g of
yeast, 0.9 g of agar, 0.5 ml of 8% Nipagin, and 0.36 ml of propionic acid.
Batches of 50 CNS1 of “wandering” larvae are dissected and extracted
in 20 l of methanol/water/formic acid (90/9,9/0,1, v/v/v). The supernatants are filtered through Millipore spin down filters, dried, and stored
at –20 °C.
Capillary LC-Tandem MS—Capillary LC-tandem MS experiments
were conducted using an Ultimate high pressure LC pump, a columnswitching device (Switchos) and a Famos autosampler (all LC Packings)
coupled to a quadrupole time-of-flight mass spectrometer (Micromass).
1
The abbreviations used are: CNS, central nervous system; LC, liquid chromatography; MS, mass spectrometry; FARP, FMRF-amiderelated peptide; NPF, neuropeptide F; AKH, adipokinetic hormones;
DIM, Drosophila immune-induced.
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Neuropeptides regulate most, if not all, biological processes in the animal kingdom, but only seven have been
isolated and sequenced from Drosophila melanogaster.
In analogy with the proteomics technology, where all
proteins expressed in a cell or tissue are analyzed, the
peptidomics approach aims at the simultaneous identification of the whole peptidome of a cell or tissue, i.e. all
expressed peptides with their posttranslational modifications. Using nanoscale liquid chromatography combined with tandem mass spectrometry and data base
mining, we analyzed the peptidome of the larval Drosophila central nervous system at the amino acid sequence level. We were able to provide biochemical evidence for the presence of 28 neuropeptides using an
extract of only 50 larval Drosophila central nervous systems. Eighteen of these peptides are encoded in previously cloned or annotated precursor genes, although not
all of them were predicted correctly. Eleven of these
peptides were never purified before. Eight other peptides are entirely novel and are encoded in five different, not yet annotated genes. This neuropeptide expression profiling study also opens perspectives for other
eukaryotic model systems, for which genome projects
are completed or in progress.
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FIG. 1. a, total ion current chromatogram obtained by nanoLC-MS analysis of
a methanolic extract of 50 larval Drosophila CNSs. b, example of one survey mass
spectrum taken from the total ion current
chromatogram (indicated by an arrow).
Two double-charged ions from this spectrum were selected for fragmentation
(624.39 m/z and 712.47 m/z). The resulting fragmentation spectra and their
amino acid sequence annotation are
shown in Fig. 2.

RESULTS

The nanoLC-tandem MS technology allows us to select and
fragment the peptide ions as they elute from the column even

when co-eluting with other peptides. As an example, Figs. 1
and 2 represent an example of the selection and sequencing of
two co-eluting peptides. All multiple-charged ions (double,
triple, or quadruple) were selected and fragmented in the same
way.
In total we were able to sequence 18 peptides that are derived from 10 of the 31 annotated Drosophila (neuro)peptide
precursors and eight novel peptides that are derived from five
novel (not annotated) precursors and two immune-induced peptides, so far only encountered in adult hemolymph. The sequences are presented in Table I, and the nomenclature is
derived from the flybase. The used programs predict an extracellular localization for all 15 peptide precursor proteins and
yield a potential signal peptide, except for the leucokinin
precursor.
FMRF-amide-related Peptides or FARPs—In D. melanogaster, as in other insects, a high number of neuropeptides
display a C-terminal amino acid sequence, similar to FMRFamide. In the fruit fly, these FARPs are encoded by four different genes. In our experiments, we found peptides originating
from all four precursor proteins.
The Fmrf gene contains five copies of DPKQDFMRF-amide,
as well as 10 additional possible amidated peptides (9). Three of
the encoded peptides (DPKQDFMRF-amide, TPAEDFMRFamide (2 copies/gene), and SDNFMRF-amide) have already
been purified and sequenced from extracts of adult Drosophila
(10). We were able to detect these Drm-FMRF-amide peptides
in the larval CNS extracts along with another peptide (PDNFMRF-amide) predicted from the same Fmrf gene.
The dromyosuppressin or Dms gene only encodes the myoinhibitory peptide dromyosuppressin or TDVDHVLRF-amide
(10). In the LC-MS experiment we were able to detect and fully
sequence dromyosuppressin (Fig. 2a) as one of the most prominent MS peaks.
The drosulfakinin or Dsk gene has been cloned (11) and
predicts three putative peptides, Drm-SK-0, Drm-SK-1, and
Drm-SK-2, annotated as drosulfakinins because of their sequence homology with other insect sulfakinin peptides and
with the vertebrate hormones of the gastrin/cholecystokinin
family. Similar to cholecystokinin in vertebrates, sulfakinins
reduce food intake and stimulate muscle contractions in insects
(12). An ion with a fragmentation spectrum corresponding
Drm-SK-2 (GGDDQFDDY(SO3H)GHMRF-amide) with a sulfated tyrosine residue was detected.
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Chromatography was performed using a guard column (-guard column
MGU-30 C18, LC-Packings) acting as a reverse phase support to trap
the peptides. Ten l of the sample (corresponding to 50 Drosophila CNS
equivalents) was loaded on the pre-column with an isocratic flow of 2%
acetonitrile in MilliQ water with 0.1% formic acid at a flow rate of 10
l/min. After 2 min, the column-switching valve was switched, placing
the pre-column online with the analytical capillary column, a Pepmap
C18, 3 m of 75 m ⫻ 150 mm nano column (LC Packings). Separation
was conducted using a linear gradient from 95% solvent A and 5%
solvent B to 20% A and 80% B in 90 min, followed by a linear gradient
from 20% A and 80% B to 50% A and 50% B in 60 min (solvent A: water,
formic acid; 99.9/0.1 (v/v); solvent B: acetonitrile, formic acid; 99.9, 0.1
(v,v)). The flow rate was set at 150 nl/min.
The LC system is connected in series to the electrospray interface of
the quadrupole time-of-flight device. The column eluent was directed
through a metal-coated fused silica tip (Picotip type FS360-75-10 D,
New Objective). Needle voltage was set at 1300 volts, cone voltage at 35
volts. Nitrogen was used as nebulizing gas. All double and triplecharged ions (typical for peptides, background ions have generally only
one charge) of sufficient parent ion intensity (threshold was set at 15
counts/second) were automatically recognized by the charge state recognition software (Masslynx 3.5, Micromass) and selected for fragmentation as they eluted from the column. Argon was used as a collision
gas; collision energy was set at 25– 40 eV depending on the mass and
charge state of the selected ion.
Peptide Identification—Three different successive approaches were
used for peptide identification. 1) The fragmentation spectrum of an ion
with an experimental mass corresponding to the calculated mass of a
known or predicted Drosophila peptide was compared and matched
with the theoretical fragmentation spectrum of that peptide obtained
from the Biolynx software (Micromass). 2) Unknown peptides were
identified by subjecting their fragmentation spectra to a Mascott search
(www.matrixscience.com). This bioinformatic tool allows the identification of a peptide in a (genomic) data base by analyzing the fragmentation spectrum of the peptide and by using the results of this analysis to
search the data base for a possible match. 3) Alternatively, the fragmentation spectrum was first analyzed manually, and the deduced
amino acid sequence as well as the total peptide mass were used as
queries in a Mascot search. Often only a partial amino acid sequence is
obtained. Nevertheless, the Mascot program can be used to identify the
gene from the genomic data base using the partial sequence and the
parent mass as queries. All obtained fragmentation spectra were analyzed in this way.
Prediction of Signal Peptides—The programs TargetP (version 1.01)
(www.cbs.dtu.dk/services/TargetP/) (7, 8) and SignalP (version 1.1),
(www.cbs.dtu.dk/services/SignalP/) were used to predict the occurrence
of a signal peptide and the cellular localization of each Drosophila
neuropeptide precursor sequence identified (see Table II).
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The sNPF gene has not yet been cloned but was found by
BLAST analysis (3). It encodes four putative peptides. Two of
them display sequence similarities with two short NPFs from
the Colorado potato beetle, Leptinotarsa decemlineata, and are
annotated as Drm-sNPF1 (AQRSPSLRLRF-amide) and DrmsNPF2 (WFGDVNKPIRSPSLRLRF-amide). None of these predicted peptides were detected in our mass spectral read-outs.
Instead, other peptides derived from the same precursor were
detected and sequenced. We annotated the first one, SDPDMLNSIVE, as Drm-sNPF-AP or Drosophila-short NPF-associated peptide, referring to its presence in the same precursor as
Drm-sNPF. In its precursor Drm-sNPF-AP is flanked by two
dibasic cleavage sites (Table II). It was identified in its nonoxidized form as well as with an oxidized methionine residue. It
is unclear whether this is a natural form or whether the oxidation occurred during sample preparation. The second identified peptide originating from this precursor is WFGDVNKPI
and corresponds to the first nine amino acids of a Drm-sNPF2.
This seems to indicate that the arginine at position 10 acts as
a monobasic cleavage site. Therefore we name this novel peptide Drm-sNPF-21–9.

Adipokinetic Hormone and Corazonin—The adipokinetic
hormone (Akh) gene and the corazonin (Crz) gene display structural similarities suggesting that they have a common evolutionary origin. Adipokinetic hormones (AKH) regulate the release of lipid and carbohydrate energy substrates during flight.
Drosophila AKH (13) is encoded by the Akh gene, which is
structurally similar to the three AKH genes in the locust,
Locusta migratoria (14). Although the level of AKH expression
in the corpora cardiaca of locusts is extremely high (6, 15), we
observed only a weak Drm-AKH signal. No other product from
the AKH precursor was found. Corazonin is an insect neuropeptide having cardio-acceleratory as well as pigmentotropic
activities (16). The Crz gene was cloned from a genomic library
of D. melanogaster. In addition to a putative corazonin, it
encodes for a 39-amino acid corazonin-precursor-related peptide (17). Our data unequivocally demonstrate the presence of
corazonin in the larval CNS, as the fragmentation spectrum of
the double-charged ion at 685.3 m/z corresponds with the
amino acid sequence of corazonin. However, the peptide predicted as corazonin-precursor-related peptide (17) could not be
detected.
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FIG. 2. a, fragmentation spectrum of the peptide at 624.39 m/z (Dromyosuppressin). a-type, b-type, y-type, z-type and immonium (i) fragment
ions are indicated. The theoretical fragment ion masses found in the spectrum are underlined. “-amide” indicates a C-terminal amidation. b,
fragmentation spectrum of the peptide at 712.47 m/z. The amino acid sequence was determined as SVAALAAQGLLNAPK annotated by a new
peptide precursor annotated in the Drosophila genome data base as CG13061. b-type and y-type fragment ions are indicated in the spectrum.
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TABLE I
Peptides identified in the larval Drosophila melanogaster CNS by nano-LC-tandem MS
Peptides previously purified and sequenced in Drosophila are in italic face. pQ, pyroglutamine residue.
Peptide name (BDGP annotation)

Peptides characterized in larval Drosophila brain by
LC-MS/MS (Monoisotopic mass)

Ref.

FaRP family
FMRF-amide (CG2346)
Drm-FMRFa 1
Drm-FMRFa 2
Drm-FMRFa 3
Drm-FMRFa 4
Dromyosupressin (CG6440)
Drm-MS
drosulfakinin (CG18090)
Drm-SK-2
Drm-sNPF (CG13968)
Drm-sNPF 21–10
Drm-sNPF-AP 1
Drm-sNPF-AP 1

37
DPKQDFMRF-amide (1111.51 Da)
TPAEDFMRF-amide (914.41 Da)
SDNFMRF-amide (924.43 Da)
PDNFMRF-amide (1181.56 Da)
10
TDVDHVFLRF-amide (1246.64 Da)
11
GGDDQFDDY(SO3)GHMRF-amide (1737.61 Da)
3
WFGDVNQKPI (1202.61 Da)
SDPDMLNSIVE (1218.45 Da)
SDPDM(ox)LNSIVE (1234.53 Da)
Adipokinetic hormone family

AKH (CG1171)
Drm-AKH
corazonin (CG3302)
Drm-COR

13
pQLTFSPDW-amide (974.45 Da)
17
pQTFQYSRGWTN-amide (1368.62 Da)
18
AYMYTNGGPGM (1160.46 Da)
SRPYSFGL-amide (924.48 Da)
TTRPQPFNFGL-amide (1275.67 Da)
19
AWKSMNVAW-amide (1090.54 Da)
DQWQKLHGGW-amide (1252.61 Da)
Diuretic peptides

CAP2b peptide (CG15520)
Drm-CAP-1
Drm-CAP-2
DroLeucokinin (CG13480)
DLK

3
GANMGLYAFPRV-amide (1293.67 Da)
ASGLVAFPRV-amide (1014.6 Da)
27
NSVVLGKKQRFHSWG-amide (1740.95 Da)
Immune-induced peptides

Immune-induced protein 2 (IM2)
DIM2
Immune-induced protein 4 (CG15231)
DIM4

29
GNVVINGDCKYCVNG-amide (1689.77 Da)
29
GTVLIQTDNTQYIRT-amide (1720.91 Da)
Newly characterized peptides

Neuropeptide like precursor
MTYamide peptide
IPNamide peptide
APK peptide
Hugin (CG6371)
Drm-MT2
Neuropeptide like precursor
NEF peptide
Neuropeptide like precursor
SHA peptide
VVIamide peptide
Neuropeptide like precursor
YSY peptide

1 (CG 3441)
YIGSLARAGGLMTY-amide (1470.76 Da)
NVGTLARDFQLPIPN-amide (1652.89 Da)
SVAALAAQGLLNAPK (1422.81 Da)
SVPFKPRL-amide (841.58 Da)
2 (CG11051)
TKAQGDFNEF (1155.52 Da)
3 (CG13061)
VVSVVPGAISHA (1134.65 Da)
SVHGLGPVVI-amide (975.58 Da)
4 (CG15361)
pQYYYGASPYAYSGGYYDSPYSY (2567.01 Da)

Allatostatic Peptides—Allatostatins are insect neuropeptides
that block the synthesis of juvenile hormone (a sesquiterpenoid) synthesis by the corpora allata, two endocrine organs
near the insect brain. In Drosophila, three different genes (Ast,
Ast2, and MIP) encode putative allatostatins. The Ast gene
encodes four putative allatostatins (18). We found two of them
in the larval CNS: SRPYSFGL-amide (drostatin 3), which was
recently isolated as a ligand for an orphan receptor (19), and
TTRPQPFNFGL-amide (drostatin 4), which was predicted
from the precursor but not yet isolated. In addition, we identified a third peptide, AYMYTNGGPGM, which is contained
within the predicted drostatin 2 or Drm-AST-2, which itself
was not detected. AYMYTNGGPGM is separated by a dibasic

site (KR) from the remaining part of Drm-AST-2 (Table II)
suggesting that this typical cleavage site had been overlooked
in the prediction study (3). AYMYTNGGPGM displays no sequence similarity with any other known peptide. The single
peptide, predicted from the Ast2 gene was not detected in our
MS read-outs.
The third allatostin gene, called MIP gene has recently been
cloned (19) and encodes five putative peptides with sequence
similarities to Locusta-MIP (20). MIPs are neuropeptides with
myoinhibiting and allatostatic activities. No Drosophila-MIP
could as yet be isolated. We were able to detect and sequence 2
of the five predicted peptides in the larval CNS extract. Both
peptides, AWKSMNVAW-amide (predicted as Drm-MIP-2) and
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Allatostatic peptides
Allatostatin (CG13633)
Drm-AST-21–11
Drm-AST-3
Drm-AST-4
MIP-like peptide (CG6456)
Drm-MIP-2
Drm-MIP-5
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TABLE II
Precursors from which peptides were identified in larval Drosophila brain by LC-MS/MS
Consensus cleavage sites are underlined, identified peptides are in bold face, signal peptides, as predicted by signal P, are in italic face.
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DQWQKLHGGW-amide (predicted as Drm-MIP 5), are amidated, which is in agreement with the C-terminal glycine residues in the precursor (Table II).
Peptides Derived from the capability or capa Gene—Cardio
acceleratory peptide 2b (CAP2b), first isolated from the tobacco
hawkmoth Manduca sexta (21), displays cardio-acceleratory
properties and stimulates Malpighian tubule secretion (22).

Querying the Drosophila genome for a gene that encodes for
CAP2b-like peptides revealed a peptide precursor gene, which
has been cloned (38) and which encodes two putative CAP2blike peptides and one myotropin/pyrokinin peptide (Drm-MT)
having a C-terminal FXPRL-amide motif. Myotropins are a
family of peptides with members in several insect orders (23,
24) and in crustaceans (25). They have been found to regulate

Drosophila Peptidomics
DISCUSSION

With its complete genome sequence available, Drosophila
becomes a model insect for peptidomic studies. From an extract
of 50 larval CNSs only, we were able to fully identify 28 neuropeptides, eight of which are derived from not yet annotated
genes. Only seven of these peptides had been isolated and
sequenced from Drosophila before using traditional purification and amino acid sequencing (Edman chemistry) techniques,
usually starting from several 100,000s Drosophila individuals
for extraction. The present study illustrates the remarkable
improvement in sensitivity provided by the combination of
nanoscale LC, electrospray time-of-flight mass spectrometry.
Indeed, we proved that the peptidomics approach can be used
to identify peptides that cannot be mined from the genome
based on sequence similarities with peptides from other animal
sources. The presently identified eight new peptides, encoded
by five not yet annotated genes, would have remained unidentified in the “pregenomic era”. These results suggest that substantially more than the 24 predicted neuropeptide precursors
are encoded by the Drosophila genome. This is in accordance
with the bioinformatic analysis of the Caenorhabditis elegans
genome, predicting the presence of 92 peptide genes (30).
However, several predicted neuropeptides, such as tachykinins, crustacean cardio-active peptide, ecdysis-triggering hormones, allatostatin C, eclosion-triggering hormone, and pigment dispersing hormone (31–33) could as yet not be detected
in the CNS extract of the fruit fly. Predicted peptides with a
higher molecular mass (⬎3.5 kDa), such as (long) Drm-NPF,
Drm-ion transport peptide-like peptide, corticotropin-releasing
factor-like diuretic hormone, Drm cAMP-generating peptide,
calcitonin- and insulin-related peptides could not be detected
either. Their identification is more problematic since the molecular mass limit for fragmentation in the collision cell of the
quadrupole time-of-flight mass spectrometer is about 3.5– 4
kDa. Although it is possible to identify these peptides based on
their molecular mass solely (5) we did not find the corresponding masses. The absence of these peptides may be due to several causes. First off all, their concentration in the CNS may be
below the sensitivity of the instrumental setup we used. Second, not all peptides are extracted or ionize with the same
efficiency. Consequently, instrument sensitivity varies between peptides depending on their amino acid composition.
Third, many peptides were only predicted from the genomic
data base, which is no guarantee that the coding genes are
expressed at all in the larval CNS. This is likely to be the
explanation for the absence of ions corresponding to eclosiontriggering hormones, which in other insects are produced in
epitracheal gland cells (Inka cells) (34). A fourth cause might be
that the predicted peptide processing is incorrect or that some
parts of the genome may not have been correctly sequenced.
This might be the case for the predicted Drosophila diuretic
hormone precursor (CG8348). The C-terminal part, in contrast
to the N terminus of this putative diuretic hormone, cannot be
nicely aligned with the C-terminal sequences of the other insect
CRF-related peptides. Fifth, the expression of neuropeptide
genes might be developmentally regulated. In this study we
used larvae in the wandering stage, the stage just prior to
pupariation, because these can be easily discerned from other
larval stages. However, in this stage the larva undergoes many
physiological changes, some of which are likely to be regulated
by neuropeptides. Crustacean cardioactive peptide and eclosion
hormone for instance, are known to be play a role in controlling
ecdysis (35, 36). Release of these peptide hormones may result
in their depletion from neurohemeal release sites in the CNS,
hampering their identification.
Despite the sensitivity of the MS method, some peptides
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a large number of processes in insects such as oviduct and
hindgut contractions, sex pheromone synthesis, egg diapause,
melanization, etc. (26). In the Drosophila CNS we identified
two predicted CAP2b-like peptides, namely GANMGLYAFPRV-amide (Drm-CAP-1) and ASGLVAFPRV-amide (DrmCAP-2). However, we did not find the predicted Drm-MT.
Leucokinin—We detected in the fruit fly CNS extract a triple-charged peptide ion at 581.3 m/z , whose fragmentation
spectrum corresponds to the sequence of Drosophila leucokinin
(NSVVLGKKQRFHSWG-amide). This peptide stimulates secretion in D. melanogaster Malpighian tubules (27).
Newly Identified Peptides and Their Precursors (Table II)—
Eight entirely novel peptides were discovered that originate
from five not yet annotated genes. Three of the newly discovered peptides originate from the same gene, annotated in the
flybase as CG3441. The derived peptide precursor has a structure typical for a neuropeptide precursor (Table II) as the three
novel peptides are flanked by consensus processing sites (KR
and GKR). The novel peptides are YIGSLRAGGLMTY-amide,
NVGTLARDFQLPIPN-amide and SVAALAAQGLLNAPK
(Fig. 2b). Because nothing is as yet known about their possible
functions, we named them MTY-amide, IPN-amide, and APKamide, respectively, according to their final three C-terminal
amino acid residues. The precursor was designated as neuropeptide-like precursor 1 (NPLP1) and it encodes nine other
putative peptides, all flanked by dibasic cleavage sites. None of
these peptides shares sequence homology to a known invertebrate or vertebrate neuropeptide.
A fourth novel Drosophila peptide (SVPFKPRL-amide, designated as Drm-MT-2), also detected in this study, has an
FXPRL-amide-like C-terminal amino acid sequence, typical for
myotropin/pyrokinin peptides. It is not encoded by the
myotropin/CAP2b (capability) gene, but by a gene annotated as
HUGIN/CG6371 in which it is flanked by consensus processing
sites. SVPFKPRL-amide seems to be the only peptide encoded
by this precursor gene.
The final three novel peptide precursors that we identified
(CG13061, CG11051, and CG15361) were designated as neuropeptide-like precursor 2, 3, and 4, respectively. Within these
respective precursors, the novel peptides, TKAQGDFNEF
(1155.52 Da), SVHGLGPVVI-amide (975.58 Da) and VVSVVPGAISH (1134.65 Da) designated as NEF, VVI-amide, and ISH,
are not flanked by typical dibasic cleavage sites. Nevertheless,
one of these peptides SVHGLGPVVI-amide is indeed amidated
and is, in its precursor, preceded by a lysine residue, which is
a possible monobasic cleavage site. Another peptide pQYYYGASPYAYSGGYYDSPYDY (2567.0 Da, designated YDY), encoded in a genomic sequence annotated as CG15361, carries a
pyroglutamic acid residue at its N terminus. The enzymes
responsible for these modifications are found in the secretory
pathway suggesting that these peptides are indeed secreted
(28). Furthermore, TargetP queries also indicate that these
peptides may have an extracellular localization (Table II).
Infection-induced Peptides—In adult Drosophila, immuneinduced (DIM) peptides appear in the hemolymph upon infection (29). Our nano-LC-MS-MS experiment yielded the following amino acid sequences: GNVV(I/L)NGDC(K/Q)YCNG-amide
and GTV(L/I)(L/I)(L/I)(Q/K)TDNT(Q/K)YIRT-amide. The nonamidated form of the first peptide was also found. These sequences correspond to those of Drosophila immune-induced
protein 2 and 4 (DIM2, GNVVINGDCKYCNG-amide and
DIM4, GTVLIIQTDNTQYIRT-amide). This is the first report
on the presence of DIM-peptides in the larval CNS. Because
our larvae were not infected prior to dissection it might be that
these DIMs are produced in the CNS and released after infection, acting as modulators in the immune response.
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most likely remained unidentified in this study, but it is difficult to determine how many. At least 100 parent ions of low
intensity that were fragmented could not be sequenced because
of the low quality and signal intensity of the obtained daughter
ions, rendering identification through a Mascot search impossible. However, most of these parent ions may not be peptides.
In most of these cases, it was impossible to determine whether
the parent ion peak corresponded to a peptide or to another,
non-peptidergic compound that might be present in the crude
acid methanolic extract. Only in some cases, the fragmentation
spectra (of 10 –15 putative peptides) yielded a partial but inconclusive amino acid sequence (3–5 amino acids), too short to
be useful in data base searches such as Mascot, which is written for proteomic studies. In the future, we intend to improve
signal intensity by using 2- or n-dimensional LC-MS. This will
allow the use of larger extracts (now limited to 50 central
nervous systems of Drosophila larvae).
Historically, most endocrine factors have been defined based
on changes in phenotype or in particular physiological processes as monitored by diverse bioassays. The peptidomics
approach described herein will allow studying differential peptide expression of the entire peptidome in different physiological and developmental conditions. The traditional biochemical
characterization of endocrine peptidic factors will not become
completely obsolete, in particular for those peptides that resist
identification by MS. For sure, the peptidomics technology will
represent an opportunity to discover new peptide hormones
and signaling molecules of the endocrine system, not only from
Drosophila but from any metazoan of which the genome has
been sequenced (C. elegans, man) or will be in the future.
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