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Summary: A recombinant DNA clone containing the corazonin gene was isolated from a
genomic library of Drosophila melanogaster. Its nucleotide sequence predicts a preprocorazonin
consisting of an 19 amino acid putative signal peptide, the 11 amino acid corazonin sequence, a
Gly used for amidation, a Lys-Arg proteolytic processing site, and a 39 amino acid corazonin-
precursor-related peptide (CPRP). CPRP has an internal Arg-Arg sequence and thus could
possibly be further processed into a tripeptide and a 34-mer. Neither CPRP or its possible
products are structurally related to any known neuropeptide, and their physiological function is
unknown. The structure of the predicted preprocorazonin is remarkably similar to the
preprohormone of adipokinetic hormone, which suggests that corazonin and adipokinetic
hormone have a common evolutionary Origin.  « 1994 acadenic press, Inc.

Neuropeptides are structurally the most diverse group of neurochemical mediators and
play important and diverse roles in the regulatory physiology of higher organisms [1]. Since they
are almost the directly translated products of genes, and not, like classical neurotransmitters, the
products of enzymes, their structures have more potential for rapid evolutionary change than
those of other neurotransmitters or hormones [2]. Evolution of some peptide families appears to
have been fast indeed. The arthropod peptide family characterized by insect AKH and crustacean
RPCH is an intriguing example of neuropeptide evolution. While from crustaceans so far only a
single molecular form has been characterized [3], at least 18 different molecular species have
already been found in insects [4]. It has been suggested, that the evolution of this peptide family
within the class of insects is related to a functional evolution, i.e. that changes in the energy
substrates that are mobilized by these peptides are accompanied by changes in the structures of
these peptides [5].

Corazonin (pGlu-Thr-Phe-GIn-Tyr-Ser-Arg-Gly-Trp-Thr-Asn-NHj) is an insect
neuropeptide which appears to be generally present in insects and shows both structural and
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functional similarities to members of the AKH/RPCH family [6,7]. Its chemical characterization
from four different insect species suggests that its sequence has been well preserved during
evolution [5,6]. However, since the insect members of the AKH/RPCH peptide family are so
structurally diverse, it is not clear whether these similarities reflect an evolutionary relationship
of corazonin with the AKH/RPCH family. The structures of several cDNA's as well as that of a
single gene coding for members of the AKH/RPCH family are already known [8-11]. Therefore,
the structure of a corazonin gene might provide evidence in favor or against such a relationship. I
report here that the structure of the corazonin gene from Drosophila melanogaster supports an
evolutionary relationship between corazonin and the AKH/RPCH peptide family.

MATERIALS AND METHODS

Screening of a Drosophila genomic library: A 35-mer oligonucleotide 5'-CA(A/G)ACITT-
(T/C)CA(A/G)TA(T/C)TCI(C/A)GIGGITGGACIAA(T/C)GG-'3, corresponding to the amino
acids and the C-terminal amide of corazonin, was synthetized by the Division of Biotechnology
of the University of Arizona. The oligonucleotide was end-labelled with T4 polynucleotide
kinase using [y-32P]JATP to a specific activity of at least 1500 Ci/mmol. Fifty thousand plaques of
a genomic EMBL-3 library of Drosophila melanogaster (a gift from Dr. J. Tamkun, University
of California, Santa Cruz) were lifted on nitrocellulose filters and screened using moderately
stringent conditions (5 X Denhardt, 8% formamide, 0.1% yeast RNA, 5 X SSC, 0.1% SDS, at 40
°C). Preparation of A-DNA, restriction analysis, agarose gel electrophoresis, southern blotting,
subcloning, and sequence analysis were all performed using standard techniques [12].

RESULTS AND DISCUSSION

A total of ten potentially positive plaques were picked and of these four independent
positive clones were plaque purified. Restriction analysis suggested that they belonged to two
different genes. One gene was represented by three independent clones, but sequence analysis
showed its hybridization with the probe to be due to a perfect match of the 13 3'-bases of the
oligonucleotide with a sequence present in this gene, which did not code for corazonin or a
related peptide. However, the other clone contained a perfect match with the oligonucleotide
used for screening the library (Fig. 1).

The nucleotide sequence of this clone contains a TATA-box an arthropod initiator
sequence [13]. The first possible start codon after the arthropod initiator sequence is the start of
an open reading frame which predicts a 72-amino acid precursor. Its first 19 amino acids are
those of a typical signal peptide, having a single basic amino acid near the N-terminal, a
hydrophobic stretch, and ending in a possible cleavage site for a signal peptide [14]. Immediately
after the putative signal peptide follows Gln-Thr-Phe-Tyr-Ser-Arg-Gly-Trp-Thr-Asn-Gly and a
pair of dibasic amino acids. Since N-terminal pyroglutamate is a secondary modification of Gln
[15], and C-terminal amides found in neuropeptides are the result of a secondary modification of
a C-terminal Gly [16], this sequence is exactly as expected for a corazonin precursor. The last
part of the precursor sequence predicts a 39 amino acid residue peptide with an internal Arg-Arg
sequence. This peptide may therefore be further processed into a tripeptide and a 34 amino acid
residue peptide. The structure of the 39 amino acid residue peptide is unrelated to any known
peptide, and its function is unknown. The structures of such precursor-related peptides from the
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taatctgggtaagtgtgtgttctggagggecattgaagcaaggattctggaggaaaacgcagacacatcacgcatce
ctttggcatcaatccttaatggcetatctaacaacgatataaaagccecgtcgaggagcatcaatagttcagacgea
gttgtgattcgaacgcgaaaggaaccaaccgagattaccgagtgtectgcaaacaggactaacttctgecgaaac

ATG TTG CGC CTC CTG CTG CTG CCC CTC TTC CTC TTC ACG CTC TCC ATG TGC ATG GGC
Met Leu Arg Leu Leu Leu Leu Pro Leu Phe Leu Phe Thr Leu Ser Met Cys Met Gly

Cmmmmm e Signal peptide -------------~--——cmmmee oo >

CAG ACC TTC CAG TAC TCC CGC GGA TGG ACC AAC GGC AAG AGG TCC TTT AAC GCC GCa

Gln Thr Phe Gln Tyr Ser Arg Gly Trp Thr Asn Gly Lys Arg Ser Phe Asn Ala Ala
kkk kkXk

B S et Corazonin -----------o-—————o > C—mommmmmmm e

TCT CCC CTC CTG GCC AAC GGC CAT CTC CAT CGG GCC AGC GAG CTG GGA CTC ACG GAT
Ser Pro Leu Leu Ala Asn Gly His Leu His Arg Ala Ser Glu Leu Gly Leu Thr Asp

——————————— Corazonin-precursor related peptide --~-------------—-v—-

CTC TAC GAT TTG CAG GAT TGG AGC AGC GAT CGT AGG CTC GAG CGG TAA gtttcatcgaa
Leu Tyr Asp lLeu Gln Asp Trp Ser Ser Asp Arg Arg Leu Glu Arg ---

hhkk Rkx
agaataacagaaatatacaactttatttttaaaatacataaagaatatgataacccaaaaacattccattagata
cctattaaaatcatataactaaggaattatatattataattgccctacttatacacttcattectacttattttce

ttgttttttatgtattaaagtaatattttaaaattttcctccagcetgtctategcagectccaacgttcacagatt

75

150

282

396

455

605

680

Fig. 1. Nucleotide and deduced amino acid sequence of Drosophila preprocorazonin. The
sequences of the signal peptide, corazonin and the corazonin-precursor-related peptide are
underlined. The TATA-box, arthorpod initiator sequence and polyadenylation homologies are in
capitals and putative dibasic proteolytic processing sites are indicated by asteriks. Bases 283
through 317 match perfectly with the oligonucleotide used for screening.

AKH/RPCH family have not been conserved during evolution, except between very closely
related species [8-11]. It has been suggested elsewhere, that their sole function may be to give
sufficient length to the preprohormone for proper processing [11]. A variant polyadenylation site
(ATTAAA) is present 84 base pairs downstream of the stop codon.

When corazonin was first isolated, a structural similarity was noted with peptides of the
AKH/RPCH-family, most strongly with the hypertrehalosemic hormone from Heliothis zea [5].
Except for this structural similarity between corazonin and the adipokinetic hormone family there
is also a functional similarity, as both corazonin and at least some of the insect members of the
AKH/RPCH family stimulate the rate of heart beat {6,17]. In insects this arthropod peptide
family has gone through rapid evolution, resulting in what is perhaps the most diverse
neuropeptide family. In crustaceans on the other hand, only a single peptide has been found so
far [3]. Sequences of several AKH/RPCH-related peptide-cDNAs and genes have now been
determined [8-11]. The predicted structures of all the peptide precursors is very similar, a short
signal peptide followed immediately by the sequence of the AKH/RPCH-related peptide, a
glycine, a pair of dibasic amino acids and remaining amino acids of the precursor. This structure
is remarkably similar to that of the Drosophila corazonin gene. Two facts in particular point this
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out: (1) there is only a single copy of the peptide encoded by the gene, and not a larger number of
related peptides, as in other other insect genes encoding small neuropeptides [18-21], and (2) the
N-terminal of the peptide arises from the precursor by cleavage of the signal peptide, and not by
cleavage at another pair of dibasic amino acids. The lengths of the signal peptides and the
remaining parts of the precursor peptides are also similar, although the RPCH-precursor is
significantly longer [11]. This reinforces the notion that corazonin is evolutionarily related to the
AKH/RPCH peptide family. Indirect evidence in support of this hypothesis also comes from the
localization of these peptides within the neuroendocrine system. Homologous peptides like
crustacean RPCH and the insect AKHs can be expected to be expressed in homologous cells
[22]. However the expression of AKH/RPCH-related peptides in insects and crustaceans is
markedly different. In insects the expresssion of AKH-related peptides is strictly limited to the
glandular cells of the corpus cardiacum, as demonstrated both by immunocytochemistry in
several insect species [23), and by analysis of mRNA in a more limited number of species [8-10].
RPCH, on the other hand, is expressed in pairs of neurons in the segmental ganglia, as well as in
neurosecretory cells with neurohemal release sites in the sinus gland [24], a pattern which is
similar to that recently described for corazonin in the American cockroach, Periplaneta
americana [25]. This suggests that during evolution, the AKH/RPCH family may have split in
two branches, one, the insect AKH-related peptides being expressed exclusively in the the corpus
cardiacum, the other, corazonin, being expressed within the nervous system.
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