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Using synthetic probes cDNA clones were isolated correponding to the precursor forms of cecropins A and
D. The sequences obtained were compared to earlier data for preprocecropin B. A processing scheme in
three or four steps is discussed.
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1. INTRODUCTION

The cecropins are potent antibacterial proteins
that constitute a main part of the cell-free immuni-
ty in higher insects (for a recent review see [1]).
Cecropins A and B are 37 and 35 amino acid
residues long, respectively, and they both have
broad spectrum antibacterial properties. The D-
form is 36 amino acid residues long and it has a
narrow spectrum with activity only against E. coli
and two other bacterial species. Cecropins and
other immune proteins can be selectively induced
in diapausing pupae by an injection of live non-
pathogenic bacteria [1]. Thus, the immune genes in
Cecropia are a useful model system for selective
gene activation.

Sequences of ¢DNA clones indicate that
cecropin B from the Cecropia moth [2] and
cecropin IA from the meat fly Sarcophaga [3]are
made as larger precursor proteins. However, the
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proforms differed in these two cases. Here, we
now report the precursor sequences for cecropins
A and D from the Cecropia moth.

2. MATERIALS AND METHODS

The over-all procedure for the isolation of
cDNA clones was the one described by Maniatis et
al. [4]. Two different cDNA libraries both based
on poly(A) containing immune RNA were used,
one was constructed in pBR322 [5], and the other
in pUC9 according to the method of Heidecker
and Messing [6]. Two probes were used, one based
on the amino acids 28—38 of cecropin A (5'-
CCITTIGCIATITGIGTIGCITGICCIACIAC-3';
where I is deoxyinosine, forming hydrogen bonds
to A, T or C) [7] and the second based on the first
26 nucleotides encoding the precursors of cecropin
A and B (5'-ATGAAYTTYTCIAGXATITTIT-
TYTT-3'; where Y is either thymidine or cytidine;
X is either adenosine or guanosine; and I is de-
oxyinosine). Both probes were kindly prepared by
KabiGen, Stockholm. They were labeled with 3*P
either 5’ [4] or 3’ [8] and separately used to screen
the two libraries. A total of 8 x 10 colonies were
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screened utilizing nylon filters (Amersham,
Hybond-N). Hybridization was done in 6 X SSC,
5 x Denhardts solution, 0.5% NaDodSO4 and
100 xg/ml of Herring sperm DNA at 42°C for
18 h, with the probe at 5 x 10°~1 x 10° cpm/ml.
(1 x SSC = 0.15 M NaCl/0.015 M sodium citrate,
pH 7.0; Denhardt’s solution = 0.02%
polyvinylpyrrolidone/0.02% Ficoll/0.02% bovine
serum albumin.) Filters were washed several times
in 6 x SSC at room temperature, then washed at
50°C in 6 X SSC for 3 min and autoradiographed
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against Fuji RX-film at —70°C using intensifying
screens. Colonies that hybridized to the probes
were rescreened twice and selected for sequencing.
Clones pCP9A1 and pCP9A2 were isolated with
the probe corresponding to amino acids 28-38
while clone pCP9D1 was obtained with the N-
terminal probe. DNA sequences were determined
by the method of Maxam and Gilbert [8]. Com-
puter alignment of DNA sequences (fig.1) was
done by ‘Bestfit’ in the Wisconsin UWGCG
program.

1
TGTTTACCTATATATCTAAATTTAATATTTCGTTTATTAAAATTTAATATAITTCGACGATGAAI

pCP 901 - 2

pCP 9A1 - 2

pCP 9D1 AIATTAAAAATGAAI
10 20 30 40 50 60 70 80
B TTQTCAAGGATATTTTTCTTCGTGTTCGCTTTGGTTCIGGCTTTQTCAAQAGTIIQGGCTGCACCGGAGCCGAAATGGA

90 100 110 120 130 140 150 160
B AAGTCTTCAAGAAAATTGAAAAAATGGGTCGCAACATTCGAAACGGTATTGTCAAGGCTGGACCAGCGATCGCGGTTTT

D ATCCTTTCAAGGAGTTGGAGAAAGTTGGCCAGAGAGTTAGGGATGCAGTCATAAGTGCTGGACCAGCAGTCGCTACAGT

170 180 190 200
B AGGCGAAGCQAAAGQGCTAGGATAAATTAATITTAATTI*

A AGGCCAGGCAACACAGATTGCTAAGGGTTAAAAGAATTGCATGATACATTTATTTAAAAAAAAATCCATAAAGTATTTA

D GGCCCAGGCQACGGQTTTGGCTAAAGGAAAAIAATCCTICATTCACTTTTTATGTTCCTTTTTCATGCTTATCATCACA

A ATTTTACTTTATTACGTTAAAGAAGATTTGTTTGTGGTGTATATATTAAAGCATTTATTTAGAAGTAATTTAGCTATTT

D TAATAATTTTCTTTGAAAACTTTTGCATCATATATTTTTAT ..... ATTATTATAATATGTATCACTGTAAATAAAGAA

A ATTATAAACTTACTGCCAAACTTATGTTAATAAATTAATAAATGAAATAATTAAATAN*

D ATATTTA*

Fig.1. Nucleotide sequences of cDNA clones corresponding to the precursors of cecropin A, B and D (pCP901-pCP902
are overlapping cecropin B clones, pCP9A1-pCP9A2 are overlapping cecropin A clones and pCP9D1 is a cecropin D
clone). Nucleotide homology (A/B, A/D) is indicated by dots (:) and homology (B/D) where A differs is underlined.

Start codons, stop codons and poly(A) signals are written in bold letters. Gaps are indicated by dotted lines. The
sequences were aligned by computer using the Wisconsin UWGCG ‘Bestfit’ program.
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3. RESULTS

3.1. Nucleotide sequences of cDNA clones for
cecropins A and D

Three of the isolated clones corresponding to
cecropins A and D (pCP9A1, pCP9A2 and
pCP9D1) contain the complete protein encoding
regions. Fig.1 gives the DNA sequences of these
clones together with the overlapping sequences of
the two cecropin B clones characterized earlier [2].
The beginning and the end of the open reading
frames are marked by bold letters. The polypep-
tides coded for are 64 (the A form) and 62 (the D
form) amino acid residues long, respectively.
Thus, like the B form [2], cecropins A and D are
translated as precursors about twice the size of the
mature cecropins. The three precursors are quite
similar (59-71% homology within the coding
regions), while for A and D beyond the stop signal
there was only 31% homology. In this area the AT
content was 82%. Clone pCP9D1 contains a
poly(A) signal, AATAAA [9] but it is not
polyadenylated. Clone pCP9A2 has two closely
positioned poly(A) signals, 14 nucleotides
upstream of the poly(A) site while pCP9AL1 is trun-

—> Prepro

-26 ~20 -10
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cated and lacks these signals. For the two cecropin
A clones, the overlapping regions sequenced are
identical.

3.2. Translated protein sequences for
preprocecropins A and D

Fig.2 shows the translation of the open reading
frames of the clones for cecropins A and D. In-
cluded are also earlier data from two clones for
cecropin B [2]. The structure of the precursor pro-
teins was divided into four regions of which the
mature protein with a C-terminal extension cor-
responds to region 4. The sequences in this part of
fig.2 confirm the protein sequences previously
published for cecropins A and D [10,11]. The
leader peptides are divided into three parts which
were compared for homologies (table 1). The first
12 amino acid residues in the N-terminus (region 1)
are identical in the A and B forms while 7 of these
residues are identical in the D form. The 5 residues
altered in region 1 of the precursor of cecropin D
are conservative replacements. Region 1 is con-
served also in cecropin IA from the meat fly S.
peregrina (6 of 12 residues identical, 5 of the 6
altered residues are conservative replacements) [3].

— Pro
-5 -1

B MNFSRIFFFVFAL[\TLALS

A MNFSRIFFFVFACI_L_‘TALA

TVSAAPEP

EVAAPEP

D MNFTKLIJLLFVVACVFAMG
1

TVSAAPI——

3 |

L : 2

—> Hature
1 10

30 36

B|KWK|V[FKKTIE K|M|G|R|N I RMG IIXIK AGP AIEJA VlLlGlEIAlK ALG

AIKWK|LIFKKIEKVGQNIRDGIIKAGPAVAVVGQAT|QIAKG

D —WNPFKELEKVGQRVRDlAVIIlSIAGPAVAITIVIAIQATALAKGK

J

I 4

1

Fig.2. Amino acid sequences of the prepro-forms of cecropins A, B and D. Identical amino acid residues in one letter

code are boxed. Prepro-, pro- and mature forms are indicated by arrows. The mature cecropins do not include the C-

terminal Gly in cecropins A and B and C-terminal Gly-Lys in cecropin D. These glycine residues are believed to be the

donors of an amide group to the preceding residue. The processing of the precursors and the regions indicated are
discussed in the text.
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Table 1

Comparison of amino acid sequences of preprocecropin
A, B and D (regions as presented in fig.2)

Region no. % homology

A/B A/D B/D
1 100 58 58
2 29 29 43
3 86 80 100
4 66 63 40
1-4 71 60 48

Thus, the N-terminus is highly conserved in all
known prepro-sequences. Region 2 is clearly less
conserved than any other part of the molecule and
can serve as a control for the rate of evolution.
Region 3 again is strongly conserved, presumably
because it contains the recognition structures need-
ed by the processing enzyme(s).

4. DISCUSSION

We have previously suggested [2] that the
precursor of cecropin B is processed in four dif-
ferent steps by three different enzymes: cleavage
by a signal peptidase that removes residues — 26 to
— 5, stepwise action by a dipeptidylpeptidase that
removes two Pro containing dipeptides (residues
—4 to — 1) and finally cleavage of the C-terminal
Gly residue to give an amidation of the next last
residue. The close similarity between the precur-
sors of the A and B forms strongly suggests that
they are both processed in the same manner. The
argument for involving a dipeptidylpeptidase is
firstly that no signal peptidase has been found to
cleave a Pro-Lys bond (between residues ~1 and
+ 1) [12]. Secondly, the sequence Ala-Pro-Glu-Pro
is identical to the first four residues of the pro-part
of the melittin precursor which is known to be pro-
cessed stepwise by a dipeptidylpeptidase IV [13].
Assuming these processing steps lead to the predic-
tion that the signal peptidase should cleave the
Ala-Ala bond between residues — 5 and —4, a sug-
gestion in agreement with the known specificity of
signal peptidases [12]. In consonance is also the
fact that this bond is conserved in all three
preprocecropins from the Cecropia moth. The
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cecropin precursor in Sarcophaga lacks Pro con-
taining dipeptides [3]. However, in this case the
border between the leader peptide and the mature
protein is an Ala-Gly bond which is known to be
cleaved by signal peptidases [12].

The prepro-form of cecropin D differs
somewhat from the corresponding molecules for
the A and B form. Firstly, there is only one Pro
containing dipeptide. However, since also in this
case no signal peptidase has been found to cleave
a Pro-Trp bond [12] we believe that a dipep-
tidylpeptidase is involved. Secondly, in the C-
terminus there is beyond the Gly residue an addi-
tional Lys. The present in vitro data suggest that
the amidating enzyme works only on a terminal
Gly [14]. It is unlikely that the enzyme would ac-
cept a terminal Gly-Lys and for the processing of
cecropin D we must therefore involve the
preceding action of a carboxypeptidase H as found
to be the case for some neurchormones [15].

Some small gene coded peptides are made as
polyproteins and this applies to the magainins, the
antibacterial peptides made in frog skin [16]. For
other small exported proteins there appears to be
a lower size limit imposed by the biosynthetic
machinery. The cecropin precursors are only 62
and 64 amino acid residues long and they are
among the smallest molecules found to be primary
translation products that are secreted. In the case
of other small precursors like M13 procoat protein
[17], prepromelittin [18] and frog skin prepropep-
tide GLa [19] available data indicate a post-
translational export mechanism that is ATP-
dependent but independent of a signal recognition
particle and a docking protein. The key feature
suggested for this mechanism is that the signal se-
quence and the mature protein form a special con-
formation that is recognized by the translocation
machinery. Since the size of the cecropin precur-
sors are equal to the smallest of the above
preproproteins we suggest that the same export
mechanism could also be used for the cecropins.
An alternative would be a mechanism of receptor-
mediated transport in which the first 12 residues of
the N-terminus are used for recognition.
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