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Nucleotide sequence of cloned cDNA coding for honeybee prepromelittin
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Total mRNA from venom glands of young queen bees was transcribed into cDNA and cloned into the PstI site of
plasmid pBR322. The nucleotide sequence of two clones with inserts containing genetic information for
prepromelittin is presented. The longer insert encompasses 374 base pairs including 52 nucleotides before the
initiation codon and a 3" non-coding region of 112 base pairs. The 70 amino acids of prepromelittin represent the total
coding capacity of the mRNA from which this insert is derived. Southern blot analysis with this cloned cDNA has
shown that it hybridizes with a single EcoRI fragment of honeybee DNA which contains about 3000 base pairs.

Highly specialized cells, producing one or a few polypep-
tides in large excess, have played a major role in biochemical
research. These were the first sources for the purification of
specific mRNAs, which were used extensively for studies on
protein synthesis in cell free systems. More recently mRNA
preparations obtained from such cells served as starting
material for the construction of ¢cDNA clones, which then
opened the way towards the isolation of the corresponding
genes.

In our laboratory we have in the past years studied the
biosynthesis of melittin, a peptide comprised of 26 amino acids,
which represents the main constituent of honeybee venom [1].
This lytic peptide is liberated from a larger precursor, termed
prepromelittin, through several processing steps [2—5]. For
these studies we have used mRNA isolated from venom glands
of young queen bees [6], which represent an extreme case of
specialisation in that they synthesize almost exclusively the
melittin precursor [7]. We have estimated that melittin mRNA,
which contains about 400 nucleotides and a short poly(A) tail,
represents more than 80 %, of the total mRNA of these glands
{81.

In this communication we describe the construction of
c¢DNA clones from venom gland mRNA using the plasmid
pBR322. The nucleotide sequence of two of these clones, of
which the larger contains the entire coding region of prepro-
melittin mRNA, is presented.

MATERIALS AND METHODS
Materials

Isotopes were purchased from Amersham International
(England), restriction endonucleases, DNA polymerase and T,
DNA ligase were from New England Biolabs (Frankfurt,
FRG) or Bethesda Research Laboratories (Neu-Isenburg,
FRG). Reverse transcriptase from avian myeloblastosis virus
was kindly provided by Dr J. W. Beard (St Petersburg, USA),
polynucleotide kinase and calf intestinal phosphatase were
from Boehringer (Mannheim, FRG). S, nuclease, prepared as
described by Vogt et al. [9], was a gift from H. Lehrach (EMBL,
Heidelberg). Total mRNA from venom glands of newly
emerged queen bees was prepared as described previously [6].

Preparation of double-stranded cDNA

About 3ug poly(A)-rich RNA from queen bee venom
glands and an equal amount of (dT),, were incubated with
reverse transcriptase, the second strand was synthesized with
DNA polymerase using published procedures [10].

Molecular cloning

One-half of the double-stranded ¢cDNA was cloned into the
Pst1 site of plasmid pBR322 by the dG,dC-tailing procedure
[t1]. The other half of the dC-tailed double-stranded cDNA
was annealed into the dG-tailed Clal site of pBR322. After
transformation into Escherichia coli X1776, bacteria were
grown on tetracycline plates in the former and on ampicillin
plates in the latter case. To test for insertion into the PstI site
transformants were screened for sensitivity towards ampicillin,
while tetracycline sensitivity was used to check for insertion
into the Clal site.

Colony hybridization and characterization of hybrid plasmids

The cDNA clones were hybridized with *2P-labeled cDNA
prepared from total venom gland mRNA [12]. Of 100 colonies,
41 gave a strong hybridization signal and from these, minipreps
were made as described by Birnboim and Doly [13]. Eight
recombinant plasmids with inserts larger than 200 base pairs
were isolated and purified by gel filtration over Biogel A50.
Mapping with restriction endonucleases was done as described
by Smith and Birnstiel [14]. The reaction conditions for the
various enzymes were as recommended by the suppliers.

Cloning into pUC8

The insert of clone pPBM 13 was cut out with Ps¢I and ligated
into the Pst1 site of plasmid pUCS [15] at a DNA concentration
of 10 ug/ml. Recombinant plasmids were transformed into E.
coli JM103 and grown on X-gal plates. The white colony
pUM13/4 was selected for sequence analysis.

DNA sequencing

DNA fragments were end-labeled and sequenced according
to Maxam and Gilbert [16]. The 5" ends were dephosphorylated
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1

50

66666-AGCGAATTAACAGAATTAACAGGAAGGARGGAAGGAAGCGATCGGAGARATC

100

ATG AAA TTC TTA 6TC AAC GTT GCC CTT GTT TTT ATG GTC GTG TAC ATT TCT TAC ATC TAT 6C6
Met Lys Phe Leu Val Asn Val Ala Leu Val Phe Met Val Val Tyr Ile Ser Tyr Ile Tyr Ala/

GCC CCT GAA CCG GAA CCG GCA CCA GAG CCA GAG GLG GAG GCA GAC GCG GAG GCA GAT CCG GAA
Ala Pro Glu Pro Glu Pro Ala Pro Glu Pro Glu Ala Glu Ala Asp Ala Glu Ala Asp Pro Glu

— 200

G6CG GGA ATT GGA GCA GTT CTG AAG GTA TTA ACC ACA GBA TTG CCC GCC CTC ATA AGT TGG ATT
Ala/Gly Ile Gly Ala Val Leu Lys Val Leu Thr Thr Gly Leu Pro Ala Leu Ile Ser Trp Ile

300

PAA CGT AAG AGG CAA CAG GGT TAG TCGGATCCATCGATGCCGATTTATCGATCTATCGAATCGTCGARARATCTT

Lys Arg Lys Arg Gln GIn Gly END

374

ATTGCAACTTGAAGTARACATGTATACATGCTGATARTATARATTTTCTCATTCATTCoolvA

Fig. 1. Nucleotide sequence of the cDNA inserts of clones pBM22 and pUM 13[4 and the amino acid sequence of prepromelirtin. Only the coding
strands with the poly(dA) tail are shown. The d representing deoxy and the hyphens representing phosphodiester links have been omitted. The
sequence is from clone pUM13/4, clone pBM22 starts at (+— ). The bars (/) in the amino acid sequence mark the boundaries between the signal

peptide, the pro part, and melittin (taken from [2])

with calf intestinal phosphatase and labeled with polynu-
cleotide kinase and [y->2P]ATP. For this reaction the recom-
binant plasmids were usually purified by an additional equilib-
rium centrifugation in CsCl. The 3’ ends were labeled using the
Klenow fragment of DNA polymerase I and [o-*2P]deoxy-
nucleoside triphosphates. Labeled fragments were isolated
by electrophoresis in agarose gels and subsequently electro-
eluted into dialysis bags. After the base-specific cleavages,
fragments were analyzed on 69, 8% and 209, gels with a
thickness of 0.2 mm.

Nick translation

Recombinant plasmid DNA was digested with PstI and
inserts were isolated by electrophoresis in agarose or polyacryl-
amide gels. For the nick translation a commercially available
kit was used (Amersham International).

Isolation of honeybee DN A

Bee larvae obtained from local beekeepers were powdered
under liquid nitrogen. The powder was suspended in 0.5M
EDTA, pH 8.0, containing 0.5 % sarcosyl and incubated for 2h
in the presence of 0.1 mg/ml proteinase K. After three extrac-
tions with phenol/chloroform/isoamyl alcohol, the DNA was
dialyzed against 50 mM Tris/HCl/10 mM EDTA/10 mM NaCl
at pH 8.0 [17). Finally the DNA was purified by equilibrium
centrifugation in CsCl.

Genomic Southern blots

Bee DNA was completely digested with different restriction
enzymes and fractionated on agarose gels (10— 15 pg digested
DNA/slot). DNA fragments were transferred to nitrocellulose
filters by the method of Southern [18] and hybridized with *2P-
labeled ¢cDNA or with nick-translated inserts of different
clones.

RESULTS

In view of the high abundance of melittin mRNA, it
appeared likely that the corresponding cDNA should be
present in a sufficient number of clones in a cDNA library made
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Fig. 2. Restriction endonuclease cleavage map and sequence analysis
strategy for the insert of clone pUM13/4. Arrows indicate direction of
sequencing and length of sequenced region. Cross-hatched boxes
indicate dG - dC tails, the filled-in box the poly(dA) tail. bp = base
pairs

from total venom gland mRNA so that no specific screening
procedure would be required. Therefore, we simply selected
those clones which strongly hybridized with total cDNA and
chose from this group the ones with the largest inserts. The
second of the clones selected for sequencing, pBM22, already
had an insert derived from melittin mRNA. As shown in Fig. 1,
the insert has a poly(dA) tract on one end and, 15 nucleotides
away from it, the modified polyadenylation signal d(A-A-T-A-
T-A-A-A). The clone has a single open-reading frame, which
starts at the 5" end with residue 49 of prepromelittin, i.e. the
fifth amino acid of melittin [2). After the COOH-terminal
glycine, found in prepromelittin synthesized in vitro [3], an
amber stop codon is present.

A second clone with a larger insert, pBM 13, was also found
to contain the coding sequence for prepromelittin. In order to
facilitate the sequencing the insert of the clone was cut out of
pBR322 with Pst] and re-cloned into the PstI site of plasmid
pUCS, which contains a synthetic DNA segment with several
restriction sites [15]. The sequencing strategy for the new clone,
pUM13/4, is shown in Fig. 2. Its 3’-terminal half is identical
with the insert found in pBM?22. At the 5" end pUM13/4 starts
with a stretch of 52 nucleotides, after which it contains a triplet
for an AUG codon and an open-reading frame of 69 triplets
followed by that for the amber stop codon already found in
pBM22 (see Fig. 1). The amino acid sequence corresponding to
this open-reading frame is identical to the sequence of prepro-
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Fig. 3. Southern blot hybridization of honeybee DN A with venom gland
c¢DNA and the cDNA insert of clone pUM13/4. EcoRI-digested bee
DNA was separated on 0.8 % agarose gels, transferred to nitrocellulose
and hybridized with labeled cDNA and the nick-translated insert of
clone pUM13/4. Numbers refer to 1000 base pairs

melittin determined by peptide analysis. Residue 17, which
could not be determined previously, is found to be serine;
residue 7 has recently been identified to be asparagine and this
has been confirmed by the cDNA sequence. The total length of
the insert in pUM13/4, excluding the poly(dA) tail, is 374
nucleotides and we assume that this is quite close to the total
size of melittin mRNA.

Search for the melittin gene

Honeybee DNA was isolated as described under Materials
and Methods, exhaustively digested with EcoRI, fractionated
by electrophoresis in agarose gels and then used for Southern
blot analysis. Hybridization with cDNA prepared from venom
gland mRNA gave a complex pattern of six major bands
corresponding to EcoRI fragments of 1600—8200 base
pairs (see Fig. 3). Despite the high content of melittin mRNA
in these glands, other mRNAs are apparently present in
sufficient quantity to give strong hybridization signals under
these conditions, where a large excess of radioactive cDNA is
used. Using the nick-translated insert of clone pBM13 a much
clearer result was obtained. As shown in Fig. 3, a single EcoRI
fragment of the honeybee genome with length of approximately
3000 base pairs hydridized with the labeled insert.

DISCUSSION

The present communication describes the analysis of two
cDNA clones derived from melittin mRNA, which are of
different length but have an identical nucleotide sequence in the
region present in both clones. The larger clone contains an
insert of 374 nucleotides, excluding the poly(dA) tail, which is
quite close to the 400 bases estimated for the mRNA on the
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basis of electrophoretic mobility. This clone, pUM13/4 has 52
base pairs before the initiating methionine and, by comparison
with the 5 -untranslated regions of other mRNAs, it seems
unlikely that melittin mRNA is much longer than the insert
found in this clone. The amino acid sequence of the single open-
reading frame corresponds exactly to the sequence of prepro-
melittin determined by analysis of the labeled polypeptide and
its fragments. In addition, residue 17 could be identified as
serine. The nucleotide sequence of clone pUM13/4 shows that
melittin mRNA can only code for a polypeptide of 70 amino
acids and not for any still larger precursors, a notion that could
not rigorously be excluded by analysis of the translation
product of this mRNA in vitro [2, 3]. In particular, after the
COOH -terminal glycine found in prepromelittin, a stop codon
is present in the mRNA.. It has been suggested that this terminal
glycine is involved in the formation of the amidated a-carboxyl
group present at the end of the final product melittin [3]. Similar
situations have since been found in a number of other
precursors in that a glycine is present adjacent to the amino
acid, which becomes the amidated carboxyl end in the mature
product [19—23]. In all instances, however, this glycine residue
is linked to one [23] or a pair [19 — 22] of basic amino acids and
it has in fact been suggested that a Gly-B sequence, where B can
be either lysine or arginine, might be required for the formation
of terminal amides [20]. This possibility is certainly exciuded for
the case of melittin as no codons for basic amino acids are found
next to the one for the terminal glycine. Moreover, it has recently
been demonstrated that a partially purified enzyme prepara-
tion from pig pituitary slowly converts peptides with a terminal
glycine to the amidated peptides lacking this amino acid [24].
This makes it very likely that not only in honeybee venom
glands but also in mammalian cells a terminal glycine, exposed
during the processing of peptide precursors, is the recognition
signal for the amidation reaction.

Southern blots of genomic bee DNA digested with different
restriction enzymes were hybridized with radioactive cDNA
prepared from total venom gland mRNA. This yielded a
complex pattern suggesting the presence of more than one
melittin gene in the honeybee genome. However, the cloned
melittin cDNA hybridized with only a single EcoRI fragment of
about 3000 base pairs (see Fig. 3). The other strong bands
obtained with total cDNA must, therefore, correspond to the
genes for other mRNAs present in venom gland cells. Clearly
the intensity of these hybridizing cDNAs does not reflect their
abundance in the mRINA population, which must be very much
lower than the content of melittin mRNA. Upon translation of
total venom gland mRNA in cell-free systems prepromelittin is
by far the most prominent product and only one other
component with a molecular weight of around 20000 is
detectable upon gel electrophoresis (K. Richter, unpublished
experiments). Translation in presence of radioactive histidine,
an amino acid not present in prepromelittin, reveals the
formation of a small amount of another polypeptide which
comigrates with the melittin precursor and which might be
preprosecapin [25, 26]. Still, more than 80 9 of the radioactivity
incorporated into polypeptides is present in prepromelittin and
the corresponding mRNA is the only species detectable after
gel electrophoresis of total venom gland mRNA and sub-
sequent hybridization with radioactive poly(U) [8].

We are currently attempting to clone the EcoRI fragment
containing the melittin gene in order to analyze its structure. In
addition other ¢cDNA clones, which do not contain inserts
coding for melittin, are being analyzed and the results obtained
with two of these, which code for preprosecapin, will be
presented in a forthcoming publication.
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The mRNA used for the original cloning experiments was kindly

provided by Dr I. Kindas-Miigge (Institut fiir Krebsforschung,
Vienna). We thank Dr H. Lehrach (EMBL Heidelberg) for help and
advice and L. Reifberger for technical assistance. This work was
supported by grant 4174 from the Austrian Fonds zur Firderung der
wissenschaftlichen Forschung.
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