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cDNA sequence analysis of an antibictic dodecapeptide from neutrophils
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The full-length eDNA of a neutrophil antibiotic dodecapeptide has been claned by reverse rranseripuon/PCR from bovine bone marrow RNA,

This peptide was originally isolated (rom bovine neutrophils, and shown to exert a poteni antimicrobiul aetivity in vilre on both Escherichic coli

and Staphiylococeus aureus. The cDNA codes for a polypeptide of 155 amino acid residues with a predicted mass of 17,629 Da and a pl of 8 03.

The deduced sequence comprises a pulative signal peptide of 29 amine acds, a 114 residue pro-region, and a carboxy-terminal dodecapeplide

corresponding to the mature antimotic. The pro-sequence displays extensive idenuly to corresponding regions of other structurally unrelated
antibiotic peptides of bovine neutrophils recently cloned.

Neutrophil; Antibiotie; Cyelic dodecapepuide; ¢cDNA

1. INTRODUCTION

A ceniral role of neutrophils in the initial hosi re-
sponse to microbial challenge is testified by a massive
recruitment of thesc cells at the infection site, followed
by rapid and effective pathogen inactivation. Killing is
ensured by the production of highly reactive oxygen
derivatives [1] combined with the release of granule-
associated cytotoxic preteins into phagocytic vacuoles
[2.3]. Oligo- and polypeptides with diverse antimicro-
bial spectra have been isolated from neutrophils of var-
ious animal species [4-7]. In particular, from granule
extracts of bovine neutrophils, four cationic peptides
have been purified and characterized. Two of them,
associated as inactive proforms to the large granules
[8,9], are known as Bac5 and Bac7, and exhibit bacteri-
cidal activity mainly, but not exclusively, on Gram-
negative organisms [10,11]. In addition to these, a cyclic
dodecapeptide, previously named bactenecin [12], and
a Trp-rich tridecapeptide amide named indolicidin [13],
exert a potent antibacterial action on both Escherichia
cali and Staphylococeus aurens. We report here the nu-
cleotide sequence of a full-length ¢cDNA. encoding the
precursor form of the cyclic dodecapeptide, The cDNA
cloning of Bac5 [14] and indolicidin [15] has recently
shown that these antibiotics share highly similar pro-
sequences. A homologous pro-sequence is also pre-
dicted to precede the sequence of the dodecapeptide.
Although the mature forms of all these peptides appear
structurally unrelated, they are likely to derive from a
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common gene family also including members isolated
from different animal species {16,17).

2. EXPERIMENTAL

2.1. eDNA claning

Total RNA was extracted from bovine bone marrow cells with
guanidinium thiocyanate [18]. The rapid amphfication of eDNA ends,
or RACE, [19] was used (o obtain both the 3" and 5 ends of the
dodecapeptide cDNA. To generate the 3* end, the first strand cDNA
wils synthesized using 1 ug of tola]l RNA and 1.5 ng of primer adaptor
STCGCATCCOTCGAGAAGC(ATI8)-3 and Moloaey murine leu-
kernia virus (MMLV) reverse transcriplase (Bethesda Research Labo-
ratories, Gaithersburg, MD) (I h at 40°C). The reaction mixture (20
f1) was then hezted o 95°C and 80 ul of the PCR bufler (10 mM
Tris=sHCI, pH 8.3, 50 mM KCI, 1.5 mM MgCl,} were added with 50
pmol of both the upstream oligonucleoude 5+-CGCGAATT-
CAAAGCCTGTGAGCTTC-3' and the downsiream primer aduptor
5“CGAGCTCGOATCCCTCCAGAAGCTT-3". PCR was carried
out with 25 U of Tugl polymerase (Perkin-Elmer-Cetus, Norwalk,
CT)} for 30 cycles of denaturation at 94°C for 2 mun, annealing at 55°C
for 1 min and polymerization at 72°C for 2 min.

The RACE to the 5 end was carried oul using the oligonucleotide
5-CAGATCCAGTAGCTTGAGGC-3 derived from the 3 end se-
quence of the dodecapepiide. Single-stranded cDNA was tailed using
terminal deoxynucleotidyl transferase (Bethesda Research Laborato-
ries) and dGTP. Amplification conditions were as above, using zn
upstream primer complementary te the dGTP 1ail (dCl15}, and a
downstream primer 5 >-GACGAATTCGAGTAAGAAAACCCTTA-
3.

2.2, cDNA sequencing and sequence aralyars

The amplified cDNA was cloned in Blueseript KS* vector (Siral-
agene, Sun Dicgo, CA). Sequencing was performed on both sirands
with the dideoxy chain-lermination method [20]. Regions with high
G-+C content were also sequenced in parallel with deazaguanosine and
automaied fluoiescent DNA sequencing {(EMBL Nuoressent DNA
sequencer, Heidelberg, Germany}. Analysis of the DMNA sequence was
conducted with the aid of the InteliGeneties Suie version 5.4 (Intelh-
Genelies Ine., Mountain View, CA), and the homology search was
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carried out an the Swiss-Prot database The hydropathy plot was
produced by the inethod of Kyie and Doolittle [21] with a width of
9 residues.

2.3. Northern anafysis

Total RNA (10 ug) was separated by electrophoresis on .41 M
formaldehyde/ 1% agarose gels, transferred to a nylon nwrabrane
(Zeta-Probe GT, Bio-Rad, Richmond, CA) by the downwaré alkaline
capillary method {22], erosslinked with UV-Straialinker (Stratagens),
and hybridized (60°C, 0.5 M NaPi, 7% SDS, 1 mM EDTA, 16 h) with
a cDMNA restriction fragment, **P labelled by random primer synthesis
(Pharmacia-LKB, Uppsala, Sweden).

2.4, In wro ranscripniion and transigiion

1 fg of the Blueseript KS* plasmid containing the full-length ¢ DNA
insert was linearized and transcribed with T7 RNA polymerase in the
presence of tiie cup analogue (Pharmacia) In vitto translation was
conducted using a rabbit reuculocyte lysale (Novagene, Madison,
W1). Translution products were analyzed by 15% SDS-PAGE

3. RESULTS AND DISCUSSION

3.1. Cloning of the cyclic dedecapeptide

Cloning of the cyclic dedecapeptide from bovine
bone marrow ceils was approached by reverse transcrip-
tion followed by PCR (RACE protocol) [19]. Using an
upstream primer identical to a sequence of a Bacl
¢DINA clone [14}, and a downstream oligo-dT primer,
three products of differgnt size were amplified (not
shown). By sequence analysis these were found to en-
code the precursor forms of Bac$ [14], indolicidin [15],
and the cyclic dodecapeptide, respectively, The three
fragments revealed homologous 5° regions, incomplete
at their 5’ ends. Northern analysis with a **P-labelled
restriction fragment corresponding to a sequence
unique to the dodecapeptide, revealed the presence of
a corresponding mRNA of about 0.6 kb in bovine bone
marrow RNA (Fig. 1), but not in bovine heart, kidney,
liver, lung, small intestine, spleen, and stomach (not
shown).
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Fig. 1. Northern analysis. A Northern blot of total RNA from bovine

bone marrow cells was probed with o *P-labelled restriction fragment

corresponding 1o nucleotides 419-336 of the dodecapepuide cDNA
sequence. This recopnizes a MRNA of about 0.6 kb
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The full-length ¢cDNA of the cyclic dodecapeptide
was obtained by the 5 RACE [19]). Amplified products
were cloned in Blucscript vector. Since the sequences
analyzed were found io differ at two positions, 24 clones
generated from different preparations of RNA were
compleiely sequencad in both directions, A guanine was
found to replace adenine-395 in the translated region of
18 of the clones, and two additional adenine nucleotides
were found inserted at position 513 of the -untrans-
luted region of 9 random clones (Fig. 2).

3.2, Features of the predicted sequence

The full-length cDNA of the eyclic dodecapeptide
(Fig. 2) shows a putative lranslation start codon at po-
sition 13 and a stop codon at position 478. The poly(A)
tail is preceded by a consensus signal. The sequence
predicts a protein (pre-prododecapepiide) of 155 amino
acid residues, with a calculated mass of 17,629 Da, con-
firmed by in vitro translation of the transcript (not
shown), and an overall pl of 8.03. No N-linked glycosyl-
ation sites are present in the predicted sequence. A hy-
drophobie stretch (amino acid residues 1-29) typical of
a signal sequence, including a consensus signal peptid-

i AGACTGGGCACT

13 APGGABACCCCOAGGECEAGCC ] CPCUCIGBGACGGTRETEACTE-GE
P LT P I A &8 L 5§ L 6 & W 8 L W 16

81 CIGCIGCTRRTEROAC TARCGCTECOC ICGECCAGCEECEALGCTCTE
L L L L G T A P 5 NS AT Q & L %2
108 AGCUACAGEGAGGLCETOCTTCGTGCTGTGGATCAGCTCARTGASCAR
5 ¥ R B A V L It A VD Q9 L N L D 13
157 TCCTCAGARCCTAACATITACCOTCTTCICEAGCTSEACCAGTLTCET
5 8 B P N I ¥ R L &L B L B O B G4
205 CAGCATCATCAAGACCCAGNCAGCCCGANGCGEGTCACCTTCAGGETG
@ b b E D P £ B vV 5 F R V

P R R 80

253 ARGGAGRLCCTEIGCICCACGACCACCCAGLAGCC CCOTEAGTASTE
R E TV 5 R T T Q Q@ P P T Q& 56

301 GACTICAAGGAGAATGEGCTGCTGAMACGCTETGAGEEEACAGTSACC
bDF K ENRGDLIRKRQEGT ¥ T i1z

349 CTGCGACCAGGICASBEETARCTTCGACATCACCTGTARIANTCACCAG
L Do ¥V RGHFDTI T CUBKENUHQ 128

337 ACCATCAOGBATTACAAAGCAGCEATGGECACCACCATABCCAGOCOOA
5§ I Ik I T R O P W AP " g 144
445 TUATGTCSCATTOIACTOGATAANCES T T TCCAGATAATCASCTCLITGTA
L& Rk T Vv v 1 RV O R = 1h5

493 GATTTC1GTCATRAGCCAGéa%hGTCCTAAGGGTTTTCTTACTCTGCC
D41 TCAAGCTACTGEATCTSAMABALAAATTCTTGTGACATE (AN
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Fig. 2. Nucleotide and deduced amino acid sequence of the eyclic
dodecapeptide precursor, and partial restriction endonuglease map of
the ¢cDNA. The nuclectide sequence is nutnbered on the left. The
armuno acid sequence is numbered from the first methionine on the
right. The signal sequence is overlined, the arrow indicates the putative
cleavage site lor signal pepudase. The sequence of the mature antibi-
otic 1s underlined, aus the stop cedon is marked with an asterisk. The
polyadenylution signal is double underhned. Cysteines are i bold, A
schemane representation of the full-length cDNA of the dadecapep-
tide is shown at the bottom.
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Fig. 3, Hydropathy plot [21] of the eyclic dodecapeptide precursor.

Linear diagram of the deduced amino acid sequence, with the amino-

terminal on the left and the carboxyl-terminal on the nighi A dashed

vertical line shows the cleavage site for the maturation of the cyclic

dodecapeptide. The lower pinel indicates the distribution of basic (+)
and acidie (=) residues.

ase cleavage site (Ala-X-Ala) [23] is present at the
amino-terminus of the protein (Fig. 3). The putative
signal peptide is followed by a 114 amino acid long
hydrophilic pro-sequence, corresponding to residues
30-143, which is characterized by a cluster of negatively
charged amino acids in the region between residuss 59
and 71. The carboxy-terminal dodecapeptide {residues
144-155) corresponds to the mature antibiotic isolated
from granule extracts of neutrophils, and exactly
malches the sequence determined by protein sequencing
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[12]. The two cysteine residues at positions 146 and 154
are known to maintain the mature antibiotic in a cyelic
structure by a disulfide bond [12]. In the conformation
proposed {12], the peptide chain forms a bend at residue
7, with the hydrophobic residues clustered around the
bend. This compaet structure is reminiscent of defen-
sins, a family of numerous small antimicrobial peptides
with a characteristic cysteine motif forming three intra-
molecular disulfide bonds [24].

Unlike defensins, which are expressed by various cell
types of mammals and insects [24], the bovine neutro-
phil has so far been the only source of the dodecapeptide
[12]. Recently, another basie, ¢ysteine-rich peptide, with
functional similarities to both the dodecapeptide and
the defensins, has been isolated from bovine tracheal
mucosa [25]. The sequences of all these cysteing-rich
peptides, as deduced from their mRNAs, lack the car-
boxy-terminal glycine required for amidation, a charae-
teristic feature ol several other antibacterial peptides
[14,15,26,271, that may be required to increase their
biostability. The amino-terminus of the dodecapepiide
is preceded by an Ala residue at position 143. Thisis a
likely site of proteolylic cleavage for elastase, which
may be responsible for the removal of the pro-sequence
from the precursor [9]. Due to base substitution, the
clones analyzed predicted the alternative presence of
Gln and Arg at position 128 of the pro-sequence, point-
ing to the existence of either a polymorphic, or an addi-
tional gene. Genomic cloning will resolve this issue,
since neither possibility can be excluded at present.

3.3, Observed simllarity of the dodecapeptide precursor
with other proteins

The sequence of the deduced precursor is compared

in Fig. 4 with that of Bac5 [14] and indolicidin [15], both

isolated from bovine neutrophils. As expected from the

cloning strategy, the pro-sequence of the dodecapeptide

displays extensive identity to corresponding regions of

Dodecapeptide (M3 SLELORWSLWLLLLCUYMNLPSASAQALSYREAVLRAVDQLN 539
Indcliedidin QRASLSLGRWSLWLLLLGL SASAQALSYRDAVLRAVDQLNHUSSEANLYRLLE 59
Bacs IMETQRASLELG! LWLLLLGLYLESASAQAL SYREAVLRAVDOI NERESEANLYRLLE] 59
bodecapeptide DDEDH:S SFRVKE TVEH QCDFKENGI GTVILIGVRE 116
Indolicidin LDEPEF ot TREKPVS H it KQQVGTVTLDPSN 118
Back [DPGTREPVACRVKE T RCER I DR TN C VOOV ATV LDE SN 118
Dedasapaptida AArlerivvirver--= 1585
Indolielidin rg=———== m——m— 144
Bach pfyppfrppicppifpplzepiopplgpipygrr 176

Fig. 4. Ahgnment of the predicted sequence of the eyclic dodecapeptice with other antibintic peplides of bovine neutrophil. The amino acid sequence

deduced from the cDNA encoding the dedecapepuide is aligned with the deduced sequences of indolicidin {15], and Bae3 [i4]. Doxed resdues edieci

these common Lo the dodecapeptide and at least one other peptide. Aligned eysteines are shaded Small letiers ind:eale the sequences corresponding

to the mature antibioties, and asterisks show the earboxy-terminal residues of the pro-sequences. Sequences were aligned using the GENALIGN
program (intelliGeneticy).
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both Bac3 and indolicidin, inctuding 4 invariant cyste-
ine residues, that may offer possiblc structural con-
siraints. Both siractura)l and funciional implieations
have been previously suggested {14] by the presence of
homologous pro-regions in the sequences of proBac)
and proindolicidin. The evidence that the cyclic dode-
capeptide also carries a homologous region further
strengthens the hypothesis of a common pro-sequence
acting as a carrier for defense peptides, In fact, in addi-
tion to the bovine antibiotics mentioned above, 2 ho-
mologous proteins from different animal species have
been identified, providing evidence for a more wide-
spread presence of this sequence: CAPIS, an anti-
bacterial protein from rabbit [17], and cathelin, an in-
hibitor of cathepsin L isolated from pig neutrophils [16).
These exhibit about 57% and 669 identity, respectively,
to the pro-region of the dodecapeptide (not shawn).

Both proBac 5 and proindolicidin carry a valyl resi-
due (marked with an asterisk in Fig. 4) at the cleavnge
site for the proteolytic maturation of the respective ar-
tibiotics. The pro-sequence of the dodecapeptide as-
signes Ile at the same position, followed by a stretch of
13 additional residues (131-143 of the sequence) extend-
ing its carboxy-terminus. It is not known whether these
residues are cleaved from the precursor during the intra-
cellular maturation of the antibiotic. Immunochemical
investigations with antibodies to the dodecapeptide will
clarify this point. In particular, since the cyclic dode-
capeptide has been the only proteolytic product so far
isolated from neutrophils [12], it will be interesting to
know whether the same precursor may produce more
biologically relevant {fragments.
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