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Structure of the guinea pig neutrophil cationic peptide gene
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Guinea pig neutrophils contain the antimicrobial cationic peptides GNCP-1 and GNCP-2 in the granules. In thisstudy, the GNCP gene was isolated,
and the structure was characterized. Using cDNA probes, one phage clone was isclaied from a guinea pig genomic library, The gene spanned >3
kb, and comprised three exons and two introns. Sequence analysis revealed that the gene encoded GNCP-2. Exon 1 mainly coded for the 5
untranslated region, exon 2 coded for the prepro-peptide region of GNCP-2, and exon 3 coded for the mature peptide region of GNCP-2 and the
3’ untranslated region. Primer extension analysis indicated that the transcription initiation site was located to a thymidine residue, 93 bp upstream
of the ATG initiation codon of GNCP-2 mRNA. A possible TATA box was located 24 bp upstream of the transcription start site, Interestingly,
the pyrimidine-rich sequences identified in the promoter regions of the human necutrophil elastase and myeloparoxidase genes were also found in
the 5’ flanking region of the GNCP-2 gene.
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1. INTRODUCTION

Neutrophils play a central role in protecting hosts
against the microbial infection. Both oxidative and non-
oxidative mechanijsms are used by neutrophils to restrict
infection [1-3]. Molecules such as H.O,, O; and HOCIl
are examples of microbicidal agents that are derived
from oxidative metabolism [1,3]. On the other hand,
neutrophil granules contain antimicrobial proteins and
peptides that contribute to the oxygen-independent host
defense mechanism [2,3]. The most abundant of these
antimicrobial components are low molecular-weight
cationic peptides with potent microbicidal activities
against bacteria, fungi and viruses [2-7]. In addition, the
cationic peptides have been shown to display cytotoxic
and histamine-releasing activities [5,7].

Recently we have purified the two cationic peptides
GNCP-1 and GNCP-2 from guinea pig neutrophils, and
found that GNCP-1 and GNCP-2 are single-chain pep-
tides comprising 31 amino acid residues, which differ
only by the substitution of an isoleucine (GNCP-1) for
a leucine (GNCP-2) at position 21 [7]. Furthermore, we
have isolated the cDNA clones for GNCPs, and shown
that transcription of the GNCP gene and expression of
GNCP mRNA are observed in bone marrow cells, but
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not in mature neutrophils [8]. Thus, the expression of
the GNCP gene appears to be restricted to the maturing
neutrophils in the bone marrow. However, the mecha-
nism(s) controlling GNCP gene expression during neu-
trophil maturation is not clear. In this study, therefore,
to bégin to understand the regulation of the GNCP gene
expression, we have isolated the genomic clone for
GNCP and determined the gene structure.

2. MATERIALS AND METHODS
2.

|. Screening of the guinea pig genomic DNA library

A guinea pig genomic DNA library was constructed with partial
Sau3Al digests of guinea pig liver DNA and the cloning vector
EMBL3 (Promega), according to the manufacturer’s instructions,
Two million clones were plated on Escherichia coli strain LE392, and
screened by plaque hybridization [9}, using GNCP-1 and GNCP-2
cDNAs as probes [8]. The probes were labeled with [a-**P}dCTP (3000
Ci/mmol, Amersham) using random hexanucleotide primers
(Promega) [10]. Positive plaques were subjected to a second and third
screening to isolale single plaques. Phage DNA was purified by the
standard method of cesium chloride step gradient centrifugation [9].

2.2, Restriction endonuclease mapping of the genomic DNA clone

Phage DNA was digested with one or more restriction endonu-
cleases and the resulting fragments were separated by agarose (1%) gel
electrophoresis, denatured in alkali, and transferred to a nylon mem-
brane (Hybond-N, Amersham) as described by Southern [11). Filters
were hybridized with **P-labeled GNCP-1 and GNCP-2 ¢DNA
probes, and the sizes of the fragments conlaining exons were deter-
mined. The phage DNA was also mapped by the method of Rackwitz
et al. [12], using partial restriction ¢ndonuclease digests of the phage
DNA and *?P-labeled synthetic 12-base oligonucleotides complemen-
tary to the cos sites of the phage DNA. The oligonucleotides were
labeled with [y->*P]JATP (6000 Ci/mmol, Du Pont/NEN) at the 5’ end
by T4 polynucleotide kinase (Promega).

2.3. Subcloning and DNA sequencing
Selected resiriction fragments of the genomic DNA insert were
subeloned into the plasmic vector Bluescript SK (=) (8tratagene). The
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nucleotide sequences of the DNA fragments were determined from
both directions with sequence specific oligonucleotide primers by the
dideoxy chain-termination procedure [13], using the Sequenase DNA
Sequencing Kit (United States Biochemical), or the Tag Dye Deory
Terminator Cycle Sequencing Kit and the 373A DNA Sequencer (Ap-
plied Biosysiems),

2.4, Mapping the 5’ end of the GNCP mRNA

The location of the 5 end of the GNCP mRNA was identified by
primer extension analysis (14]. Total cellular RNA was isolated from
oone marrow cells by the guanydinium thiocyanate extraction method
[15), and poly(A)" RNA was selected by oligo-dT cellulose column
chromalography (Collaborative Rescarch). The oligonucleotide
primer (5'-GGTCTCAAGAGGCA-3) which was specific for GNCP-
2 mRNA and complementary to nucleotides +11 to +24 of the GNCP-
2 gene sequence (numbered according to Fig. 2), was labeled with
[¥-**P]ATP (6000 Ci/mmol, Du Pont/NEN) using T4 polynucleotide
kinase. The labeled primer (2 x 10° cpm) was mixed with poly(A)* (10
#g)in 10 mM Tris-HC, pH 8.3, 250 mM KCland | mM EDTA (1o1al
volume 20 g1, heated to 60°C for 1 h, and then allowed to anneal at
room temperature for 1.5 h. The reverse transcriptase reaction was
performed in 20 mM Tris-HC|, pH 8.3, 75 mM KCl, 10 mM MgCl,,
10 mM dithiothreitol, 0.25 mM EDTA, 0.25 mM dNTPs, 50 ug/ml
actinomyein D and 10 U/ul M-MLYV reverse transcriptase (Bethesda
Research Laboratories) (total volume 80 gl) at 37°C for 1 h. After
extraction with phenol/chloroform and ethanol precipitation, the
produects were separated on a 6% polyacrylamide, 8 M urea sequenc-
ing gel. The sequencing ladders were generated by the dideoxy chain-
termination method utilizing the same oligonucleotide primer against
the genomic DNA fragment, and used as sizc markers,

3. RESULTS AND DISCUSSION

3.1. Cloning and sequencing of the GNCP gene
By screening the guinea pig genomic library (2 x 10°
independent clones) with the *2P-labeled GNCP-1 and
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GNCP-2 cDNA probes, one hybridizing phage clone
was identified, containing a 14 kb DNA insert. Restric-
tion enzyme mapping by Southern analysis using the
cDNA probe indicated that the exons of the GNCP
genes dispersed over a 3 kb region (Fig. 1A). Then, the
3.2 kb Hindlll-BamHI fragment was completely se-
quenced (Fig. IB and Fig. 2), and the sequence was
compared to the previously published cDNA sequences
for GNCP-1 and GNCP-2 (accession numbers X57705
and X63676, respectively, for DDBS/EMBL/GenBank)
[8]. The gene proved to code for GNCP-2 ¢cDNA: the
gene encoded Gin™® and Leu? of GNCP-2, compared
to Glu~® and Iie* of GNCP-1 [7,8]. The gene was com-
posed of three exons interrupted by two introns. Each
splice site agreed with the consensus spiice site se-
quences in that the 5’ end of the intron began with the
dinucleotide GT, and the 3’ end finished with the dinu-
cleotide AG preceded by a pyrimidine rich sequence
[16,171. The length of each exon varied from 80 bp (exon
1) to 227 bp (exon 3). The length of the intron was 1217
bp between exon 1 and exon 2, and 561 bp between exon
2 and exon 3. The single, in-frame start codon for trans-
lation (Met™*?) was located in exon 2, and the single,
in-frame stop codon (TAA) was located in exon 3. Exon
1 coded mainly the 5’ untranslated region, exon 2
mainly coded for consensus sequence for translation
initiation [18] and the prepro-peptide region, and exon
3 mainly encoded the mature peptide region and the 3’
untranslated region. The gene ended with a polyadenyl-
ation signal and a site for poly (A) addition 15 bp 3’ to
the signal.
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Fig, 1, Restriction map and schematic structurc of the GNCP-2 gene. (A) Diagram of the GNCP-2 gene. Resiriclion siles and exons were determined

with the 14 kb Sa/l lragment insert of the phage clone obtained from the size-lractionated EMBL3 genomic library. Exons are shown by the

numbered boxes. Filled areas indicate (he coding regions and open areas depict the 5 and 3’ untranslated regions of the GNCP-2 mRNA. (B)

Diagram of the 3205 bp HindllI-BamHI segment of the cloned genomic DNA that was completely sequenced. Horizontal arrows indicale the
direction and length of sequencing reactions from the specific primers.

32



Volume 303, number 1

3.2, Characterization of the transcription initiation site
and the promotor region

The transcription initiation site of the GNCP-2 gene
was determined by primer extension analysis. Using
poly(A)* RNA from bone marrow cells, one predomi-
nant primer extension product was observed (Fig. 3A).
The extension product was aligned with sequencing lad-
ders produced by dideoxy sequencing of the genomic
clone using the same primer, and the major transcrip-
tion start site was localized to a thymidine residue 10 bp
upstream of the primer and 93 bp upstream of the initi-
ation codon (ATG) of GNCP-2 mRNA.

Examination of the sequence of the 5 flanking region
revealed the presence of a TATA-like sequence
(TAAATAT) at nucleotide -24 and two CAAT-like
sequences at nucleotides ~88 and -132 (Fig. 2). A glu-
cocorticoid  responsive  element-like  sequence
(AAGACAGGAAGTCCT vs. AGAACANNNTG-
TTCT [19)) was also found upstream of the TATA box
at =179 to — 163, Interestingly, in a preliminary experi-
ment the GNCP gene transcription rate analyzed by a
transcription run-off assay [8] was observed to be up-

sagetionactfclieascatirtansagnigaattittiactasctatEsacast teagesccatstiREBaagctsBEsRicantssnstsain’.
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regulated 2- to 3-fold by treatment of the bone marrow
cells with 10 yg/ml dexamethasone (not shown).

The transcription of the genes for neutrophil granule
components, such as elastase, myeloperoxidase, and
cationic peptide, is suggested to be limited to a period
of neutrophil maturation that takes place in the bone
marrow [8,20-23). In the 5’ flanking regions of the
human neutrophil elastase and myeloperoxidase genes,
pryrimidine-rich sequences (CCCCTTCTCCCCCT-
TTTCA for the neutrophil elastase gene and CCCCT-
TCCCCCCATTTCA for the myeloperoxidase gene)
were identified, and these sequences are assumed to be
a regulatory ¢lement for the two genes [24-26). Interest-
ingly, the pyrimidine-rich sequences are also found in
the 5’ flanking region of the GNCP-2 gene at 67 to -52
and -473 to -433, although the pyrimidine-rich se-
quences of the GNCP-2 gene shared at most 60-70%
homology with those of the human neutrophil elastase
and myeloperoxidase genes. The role of the promotor
region, including the glucocorticoid responsive element
and the pyrimidine-rich sequences in the GNCP gene
expression remains to be elucidated in the future.

isgtistangsettgassesttgct ~605
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Exon }

-
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CTCTTCTGATTCCACCTCICCCTCCCCAGCTICAGTCCAGAAAGStaagtact scaancagcietseat teisetigtattotsgns tsot tatge 158
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catzcaccassteatoagccigtgcactisc tacataglasaactgtcaticetaititsgnasagatsanascatangcantscantatattagaccanstetetgectactst 756
sagicisasciagictigcecatcaccata tesatgat teatt tgicttectatsagt a78
cetgassagasatanatajgcattags gagciast sastacEtoagcccaatagcacigitontagiogantisgatitcalt seatgan 888
astittctttisgaiittcatctgasaagttagiatican aatsastastat tesgeeatentiatoactatssacotscactansagegatigagass 1118
scmcaggesaggcettigtrgaagtcptaagnceat sEancatCICARSSRCACIERagCCataBCIEstCLcact SasacCateacactiBecetonctetacaetotaagtongectca 1236

Exon
tceccacaggacagtanataggsctgsctictectetetatecteatetoeeaccatessg GTGACTCCCAGCCATGAGGACCCTCCCTCTCTITGCTCOCTGTCTTCICCTGACCCTG 1885
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-2 -
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Exon 3
gccacscranaagscagctagciscicassatptgeattccatetgascincecagsacttcnsecttgetgctctetetatescesgsCICCAGGTGCAGGCCCICGCTGTATTIGCACA 2076
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-1

ACAAGAACCTGCCCTTTTCCATATCGEACGCTGGCAACCTCCCTCTTECACAATCOAGTCTACACATTCTGCTGCTAAGCTICCACAATARAARACAATTCTATITTGCTTTCAGGECTE 2188
ThrargTheCysArgPheProTyrarsArsLeuGlaThrCyalouPheGlnAsnArgYalTarThrPhaCysCyaknd
10 20

30
TAAGAGAATTGCTCCTITCETGTAGCTATCTCTTCCATTCITITCTTICTCTTARATAMATICCTCTGEAATICOt tptat tpttttetiiguattiicet stigatatitetsansts 2315
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Fig. 2. The nucleotide sequences of the GNCP-2 gene. The nucleotide seqquences are numbered from the putative transeription initiation site marked
with an asterisk, The sequence of the 5’ flanking region is numbered from —1 to -804 starting 5’ to the transcription initiation sile. Nucleotides
comprising exons are in upper-case leiters, and those comprising introns are in lower-case letters. For the 5° flanking region, the putative
glucocorticoid responsive element is double-underlined; the pyrimidine-rich sequences found in the promotor regions of the human neutrophil
elastase [24] and myeloperoxidase genes [25] are underlined; the TATA-like and CAAT-like sequences are boxed. The sequence of the complemen-
tary oligonucieotide used in the primer extension study is underlined in exon 1 (see Fig. 3). The polyadenylation signal (AATAAA) is underlined
in the 3’ untranslated region. The 3’ end of exon 3 is deduced from the site for poly(A) addition in the GNCP-2 mRNA. For the coding exors,
the deduced amino acid sequences are shown under the nucleotide sequences, and are numbered beginning at the N-terminal residue of the mature
GNCP-2. Negative numbers (=62 to —1) refer to the putative signal peptide (-62 to —44) and pro-peptide (~43 to -1). The arrows indicate the
predicted signal peptide and pro-peptide cleavage sites.
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Fig. 3. Identification of the transcription initiation site for the GNCP-2 gene by primer extension analysis. (A} Primer extension evaluation of bone
marrow cell mRNA, **P-labeled oligonucleotide primer (2 x 10* epm) corresponding to the specific sequence of exon 1 of the GNCP-2 gene shown
in Fig. 2 and Fig. 3B was annealed to poly(A)* RNA (10 ug), and extended by reverse transcriptase. The extended products were analyzed on a
6% polyacrylamide denaturing gel. The length of the products was determined by the comparison with sequencing ladders run alongside the
extension reaction. The arrow indicates the major primer extension product, and the corresponding transcription initiation site is marked with an
asterisk. The arrowhead indicates the labeled primer. (B) Structures of the GNCP-2 gene and GNCP-2 mRNA, The start codon (ATG), the stop
codon (TAA) and the poly(A) tail are shown in GNCP-2 mRNA. The filled box indicates the primer, and the corresponding sequence is underlined
in the GNCP-2 gene, The putative transcription initiation site is marked with an asterisk,
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