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SUMMARY: The human elafin gene was cloned and its entire nucleotide sequence
was determined to deduce the amino acid sequence for the precursor of elafin, an
elastase-specific inhibitor. The gene spans approximately 1.7 kb and is divided into
3 exons. The gene product preproelafin consists of 117 amino acids: the initiator
Met, a putative 25-amino acid signal peptide, a pro-sequence of about 34 amino
acids, and the C-terminal 57 amino acids for mature elafin. Possible covalent
clotting of the prosegment and its physiological significance have been pointed out
based on a remarkable sequence similarity between the pro-sequence and the
guinea pig seminal clotting protein SVP-1. o 1992 academic Press, Ine.

Elafin is an elastase-specific inhibitor (1) which has recently been identified
and found to bear significant amino acid sequence similarities to mucous proteinase
inhibitor (HUSI-I) {2) and Na', K-ATPase inhibitor (SPAI) (3). These inhibitor
molecules are relatively small, consisting of about 50-60 amino acids, and appear
to be grouped together as a new protein superfamily that has an unusually high
content of cysteine and proline and therefore is expected to have a compact
structure tightly held by multiple disulfide bonds; HUSI-I has two such domains (4,
5). This cysteine-rich compact structure is termed "four-disulfide core" (6) or "WAP"
motif (7).

While cloning the human SPAI gene using a porcine SPAI ¢cDNA clone as
a probe, we happened fo isolate the human elafin gene. Here we report its
complete nucleotide sequence and exon-intron organization and the amino acid
sequence for the precursor preproelafin deduced from the exon sequences. The
most interesting structural feature of the elafin precursor is the presence of multiple
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repetitive sequences in the prosegment. The repetitive sequences are rich in lysine
and glutamine residues and very similar to the guinea pig seminal clotting protein
SVP-1 (8, 9) which is covalently cross-linked by a transglutaminase through -
glutamyl-e-tysine isopeptide bonds. The similarity leads us to suggest that the
precursor contains two distinct but related proteins: elafin and a clotting protein;
both provide a powerful protection for extraceflular matrices by inactivating
destructive elastase and by forming extracellular-matrix-like meshwork, respectively.

MATERIALS and METHODS

Materials—-A human genomic library, constructed in EMBL3 (BarmHI| site) from
Sau3A partial digests by S. Tomatsu and Y. Sakaki, was obtained from Japanese
Cancer Research Resources Bank (JCRB)-Gene (Registration No.: LI 018). A full
length cDNA clone (737 bp) encoding porcine SPAI was obtained by screening a
porcine duodenum cDNA library (Agt10) using synthetic oligonucleotide probes designed
according to the published amino acid sequence of SPAI (3); details including the
nucleotide sequence will be published elsewhere. Restriction and modifying enzymes
were purchased from Toyobo, Takara, Boehringer, and Pharmacia; pBluescript |l was
from Stratagene; Sequenase version 2.0 sequencing kit was from U.S. Biochemical
Corporation; nitrocellulose filters were from Schleicher & Schuell; *P-labeled nucleotides
were from Amersham. Oligonucleotides were synthesized with a Milligen/Biosearch
Cyclone Plus DNA synthesizer.

Isolation and Characterization of Human Elafin Gene—-The human genomic
library was plated on E. coli NM538 and screened following transfer to nitrocellulose
membranes using the 737-bp porcine SPAl cDNA probe. Hybridization was conducted
at 42°C in 20% formamide containing 5 X SSPE, 5 X Denhardt’s, 0.1% SDS, and 100
ng/mi herring sperm DNA. Filters were washed at 53°C in 1 X SSC containing 0.1%
SDS. Twenty positive clones were identified by screening 5 X 10° plaques. Two
clones (Ahl-G1 and AhI-G2) with relatively strong hybridization signals were isolated by
two cycles of replating at lower density and characterized with various restriction
enzymes. Both clones had a Southern-hybridization-positive 4.4-kb EcoR! fragment
(Fig. 1).

Sequencing—-The 4.4-kb EcoR! fragment was subcloned into the pBluescript ||
plasmid vector and subjected to nested deletions employing a Pharmacia Kkit.
Sequencing was performed by the double-stranded didecxy chain termination technique
(10).

RESULTS

A human genomic DNA library, obtained from the JCRB-Gene bank, was
screened with *P-labeled porcine SPAlI ¢cDNA which encodes the complete
preproSPAl sequence of 187 amino acids (to be published elsewhere) under
moderate stringency conditions. Several positive clones were identified, plague-
purified, and characterized by restriction enzyme mapping. One typical clone, Ahl-
G1, was selected for further analysis and sequencing. Fig. 1 illustrates the
restriction map of Ahl-G1. The fragments carrying the coding exons were identified
by Southern analysis, subcloned into the plasmid vecter pBluescript I, and
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Fig. 1. Clones analyzed (A), restriction map (B) and exon-intron
organization (C) of the human elafin gene. X, Xbal; E, EcoRI; and B, BamHl.
Exons are indicated by boxes: black boxes, coding exons; grey box, 3-noncoding
exon.

sequenced. The nucleotide sequence determined is shown in Fig. 2 together with
the deduced amino acid sequence, which we first considered as the sequence for
human SPAI but later turned out to be the human elafin precursor preproelafin
since the COOH-terminal 57-amino-acid sequence coincided with the elafin
sequence reported by Wiedow et al. (1); they have also isolated a partial cDNA
clone (11) whose sequence is in complete agreement with the corresponding exon
sequences in Fig. 2. Their cDNA clone, however, lacked a portion of the 5 region
coding for the initiator methionine and the following hydrophobic signal sequence.
As predicted from the exon sequences (Fig. 2), the human elafin precursor consists
of 117 amino acids. The 60 amino acids preceding the mature sequence constitute
a putative "pre" sequence of about 25 amino acids followed by a "pro” sequence
of 34 amino acids.

The human elafin gene spanned approximately 1.7 kb and was comprised
of 3 exons (Fig. 1). The first exon contained the 5-noncoding region and 79 bases
of the coding sequence to which the signal peptide sequence is confined. The
"pro" and mature sequences were encoded by the second exon. The 3’-
untranslated region was encoded entirely by exon 3. All splice site junctions
conformed to the GT/AG rule (12) (Fig. 2).

DISCUSSION

Proteinase inhibitors that specifically inhibit the enzymes capable of degrading
macromolecular components of the extracellular matrix has attracted considerable
attention because of their roles in the control of extracellular matrix remodeling that
is essential for morphogenesis, angiogenesis, tissue repair, and tumor metastasis.
Neutrophil elastase, a serine proteinase contained in the azurophil granules of
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| ctytgagaaagtaggaaaactcttgggacaatcagagatgatgtyatgtaatgtccatta
61 gttcttectgtgaataatcctgagggaaageccccaggtecctcccagaatgggytggat
121 atttcc/PPRacagctaaggaattateccttofEEERccacagaccegeecctggagee
181 AGGGCAAGCTGGACTGCATAAAGATTGGTATGGCCTTAGCTCTTAGCCAAACACCTTCLT
241 GACACCATGAGGGCCAGCAGCTTCTTGATCGTGGTGGTGTTCCTCATCGCTGGGACGETG
MR AS S F LI VV Y F LI AG6T L 18
301 GTTCTAGAGGCAGCTGTCACGGGAGgtyagtgaacagytyacctyctgggctyggttgga
v L E A AV T GV 21
361 ctaaggggagaccctctgggacaccctgggecaggacagggagcactactyaagcagtag
421 gcagcactggagcccagatttcagetttotgttectttgccatcatattcagaaaaaatag
481 gactttggctygtggactccacgtgctttccacctecagtgactgagatatcaggactgtt
541 tgtggaagtaatgttggtatgtggccttggectcagatgtcaatacctgtygcagaatyty
601 caataaaataatgaactccaggattttaaaccttgggtgtggacacagtcccccgtttet
661 ctgcctcataaaagcactygagtaatcagtactctaaaaggaggttaagaaacaacaage
721 cttcaggaatcatgttgtttgaggacccccattttataaggagggaaccaaaaatgtaga
781 aatgagtgagcaattgccaaggtaattcccagagccaggatggggctcaagtetectagt
841 atgtggctcaggyttectttecctactccaatgecacttcctaacaaatgacaatgtgtecte
901 ttcactgctgggtgtcaccccagtctgaccactgctectgagagacttggagtggaggaa
961 gggggaagaaacaaatactcaagggaactctggtcctgtagaccaccccaaaaaaggaag
1021 agccttccaagagtgtagctcccagaggtgtaccttecctactcaggecatggtttgagg
1081 atgctgycagtaagcagtggatggacccagacccagaggaaagacatggeagetgaageayg
1141 aggcttactgggtataaatgtgggctegtttcttottttaacaglTCCTGTTAAAGGTCA
PV K 6 0 32
1201 AGACAGTGTCAAAGGCCGTGTTGCATTCAATGGACAAGATCCCGTTAAAGGACAAGTTTC
DT VKGRV PFNGOQDPVYV KGOV S H
1261 AGTTAAAGGTCAAGATAAAGTCAAAGCGLCAAGAGCCAGTCAAAGGTCCAGTCTECACTAA
V K 60 DKV KA gQEPVY KGPVSTEKT
1321 GGCTGGLTCCTGCCCCATTATCTTGATCCGGTGCGCCATGTTGAATCCCCCTAACCGLTG
P66 SE@M® 1 1 L1 REAMLNPPNRIED?
1381 CTTGAAAGATACTGACTGCCCAGGAATGAAGAAGTGCTGTGAAGGCTCTTGCGGGATGGE
L k@M T1To@e? 6 1 K «xHBBEGSH G M A 112
1441 CTGTTTCGTTCCCCAGTGABGtgagcactagctggagaacgaggagacecctyaagacac
BF Vv P Q * 11
1501 aaaagaaggctgagcggtggggaagcatcccaggttggtgggagggaggttgotgggaggt
1561 gacagaaagactgggagagctgaggggtctgagaggctataaccagagtgcctagaagga
1621 tgatctgtcttcctcactgcctectgagtgetttgatgtgctgactctcacctetgatact
1681 cttctcttccacaghGGGAGCCGGTCCTTGLTGCACCTGTGCCGTCCCCAGAGCTACAGE
1741 CCCCATCTGGTCCTAAGTCCCTGCTGCCOTTCCCCTTCCCACACTGTCCATTCTTCCTCC
1801 GATTCAGGATGCCCACGGCTGGAGCTGCCTCTCTCATCCACTTTCCIY I gagttcct
1861 tctgctccacttgtttet

Fig. 2. Nucleotide sequence of the human elafin gene. The translated
protein sequence is shown below the nucleotide sequence. The putative "CAAT"
and "TATA" boxes and polyadenylation signal are marked by black boxes. The
amino acids defining the "four-disulfide core" (6) or "WAP" motif (7) are indicated
by filled boxes: black, cysteine; grey, aspartic acid and proline. The translation
initiation site ATG is underlined. The exact Cap site and 3’ end of the gene were
not determined. The N-terminal amino acid of mature elafin is indicated by asterisk.

polymorphonuclear leukocytes, is released at sites of inflammation and initiates the
breakdown of elastin, a major extracellular component of elastic tissues such as
ligaments and blood vessels. Elafin is believed to play an important protective role
against destructive degradation, by excessive elastase, of the structural integrity of
elastin-containing tissues. In the present study, we established its secretory nature
by determining the complete amino acid sequence of preproelafin through gene
cloning. For clarification of the physiological relevance of elafin as an inhibitor of
elastolytic enzymes, it is essential to determine its localization. The genomic DNA
clone isolated here and its restriction enzyme fragments will serve as useful probes
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for identifying the cells that synthesize, process, and secrete elafin. The following
interesting question also remains to be answered: Is elafin secreted as the active
form to exert its inhibitory effects directly or is it secreted as an inactive proform
and then activated extracellularly?

Elafin belongs to the new family of proteins with the characteristic "four-
disulfide core" (6). The amino acids defining this core are indicated by black boxes
in Fig. 2 including 8 Cys, 1 Pro, and 1 Asp residues. The core sequence is also
called "WAP" motif (7). The other members of the family so far known are: SPA
(13), HUSI-I (2), the ADMLX gene product (adhesion molecule-like from the X
chromosome) (14), the WDNM1 gene product, a protein associated with the loss
of metastatic potential (15), whey phosphoprotein (16), red sea turtle protease
inhibitor (17), wheat germ agglutinin (6), neurophysin (18), scorpion and snake
venom toxins (6, 19), and ragweed pollen allergen Ra5 (6).

The pro-sequence of the elafin precursor has a unique structural feature; it
contains 5 homologous repeats of a 6-amino acid unit. The amino acid sequences
of these repeats (Val-Lys-Gly-GIn-X-X) are very similar to those of the homologous
repeats found in the major clotting protein SVP-1 from guinea pig seminal vesicle
{(8). Covalent clotting of SVP-1 is catalyzed by a transglutaminase which cross-
links Lys and GIn side chains contained in the repeats. it seems, therefore,
reasonable to speculate that the elafin profragment may be cross-linked to generate
a protective meshwork at the sites of inflammation and injury where extracellular
matrices tend to be damaged. [f this is the case, the elafin precursor produces two
proteins with different but coordinated functions.
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