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ABSTRACT: A human genomic DNA library was screened by using conditions of reduced stringency with
a bovine cDNA probe coding for the kringle domains in prothrombin in order to isolate the human pro-
thrombin gene. Twelve positives were identified, three of which coded for prothrombin (Degen & Davie,
1987). Phage L5 was characterized in more detail because of its strong hybridization to the cDNA probe
and its unique restriction map compared to the gene coding for human prothrombin. The gene in L5 was
sequenced and found to code for a kringle-containing protein. A human liver cDNA library was screened
by using a genomic probe from the gene in LS. ¢cDNAs were isolated that contained sequence identical
with regions in the gene in L5. Comparison of the cDNA with the gene indicated that the gene in L5 was
composed of 18 exons separated by 17 intervening sequences and is 4690 bp in length. Exons ranged in
size from 36 to 242 bp in length while intervening sequences ranged from 77 to 697 bp in length. The putative
protein encoded by the gene in L5 contains four kringle domains followed by a serine protease-like domain.
This domain structure is identical with that found in hepatocyte growth factor (HGF), although the two
proteins are only about 50% identical. On the basis of the similarity of the protein encoded by L5 and HGF,
we propose that the putative L5 protein be tentatively called HGF-like protein until a function is identified.
The DNA sequence of the gene and cDNA and its translated amino acid sequence were compared against
GenBank and NBRF databases. Sequences homologous to DNF15S1 and DNF15S2, human DNF15S2
lung mRNA, and rat acyl-peptide hydrolase were identified in exon 17 to the 3’ end of the characterized
sequence for the gene. From our results, it is apparent that the gene coding for human HGF-like protein
is located at the DNF15S2 locus on human chromosome 3 (3p21). The gene for acyl-peptide hydrolase
is 444 bp downstream of the gene coding for HGF-like protein, but on the complementary strand. The
DNF15S2 locus has been proposed to code for one or more tumor suppressor genes since this locus is deleted
in DNA from small cell lung carcinoma, other lung cancers, renal cell carcinoma, and von Hippel-Lindau

syndrome.

']?hc amino-terminal noncatalytic region of the proteases
involved in blood coagulation and fibrinolysis contains several
types of domains that are responsible for the regulatory
function of these proteins, a feature that distinguishes them
from the digestive proteases trypsin and chymotrypsin (Davie
et al., 1986; Furie & Furie, 1988). These regulatory regions
are organized with various combinations of domains that in-
clude kringles, epidermal growth factor-like structures, finger
structures, vitamin K dependent calcium-binding regions, and
apple structures (McMullen et al., 1991). These domains
appear to be essential for the biological specificity of the
enzymatic portion of the molecule.

Kringle-containing proteins that have been identified were
until recently confined to plasma proteins that functioned in
either blood coagulation or fibrinolysis. These included factor
XII, prothrombin, tissue plasminogen activator (t-PA),! uro-
kinase (u-PA), and plasminogen with one, two, two, one, and
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$The nucleic acid sequences in this paper have been submitted to
GenBank under Accession Numbers M74178 (cDNA) and M74179
(gene).

five kringle domains, respectively. In the past several years,
apolipoprotein(a) and hepatocyte growth factor (HGF) have
also been identified to contain kringle domains. Apolipo-
protein(a) which contains up to 38 kringles is implicated to
be involved in atherosclerosis since there is a correlation with
the occurrence of this disease and increased levels of this
protein (McLean et al., 1987). HGF has four kringle domains
and is a growth factor with broad target specificity (Nakamura
et al., 1989).

Kringle domains were first identified in bovine prothrombin
as an internal duplication of a triple-disulfide-bonded structure
containing approximately 80 amino acids (Magnusson et al.,
1975). Kringle structures are thought to function autono-
mously in plasminogen and t-PA (Trexler & Patthy, 1983; van
Zonneveld et al., 1986). They also fold independently as shown
by the three-dimensional structure of the first kringle in
prothrombin that has been determined at 2.8-A resolution
(Tulinsky et al., 1988a). Functional differences between
kringles probably are related to conformational differences

! Abbreviations: bp, base pair(s); EDTA, ethylenediaminetetraacetic
acid; HGF, hepatocyte growth factor; kbp (kb in figures), kilobase
pair(s); kDa, kilodalton(s); PAP, preactivation peptide; PCR, polymerase
chain reaction; SDS, sodium dodecyl sulfate; Tris-HCI, tris(hydroxy-
methyl)aminomethane hydrochloride; t-PA, tissue plasminogen activator;
u-PA, urokinase-type plasminogen activator.
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resulting from amino acid substitutions in the variable regions
of this domain. On the basis of homology between kringles,
it has been hypothesized that ail kringles have been derived
from a single gene containing a kringle most similar to the
fourth kringle of plasminogen (Castellino & Beals, 1987).

Kringles appear to be protein-binding domains (Patthy et
al., 1984). They have been shown to be essential for the
function of prothrombin (Esmon & Jackson, 1974), plasmin-
ogen (Wiman & Wallen, 1977; Wiman et al., 1979), and t-PA
(van Zonneveld et al.,, 1986) since they regulate pro-
thrombin-thrombin conversion by binding factor Va in pro-
thrombin and they regulate plasmin-catalyzed fibrin degra-
dation by mediating binding to fibrin in plasminogen and t-PA.
The functions of all other kringles have not been identified,
but since kringle structures are over 50% identical with each
other, it is reasonable to assume that they are involved in
binding interactions with other proteins essential for their
regulation.

In this paper, we present the DNA sequence of a newly
identified human ¢cDNA and gene that were isolated on the
basis of cross-hybridization with a probe coding for the kringle
domains in bovine prothrombin. The putative protein encoded
by this cDNA resembles HGF in that it contains four kringle
domains and a serine protease-like domain but is only about
50% identical with HGF. Until the protein is isolated and a
function identified, we propose to call it HGF-like protein
solely based on similarity of domain structure. The gene is
located at the DNF15S52 locus on human chromosome 3
(3p21) that has been proposed to code for one or more tumor
suppressor genes since this locus is deleted in DNA from
several types of carcinomas.

MATERIALS AND METHODS

General cloning procedures, restriction enzyme analysis,
plasmid purification procedures, and phage DNA preparation
have been described previously (Degen et al., 1983; Degen &
Davie, 1987).

Probes. The bovine prothrombin cDNA probe was isolated
after digestion of the cDNA with Aval and BamHI
(MacGillivray & Davie, 1984). The fragment was 1200 bp
in length and coded for amino acids 109-500 of bovine pro-
thrombin which includes DNA coding for part of the first
kringle, the entire second kringle, and most of the serine
protease domain. A 1950 bp HindIII fragment was isolated
from the genomic subclone pL5Hind1.85 (nucleotides
918--2868 in Figure 2) that contains eight exons of the human
HGF-like gene coding for the amino-terminal portion of the
protein including three kringle domains. A 680 bp fragment

coding for part of the second kringle and all of the third was

also isolated from pL5Hind1.85 by digestion with BamHI and
HindIII (nucleotides 2190-2868; Figure 2). A 340 bp frag-
ment was isolated from a human cDNA coding for HGF-like
protein (46; Figure 5) after digestion with EcoRI and Ncol.
This fragment codes for part of kringles 1 and 2. A 1470 bp
fragment was isolated from a human c¢cDNA coding for
HGF-like protein (33; Figure 5) after digestion with EcoRI
and BamHI. This fragment codes for part of the second
kringle, kringles 3 and 4, and the entire serine protease-like
domain. A 400 bp fragment containing the first exon of the
gene coding for mouse HGF-like protein was isolated by di-
gestion of the genomic subclone pMGL5-12Bgl3.3 with
BamHI and EcoRI (Degen et al., 1991). This probe contains
100 bp of 5’-flanking sequence, the first exon, and 145 bp of
the first intervening sequence. All probes were labeled by
nick-translation or by the random primer labeling procedure
using [*?P]aCTP (Feinberg & Vogelstein, 1984).
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Screening of Human Genomic DNA Libraries. An
Alul/ Haelll fetal human liver genomic DNA library (kindly
provided by Dr. Tom Maniatis of Harvard University; Lawn
et al., 1978) was screened at reduced stringency using a cDNA
probe coding for bovine prothrombin (see Probes). Re-
duced-stringency conditions included hybridization overnight
at 60 °C in 2X Denhardt’s solution [0.04% poly(vinyl-
pyrrolidone), 0.04% Ficoll, and 0.04% bovine serum albumin]
containing 6X SSC (1X SSC = 150 mM NaCl and 15 mM
sodium citrate, pH 7.0), 0.5% SDS, 1 mM EDTA, and 1 X
10 cpm/mL probe followed by washing at 60 °C in 6X SSC
with 0.5% SDS. Approximately 2 X 106 phage were screened;
12 positives were identified and plaque-purified, and phage
DNA was prepared.

A second human genomic DNA library prepared from
placental DNA (Clontech) was screened for the 5’ end of the
gene coding for HGF-like protein with a mouse genomic clone
containing the first exon of the gene for HGF-like protein (see
Probes). Approximately 500000 phage were screened under
identical reduced-stringency conditions discussed above.
Thirteen positives were identified; three were plaque purified,
and phage DNA was prepared.

Screening of Human Liver cDNA Library. A Agtll cDNA
library prepared from human fetal liver mRNA (kindly pro-
vided by Dr. Vincent Kidd, University of Alabama, Bir-
mingham) was screened for the human ¢cDNA coding for
HGF-like protein by using a probe isolated from the human
gene coding for HGF-like protein (680 bp BamHI/HindIII
fragment; see Probes). Approximately 1 X 10° phage were
screened at high stringency using standard techniques (Degen
& Davie, 1987). Six positives were identified. The longest
(46) was 1.9 kbp in length (Figure 5). A 5-end fragment from
this cDNA (340 bp EcoRI/Ncol fragment; see Probes) was
used to rescreen the library to obtain clones with longer 5" ends.
Two clones were identified and characterized (33 and 19;
Figure 5).

Southern Analysis. Genomic DNA isolated from human
lymphocytes was kindly provided by Dr. Dan Wiginton. DNA
(10 ug) was digested with various restriction enzymes (New
England Biolabs or Bethesda Research Labs), fractionated on
a 0.8% agarose gel, and transferred to Genescreen-plus (Du-
Pont-NEN; Smith & Summers, 1980). The membrane was
prehybridized in 50 mM Tris-HCI (pH 7.4) containing 1.0
M NaCl and 200 ug/mL Escherichia coli tRNA at 68 °C
for 4 h. Hybridization was overnight a 68 °C in prehybri-
dization solution containing 10% dextran sulfate (Pharmacia),
1% SDS, 200 ug/mL calf thymus DNA, and 5 X 105 cpm of
a 32P-labeled fragment isolated from the gene coding for hu-
man HGF-like protein (680 bp BamHI/HindIlI fragment; see
Probes). The membrane was washed in 0.1X SSC/1% SDS
at 68 °C and exposed to X-ray film (Kodak XAR-5) with an
intensifying screen at =70 °C overnight.

Northern Analysis. Total RNA was isolated from confluent
monolayers of HepG2 cells or human liver by the method of
Glisen et al, (1974). RNA was denatured and electrophoresed
on formaldehyde-agarose gels (Ausubel et al., 1989) followed
by transfer to nitrocellulose. The filter was hybridized with
a 32P-labeled 1950 bp HindIII fragment from the gene coding
for HGF-like protein (see Probes).

DNA Sequence Analysis. DNA sequence was determined
by a combination of the chemical modification procedures of
Maxam and Gilbert (1980) and the quasi-end-labeling mod-
ification of the dideoxy chain termination method (Duncan
1985). Sequences were analyzed by using the Microgenie
DNA sequence analysis program from Beckman Instruments
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FIGURE 1: Restriction map and sequencing strategy of the gene coding for human HGF-like protein. A partial restriction map is shown above
the bar. The EcoRlI in parentheses is at the 5’ end of L5 and was from the linker added during construction of the library. Blackened parts
of the bar represent exons in the gene coding for HGF-like protein, and hatched bars represent putative exons in the acyl-peptide hydrolase
gene. Blank areas between the boxes represent intervening sequences except the area between the final black box and first hatched box which
represents 3'-flanking sequence for both genes. The site for the codon of the putative initiator methionine for the gene coding for human HGF-like
protein is indicated. The polyadenylation sites for both genes are indicated. The orientation of transcription for the gene for human HGF-like
protein is indicated by the presence of the 5’ and 3 at the ends of the bar. Transcription of the acyl-peptide hydrolase gene is in the opposite
direction (on the complementary strand). The extent of subclones obtained from L5 and L5/3 phage is indicated below the restriction map
by the open bars. Open-ended bars indicate that the fragment continues beyond the map shown. Subclones obtained from L5/3 are open-ended
at their 5’ ends; all others were obtained from L5. The sequencing strategies for both M13 (top set of arrows) and Maxam and Gilbert (bottom
set of arrows) sequencing procedures are shown by the extent of the arrows. The sequence determined on the coding strand is indicated by
arrows ending with vertical bars and that determined on the complementary strand with closed circles at the ends of the arrows. Dotted parts
of arrows represent regions not sequenced. The sequence was determined 2 times or more for 88% of the sequence, and 61% was determined
on both strands. Only one overlap was not obtained but was present in an exon where the overlap had been obtained in the cDNA. The scale

is shown in kilobase pairs.

on an IBM-AT computer (Queen & Korn, 1984).

RESULTS

Isolation of the Human L5 Gene. An Alul/Haelll fetal
human liver genomic DNA library was screened with a bovine
prothrombin cDNA probe using conditions of reduced strin-
gency in order to isolate the gene coding for human pro-
thrombin. This experiment was performed before a cDNA
coding for human prothrombin was available and before the
human prothrombin gene had been isolated (Degen et al.,
1983). Twelve positive phage were identified that hybridized
to varying degrees with the probe. Characterization by re-
striction enzyme mapping and DNA sequence analysis iden-
tified three of the positive phage as coding for the human
prothrombin gene. These have been discussed in detail pre-
viously (Degen et al., 1983; Degen & Davie, 1987).

Recombinant phage L5 was characterized in detail because
of its strong hybridization to the bovine prothrombin cDNA
probe and its unique restriction map compared to the gene
coding for human prothrombin (Degen & Davie, 1987; Figure
1). Preliminary DNA sequence analysis of LS indicated that
it did not code for the prothrombin gene but did code for at
least one kringle domain that was unique from any other
previously characterized kringle.

Organization of the Gene Coding for HGF-like Protein.
The L5 phage contained almost the entire gene coding for
HGF-like protein, but did not contain the first exon (the 5’
end of the characterized part of L5 starts at nucleotide 501
in Figure 2) since 36 bp of cDNA sequence could not be found
in the sequence upstream from the second exon (see Isolation
of the cDNA for Human HGF-like Protein). Since the first
exon had already been identified in the gene for the mouse
homologue to the gene in L5 (Degen et al., 1991), a probe

containing this exon was used to screen another human ge-
nomic DNA library (see Materials and Methods). Thirteen
positive phage were identified; three were characterized and
found to overlap with each other and phage L5. Fragments
from phage L5/3 were subcloned, and the DNA sequence was
obtained for the region that hybridized with the exon 1 probe.
This sequence overlapped with the 5’-most sequence deter-
mined from phage L5 and contained an exon homologous to
the first exon in the mouse gene. From the codon for the
initiator methionine to the 3’ end of exon 1 in both the human
and mouse genes, the sequences are 79% identical.

The entire sequence of the gene present in phage L5 and
L5/3 is shown in Figure 2. The gene is 4690 bp in length
(from the codon for the putative initiator methionine to the
polyadenylation site) and contains 18 exons interrupted by 17
intervening sequences. The exons range in size from 36 to 242
bp in length while the intervening sequences range in size from
77 to 697 bp in length [see Table I in Degen et al. (1991)].
Excluding the first intervening sequence, the remaining 16
intervening sequences range from 77 to 202 bp in length. In
addition to the sequence of the gene, 273 and 1137 bp of
sequence were determined upstream of the initiator methionine
codon and downstream of the polyadenylation site, respectively.
All splice junctions of intervening sequences agree with the
YGT-AG? rule of Breathnach et al. (1978) and the consensus
sequence of Mount (1982) except for the presence of a GC
at the 5’ end of intervening sequence C (nucleotides 1364-
1365; Figure 2) and an AAG at the 3’ end of intervening
sequences G and O (nucleotides 2432-2434 and 42584260,
respectively; Figure 2).

The sequence surrounding the proposed codon for the ini-
tiator methionine is “GAAGGATGG? at positions 269-277
in Figure 2. Five of the eight bases agree with the consensus
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sequence compiled by Kozak (1986) of “CCACCATGG?.
According to Kozak (1986), positions —3 and +4 (with the A
of ATG being +1) have been found to be critical for the use
of this ATG as the initiator methionine. These two bases in
the gene agree with the consensus. There is another ATG
codon upstream in the same reading frame as the proposed
initiator codon (nucleotides 232-234; Figure 2). The sequence
surrounding this ATG (Y*CCCGGATGG?) is also identical
in five of the eight bases of the consensus, but only one of the
critical bases (at +4) is present. On the basis of the sequence
of the mouse gene where this upstream ATG is not in the same
reading frame as the coding sequence, we infer that the
downstream ATG is the initiator methionine codon [see Degen
et al., (1991)].

Primer extension experiments have been performed several
times in order to determine the site of initiation of tran-
scription. No conclusive results have been obtained at the
present time, so we cannot rule out the presence of an upstream
exon containing 5’-noncoding sequence. We have chosen to
number the sequence determined for the gene starting with
+1 as the first base in Figure 2 since negatively numbered
sequences typically are part of upstream 5’-flanking regions
that we have not definitively located.

Comparison of the sequence of the bovine prothrombin
¢DNA probe that hybridized with the HGF-like gene indicates
several regions of homology. Nucleotides 1650-1734,
1657-1768, 2725-2783, 2727-2779, 3201-3271, and
3213-3324 in the HGF-like gene (Figure 2) are 69, 69, 77,
77, 72, and 67% identical with nucleotides 454-538, 776-887,
459-520, 776-831, 450-520, and 777-888 in the bovine
prothrombin cDNA, respectively (MacGillivray & Davie,
1984). This high degree of homology agrees with the strong
hybridization signal observed with L5 phage DNA.

Southern Analysis of Human Genomic DNA. Southern
hybridization analysis of human genomic DNA digested with
several restriction enzymes was performed to determine the
approximate copy number of the gene and whether all frag-
ments could be accounted for on the basis of sites deduced from
the gene sequence (Figure 3). There were many more bands
than expected for each enzyme digest, and therefore homol-
ogous sequences appear to be present in the genome. Although
the intervening sequences in the gene do not appear to contain
repetitive sequences (see Search of the DNA and Protein
Database), we cannot rule out the possibility that low-copy
repetitive sequences are present (see Discussion).

Northern Analysis of RNA Isolated from Human Liver and
HepG2 Cells. In order to determine where mRNA coding for
HGF-like protein might be expressed so that the appropriate
c¢DNA library could be screened, Northern analysis was
performed with total RNA isolated from human liver, HepG2
cells, and human placenta using a probe isolated from the
human gene (1950 bp HindIII fragment from pL5Hind1.85;
Materials and Methods). Messenger RNA for HGF-like
protein was detected in human liver and to a much less extent
in HepG2 RNA (Figure 4) but was undetectable in human
placenta (data not shown). In human liver, mRNA species
between 2.4 and 3.0 kbp were identified.

Isolation of the cDNA for Human HGF-like Protein. A
Agtll human liver cDNA library was screened for cDNAs
coding for HGF-like protein, and several cDNAs were isolated
and characterized. A partial restriction map for these cDNAs
is shown in Figure 5. The longest cDNA (33) is 2200 bp in
length excluding the poly(A) tail and is not full-length since
its 5’ end starts 16 bp downstream from the putative initiator
methionine codon in the first exon of the gene (starting at
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nucleotide 290 in Figure 2). The sequence of this cDNA is
shown in Figure 6 (combined with the 16 additional upstream
nucleotides from the gene). The cDNA has an open reading
frame of 2118 bp followed by a stop codon and a 3’-noncoding
region of 80 bp. The sequence “CATAAAY is 30 bp upstream
from the poly(A) tail (nucleotides 2187-2192; Figure 6); this
resembles the typical "AATAAA? polyadenylation sequence
found in the majority of mRNAs. The "CATAAAY sequence
has approximately 20% of the polyadenylation activity [in-
cluding cleavage and poly(A) addition] compared to the more
common YAATAAAY polyadenylation signal as determined
by in vitro experiments (Wickens, 1990).

One cDNA (46) contained intervening sequences H and 1
(indicated in Figure 5; nucleotides 2604-2723 and 2855-2951,
respectively, in Figure 2) and thus was partially spliced.
Another cDNA (19) had two parts of the coding region deleted
(regions A and B in Figure 5). Deleted region A was a com-
plete exon (exon 13; nucleotides 3532-3652 in Figure 2) which
could be spliced out of the RNA transcript if the 3’ end of the
intervening sequence 5’ to exon 13 was not recognized as a
splice junction. Deleted region B was from the 5’ end of exon
15 (nucleotides 4033-4081; Figure 2). The sequence at the
3’ end of this deleted region is similar to the consensus sequence
for the 3’ end of intervening sequences (Mount, 1982).
Therefore, it is possible that this was recognized as a splice
site during RNA processing rather than the upstream site
following nucleotide 4032 (Figure 2). If this cDNA represents
a translated mRNA, it would code for the 4 kringle domains
followed by only 22 amino acids since there are 2 in-frame
stop codons at that point.

The polymerase chain reaction (PCR) was used to deter-
mine whether deleted regions A and B identified in only one
cDNA (19) reflected a population of alternatively spliced
mRNAs. Oligonucleotides spanning the combined regions (the
5’ primer was identical with nucleotides 1350~1379 while the
3’ primer was complementary to 1695-1724 in Figure 6) were
used as primers while the template was single-stranded cDNA
synthesized from total RNA isolated from human liver. The
primary bands present on the sequencing gel used to separate
the PCR reaction products were a very large band and another
of 378 bp in length (data not shown). The larger fragment
probably represents amplified product from contaminating
genomic DNA which would include three intervening se-
quences (L, M, and N) as well as part of exons 12 and 15 and
all of exons 13 and 14 (predicted size is 768 bp). The other
fragment of 378 bp is equivalent in size to that predicted from
all cDNAs except cDNA 19 with intact regions A and B, A
faint fragment of 208 bp was detectable by this procedure that
would represent a mRNA species with both A and B deleted.
Comparison of the intensities of the bands indicates that the
378 bp fragment is at least 10 times more intense than the 208
bp fragment (data not shown).

When sequences from the characterized regions of the
cDNAs shown in Figure 6 are compared, there are five sites
where polymorphisms occur; only one results in an amino acid
substitution. At nucleotide 635, a G is present in three of the
¢DNAs while a T is present in one. This results in an amino
acid substitution of Cys to Phe at residue 212. This Cys is
most probably involved in a disulfide bond with the Cys at
position 251 since it would comprise one of the three disulfide
bonds present in the second kringle. At position 1227, two
c¢DNAs have A while one cDNA has a G. Nucleotide 1749
is a C in one cDNA and a T in two others. At 1905,a G is
present in one cDNA while an A is present in another cDNA.
Finally, at 1923 a T is present in one cDNA while a G is
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CTGCAGAGGG
CTATGGGACC

GTTTCACCCC
CTGAGGCCTG

AATCCCGTAG ACAGGTTTCA
LeuThrGlnC
CTGACTCAAT
ARAAGTCGGG
CCTCTATTAG
CTAACCTAGC
GCATTCTCAT
GAGGCACCGG
ACAGGGTCCA

ysLeuGlyVa
GCTTAGGGGT
AGCAGAGGCT
CACGTCTGCT
ATATGCCTTT
TTGAGAGATG
TGATAACTAC
TCCCAGAAGC

CCCACTCATG CCTACTCTGC

nGluAspVal
GGAGGATGTG

lyProTrpGl
GGCCTTGGCA

GGGCAGGGAA GCCTGGGCTG

hrGlnHisSe
CTCAACACTC

rProHisThr
GCCCCACACG

GGACCTCAGC CCAAGTTGAT

hrvalGlyGl
CCGTGGGTGG

yLeuProCya
CCTGCCCTGC

GCACACACTA TAGTGATGCT

sTyrThrThr
CTACACAACA

1lyProTrpCy
GTCCTTGGTG

GAGACAAGCC CACGTCCATC
rGluSerGly
GGAGTCAGGG
CCGGGCTAGG

ArgGluCysG
CGCGAGTGCC
GAAGGTCCAG

sPheLeu
TTACCGCCCC CAGGTTCCTC
eGluArgGlu
CGAGCGAGAG
AGGTAAGAGG

PheCysAspL
TTCTGTGACC
GGCTGGGCGT

CGCTCGGGGC CCGACCTATC

rAlaAsnThr
AGCCAATACC

yrArgGlyTh
ACCGGGGCAC

sLy

CAAGTGAGGT GGGGGGGGGG

GGCTGAGTGG AGCGCCTGCT

rgAlaAlaPh
GCGCGGCCTT

eCysTyrGln
TTGCTACCAG

CCGGAGGCCG GGGCGAGGTC

ValGlnCysG
GTCCAGTGCC

rArgLysGly
CCGCAAGGGT

CGGCATGCTT TGGTGTCTGG

ProHisAlaG
CCGCATGCAC

1nLeuGluGl
AACTGGAGGA

ysAlaleuAr
GTGCCCTGCG

gArgCysA .
ACGCTGCGGT

lan
CTTTCAGCTG

SpAspGlnPr
ATGACCAGCC

TGGGTTTCAT CCAGCCCACC

alvalGlyGl yHisProGly
TGGTTGGGGG CCATCCGGGC
CTCTGTGGTT ATCCACTGGG

ACCTGTCCTA ATTCCCCACT

AACCCCAGGG
GCCCCTCATG

CAACTTCCCG
1ProG

CCCTGGTAAG
CAGTGGGCAT
CTAGCACTGA
GTGCAGGTGA
AGGTGGGGCA
CAAGTCTGGE
TTGTAGCTTT

lyGlnArg
AGGGCAGCGC

AlaAspAlaG
GCAGATGCTG
TGGCGTTACC
ArgLeuArgA
AGGCTGCGGC
CTTCTGTCTC
GlnAlaTrps
CAGGCTTGGA
CTGGGCCCTC
AspProAlaVvV
GACCCTGCTG
CACGAACCCA
InArgTrpAs
AGCGCTGGGA
GACTCCAGGG

AspGlnGlyL
GACCAAGGTC

euPraArgCy
TCCCCCGCTG
GACCTGAGAG
TCGGTCCATC
ThrThrAlaG
ACCACTGCGG
GGCGGGCGTT

sAspLeu
TAGAGACCTT

IleArgArgC
ATCCGGCGTT
TCGGCCTGAT
lnArgTrpSe
AGCGCTGGTC
GACCAGAGCC
uAsnPheCys
GAACTTCTGC
GAGCACTAGT
oProSerlle

GCCATCAATC

CCATCCTACA

AsnSerProT
AACTCACCCT
GCTGGGAATC

gGl
CCTCTAGGCA

CACCTCAAGT
GCTCCTGTCA

GATGGGGCTG

TGCCCCCARS
GGGGCAGTGA
AGCAGTGTCA
GAGCCCAGAT
AGCTTCATCA
CCTGCTTCEC
GATCCCETGA

SerProLepA
TCGCCATTGA

luGluCysAl
AAGAGTGTGC
CTGTGCCTTC
rgSerGlyAr
GTTCTGGGCG
TTGCTCCCAG

erHisLysPh
GCCACAAGTT

sTyrThrP
AGGTACACGC

alArgPheGl
TGCGCTTCCA
CTGGCTCTTT
pleuGlnHis

TCTTCAGCAC
GCAGGGCTCC

euAspAspAs
TGGACGACAA

3G
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PheCysGlyG
TTCTGCGGGG

AACCTTCCTA ACACCTGTCC
GGTCAGGGTC CAGCAGGGCC

CAGTGCAGCC TCCAGCCAGA

ATCTGCCTTC AGGAGGGGGT
TTGAGCACAG CTGGGAAGCC
GATGCACGCA CACAGCAGGC
AATGCCTAGC CAGGGCCCTT
TCACAGAGCG TATGTGTTAG
TTTTTCACAA GTATCTGTGC
TGTGGACATG CCAATACACA
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ACCCCTTCGA GCCGGGCAAG
ATTGGGCGGG GCCAGATAAG
AsnProAspG lySerGluAr
AATCCTGACG GCTCCGAGCG
GCCTGGGAGG GTACCTGGGA
ACACCTGGGA AAGGCGGGTT

©oArgGlnGlu AlaThrThrV
CCGCCAAGAG GCCACAACTG

AspAlaGlnl leProHisGl
GACGCGCAAA TCCCTCATCA
AGACGGGAGG AAGGTAGTCA

nProAspGly SerGluAlaP
CCCCGACGGC TCAGAGGCGC

GlnA
CAGGGTGAGG CCCAAGCTTG

spCysTyrH 1sGlyAlaGl
GACTGCTACC ACGGCGCAGG

roGl

CGCAGTGAGT CCCTGGTGCT
CTGCCACGAT TTTGCTCCCG
rHisGlyPro TrpCysTyrT
CCATGGGCCC TGGTGCTACA

GCCTCAGCCC CCACCCAAAG

GTTGGGCCAG TTATGGGTCA

sCysGlyLys ArgValAspA
GTGTGGCAAG AGGGTGGATC
Ar

CGGTGAGGCA CAACTGCCTG
TCCTAGCCAA GAAGATGGCA
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GGTCTCTAGT GAAGGAGCAG

ACTAAGCTGT ACTAGGCCCT
CTGAGCTGAC GTGTGGAGCC

MetGlyT rpLeuProlLe
AGGATGGGGT GGCTCCCACT

TGGCCCCATT CTCCTATICT
CTAGGAACAC ATAGACATTG
AGTGACCCCT CCTGAGCCTG
GGCTGGGTAA TGTGATGGCT
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TTACTGACAT GTATGCCCAC
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GTGAGTGGCC ACTGGGCTAG
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GCAGCCATGG TTGCCAACTG
GGGGTGGAGA GGGGCAGGGT
lyValGlyTy rArgGlyThr
GGGTTGGGTA CCGGGGCACC
TCCCTCCGTC CCGGCCTGGG
heCysArgAs nProAspGly
TCTGCCGTAA CCCTGATGGC
TAAGCGGCGC CGGGTCAAGC
yGluGluTyr ArgGlyAlay
CGAGGAATAC CGCGGCGCGG
TACGCGTAGG CGGTATCGGC
CCAGAGTCCC AGGGTCTTGT
gProTrpCys TyrThrThrA
GCCATGGTGC TACACTACGG
ACCTTGGGGA GGGGCGTGGC
TGGTCCCAGC CCGAGAGGGA

alSerCysPh eArgGlyLys
TCAGCTGCTT CCGCGGGAAG

nHisArgPhe ThrProGluL
GCACCGATTT ACGCCAGAAA
CGGGCTCAAG GCTGGAGGCT
roTrpCysPh eThrlLeuArg
CCTGGTGCTT CACACTGCGG
GGGGCTACAG AGCCGGGCTG
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GGAGCAGTAC CGCGGCACGG
CCCGGCCCCG CCAGGGCCCT
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CTTCCGCCTA GGTTCACGTT
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TGGATACTGA CTGCCCGGCA

TGCAACTGAC
AGAGCCACCC

uLeuleuleu
CCTGCTGCTT

AGGATGAGAA
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ATGTACCCCT

CTGAGCCTTA
CCACTARACA
GAAAGTGCAT
CTGACCTGCA
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GTGGTGCCCG
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LeuProTrpT
CTGCCATGGA
GGGAGACAGG
MetAlaThrT
ATGGCCACGA
GCTTCCCCCA
AspProGlyG
GACCCCGGAG

TGGGAGAGTG

aJAspArgTh
TAGACCGCAC

GTCCTGGGGE
TCACGCCCCA
spProGlnlIl
ATCCGCAGAT
TTGGCCGGGG

TCTCAGCTCT

GlyGluGlyT
GGTGAGGGET

ysTyrAlaCy
AATACGCGTG
GGCGGGCTAG
ProGlyMeta
CCCGGCATGC
GAAGCTGGAA
alSerLysTh
TCAGCAAGAC
AACCCTGGGG

eThrserGlu
TACCTCCGAA

PheAspTyrC
TTCGACTACT

TGAACTTTGT

CCACACAGTC

LysLeuArgv
AAGCTGCGCG

AGGTTGTGTC
GGAGTCTGTT

nCysPheSer
GTGCTTCTCC
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FIGURE 2: Sequence of the gene coding for human HGF-like protein. The DNA sequence of the géhe coding for human HGF-like protein
is shown along with its 3-flanking sequence. Since the site of initiation of transcription has not been determined, the first nucleotide is +1.
The numbers in the riglit margin correspond to the last nucleotide on each line. The amino acid sequences of the exons are indicated above
the DNA sequence; splice junctions occur immediately 5’ and 3 to these sequences. The stop codon is indicated by three asterisks. The 3’-noncoding
region is underlined. Intervening sequences that interrupt a codon are shown by the presence of a partial amino acid triplet. Sequences in
the database found to be homologous to regions in this gene or 3’-flanking region are shown below the sequence of the gene. Identical nucleotides
are indicated by a vertical line. Deletions are indicated by an x. The sequence from nucleotides 4457-4924 is similar to DNF15S1 (Welch
et al., 1989), nucleotides 4849-5031 are similar to DNF15S2 (Welch et al., 1989), and nucleotides 5408—5673, 5764—5870, and 5965-6067
are similar to the complementary strand of DNF15S2 lung mRNA (nucleotides 1565-2014; Naylor et al., 1989). Additional nucleotides present
in these homologous sequences are not indicated. There were five additional bases in DNF15S1, three in DNF15S2, and two in DNF15S2

lung mRNA.
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FIGURE 3: Southern analysis of genomic DNA isolated from human
lymphocytes. Human lymphocyte genomic DNA (10 ug) was digested
with the indicated restriction enzymes, electrophoresed, transferred
to a Genescreen-plus membrane, and hybridized with a 3?P-labeled
human genomic probe from the gene coding for HGF-like protein
(680 bp BamHI/HindII1 probe; Materials and Methods). The
migration of size markers is indicated.
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FIGURE 4: Northern analysis of total RNA isolated from human liver
and HepG?2 cells. Total RNA (20 ug) isolated from HepG2 cells
(HepG2) and human liver (Human) was subjected to electrophoresis,
transferred to a Biotrans membrane, and hybridized with 32P-labeled
1950 bp HindIII fragment from the gene coding for human HGF-like
protein (Materials and Methods). The migration of 28S and 18S
ribosomal RNA is indicated.

present in another. When the sequences of the exons in the
gene are compared to the cDNA sequences, the following
nucleotides are present at the polymorphic sites found in the
cDNAs: at 635, G; 1227, A; 1749, T; 1905, G; 1923, G (using
the cDNA numbering scheme in Figure 6; nucleotides 1918,
3200, 4282, 4533, and 4551, respectively, in Figure 2). There
was one additional difference between the cDNA and the gene
where an A is present at nucleotide 38 in the cDNA (Figure
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FIGURE 5: Restriction map and sequencing strategy of the cDNA
coding for human HGF-like protein. A partial restriction map is
indicated above the bar. The coding sequence is indicated by the
blackened bar while the 3’-noncoding region is represented by the open
bar. The orientation of transcription is indicated by the placement
of 5 and 3’ at the ends of the bar. Regions coding for kringle domains
are schematically represented by the bars labeled K1, K2, K3, and
K4. The arrow following these domains represents the putative
activation site. The sequencing strategy for five cDNAs (33, 19, 46,
92, and 7) is shown by the extent of each arrow. The sequence
determined on the coding strand is represented by arrows with vertical
lines, and those determined on the complementary strand have closed
circles at the end of arrows. Dotted parts of arrows represent regions
not sequenced. A and B indicate two regions missing in cDNA 19
(see Results). 1VS represents placement of intervening sequences in
cDNA 46 (see Results). All overlaps were obtained. One hundred
percent of the sequence was determined 2 times or more, and 98%
of the sequence was determined on both strands. The scale is shown
in kilobase pairs.

6; nucleotide 311 in the gene, Figure 2) and a G is present
in the gene. This results in an amino acid substitution at
residue 13 in the signal sequence of a Tyr in the cDNA to a
Cys in the gene.

The translated amino acid sequences of the gene and cDNA
predict a protein of 80325 molecular weight containing 711
amino acids. The amino acid composition is Ala-35, Arg-60,
Asn-27, Asp-37, Cys-44, GIn-41, Glu-40, Gly-64, His-24,
Ile-15, Leu-53, Lys-22, Met-10, Phe-25, Pro-56, Ser-32,
Thr-43, Trp-20, Tyr-19, and Val-44. There are three potential
N-linked carbohydrate addition sites at asparagines in the
sequence Asn-X-Thr/Ser at positions 72, 296, and 615 (Figure
6). The sequence at the amino-terminal end of the putative
protein is hydrophobic and therefore may be part of a signal
sequence required for secretion of the protein from the cell.
There is a stretch of five leucines that is a typical hydrophobic
stretch found in signal sequences which are responsible for
spanning the membrane during secretion. Comparison of the
amino-terminal sequence to a consensus sequence compiled
for known signal peptidase cleavage sites (von Heijne, 1983;
Watson, 1984) predicts that the cleavage site could be between
residues Gly-31 and Thr-32 (Figure 6). Amino acids with
small uncharged side chains are typically found at the cleavage
site while hydrophobic or small neutral residues are found at
positions =3 and —4 (cleavage sites are between —1 and +1).
If the cleavage site is after Gly-31, then Val and Leu are at
positions —4 and -3, respectively. There is no apparent pro-
peptide following the signal sequence like that found in vitamin
K dependent proteins since there are no Arg-X-Arg/Lys-Arg
sequences near the amino-terminal end of the putative protein.

On Northern analysis of the human liver RNA, there are
two predominate mRNA species of 2.4 and 3.0 kilobases for
human HGF-like protein (Figure 4). All cDNAs were 2.2 kbp
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10
Met Gly Trp Leu Pro Leu Leu Leu Leu Leu Thr Gln Tyr Leu Gly val Pro Gly Gln
ATG GGG TGG CTC CCA CTC CTG CIG CTT CTG ACT CAA TAC TTA GGG GTC CCT GGG CAG

50
Val Val Pro Gly Pro Trp Gln Glu Asp Val Ala Asp Ala Glu Glu Cys Ala Gly Arg
GTG GTG CCC GGG CCT TGG CAG GAG GAT GTG GCA GAT GCT GAA GAG TGT GCT GGT CGC

90
Leu Pro Trp Thr Gln His Ser Pro His Thr Arg Leu Arg Arg Ser Gly Arg Cys Asp
CTG CCA TGG ACT CAR CAC TCG CCC CAC ACG AGG CTG CGG CGT TCT GGG CGC TGT GAC

130
Thr Met Ala Thr Thr Val Gly Gly Leu Pro Cys Gln Ala Trp Ser Hls Lys Phe Pro
ACC ATG GCC ACG ACC GTG GGT GGC CTG CCC TGC CAG GCT TGG AGC CAC ARG TTC CCG

170
Asp Gly Asp Pro Gly Gly Pro Trp Cys Tyr Thr Thr Asp Pro Als Val Arg Phe Gln
GAT GGC GRC CCC GGA GGT CCT TGG TGC TAC ACA ACA GAC CCT GCT GIG CGC TTC CAG

210
Gly Ala Val Asp Arg Thr Glu Ser Gly Arg Glu Cys Gln Arg Trp Asp Leu Gln His
GGC GCG GTA GAC CGC ACG GAG TCA GGG CGC GAG TGC CAG CGC TGG GAT CTT CAG CAC

250
Arg Asn Pro Asp Gly Ser Glu Arg Pro Trp Cys Tyr Thr Thr Asp Pro Gln Ile Glu
CGG AAT CCT GAC GGC TCC GAG CGG CCA TGG TGC TAC ACT ACG GAT CCG CAG ATC GAG

290 *
Val Ser Cys Phe Arg Gly Lys Gly Glu Gly Tyr Arg Gly Thr Ala Asn Thr Thr Thr
GI’CAG:T(;:a‘I'I‘CCGCG:GMGGGI‘GAG(I‘-CTACCEIGGCACAGCCAATACCACCACI‘

330
Lys Tyr Ala Cys Lys Asp Leu Arg Glu Asn Phe Cys Arg Asn Pro Asp Gly Ser Glu
AAA TAC GCG TGC AAA GAC CTT CGG GAG AAC TTC TGC CGG AAC CCC GAC GGC TCA GAG

370
Cya Thr Asp Asp Val Arq Pro Gln Asp Cys Tyr His Gly Ala Gly Glu Gln Tyr Arg
'L;-'-I“ACA GAC GAC GTG CGG CCC CAG GACﬁtiﬁ‘TAC CAC GGC GCA GGG GAG CAG TAC CGC

410
Lys Pro Gln Phe Thr Phe Thr Ser Glu Pro Hls Ale Gln Leu Glu Glu Asn Phe Cys
ARG CCG CAG TTC ACG TTT ACC TCC GRA CCG CAT GCA CAA CTG GAG GAG AAC TTC TGC

450
Asp Tyr Cys Ala Leu Arg Arg Cys Ala Asp Asp Gln Pro Pro Ser Ile Leu Asp Pro
GAC TAC TGT GCC CTG CGA CGCK‘IEK:-‘G:T GAT GAC CAG CCG CCA TCA ATC CTG GAC CCC

490
Lys Leu Arg Val Val Gly Gly His Pro Gly Asn Ser Pro Trp Thr Val Ser Leu Arg
AAG CTG CGC GTG GTT GGG GGC CAT CCG GGC AAC TCA CCC TGG ACA GTC AGC TTG CGG

530
Arg Cys Phe Ser Ser Cys His Met Pro Leu Thr Gly Tyr Glu Val Trp Leu Gly

570
Val Cys Gly Pro Ser Gly Ser|GlnjLeu Val Leu Leu Lys Leu Glu Arg Ser Val Thr
GTG TGT GGG CCC TCA GGC TCC|CAG|CTT GTC CTG CTC AAG CIG GAG AGA TCT GTG ACC

610 *
Lys Cys Glu Ile Ala Gly Trp Gly Glu Thr Lys Gly Thr Gly Asn Rsp Thr Val Leu

ARG TGT GAG ATT GCA GGC TGG GGT GAG ACC AAA GGT ACG GGT AAT GAC ACA GTC CTA AAT GTG GCC TTG CTG AAT GTC ATC TCC AAC CAG GAG TGT AAC ATC AAG CAC CGA GGA CGT GTG

650
Arg Glu Ser Glu Met Cys Thr Glu Gly Leu Leu Ala Pro Val Gly Ala Cys Glu Gly
CGT GAG AGT GAG ATG TGC ACT GAG GGA CTG TTG GCC CCT GTG GGG GCC TGT GAG GGT

€90
Pro Asn Arg Val Cys Ala Arg Ser Arg Trp Pro Ala Val Phe Thr Arg Val

GACAAAACTTCTTGTCAGACATAAAGCCATGTTTCCTCT TTATGCCTGTAAAAARAAARAAARAAAARR

20
Arg
[ece]

60
Cys
TGT

100
Leu
CTC

140
Asn
AAT

180
Ser
AGC

220
Pro
[}

260
Arg
CGA

300
Ala
GCG

340
Ala
GCG

380
Gly
GGC

420
Arg
CGG

460
Pro
CCA

500
Asn
AAT
540
Thr

580

Cys Gly Ile Lys Ser Cys Arg Glu Ala Ala Cys Val
‘!’GC@CATCAMTCCTGS]NGMG@GCG‘_TGE{I‘CmGTG?MTGG:ﬂGNTACCGC
X

Gly Val Pro Cys Gln Arg Trp Asp Ala
GGC GTA CCT TGC CAG CGT TGG GAC GCG CAR ATC CCT CAT CAG CAC CGR TTT ACG CCA GAA

Asp Gln Val Gln Phe Glu Lys Cys Gly Lys Arg Val Asp Arg Leu
GAC CAG GTG CAG TTT GAG AAG TGT GGC AAG AGG GTG GAT CGG CTG GAT
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30 40

Ser Pro Leu Asn Asp Phe Gln Val Leu Arg Gly Thr Glu Leu Gln His Leu Leu His Ala
TCG CCA TTG AAT GAC TTC CAA GTG CTC CGG GGC ACA GAG CTA CAG CAC CTG CTA CAT GCG

120

70 * 80

Gly Pro Leu Met Asp Cys Arg Ala Phe His Tyr Asn Val Ser Ser His Gly Cys Gln Leu
GGG OCC TTA ATG GAC TGC GG GCC TTC CAC TAC AAC GTG AGC AGC CAT GGT TGC CAA CTG

240

110 120

Phe Gln Lys Lys Asp Tyr Val Arg Thr Cys Ile Met Asn Asn Gly Val Gly Tyr Arg Gly
‘I'I‘CCAGAAGAMGACTACC-TAGSACCT%:1ATCATGMCAATGG;GTI‘GGGTACCGGGGC

360

150 160

Asp His Lys Tyr Thr Pro Thr Leu Arg Asn Gly Leu Glu Glu Asn Phe Cys Arg Asn Pro
GAT CAC AAG TAC ACG CCC ACT CTC CGG AAT GGC CTG GAA GRG AAC TTC TGC CGT AAC CCT

480
190 200
Trp Cys Asn Gly Glu Glu Tyr Arg
600

230 240

His Gln His Pro Phe Glu Pro Gly Lys Phe Leu Asp Gln Gly Leu Asp Asp Asn Tyr Cys
CAC CAG CAC CCC TTC GAG CCG GGC AAG TTC CTC GAC CAA GGT CTG GAC GAC AAC TAT TGC

720

270 280

Glu Phe Cys Asp Leu Pro Arg Cys Gly Ser Glu Ala Gln Pro Arg Gln Glu Ala Thr Thr
GAGTFCTGFGACCICCCCCGCKIECJG@TQGAGG:AQGCCCCG:CAAGAGG:CMJACE

840

310
Gln Ile Pro His Gln His Arg Phe Thr Pro Glu

320

960

350 360

Pro Trp Cys Phe Thr Leu Arqg Pro Gly Met Arg Ala Ala Phe Cys Tyr Gln Ile Arg Arg
CCC TGG TGC TTC ACA CTG OGG CCC GGC ATG CGC GCG GCC TTT TGC TAC CAG ATC CGG CGT

1080

390 400

Thr Val Ser Lys Thr Arg Lys Gly Val Gln Cys Gln Arg Trp Ser Ala Glu Thr Pro His
ACG GTC AGC AAG ACC CGC AAG GGT GTC CAG TGC CAG CGC TGG TCC GCT GAG ACG CCG CAC

1200

430 440

Asn Pro Asp Gly Asp Ser His Gly Pro Trp Cys Tyr Thr Met Asp Pro Arg Thr Pro Phe
AAC CCA GAT GGG GAT AGC CAT GGG CCC TGG TGC TAC ACG ATG GAC CCA AGG ACC CCA TTC

1320
470 480
Arqg Arg Ser

Asp Gln
CAG CGG CGT TCC

1440

510 520

Arg Gln Gly Gln His Phe Cys Gly Gly Ser Leu Val Lys Glu Gln Trp Ile Leu Thr Ala
OGG CAG GGC CAG CAT TTC TGC GGG GGG TCT CTA GTG AAG GAG CAG TGG ATA CTG ACT GCC

1560

550 560

Leu Phe Gln Asn Pro Gln His Gly Glu Pro Ser Leu Gln Arg Val Pro Val Ala Lys Met
CGG{CAG}TGC TTC TCC TCC TGC CAT ATG CCT CTC ACG GGC TAT GAG GTA TGG TTG GGC ACC CTG TTC CAG AAC CCA CAG CAT GGA GAG CCA AGC CTA CAG CGG GTC CCA GTA GCC AAG ATG

1680

590 €00

Leu Asn Gln Arg Val Ala Leu Ile Cys Leu Pro Pro Glu Trp Tyr Val Val Pro Pro Gly Thr

CTG AAC CAG CGC GTG GCC CTG ATC TGC CTG CCC CCT GAA TGG TAT GTG GTG CCT CCA GGG ACC

620

1800

€30 640

Asn Val Ala Leu Leu Asn Val Ile Ser Asn Gln Glu Cys Asn Ile Lys His Arg Gly Arg Val

660
Asp

700

Ser Val Phe Val Asp Trp lle His Lys Val Met
COC AAC CGA GTA TGC GCA AGG TCC OGC TGG CCA GCT GTC TTC ACG CGT GTC TCT GTG TTT GTG GAC TGG ATT CAC AAG GTC ATG

Tyr|Gly Gly Pro Leu Ala Cys Phe Thr His Aan Cys Trp Vel Leu
GAC{TAC

1920
€70 680
Glu Gly Ile Ile Ile

GGG GGC CCA CTT GCC TGC TTT ACC CAC AAC TGC TGG GTC CIG GAA GGA ATT ATA ATC 2040

~

10
Arg Leu Gly **+*
AGA CTG GGT TAG GCCCAGCCTTGATGCCATATGCCTTGGGGAG 2167

2236

FIGURE 6: DNA sequence and translated amino acid sequence of the cDNA coding for human HGF-like protein. The nucleotide sequence
is shown below the translated amino acid sequence. The first 16 bp of sequence were determined in the first exon of the gene coding for human
HGF-like protein. The longest cDNA (33) starts at nucleotide 17. Amino acids are numbered every 10 residues starting with the putative
initiator methionine as 1. The last nucleotide of each line is numbered. The three potential N-linked glycosylation sites are indicated by an
asterisk. Each kringle domain is marked, and the putative activation site is indicated by an arrow. Amino acids (in boxes) at 522, 568, and
661 correspond to the active-site amino acids that have been changed from His to Gln, from Asp to Gln, and from Ser to Tyr, respectively,
in the active site of serine proteases. Polymorphic sites are at nucleotide positions 38, 635, 1227, 1749, 1905, and 1923 where nucleotides G,
T, G, T, A, and G are present in other cDNAs or the gene at these sites, respectively.

or smaller. The 3’-noncoding regions of all cDNAs were the
same length, so it appears unlikely that the size difference is
due to differential use of polyadenylation sites. In mouse liver,
only one transcript size of 2.4 kilobases is identified using
human or mouse cDNA probes for HGF-like protein (Degen
et al., 1991). A likely explanation is that both mRNA species
are transcribed from the same gene using different promoters
but alternative splicing of exons occurs. The larger transcript
may contain additional 5’-noncoding sequence in an as yet
unidentified exon(s) or may contain additional coding se-
quence. Isolation of longer length cDNAs will help address
this question. It is also possible that the larger mRNA species
represents an mRNA transcribed from a closely related gene.
Our inability to accurately determine a transcription start site
for this gene may be due to the variable size of the mRNA.

Search of the DNA and Protein Database. The DNA
sequence of the gene and cDNA and its translated amino acid

sequence were compared against the GenBank (release 64)
and NBRF databases (release 25) to search for sequences in
common with other genes and proteins and to locate repetitive
sequences. Homology was found with kringles in all krin-
gle-containing proteins (33-66% identical) and numerous
serine proteases (30—-45% identical). From this analysis, we
determined that the gene in phage LS and L5/3 codes for a
putative protein with four kringle domains followed by a serine
protease-like domain. This domain structure is identical with
that found in HGF (Nakamura et al., 1989). The kringles
are between 37 and 66% identical with the kringles in HGF
while the serine protease domain is 45% identical. Therefore,
L5 protein is a HGF-like protein. Comparison of the four
kringle domains in HGF-like protein to other human kringles
is shown in Table I. The amino acids found in the active site
of serine proteases have been changed from His to Gln, Asp
to Gln, and Ser to Tyr at positions 522, 568, and 661, re-
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Table I: Comparison of the Amino Acid Sequence of the Four
Kringle Domains in Human HGF-like Protein to Other Human
Kringle Domains

homology to kringles in
human HGF-like protein

(%)

protein kringle 1 2 3 4
prothrombin 1 47 44 43 49
prothrombin 2 41 34 35 41
plasminogen 1 53 44 43 53
plasminogen 2 43 55 46 41
plasminogen 3 47 50 51 46
plasminogen 4 51 44 47 53
plasminogen 5 55 48 48 50
urokinase 35 36 33 37
t-PA? 1 36 40 33 35
t-PA 2 36 38 35 41
factor XI1 35 34 40 37
HGF® 1 46 44 50 43
HGF 2 48 60 49 46
HGF 3 48 51 66 45
HGF 4 38 37 40 49
HGF-like 1 43 46 48
HGF-like 2 51 46
HGF:-like 3 54

9Tissue plasminogen activator. ® Hepatocyte growth factor.

spectively. Therefore, we anticipate that this protein has no
proteolytic activity. Between the kringle domain region and
the serine protease-like domain is amino acid sequence that
is typically found at the activation sites of other coagulation
and fibrinolytic proteins with serine protease activity. Residue
483 is an Arg (Figure 6) followed by the sequence Val-Val-
Gly-Gly that is typically found at the amino-terminal end of
serine proteases. On the basis of this sequence, it is possible
that HGF-like protein is proteolytically cleaved to yield a
two-chain molecule held together by disulfide bonds or cleaved
into two separate polypeptides.

Other significant findings from the database search were
the presence of sequences homologous to human DNF15S1
and DNF15S2 (Welch et al., 1989), human DNF15S2 lung
mRNA (Naylor et al., 1989), and rat acyl-peptide hydrolase
mRNA (Kobayashi et al., 1989) in exon 17 to the 3’ end of
the sequence presented in Figure 2. DNF15S2 and DNF15S81
are homologous loci found on human chromosomes 3 and 1,
respectively. DNF15S2 lung mRNA is transcribed from the
DNF15S2 locus. The region from 4457 to 4924 (Figure 2)
is 94.3% identical with DNF15S1. This homology overlaps
with the DNF15S2 sequence at 4849 (Figure 2). DNF15S2
is homologous to nucleotides 4849-5031 (Figure 2) and is 97%
identical with the gene sequence. Sequence coding for
DNF15S2 lung mRNA is homologous to three regions in the
gene at nucleotides 5408-5673 (94.8%), 5764-5870 (86.0%),
and 5965-6067 (96.1%; Figure 2) on the complementary
strand. These same three regions are 76.9, 91.6, and 79.6%
identical with the 3’ end of the rat acyl-peptide hydrolase
mRNA.

The L5 gene contains no other repetitive sequences such as
those in the Alu family. There is only one intervening sequence
large enough to contain a copy of this repeat.

DisCUSSION

Growth factors are important for normal developmental
processes, as well as healing of wounds. Their abnormal ex-
pression has been implicated in neoplasia and other prolifer-
ative disorders. The kringle-containing protein HGF was
originally identified as a potent growth factor involved in liver
regeneration after liver injury or partial hepatectomy. It is
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now known that HGF functions as a growth factor for a broad
spectrum of tissues and cell types. Messenger RNA for HGF
has been identified in lung, kidney, spleen, thymus, brain, and
liver in rats (Tashiro et al., 1990). Although HGF is not a
tyrosine kinase, it does induce autophosphorylation of a 145-
kDa protein in target cells that has been identified as the c-met
tyrosine kinase (Rubin et al., 1991; Bottaro et al., 1991). This
protein binds HGF as its cell-surface receptor and mediates
the mitogenic signal of HGF. The transcript for c-met has
been identified in many tissues and correlates with the broad
cell specificity of HGF (Bottaro et al., 1991).

HGF is a heterodimer of 82 kDa composed of an a- and
a 8-subunit of 69K and 34K molecular weight, respectively.
Both subunits are encoded in the same 6-kilobase mRNA and
result from proteolytic processing of the synthesized single
polypeptide chain. The cDNAs for human and rat HGF have
been cloned and characterized by several groups (Miyazawa
et al., 1989; Nakamura et al., 1989; Okajima et al., 1990; Seki
et al., 1990; Tashiro et al., 1990; Rubin et al., 1991).

HGF has no obvious homology with other known growth
factors but is 38% homologous to plasminogen. It contains
four kringle domains followed by a serine protease-like domain
where the active-site His and Ser have been changed to Gln
and Tyr, respectively. HGF has no detectable protease activity.
At present, the function of the kringle domains in HGF is
unknown.

The gene present in phage L5 and its cDNA code for a
protein with a similar domain structure as HGF with four
kringles followed by a serine protease-like domain (Figure 7).
The four kringles are most similar to kringles in plasminogen
and HGF (Table I). Interestingly, the fourth kringle in L5
has the highest degree of similarity with kringles 1 and 4 of
plasminogen, both of which are lysine- and fibrin-binding
domains (Vali & Patthy, 1984). Tulinsky et al. (1988b) have
modeled lysine/fibrin-binding kringles after the three-di-
mensional structure of kringle 1 of prothrombin and have
deduced that Asp-55, Asp-57, and Arg-71 (numbering is
standardized to plasminogen kringle 5) are crucial residues
in binding lysine and fibrin. In the fourth kringle in LS, only
the two aspartic acids are present (residues 423 and 425;
Figure 6) while a Pro is present in place of Arg-71 (residue
439; Figure 6). Therefore, it is unlikely that the fourth kringle
of HGF-like protein binds lysine or fibrin.

The serine protease-like domain of HGF-like protein is 45%
identical with the same domain in HGF. The amino acids
traditionally at the active site of serine proteases have been
changed from His to Gln, Asp to Gln, and Ser to Tyr (residues
522, 568, and 661, respectively, in Figure 6). In HGF, the
same differences are present for His and Ser, but the active-site
Asp has not been changed.

Amino acid residues 56-103 in human HGF-like protein
are homologous to the preactivation peptide (PAP) in plas-
minogen and HGF (Figure 6). The PAP region in plasmin-
ogen is between the amino-terminal end of the mature protein
(Glu-plasminogen) and the plasmin activation site between
Lys-77 and Lys-78 (Wallen, 1978). Both lysines are conserved
in HGF-like protein (residues 103 and 104 in Figure 6).
Cleavage at this site would remove a peptide of 103 amino
acids from the protein (including the putative signal peptide)
if it is not disulfide-bonded to the remainder of the protein
(there is one additional cysteine in this region). The four
cysteines that form the two disulfide bonds in the PAP region
of plasminogen are also conserved in HGF-like protein
(Cys*-Cys" and Cys®—Cys® in Figure 6). The PAP region
in HGF-like protein is only 27% homologous to the same
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FIGURE 7: Amino acid sequence of human HGF-like protein and the location of intervening sequences with respect to the coding sequence
in the gene coding for HGF-like protein. The amino acid sequence of human HGF-like protein is shown starting with residue 1 at the amino-terminal
end and ending with residue 711 at the carboxy-terminal end. Placement of all disulfide bonds was determined solely on the basis of homology
of this protein sequence to plasminogen, where placement of disulfides has been determined. The four kringle domains are indicated by K1,
K2, K3, and K4. The region homologous to the preactivation peptide of plasminogen is indicated by PAP. The three potential N-linked glycosylation
sites are indicated by diamonds. Two potential protease cleavage sites are indicated by open arrows. The sequence following the second open
arrow is homologous to other serine proteases. The active-site amino acids His, Asp, and Ser have been changed to Gln, Gln, and Tyr, respectively,
and are indicated in boxes. The positions of intervening sequences (A-Q) are represented by solid arrows at or between the indicated amino

acid residues.

region in human plasminogen.

On the basis of homology with plasminogen and HGF, the
gene for HGF-like protein codes for a protein with a putative
signal peptide followed by a preactivation peptide, four kringle
domains, and a serine protease-like domain (Figure 7).

Of the 44 cysteines in HGF-like protein, 40 are in compa-
rable positions in plasminogen (Sottrup-Jensen et al., 1978).
On the basis of this homology, putative disulfide bonds within
domains of HGF-like protein would be between the following
cysteine residues: in the PAP region, 56 and 78, 60 and 66;
in the first kringle, 110 and 186, 131 and 169, 157 and 181;
in the second kringle, 191 and 268, 212 and 251, 240 and 263;
in the third kringle, 283 and 361, 304 and 343, 332 and 355;
in the fourth kringle, 370 and 448, 391 and 431, 419 and 443;
in the serine protease domain, 507 and 523, 602 and 667, 632
and 646, 657 and 685 (Figure 7). Cysteines involved in di-
sulfide bonds between domains are residues 194 and 324 be-
tween the second and third kringles and residues 468 and 588
between the activation peptide following the fourth kringle
domain and the serine protease domain (Figure 7). Cysteines
at positions 98, 527, 562, and 672 are not conserved in plas-
minogen, and therefore no tentative disulfide pattern has been
proposed.

The placement of intervening sequences in the gene coding
for HGF-like protein with respect to the coding sequence and
domain structure of the protein is very similar to the placement
of intervening sequences in the gene coding for human plas-

minogen (Petersen et al., 1990). Intervening sequence B
(nucleotides 1171-1250; Figure 2) is placed in the same
position with respect to the PAP region as intervening sequence
B in plasminogen. There are intervening sequences flanking
all four kringle domains, which has been found to be the case
in all the genes characterized to date coding for other krin-
gle-containing proteins. The placement of the internal in-
tervening sequence with respect to the amino acid sequence
of each kringle is the same for the first and fourth kringles
of HGF-like protein (intervening sequences D and J at nu-
cleotides 1556—1632 and 3055-3181, respectively, in Figure
2). This placement is also identical with the placement of
intervening sequence D in the first kringle of human plas-
minogen (Petersen et al., 1990). Intervening sequence F in
the second kringle of HGF-like protein (nucleotides 1970—
2113; Figure 2) is in an identical position as intervening se-
quence F in the second kringle of human plasminogen. Finally,
intervening sequence H that interrupts the third kringle of
HGF-like protein (nucleotides 2604—2723; Figure 2) is placed
in an identical position as intervening sequences H and J that
interrupt the third and fourth kringles in plasminogen, re-
spectively. Intervening sequences M, O, P, and Q at nu-
cleotides 3653-3827, 4180—4260, 4368-4462, and 46034721,
respectively (Figure 2), in the serine protease domain of
HGF-like protein are placed in identical positions with regard
to the amino acid sequence as intervening sequences N, P, Q,
and R in the gene for plasminogen, respectively. The only
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difference is that intervening sequence N (nucleotides 3906—
4032; Figure 2) in the gene coding for HGF-like protein is
shifted three base pairs downstream of intervening sequence
O in the gene for plasminogen when the two genes are com-
pared. The only significant difference between the structures
of the genes coding for HGF-like protein and plasminogen is
that the region between the last kringle domain and the ac-
tivation site is encoded by one exon (exon 14) in plasminogen
and two in HGF-like protein (exons 12 and 13; Figure 2).

All of these intervening sequences flanking kringles in the
gene coding for HGF-like protein are of the type I class
(Sharp, 1981). All four kringles in HGF-like protein are
encoded by two exons each and are interrupted by type II
intervening sequences. This arrangement of type I and type
II intervening sequences has been found for all other kringle
domains except in the case of the second kringle of pro-
thrombin where there is no internal intervening sequence
(Degen et al., 1983). Patthy (1987) originally observed that
introns flanking all kringle domains were always in the type
I phase class. Phase I intervening sequences appear to be
dominant at domain junctions and are consistent with the
importance of exon shuffling in the evolution of genes coding
for multi-domain-containing proteins since the reading frame
remains intact.

Recently, a small amount of amino acid sequence was re-
ported for mouse scatter factor, a cytokine secreted from
certain fibroblasts that enhances movement and causes the
dissociation and scattering of epithelial cells (Gheradi &
Stoker, 1990). These authors speculated that scatter factor
and HGF might be the same or highly related proteins. The
putative human HGF-like protein has only 9 identical residues
when compared with the 22 reported. The sequence reported
for mouse scatter factor is sequence typically found at the
amino terminal of serine proteases and, therefore, is indicative
that this protein is a serine protease. Its biological function
is consistent with serine protease activity.

Chromosomal abnormalities have been found in a number
of neoplastic diseases which in some cases have been found
to be associated with the activation of a protooncogene or the
loss of a gene that suppresses tumor growth. Tumor suppressor
genes are genes expressed in normal cells that play regulatory
roles in cell proliferation, differentiation, and other cellular
events. Loss or inactivation of these genes is oncogenic. Tumor
suppressor genes that have been identified are involved in cell
cycle control, signal transduction, angiogenesis, and develop-
ment (Sager, 1989).

Deletion of the short arm of human chromosome 3 has been
implicated in small cell lung carcinoma (SCLC; Whang-Peng
et al., 1982; Naylor et al., 1987), other lung cancers (Kok et
al., 1987; Brauch et al., 1987), renal cell carcinoma (Zbar et
al., 1987; Kovacs et al., 1988), and von Hippel-Lindau syn-
drome (Seizinger et al., 1988) which suggests that one or more
tumor suppressor genes reside on chromosome 3p which
manifest their transformed phenotype upon their inactivation.
The chromosomal locus DNF15S2 (formerly identified as
D1S1) is a restriction fragment length polymorphism probe
that most consistently is associated with loss of heterozygosity
in SCLC, being detected in virtually 100% of SCLC.

DNF15S2 was first identified as a locus on human chro-
mosome 1 by in situ hybridization using the anonymous DNA
clone AH3 (also called ACh4A-H3; Harper & Saunders,
1981). It is now known that the probe H3H2 isolated from
AH3 hybridizes with the locus DNF15S82 on chromosome 3
at 3p21 and two loci on chromosome 1 (DNF15S1A and B)
at 1p36.
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Genomic fragments have been identified that hybridize with
various probes isolated from AH3 containing the DNF15S2
locus (Harper & Saunders, 1981). Probe H3H2 (a 2.0 kbp
HindIII fragment) hybridizes with genomic HindIII fragments
of 8.0, 3.8, and 2.0 kbp; the 2.0 kbp fragment is present on
chromosome 3 while the others represent the two loci on
chromosome 1 (Carritt et al.,, 1986). Our results from
Southern analysis of human genomic DNA agree with what
others have found using the probe H3H2 (Figure 3). We saw
the same complex hybridization pattern indicating the presence
of multiple copies in the genome. The probe H3H2 from the
DNF15S2 locus on human chromosome 3 is part of the human
HGPF-like gene (nucleotides 918-2868; Figure 2). Therefore,
the gene coding for HGF-like protein is on human chromosome
3. This region contains eight exons, six of which code for
kringle domains. Since H3H2 also hybridizes to two loci on
human chromosome 1, it is likely that additional genes or
pseudogenes coding for kringle-containing proteins are present
at these loci.

Genomic clones have been isolated for all three DNF15 loci
on human chromosomes 1 and 3. DNA sequence has been
obtained for DNF15S2 and DNF15S1 where the loci diverge
(approximately 2 kbp 3’ to the probe H3H2; Welch et al,,
1989). These sequences are present at the 3’ end of the se-
quence determined for the gene coding for human HGF-like
protein (Figure 2). The sequence that is overlapped by these
two published sequences represents the junction where the two
sequences diverge. DNF15S2 is 97% identical with nucleotides
48495031 in the gene coding for HGF-like protein while the
sequence for DNF15S1 is 94% identical with nucleotides
4457-4924 in Figure 2.

Published restriction maps that include the DNF15S2 locus
(Boldog et al., 1989; Welch et al., 1989) agree for the most
part with our experimentally determined sites and those found
based on the sequence of this region. The DNF15S1 loci on
human chromosome 1 have quite different maps from that
shown in Figure 1 (Welch et al., 1989). A high-frequency
HindIII polymorphism on chromosome 3 has been detected
with the probe H3H2. Fragments of 2.2 and/or 2.0 kbp are
detected at the DNF15S2 locus in Caucasians, Chinese,
Malays, and Indians of Dravidian origin (Goode et al., 1986;
Saha et al., 1990). On the basis of the sequence in Figure 2,
these two fragments can be accounted for if the polymorphic
HindlII site is at nucleotide 917.

Naylor et al. (1989) isolated a cDNA from a human lung
c¢DNA library using another probe from the DNF15S2 locus.
At that time, there was no homology between the sequence
of this cDNA called DNF15S2 lung cDNA and sequences in
the DNA database. The corresponding 3.3-kilobase mRNA
for the cDNA does not appear to be critically involved in
SCLC since most SCLC cell lines express the normal size
mRNA (Naylor et al., 1989). Naylor et al. (1989) comment
on the correlation of loss of acyl-peptide hydrolase activity
(encoded by the ACY1 gene located at 3p21; also called am-
inoacylase-1) and DNF15S2 lung mRNA in a subset of SCLC
tumors that might indicate that deletion of the 3p21 locus
could encompass other markers, but do not comment on the
possibility that DNF15S2 lung mRNA codes for acyl-peptide
hydrolase.

There are three regions on the complementary strand in the
3’-flanking region of the gene coding for human HGF-like
protein that are homologous to human DNF15S2 lung cDNA
and rat acyl-peptide hydrolase (Naylor et al., 1989; Kobayashi
et al., 1989). The first region is 444 bp downstream of the
polyadenylation site in the gene for HGF-like protein (nu-
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cleotide 4963; Figure 2). Nucleotides 5408-5673, 5764—5870,
and 5965-6067 (Figure 2) are 94.8, 86.0, and 96.1% identical
with contiguous regions in the cDNA for DNF15S2 lung
mRNA [nucleotides 1565-2014 in Naylor et al. (1989)] and
76.9, 91.6, and 79.6% identical with the 3’ end of the rat
acyl-peptide hydrolase mRNA [nucleotides 1889-2360 in
Kobayashi et al. (1989)]. These three regions appear to be
exons since they are flanked by sequences typically found at
the 5" and 3’ ends of intervening sequences. The sequence from
5408 to 5673 is the 3’-most exon for the gene coding for
DNF1582 lung mRNA even though there is approximately
1000 bp of sequence in the cDNA 3’ to this exon sequence not
found anywhere in the gene sequence for HGF-like protein.
There is an YAATAAA? sequence (5420-5425; Figure 2)
13-19 bp upstream of the 3’ end of this exon. We propose
that this is a likely polyadenylation site. The sequence at the
3’ end of DNF15S2 lung mRNA [nucleotides 2015-3025 in
Naylor et al. (1989)] was searched against the database, and
no homologous sequences were found. This additional se-
quence could conceivably be in an exon upstream of the gene
coding for HGF-like protein but on the complementary strand.

The enzyme acyl-peptide hydrolase catalyzes hydrolysis of
the amino-terminal peptide bond of an acetylated peptide to
generate an N-acetylated amino acid and a peptide with a free
amino terminus. The cDNA sequence of rat acyl-peptide
hydrolase (nucleotides 13-2357; Kobayashi et al., 1989) is 86%
identical with nucleotides 290 to 2014 in the human
DNF15S2 lung mRNA (Naylor et al., 1989). Although it
has not previously been suggested, it appears that these two
c¢DNAs code for the same protein from two different species.
The complete rat cDNA sequence compares with only part
of the human ¢cDNA since the human ¢cDNA has approxi-
mately 1000 additional bases at its 3’ end. There is no poly(A)
tail or polyadenylation signal at the 3’ end of DNF15S2 lung
mRNA that would indicate that it is the true 3’ end of the
mRNA. The two sequences are comparable at their 5’ ends
which in the rat sequence starts near the initiator methionine
and in the human sequence is reported as 5’-nontranslated
sequence. On the basis of the rat cDNA, it appears that the
290 bp of 5-noncoding sequence in the human cDNA is ac-
tually part of the open reading frame. Not enough sequence
was obtained to code for the initiator methionine.

From these results, it is apparent that the gene for HGF-like
protein is located at the DNF15S2 locus on human chromo-
some 3. The gene coding for acyl-peptide hydrolase/
DNF1582 lung mRNA is also at this locus downstream of the
gene coding for HGF-like protein but would be transcribed
in the opposite orientation.

Since we have not identified a function for the HGF-like
protein, we do not know if this is a likely candidate for the
tumor suppressor gene(s) that appear(s) to be present at the
DNF1582 locus on human chromosome 3. Since it has a
similar domain structure as a known growth factor with broad
tissue specificity, it is interesting to speculate that the putative
HGF-like protein might be a competitive inhibitor for a growth
factor receptor. When this protein is defective or absent due
to a chromosomal deletion, the growth factor would be free
to bind to its receptor, and uncontrolled growth may occur that
results in neoplasia.
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