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ABSTRACT: The cDNA and gene coding for mouse hepatocyte growth factor-like protein (HGF-like protein) 
were isolated and characterized. The size of the gene from the site of initiation of transcription to the 
polyadenylation site is 4613 bp in length and is composed of 18 exons separated by 17 intervening sequences. 
The exons range in size from 36 to 227 bp in length, while the intervening sequences range in size from 
78 to 613 bp in length. The site of initiation of transcription was identified by primer extension analysis 
using total RNA isolated from mouse liver. On the basis of these results, the first exon is 146 bp in length 
and includes 94 bp of 5‘-noncoding sequence. The sequence 5’TATGTG3’ is present between 34 and 39 bp 
upstream of the transcription start site and could potentially be the TATA sequence found for many 
constitutively expressed eukaryotic genes to be the promoter for RNA polymerase 11. The sequence 
S’GCAAT3’ at -96 to -92 may be the CCAAT sequence responsible for stimulation of transcription of some 
eukaryotic genes. The same sequences in the Genbank and NBRF databases were homologous to similar 
regions in the genes coding for both human and mouse HGF-like protein (Han et al., 1991). The acyl-peptide 
hydrolase gene is 410 bp downstream of the mouse HGF-like protein, but is transcribed from the com- 
plementary strand. The mouse cDNA for HGF-like protein codes for a putative protein with the same domain 
structure as its human homologue with four kringle domains followed by a serine protease-like domain. On 
the basis of the translated sequence of the cDNA, the mouse HGF-like protein would be 716 amino acids 
in length with a molecular weight of 80K. There are four potential N-linked carbohydrate attachment sites. 
The DNA and amino acid sequences of mouse HGF-like protein are compared to the human protein. Overall, 
the two proteins are about 80% identical with each other. In contrast to mRNA for human HGF-like protein, 
which is 2.4 and 3.0 kilobases in length in human liver, only the smaller species is seen in mouse and rat 
liver. The expression pattern of mRNA coding for HGF-like protein during development and in maternal 
rats was determined by Northern analysis. It is apparent that the majority of mRNA coding for HGF-like 
protein is expressed in liver. Messenger RNA is also expressed at a lower level in lung, adrenal, and placenta. 

I n  the preceding paper (Han et al., 1991), we described the 
isolation and characterization of a human gene and cDNA 
coding for a protein with similar domain structure as hepa- 
tocyte growth factor (HGF)’ with four kringle domains fol- 
lowed by a serine protease domain (Nakamura et al., 1989). 
HGF functions as a growth factor for a broad spectrum of 
tissue and cell types (Tashiro et al., 1990). Although we do 
not know the function of HGF-like protein, on the basis of the 
similar domain structure of this protein with HGF, we pro- 
posed to tentatively call it HGF-like protein. 

The kringle domains in human HGF-like protein are 
33-66% identical with kringles in other human kringle-con- 
taining proteins (Magnusson et al., 1975), while the serine 
protease-like domain is 30-45% identical with other serine 
proteases. The active-site amino acids have been changed from 
His to Gln, from Asp to Gln, and from Ser to Tyr in human 
HGF-like protein, so it is unlikely that this protein has pro- 
teolytic activity. 

Database searches identified the presence of sequence for 
the DNFlSSl and DNFl5S2 loci at the 3’ end of the gene. 
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DNFl5S1 and DNFl5S2 are homologous loci found on hu- 
man chromsomes 1 and 3, respectively (Welch et al., 1989). 
On the basis of sequence similarity and extensive restriction 
map information for the DNFl5S2 locus (Welch et al., 1989), 
we inferred that the gene for HGF-like protein was present 
at this locus at 3p21. 

Probes from the DNFl5S2 locus have been used as re- 
striction fragment length polymorphism markers for deletions 
in the short arm of human chromosome 3 that are associated 
with various carcinomas. This region is deleted in small cell 
lung carcinoma (SCLC; Whang-Peng et al., 1982; Naylor et 
al., 1987), other lung cancers (Kok et a]., 1987; Brauch et al., 
1987), renal cell carcinoma (Zbar et al., 1987; Kovacs et al., 
1988), and von Hippel-Lindau syndrome (Seizinger et al., 
1988), which suggests that one or more tumor suppressor genes 
are at this locus. When expressed, tumor suppressor genes 
play regulatory roles in cell proliferation, differentiation, and 
other cellular processes. Oncogenesis occurs when these genes 
are inactivated or lost due to chromosomal deletion. Genes 
that have presently been identified as tumor suppressors are 
involved in cell cycle control, signal transduction, angiogenesis, 
and development (Sager, 1989). 

Since a tumor suppressor gene(s) may be located at or near 
the DNFl5S2 locus on human chromosome 3. it is of interest 

I Abbreviations: bp, base pair@); EDTA, ethylenediaminetetraacetic 
acid; HGF, hepatocyte growth factor; kbp (kb in figures), kilobase 
pair(s); kDa, kilodalton(s); SDS, sodium dodecyl sulfate; Tris-HCI, 
tris(hydroxymethy1)aminomethane hydrochloride. 
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to learn more about the biology of HGF-like protein. Its 
similarity in structure to a known growth factor is interesting 
since cell proliferation is regulated by growth factor receptors. 
It is interesting to speculate that HGF-like protein functions 
as a competitive inhibitor for a growth factor receptor. When 
this protein is absent due to a chromosomal deletion, the 
growth factor is free to bind to its receptor, and uncontrolled 
growth may occur that results in neoplasia. 

In this paper, we present the DNA sequences of the gene 
and cDNA coding for mouse HGF-like protein. Probes were 
isolated from the cDNA in order to determine the develop- 
mental expression pattern and the tissue distribution of mRNA 
coding for HGF-like protein in the rat. Maternal tissues were 
also analyzed in order to determine the effects of pre- and 
postparturitional stress on HGF-like protein. 

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. A 340 bp fragment from the cDNA coding for the 
human HGF-like protein (cDNA 33; Han et al., 1991) was 
isolated after digestion with EcoRI and KpnI. This fragment 
coded for the amino-terminal portion of the protein including 
eight amino acids of the first kringle. The 740 bp insert from 
the cDNA coding for mouse HGF-like protein (pML5-2/740) 
was isolated after digestion with EcoRI and coded for the 
amino-terminal portion of the protein including all of the first 
kringle and most of the second kringle domain (Figure 1). A 
1450 bp insert was isolated after digestion of the mouse cDNA 
coding for the HGF-like protein (pML5-2) with EcoRI. This 
probe coded for eight amino acids of the second kringle of the 
mouse protein, all of the third and fourth kringles, and the 
serine protease-like domain (Figure 1). A fragment containing 
exon 1 from the gene coding for mouse HGF-like protein was 
isolated after digestion of the subclone pmgL5-l2Baml.6 with 
BamHI and EcoRI. The resulting 396 bp fragment contained 
sequence from -105 to +291 as shown in Figure 5 .  The 2000 
bp insert from a full-length human prothrombin cDNA was 
isolated after digestion with EcoRI. All fragments were iso- 
lated after polyacrylamide gel electrophoresis followed by 
electroelution and purification over Elutip-D columns 
(Schleicher & Schuell). Fragments were radiolabeled with 
[32P]~CTP (NEN Dupont) by using the random primer la- 
beling procedure (Feinberg & Vogelstein, 1984). 

Isolation of the cDNA Coding for Mouse HGF-like Protein. 
A C57BL/6 mouse liver cDNA library (Stratagene, La Jolla, 
CA) was screened for the cDNA coding for mouse HGF-like 
protein. The library was originally constructed with cDNAs 
greater than 1000 bp in length cloned into the EcoRI site of 
XgtlO after addition of EcoRI linkers. Approximately lo6 
phage were screened with a 340 bp probe isolated from the 
5' end of the cDNA coding for human HGF-like protein (see 
Probes) at reduced stringency to allow for cross-species hy- 
bridization (Degen et al., 1990). Ten positives were identified, 
and eight were plaque-purified. Most phage contained two 
EcoRI inserts of 1450 and 740 bp. These fragments from 
phage ML5-2 were individually subcloned into the EcoRI site 
of pBR322. In addition, a 1520 bp XhoI-KpnI fragment from 
phage ML5-2 (Figure 1) that contained the internal EcoRI 
site was subcloned into Bluescript SK +/- (Stratagene). 

Isolation of the Gene Coding for Mouse HGF-like Protein. 
A Balb/c mouse liver genomic DNA library (Clontech) was 
screened for the gene coding for mouse HGF-like protein. This 
library was constructed with partial Sau 3A genomic frag- 
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ments ranging in size from 8 to 21 kbp in length cloned into 
the BamHI site of EMBL-3 SP6/T7. Approximately lo6 
phage from the library were screened with a 1450 bp probe 
isolated from the cDNA coding for mouse HGF-like protein 
(see Probes). On the initial screen, 65 positives were identified; 
9 were rescreened and plaque-purified. Phage DNA was 
purified, and restriction fragments were subcloned into 
pBR322. 

Northern Analysis. Total RNA was isolated from human 
liver, rat tissues, and HepG2 cells following the procedure of 
Chomczynski and Sacchi (1987). Details of the Northern 
analysis procedures have been described previously (Jamison 
& Degen, 1991). Briefly, samples of total RNA (20 pg) were 
subjected to electrophoresis in a 1% agarose gel containing 2.4 
M formaldehyde. RNA was transferred from the gel to a 
Biotrans membrane (ICN Biochemicals). Blots were hy- 
bridized with random-primer-labeled 1450 bp insert from the 
cDNA coding for mouse HGF-like protein and at a later date 
with a 2000 bp insert from the cDNA coding for human 
prothrombin (see Probes). 

Determination of the Site of Initiation of Transcription. 
Primer extension of total RNA isolated from mouse liver (10 
pg) was performed as described previously (Bancroft et al., 
1990) using a 5'-end-labeled oligonucleotide that was com- 
plementary to nucleotides 769-798 in the second exon of the 
gene coding for mouse HGF-like protein (Figure 5 ) .  Hy- 
bridization of oligonucleotide to RNA was performed at either 
45 "C or 60 OC. Products were resolved on 6 and 20% se- 
quencing gels alongside a M13 sequencing ladder for deter- 
mination of size. Escherichia coli tRNA was used as a control 
during hybridization and primer extension procedures. 

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 enzymatic dideoxy-chain termination procedure 
(Duncan, 1985). All sequences were analyzed on an IBM-AT 
computer using the Microgenie program (Queen & Korn, 
1984; Beckman Instruments). 

Developmental Studies in the Rat. Northern blots previ- 
ously used to study the developmental expression of rat pro- 
thrombin in various pre- and postnatal tissues as well as ma- 
ternal tissues taken at the same time points were used for 
studies on the developmental expression of rat HGF-like 
protein (Jamison & Degen, 1991). Day 17 timed pregnant 
female SD rats were obtained from Harlan Sprague Dawley 
(Indianapolis, IN). Surgical procedures, RNA isolation, and 
Northern analysis have been described previously (Jamison 
& Degen, 1991). A 1450 bp EcoRI insert from the cDNA 
coding for mouse HGF-like protein was used as a probe (see 
Probes). 

Total RNA was isolated from brain, heart, aorta, lung, 
diaphragm, liver, spleen, stomach, small and large intestine, 
kidney, and adrenal tissues at the developmental stages in- 
dicated in Table 11. 

Total RNA was isolated from brain, heart, lung, diaphragm, 
liver, spleen, stomach, small intestine, large intestine, kidney, 
adrenal, ovary, uterus, placenta, and urinary bladder from a 
single maternal rat for each of the stages of pregnancy and 
after delivery indicated in Table 111. 

RESULTS 
Characterization of the cDNA Coding for Mouse HGF-like 

Protein. A partial restriction map and sequencing strategy 
for the longest cDNA (pML5-2) coding for mouse HGF-like 
protein are shown in Figure 1. This cDNA is 2188 bp in 
length and includes an open reading frame of 2104 bp followed 
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Table I: Comparison of Genes Coding for Mouse and Human HGF-like Protein 
size (bp) size (bp) 

exon human mouse sequence identity (%) intron human mouse type” sequence identity (W) 
1 52+b 146 78.8c A 697 613 I 59.4 
2 148 148 84.5 B 80 92 I1 60.9 
3 113 113 78.8 C 77 84 I 66.7 
4 115 115  81.7 D 77 84 I1 60.7 
5 137 137 83.9 E 79 81 I 59.0 
6 121 121 76.9 F 144 81 I1 42.4 
7 119 1 I9 80.7 G 202 143 I 47.0 
8 169 196 77.5d H 120 159 I1 55.0 
9 131 131 76.3 I 97 78 I 60.8 
IO 103 103 84.5 J 127 122 I1 54.3 
I 1  137 137 76.6 K 89 88 I 69.2 
12 36 36 88.9 L 88 79 I 58.4 
13 121 109 79.8‘ M 175 161 I1 62.7 
14 78 78 87.2 N 127 119 I1 60.5 
15 147 147 81.6 0 81 80 I1 70.4 
16 107 107 86.0 P 95 98 I 69.3 
17 140 140 82.9 Q 119 141 0 62.4 
18 242 227 76.0 

“Type I intervening sequences interrupt codons between the first and second base, type I1 between the second and third base, and type 0 between 
codons (Sharp, 1981). *The size of this exon was based on the distance from the codon for the initiator methionine to the 3’ end of exon I ;  the length 
of the 5’-flanking region of the human gene has not been determined. CSequence was compared from the codon for the initiator methionine to the 
3’ end of exon 1 for both genes. dThe mouse gene has 27 additional bases at the 5’ end these were not included in the comparison. ‘The human gene 
has 12 extra bases that were not included in the comparison. 

by a stop codon and a 3‘-noncoding region of 65 bp (Figure 
2). The 5‘CATAAA3‘ sequence present 20-25 bases upstream 
of the poly(A) tail is the apparent polyadenylation signal 
(Figure 2). This is also conserved in the mRNA coding for 
human HGF-like protein (Han et al., 1991). This cDNA was 
not full-length since the opening reading frame was present 
at the 5’ end of the sequence with no codon for the initiator 
methionine in-frame with the coding sequence. After deter- 
mination of the sequence of the gene coding for mouse 
HGF-like protein (see below), it was determined that the 
cDNA lacked 44 bp of coding and 94 bp of 5‘-noncoding 
sequence at its 5’ end. Several attempts were made to isolate 
a full-length cDNA without success. The sequence of the 
cDNA (including the sequence from exon 1) and its translated 
amino acid sequence are shown in Figure 2 compared to the 
sequence of the human cDNA. The mouse cDNA codes for 
four kringle domains followed by a serine protease-like domain. 

Northern analysis of mouse liver total RNA indicated that 
there was one species of mRNA coding for mouse HGF-like 
protein with a size of approximately 2400 bases (Figure 3A). 
This is in agreement with the size of the mouse cDNA plus 
the additional 138 bp identified in the gene to be part of the 
mRNA. This is in contrast to human liver where at least two 
sizes of mRNA coding for HGF-like protein are present (2.4 
and 3.0 kilobases; Han et al., 1991). The cDNA coding for 
mouse HGF-like protein hybridizes to similar size mRNA in 
rat and mouse liver and the same multiple banding pattern 
in human liver as seen with the human HGF-like cDNA probe. 
The mouse probe did not detect any hybridizing mRNA in 
HepG2 cells. A human cDNA probe also detected very little 
mRNA coding for HGF-like protein in HepG2 cells [Figure 
4 in Han et al. (1991)l. The human prothrombin cDNA was 
hybridized to the same Northern blot to show that RNA was 
present in the HepG2 lane (Figure 3B). 

Organization of the Gene Coding for Mouse HGF-like 
Protein. A partial restriction map and sequencing strategy 
for the gene coding for mouse HGF-like protein are shown 
in Figure 4. The complete sequence of the gene was deter- 
mined (Figure 5 ) .  The size of the gene from the site of 
initiation of transcription (see below) to the polyadenylation 
site is 4613 bp in length. In addition, 1191 and 947 bp of 5’- 
and 3’4anking sequence were determined, respectively, for 
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FIGURE 1 :  Partial restriction map and sequencing strategy for the 
cDNA coding for mouse HGF-like protein. Restriction sites are shown 
above the bar representing the cDNA. The EcoRI sites at each end 
are in parentheses since these are present only because of the linkers 
added during construction of the cDNA library. The darkened area 
represents the open reading frame potentially coding for protein, and 
the open bar represents the 3’-noncoding region. The 5’ and 3’ indicate 
the orientation of transcription. Domains that are coded for by the 
cDNA are shown below the bar. The four kringle domains are labeled 
K1, K2, K3, and K4; the potential activation site is indicated by an 
arrow. The DNA sequencing strategy is shown for both the chemical 
modification (M & G) and dideoxy sequencing procedures (M13). 
Sequences determined on the coding or complementary strand are 
indicated with vertical lines or circles at the end of the arrow, re- 
spectively. Dotted parts of arrows indicate regions not determined 
for that labeling. One hundred percent of the sequence was determined 
2 times or more, and 76% was determined on both strands. All overlaps 
were obtained. The scale in kilobases is indicated. 

a total of 6751 bp of contiguous sequence. Comparison of the 
DNA sequence of the gene with the cDNA indicated that the 
gene was composed of 18 exons separated by 17 intervening 
sequences. The exons range in size from 36 to 227 bp in length 
while the intervening sequences range in size from 78 to 61 3 
bp in length (Table I). Exons 1 and 18 contain 5’- and 
3’-noncoding sequence, respectively. 

The first exon was identified by comparison with the 5’ end 
of the cDNA coding for human HGF-like protein (Han et al., 
1991) since the mouse cDNA was shorter and would only 
include 8 bp in this exon (compared to 36 bp in the human 
cDNA). There is 67% homology between the 36 bp at the 
5’ end of the human cDNA and the 3’ end of exon 1 (nu- 
cleotides l 11-146; Figure 5 ) .  Upstream of this region is an 
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Iru Ph. Arg &un nu Le" Val Cy. 9.r Asq Ala Iru P m  

kt Gly Trp L.U Pro Val Lru Iru L.u h Thhr G l n  T y r  Iru Gly Val Pro G l y  G l n  Aq gar Pro Iru asn Asp Pha G i n  Val Iru Aq G l y  ?hr Giu h ~ l n  01s h ~ r u  n i t  
A X  Gcc TGG CK OCA C l C  C?G R G  C T l  ClG KT C U  TK R A  GGG Om CCT GGG C Y :  CGC la CCA TTG U T  QIc TK C M  m0 Cn CGG Qc Y A  G Y :  CTA Cffi C K  CTG CTA CAT OOO 

G C  T T Y: A T C I A  
120 

T m A G R C A  R T  C A C  

A h  50 Aq h mt 
Val Val Pro Gly Pro Trp G l n  Glu Asp Val Ala Asp Ala Glu G l u  Cy8 Ala G l y  &g Cy# G l y  Pro Iru Met Asp Cy8 Arg Ala Ph. 81s T y r  bun Val 8.r 8.r Bia Gly cy. ~ l n  h 
CTG GTG CCC OOO CCT Tffi Cy: GAG GAT GIG OCA GAT oc? GM G Y :  ?Ff GCT ui? Coc Xi7 GGG CCC TTA 1% OC TU CGG QX m C K  TK AK G l G  IDC N% CAT 001 TU C U  CTG 210 
C G A  0 A G  C T C  T A G 

Leu Gln T y r  nis 8.r Iru nis 100 Asp S.r 
Leu Pro Trp Ru G l n  H i s  Ser Pro H i m  Ru Arq leu At-q Aq 8.r G l y  Aq C y s  Asp Leu P h  G l n  L y s  L y s  Asp Tyr Val Aq Thr C y t  11. kt &n a n  G l y  Val Gly Tyr A- G l y  
cn; CCA TGG IC? CM CK xxi ccc cy: yx: am cm 000 OOT TCT 000 CGC TGT wc CTC TTC CY: MG MA wc TK GTA 000 r c t a  A: AX uc UT a;c GR ooo TIC cui ac 360 

C A C  k l  G C G  TG A C A  A T E  K G A T  TO C C T  T T G  

Val &g A h  WAq P m  Ly. 110 
Thr mt A l a  Thr Thhr V a l  G l y  Gly L.u Pro Cy. G l n  Ala Trp S.2 81. tya  P k  Pro &n Asp Bia L y s  T y r  hr Pro Thr h Aq &un G l y  Iru Glu Glu &n P h  Cy. &g &n P m  
xc ATG GCC yx: KC GTG ~m GGC CTD ccc TU CY: m 100 yc cy: MG TTC CCG MT GAT CY MG TK YT a c  IC? CIC 000 UT CTG GU 01: MC TTC xic COT AK CCT 110 

T G  G A CT A C  T O G  c c  T G C A U  T A G  

kup &n Arg s.r ThI Val Leu Asp 200 
Asp Gly Asp Pro G l y  G l y  P m  Trp Cy. Tyr Thr Thr Asp Pro Ala Val Arg P h  G l n  8.r Cy. Gly 11. LY. 8.r Cy. Arg Glu Ala Ala CY- V a l  Trp Cy8 Aan Gly G1u G1u T y r  &g 
GAT GGC G U  CCC GGA GGT oc? ?oG TGC T U  E A  ACA CK CCT oc? m0 CGC TlC CY: y% Tot ATC MA XIC Toc CGG 00 GCC GCG ?c? GK 100 TU M T  Gcc GAG G M  T U  cot 600 

G T  A C A m f f i  T T A k1JA T nLk2 T C T  c T T T 

G I "  v. 1 8.r * Gln Glu LYa Asp LYS 
Gly A h  Val Aap Arg Thr G l u  Ser Gly &g G1u Cy. G l n  Arq Trp Asp Leu G l n  HI. Pro R I B  G l n  U i 8  P m  P h  Glu P m  G l y  L y n  P h  Iru &p G l n  Gly Iru Asp Asp &n T y r  Cy. 

GCG GTA GX CGC ACG GkG TCA Uio Coc GAG Tot CY: CGC TGG GAT CTT C Y :  CAC CCG CK C Y :  CAC CCC TIC GAG COO Qc UG TlC CK GX C M  GGT CTG GK WY: MC TAT xic 720 
A GTT A G T A  C G  C T C  T C T M  A A A A A  T 

250 As" V.1 Ser Pro bun Leu Pro P m  mr Val Lya Gly L y r  
L?g Aan P m  rrp Gly Ser Glu Arg Pro Trp Cy. Tyr ?hr Thr Asp P m  Gln 110 Glu Arq G l u  P b  C y 8  Amp Leu Pro hsq C y s  Gly xxx xxx n x  x n  uu u x  xxx xxx xxx ser G l u  
CDG .UT CCT GX GGC T a  GAG CGG c u  TCC TU TU m UG GAT a cffi A: 01: OCA GY: m n~ GK CK ccc cu TU GOO xxx XU xxx xxx m n x  IXX xxx xxx TCC a~ 110 

Sar Arg &n L y s  Gly L y s  A l a  Leu &n Asp 300 Thr 9.r S9I 

T G A T  C C A C A T G T  A C G ATkd CCT U C C T G C C T O X K C G U  M A O C A  A 

Ala Gln Pro Aq Gln G1u Ala Thr Thr Val 8.r CY. P h  Ar9 G l y  LYS G l Y  G1u G l y  T y r  A s q  Gly Thr A h  bun Thr Thr Ru Ala G l y  Val Pro Cy, Gln Arg Trp Asp Ala Gln 11. 
GCA CAG CCC Coc C U  C Y :  QX KA IC? Yic TGC TTC CGC GGG Iuc GGT C Y :  Qc TK COO Qc KA OCC U T  IK: YC IC? GCG GGC GTA CCT xic CY: COT T f f i  GX GCG C M  A X  

G T G G T  
960 

T GG A C A  G Y : G  C T  ALk3 A I  A A  ? A  A 1 G C  

va 1 350 8.r Leu 
Pro B i a  G l n  H i t  &g P h  Ru Pro G1u L y s  T y r  Ala Cy. L y s  Asp Lru &g Glu lun Phe C y s  &g bun P m  Asp Gly Ser G1u Ala P m  Trp C y s  P h  hr Leu Aq P m  Gly net &g 
CCT CAT CK: C K  CCA TTl UG OCA G U  MA TK GCG TU MA G K  c?? Coo CY: AK l 7 C  TGC O00 AK CCC GX GGC TCA oli GCG CCC TCC TU TTC U A  CTG Cff i  CCC GGC Am Coc 1010 

A C  C G T  G T T  G T T  T T T  C T X T  A T T T  

mt M i .  Pro Glu Glu Leu Val G1u G l y  8.r D4r 400 
Ala Ala P k  C y r  T y r  G l n  110 Arq Asq Cy. Thr Asp Asp Val Asq P m  Gln Asp Cya T y r  R i m  G l y  Ala G l y  G1u Gln T y r  &g Gly Thr Val 8.r L y s  Thlhr Arq L y s  G l y  Val G l n  Cy. 
GCG GCC TTT TGC TK C Y :  ATC CGG COT 'ET E A  G K  G X  GIG CGG CCC C Y :  GK TU TK C Y :  GGC GCA Uxj GAG C Y :  TK Coc Otc 1co Om YiC MG YC CGC MG Om DK CY: TU2 1200 
AT c c  CA Ck$ T A I C  GT I C  mLk4 T ? A  T T  T A  G C T  

nir  Ser PI0 Ala G l n  Gly A h  
G l n  Arg T r p  Ser Ala Glu Ru Pro His L y s  Pro G l n  P h  Thhr P h  Ru 8.r G l u  P m  Ria Ala  Gln l a u  Glu Glu &n Ph. Cy. Arq &n P m  &p G l y  Asp 8.r Bia Gly Pro Trp Cy. 
CAD CCC Tui K C  GCT G Y :  YT CCG C K  Iuc CCG C Y :  m K G  T R  YC TCC G M  CCG CAT GCA C U  CX C Y :  0I: AK TTC mC COG UC OCA GAT GGG GAT Yic CAT GGG CCC TGG m 1320 

A T A A A T ACCC G C  G G O D  CC A T T  

Leu Asp 11. Leu 450 G l n  Asp v.1 
Tyr Thr net Asp Pro At-q Thhr P m  P h  Asp T y r  Cy. A h  Leu Arq Aq C y 8  11s Asp lup G l n  Pro Pro Sar I18 Iru Asp P m  Pro A a p  Gln Val G l n  P h  G l u  L y a  Cy8 G l y  L y s  &g 
TAC ACG A n ;  GX CCA AGG E C  CCA TlC GX TAC TOT Dcc CTG CGA CGC TU OCI GAT WC CK: CQ: CCA %A A l C  CTG OK CCC CCA G K  Cff i  GTG C Y :  m GAG UG CGC Ah$ yyi 1440 

A Y :  k& A C T  01 A A 

500 

T O  C A  G A T C C  

$. 
T C T  G GAT 1 TG T 

s.r &L.n X I X  u x  n x  xxx L y s  
Val &p At-q Leu &p G l n  &g Arg Ser L y e  Leu Arg Val Val Gly Gly His P m  G l y  b.7 Ser Pro Trp Thr Val 8.r Lru &g &n Arg Gln Gly G l n  H i s  Phe Cy, Gly Gly Ser h u  
GTG GAT cui CTG GAT CY: coc a? xc AX CTG CGC on: GTT GGG ac CAT COO AK TCA occ 100 h a  mc IGC 1% coc UT COD CK: GGC CY: CAT RC TGC 000 ooo TCT CTA 1560 

T C xxx xxx xxx xxx M A ULT A 1 T G A 
550 

v.1 11- Trp Glu Ile Asn PI0 A h  &n 
Val L y s  G l u  Gln Trp Ile Icu Thr Ala At-q Gln Cy. P h  S.r S.r C y s  Hla kt P m  Leu Thr Gly Tyr Glu Val Trp Leu G l y  Thhr L.u P h  Gln Ann Dm Gln H i s  Gly G l u  P m  Sar 
CTG AAG CY: C K :  XIC ITA CTG U T  OCC Qxi AG M ?IC TCC TCC TGC CAT A X  oc? CK 1co Qc TAT G Y :  GTA 10O 110 Qc K C  C l G  TIC C f f i  AK CCA Cff i  CAT Q3A GAG CCA YE 1680 

G Q A G G A  C G M  A A C  T A A T M  C G A  

Pro 11. H i .  H i .  600 

G C T T A  G A  GCA C C T G  T T 

A l a  
L ~ Y  O h  A- Val Pro Val  Ala Ly. k t  Val C y r  Gly P m  
CTA CAG CGG G?C CCA GTA Dcc MG AT0 c10 lGT GGG CCC CX CTC MG CTG G Y :  X A  lCT 0% YC CTG UC Ch3 CGC 0% Dcc cfc A l C  ?a CTG CCC CCT 1890 

b u  Leu L y s  Leu Glu Aq 8.r Val Ru Iru &n G l n  Aq Val Ala Leu 110 Cy. Leu P m  P m  

Thr Tyr R i s  I l e  G l n  11. Gln Val V.1 TYr Asp 
Cy. Aan Ile L y t  Ria Arg Gly Arg Val Aq Glu Ser G l u  k t  C y s  Thr Glu G l y  h Iru Ala Pro Val Gly Ala CY. G l u  Gly &p T y r  Gly G l y  P m  Leu Ala Cy. P h  Thr Rim Asn 
TDT A X  ATC Ah$ CAC CGA 001 COT O X  CO? 010 AD? GkG ATG TDC IC? GAG 001 C?G R G  OCC oc? GTG OQi Dcc TGT G Y :  GGl OCC CCA c?? GCC TQ2 R T  K C  C K  AK 2040 

C G T  A C A A  M A c c  G T  T G  

Gln Leu Prn 700 I h  &n G l n  G1u 
Cyr Trp Val Leu G l u  G l y  I1e I l r  I l e  P m  &n Arg Val Cy. Ala k'q 8.r Asq Trp Pro Ala Val Ph. Thr &g Val Ser Val Phe Val Asp Trp 11. His L y e  Val I*t  AI^ Leu G l y  
TGC TCG GTC CTG GU GGA ATT ATA ATC ccc MC cw GTA TGC OCA ~ * i  TCC c a  ?a; CCA CCT m TK ux ~ i ?  mc TCT OTG RT GTG wc 100 A n  cy: MG GTC A ~ G  Y:A CTC GGT 2160 

A C G  C C G A G T  C C  A A G O  C A CAG IG 
**" 
T K : C C C C ~ T ? O l n r C A T A ~ T ~ - m ~ T C ~ A T - A ' E T m C K m A - ~  2263 

x T T xx xxxx GC A A T T G xxx A QcC T C G C x x x x x  

FIGURE 2: Comparison of cDNAs coding for human and mouse HGF-like protein and their translated sequences. The cDNA and translated 
amino acid sequence for human and mouse HGF-like protein are presented (since neither the human or the mouse cDNAs were full-length, 
additional sequence is included from exon 1 of both genes; Han et al., 1991). Nucleotides and amino acids in the cDNA and its translated 
sequence for mouse HGF-like protein that differ from the human sequences are shown below and above the human sequences, respectively. 
Numbering of the nucleotide sequence is in the right margin for the nucleotide at the end of each line. Every 50 amino acids are numbered 
starting with the putative initiator methionine at 1 .  The stop codon is indicated by three asterisks. The 5' end of the cDNA for mouse HGF-like 
protein starts at nucleotide 45. Amino acids that are deleted when the two proteins are compared are represented by xxx. Deleted nucleotides 
are represented by an x. The four kringle domains are marked, and the putative activation site is indicated by the arrow. Amino acids at 
531,577, and 670 correspond to the active-site His, Asp, and Ser, respectively, in the active site of serine proteases (in boxes). The four potential 
N-glycosylation sites in the mouse protein are residues 72, 173, 305, and 624. Residues 72, 305, and 624 are potential glycosylation sites in 
the human protein. Amino acid residue 19 is a Pro in the cDNA for mouse HGF-like protein while Gln is coded for in the gene. 

in-frame A T G  codon coding for methionine (nucleotides 95- 
97; Figure 5 ) .  In addition, immediately 3' to the 36 bp of 
homology between the human c D N A  and the gene is the 
traditional G T  splice site sequence found a t  the  5' end of 
intervening sequences (Breathnach et al., 1978). Location of 
the  splice site a t  this position makes it a type I site; a type I 
site is also present a t  the 3' end of this intervening sequence 

which keeps the open reading frame intact. 
Northern analysis of total R N A  isolated from mouse liver 

using a probe from the mouse gene coding for HGF-like 
protein that includes exon 1 and its flanking sequences but no 
other exons (see Materials and Methods; Probes) identified 
one hybridizing band a t  2400 bases, the same size as the 
m R N A  observed when c D N A  probes for mouse HGF-like 



Mouse Hepatocyte Growth Factor-like Protein 

A 

Origin - 

28s - 

18s - 

B 

FIGURE 3: Northern analysis of total RNA isolated from mouse, rat, 
and human liver and HepG2 cells. Samples of total RNA (20 pg) 
isolated from human liver (Human), human hepatoblastoma cells 
(HepG2), mouse liver (Mouse), and rat liver (Rat) were subjected 
to electro horesis, transferred to a Biotrans membrane, and hybridized 
with (A) P2P-labeled 1450 bp cDNA probe coding for mouse HGF-like 
protein (see Materials and Methods) or (B) 32P-labeled cDNA probe 
coding for human prothrombin. The migration of 28s and 18s 
ribosomal RNA is indicated. 

protein (data not shown) were used. Thus, this sequence is 
part of the mRNA and therefore belongs to the exon sequence. 

The sequence surrounding the proposed codon for the ini- 
tiator methionine is 5'GGAGAATGG3' at positions 90-98 in 
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Figure 5. Five of the eight bases agree with the consensus 
sequence compiled by Kozak (1 986) of 5'CCACCATGG3'. 
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 codon. These two 
bases in the gene coding for mouse HGF-like protein agree 
with the consensus. There is one other ATG upstream of the 
proposed initiator codon, but out-of-frame with the coding 
sequence (bases 52-54; Figure 5). The sequence surrounding 
this ATG is six out of eight bases identical with the consensus 
with the important bases for recognition conserved. There is 
a stop codon in-frame with this ATG 34 bp downstream (bases 
88-90; Figure 5). 

The sequence of splice junctions at the 5' and 3' ends of each 
intervening sequence agree with the 5'GT-AG3' rule of 
Breathnach et al. (1978) and the consensus sequences compiled 
by Mount (1982) except in two cases. The 5' end of inter- 
vening sequence C has a GC at this site (nucleotides 1 1  13- 
1 1  14; Figure 5) rather than a GT, and an AAG is present at 
the 3' end of intervening sequence 0 rather than C/T AG 
(nucleotides 3898-3900; Figure 5). These same sequences are 
also present in the human gene (Han et al., 1991). The human 
gene has one additional difference from the consensus with 
an AAG present at the 3' end of intervening sequence G. The 
corresponding sequence in the mouse gene is a CAG (nu- 
cleotides 2075-2077; Figure 5). 

There was only one difference found when the sequences 
of the cDNA and gene coding for mouse HGF-like protein 
were compared. There is an A at position 763 in exon 2 of 
the gene (Figure 5 )  while there is a C at this position in the 
cDNA (nucleotide 56 in Figure 2). The amino acid coded for 
in the gene is a Gln while a Pro is coded for in the cDNA at 
residue 19. This difference is probably in the signal peptide 
of the synthesized protein (see Discussion). A Gln is coded 
for at this same position in the cDNA for human HGF-like 
protein (Figure 2). 

Identification of the Site of Initiation of Transcription. 
Primer extension analysis of mouse liver RNA using an oli- 
gonucleotide complementary to the sequence in exon 2 of the 
gene coding for mouse HGF-like protein revealed a band of 
185 bp in length (Figure 6). This corresponds to a start site 

t t  
poly A poly A 
site site 

I i r  
c a- 
I I 

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 
I I 1 I I 1 1 I I 1 I I I I I 

NUCLEOTIDES (kb) 

FIGURE 4: Restriction map and sequencing strategy for the gene coding for mouse HGF-like protein. A partial restriction enzyme map is 
indicated above the bar. Darkened areas on the bar represent exons coding for mouse HGF-like protein, and the spaces in between represent 
the intervening sequences. Hatched boxes represent exons coding for the acyl-peptide hydrolase gene. Polyadenylation sites for both genes 
are indicated. The orientation of transcription of the gene for HGF-like protein is indicated by the 5' and 3' at each end. The extent of gene 
fragments subcloned into pBR322 is shown by the open bars. One subclone (indicated by the open-ended bar at its 3' end) extends beyond 
the restriction map. The sequencing strategies for both chemical modification (top set of arrows) and dideoxy procedures (bottom set of arrows) 
are indicated. Sequences determined on the coding and complementary strands are indicated by a vertical bar or circle at the labeling or cloning 
site, respectively. Dotted parts of arrows indicate regions where the sequence was not determined for that experiment. The sequence was determined 
2 times or more for 87% of the sequence; 60% was determined on both strands. The scale in kilobases is indicated. 
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AGATCTGATC GGCCAGGMic TC-AG TCACCGAACC CGCCCGCCTC ATAGCCAGGC CGCCTCTCAC TCACCCCCGG CCTCAGCCTC CGCGACCGGC 
TCACMCATC CGCCCAGCX'T TTTCGGCTACG GCACCCGTCC AGGCCAMK: GCGTGCTCGC TCGAGCGCTG CTOCAGCCGC GCKGCGCAT ATGCACAGAC 
CGCMCACCC TGGCAGAMA CCCTCCTCCG TCTCCTXCA AGGTGTTTAC CCGTT"XC TGATGGTCCA CCTGTITCGC CCCCACCTTT CCTAGCCCAG 
CCGTAGCACG GACTATGTTC TAATCGGTCC CTAGGTCCAC CTCTCTTMC TCCTACCTTG CCTGGAGGAG GCCTGACCCA CATGCAGCCT GMAGACCAC 
TTCTGACACC AGATTTGCI'A CCTGTCACAG (xx;cGcAccc CCCCTCCMA TGGXCATTGA CACCAGATCC AATOCGCAGG CTTGCTTAGC TTACCCTGGT 
TTGACACTTC TGAGGGGCGA TGGGATGGAT GCTCCTCGGA TGTGCTOCEA GGCGTGTAGG CTGACTGCCC TACAGCTGGG AcTuIGcK;A TMGGCAGCT 
TGAACAGCGA -CAT TGGGACTGGG GMkTTGCAG TCCTCACTTT ACMOAAOM ACTcAccccC ACMAACTAT MTCCAGGGG TCTGGGAAAT 
CTTGGCAKT CCTOTATAGC AGAGTCTTTT GCCATAGAAG TGTCAGTGGT GAWXAGCC ACTWKGTCA CTAGACTCTT GACATGTGAC CCGTCTMCT 
GlUAATTTCA GTTTTTCACT TTGTAAATCG TMTCACATA GAGTCTGACT ACTGTGATGG GTACCACACC TCTACAGTM AGuu;ccAM: AGGGACTCCA 
TGCAACTXT GWIGCGCGTG TAGCAACAGC ATGCGACCTC AGGGATAGAT GGTGGcIy;cA AGACAGTGGA GTGATCTTGG CAAGTCTGGG GATTGCATAG 
AGTAGACGGG CTCTGCCTCA GGGACACCTA ACGTTTCCAC ACAGMCCCT CCTAAGTCCT GCCTACCACA CAGAGAGGCC TCTCAGGATC CAGC- 

GAGACAGCAC TCGAGGGCCT CAAACCTAGG CTCCACCTAG CAACTGTCAC C- AGTwumCC AGGCAGOETC AGAGAGGGGG TGTGGAGCCA 
-1. 

Degen et al. 

-1092 
-992 
-892 
-792 
-692 
-592 
-492 
-392 
-292 
-192 
-92 

9 

P l e t G l  yTrpLeuPro 
GAGTCACCCA ATCCTGMGG GACAGATTTC ACCATTTCCG GGATGGGGCT GTCGTGGGTC ACCGTGCAGC CTCCAGCTTA GGAGAATGGG OKiGCTCCCA 109 

LeuLeuLeuL e u L e u V a l G l  n C y a S e r A r g  A l a L e u G  
CTTCTGCTOC TTCTGGTACA GTGTTCAAGG GCTCTTGGTG AGTGTCACCC ACCCTGATCC CAGTCTGCCT TCACGXGGA oTTw\cccCT GGTCTACATA 209 
GCTATTCTCA TTGAGAGTTT ACTTTTCTTT GGGTCCGGGA TCAGTGACCT TGGCCTGTTG AGCAGAGCTG AGAAGGCCTC GGMT- TACACACAGT 309 
CTGATCAGGA CTACATTAGA GCATACTGTA GCCCAGMXC AGTCTTTCM CCAGAGA)rAe TATCCAACCC AGMGGCAGG GCTCCTMGC CCGATGCACC 409 
ACTGTAACTT ATGCCTTTAT TCTGGTGAGA GGCCAGACTT GGGCCCTTCC CCAGGAAGTG TCCAAGCATT CTCATCTGAG GGGKAGAM CCCCAAGTGT 509 
CACAAGGCCA ACACACTGTC ACCCAAATTC TCATGGAGTG GATGTGGTAG ACCAGAGCCC STGCCAGGT CTCCTAGCAG ATCCCCAATA ATCACTGTAT 609 
CTGGGCCTCC CCAGCTCACT GGCATGAAGG GACTTGCTGG GCCCTTGAAA ATATACATM GGCCTGCCCC AAAGACCTTG TATTAGATTC CCTAAATGAA 709 

l y G l n A r q S e  r P r 0 L e u A . n  AapPheGLnL euPheArgG1 yThrGluLeu 
CMAAGATAG GGTGTGTTM AGTACTAATG CGCTCATGCT CACCACGCAG CccKiCGcTC ACCACTGAAT GACTTCCAGC TGTTCCGGGG CACAGAGTTA 

A r g A m L e u L  ouHi.ThrAl a V a l P m C l y  P r o T r p G l n G  1 u A . p V a W  aAapAlaGlu G l u C y a A l a A  rgArpCyaGl y P r o L W e u  AapCyaAr  
AGGAACCTGT TACACACAGC GGTGCCGGGG CCATGGCACG AGGATGTGGC AGATGCTGAG GAGTGTGCTA GGCGCIGTGG GCcccficTG GACTCTCGGT 

g A l a P h o H l a  
GAGTGGCTAA GTAGCCTAGA TATGGCTGAG GGCATGAGAA TCTGGGTTGC CAGTTAACTT TGTGTCTGCC ACCCCCCCCC CCTTCTCCAG GGCCTTCCAC 

T y r A m M e t S  erSerHiaG1 yCyaGlnLeu L e u P r o T r p T  h r G l n H i a S a  r L e u H i r T h r  G l n L o u T y r H  isSarSarLo u C y . H i r L s u  P h e G l n L y a L  
TACAACATGA GCAGCCATGG TTGCCAGCTG CTGCCGTGGA CCCAGCACTC GCTGCACACA CAGCTATACC ACTCCAGTCT GTGCCATCTC " C W A  

009 

909 

1009 

1109 

y s A  a p T  y r V a l A r g T h  
AAGG€AAGTG GTGGTGAGGA GGGGAAACAG GCTGAGTAAC AGGGGCCACG AGGCTCAGGC CTGTTGACCT TCCTCCATTG CTTCCAGATT ATGTGCGGAC 1209 

rCya1l-t AapAanGlyV a l S e r T y r A r  g G l y T h r V a l  A l a A q T h r A  1aOlyGlyI.e u P r o C y r G l n  A l a T r p S a r A  r p A r q P h a P r  0A.nAspHia  
CTGCATTATG GACAATGGGG TCAGCTACCG GGGCACTGTG GCCAGGACAG CTGGTGGCCT GCCCTGCCM GCCl'GGAGTC GCAGGTTCCC CAATcAcuo 1309 

LY a T y r  T h r P r o T h r P  
AAGTGAGTCA GACACTTCAG GTCAGACCGT TAGGCCTGAA GUGTATTCC CCCAGTGTGC ACTGTAGTAA GMTCTTTGT CTAeAGGTAT ACGUXACCC 1409 

r o L y a A a n G 1  yLeuGluGlu AanPheCyaA r g A a n P r o A a  p G l y A a p P r o  A r g G l y P r o T  r p C y a T y r T h  rThr&nArg S e r V a l A r g P  haGlnSarCy 
CAAAGAATGG CCTGGAAGAG MCTTCTGTA GGMCCCTGA TGGGGATCCC AGAGGTCCCT GGTGCTACAC AACAAACCGC AGTGTGCGTT TCCAGAGCTG 1509 

a G l y I l e L y a  ThrCyaArqG luA 
TGGCATCMA ACCTGCAGGG AGGGTAAGCG GCTGGGGTCA ATCAAGCCTA AGGAGGGAGT GATAGGCCTG CCCCCACTTA GAAGTGCATT GGCCCTGTTT 1609 

1 a V a l C  y s V a l L e u C y  a A r n G l y G 1 u  AapTyrArgG l y G l u V a l A a  p V a 1 T h r O l u  5.rGlyArgO 1 u C y . E l n A r  ( F r p A a p L e u  GlnHi.PmH 
CCAGCTGTTT GTGTTCTGTG CAACGGTGAG GATTACCGTG GCGAGGTAGA CGTTACAGAG TCAGGGCGGG AGTGTCAACG CTGGGACCTG CAOCACCCCC 1709 

i a S e r H i a P r  o P h e G l n P r o  G l u L y  
ACTCCCACCC TTTCCAGCCT GAAAAGTATG TAGGCAGAAT CCTTATTTTG AGGGTGGGGC TCAGCTCTAC TGGGACTGAG TCCCAGAGTC TTGTTACTGC 1809 

a P h s  LeuAapLyaA a p L e u L y a A a  pAanTyrCya A r g A a n P r o A  a p G l y S e r G 1  u A r g P r o T r p  C y a T y r T h r T  h r A s p P r o A a  n V a 1 G l u A r g  
TTTCAGCTPC CTAGACMAG ATWAAAGA CAACTATTGT CGTAATCCGG ACGGATCTGA CCOOCCCTGG TGCTACACCA CAGACCCGM TGTTGAGCGA 1909 

G l u P h e C y a A  apLeuProSe K y a G  
GAATTCTGCG ACCTGCCCAG TTWXGTAGG CTGCAGGGTC AGGGTCTAGG AAGGAGCTTG GMAMACTG GCGOGCACGG TTCMCTGW AGAGGTACTA 2009 

ly P r o A a n L e u P  r o P r o T h r V a  1 L y a G l y S a r  
GGGAAGTTAG GCGTGGGTAG AGAGCAAAGC CTGCTGAGTA CCAGAGACCA ATTCCAGTTT TCGGTCAGGG CCTAACCTGC CTCCGACCGT CAAAGGATCC 

L y a S e r G l n A  r g A r g A a n L y  a G l y L y a A l a  LeuAanCysP h e A r g G l y L y  a G l y G l u A s p  T y r A r g G l y T  hrThrAsnTh r T h r S e r A l a  G l y V a l P r o C  
AAGTCACAGC GCCGCAACAA GGGCAAGGCT CTTAACTGCT TCCGCCCAAA AGGTGAAGAC TATCGAGGCA CAACCAATAC CACCTCTGCG GGCGIY;CCCT 

yaGlnArgTr p A s p A l a G l n  S e r P r o H i a G  l n H i a A r g P h  e V a l P r o G l u  L y a T y r A l a C  y a L y  
GCCAGCGGTG GGATGCGCAG AGTCCACACC AGCACCGCTT TGTGCCAGAG AAATATGCTT GCMGTGAGG TGACAGGCCC GAGCAGGGAG AGTGCACCTG 
TGGGTGGAGG CAGAGCGTAT GCGAAGGTGG GACCTGGGGG CGGAGTCAGA GGTTCCAGCC TACTGCGGGT TGGCTGGTGG GCTAooKiGG ACCCCACTCT 

a A a p L e u  ArgGluAsnP heCyaArgAa nProAapGly S e r G l u A l a P  r o T r p C y a P h  e T h r S e r A r p  P r o G l y L e u A  
CGATAAGGGA AGTGACTACT CAGGGACCTT CGTGAGAATT TCTGCCGGAA TCCTGATGGC TCCGAGGCGC CTTGGTGCTT CACATCTCGA CCTGGTTTGC 

r@4etAlaPh e C y a H i a G l n  I l e P r o A r g C  y a T h r G l u G 1  ULeuValPrO G l u G  
GCATGGCCTT CTGCCACCAG ATCCCACGCT GCACTGAAGA ACTGGTGCCA GAGGGTGAGG CIUiGAGCGGG GGTACAGMT CTGCGUGCA ATCAACCCAG 

l y C y a T y r  H i a G l y S e I C  l y G l u G l n T y  rArgG1yS.r V a l S e r L y a T  h r A r g L y a G 1  y V a l G l n C y a  
GGCTWLCCAC CGCTCTTGCC TGCCCACCAC AGGATGCTAC CACGGCTCAG GTGAACAGTA TCGTGGCTCA GTCAGCAK;A CGCGCAAGGG CGTTCAGTGC 

2109 

2209 

2309 
2409 

2509 

2609 

2709 

G l n H i a T r p S  erSerGluTh r P r o H i s L y a  P r o G l  
CAGCACTGGT CCl'CTGAGAC ACCGCACAAG CCACAGTGAG TGTGTGCTAT GTGCAGATAG GGCCTTAACT CTAGGGCAGA ATACCTTAAG TTCTKiTGAG 2809 

nPh eThrProThr S e r A l a P r o G  lnAlaGlyLe uG1uAlaA.n  
CCTMAGAGG GTCTAAGTGG CCTGATGTGT CCCCCTACCT CCTGCCCCTA CATCTAGATT TACACCCACC TCGGCACCGC AGGCGGGACT GGAGCCCAAC 

PheCyaArgA anProAapG1 y A a p S e r H i a  G l y P r o T r p C  y a T y z T h r L e  UAapProAap I l e L e u P h e A  a p T y r C y a A l  a L e u G l n A r g  CyaA 
TTCTGCAGGA ATCCTGATGG GGATAGCCAT GGGCCCTGGT GCTATACCTT GGACCCGGAT ATCCTGTTTG ACTACTGTGC CCTACAGCGC TGTGGTTAGT 

a p A a p A a p  G l n P r o P r o S  
GCTTAAGACT TCCCCTTGTC TGGGTTTCAA ACCTCACCTC CATAGACTGG CTCCCTTAAC CTGAGTGAAC TTGATCTTGC AGATGATGAC CAGCCACCAT 

2909 

3009 

3109 

arI l e L e u A a  p P r o P r o A  SpG 
CCATTCTGGA CCCCCCAGGT ATGGGGTTGG GCCAATTGTG GGTACACAGT CTTTGACCCT GACCCTCACT GMGGTTTCA TCCTGCCCCA TCCCCAGACC 3209 



Mouse Hepatocyte Growth Factor-like Protein 

l n V a l V a l P h  e G l u L y s C y s  G l y L y s A r g V  a l A s p L y s S e  r A a n L y s L e u  A r g V a l V a l G  
AGGTGGTGTT TGAAAAGTGT GGCAAGAGAG TTGACAAGAG TAATAAACTT CGTGTGGTGG 

g-* 
GAATCGGTGA GGCCTAAGCG CTTATCTCAA GGAGTGGAGG CTGGAAACTC TGTGGCTTTA 

TTGTCAGAAA TGACAGTCTA GCATGTGTCC CAGGACTCAG TGTGGCTTCT CATCTTTACT 

1 L y s G l u G l n  T r p V a l L e u T  h r A l a A r g G l  n C y s I l a T r p  SerCy 
GAAGGAGCAG TGGGTACTGA CTGCCCGGCA ATGCATCTGG TCATGGTGAG CAGACTGGGG 

GCAAACTAAA TTGTGACAGC TGATTGGGAG TCAAGCATGA ACTAGCAGAG TCTCTTTCTC 
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1 y G l y H i a P r  o G l y A a n S e r  P r o T r p T h r  V a l S e r L e u A r  
GAGGCCATCC TGGGMCTCC CCATGGACGG TCAGCTTGCG 

TCAGTAGAAG ATGGATGCCT GGCCTTGTAC CAAAAGGTCC 

gG1 n G l y G l n H i s  P h e C y s G l y G  l y S a r L e u V a  
CCTCTAGACA GGGCCAGCAT TTCTGTGGGG GCTCCCTAGT 

ACTCCTAGCC TACCTCTCCC TGCCATTGTC TGTCCCACAA 

s H i a G 1  u P m L e u T h r  G l y T y r G l u V  a l T r p L e u G 1  
CCAGCCACGA ACCTCTCACA GGATACGAGG TATGGTTGGG 

y T h r I l e A s n  G l n A s n P r o G  l n P r o G l y G l  uAlaAanLeu G l n A r g V a l P  r o V a 1 A l a L y  s A 1 a V a l C y a  G l y P r o A l a G  1 y S e r G l n L e  u V a l L o u L e u  
TACAATTAAC CAGAACZCAC AGCCTGGAGA GGCAAACCTG CAGAGGGTCC CAGTGGCCAA GCCAGTGTGC GGCCCTGCAG GCTCCCAGCT T G T m G C T C  

L y s L e u G l u A  r gP r o V a l  11 
AAGCTGGAGA GGTATGTGGA TGTGTTGAGA GGGTGTGAGG CAGGGCTAGC CTCATGGTCA TAGGTCCTGA AAACCCTCAT TCCCACTAAA GACCTGTGAT 

eLeuAanHis H i s V a l A l a L  e U I l O C y S L e  u P r o P r o G l u  G l n T y r V a l V  a l P r o P r o G 1  y T h r L y s C y s  G l u I l e A l a G  l y T r p G l y G 1  u S e r I l e G  
CCTGAACCAT CACGTGGCCC TGATTTGCCT GCCTCCTGAA CAGTATGTGG TACCTCCAGG GACCAAGTGT GAGATCGCAG GCTGGGGTGA ATCCATCGGT 

lYTh 
AAGAGCACAG TGCATAGACA TGGACTGCTA TGGGCCGGGA GGTCCAGCAC TGGTTTTGGC WAAGGGTCC CCTCCTTATC ATTGTCTGTA CTTCAGGTAC 

I I  I I I I I I I  
CTGCAGGTAC 

rSerPsnAsn T h r V a l L e u H  i s V a l A l a S e  r P l o t A s n V a 1  I l o S e r A s n G  l n G l u C y a A .  n T h r L y a T y r  A r g G l y H i s I  1 e G l n G l u S e  r G l u I l e C y a  
AAGCAATAAC ACAGTCCTTC ATGTGGCCTC GATGAATGTC ATCTCCAACC AGGAATGTAA CACGAAGTAC CGAGGACACA TACAAGAGAG TGAGATATGC 

GGGTAATGAC ACAGTCCTAA ATGTGGCCTT GCTGAACGTC ATCTCCAACC AGGAGTGTAA CATCAAGCAC CGAGGACATG TGCGGGAGAG CGAGATGTGC 

T h r G l n G l y L  e u V a l V a l P r  O V 8 l G l y A l a  C y s G l u  
ACCCAGGGAC TGGTGGTCCC TGTGGGGGCT TGTGAGGTCA GTGGGAGAGC CCCTGGGCCA GCCTGGGAAG GGCTTGGGAG CTGAAATTAT AGTACTTGAT 

ACTGAGGGAC TGTTGGCCCC TGTGGGxxCT xGTGAGGTTG GTAGCAGGGC CCxTGGGCCA GCCCTGGAAG GTATGGGGGG CTGMAGTGA ACTATTTTAT 

G l y  AapTyrGlyG 1 y P r o I a u A l  
TGCCAAGGGG GTGGGATGTC AGGAGAGGGT AGTCACTGCC GAGGTCCAGA GCCTTCACCC GTTTTTCTAC CTGCCAGGGT GACTACGGGG GCCCACTTGC 
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AGGCT AGTCATGGCA TGTGCCCGGG GCCCTCATCA GTTCTCCTAC CTGCCAGAGT GACTACGGGG GCCCACTTGC 

a C y s T y r T h r  H i s A s p C y s T  r p V a l L e u G l  n G l y L e u I l e  I l e P r o A s n A  r g V a 1 C y s A l  8ArgProArg T r p P r o A l a I  1 e P h e T h r A r  g V a l S e r V a l  
CTGCTATACC CATGACTGCT GGGTCCTACA GGGACTTATC ATCCCGAACA GAGTGTGTGC ACGGCCCCGC TGGCCAGCTA TCTTCACACG GGTGTCTGTG 
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CTGCTTTACC CACAACTGCT GGGTCCTGAA AGGAATTAGA ATCCCCAACT GAGTATGTGC AAGGTCGCGC TGGCCAGCCG TCTTCACGCT TGTCTCTGTG 

P h e V a l A s p T  rpIleAsnLy s V a l M e t G l n  L e u G l u * * *  
TTCGTGGACT GGATTAACAA GGTCATGCAG CTGGAGTAGG CCTCCTTTTO -: -. 
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TTxGTGGACT GGATTCACAA GGTCATGAGA CTGGGTTAGG CCCGCCTTTG ATACCTTGGG GAGGACAAAA CTTCTCAGAC ATAAAGCCAT GTTTCCTCTT 

m G T A T A  GAGTGCTTCT TAGTTTCTGT CTCTAGGWLA GGTGTTGACT CCTTGCAAGA GGCTGTGTGG CTTAAGACCA GCACACTCTA GGCTAAGTGC 
I I I I I I I  I I I  I I I I I I I  I l l  I I I  I I  I l l  I I  I I I I  

TATCTGTACA GAXTGCTTCT TAGCCTTTGA TTCCAGGAAA TGTGT 

TCTGATCCCA GMCAACTTC AMAGGTATG TACTGTGTGT GGGCAGGGTG CACCATCTTC CAGAGGCACT CCTGCGAATG CAAGGACAGT GCAGAAGTTC 
CCAGCCCATG GACCAGAGCA W A G T G A  TGTAGGTCTA CACCAGTCCC GTTTGGCTAG GACAGGCAGG CGTTGAGTCT CTCATGGCTT CTCTCTGTCA 
CATGACAUjG ATGAATACAC TGTGGATATC AAACCAAGGA CCTAGGGTTT CTGAACCCCA AGGTAGAGGC TGGGGCTGGG GATGGCTTGT ACAAAGTACC 
AGCACAGACC AGGCTCTGTG TCCTCCTTTA TTATGATTAG AGXCATAGT CCTCTGCCCA CTCATTCGGA GTCCAGAGCC CAGGAAACCT CTAGGCAGTT 

TCTGTG TCTTCCTTTA TTATGATCAT AGTTCTTAGT CCTCTGCCCA TTCAxxCTGA GTCCACAGCC TAGGAGACTG TTTGGCTGTT 

CTGCCAGATC CTGGGGCTTA CCGAAGAGCA AAGTTCGAGA CGGACTGCCC AGCTCACAAA GAGCAACAGG GCTTCAGCTG CCCAAGTGTG TGTGTAGCCA 

CGGTCAGATC CTGGTGCTTA CC-GAGCA AAGTGCAAGA CGGGCTGCCC AGCTCAAGAA GAACxATAGG GCTTCAGCTG CCCAAGTGTG TGTGCAGCCA 

AAGCACAGTG TTCATGAACC TGTCTGATTC CACCTCCACC TCTGACAGCG CATGGGTGCT CTTGGGATAC AGCAGGAGCC TGTATGAGCA GCAACACATG 

AAGCACAGCG TTCATGAAGC TGTCTGACTC CGCCTCCACC TCTGACAGCG CGTGGTTGCT CTTGGGGTAC AGCAGGAGC 

ACATTGGAGG GTCCTGTCCT GTTTACCTGC CACCAGCTGC CCAACTATCC TGTACACTCA CCGGACAGGC ACATTCCGGG CCTTGAGGGC ATGGTAATAC 

CGGACAGGC ACATTCCGGG CCTTGAGGGC ACGGTAATAC 

TCCAGACCCT GCTTGAAGGG TACACGCCGG TCCTCCTGGC CCAGCATCAG TAACACTGGT GTCTTTACCT AGGTGTATGG GAGGCAKGA GCTGTGGCGA 

TCCATACCCT GCTTGAAGGG TACCCGTCGG TCCTCCTGGC CCAGCATCAG TAACACTGGT Gl'CTTTAC 

GCTGAGCTCT GGACTCTGGA GGAATGGGTG GCACAAGGAT ACCTGGGTAC C 
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FIGURE 5:  Sequence of the gene coding for mouse HGF-like protein. The nucleotide sequence. of the gene coding for mouse HGF-like protein 
is shown along with 5'- and 3'-flanking regions. An asterisk indicates the putative site of initiation of transcription (+1) and therefore the 
beginning of exon I .  Inferred promoter sequences ('TATA" and "CCAAT") are underlined. DNA sequences upstream of the start site are 
numbered in a negative manner. The number in the right margin corresponds to the last nucleotide on each line. The amino acid sequence 
of the exons is 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 of this gene are shown below the sequence of the gene. Identical 
nucleotides are indicated by a vertical line. Sequence from 4100-4309 is homologous to nucleotides 1-207 of DNF15S1 (Welch et al., 1989); 
nucleotides 4335-4654 are homologous to 216431 and 1-153 of DNFl5S1 and DNF15S2, respectively (Welch et al., 1989); nucleotides 5024-5288 
and 537 1-5477 are homologous to nucleotides 2099-2360 and 1992-2098, respectively, on the complementary strand of rat acyl-peptide hydrolase 
(Kobayashi et al., 1989). Insertions are not indicated; there is one insertion in the region of DNFl5Sl homology, six in the DNFl5S2 region, 
and one in the first region of homology with the rat acyl-peptide hydrolase gene. 
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Table 11: Summary of Northern Analyses for HGF-like Protein: Fetal and Newborn Tissues 
fetal/newborn tissuesa 

day of gestationb BR H A LG D L SP  ST I K AD 
18 N De N D  N D  N D  + N D  N D  
20 N D  + + 
22 N D  + + 
B N D  N D  N D  + N D  
B+5 N D  + + + - 
B+13 N D  N D  + - 
B+30 N D  + 4 N D  

OAbbreviations: BR, brain; H, heart; A, aorta; LG, lungs; D, diaphragm; L, liver; SP, spleen; ST, stomach; I, intestine; K, kidney; AD, adrenal. 
The presence (+) or absence (-) of a band for HGF-like protein mRNA on Northern analysis is indicated. bAbbreviations: 18, 18th day of 
gestation; 20, 20th day of gestation; 22, 22nd day of gestation; B, less than 12 h after birth; B+5, 5 days after birth; B+13, 13 days after birth; B+30, 
30 days after birth. eNot determined. dIncludes data for RNA isolated from small intestine and large intestine. The large and small intestines were 
only separated at 30 days after birth. At that time point, there was no detectable HGF-like protein mRNA expression in either small or large 
intestine. 

- - - - 
- - - - - - - - 
- - - - - - - - 

- - - - - - 
- - - - - - 
- - - - - - - 
- - - - - - - 

G A T C I  2 3  4 - 

FIGURE 6: Determination of the site of initiation of transcription in 
the gene coding for mouse HGF-like protein. Primer extension of 
total RNA isolated from mouse liver (lanes 1 and 2) or E. coli tRNA 
(lanes 3 and 4) was performed by using an oligonucleotide comple- 
mentary to nucleotides 769-798 in the second exon of the gene coding 
for mouse HGF-like protein. Lanes 1 and 3 represent hybridizations 
at 45 O C ,  and lanes 2 and 4 were hybridized at 60 OC. An M13 
sequencing ladder was used for size determination (G, A, T, and C). 

at +1 in Figure 5 .  The sequence at this site does not agree 
with the consensus sequence derived for transcription initiation 
sites (a CA followed by several pyrimidines; Bucher & Tri- 
fonov, 1986). On the basis of these results, the first exon is 
146 bp in length with a 94 bp 5’-noncoding region. The 
sequence 5’TATGTG3’ is present between 34 and 39 bases 
upstream of this putative transcription start site and could 
potentially be the TATA sequence found for many constitu- 
tively expressed eukaryotic genes to be the promoter for RNA 
polymerase 11. The sequence 5’GCAAT3’ at positions -96 to 
-92 (Figure 5 )  upstream from the putative start site could 
potentially by the CCAAT sequence responsible for stimulation 
of transcription of some eukaryotic genes (Bucher & Trifonov, 
1986). 

Database Search. The DNA sequence of the gene coding 
for mouse HGF-like protein was compared against the Gen- 
bank (release 64) and NBRF databases (release 25) to search 
for sequences in common with other genes and to locate rep- 
etitive sequences. The same sequences were found to be ho- 
mologous as when the human gene was compared to these 
databases (Han et al., 1991). Sequences homologous to 
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) were 
identified in exon 17 to the 3’ end of the sequence presented 
in Figure 5 .  DNFl5S1 and DNF15S2 are loci on human 
chromosomes 1 and 3, respectively, while human DNFl5S2 
lung mRNA is transcribed from the DNFl5S2 locus. The 
region from 4100 to 4309 (Figure 5) in the mouse gene is 78% 
identical with part of the sequence for DNFl5S1. After a gap 

of 26 bp, the DNFl5Sl homology continues from nucleotides 
4335-4551 and is 80% identical with DNF15Sl. The 
DNFl5S1 homology overlaps with the DNFl5S2 repetitive 
sequence at 4514 (Figure 5 ) .  DNFlSS2 is homologous to 
nucleotides 45 14-4654 (Figure 5 )  and is 70% homologous to 
the mouse gene. The 3‘ end of the sequence coding for rat 
acyl-peptide hydrolase mRNA is homologous to two regions 
in the gene for mouse HGF-like protein at nucleotides 
5024-5288 (85.7%) and 5371-5477 (96.3%; Figure 5) on the 
complementary strand. These appear to be two exons present 
at the 3‘ end of the gene coding for acyl-peptide hydrolase. 
There are typical splice junction sequences present for the one 
complete intervening sequence (5289-5370; Figure 5) and the 
3’-splice site of the partial intervening sequences at 5478-5560 
(Figure 5 ) .  The sequence of human DNFl5S2 lung mRNA 
is homologous to the rat acyl-peptide hydrolase mRNA and 
is most probably the human homologue of acyl-peptide hy- 
drolase (Han et al., 1991). Human DNF15S2 lung mRNA 
is 77% and 78% identical with nucleotides 5024-5288 and 
537 1-5477, respectively (Figure 5 ) .  The polyadenylation site 
in the gene coding for mouse HGF-like protein is 410 bp 
upstream of the polyadenylation site for the acyl-peptide hy- 
drolase gene. These genes are transcribed on opposite strands. 

Developmental Expression. In order to characterize the 
developmental expression pattern of mRNA coding for 
HGF-like protein as well as its tissue distribution, total RNA 
was isolated from various rat tissues and subjected to Northern 
analysis. In liver, mRNA coding for HGF-like protein was 
expressed at low levels during gestation until just before birth 
when levels dramatically increased (Figure 7). As judged by 
the intensity of autoradiographic bands, levels of HGF-like 
protein mRNA in liver continued to increase after birth to an 
apparent maximum at 13 days after birth (Figure 7). At 30 
days after birth, HGF-like protein mRNA appeared to be 
solely expressed in liver and not in any of the other tissues 
analyzed (Figure 8). Northern analysis was performed for 
tissues from other stages of development, and these results are 
summarized in Table 11. It is of interest to note that mRNA 
coding for HGF-like protein is expressed in liver at all of the 
developmental stages analyzed and in lung at three stages. 
Messenger RNA coding for HGF-like protein was not ex- 
pressed in brain, heart, aorta, spleen, stomach, intestine, 
kindey, or adrenal gland at any stage of development analyzed. 

In order to determine the effects of pre- and postparturi- 
tional stress on HGF-like protein expression, total RNA was 
isolated from pregnant and postpartum female rats and sub- 
jected to Northern analysis. At day 20 of gestation, mRNA 
coding for HGF-like protein was expressed mostly in liver and 
also in lung, diaphragm, adrenal, and placenta (Figure 9). 
Northern analysis was performed for tissues at other pre- and 
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Table I l l :  Summarv of Northern Analvses for HGF-like Protein: Maternal Tissues 
day of maternal tissuesa 

gestationb BR H LG D L SP ST SI LI K AD 0 U P UB 
PI 8 ND' ND ND ND + ND ND ND ND ND ND ND ND ND ND 
P20 + + + -  ND - + + ND 
P22 + + -  + + + + ND 
D ND - ND - + -  ND - ND ND - N P  - 

- - - - NP ND D+5 + + -  + 
D+13 + + -  NP ND 

- - - - - - 
- - - - - - - 

- - 
- - - - - 
- - - - - - - - - - 

"Abbreviations: BR, brain; H, heart; LG, lungs; D, diaphragm; L, liver; SP, spleen; ST, stomach; SI, small intestine; LI, large intestine; K, kidney; 
AD, adrenal; 0, ovary; U, uterus; P, placenta; UB, urinary bladder. Presence (+) or absence (-) of a band for HGF-like protein mRNA on Northern 
analysis is indicated. bAbbreviations: P18, 18th day of pregnancy; P20, 20th day of pregnancy; P22, 22nd day of pregnancy; D, less than 12 h after 
delivery; D+5, 5 days after delivery; and D+13, 13 days after delivery. 'Not determined. dTissue not present. 

28s - 

18s - 

FIGURE 7: Northern analysis of total RNA isolated from rat liver 
at various stages of fetal and postnatal development. Samples (20 
pg) of total RNA isolated from rat liver at fetal days 18, 20, and 22 
(F18, F20, and F22), less than 12 h after birth (B), and 5, 13, and 
30 days after birth (B+5, B+13, and B+30) were subjected to 
electrophoresis, transferred to a Biotrans membrane, and allowed to 
hybridize with a 32P-labeled 1450 bp cDNA probe coding for mouse 
HGF-like protein (see Probes under Materials and Methods). Mi- 
gration of 28s and 18s ribosomal RNA bands is indicated. 

postpartum stages (Table 111). Messenger RNA coding for 
HGF-like protein was expressed mostly in liver, but also in 
lung, adrenal, and placenta at several pre- and postpartum 
stages. HGF-like protein mRNA was not expressed in brain, 
heart, spleen, kidney, ovary, uterus, or urinary bladder at any 
pre- or postparturitional stage analyzed (Table 111). 

DISCUSSION 
The mouse cDNA for HGF-like protein codes for a putative 

protein with the same domain structure as its human homo- 
logue with four kringle domains followed by a serine pro- 
tease-like domain. Translated sequence from the gene and 
cDNA coding for mouse HGF-like protein indicate that a 
protein of 7 16 amino acids with a molecular weight of 80 593 
would be synthesized. The amino acid composition of this 
protein is Ala-32, Arg-50, Asn-35, Asp-36, Cys-45, Gln-39, 
Glu-39, Gly-58, His-26, Tle-18, Leu-57, Lys-28, Met-6, Phe-22, 
Pro-60, Ser-41, Thr-38, Trp-19, Tyr-20, and Val-47. There 
are four potential N-linked carbohydrate attachment sites at 
asparagines in the sequence Asn-X-Thr/Ser at positions 72, 
173, 305, and 624 (Figure 2). Three of these sites are also 
potential sites in the human protein at residues 72, 305, and 

28s - 

18s - 

FIGURE 8: Northern analysis of total RNA isolated from various rat 
tissues during postnatal development. Samples of total RNA (20 pg) 
isolated from brain (BR), heart (H), lung (LG), diaphragm (D), liver 
(L), spleen (SP), stomach (ST), small intestine (SI), large intestine 
(LI), and kidney (K) tissues from day 30 after birth were subjected 
to electrophoresis, transferred to a Biotrans membrane, and allowed 
to hybridize to a 1450 bp mouse cDNA probe coding for HGF-like 
protein (see Probes under Materials and Methods). The migration 
of 28s and 18s ribosomal RNA bands is indicated. 

28s - 

18s - 

FIGURE 9: Northern analysis of total RNA from maternal rat tissues 
during pregnancy. Samples of total RNA (20 pg) isolated from brain 
(BR), heart (H), lung (LG), diaphragm (D), liver (L), spleen (SP), 
stomach (ST), small intestine (SI), kidney (K), adrenal (AD), ovary 
(0), uterus (U), and placenta (P) from day 20 of pregnancy were 
subjected to electrophoresis, transferred to a Biotrans membrane, and 
allowed to hybridize to a 32P-labeled 1450 bp cDNA probe coding 
for mouse HGF-like protein (see Probes under Materials and 
Methods). The migration of 28s and 18s ribosomal RNA bands is 
indicated. 
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624 (positions 72, 296, and 615 in the human protein; Han 
et al., 1991). 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. On the basis of homology with the translated sequence 
of the cDNA coding for human HGF-like protein, the signal 
peptidase cleavage site is possibly between amino acid residues 
Gly-31 and Thr-32 (Figure 2). Within the first 40 amino 
acids, this proposed site and surrounding sequences are the 
only ones conserved in the human HGF-like protein sequence 
that fits with the consensus sequence for signal peptidase 
recognition sequences (von Heijne, 1983; Watson, 1984; Han 
et al., 1991). 

The translated amino acid sequence of the mouse cDNA 
is five residues longer than the human protein. The difference 
in length is attributed to additional residues in two regions that 
are between domains. In mouse HGF-like protein, there are 
23 residues separating the second and third kringle domains 
while the human protein has 14 residues (Figure 2; residues 
269-291). There are 31 and 35 amino acids between the 
fourth kringle and the putative activation site in the mouse 
and human protein, respectively (residues 458-492; Figure 2). 

The kringle and serine protease domains coded for in the 
cDNA for mouse HGF-like protein are over 80% identical with 
their respective domains in the human protein at both the 
protein and the nucleic acid sequence level. Sequences at the 
putative activation site and at the amino terminal of the serine 
protease domain are the same in the translated sequence for 
both human and mouse HGF-like proteins. The same dif- 
ferences in active-site residues in the serine protease-like do- 
main are found in the mouse and human proteins; His has been 
changed to Gln, Asp to Gln, and Ser to Tyr (residues 53 1,577, 
and 670, respectively; Figure 2). 

In  contrast to mRNA for human HGF-like protein, which 
is 2.4 and 3.0 kilobases in length in human liver, only the 
smaller species is seen in mouse and rat liver. Primer extension 
analysis of mouse liver RNA resulted in only one band which 
placed the site of initiation of transcription for the mouse gene 
94 bp upstream of the putative initiator methionine codon. 
This is consistent with the size of the mRNA. The same 
experiment performed on human liver always resulted in in- 
conclusive results which might be indicative of the multiple 
size classes of the mRNA. It appears likely that alternative 
splicing of the RNA transcript occurs at the 5’ end of the 
human mRNA for HGF-like protein (Han et al., 1991) or that 
a closely related gene is transcribed in human liver. 

Comparison of the genes coding for human and mouse 
HGF-like protein shows a high degree of identity in exons as 
well as in intervening sequences (Table I). All splice junctions 
are in identical positions with respect to coding sequence in 
both genes and are always the same type (Table I). Exons 
are between 76 and 89% identical, with the 3’-noncoding region 
in exon 18 being the least similar part of the two coding 
regions. Intervening sequences are unusually small and com- 
parable in size between the two genes. These sequences are 
between 42 and 70% identical with each other when the two 
genes are compared (Table I). 

The same sequences in the Genbank and NBRF databases 
were homologous to similar regions in the genes coding for 
both human and mouse HGF-like protein. We have been able 
to infer that the gene for human HGF-like protein is on human 
chromosome 3 at the DNFlSS2 locus ( 3 ~ 2 1 )  based on the 
similarity of its sequence with that determined at the 
DNFl5S2 locus and published restriction maps for this region 
(Han et ai., 1991). As with the human gene, the acyl-peptide 
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hydrolase gene is approximately 450 bp downstream of the 
gene for mouse HGF-like protein but is transcribed in the 
opposite direction (since it is encoded on the complementary 
strand). 

The expression pattern of mRNA coding for HGF-like 
protein during development and in maternal rats was deter- 
mined by Northern analysis. It is apparent that the majority 
of mRNA coding for HGF-like protein was expressed in liver. 
Messenger RNA coding for HGF-like protein was also ex- 
pressed at a lower level in lung, adrenal, and placenta. In 
certain tissues, diaphragm, stomach, and small intestine, 
mRNA coding for HGF-like protein was only expressed at a 
single developmental timepoint. Messenger RNA coding for 
HGF-like protein was not expressed at any time point in brain, 
heart, aorta, spleen, kidney, or urinary bladder. 

Several other proteins including prothrombin, plasminogen, 
apolipoprotein(a), and HGF contain kringle domains struc- 
turally similar to those found in HGF-like protein. The 
mRNA for each of these proteins is primarily expressed in 
liver, with lower amounts in other tissues. Prothrombin 
mRNA has been shown to be expressed in rats in several 
tissues including liver, diaphragm, stomach, intestine, kidney, 
adrenal, uterus, and placenta (Jamison & Degen, 1991). 
Plasminogen mRNA has been demonstrated to be expressed 
in rat tissues including liver, diaphragm, spleen, and stomach 
(unpublished results) and in rhesus monkey tissues including 
liver, testes, and kidney (Tomlinson et al., 1989). Apolipo- 
protein(a) mRNA has been demonstrated to be expressed in 
liver, testes, and brain (Tomlinson et al., 1989). HGF mRNA 
has been demonstrated to be expressed in rat tissues including 
liver, spleen, kidney, heart, lung, and brain (Okajima et al., 
1990; Tashiro et al., 1990). It is apparent that the primary 
site of synthesis of these kringle-containing proteins is the liver 
and that these genes are expressed at lower levels in other 
tissues. 
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ABSTRACT: The specificity of a homopyrimidine oligonucleotide binding to a homopurine-homopyrimidine 
sequence on double-stranded DNA was investigated by both molecular modeling and thermal dissociation 
experiments. The presence of a single mismatched triplet at the center of the triplex was shown to destabilize 
the triple helix, leading to a lower melting temperature and a less favorable energy of interaction. A terminal 
mismatch was less destabilizing than a central mismatch. The extent of destabilization was shown to be 
dependent on the nature of the mismatch. Both single base-pair substitution and deletion in the duplex 
DNA target were investigated. When a homopurine stretch was interrupted by one thymine, guanine was 
the least destabilizing base on the third strand. However, G in the third strand did not discriminate between 
a C.G and an A.T base pair. If the stretch of purines was interrupted by a cytosine, the presence of pyrimidines 
(C or T) in the third strand yielded a less destabilizing effect than purines. This study shows that oligo- 
nucleotides forming triple helices can discriminate between duplex DNA sequences that differ by one base 
pair. It provides a basis for the choice of antigene oligonucleotide sequences targeted to selected sequences 
on duplex DNA. 

Sequence-speci fic recognition of nucleic acids is essential 
for the regulation of cellular functions including replication, 
transcription, and translation. In mast cases, regulation of gene 
expression in living organisms is achieved by specific nucleic 
acid binding proteins. In a limited number of cases it has been 
demonstrated that nucleic acids could also play a regulatory 

* Author to whom correspondence should be addressed. 
*J.-L.M. was supported by a financial grant from the Institut de 

5 Permanent address: Universitat de les llles Balears, Dpto. de Biol- 
Formation Supikieure Biom6dicale and Rh8ne-Poulenc. 

ogia i Ciincies de la Salut, Palma de Mallorca, Spain. 

role [see HtlBne and Toulmt (1 990) for a review]. Homo- 
pyrimidine oligodeoxynucleotides can be targeted to a hom- 
opurine-homopyrimidine tract of double-helical DNA (Le 
Doan et al., 1987; Moser & Dervan, 1987; Lyamichev et al., 
1988). They form a local triple helix, a structure that has 
been first discovered for homopolynucleotides (Felsenfeld et 
al., 1957; Stevens & Felsenfeld, 1964). Homopyrimidine 
oligodeoxynucleotides could control transcription, using what 
we call the "antigene" strategy (HtlEne & Toulmt, 1990). 
Intermolecular triplex formation occurs upon binding of the 
third oligopyrimidine strand to the major groove of double- 
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