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ABSTRACT
We have isolated cDNA and genomic clones coding for porcine

plasminogen activator (urokinase, uPA). The cDNA is 2375 nucleo-
tides long: it consists of a 5'-non-coding region (104 nucleo-
tides), an open reading frame of 1329 nucleotides, and 3'-non-
coding region of 942 nucleotides apart from the poly A tail.
The genomic segment corresponding to the transcribed sequence is
5.85 kb long; it is composed of 11 exons and 10 introns. The 5'-
flanking genomic region contains a number of sequences of poten-
tial regulatory significance, including possible hormone recep-
tor binding sites and a sequence which we tentatively propose may
be involved in activation of transcription by cAMP.

The full sequence of both cDNA and genomic clones, the lat-
ter including 1.3 kb of flanking region, is presented and dis-
cussed, and the deduced amino acid sequence compared with that
of human uPA.

INTRODUCTION

The plasminogen activator (PA) genes are interesting sub-

jects for study owing both to the biological contexts in which

they are expressed and to the complex patterns of regulatory phe-

nomena that govern their expression. PA secretion appears to be

a general mechanism used by cells for inducing localized extra-

cellular proteolysis; and enzyme production has been conspicuous-

ly associated with numerous examples of tissue remodeling and

cell migration, processes in which extracellular proteolysis is

likely to play an important role. Examples include ovulation (1),

trophoblast implantation (2), mammary involution (3), inflamma-

tion (4), spermatogenesis (5), and stem cell migration (6). High

levels of PA production are also generally associated with prima-

ry malignant tumors in man (7) and experimental animals (8), and

a requirement for PA in metastasis has been demonstrated in an

experimental system based on a human tumor (9).
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In a minority of cases, PA production appears to be governed

by temporal programming, but PA gene expression is generally

regulated by cell and/or tissue-specific patterns of response to

hormones. Thus, depending on cell type, PA synthesis can be mo-

dulated by one or more polypeptide hormones (8,10,11), sex or

adrenocortical steroids (12,13), hormone-like agents such as re-

tinoids (14), tumor promoters (15,16), neural transmitters (17)

and glucose (17), or some combination of these. The questions

posed by this variety of responses invite analysis at the molecu-

lar level.

Two genetically and immunologically distinct forms of PA

are known to be produced by mammals - urokinase (uPA) and tissue

plasminogen activator (tPA). We have previously described the

isolation of an incomplete cDNA clone for porcine uPA and its

use in defining some aspects of the hormonal modulation of PA

synthesis (18). As a next step in the study of PA regulation we

report here the isolation of full length cDNA and genomic clones

for porcine uPA, and their nucleotide sequences.

MATERIALS AND METHODS

Materials

Restriction endonucleases were purchased from Bethesda

Research Laboratories, New England Biolab and Biotec; bacterio-

phage X packaging kits and RNase inhibitor from Biotec; reverse

transcriptase from Stehelin (Basel); nuclease S1 from Boehringer

Mannheim; Escherichia coli RNase H, DNA polymerase I large frag-

ment, polynucleotide kinase, and terminal deoxynucleotide trans-

ferase from Behtesda Research Laboratories; a-32P-ATP from New

England Nuclear, and y- 32P-ATP and a-32P-ddATP from Amersham.

All chemicals used in this work were either of enzyme grade or

of the highest grade commercially available.

The computer program used for sequence analysis was pur-

chased from SciSoft. The porcine kidney cell line, LLC-PK1,

was that described previously (11).

Methods

Isolation of full length cDNA clones. The preparation of poly(A)+
RNA from calcitonin-treated cultures of LLC-PK1 cells, its size

fractionation by sucrose density gradient centrifugation, and

9526



Nucleic Acids Research

synthesis of the first strand of cDNA were performed as reported

elsewhere (18). Secondary strand synthesis using the large frag-

ment of DNA polymerase I, RNase H and DNA ligase was by the

method of Okayama and Berg (19) as modified by Gubler and Hoff-

man (20). Double stranded DNA was tailed with poly dC according

to Deng and Wu (21), annealed to pBR322 previously tailed with

poly dG at the Pst I site (22), and transfected into E. coli

HB101. Ten thousand recombinant clones were examined by means of

high density screening procedures (1000 clones per filter)(23)

using pPK59 (18) as a probe.

Isolation of genomic clones. DNA from LLC-PK1 cells was prepared

by the method of Blin and Stafford (24), and used to construct

a genomic library according to Karn et al. (25). The isolated
DNA was digested partially with the restriction enzyme Sau3A and

size-fractionated by sucrose density gradient centrifugation.

DNA fragments in the size range 14-20 kb were collected, and

1.0 pg was ligated to 1.5 pg of BamHI-digested EMBL4 x phage DNA

(26) and packaged in vitro (27). The primary library of 6x105
clones was screened by plaque hybridization (28) using pPK79

(see Results) as a probe.

Sl nuclease mapping. Two pg of size fractionated poly(A) +RNA
prepared from calcitonin-treated LLC-PK1 cells, 7x104 cpm of end

labeled DNA fragment and 10 pg of yeast tRNA were lyophilized
and dissolved in 30 pl of 80% formamide, 40 mM Pipes, pH 6.4,
1 mM EDTA and 0.4 M NaCl. The solution was first treated at 90°C
for 1 min and then incubated at 51°C for 3 hours. After this

the solution was diluted with 900 pl of Sl buffer containing
50 mM sodium acetate, pH 6.4, 0.28 M NaCl, 4.5 mM ZnCl2, 0.1%
SDS and 2000 units/ml nuclease Sl and incubated at either 37°C
or 45°C for 60 min. The protected radioactive fragment was

precipitated with ethanol after extracting the solution with

phercl4-chloroform, and analyzed by polyacrylamide gel electro-

phoresis in parallel with other samples containing reaction
mixtures used for determining the nucleotide sequence of the ra-

dioactive fragment that was hybridized.

DNA sequence determination and sequence analysis. DNA sequencing
was performed mainly by the chemical digestion method of Maxam

and Gilbert (29), but the chain terminating method based on di-
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deoxynucleotides (30) was used for a few fragments. DNA fragments

were labeled either at the 5' end with polynucleotide kinase and

y-32P-ATP, or at the 3' end with terminal transferase and a-32p-
ddATP. Sequence analysis was performed according to Queen and

Korn (31).

RESULTS

Isolation of full length cDNA clones

We have previously described a plasmid, pPK59 (18), which

contained a 650 bp insert corresponding to a portion of porcine

uPA-cDNA. With the aim of obtaining full-sized cDNA clones two

additional libraries were constructed from size-fractionated po-

ly(A)+RNA isolated from calcitonin-treated cultures. One library
was prepared according to a previously described method (18),

slightly modified by the inclusion of RNase inhibitor during the

synthesis of the first cDNA strand. Ten thousand recombinant

clones were screened by colony hybridization (24) using the in-

sert from pPK59 as a probe, and sixty positive colonies were

taken for plasmid isolation. The plasmid (pPK79) containing the

largest insert was selected for study. From the size of its in-

sert - 2 kb - it was not expected to be full length; nucleotide

sequence analysis and comparison with the known amino acid se-

quence of human uPA showed that a small part of the 5'-protein
coding and all of the 5'-untranslated sequences were missing.
A second cDNA library was then prepared as outlined in Methods

and twelve thousand clones screened by colony hybridization

using the insert from pPK79 as a probe. Ninety-two positive
clones were obtained, and one plasmid containing the longest in-

sert - pYN15- was studied further.

pYN15 was completely, and pPK79 was partially sequenced

(Fig. 1). Except for potentially ambiguous segments, most of the

cDNA sequences were read from only one strand because they could
be verified by comparison with genomic sequences that were being

determined concurrently. From the sequence data pYN15 contained

3' and 5' non-coding domains, and also included the entire coding

region. The nucleotide sequence of pYN15 cDNA is given in Fig. 2,

together with the deduced amino acid sequence which is compared

with that of human uPA ( 32, 35) The two proteins show extensive

homology, including the leader sequence: of 442 amino acids in
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FIG. 1. Restriction maps of cDNA clones and sequencing strategy.
Acc I (A), Pst I (P), BamHl (B), and Xba I (X) sites were de-
termined. The straight lines and open boxes are pBR322 regions
and cDNA inserts, respectively; open and filled circles desig-
nate the 3' and 5' ends, respectively, and the arrows indicate
the direction and extent of sequence reading.

porcine uPA, 350 (79%) are identical with the human enzyme. The

degree of homology is rather even throughout the length of the

coding sequence, and all of the cysteine residues in the mature

proteins are in comparable positions, indicating that the three-

dimensional structures are probably very similar. Significant

differences in amino acid sequence are found at only two sites.

These are represented by the insertion of two and nine amino

acid residues, respectively, at positions 9 and 135 in the por-

cine sequence. As expected from the similarity in amino acid

sequence, dot matrix analysis (36) showed strong homology in

nucleotide sequence between the two enzymes. This homology ex-

tended into both 3' and 5' non-coding regions, although at a

slightly lower level than in the coding segment. Porcine uPA

closely resembles human uPA also in a number of specific poly-

peptide domains including the leader sequence (residues -20 - -1),
region of EGF homology (residues 1-46) (32), kringle structure

(residues 52-133) (37), and the active site residues common to

serine proteases, his-215,asp-266, and ser-367 (33).
Two poly(A) addition signals, AATAAA, separated by a se-

quence of 7 nucleotides, are located at the 3' end of porcine
uPA cDNA.

Isolation and sequencing of genomic clones

A genomic DNA library was prepared (Methods) and 6xlO re-

combinant phage plaques were screened with the pPK79 insert as

probe. This procedure yielded 7 clones which together accounted

for approximately 30 kb of continuous sequence. Since the size

of porcine uPA hnRNA on electrophoresis was approximately 31S (18)

9529



Nucleic Acids Research

5'-CTG@ATCCTAGAGCCTGCCGAGCATCAGAGTGCCTACTAGTCC
CCGCTGTCOXATA aiGGGCCATAGTMG a ;CTGTCTUAMAGCCTCC TGGATCCTGCGGGCsTGCCTGTCCCTCTGTGTCCTGGTCGTW.K CC T

-20:MtArgVaIL-urgAlaCysLeuSerLeuCvsVa1LeuValWaSersSerLYSGIv
- -Ala - Leu - Arg - Le - - - - - - - - - - -

AGOCATG^ACTCATCWAAGTCTGGTGCATMCTGTGGCTGTCTGAATGAAATGTGTGTCCTACAAGTACTTCTCC4ACATTCAGCGATGCAGCTGCCCMAGMTTCCAA
1 :SerHIsGIleiHIsGInGluSerG1vAlaSerAsCYSGIYCYSLeuAsnGlvGIYLysCysValSerTyrLYsTYrRheSerAsn IleGlnArgCyserCysProLysLysRieGln
0Asn - - - - VaProxxxxx- - - AspO 0 0 0 1nro - - Asn - - - - - - HisTrPoAsnn0 - - - - Gly

CTGTGXT TGAC CATC CWTGCMTGAGGG^A CGGTCACTCTTACAGAGGCu TACCAACACTGGqAi -C(CCCTGCCTGCCCTGGAACTC4TGCCACT
41: GleuXluHi'sCCeTsGluI leAsPTrrSerGInWChRceGluGlyAsnGlvHlsSerTvrArQGlYLYsAlaAsn7hrAsnThrGlyGlyArgProCvsLeuproTrpAysSerAlaThr

0Gln - - -- - Lvs - LYS -Tyr - - - - - Phe - - - - - Ser - ASP - Met - - - - - - - - - - -

GTCMTCTGAAC4GTACCAT(ECAGACUGACGCCCTGUTGGGCCTKAATTACTGC1A UCCCAGACAATCAGAGAlCCCTGGTGCTAC,GTGU AGGTTGGC
81 :ValLervrlesAlaTYHlSAIaHsAgrosAlDALl aLeuiGInLeuGlYLPGvLYsHlsAsnTYrCvsArgsrProAsDAsnGInArgAr9ProTrDCvsTyrValGInValGIv

- -GInGIn - - - - - - Ser - - - - - - - - - - - - - - - - - - Arg - - - - - - - - - -

CTGTGTC GTMGAGTGCATGGT( L&GCTCTGGTGGTGAG AGTC(lCGGCCTGCTTATGATGGAAAATCCCTTCTCTACTCCGGM AMGTAG-AGTTTCAGTGTGGC
121 :LeuLYsGlnLeuVa3lGInGluCSetValProAsiCsSGlrGlvGlYGuSerHlsAr9oroAlaTyrAsDGlyLvsAsnProRheSerThrP,roGluLysVaIGILumeGInCysGIy

Pro ----P-r - HisAsp - Alamxxxuxu xxxx.xxxxxxxxxx - - - Lvs - Ser - Pro - - GluLeuLys - - - -

V 700
CAGAAGGCTCTGAGGCCCCGCTTTMAGATTGTTGGGGG4AAGCXCCACG6KACCTTGGTTTGCAGCCATCTATAG^A GGCATCGTGGAGGCTCTGTCACCTATGTGTGT

161 :GlnLYsAlaLeukgProArTeLIysl leVaalGlYGLyLvsSerThrThr I leGluAsnG1nProTroRheAlaAlaIleTvrArgWgHisArgGlyGlySeral ThrTyrValCys
Thr - - - - --r- lle- - GluFe - - - - - - - - - - - - - - - - - - - - - - - - -

GGTGCGCCTCATCAGTCCCTGCTGGGTGGTCAGCCCACCCACTGCTTCATCAATTACCAACATAAGMGACTACATTGTCTACCTGGGTCGCMCCCTTCACTCCAGCACTCAT
201:GIYG1ySerLeuIleSerProCysTrpValValSerAlaThrHisCvsFheI leAsnTvrGlnHlsLysGluAsDTvr I leVal TvrLeuGlyArgGlnThrLeuHtsSerSerThrHis

I-le - - - - - - - Aso - ProLvs - - - - - - - - - - SerArg - Asn - Asn - Gln

GGiGGAGATGAAAMM EG G MAGCTCATCTTGCATGAGGACTACAGTGCTGAGAGCCTTGCTCACCACAAT(ITATT GCCTTGCTGAA GATCCGTACCGACAGCGTGTGCA
241 :G1YG1uetLysRheGluvWIG1uLysLeaI leLeuHi sGluAsoTYrSerAlaAspSerLeuAlaHisHisAsnAsol leAlaLeuLeuLysIIleArglhrAsoLysGlyGlnCysAla

- - - Asn - - - - Lys - - Thr - - - - - - - - - - - - - SerLysGlu - Arg - -

CAGCCATCCCGCTCCATA"CAGCATCTGCCTGCCCCCAGTGAATGGCGATGCC,CATTTTGGCG4AGCTGTGAMTCGTCGGCTTTGGMAAGAGATCC,CTCTGACTACCTCTATCCA
281:GlnProSerArgSer IleGInThr I leCvsLteuProProVal AsnGIvAspAlaHisPhieGIyAIaSerCysGlu leValGlviPeGlvLysGluAspProSerAspTyrLejTyrPro

- - -- Thr - - - - - - - SerMetTvrAsn - ProGIn - - Thr - - - - Thr- AriSerlhr - - - - -

1200
WGAG4CTGAAAATCACTGTTGTGAAGCTAGTTTCCCACCIGGAGTGTCAGCAGCCCCATTACTACGGCAGCGWATCACCACCAMAATGCTGTGTGCTGCTGACCCACAGTGGAACG321:GIluGInLeJLSyetThrValValLysL-eValSerHisArgGluCysGInGInProHisTvrTYrGIvserGluv31 1hrThrLysMetLeuCvsAlaAIaAsoProG1nTrDLysThr
--- - - - Ile - - - - - - - - - - -

GATTCCT6k4GGGCTCGW,ACTGGTCTGCTCCACCCAAGGCCGCCTGACTCTGACTGGGATTGTGAGCTGGGGCCGTGMATGTGCCATGkAGGACAMCCWGGGCTAC361:AsPSerCysGInGlyAsoSerGlyGlyProLeuValCysSerThrGlnGlyArgLeuThrLeuThrGlyl leVal SerTroGIvArgGluCysAlaMetLysAspLysProGlyVa1Tyr
- - - Leu - - - t - - - Gly - - Leu - - - - - - -

ACAAGGGTCTCACGCTTCCTGACCTGGATCCACACTCATGTTGGGGGAGAGAATGGCCTAGCCCACTGAGG&CCCCCAGAGAACCAAGGGAGAGAGGGGCACCACCCATTCCCATGCTG
401: TArgValSerArgeLeuThrTrp leHlsThrHisValGlyGlyGluAsnGlyLeuAlaHisEND- - - - His - - Pro - - ArgSer - ThrLysGlu - - - - - LA -

ACTGTCAAGTTMAGCTAAGGCCATCTGCACAGCTGTATATAAGGAAGAGACTGAGGAAGATGGGCTCTGCAGAGATGGTTTGCTTGGGCTGC ACCAGGGTGAGCGACTGTG

TACTCTUsATACAAGTCTGGGTGCTGGGiCACCCAGATTCCCCCCTGGCCAGGATCGGAAGGGTGGTCCTGAACCAGGGTGGTATTATCGTTGTATGGACTGAAGCCACCTGGAGTGAAAC
ATGGCATMCTTGTGCATAGGTGAGGiAGAGCCTGCTCCCCTGAGTGGGCCATTCACGAGGCCCACTGTTA,GTGkAGAATTTCCCAATTAGGAAGTGTGACAGAACTGAGGTCTMT
G GCGMGAATGCAGGAACAGTGGTTTGGGGAGTAGA4ACACTAATGAMGAGGGAAGGGCTCTGACATTCCATGAATGTATCAG MTGTTATATGCGTGTGTGTGMGC
ACATMTGTTCACAGGCTGTGTCAGTGTAAGAGCCGTGTTCTGTGCCTGACAGCAAGTCTAGATATTTCCCCAAATTGTGTAGACTGTGATGTCACATAGAATGGTCGGMCAAgGA
TCGTGGGTCACTCCTAGGCTUTGGGTCTCCTATGTGATACATCTAAATGTATCATCCTGGGGCAcTGACTGTGACCAGCACTCAATTTCCAGTATCACMCAcGTAGATfflITGTT
TCTTGGCCAGTTACCMTTCTGACCTTCCAGCCAAGTTCATCCAATCCTCACTGAGTGAGGTGAGGACCACTCCTGTACACTfiAGTATTTAATAATATGTTCTACTATTM11 AMATA
TCTAMTTATAATTTTGAATAAAGATGATCAATAAACGTGATTTTTCTG(A)n

FIG. 2. Nucleotide and deduced amino acid sequences of pYNl5;
comparison with human uPA amino acid sequence. The upper regis-
ter is the nucleotide sequence of the porcine cDNA insert in
pYN15, each hundredth nucleotide being numbered. The middle re-
gister presents the deduced amino acid sequence of single chain
porcine pro-uPA, 40 amino acids to the line. The lower register
shows the human pro-uPA sequence: only non-identical residues
are indicated and the two non-homologous deleted regions are in-
dicated by (xxx). (v ) Indicates sites at which the sequence is
interrupted by introns. ( V ) Indicates the cleavage site for
proenzyme activation. (X ) Amino acids at the active site of the
enzyme. (*) Glycosylation sites. ( 0) Amino acid identity with
murine EGF.
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FIG. 3. Restriction map and sequencing strategy for uPA gene.
Only a portion of the insert of XYN4 is shown. DNA was mapped
with the indicated restriction enzymes by the method of Smith
and Birnstiel (49). Open and filled circles represent 3' and 5'
ends, respectively, and the arrows indicate the direction and
extent of reading. (4 ) The putative transcription initiation
site, and ( t) poly(A) addition site.

the corresponding genomic sequence was expected to account for

some 7 kb of sequence. With this in mind a particular clone,xYN4,
was selected for analysis because the pPK79 probe hybridized to

its central region and it therefore seemed likely that it con-

tained the entire uPA sequence.

The restriction map of part of XYN4 and the sequencing stra-

tegy are given in Fig. 3, and the result of sequencing in Fig.4

The sequence obtained accounts for the entire cDNA present in

pYN15 and includes in addition 1 kb of 5'- and 300 bp of 3'-flank-

ing regions. Comparison with the cDNA indicates that the genomic

sequence is composed of 11 exons separated by 10 introns; the 5'

non-coding region contains only one intron, whereas the 3' non-

coding segment consists of a single, uninterrupted stretch of

942 bp.

S1 nuclease mapping

S1 nuclease protection analysis was undertaken to locate the

initiation site for transcription. For this purpose a Taq I-Ava

II fragment (220 bp) was prepared from the genomic clone and end-

labeled at the Taq I site as shown in Fig. 5a; the fragment was

then hybridized to size-fractionated poly(A)+RNA, incubated with

S1 nuclease as described in Methods, and the products analyzed

by electrophoresis. The procedure yielded a population of bands

with graded intensity corresponding to a region around 18-25

nucleotides downstream of the TATA box (38) which is closest to

the protein coding sequence (Fig. 5b). It is known that S1 nucle-
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ase-generated fragments migrate differently than those produced

by chemical digestion (39), and that the presence of cap struc-

ture at the 5' end of mRNA interferes with S1 action (40). Both

of these factors may cause the mobility of oligonucleotides to

deviate from that expected on the basis of their assumed length.

These considerations, and the fact that eukaryotic mRNA are en-

tirely initiated at an adenine residue that is preceded by a

cytosine residue (41), point to adenine 975 and/or 977 as the

putative initiation site(s).
Features of the genomic nucleotide sequence

i) Transcribed region. This portion of the gene comprises 6 kb

of nucleotide sequence,of which 2.4 kb are represented in mature

mRNA. This fraction - 40% - is rather large, especially in com-

parison with other kringle-containing serine proteases such as

prothrombin (2 kb mRNA/)20 kb transcribed) (Degen, S., personal

communication), plasminogen (3 kb/>21 kb) (42), or tissue plas-

minogen activator (2.6 kb/ 30 kb) (Degen, S. and Rajput, B., per-

sonal communication). When compared with the cDNA sequence the

gene is seen to consist of 11 exons separated by 10 introns, but

this segmentation pattern does not seem to be correlated with

any obvious structural or functional domains in the protein

(Fig. 6): for example, the region of EGF homology comprises two

exons, the kringle structure is split in mid-sequence, and there

is no genetic discontinuity at or near the site where limited

proteolysis converts the one-chain proenzyme to the active, two-

chain enzyme. There are no apparent homologies between the se-

quences of different introns, and comparison of these intron

sequences both with known repetitive sequences and with the data

base of class II genes failed to produce any evidence of homolo-

gy. An intriguing repeating sequence, (AAAAG) 3AAAA, is situated
at positions 3747-3768 in intron H, but there are as yet no

clues to its function or significance.
ii) Flanking regions. We determined approximately 1 kb of 5'
flanking sequence and identified several features of potential
interest, especially in the vicinity of the first TATA box. This

structure, TAATATA, is 25 nucleotides upstream of the presump-

tive transcription initiation site and the following elements

are located nearby: a) the pentanucleotide sequences GGGGC or
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pig-uk gene

* * * * 60 1** * 20
MCC 1CA2TTCCCTAACCCCTC40CCTCATAAAAA6AAAACTTCEA CACTTTACCTTTCCATTATCAA6ACTTTACACTTTCTA6TCTTTATAA6T6TCTATACTA

190 . . . . . 240
T66CMBCAAACTAAT6AtTTTTCATTAAAWATTCT6AAA6ACCTTCACACTTCAt6A6T6CA6CA6TrCT6TTA6ACCTCTT6TTATCAtCAATC

CATAMA6AT6ASCCCTAATTCTTATMCA6CCTCAT6TTCAAA6A

CTKCA6TGA6CAAC666TTCA6CTA6E8TTATTCACTTA66666A6

ABTATTTTCACATT6A6AAA6AGA TTCACAGC6CT9AGA TAT6

fTTW TCT6B6A6KA6CATCATA6CT GMMTW

.%A66T8AAT _A6A __ G8666ATTTTA66TKCCTCTCTTT

6C669C1A'1 TGOMAMTECjTA6AGCCTECC

AGCACA666TSBATGCAG6CA6MCCMECCTGEEG6CTTCACTTCC
Intron A

6CGT66C66TCC6A6CTGT6ECCC6ATCMCTCA6TCTMCAGA6AI

TICAGTAACCCA6CCT6TCC6CCTTECSCTTTCTMCCCTTCTTCCC

CTGTCCCTCT6T6TCCT66TECTGABCOACTCCAAAGTGAIT66C7

CTT BG6TA6GSTMCTCTAAATCCCATCAAC66CA6S6CCAGI

A6A6ACA6ATICCCTGCTCTKCT6GACTT9ATTC6OT

*666 T*ACT6666

* 300
ETCCCTTAAACCAAACT9CCAATTDCAATG

420

* 540
XMCTATACMCA6G66TCC6AATCACTCTC6TI

* 660
PATCTEC WAAATC6ATCTTCTTTTT6TAATTI

780
XCTCA6TTCA6ACCAATTTATCCCTCCCCT61

* 900
M66AMAT666AT6A6ATCCCA66CTAG666

1020
U6CATCA6A6T6CCTACTA6TCCCC6CT6TCI
- Exon 1

1140
XCTACC6CT66MC6CTC6ICACCTTC6CI

. 1260
G66ACGGTCA66TTC666GAACCT66TCACI

1360
CT6ACTTCTCCTTCCCTT6C6ABCC6CT6TC'

1500
rCTTCT6ACTCTTt 6A

Intron B
1620

CCCTC666AAATA9GGCA66T6T6ACATTI

1740
iATT6CTT6A6TCATMCATTTCTCTCT6CTI

1860
CAGTTTATCCTCACCTGGAACC6CAG6BCATI

1980

ATCCATSC

~6M9TTT1
....IW6*GCTfl

966TTT80

'AACCCTC

IOCC6CtC

CATACA66C

i666TCACa

:CC666CTCA

:tA6AG6CA1X
Exon

:TTGCAA6AC

r666T6TT61

r6AAACCTAI

;AACCTTT61

* * 360
£CECWICAEECCAACAICACAAGCTATCTT6

490
GTTC6TTTCA6A6AGCATBA6CAT'6TBTCA66

* * . 460

* * * 1720

iT6BTEAG6T6A6tT6T6CTt6C
* * * 1260

* . . 1080
6CTA6TC6A666T6A6TGT6-66tAMTA6

1200
BACTCTAGE6G TCA T

1320

1*40
WiCCTC6MACATUMTCCTC CT6
2

1S60
CCCCt6AACT6

* * 1680

1800
[6ATCTTTCAT TT6A6A6CA6CkACAC6AA

* @ @ ~~~~1920
IT6AACtTTTMCTTTCTCTCCCTMCCTACTCAnT

* @ @ ~~~~2040
CTCTTCAn666CA6CA"T6AACTTCATCA6Ae6TC6t6TCnAT6TA6TATCCA=CCt6CACAATATCT6CTT6CACTBATATCTT66AAAA6CCTC666CACMTCCCTTTACC

IE Exon 3 Intron C
2100 . . . . . 2160

A6CAA6A66ACT t66CTMCTAT6T6CTTTMAATCCTTCACCCtCCCACC AACCnTT6T6TTCT6CA6C6AACT6T66CT6TCT6AAT666t6AAA6T66CCTAC
Exon 4~2220 . . .o . . 2280

AA6TACTTCTCCAACATCA6C6AT6CA6CT6CCCAAA6AAAT T6CACT6A6ATA66TATT6ATCCT6ATTCTAACT 6 CA66ATT6T6666
| Intron D

2340 . . . . . 2400
CA666A6ACAT666T666Atl T666X666 WitM m6W C TCM6TTCCCA6T6ATATATA6TC T6CACTATCTCAT6AA

2460 . . . . . 2520
6CT6T66CT6CACAAAT666BTBBA6TB6AA6ATfTTCTA6T6TC'rCT6CCTA6CCT6STCAT6T6A66CCT66AA66TCCTCTCAAnAT6CCT6TCTCAACTTCCTCC
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2580 . . 2640
TCTTTCTAATATTCTCATM TCACAT CCTTCCATCMATC6CSCCT6CTT6AOM TCACTCTTACATCNMKTKAACT6AC6CCT6CCT6C

i Exon 5
2700 . . . . . 2760

MTCaTCT6CCAC6TCCTTCT6AACAC6TA.CCAT6CCCA6ACCT6ACT6C CCT6CAt*CT66CT66ACCTTCT66MT6A66T6MJ666MCTCT6C
-| In tron E

2820 . . 2880
ATCACTTCACA6ACCCCATTACATCCTTTTT6TM C6A6TtTBC6ACAC 66TATATCAA6CTCT66C6A6TCTTCCCTGS6f6A6T6KAA6ATC

2940 . . . . 3
TAT66AttAT6C=C6CCT=TCT'ATTTT6CASACCCAM'ACA6At6M6t T6TCAC6T6CA66'tT66CCTGAACA6CTT6TCCA6AT6CAT66T=AACM

oExon 6
W3060 . . . . 3120

TGCtCT66CTCTT A6TtTCMCCT6CTAT6AT66T66TABAAA666ACCTCAT6T6TtCTCXTTA6TCCATCTAA66A666T6ACT66TMT6AAA
Intron F

3180 . . . . 3240
ACA6WWA66tAAMA6tA6AT6CtACTTCCTTCCCCCC TAAA6TT6CCMTXTTTCCC6AAAAATCVCTTCTCTACTCc A TA6A6TTTCA6T
*~ Exon 7

3300 . . . . . 3360
6T6CCABTCT6A66CCCCGCTTTAA6ATT6TT6 ACA CACA6AA6CC TT66TTT6CABCCATCTATA6AA66CATC6T66A66CTCTDTCACCTAT6

3420 . . . . . 3480
T6T66t6ACTCATCA6TCCCT6CT666TB6TCA6C6CCAMCCACT6CTTCAT6TAT6TCTTCATrTTCT6TtCTCTTCCCCT6ACCCTCCT6CCCTACCMAAATAA6TCMCTT

|
I

Intron G
3540 . . 3600

TCTCCTTCCCAACAAAA6A6TTMCTTAT6CTACCCCTCA6CCCCTTTCCATAT66MCAT6ACTTT6666CAA6TSATGCTCTSA66TTBCT6TIT 66 TGACA66

3660 . . . . . 3720
ATCTCAT6~ATACAVM'CT6CAt6ATCTCTCCTCMCA-6CAATTACCAT tAAA-A6CACATT6TCTACCT666TC6CAMTCACTCCA6CAC TCAT6666A6Ar6 A

I *~* Exon 8
3780 . . . . . 3840

AATTT6A66T6AA6CTCAtCTT6CAT6A66ACTACA6TT6CTA6CCTT6TCACCACAAT6ATATT66T6A6TA6AAACCTTCATCT A 6T

i Intron H
3900 3960

TATCT6CCA6AT6ATT66t66tACCMGAA6ATCATCCAA6T66AGTTBATTSTA TT6AA6A6TCTACTTTACCMCA T666AAT66

4020 . . . . . 4060
TCCA6CAT6~ACTAC6T6A6666CCT66T6CT6CCTCT6T'A6A66CT6A CCA6AACA6TA6CCTX CTCT6A666CAAT6CC6A6T6TTA6CTT66ACT66AT6TTCT tT

4140 . . . . . 4200
MCATT6TT6AAT66A6TCT'6TTMA66ATTA6A6ACTT6'6A6A'6A6T6TT666CT66ATTTCA6CCCA6CTACCTC6C66TTTfTCTA6AAAACA6C iACC.MCATAC

4260 . . . . . 4320
A6CtGTTAt6 MT6CCT66TMA6TCTTSCAAC6tCrT66AACAA6CCTt6A66CATtaACA t6fA6ATTATT666AT6AACTACCA6ACTTCCCTA66TT6

438 44. . 40
ACCTCTACtAC6TCA6AATATATCCACTMCCTCA666TTt 6r T6T8ACCACCTCAMCA66T66T6ATCTTTCTCTCT6ACCACTTCCCTTMCA6CMTT

* * * * 4500 4560
6CT6AA6ATMC66T T6AA C TCC6CTMCATACNAMATCTCACT6MMCA6C *T6AAT66C6AT6CCCATTT t6ABTt6T6AAATC6T6CMTT

Exon 9

t6tCCCtt6A66ATCCCT6KTMT TCT666CT66CCT6666TcCtGAA6CTCAT6AAT66TGA6CtCATTATTA6666AACA CCAT A6A6ET
In tron I

4740 . . . . . 4800
CMAT6At61T866660|CATT6T T tA666AAT6AT6 A6CCATAAC6TTAATT666T6A66A6T6A666A6TATA6666TtAAACTACr666TTA6ATTfT

4860 . . . . . 4920
MCCT6CTAA666TACCTTTT66tCTCTCMTBCACA6A6A6TCCCA66T6CUA66CT6ACAAACTTAAT6TMAATTCCTMCT6TATMTCT6TCTA6CT6ACTACCTCTATMA

* * * . 4960 . , * * 50
6A6CA6CT6AAAAT6ACT6T T6MTA6TTTM CAttCCACC666A6TCAAMAT6TACT AC66CA6 C6AA6TCACCACAAAT6CT6T6TOTC6MAAT6ACt6C

Exon 10
. . . . 5100 . . . . . 5160

6ATT*CCT T6A6n6TroAA6CATCTCTTTATAAC CTATATA 6TCTCTCTACJ66CCTCT A

I Intron J
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5220 . . . . 5280
CTC666TCTT968 6TTTMACCTAAT6ATATBTBAMAMCAMTMWA6 T66CTCATBCT6CTTTCABACTT6 T6A 66TAATM

5340 . . . . . 54OO
AGA6CATM MTA6ATACATAACTCAST9TCAGA6ST6T6AA6TATAAAT6ATMBGAT6TTT T6MCA6CTA6AT66TCAT66G

U5460 . . . . 5520
6BCCA66666GT6CTTTA-AWaAAT6T6ATTCAATAATTUAIAG6CACAAA 6ACTTTCACTAA TACAAACAT6A6AA66A6CAT66CATATTTT6G6T

5580 . . . . . 5640
666A6AA7A66TCT6CMATAAT66AA6TC6TTTCAU6SACTT6AA66TM6MTGTT6CTA nT6MAKnAC6A TT6ACTCCA66

5700 . . . . . 5760
T666AA6ATC66AT66T=TTCACrTT=CTCM CTCATCTT TT6T6TCTCT66CTTAA6AATM666666M "CT66TCT6CTMCA6C6CT6ACTCT6AC

| - - Exon 11
5820 . . . . . 5890

T666ATT6T6A6CT6666 CC6AA WT6T6MCAT6AA6nAC6MTCTACAC6TCTCAC6CTTMCT6ACCT66ATACAaCTCAT6TTT66AABCCTA6C

*. . 5940 . . . . . 60H00
CT6A666CCC CAN CAMACMATTMCAT6CT69ACT6TCAMTATT6CA6TAA6CMATCTBCACABCT6TATAT 6AAT6AGAT6

60 . . . . 6120
66CTCTA66AT66M6CTT666CT6MCA6T6An6ACT6TCBCXCC6ATCAATCTCTAT6TXCAGT6S TCC=TS66AT T66

6180 . . . . . 6240
TCCT6AACCA666T66TATTT TTSTC6TAT6.6ACT6AAnCCCT66A6T6AAA66ATT CC6T6CTnTA6AACT6CT=T6Cr6zT6a6MUTCAC6C6T

|w~~~~~~~~~~~~~b*. * 6300 . . . . . 6U60
** . ~~~~~~~64206460

66CTCT6ACATT CAT6AAT6TATCA66AAAT6TATAT6C6T6T6T6T6M6AmTT6TC6ATTCCT6TCA6T6TAAB T6TTCT6BCT6ACACAATCTA6AT

60 . . . . 6600
ATTTCCCCAAAT6T6TA6ACT6T6AT6TCAC"ATA6AT66TC66TTTCAAACTl6#6TCACTJ6CTA666CCTCTTNCTTAT6T6ATACATCTAAAT6TATCATMT6666

* . . . . 6660 . . . . . 6720
CACT6ACT6T6ACCA6CACTCAATTTCCA6TATAtCCTTTCAC6TA6AT6TAT6MCTT66CCA6TTACC CT6ACCTTCC6CAA6TCATMATCCTCACT6AT6A66T6A6

* . . . . 6730 . . . . q . 6840
6ACCACTMCT6TACACT6A6TAMAATAnATTT6TTCTTACTATTTTAiUATATCTATTMATAATM6AATAT6ATCAAT'AAC6T6ATTTTTCT6AA6ATATT66CTCT

I
0 . . . . . 6960

TCCT66T6CTT6 1 1Tr666TATAA6TAAAT6A6TTOTACCTTTMT6T6T66T6TCTCT6ATTAA666TTT6A6AA66TT

7020 . . . . . 7080
TM6A6A6TA66CABACCT1TTCTA6'C4AT66CCT6ACTA6ACMAA6TT66TAAT66CT6C6TTT6T TTCAT6MTMTzCA6

7140
TCTMTGTCTITGTAIACTAW"ATTT9T1IMC1TACAT6ATAT1ECTCTTCAI8ATCT

FIG. 4. Nucleotide sequence of uPA gene. The sequence of the
sense strand is given and numbered from the terminal nucleotide
that was sequenced at the 5' end. Exons are underlined. The
putative transcription initiation site(s) are indicated by the
vertical arrow ( ): poly(A) addition site by ( '); TATA boxes
are boxed; the potential glucocorticoid receptor binding se-
quences are underlined with dashed line (---), repeating hexa-
peptide sequences with dotted line (...), decanucleotide repeats
with double solid line (), and the 28-nucleotide sequence
homologous with that of rat tyrosine aminotransferase is over-
lined ( ).
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AGGGC are repeated 11 times in the interval 7-376 bp upstream

of the TATA box; b) a decanucleotide sequence - TAGAGCCTGC -

overlaps the 3' end of the TATA box and is repeated once in

exon 1, 48 nucleotides downstream; c) the hexanucleotide se-

quence - AGTCCT - which is reported to act as a core sequence

for 'binding the glucocorticoid receptor (43), overlaps the 5'
end of the TATA box and is repeated once in exon 1, 53 nucleo-

tides downstream; d) a 28 nucleotide sequence - AAAGGGTGAGAAAGA-

GCTGATTGAGGGG - which begins 335 nucleotides upstream of the

TATA box and shows considerable homology (o 75% identity) with

a comparable sequence in the 5' flanking region of the rat tyro-

sine aminotransferase gene (44); e) two additional TATA-like

structures beginning 703 (TATAATAT) and 888 nucleotides (TATA-

TTAA), respectively, upstream of the TATA box.

The purine-rich domain which begins 37 nucleotides upstream

of the TATA box is only one of many that are scattered through-

out the untranslated regions of the gene.

In the 3' flanking region we surveyed 300 bp of sequence

downstream of the established poly(A) attachment site but found

no indication of any further poly(A)-attachment signal.

DISCUSSION

In this paper we have presented the complete nucleotide se-

quence of the cDNA and gene for porcine uPA. cDNA sequences have

previously been obtained for human (34,35) and mouse uPA (45)

but, as far as we are aware, ours is the first report of the uPA

genomic structure and sequence. The nucleotide sequence data,

and the deduced amino acid sequence, reveal extensive homology

as well as a few interesting differences between the porcine and

human enzymes, as already indicated in Results. The major dif-

ferences are accounted for by two insertions consisting of 2 and

FIG. 5. Nuclease Sl digestion analysis of 5' end of uPA mRNA.
A Taq I-Ava II fragment (220 bp) which covers the TATA box and
5' end of cDNA was end labeled at the Taq I site, hybridized to
uPA mRNA, and sequenced. (a) Experimental design; (b) sequence
of the Taq I-Ava II fragment, and S1 digestion of the hetero-
duplex of fragment and uPA-mRNA. The duplex was digested at 37°C
(lane 1) or 45°C (lane 2). Complementary nucleotides are shown
beside the sequencing gel, and the arrows indicate the putative
initiation site (s).
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FIG. 6. Relationship between gene, mRNA and protein. The gene
and mRNA are drawn to the same scale. The heavy lines of the
gene represent exons. The numbering of exons and the alphabetic
designation of introns correspond to those in Fig. 4. The pro-
tein domains are: (I) leader sequence; (II) "growth factor"
domain; (III) kringle structure; (IV) connecting peptide; (V)
catalytic domain.

9 amino acids, respectively, that are found in porcine cDNA; and,

because we used a slightly unconventional procedure for second

strand synthesis during cDNA preparation, it can be asked whether

these sequences might somehow be due to a procedural or cloning

artifact. Several findings argue against such an interpretation:

firstly, the same sequences were found both in genomic and in

cDNA clones; and, secondly, the longer of the two, corresponding

to the nona-peptide insert, was present also in pPK79 which was

prepared by conventional methods and independently isolated in

a separate experiment. It is unlikely that the insertions are

the result of some rare processing intermediate because their

boundaries do not obey the GT..... AG rule (46) and, in addition,
they are too short to be removed by splicing (47). Another in-

teresting point of difference concerns the glycosylation sites;

their separation by nearly 200 residues in the two enzymes sug-

gests that, whatever its function, glycosylation is probably not

important for catalytic activity.

The complex tissue-specific patterns of hormonal responses

that affect uPA production might be achieved by modulating the

expression either of a single pair of alleles or of a family of

closely related genes. We do not yet have definitive evidence on

this question, but Southern blot analysis of cellular DNA and the

restriction maps of 7 independent genomic clones all are consist-
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ent with the assumption that the porcine genome contains only one

pair of uPA alleles.

As already noted (v. supra, Results), the 5' flanking region

of the uPA gene is rich in sequence elements that could potential-

ly mediate a variety of regulatory mechanisms. For example, the

proximity to the TATA box of two possible glucocorticoid receptor

binding sequences could account for the repression of uPA pro-

duction by dexamathasone (11, and Nagamine, Y., unpublished ob-

servations); and the presence of additional TATA boxes and short

repeating sequences may well be significant for regulatory phe-

nomena. Perhaps of greatest potential interest is the 28-nucleo-

tide upstream sequence previously referred to (Results): this

sequence has intriguing homologies both with a comparable stretch

in the 5' flanking domain of rat tyrosine amino transferase (44)
another enzyme whose expression is cAMP regulated) and with some

regulatory sequences in bacteria; these homologies and their

implications are the subject of a separate report (48). Whatever

the relevance of these and other particular sequences may be for

the control of uPA expression, the relatively small size of the

gene is convenient for analysing their role, and experiments

designed to clarify some of the evident questions are in progress.
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