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GENE: 

Using Prostate-s 
containing the P 

ecific Antigen cDNA fragments as hybridization probes a clone 
in ormation for the gene encoding Prostate-specific Antigen was 

isolated from a human genomic DNA library. The complete gene (about 6 kb) was 
sequenced and shown to be composed of four introns and five exons. Two major 
transcription initiation sites were found. The sequence of the promoter region 
revealed the presence of various well known transcription regulatory elements 
including a TATA box. A high percentage of homology was found between the 
Prostate-specific Antigen gene and the hGK-1 gene (82%). This homology extended 
into the promoter region. Two previdusly described variant Prostate-specific Antigen 
cDNAs can now be explained by intron retention and alternative splicing of the 
primary transcript. 0 1989 Academic Press, Inc. 

Tissue ‘Kallikreins and kallikrein-like proteins are a subgroup of closely related 

serine proteases (see for recent reviews 1 and 2). They are able to cleave specific 
precursor proteins at highly selective sites, generating in this way the mature, 

biologically active proteins. Kallikrein-like proteins are produced by many different 

tissues, including salivary glands, kidney, prostate and pancreas (1,2). In rat and 
mouse kallikrein-like proteases are encoded by a multigene family (3-7). The total 

number of kallikrein-like genes in these species is between 15 and 25. In man the 

gene family seems to be much smaller (8-10). So far, the existence of three 
different rnembers has been described. One gene (hGK-1) was completely sequenced 

(lo), of two others (Prostate-specific Antigen (PA) (1412) and kidney/pancreas 

kallikrein (8,9)) the cDNA structure has been established. 

PA is a 35 kD glycoprotein, that is exclusively synthesized by the epithelial cells 

of the prostate gland (13-16). Its natural substrates probably are proteins, secreted 

by seminal vesicles, which cause the gel like structure of the semen (17,18). 

Recently, PA has attracted much attention as a reliable marker for human prostate 
cancer (19-22). Normally, PA is not detectable in the serum. In case of invasive 
growth and/or metastasis of prostate tumors significantly elevated PA levels can be 

measured. Because of its clinical importance, detailed knowledge of regulation of PA 
expression is of high interest. 
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Previously we reported the molecular cloning and characterization of three 

different PA cDNAs and the detection of seven different PA transcripts (12). In this 

study the isolation and structure of the PA gene including part of the promoter 
region is described. In addition the mutual relationship between various variant 

PA cDNAs is clarified. 

Methods 
A human genomic library (partially Mbo I digested DNA in lambda EMBL 3) was 

kindly provided by Dr. G. Grosveld (Rotterdam). The libra was screened with a 
[32P]-labelled (23) 380 bp Eco RI-Sac I fragment derived rom the cDNA clone 7 
PA 525 (12). Duplicate nitrocellulose filters were hybridized overnight at 65°C in 
6xSSC containing 10x Denhardt, 0.1% SDS, and lOOfig/ml salmon sperm DNA. Filters 
were washed twice in 3x SSC for 20 minutes at 65°C and twice in lx SSC for 
20 minutes at 65°C and once at 0.3x SSC for 10 minutes at 65°C. Filters were 
exposed to X-ray films for 18 hours at -70°C using intensifier screens. Positive 
phages were purified by two isolation cycles. 

Phages were propagated, DNA isolated and fragments were subcloned into pUC9 
using standard procedures (24,25). Nucleotide sequences of appropriate fragments 
subcloned into M13mp18/19 were determined by the dideoxy chain termination 
method (26) using sequenase (USB, Cleveland) and dGTP or dITP. 

Primer extention experiments were performed using a method essentially identical 
as described in ref. 27, but omitting the dideoxy nucleotides in the reverse 
transcriptase mix. As primer a Z-mer oligonucleotide with the sequence 
5’-TGCAGCACCAATCCACGTCACG-3’ was used. This oligonucleotide is PA-specific 
(compare Fig. 2 position 74 to 87 and 1323 to 1330 with hGK-1 (ref. 10)). 
PolyA+ RNA was isolated from the human prostate tumors PC EW and PC 82, using 
standard procedures. Annealing of primer (5 ng) with polyA+ RNA (3pg) was for 
6 hours at 65°C. 

Results 
Using PA cDNA fragments as hybridization probes a genomic DNA fragment 

(designated 5Pl) containing the complete PA gene was isolated. The restriction map 
of clone 5Pl is depicted in Fig. 1~. A more detailed map of the region at which the 

PA gene is situated is presented in Fig. 1B. Fig. 2 shows the complete sequence of 
the PA gene including parts of the 5’- and 3’-flanking regions. Comparison of the 

genomic sequence with that of the most abundant PA cDNA (PA 75, corresponding 

to a 1.5 kb mRNA; Fig. IC and ref. 12) revealed that the PA gene is composed of 

five exons and four introns. The total size of the gene is approximately 6 kb. As 

determined by primer extention experiments, using polyA+ RNA from two different 
human prostate tumors (PC 82, PC EW), two transcriptional initiation sites were 

found at 42, respectively 35 bp upstream from the first ATG of the open reading 
frame (see Fig. 3). The exons have a size of 81 or 87 bp (exon I), 160 bp (exon II), 
287 bp (exon III), 137 bp (exon IV) and 793 bp (exon V). The respective introns 

have a size of 1235, 1628, 145 and 1373 bp. Exon I contains in addition to the 
leader sequence the information for the major part of the signal peptide. Exon II 

encodes the last two amino acids of the signal peptide, the seven amino acids of 
the pro-fragment and the amino-terminal region of the mature protein. Exon V 
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1 Fi_gure 
A. Partial restriction map of the genomic clone 5Pl. 
B. Restriction map of the genomic region containing the PA gene. Arrows indicate 
the sequence strategy. C. Organization of the different PA cDNAs described so far 
(see refs l&12) Closed boxes correspond to the open reading frame. Open boxes 
represent the remaining regions of the various cDNAs. The boxes in B. corres ond 
to the major PA transcript (see also cDNA clone PA75). B=Bam HI, BI= I! gl I, 
BII=Bgl II, C=Cla I, E=Eco RI, H=Hind III, N=Nco I, P=Pst I, Pv=Pvu II, 
S=Sac I, Sl=Sal I, Sp=Sph I andSt=Stu I. 

provides information for the carboxy-terminal part (51 amino acids) of the protein 

and the complete 3’-non-coding region. 

Seven distinct PA transcripts have been detected (12). In addition to cDNA 

corresponding to the 1.5 kb mRNA (PA 75), two cDNAs have been characterized in 

detail: PA 424 and PA 525. Both contain an extra internal fragment as compared to 

PA 75 cDNA (Fig. IC and ref.12). In addition, PA 424 is truncated at the 

3’-terminus because of the use of an alternative polyadenylation signal sequence 

(12). From the organization of the PA gene it can now clearly be established that 

PA 424 contains as extra information the complete retained small intron III (Fig. 

1~). PA 525 results from the use of an alternative splice acceptor site upstream 

from position 4608 instead of the site at position 5051 used in PA 75 (see Fig. 2). 

In general, elements important for regulation of transcription are located within a 

region of 200 bp upstream from the transcription start site. This region of the 

PA gene is characterized by the presence of several well known regulatory elements. 

A variant TATA-box (TTTATA) is found at position -28 to -23, a GC-box at -53 to 

-48, a CACCC-box at -129 to -125. Interestingly, starting at position -170 the 

imperfect palindromic sequence AGAACAGCAAGTGCT is found, which is closely 

related to reverse complement of the consensus sequence for steroid (glucocorticoid, 

progestin, androgen (28)) hormone receptor binding (TGTACANNNTGTC/TCT). 

97 



Vol. 159, No. 1, 1989 BlOCHEMlCAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

-210 -180 -150 

GCCTTTGTCCCCTAGATGAAGTCTCCAiCAGCTACAGGGCCTGGTGCATCCAGGGTGATCTAGT~TTGCAGAACAGCAAGTGCTAGClCTCCCTCCCCTTCCACAGCT~T~TGGG 

-90 -60 -30 

AGGGGGTTGTCCAGCCTtCAGCAGCATGGGGAGGGCCTTGGTCAG~~T~TGGGTG~~AG~AGGG~AG~AGTCCTGGGGAATGAAGGT~GGGtTCCTGGGGGAGG~TCCCC 

1 l 30 60 90 120 

AGCCCCAAGCTTACCACCTGCACCCCGAGAGCTGTGT~A~~TGGGT~~~GGTTGT~TT~~T~A~~~TGT~~GTGA~GTGGATTG~GAGAGGGG~~ATGGTTGGGGG~TG~AG~G 

METTrpValProValValPheLeuThrLeuSerValThrTrplleG 

150 180 210 240 

AGGGAGCCAGCCCTGACTGTCAAGCTGAGGCTCTTTCCCCCCCAACCCAGCACCCCAGCCCAGACAGGGAGCTGGGCTCTTTTCTGTCTCTCCCAGCCCCACTCCAACCCCATACCCCCA 

270 300 330 360 

GCCCCTCCATATTGCAACAGTCCTCACTCCCACACCAGGTCCCCGCTCCCTCCCACTTACCCCAGAACTTTCTCCCCATTTGCCCAGCCAGCTCCCTGCTCCCAGCTGCTTTACT~GG 

390 420 450 480 

GGAAGTTCCTGGGCATCTCCGTGTTTCTCTTTGTGGGGCTC~ACCTCCAAGGACCTCTCTCAATGCCATTGGTTCCTTGGACCGTATCACTGGTCCACCTCCT~GCCCCTC~TCCT 

510 540 570 600 

ATCACAGTCTACTGACTTTTCCATTCAGCTCTGAGTGCCCAACCCTATCCCAGAGACCTTGATGCTTCGCCTCCCAATCTTGCCCTAGGATACCCAGATGCCAACCACACACCTCCTTCT 

630 660 690 720 

TCCTAGCCAGGCTATCTGGCTGAGACAACAAATGGGTCCCTCAGTCTGGCAATGCGACTCTGAGAACTCCTCATTCCCTGACTCTTAGCCCCAGACTCTTCATTCAGTGGCCCACATTTT 

750 780 810 840 

CCTTAGGAAAAACATGAGCATCCCCAGCCACAACTGCCAGCTCTCTGATTCCCCAAATCTGCATCCTTTTCAAAACCTAAAAACAAAAAGAAAAACAAATAAAAU\AACTCAGAC 

870 900 930 960 

CAGAACTGTTTTCTCAACCTGGGACTTCCTAAACTTTCCAAAACCTTCCTCTTCCAGCAACTGAACCTCCCGATAAGGCACTTATCCCTGGTTCCTAGCACCGCTTATCCCCTCAG~TC 

990 1020 1050 1080 

CACAACTTGTACCAAGTTTCCCTTCTCCCAGTCCAAGACCCCAAATCACCAC~AGGACCCAATCCCCAGACTC~GATATGGTCTGGGGCTGTCTTGTGTCTCCTACCCTGATCCCTGG 

1110 1140 1170 1200 

GTTCAACTCTGTCCCAGAGCATGAAtttTtTtCACtACCACCAGCACCAGCCACCAACCTGCAAACCTAGGGAAGATTGACAG~TTCCCAGCCTTTCCCAGCTCCCCCTGCCCATGTCCCAG~C 

1230 1260 1290 1320 

TCCCAGCCTTGGTTCTCTGCCCCCGTGTCTTTTCAAACCCACATCCTA~TCCATCTCCTATCCGAGTCCCCCAGTTCCTCCTGTC~CCCTGATTCCCCT~TCTAGCACCCCCTCTGC 

1350 1380 1410 1440 

~GTGCTGCACCCCTCATCCTGTCTCGGATTGTGGGAGGCTGGGAGTGCGAGAAGCATTCCCAACCCTGGCAGGTGCTTGTGGCCTCTCGTGGCAGGGCAGTCTGCGGCGGTGTTCTGGT 

lyALaAlaProLeuILeLeuSerArgIleValGlyGlyTrpGluCysGluLysHisSerGlnProTr~lnValLeuValAlaSerArgGlyArgAlaValCysGl~lyValLeuVa 

1470 1500 1530 1560 

GCACCCCCAGTGGGTCCTCACAGCTGCCCACTGCATCAGG~~GAGTAGGGGCCTGGGGTCTGGGGAGCAGGTGTCTGTGTCCAG~GG~T~CAGCTGGGCATTTTCCCCAG~T~C 

1HisProGlnTrpValLeuThrAlaAlaHisCys~leArgAs 

1590 1620 1650 1680 

CTCTAAGGCCAGCCTTGGGACTGGGGGAGAGAGGGAAAGTTCTGGTTCAGGTCACATGGGGAGGCAGGGTTGGGGCTGGACCACCCTCCCCATGGCTGCCTGGGTCTCCATCTGTGTTCC 

1710 1740 1770 1800 

TCTATGTCTCTTTGTGTCGCTTTCATTATGTCTCTTGGTAACTGGCTTCGGTTGTGTCTCTCCGTGTGACTATTTTGTTCTCTCTCTCCCTCTCTTCTCTGTCTTCAGTCTCCATATCTC 

1830 1860 1890 1920 

CCCCTCTCTCTGTCCTTCTCTGGTCCCTCTCTAGCCAGTGTGTCTCACCCTGTATCTCTCTGCCAGGCTCTGTCTCTCGGTCTCTGTCTCACCTGTGCCTTCTCCCTACTGAGCACACGC 

1950 1980 2010 2040 

ATGGGATGGGCCTGGGGGWICCCTGAGAAAAttAAGGGCTTTGGCTGGGCGCGGTGGCTCACACCTGTAATCCCAGCACTTTGGGAGGCCAAGGCAGGTAGATCACCTGAGGTCAGGAGT 

2070 2100 2130 2160 

TCGAGACCAGCCTGGCCAACTGGTGAAACCCCATCTCTACT~AATACAAAAAATTAGCCAGGCGTGGTCGGCGCATGCCTGTAGTCCCAGCTACTCAGGAGGCT~GG~G~G~TT 

2190 2220 2250 2280 

GCTTGAACCTGGGAGGTGGACGTTGCAGTGAGCCGAGACGTGCCACTGCACTCCAGCCTGGGTGACAGAGTGAGACTCCGCCTC AAAAAAAAAAAAAAAAGAAAAGAAAA 

2310 2340 2370 2400 

GAAAAGGAAGTGTTTTATCCCTGATCTGTGTGTGGGTATGAGGGTATGAGAGGGCCCCTCTCACTCCATTCCTTCTCCAGGACATCCCTCCACTCTTGGGAGACACA~G~GGGCTGGTTC 

2430 2460 2490 2520 

AGCTGGAGCTGGGAGGGGWTTW\tGGGAGGAGG~GGAG~GGGGG~GG~~CAGGGTATGGGGGAAAGGACCCTGGGGAGC~GTGGAG~TA~CCTTGGGCCTGCAGGCCAG 

2550 2580 2610 2640 
GCTACCTACCCACTTGCAAACCCACGCCAAACCCGCCGCATCTACAGCTGAGCCACTCTGAGGCCTCCCCTCCCCAGCGGTCCCCACTCAGCTCCA~GTCTCTCTCCCTTTTCTCTCC~CA 

2670 2700 2730 2760 

CTCTATCATCCCCCGGATTCCTCTCTACTTGGTTCTCATTCTTCC~TTGACTTCCTGCTTCCCTTTCTCATTCATCTGTTTCTCACTTTCTGCCTGGTTTTGTTCTTCTCTCTCTCTTTC 

2790 2820 2850 2880 
TCTGGCCCATGTCTGTTTCTCTATGTTTCTGTCTTTTCTT~CTCATCCTGTGTATTTTCGGCTCACCTTGTTTGTCACTGTTCTCCCCTCTGCCCTTTCATTCTCTCTGTCCTTTTACCC 

2910 2940 2970 3000 
TCTTCCTTTTTCCCTTGGTTTCTCTCAGTTTCTGTATCTGCCCTTCACCCTCTCACACTGCTGTTTCCC~CTCGTTGTCTGTATTTTTGGCCTWV\~TGTGTCTTCCCC~CCCTGTG 

3030 3060 3090 3120 

TTTTTCTCACTGTTTCTTTTTCTCTTTTGGAGCCTCCT~CTTGCTCCTCTGTCCCTTCTCTCTTTCCTTATCATCCTCGCTCCTCATT~CTGCGTCTGCTTCCTCCCC~CA~GCGTG 

nLysSerVal 

3150 3180 3210 3240 

ATCTTGCTGGGTCGGCACAGCCTGTTTCATCCTGAAGACACAGGCCAGGTATTTCAGGTCAGCCACAGCTTCCCACACCCGCTCTACGATATGAGCCTC~T~~TCGATT~~T~AGG 

IleLeuLeuGlyArgHisSerLeuPheHisProGl~spThrGlyGlnValPheGlnVa~SerHisSerPheProHisProLeuTyrAs~etSerLeuLe~LysAs~rgPheLe~rg 
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3270 3300 3330 3360 

CCAGGTCATGACTCCAGCCACCACCTCATGCTGCTCCGCCTGTCACAGCCTGCCGAGCTCACGGATGCTGTGAAGGTCATGGACCTGCCCACCCAG~GCCAG~CTGGG~C~CCTGC 

ProGtyAspAfpSerSerHisAspLe~etLeuLeuArgLeuSerGluProAlaGluLeuThrAs~laValLysValMetAspLeuProThrGl~l~r~laL~GlyThrThrCys 

3390 3420 3450 3480 

TACGCCTCAGGCTGGGGCAGCATTGAACCAGAGGAGT~ACGCCTGGGCCAGATGGTGCAGCCGGGAGCCCA~TGCCTGGGTCTGAGGGAG~GGGGACAG~CTCCTAGGTCTGAGGG 

TyrAlaSerGlyTrpGlySerIleGluProGluGLuP 

3510 3540 3570 3600 

AGGAGGGCCAAGWIACCAGGTGGGGTCCAGCCCACAACAGTGTTTTTTGCCTGGCCCGT~TCTTGACCCCA~CTTCAGTGTGTGGACCTCCATGTTATTTC~TGACGTGTGT 

heLeuThrProLysLysLeuGlnCysValAspLeuHisVallleSerAsnAspValCys 

3630 3660 3690 3720 

GCGCAAGTTCACCCTCAGAAGGTGACC~GTTCATGCTGTGTGCTGGACGCTGGACAGGGGGCAAAAGCACCTGCTCG~GAGTCATCCCTACTCCC~GATCTTGAGGGG~GGTGAG 

AlaGlnValHisProGlnLysValThrLysPheMetLeuCysAlsGlyArgTrpThrGl~lyLysSerThrCysSer 

3750 3780 3810 3840 

TGGGGACCTTAATTCTGGGCTGGGGTCTAGAACCCAACAAGCATCTGCCTCCCCTGCTCCCCAGCTGTAGCCATGCCACCTCCCCGTGTCTCATCT~TTCCCTCCTTCCCTCTTCTTTG 

3870 3900 3930 3960 

ACTCCCTCAAGGCAATAGGTTATTCTTACAGCACAACTCATCTGTTCCTGCGTTCAGCACACGGTTACTAGGCACCTGCTATGCACCCAG~CTGCCCTA~GCCTG~~TAG~GT~ 

3990 4020 4050 4080 

ACAGACAGAGAGCAGCCCCTCCCTTCTGTAGCCCCCAAGCCAGTGAGGGGCACAGGCAGG~CAGGGACCACAACACAG~~GCTGGAGGGTGTCAG~GGTGATCAGGCTCTCGGG~ 

4110 4140 4170 4200 

GGGAGAAGGGGTGGGGAGTGTGACTGGGAGGAGACATCCTGCAGAAGGCGGGAGTGAGCAAACACCTGCCGCAGGGGAGGGGAGGGCCTGCGGCACCTGGGGGAG~GAGGG~~GCAT 

4230 4260 4290 4320 

CTGGCCAGGCCTGGGAGGAGGGGCCTAGAGGGCGTCAGGAGCA~GAGGAGGTTGCCTGGCTGGAGT~AG~TCGGGGCAGGGTGCGAGAGG~GMGGACCCCTCCTGCAGGGCCTC 

4350 4380 4410 4440 

ACCTGGGCCACAGGAGGACACTGCTTTTCCTCTGAGGAGTCAGGAACTGTGGATGGTGCTGGACAGAAGCAGGACAGGGCCTGGCTCAGGTGTCCAGAGGCTGCCGCTGGCCTCCCTATG 

4470 4500 4530 4560 

GGATCAGACTGCAGGGAGGGAGGGCAGCAGGGATGTGGAGGGAGTGATGATGGGGCTGACCTGGGGGTGGCTCCAGGCA7TGTCCCCACCTGGGCCCTTACCCAGC~TCCCTCACAGGCT 

4590 4620 4650 4680 

CCTGGCCCTCAGTCTCTCCCCTCCACTCCATTCTCCACCTACCCAC~TGGGTCATTCTGATCACCGAACTGACCATGCCAGCCCTGCCGATGGTCCTCCATGGCTCCCTAG?GCCCTGG 

4710 4740 4770 4800 

AGAGGAGGTGTCTAGTCAGAGAGTAGTCCTGGAAGGTGGCCTCTGTGAGGAGCCACGGGGACAGCATCCTGCAGATGGTCCTGGCCCTTGTCCCACCGACCTGTCTAC~GGACTGTCCT 

4830 4860 4890 4920 

CGTGGACCCTCCCCTCTGCACAGGAGCTGGACCCTGAAGTCCCTTCCCCACCGGCCAGGACTGGAGCCCCTACCCCTCTGTTGGAATCCCTGCCCACCTTCTTCTG~GTCGGCTCTGG 

4950 4980 5010 5040 

AGACATTTCTCTCTTCTTCCAAAGCTGGG~CTGCTATCTGTTATCTGCCTGTCCAGGTCTGAAAGATAGGATTGCCCAGGCAG~CTGG~CT~CCTATCTCACTCTCTCCCTGCTT 

5070 5100 5130 5160 

TTACCCTTACGGTGATTCTGGGGGCCCACTTGTCTGTMTGGTGTGCTTCMGGTATCACGTCATGGGGCA~GAACCATGTGCCCTGCCC~GGCCTTCCCTGTACACC~GGTGGT 

GlyAspSerGlyGLyProLeuValCysAsnGl~alLeuGlyIleThrSerTrpClySerGtuProCysAlaLwProCLuArgProSerLeuTyrThrLysValVa 

5190 5220 5250 5280 

GCATTACCGGAAGTGGATWAG~CACCATCGTGGCCAACCCCTGAGCACCCCTATCAACTCCCTATTGTAGT~ACTTGG~CCTTGG~T~CCA~C~GACTC~GCCTCCC~ 

lHisTyrArgLysTrpIleLysAspThrIleValAlsAsnPro * 

5310 5340 5370 5400 

GTTCTACTGACCTTTGTCCTTAGGTGTGAGGTCCAGGGTTGCTAGGAAAAGAAATCAGCAGACACAGGTGTAGACCAGAGTGTTTCTTAAATGGTGT~TTTTGTCCTCTCTGTGTCCTG 

5430 5460 5490 5520 

GGGAATACTGGCCATGCCTGGAGACATATCACTCAATTTCTCTGAGGA~CAGATAG~TGGGTTGTCTGTGTTATTTGTGGGGTACAGAGATG~GAGGGGTGGG~TC~CACT~G 

5550 5580 5610 5640 

AGAGTGGAGAGTGACATGTGCTGGACACTGTCCATGAAGtCCCACTCTGTCCTGG 

5670 5700 5730 5760 

AGGCACTGGGAAGCCTA.GGAAGGCTGTGAGCCAAGGAGGGAGGGTCTTCCTTTGGCATGGGATGGGGATGAAGTAAG~~GGGACTGGACCCCCTG~GCTGATTCACTATGGGGGG 

5790 5820 5850 5880 

AGGTGTATTGAAGTCCTCCAGACCCTCACATTTCAGATTTGAT~TTTCCTAGTAGAACTCACAG~~GAGCTGTTATACTGTGGTTTATTCTGGTTTGTTA~TT~CAG~GACACAC 

5910 

TGAAATCAGCAAAGGAAACAGGCATCTAAGTGG 

2 Fi_Pure 
Nucleotide sequence of the PA gene. Numbering starts at the first transcription 
initiation site; the second transcription initiation site is indicated by an asterix. 
Putative transcriptional regulatory elements, splice consensus 
pol adenylation 

se uences 

d 
3 

and 
srgnals are underlined. The TATA-box and the trans atronal start 

co on are boxed. The stop codon is indicated by an asterix in the protein sequence. 

Another, to our knowledge not yet described, repeated motif is located in the 

region -1’23 to -72. Both the sequences GGGAGGG and CAGCCTC are present in 

duplicate at a mutual distance of 7 nucleotides. 
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1 2 3 

3 Figure 
Pruner extention analysis of PA mRNA. As size marker the sequence, performed with 
the 22-mer oligonucleotide as a primer, of the corresponding genomic region, as 
determined by the dideoxy chain termination method was used. Lane 1: control 
tRNA; lane 2: PC 82 polyA+ RNA; lane 3: PC EW polyA+ RNA The two 
transcriptional initiation sites are indicated by arrows, the number indicates the 
corresponding position of the nucleotide in the genomic sequence (see Fig. 2). 

Discussion 

In this study we determined the structure of the PA gene. Comparison with other 

kallikrein-like genes (mouse, rat and the human hGK-1 gene) revealed a similar 

organization (3-6,lO). Transcription in rat and mouse kallikrein-like genes initiates 

at positions comparable to the ones found here (3,7). All genes are composed of five 

exons and four introns; the splice junction sites are completely conserved. Rat and 

mouse kallikrein-like genes are somewhat smaller than PA and hGK-1, mainly 

because of the smaller size of the last intron. As expected, the highest percentage 
of homology is found with the human gene hGK-1 (see Fig. 4 and ref. 10). The 

Firmre 4 
Comparison of the organization of the PA gene with that of the hGK-1 gene. 
The hGK-1 sequence data are from ref. 10. 
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PA 
hGK-I 

-190 CAGGGTGATCTAGTAATTG GAACAGCAAGTGC GCTCTCCCTCCCCTTCCA 
. ..AC..........TG.. $T$ . . . . . . . . . . . . . . . . . . 

PA -136 CAGCTC GGT GGGAGGGGGTTGTCCAGCCTCCAGCAGCATGGGGAGGGCCT 
hGK-I. P . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

PA -82 TGGTCAGCCTCTGGGTGCCAGCAGGGCA GGCG GTCCTGGGGAATGAAGGT 
hGK-I. . . . . . . ..A...A.......A....... P . . . . . . . . . . . ..A.........C 

PA 
hGX-I. 

GGCTCCTGGGGGAGGCTCCCC -1 
. . . . . ..CA.......C.... 

5 Figure 
Comparison of the sequence of the promoter region of the PA gene with that of the 
hGK-1 gene. Dots represent identical nucleotides. Putative transcriptional regulatory 
elements are boxed. The hGK-1 sequence data are from ref. 10. 

various regions show a mutual homology ranging from 75 to 92 percent. The highest 
homology is found in the promoter region and in the protein coding region of 
exon V (over 90 %); the structural similarity is the smallest in the first exon, 

encoding the non-translated leader and the major part of the signal sequence, and 

in exon IV (75-77 “/o). Intron regions are as well conserved as the protein coding 

parts. 

PA is expressed at high level in the prostate (11,12). Recently data have been 

published, indicating that hGK-1 is also expressed in the prostate gland, although at 

a lower level (29). The third known human kallikrein-like gene is expressed in 

pancreas and kidney (9). Comparison of the promoter regions of the three human 

kallikrein-like genes can, therefore, provide important information about elements 
involved in tissue specific gene expression. The promoter region of the hGK-1 gene 

has been described (10). So far, however, no data are available about the structure 

of the kidney/pancreas kallikrein gene. As depicted in Fig. 5 the putative 
regulatory elements present in the PA promoter region are in general also present 

in the 5’.,flanking region of hGK-1. A difference which can be of interest is the G 

at -170 in the SRE (steroid responsive element) of hGK-1 instead of A, which makes 

that the putative hGK-1 SRE deviates from the consensus sequence. At present, 

experiments are in 

steroid dependent 

expressio:n. 

Acknowledgments: We are indebted to Mrs. Paula Delfos for photography. This work 
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progress to find out whether or not PA/hGK-1 transcription is 

and which sequences are involved in prostate specific gene 
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