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Summary. Five homologous genes have been isolated and characterized
and found to belong to the plasminogen-apolipoprotein(a) gene family.
One of these genes is the true apolipoprotein(a) gene because it has typical
regulatory elements and exons coding for kringle 4 repeats. Nucleotide
sequence analysis revealed that each of 11 types of the kringle 4 repeats is
encoded by two exons and that the splice junctions of the exons coding for
the (pseudo)serine protease domain of apo(a) were also located in exactly
the same positions as those of plasminogen. o 1955 asademic sress, Inc.

Apolipoprotein(a) [apo(a)] is a high molecular weight glycoprotein of
300-700 kD, which is connected to apolipoprotein B-100 in lipoprotein(a)
[Lp(a)] by a disulfide bond (1-3). Apo(a) and plasminogen are very similar
in amino acid and genomic sequences (4-6). A major difference between
these proteins, however, is that apo(a) has from 10 to 50 repeats of kringle
4 of plasminogen. Concentrations of Lp(a) in plasma vary among
individuals from <1.0 to >150 mg/dl over a range of 1,000-fold. A
population with a higher plasma Lp(a) level than 25-30 mg/dl has a higher
incidence of acute myocardial infarction and cerebral infarction (7,8), while
low functional levels of plasminogen in plasma due to molecular
abnormalities are associated with venous thrombosis (9,10).

In the present study, in order to elucidate the control mechanism of
its expression, the gene coding for apo(a) was characterized and nucleotide
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sequences of all the exons and intron/exon boundaries in the apo(a) gene
were determined. In addition, differences in the nucleotide sequence of its
5'-flanking region were identified among individuals.

MATERIALS AND METHODS

Venous blood was drawn after informed consent had been obtained
from normal individuals and patients with myocardial infarction. Genomic
DNA samples were extracted from the leukocytes. PCRable genomic DNAs
of normal individuals were also purchased from BIOS Lab. (New Haven,
CT). All reagents used in this study were of analytical grades.

Sequence analysis. Three genomic libraries were screened by in
situ hybridization to obtain the phage clones which contain the apo(a) gene
(5). Phage DNA was amplified and prepared by liquid culture lysis.
Genomic DNA inserts were isolated by digestion of the phage DNA with
EcoRI and/or Sall endonuclease(s) and then subcloned into plasmid pUCI18
or pUC19. DNA fragments were also subcloned into M13mpl8 or
M13mp19, then sequenced by the dideoxy termination method (11)
employing [(>>S]dATP and buffer gradient gels. The phage clones (broken
lines in Figure 1) were confirmed to contain exons coding for the apo(a)
gene. The genomic DNAs were also amplified (solid lines in Figure 1) and
sequenced by employing gene-specific primers designed from the cDNA
and genomic sequences for apo(a). All regions were examined in more
than two individuals and their nucleotide sequences were consistent
except for polymorphisms as described below. Other related genes were
excluded by nucleotide sequencing.

In vitro amplification. 0.1-1.0 pg of a genomic DNA was amplified
in a 50 pl reaction mixture as described (12) employing 2.5-5.0 units of
Thermus aquaticus DNA polymerase (Taq polymerase, StrataGene). After
30 cycles of amplification, nine pl of each reaction mixture was applied to a
0.8% agarose (International Biotechnologies Inc.) gel containing ethidium
bromide (0.5 pg/ml) in 1 X TBE buffer (89 mM Tris base/89 mM boric
acid/20 mM EDTA, pH 7.8).

Oligonucleotides were prepared with an Applied Biosystems'
synthesizer. Genomic DNAs were amplified by employing primers
designed from the genomic sequences for apo(a); for amplification and
sequencing to detect polymorphisms in the 5'-flanking region, 5' side-
CTTGAATTCCCAAAGTGCTGGGATTACAGAG (A2-53; underlined nucleotides
are identical to those of the apo(a) gene) & 3' side-
TAAGGATCCGGCATATGTATTTTTACTACATTGTGGGAG (ASFL-3).

RESULTS AND DISCUSSION

Two homologous genes which may code for apo(a) [Apo(a)l & II in
Figure 4A in ref. 5] were identified in the previous study. It is, however,
very likely that only one of these genes is the true apo(a) gene which
expresses the protein, since no individual has more than two apo(a)
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Figure 1, Organization of the gene for apo(a). The gene model is based on
isolated genomic phage clones (broken arrows) except for two 3'-exons. In
addition, all exons and their boundaries including the two 3'-exons of
apo(a) were obtained by in vitro amplification of genomic DNAs (solid
arrows). Exons are shown by wide vertical bars with the names of regions
as defined for the plasminogen gene in ref. 6. Kd4a stands for an exon
coding for a first half and K4b for a second half of a kringle 4 repeat.

isoforms, each of which is inherited from either parent. The true apo(a)
gene is most likely apo(a)l because it has typical regulatory elements for
gene expression, an exon encoding a signal peptide, and exons coding for
kringle 4 repeats which correspond exactly to the cDNA for apo(a) (4),
while Apo(a)ll does not. It is confirmed that Apo(a)l contains exons
coding for kringles 1-33 of apo(a) (13); thus, Apo(a)l is designated as the
apo(a) gene hereafter. The gene for apo(a) spans more than 120 kb
(Figure 1), assuming that it has one each of 11 types of kringle 4 (1, A, B,
30-37 according to ref. 4). This is consistent with a report that a yeast
artificial chromosome (YAC) clone contained the apo(a) gene of about 120
kb, although its 3'-portion was truncated (13). The total length of the
apo(a) genes depends upon the number of kringle 4 repeats in each
individual (14).

The organization of the human apo(a) gene, in terms of the locations
of introns (Figure 1) and the types of splice junctions, was identical to the
gene coding for plasminogen (Table 1). All splice donors and acceptor
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Table 1; Sequence
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and type of Intron/Exon boundaries of the apo{a)

gene
Region Size Exon Boundary seguence Intron Boundary seguence Exon type

(bp)
5'-NC (95) I ..CTGAAATCAG GTAAGA... A ... TTTTAG CAGCACCTGA. . II I
Kdal 160 II-1 ..ACCCAAATGC GTATGT... Bl .. TTCCAG TGGCTTGATC. . ITIt II
Kdbl 182 III-1 ..TCCGAACAAG GTAAGG... Cl .. TTTCAG CACCGACTGA. . vl I
Kdaa 160 II-2 ..ACCCAAATGC GTATGT... B2 ... TTCCAG TGGCTTGATC. . 1112 1T
K4bA 182 III-2 ..TCCGAACAAG GTAAGG... (2 . TTTCAG CACCGACTGA. . Iv2 I
K4aB 160 II1-24 ..ACCCAAATGC GTATGT... B24 .. TTCCAG TGGCTTGATC.. III24 1T
K4bB 182 III-24 ..TCCGAACAAG GTAAGG... (€24 ...TTTCAG CACCGACTGA.. V24 I
Kda30 160 II-30 ..ACCCRAATGC GTATGT... B30 ...TTCCAG TGGCTTGATC.. III30 II
K4b30 182 II1-30 ..TCTGAACAAG GTAAGG... C30 ...TTTCAG CACCAACTGA.. IV30 I
Kda3l 160 I1-31 ..ACCCAAATGC GTATGT... B31 ...TTCCAG TGGCTTGATC.. III31 I1
K4b31 182 III1-31 ..TTTGAACAAG GTAAGA... C31 ...TTTCAG CACTGACTGA.. V31l I
K4a32 160 II-32 ..ACCCAAATGC GTCTGT... B32 . .TTGCAG TGGCCTGACC. . ITI32 11
Kdb32 182 III-32 ..TCTGAAGAAG GTAGGA... €32 ...TTTCAG CACCAACGGA.. V32 I
K4a33 160 II-33 ..ACCCARATGG GTACAA... B33 .. .TTGCAG TGGCCTGACC. . ITI33 II
K4b33 182 III-33 ..TCTGAACAAG GTAAGA... C33 ... TTTCAG CACCAACGGA. . V33 I
Kda34 160 II-34 ..ACCCAAATGG GTATGT... B34 ... TTGCAG TGGCCTGACC. . III34 II
K4b34 182 III-34 ..TCTGAAGAAG GTAAGA... C34 ...TTTCAG CACCAACTGA.. IV34 I
Kda3s 160 II-35 . .ATCCAAATGC GTATGT... B35 ...TTGCAG TGGCCTGACC.. ITI3s 11
K4b3s 182 III-35 ..TCTGAACAAG GTAAGA... C35 ...TTTCAG CACCACCTGA.. IV3S I
K4alé 160 II-36 ..ACCCAAATGC GTATGT... B36 . .TTGCAG TGGCCTGACC.. III36 11
K4b36 182 III-36 ..TCTGAAGCAG GTAAGA... C36 ...TTTCAG CACCAACTGA.. IV36 I
K4a37 160 II-37 ..ACCCAAATGA GTATGG... B37 . .TTCCAG TGGCCTGACA. . ITII37 11
K4b37 182 I11-37 ..TCTGAACAAG GTAAGA... C37 ...CTACAG ACTGTATGTT.. Iv37 I
KSa 149 v . .GGAAAAAAAT GTAAGC... D .. .TTTCAG TACTGCCGTA. . v 0
K5b 94 v . .CCTCTCTGTG GTAAGT... E .. .CCACAG CATCCTCTTC. . VI I
ACT 121 VI . .TTAGGACAAG GTAAGA... F .. TTCTAG GTTTGGAAAG.. VII II
HIS 75 VII . .GCTTGAAGAA GTACGT... G ... TTCTAG GTCCTCAAGG.. VIII 11
ASP 141 VIIT . .AGCTAAGCAG GTACTC... H . .TTACAG GCCTGCCGTC. . IX 1T
CNT 107 IX . .GAAACCCAAG GTGAGA... I . .ACACAG GTACCTTTGG. . X I
LOOP 119 X .CAGTTGCCAG GTAAGA... J .GTTTAG GGTGACAGTG. . XI 0
SER 403 XI
+3'NC A TT T

CONSENSUS AG GTGAGT- -CCNCAG G

sequences are consistent with
of kringle 4 repeats in apo(a)
inserted at positions precisely
middle and at both ends of each kringle 4. The splice junctions of the

exons coding for the (pseudo)serine protease domain of apo(a) were also
located in exactly the same positions as those of plasminogen (6).

the consensus sequence (15).

All 11 types

were coded by two exons, and introns were

identical to the plasminogen gene

These

findings support the hypothesis that these genes were derived from a
common ancestor through duplication and exon shuffling.
As shown in Figure 2, the apo(a) and plasminogen genes share more

than 95% sequence identity up to about 710 nucleotides upstream of the

initiator Met, while apo(a)Il has a high degree of sequence similarity to
these two genes about 160 nucleotides upstream. There are typical
regulatory sequences, including TATAA and CAAT, in front of the proposed

transcription site 141 nucleotides upstream of the initiator Met (16).
mismatch at nucleotide -21 of the apo(a) gene was observed when

in the

One

compared with the apo(a) cDNA (4); however, this anomaly turned out to
be one of the sequence polymorphisms among individuals as described
below.
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CAAAGTAATTTCAAA - - AGAATTGCTTCAAGGATGTTCAATGGTGATTATTATTGATTGTG-GCCTGGGTAGGTGGARARGCTACTCAGAGACCGAATACAGCA - - -

ATCAGAACAGCCCTGCCTGTTGGGAAGCTTGAGGGAGGCTATGGACGTGCAGCGCTTGGCAGAAGGTCTCGTCA ————— TGGAAGGTTCCAGCAAATGTGAGATACTTTTATGATTTCAT

N LA RPENSE SRATEARAE RS R AR RN E O R SRRNAEE EERRANARE REREN WE FERIRR K AEFATEENS SOVE RAEEETAGANRATRE T

777777 ACAGCACTGCCTGTTGGAAAGCTTGAGGGAGGCTATGGATGTGCAGCACTTGGCAGAGGGTCTGGTCA*~--—TGGAAGTTACCAGCAAATATGAGCTACTTTTATGATTTTAT
wa wee aee rarws Y . X3 P T

------ ACCCAAGCTCCCATAGTTATTCATTATTGGAACT—TGGTTTTCAAACTAGGTCAAATCAAACTGAACAACGTTTGGAATAATCCGTCACTGGTTGTGGACAGGGAAGGGTTCTA

TTTCTCCAAAAGAAAGGGAATAAGACAAGAGGGGAGGAAATAAGACTAATTGCCAGAGATAAAGTACAAGGG TGAGGGAAGGAATAR - -GGAGACATGACGGCAGCGTGGAGCAGCTGA

A A ETRRRRRERET SR P AARRRRETETNANNNST SATEERNOS va waea € REEE AERARETAEET RRE CNANAEAE B EARE  AERERARIAE ww

T"TATCCAAAAGAAAGAGAATGAAACAAGAGGGGAGGAAACAACACTAATCAGGAAAGATGAAGGTCTAGGGGTGAGGGAAGGAGTAA»—GGAGACATAAAGGCAATGTGGAGCAGCTGA
. N . -

e

GAAGGGACTGGGCTGGAGAAC-CCTGCAGGCTTACAGTATGTTATGGGTTGGTGCTCCCCTACCTACAGATTCTTTTAAAAAACTGTCCCTACAACTTACTGAACTGGAATGTCAGCTCA

GGGGGGAGATTGCTTTCACCACTTCCCAGCATCTATTGCAGATTCCACCC -TCAAACATTTTGTAAGGACT -CTTTATTCA - AGGTAACGTTTGAACCCTGC TGAGCCAGTGGCATGGGT

AEPTAERNE R BETRTRALLETENRAF R ELNENNE RS F FEST ARE N AFREE AELET R EAEE RS FAENNE RANGE S P ENRRAFLAT AR R AR P AR AR a N A SRRy
r‘GGG(.‘.GI‘\)\A"[‘G(‘CT'I"l"CACC)\C’X"I‘CCCA(}CATC'I"A’I"I‘G ACATTGCACTC TCAAATATTTTATAA GACT-CTATATTCA - AGGTAATGTTTGAACCCTGC TGAGCCAGTGGCATGGGT

. e wwe e SRR SRR NN RN IR FERRRRERCT AR AR AR,

GTGGAGT ————— CCTTCTTCTCTGGCCACTCTTAGGGG-ACTGAGGGATGGTTCGATTCAGAAAAG~GGCTTCTAAAAATTCAGGTAATGTTTGAACTCTCCTGAGCCAGTGGCATGGGT

CTCTGAGAGAATCATTAACTTAATTTGACTATCTGGTTTGTGGATGCGTTTACTCTCATGTAAGTCAACAACATCCTGGGATTGGGACCCACTTTCTGGGCACTGCTGGCCAGTCCCAAA

N R R NN A R TR R AR A AR R A E AN R AR AN NS RN NS SRR A RS AR A PR EOE E A E AT AT AN R E T A AR RSP A T E N R R AT N RR A G F R AR
CTCTGAGAGAATCATTAACTTAATTTGACTATCTGGTTTCTGGGTGCCTTTACTCTC ATGTAAGTCAACAACGTCCTGGGATTGGGACACACTTTCTGGGCACTGCTGGCCAGTCCCAAA

D R R R I N N I R I T

CTCTGAGAGAATCATTAACTTAATTTGACTATCTGGTTTCTGCATGCGTTTACTCTC ATGTAAGTCAACAACATCCTGGGATTGGGACACACTTTCTGGGCACTGCTGGCCAGTCCCAAA

ATGGAACATAAGGAAGTGGTTCTTCTACTTCTTTTATTTCTGAAATCAGCTAAGACATAGTTT T TTAAAT TATAATAATTATTTTTTCTCCCACAATGTAGTAAAAATACATATGCCAT

D e N R R R N o

ATGGAACATAAGGAAGTGCTTCTTCTACTTCTTTTATTTCTGAAATCAGGTAAGAC ATAGTTTTT TTAAATTATAAGAATTATTTT T TCTCCCACAATCTAGTAAAAATACATATGCCAT

R R R R Ty P T T R R T P T T TP OrY T N R AN RPN A E IR TR R R AN B R R A AN RN AN R AT R RN

ATGGAACATAAGGAAGTGGTTCTTCTACTTCTGT TATTTCTGAAATCAGGTAAGACATAGTTTTTTTTG - - TGTAATAATTATTTTTTCTCCCACAATGTAGTAAAAATACATATGCCAT

GGCTTTATGTGCAATTC - -~ - - ATTTAATTTTTGATTCATGAAACTTCCAGTTGAAAATCTTGTATAAGATTGAGGAAT TCTTCARGAAATAAGTTTAAGTTTCCTGTGAAGATTGTCAG
GGCTTTATGTGCAATTC - - - - - ATTTAATTTTTGATTCATGAAATTCCCAGTTCAAARTCTTCTATATGAT TGAAAAATTC TTAARARAATAAGTTT RATTTCCCCGTCAAGACTGTCAC
ATCTTTATGTGCAATTCATTTAATTTAATTTTTGATTCATAAAATCGCCAGT TCAARATCTTGTATAAGATTGAGGAATTCTTARAAAACTAAGTT TAATTTCCACATGAAGACTGTCAG
AS5-FL3
Figure 2. Nucleotide sequence of exon I and its flanking regions in the

apo(a) and homologous genes. Nucleotide numbers are shown in the right
margin. The top (P), middle (A), and bottom (X) lines represent the
sequences of the genes for plasminogen, Apo(a) [Apo(a)l], and Apo(a)ll,
respectively.  Asterisks show nucleotides identical to those of the
plasminogen gene. Sequences used in designing amplification primers are
underlined.
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Since both the plasma concentration and apparent molecular size of
apo(a) are inherited in an autosomal co-dominant manner (17), there could
be differences in its genomic sequence among individuals. The DNA-size
polymorphism, that is, the number of kringle 4 repeats, explains in part
the variation in plasma Lp(a) levels, that is, apo(a) levels (18). However,
plasma Lp(a) concentrations vary widely even within the same apo(a)
isoform (19,20). It is also suggested that there are cis-acting sequences at
the apo(a) locus, which would account for the variation in plasma Lp(a)
levels among individuals (18). Thus, it is very likely that the 5'-flanking
region of the apo(a) gene is important in determining Lp(a) levels through
transcriptional regulation and that there are sequence polymorphisms in
that region.

As expected, nucleotide sequence analysis of the 5'-flanking region in
the apo(a) gene among individuals revealed that there are differences in
four nucleotides at positions -914, -103, -49, and -21, respectively (21).

In contrast, no difference in nucleotide sequence was found in the Apo(a)ll
gene among these individuals. Some selective pressure may have kept the
Apo(a)ll gene unchanged because of its providing an important though

as yet unknown function(s).

The apo(a) genomic sequence shown in Figure 2 also has several
nucleotides which are different from those reported by Wade et al. (16).
Some of these may be additional genomic polymorphisms and the others
may be sequencing artifacts.
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