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ABSTRACT

Apo Al is the major apoprotein of the human plasma high density lipo-
protein (HDL). We have isolated apo Al cINA and genamic clones and used
them to study the gene organisation as defined by its restriction enzyme map.
These studies showed that apo Al is coded by a unique gene. Cross hybrid-
isation was not observed with functionally related apoprotein genes.
Increased levels of HDL have been correlated with certain protection against
coronary heart disease. If there is a genetic component that contributes to
the variable levels of HDL found in the population, it may be possible to
correlate these differences with distinct gene organisation patterns.

INTRODUCTION

The function of the lipoproteins in plasma is mainly to transport
lipids (primarily cholesterol and triglycerides) from one organ to another.
It has recently became evident that they not only solubilize hydrophobic
lipids but may also dictate the site in the body to which each lipid class
is to be delivered. Defects in the lipoprotein structure or metabolism
contribute to the early onset of atherosclerosis as documented by a wide
variety of genetic diseases (e.g. familial hyperlipoproteinaemias) (1).

The specific genetic defect has not been identified for many of these
diseases. Furthemmore, many cammon diseases where lipid transport and meta-
bolism may be altered such as atherosclerosis are very difficult to study
from a genetic point of view because they result fram camplex interactions
between several genes or group of genes and the environment. The powerful
gene manipulation techniques have not been applied as yet to any significant
extent in the study of cardiovascular disease. However, basic work in the
study of the structure and function of the genes involwved, for example, in
lipid transport and metabolism, may provide the framework for the success of
future research in the pathogenesis of atherosclerosis. A growing body of
evidence (2-8) shows that increased levels of high density lipoprotein-
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cholesterol (HDL~-C) are correlated with certain protection against coronary
heart disease. If there is a genetic camponent that contributes to the
variable levels of HDI~C found in the population, it may be possible to
correlate these differences with distinct gene organisation patterns as was
the case with sickle cell anemia (9-11). We wish to report here the isola-
tion of cDNA and genamic clones for the major apo protein camponent of HDL
(apo Al). The study of the organisation of the human apo Al gene showed
that apo Al is coded by a unique gene, although polymorphic alleles as
defined by variation in restriction enzyme patterns may be present. Once
these polymorphisms are precisely defined, they will be used as markers to
study families with high incidence of arterial disease lacking any cbvious
predisposing cause.

MATERTALS AND METHODS
(a) cINA cloning

The initial cloning of human apo Al cDNA was carried out following the
specific oligonucleotide primer approach (12-14). By selecting a favourable
region of the known amino acid sequence of human apo Al (15), it is possible
to predict fram the genetic code eight 15 long oligonucleotides, one of
which will be exactly camplementary to apo Al mRNA (see Figure 1). The
oligonucleotides were synthesised simultaneously (30) using the solid phase
phosphotriester method developed by M. Gait (16).

Synthesis of internally or end labelled cDNA for analytical purposes
was carried out as previously described (17) using as template 5|.Lg of a
sucrose fraction (smaller than 18S RNA) of human liver RNA and the mixture
of synthetic oligonucleotides as primer. The clone, MI3Al, was constructed
as follows: cINA synthesis was carried out using 100 P9 of RNA template.
The cDNA was fractionated on a denaturing gel (see Fig. 1) and band 5 was
eluted. This was converted to double strand by the 'loop back' reaction
with Klenow DNA polymerase (19). The resulting double strand cDNA was
digested with HaeITI and ligated to Smal restricted and phosphatased Ml3mp9
vector (20). The ligation mixture was transformed into the bacterial strain
JMI01. The sequence analysis (21) of four of the recambinant phages allowed
us to identify one of them as an apo Al clone (M13Al). A cDNA library was
prepared synthesising cINA with "smaller than" 18S liver mRNA as template
and using oligo dT}2-)8 as primer. The cDNAs produced were converted to
double strand as described above and the single strand hairpin loop
structure was digested with S1 (23). The products were purified in a
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Sephacryl S300 column and the eventual 5' overhanging ends of the cDNA were
repaired by "filling in" with the Klenow fragment of DNA polymerase I. The
cDNA molecules .at this stage were predaminantly blunt ended so they were
ligated to the Pvull site of pBR322 (previously treated with phosphatase to
avoid its circularization) and transformed into MC1061 (24). This procedure
avoided the classical tailing of the cDNA and vector ends. About 10,000
recarbinant colonies were produced fram 10 pg of mRNA. This cDNA library
was screened for apo Al sequences using a probe prepared from M13Al (see
Figure 2).
(b) Genamic blotting

Restriction enzyme digests, blotting and hybridisation were as prev-
iously described (29). The molecular weight of fragments was determined
using )\@II and pBR322 fragments as markers. The probe used was either
a copy of the 48 long apo Al fragment present in M13Al (see Figure 2B) or
nick translated (22) pBAl.2.
(c) Isolation of the apo Al gene

A human foetal liver gene library obtained fram T. Maniatis (31) was
screened for apo Al clones using nick translated pBAl.2 as probe. One
positive plaque was dbserved after screening 5 x 105 recambinants. The
positive clone (ANAl) was characterised by restriction enzyme mapping. The
fragments containing the apo Al sequences were identified by hybridisation
after blotting the )\ Al digests.

RESULTS AND DISCUSSION

(a) Isolation of cINA clones
The cDNAs synthesised using the specific oligonucleotide mixture as a

primer were fractionated in a gel (Figure 1). Bands 1-6 were eluted and
analysed in two ways. Firstly, the internally labelled cDNAs were digested
with the restriction enzyme HaeIII which under special conditions is able
specifically to cut single strand DNA (18). The products of digestion from
bands 1-6 were fractionated in a 6% polyacrylamide 7M urea gel (not shown).
The sizes of the fragments were campared with the possible HaeIII sites
that can be predicted fram the apo Al amino acid sequence. Only the HaeIIl
fragments of band 5 (about 150, 90 and 50 nucleotides long) were campatible
with the apo Al amino acid sequence.

Secondly, the end labelled cINAs were eluted and subjected to the Maxam
and Gilbert sequencing techniques. The resulting data was of poor quality
but tentative sequences could be read fram it and again only band 5 was
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polyacrylamide gel fractionation
of cDNA synthesised using an
oligonucleotide of defined
sequence as primer. The primer
sequence was designed to be
camplementary to the mRNA region
coding for amino acids 108 to
112 of human apo Al (bottam
figure). Fram the genetic code
an mRNA sequence can be
predicted with 3 ambiguities (R
indicates a purine, Y indicates
pyrimidine) . Hence a mixture of
the 8 possible complementary
oligonucleotides was
simultaneously synthesised (16,
30). Analytical cINA synthesis
32 = was carried out as described in
Methods. The pentadecamer primer
mixture was added at different
concentration as follows: lane A
500ng, lane B 200ng, lane C
100ng, lane D 37ng, lane E no
primer added.

ABCDE Figure 1 Autoradiograph of a 4%

Apo AL 108 109 110 111 112
amino acid . -

ence W Q E E M
mRNA 5' UGG CAR GAR GAR AUG 3!
primer 3' M O CIY O ™/ 5

compatible with the amino acid sequence. This preliminary characterisation
bypassed the classical first step in cDNA cloning that is to establish the
presence of the mRNA by in vitro translation and allowed us to concentrate
directly on the specific apo Al band. The nurber of different clones prod-
uced by a gel band should be small enough to screen by direct sequencing.
The cDNA of band 5 was converted to double strand by the "loop back" reaction
with Klenow DNA polymerase (19). The resulting double strand cDNA was not
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Figure 2

(A) Autoradiograph of a dideoxy sequencing gel of the clone MI3Al. The
sequence that can be read between the arrows is indicated at the bottam of
the figure. The amino acid sequence predicted by the cloned fragment is
indicated above in the namenclature used by Dayhoff (28) and matches
conpletely the apoprotein Al sequence previously published (15).

(B) Preparation of a radioactive probe fram the clone M13Al. The single
strand M13A1 INA was prepared and copied as in the DNA sequencing protocol
(21) but in the absence of dideoxynucleotide triphosphates. The apo Al
fragment was then excised by digestion with the restriction enzymes EcoRl
and BamHI, whose sites are flanking the Small site where it was originally
cloned (see bottom figure). The fragment was then purified on a 12% poly-
acrylamide gel.

(C) Autoradiograph of a Southern blot of a SacI digest of the human DNA
obtained fram three unrelated individuals. The blots were carried out as
described in reference 29 and the probe used was the M13Al EcoRl/BamHI
fragment prepared as described in (B). Only one band can be seen hybridising
in each individual (see text and Figure 3).
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taken through the standard "tailing" protocol but instead was digested with
the restriction enzyme HaeIII (whose size fragments were known from the
preliminary experiments mentioned before) and ligated to a Smal digested
Ml3mp9 vector (20) previously treated with phosphatase to prevent its
circularization. The resulting recambinant molecules were transformed into
the bacterial strain JM101 and four of the recambinant clones were analysed
by direct INA sequencing following the procedure of Sanger (21). One of
these recambinant clones (M13Al) contained a 48 nucleotides insert that
codes for amino acids 66 to 81 of human apo Al (see Figure 2).

The cDNA clone was used to prepare radioactive probes to screen for full
length cDNA clones and to study the chramosamal organisation of the apo Al
gene (Figure 2C). Instead of the classical nick translation approach to
prepare the probe (22), we took advantage of the M13 single strand chromo-
same and with the same primer used for dideoxy sequencing, we synthesised
a DNA ocopy of the insert that was excised specifically cutting at the EcoRl
and BanHI sites that flank the Smal site where the fragment was originally
cloned (see Figure 2B). The fragment purified by gel electrophoresis was
an extremely pure high specific activity probe.

A full length cINA library was prepared following the standard
protocol (23) up to the S1 digestion step. The blunt ended cDNA molecules
(see Methods) were ligated to'the Pvull site of pBR322 and transformed
directly into bacteria. This procedure avoided the classical tailing of the
CcINA and vector ends. 5,000 recambinant clones were screened for sequences
conplementary to the 48 long apo Al insert of M13Al. Eleven ocolonies gave
positive hybridisation. They were grown and analysed by restriction enzyme
digest and then the two carrying the larger inserts (pBAI.l1 and pBAI.2) were
selected for further analysis and DNA sequencing. Figure 3A shows a HinfI
digest of pBAT and pBATI. Preliminary sequence data show that pBAI.l starts
around amino acid 44 and lacks part of the 3' non coding region while pBAI.2
.starts at amino acid 55 and has all the 3' non coding region.

(b) Gene mapping

The cDNA plasmids M13Al and pBAI.2 were used as probes for Southern
transfers (25) of human genamic INA digested-with various restriction
enzymes (see Figure 3B). The human apoprotein Al gene organisation as
defined by preliminary restriction enzyme map is shown in Figure 3. It is
clear that human apo Al is present at a unique position in the haploid
genome. There is no cross hybridisation, even at low stringency (2 x SCC
final wash), with any other of the related apoprotein genes (28). Further-
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(2) Agarose gel fractionation of a restriction endonuclease Hinfl dlgest of
clones pBAI.1 (lane 1) and pBAI.2 (lane 2). The apo Al sequences do not
contain internal Hinfl sites. The largest Hinfl fragments of pBR322 are
1631 and 516 base pairs (b.p.) long and are Indicated in the Figure. The
fragments running between them contain the apo Al sequences and 344 b.p. of
PBR322. The size of the inserts was calculated using HpalIl and HinfI
digests of pBR322 as markers to estimate the respective fragment size and
subtracting the pBR322 camponent of it. pBAI.1 and pBAI.2 have respectively
630 X 50 and 850 * 50 b.p. inserts.

(B) Autoradiograph of a Southern blot of human DNA digested with different
restriction enzymes (lane 1 HindITI/SacI double digest, lane 2 Sacl digest,
lane 3 Pvull digest). The blot was carried out as previously described (29).
The probe used was nick translated (22) pBAI.2. Similar experiments

carried out with different enzymes allowed us to construct a preliminary
restriction enzyme map as shown in the bottom of the Figure. E, S, H, P and
B denote respectively the restriction enzymes EcoRl, Smal, HindIIT, Pvull
and BamHI. The thick line indicates the region that hybndises to the
PBAL.2 probe. It should be noted that in the cDNA clones there are two
Sacl sites 35 b.p. apart. The same arrangement may be present in the gename
orthetwoSacI sites may be farther apart because of the existence of small
intervening sequences between them. In either case, the central S indicates
two SacI sites relatively close together.
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Table 1 Sizes (in kb) of DNA fragments containing the apo Al gene
in restriction endonuclease digests of total human DNA and
the genamic clone A Al

Restriction Total human

endonuclease DNA Clone AAL
Pvull 2.2 2.1
SacI 4.8 + 6.02 4.6 +5.52

EcoRl + HindIII 6.3 6.3

(a) The distal 0.5 kb of the 6.0 kb SacI fragment seem to be absent
in the genomic clone AAl.

more, the Pvull 2.2 kb fragment contains the complete or almost camplete
gene as it is the only Pvull fragment that hybridises with both the short
(M13A1) and long (pBAI.2) cDNA plasmids. pBAI.2 has two Sacl sites 35
nucleotides apart and the apo Al sequence is split in three fragments of
around 35, 250 and 500 nucleotides. Consequently when pBAI.2 is used as
a probe in genamic blotting, we detect hybridisation in two fragments, one
of 6.0 kb (that is the only one detected with M13Al) and another of 4.8 kb.
These data enable us to orientate the apo Al gene with respect to the
restriction sites. The 5' end of the apo Al gene is on the side of the
longer Sacl fragment close to the HindIII restriction site, whereas the 3'
end is on the shorter SacI fragment on the inside of the Pvull fragment.
Fram the size of the cDNA synthesised with the specific primer (see
Figure 1), it was deduced that the apo Al mRNA has at its 5' terminus about
110 nucleotides camprising the 5' non coding region and the signal peptide
sequence. Fram the estimated size of the 3' non coding region we can predict
the size of the mRNA as about 1,100 nucleotides (not considering the polyA
tail). The whole apo Al gene appears to be contained in the PwvuIl 2.2 kb
fragment, so this leaves a maximum of 1,000 nucleotides of possible non
coding sequences in the form of introns. As yet the restriction enzymes
used in our mapping experiments have failed to produce any evidence of
interruptions in the gene. However, the presence of small introns cannot
be ruled out.
(c) 1Isolation of the apo Al gene

An apo Al genamic clone (AAl) was isolated from a human foetal liver
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gene library (31) using pBAI.2 as probe. The restriction enzyme map of

A Al is in agreement with the map deduced fram genamic blotting (see Figure
3 and Table 1). The clone contains the PvuIl 2.2 kb fragment and this is
the only Pvull fragment that hybridises to pBAI.2. The size of the HindIII/
EcoRl and SacI fragments is also consistent with the genamic blotting,
although it is possible that the distal part of the SacI fragment may be

be absent in the clone (Table 1).

A fine mapping and camplete sequence analysis of the gene is currently
underway. The cDNA clone pBAT.2 and the genamic clone A Al are being used
to study by blotting the detailed gene organisation in normal individuals.
We expect to define in this way restriction enzyme site polymorphisms in the
population. Once these polymorphisms are precisely defined, they will be
used as markers to study families with high incidence of arterial disease
lacking any obvious predisposing cause. In addition to the well established
variations in the apo Al amino acid sequence (26,27), there may exist
regulatory alleles (e.g. with a different degree of response to hormone
action) that may only be detected at the INA level. As a given cambination
of genes involved in lipid transport interacts between themselves and with
the environment to provide the fine tuning of lipid transport and metabolism,
so it is probable that different cambinations of requlatory alleles will
result in a marginally different spectrum of plasma lipoprotein levels and
consequently in different long term effects in both lipid transport and cell
metabolism and thus the state of the vascular system.
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