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Abstract

A ¢DNA library was constructed from brown trout liver tissue and one

clone, BTLB27, containing the processed mRNA transcript of apolipoprotein

A-T was isolated and seq d. This seq was then pared to all other
known apoA-I cDNA/genomic DNA sequences and the phylogeny of the
represented species inferred. The sequences isolated from the fish species
grouped outside both avian and mammalian sequences while the avian
sequence was an outgroup to the mammals. The phylogenetic tree also
revealed that rodents diverged from the mammals before lagomorphs,
carnivores, artiodactyls, and primates. Using the cDNA/genomic DNA
comparisons, the insertion sites of apolipoprotein A-l introns 11 and 111 were
predicted and amplified using the polymerase chain  reaction and
subsequently sequenced. We find that there are two loci for apolipoprotein A-
I, one of which has undergone major evolutionary changes. Also,
phylogenetic inference using intron II sequences support the findings from
the ¢DNA sequences. Molecular clocks were constructed from  the
phylogenetic data and the accepted fossil record to estimate the tlime of
various evolutionary events. We find that the accepled time for the
divergence of rat and mouse is much too recent. Estimates of the divergence
times of three salmonid species as well as a genome duplication event which
preceded salmonid speciation are also greater than current accepled values,
although the differences are not as great as that observed for the rodent

lineage.
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Chapter I

General Introduction



1.1 Composition and metabolism of high density lipoproteins.

Lipoprotei are  macromolecul compl consisting ~ of

triacylglycerol, phospholipid, cholesterol, and protein. They are found
circulaling in the plasma and act as the main transporters of lipids between
tissues. In mammals there are five types of plasma lipoproteins.
Chylomicrons are transient lipoproteins produced in the intestine following a
meal high in fat. The other four lipoproteins are distinguished by their
hydrated densities as high, intermediate, low and very low density
tipoproteins (HDL, IDL, LDL, and VLDL, respectively; Babin, 1987). Besides
density, the lipoproteins can be distinguished by their chemical compositions
(Table 1.1). One of the most important differences between these lipoproteirs
is their apolipoprotein content. The distribution of the apolipoproteins gives
cach lipoprotein a distinct function and thus plays a key role in lipoprotein
metabolism. This rescarch focuses on apolipoprotein A-I (apoA-I), the main
protein component of HDL.

HDL precursors (nascent HDL; nHDL) are produced in the liver, the
intestine, and through the lipolysis of chylomicrons and VLDL (Eisenberg,
1984). Althcugh each of these nHDL has a slightly different composition, they
all contain low levels of triglyceride and unesterified cholesterol and high
levels of phospholipid and apoA-I. Because these precursor particles are low
in cholesterol they are excellent acceptors of excess cholesterol from
peripheral tissues. Once the nHDL particle associates with the cell membrane,
apoA-l activates lecithin-cholesterol acyltransferase (LCAT; Aron et al., 1978)

which can then esterify the free cholesterol within the cell. The hydrophobic



Table 1.1. Chemical and physical characterist

cs of some apolipoy

profeins.

Lipoprotein LD HDL
Molecular Weight (10%) 56 23 018036
Density (g/L) 095-1.006 1.006-1.063 1.063-1.210
Component Percentage Composition

Triacylglycerol 50 0 7
Free Cholesterol 7 8 2
Esterified Cholesterol 12 37 15
Phospholipid 18 2 24
Protein 10 23 5
Major_apolipoprotein C-L, CIL, C-11L E [ AL, AL




cholesteryl ester can then be transported to the HDL core through the
cholesteryl ester transfer protein (CETP; Francone et al., 1989). nHDL contains
both LCAT and CETP. Together, they raise the cholesteryl ester content of the
lipoprotein thereby producing mature HDL (HDL). Once formed, HDL is
directed to the liver where excess cholesterol ester is extracted by at least four
mechanisms  (Assmann ef al., 1992) and then excreted through bile acid
synthesis and secretion. These processes make up the reverse cholesterol
transport pathway (Schmitz ef al., 1985 Fig 1.1) and are thought to be
responsible for the inverse relationship between HDL serum cholesterol
concentrations and the risk of developing ischaemic heart disease (Miller and
Miller, 1975). The high incidence of coronary heart disease has thus generated

much interest in HDL and, of course, apoA-I.

1.2 Structure and function of apoA-I.

ApoA-1 is a soluble, group I apolipoprotein and contains between 238
(Atlantic salmon; Powell et al., 1991) and 243 (human; Karathanasis et al.,
1993) amino acids. A short leader sequence of 23 to 24 amino acids tags apoA-T
for sccretion and is thus removed before the protein enters the plasma
(Pownall and Gotto, Jr., 1992). Once in the plasma, apoA-I can spontaneously
associate with lipid (Chan and Li, 1992), a phenomenon that is accompanied
by an increase in the p-helical content of apoA-l (Morrisett et al., 1977).
Although three-dimensional crystal structures are not available for
apolipoproteins, Chou-Fasman analysis predicts a repetitive helical content
for apoA-1. Furthermore, the hydrophobic moment algorithm indicates that

apoA-l is more amphipathic than the typical globular protein (Pownall et al.,



1983). The occurrence of prolines in the secondary structure of apoA-l is also
quite intriguing. In most cases, they occur at sites between repeated helical
segments and exhibit a minima in the helical moment (Pownall et al., 1986).
These pieces of evidence point toward a hypothetical model describing the
mechanism whereby apoA-I associates with the lipid molecules to form HDL.

The hydrophobic side of each amphipathic p-helix can interact with the lipid

molecules. The prolines between each of these helices allow adjacent helices
to interact with the lipids in a different orientation, thereby compensating for
the spherical or discoidal nature of HDL. In this arrangement, the hydrophilic
side of the helices remains exposed to the plasma o solublize HDL and to

interact with other proteins such as receptors and enzymes.

1.3 Organization and expression of the apoA-I gene.

Although much research has been devoted to the structure and
function of the apoA-I protein, valuable information has also been obtained
from the structure and organization of the apoA-I coding region. The high

level of expression of this gene facilitates the isolation and cloning of its

cDNA. C quently, ¢cDNA seq have been d ined for five
mammals and two salmonid species (Table 1.2). When the inferred amino
acid sequences were compared, a number of similarities were noticed. For
instance, the proline residues which separate the proposed p-helices are
highly conserved. The region between these prolines consists of either 11 or
22 amino acids which are themsclves conserved throughout apoA-l
Furthermore, when apoA-I was compared to other apolipoproteins, this

internal repeat was still observed, as was a 33 amino acid region at the amino



terminus. It has thus been proposed that apoA-I arose through multiple

intragenic duplications of a common ancestral gene (Kimura, 1983). Fig. 1.2

the of various based upon the number

pop
of 11/22 amino acid repeats'. It was also noticed that apoA-I was a rapidly
evolving gene. When compared to the B-globin gene, which evolves at the
average rate for 35 mammalian genes (Li et al,, 1985), apoA-I has a 25% higher
rate of non-synonymous substitutions (O'hUigin et al., 1990). However, the
overall structure of apoA-l appears to have been retained in all species
studied to date.

The gene structure of apoA-l has also been studied in a number of
specics (Table 1.2). A comparison of these sequences revealed three introns or
intervening sequences (IVS) which are spliced from the primary transcript
before translation. The first intron is located in the 5'-untranslated region

and the other two oceur in the coding region. However, the placement of the

two latter IVS appears conspit dom. IVS I sef most of

the leader peptide from the rest of the protein while IVS Il separates the
initial 33 amino-acid block from the 11/22 amino acid repeats. As the latter is

the proposed lipid-binding domain, the IVS seem to separate apoA-I into

! Recent isons between apoA-l from various species and human
apoE/apoA-1V suggest that the apoA-l gene is ancestral to both apoE and apoA-IV. Protein
products coresponding to these genes would not be present ir: salmonids in this scenario
(Powell et al., 1991).




Table 1.2. A comprehensive reference list of all known apoA-1 cDNA and

DNA sequence GenomicSequence
Law cfal., 1983 Karathanasis ¢l al., 1993

Hixson ¢t al., 1988
Murray and Marotti, 1992
O'hUigin et al,, 1990
Birchbauer ¢ al., 1993
Luo etal, 1989
Pan ¢t al., 1987

Haddad et al., 1986
Stoffel ¢t al., 1992

Bhattacharyya et al,, 1991
Atlantic salmon Powell ¢t al., 1991
Rainbow trout Delcuve ¢t al., 1992




regions with distinct functions (Pownall and Gotto, Jr., 1992).

1.4 Lipid metabolism in fish,

The position and bolism of plasma lipoproteins in fish? has

been well characterized (for review see Babin and Vernier, 1989). Unlike
mammalian systems, these poikilothermic or cold-blooded vertebrates
preferentially utilize lipid (as opposed to carbohydrate) as the primary source
of energy. This characteristic may account for the hyperlipidemic nature of
fish serum as demonstrated for rainbow trout (three-fold increase in
comparison to rat plasma lipid levels). Cholesterol levels in this species are
also elevated (as high as twelve times rat levels). Most fish species studied
exhibit the standard apolipoprotein classes whose main apolipoprotein and
lipid components are homologous to those found in mammals. Further, the
most abundant apolipoprotein particle in both mammals and fish (rainbow
trout) is HDL. In addition to the mammalian apolipoprotein classes, egg-
laying fish (and other oviparous species of reptiles and birds) produce
vitellogenin, the major yolk protein. This ancient protein associates with
lipids, phosphate, and various metal ions and is used as a food source during
embryogenesis. Recent studies have revealed a similarity between
vitellogenin and human apoB-100 (the primary  apolipoprotein of

mammalian LDL). This raises the possibility that vitell in has addi 1

functions (beyond an embryonic food source) and that the vitellogenin gene

2The term ‘fish’ is used to represent, in general, the approximately 20 000 species of
Teleosts. However, most of the research has centred on the Class Actinopterygii (Order
Salmoniformes).



may have been the ancestor to the present-day apoB-100 gene (Barber et al.,
1991; Steyrer et al., 1990; Baker, 1988).

Enzyme activities common in mammalian lipid transport systems are
also present in many fish species. The presence of LCAT- and CETP-like

activities as well as lipoprotein lipase activity implies that the major

pathways of chol 1 bolism have been conserved. However, lecithin-
alcohol acyltransferase (LAAT, similar to LCAT) has been identified in carp

but is not ¢ in m 1s. LAAT catal the transfer of fatty acids in

lecthin to the acyl moiety of wax esters and may be responsible for some of the
plasma wax esters found in this species.

In salmonids, apoA-l is the most abundant plasma protein and its
cDNA has been isolated from two species spanning two gencra (see Table 1.2).
Atlantic salmon (Salmo genus) apoA-I cDNA has been sequenced from liver
and its distribution of tissue expression examined. Like mammalian apoA-l,
salmon apoA-I is highly expressed in the liver and intestine. Trace levels of
apoA-I mRNA were also detected in salmon muscle (Powell et al,, 1991). In
rainbow trout (Oncorhiynchus genus) two cDNA sequences have been
isolated. One copy (apoA-I-1) is the major transcript of normal liver cells

while the other (apoA-I-2) is expressed only in hepatocellular carcinoma cells,

The induction of neoplasia by aflatoxin-By selectively i ases the expression

of apoA-1-2 above and beyond that of apoA-l-1 (Delcuve et al., 1992). To date,
no genomic sequence has been obtained for any species of salmonid or any
other fish.

1.5 Evolution of salmonids.



Within the Salmonidae family there are three subfamilies;
Coregoninae (whitefish and cisco), Thymallinae (graylings), and Salmoninae
(commonly referred to as salmonids or trouts, char, and salmon). The latter
includes four genera (Hucho, Salvelinus, Oncorhynchus, and Salmo) with
some 68 species (Allendorf and Thorgaard, 1984) and has &een the subject of

numerous taxonomic/sy ic studies using a diverse array of markers

such as morphological, allozyme, and nucleotide sequence data (for a
discussion sce Phillips and Pleyte, 1991). For example, short interspersed
nucleotide elements clements (SINEs) were used to reconstruct the phylogeny
of some salmonids (Murata ¢t al., 1993; Kido et al., 1994; Fig. 1.3). However,
many questions still remain concerning the classification of some species and
even the existence of additional genera such as Salmothymus and
Brachymystax (Phillips and Pleyte, 1991). Much of this uncertainty arises from
the fact that all salmonids apparently share a common tetraploid ancestor
(Allendorf and Thorgaard, 1984). Thus, many genetic loci exist in duplicate,
which can confound studies directly based on the genetic sequence (ie
allozyme analysis, restriction enzyme analysis, and sequence comparison). It
is estimated that 30% of these duplicate loci have been silenced, 46% have
diverged giving rise to paralogous loci, while 24% have been conserved
producing isoloci (Phillips and Pleyte, 1991). Consequently, it is important to
compare orthologous genes (genes that have evolved directly from an
ancestral locus) rather than paralogous (genes which have arisen from a gene
duplication event) when inferring phylogenies. Alternatively, both loci may

be used in the case of amino acid or nucleotide sequence comparison (if



sequences are available from each locus) to estimate both the phylogenetic
relationship of the organisms and when the genome duplication occured.
Svardson (1945) first proposed the notion that salmonids were
polyploid (i.e. having more than two sets of chromosomes; Svardson, 1945).
Although his hypothesis that the basic chromosome number was n=10 was
incorrect, later work supported his ideas as salmonids were found to be

ploid. This was first d by Ohno ¢t al. (1968) and is based on three

lines of evidence: (1) Salmonid fish have about twice as much DNA per cell
and twice as many chromosome arms as closely related fish, (2) Multivalents

i.e. more than two chr whose homol regions are i
8 8! ynap

by pairs) have been commonly observed in meiotic preparations from
salmonid species, and (3) Salmonids exhibit many duplicated enzyme loci

(Allendorf and Thorgaard, 1984).

1.6 Evolution and population genetics using variable genetic elements.

The study of evolution can be separated into two broad categories:
macroevolution and microevolution (Funk and  Brooks,  1990).
Macroevolution focuses on the evolution among lineages and operates over
very long periods of time (i.e. tens to hundreds of millions of ycars). Thus,
conserved sequences inust be used to study macroevolution (a hypervariable
region would almost certainly lose its genetic identity altogether, making it of

little use for long range evolutionary comparisons). The genes coding for

conserved proteins and rik I RNAs are co ly used to infer
phylogeny among lineages. Although the structure and function of cach of

these types of molecules have been retained, there is enough sequence



variation over time such that an accurate pattern of evolutionary
relationships can be determined. For example, the amino acid and nucleotide
sequence of conserved proteins such as myoglobin (Romero-Herrera ef al.,
1973) and cytochrome c (McLaughlin and Dayhoff, 1972) can be used to
examine deep evolutionary relationships.

Microevolution occurs within a lineage and thus operates within the
time-scale of an individual species or a number of closely related species. The
goal of population genetics is to identify microevolution within a species to
determine the existence/absence of any sub-species or distinct populations.
Typically, hypervariable regions such as repetitive elements are used to
observe microevolution, The abundance of repetitive DNA within the
genomes of eukaryotes was first observed in 1968 (Britten and Khone) by
observing the rates of reassociation of denatured DNA. More recently,
repetitive elements of various types have been identified (by DNA cloning
and sequencing) and the study of their variability has become quite common
in population genetics and species/individual identification. A good example
of this type of repetitive element is microsatellite DNA: variable genetic

clements consisting of short DNA sequences (1-5bp) repeated in tandem

t of llites make

(Rassman ¢t al., 1991). Two i
them suitable for individual identification and pedigree a-alysis:
1. the length of the microsatellite (ie. the number of repeats) is
hypervariable and thus can be observed within a population (or a number

of populations) of one species,



2. the regions flanking the microsatellites are unique and conserved such

that oligonucleotide primers can be designed for these sites. This allows

rapid analysis of many individuals using the polymerase chain reaction.
Thus, by amplifying unique microsatellites from a population, it is possible to
extract information about the population structure based on the sizes of the
microsatellites and their distribution. This pracedure has been used in a wide
variety of species including human (Litt and Luty, 1989), pig (Wintere ¢f al.,

1992), brown trout (Estoup ef al., 1993) and Drosophila (Tautz, 1989).

1.7 Goals and Objectives.

In general, the objective of this research was to further characterize the
apoA-l gene in salmonids and to use this information to examine the
evolution of mammals, birds, and fish. To this end, three major lines of
research were explored: (1) the gene structure of apoA-1 was examined. The
cDNA sequence of brown trout and the position/sequence of two apoA-l
introns from three salmonids (including brown trout) were obiained, (2)
using the apoA-I sequences obtained above and all other known apoA-l
sequences, phylogenetic inference methods were used to investigate the
evolutionary relationships between a number of species of mammals, fish,
and birds. This information was also used to estimate rates of evolution and
divergence times of various lineages, (3) duplicate apoA- loci in salmonids
were compared to determine the changes that have occurred since the

genome duplication.



Fig. 1.1. Schematic representation of the reverse cholesterol transport
pathway. A, apoA-l is synthesized in the liver. nHDL particles are then
asssembled and secreted into the plasma. B, the nHDL particles interact with
the peripheral tissues. ApoA-I activates LCAT which esterifies free cellular
cholesterol. Thesc esters are then transferred to nHDL via CETP. Mature HDL
is thus formed. C, HDL particles return to the liver where the cholesteryl
esters are extracted and catabolized. Although it is likely that this final step is

1 diated, the hanism of cholesteryl ester uptake by the liver

P
from HDL and the subsequent fate of the HDL particle itself is not well

understood.
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Fig, 1.2. A hypothetical scheme for the evolution of apolipoprotein genes

(adapted from Chan and Li, 1992).
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Fig. 1.3. Phylogenetic relationships within the family Salmonidae (adapted

from Murata ¢t al., 1993).
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chum salmon
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chinook salmon
coho salmon
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Atlantic salmon
— Dolly Varden

white-spotted char

Japanese huchen
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keta -
gorbuscha
nerka adonis
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mykiss J
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1 Salmo

salar =

malma

1 Salvelinus
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Isolation and Characterization of apoA-I cDNA and
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2.1 INTRODUCTION
2.1.1 Preparation of cDNA

A DNA library is a collection of DNA molecules which represent a
population of mRNA molecules. Essentially, a <DNA library represents the
expressed genes of the tissue from which the mRNA was isolated. The cDNA

is propagated in a cloning vector and typically maintained in Escherichia coli.

A good cDNA library must exhibit the following two characteristi

1. It must contain enough individual clones such that low-abundance

mRNAs are represented.

2. The cDNA lecules are full-length, thus rep ing complele

messages.
If either of these conditions is not met, the isolation and sequencing of a
particular message will be impaired.

There are three general steps involved in constructing a cDNA library.
First, the mRNA must be isolated. The mRNA is then used as the template
with reverse transcriptase to produce the cDNA. Finally, the cDNA is ligated
into the appropriate cloning vector. Variation in this last step produces two
broad categories of cDNA libraries. The simplest type of library to construct is
a random library. In this case, the orientation of the cDNA insert within the
vector is not constant. If a DNA probe is being used, the orientation of the
insert does not affect the isolation of a particular clone from the library.
However, immunological detection methods require the presence of an
antigenic determinant on the protein produced from the cDNA. In this case,
only 1/6 of the clones will be in the proper orientation and reading frame to

express the protein, Thus, six times as many clones must be screened. Further,



sequence analysis can be troublesome particularly if a poly-A tail is not
present to indicate the 3' end of the message. In directional libraries, all cDNA
inserts are cloned in a specific orientation. Besides more efficient screening
and sequence analysis, directional c¢DNA cloning also facilitates the
construction of subtracted libraries. This type of library is the end-product of a
comparison between two cDNA populations. The resultant library is thus
cnriched in messages which are present in one population but not the other.
Although there are various methods used to produce subtracted libraries,
cach uses hybridization to remove sequence information common to both
populations.

The cDNA library produced for this research was constructed using the
SuperScript Plasmid System for cDNA Synthesis and Plasmid Cloning (Gibco
BRL). This system has been optimized in a number of ways to maximize
cfficiency and versatility of the library. For instance, reverse transcriptase (RT)
exhibits an RNAse activity. Superscript RT has been cloned and engineered
such that the RNAse activity has been abolished. This decreases mRNA
degradation thereby increasing both the proportion of full-length ¢DNAs as
well as first-strand yieids. Another enhancement used to produce this
directional library is the use of a primer-adapter (Fig. 2.1). In this case, a poly
dT primer is combined with a double-stranded adapter which encodes a Not I
restriction endonuclease site. The poly dT region anneals with the poly A tail
of the mRNA and acts as a primer for first-strand synthesis. The final double-
stranded product will now contain a Not 1 restriction site. The addition of a

Sal 1adapter followed by a Not [ iction digest i y y into

the cDNA and allows for directional cloning (Not I restriction sites are

22



relatively rare in vertebrate The non-comp 'y Not 1/Sal 1

restriction sites on the cloning vector also prevent the formation of empty
clones which do not contain a DNA insert and are common in random
libraries (for a discussion on cDNA libraries, see the instructional manual
included with the SuperScript Plasmid System for cDNA Synthesis and
Plasmid Cloning (Gibco BRL)).
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poprotein purification using ial flotation.

Sequential flotation is the most common method used to separate
plasma lipoprotein particles. The procedure exploits the fact that the density
of each type of lipoprotein falls within a well defined range (Table 1.1) and
involves adjusting the density of the plasma/serum followed by
ultracentrifugation. For instance, the density of VLDL is not greater than 1.006
g/mL. If the density of the plasma sample is adjusted to 1.006 and centrifuged,
all of the particles with a density less than 1.006 will float to the top of the
plasma while more dense particles will pellet at the bottom of the centrifuge
tube. The uppermost VLDL fraction can then be removed and the process
repeated at a different density. This allows the specific separation of VLDL,
LDL, and HDL. A simple extraction to remove the lipids allows the protein

component to be analyzed separately.

2.1.3 The polymerase chain reaction (PCR).
The polymerase chain reaction (PCR; Mullis and Faloona, 1987) is an in
vitro procedure that uses short oligonucleotides (primers) to amplify specific

DNA fragments from a DNA template. Initially, all the components required



for DNA replication are mixed with both the primers and the desired
template. These components include a heat stable DNA polymerase (e.g. Taq
polymerase isolated from Thermus aquaticus, a bacterium that grows in hot
water springs). Two characteristics of Taq polymerase make it useful for PCR:
it is resistant to denaturation at high temperatures and its optimal
temperature for DNA replication is 74°C.

Once all the components are mixed, they are heated to 950C to

denature any double stranded DNA present. The mixture is then cooled to

allow the primers to anneal to the 'y positi on

the template DNA. The short length and relatively high concentration of the

primers p primer ling over ling of the pl 'y

template strands. The actual temperature at which annealing occurs is usually
between 400C and 55°C and is empirically determined for each pair of
primers, When the primers have annealed, the temperature of the reaction is
raised to 72°C. Taq polymerase will then replicate the templates to which
primers have anncaled. For PCR to be successful, the primers must anneal to
regions which flank the DNA fragment of interest, but always on the
complementary strand. In this way, the fragment of interest will be amplified
by both primers, but in opposite directions. These two products will be
complementary to each other. Thus, the product of one primer becomes the
template for the other primer in subsequent amplification cycles and leads to
an exponential increase in the amount of amplified DNA. In practice, 25 to 35

cycles of amplification \l'ig. 2.2) are sufficient to produce products which can

be seen on an agarose gel after ethidium bromide staining.
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2.2 EXPERIMENTAL and DISCUSSION
2.2.1 Isolation and sequencing of an apoA-I clone from a brown trout liver,
cDNA library.

A cDNA library was constructed from mRNA extracted from the liver
of a brown trout using the SuperScript Plasmid System for cDNA Synthesis
and Plasmid Cloning (Gibco BRL; C. McGowan, unpublished results). In an
attem,>t to identify highly expressed messages, random clones were chosen for
sequencing and a 10mL LB/ampicillin liquid culture prepared for cach one.
Plasmid DNA (pDNA) was then prepared from 3mL of this culture using the
Magic MiniPrep plasmid preparation kit (Promega) in a final volume of 50pL..
An aliquot of 9uL was removed from each plasmid preparation and mixed
with 1uL of 2M NaOH?2mM EDTA. The reaction was incubated at 370C for
five minutes and 10uL of 1.6M ammonium acetate (pH 4.8) was then added.
This was followed by 40uL of 95% ethanol (-209C) and an incubation at -700C
for 30 minutes. The precipitated plasmid was pelleted through centrifugation
at 12 000 rpm for 15 minutes (4°C) and the supernatant carefully removed.
The pellet was then washed with 500pL of 70% cthanol (-200C) and
centrifuged as above for five minutes. The supernatant was again removed
and the pellet dried under vacuum for 30 minutes at room temperature. The
pellet was finally suspended in 10uL of water and sequenced using the
Sequenase DNA sequencing kit (United States Biochemical). Fractionation of
the reactions through a standard sequencing gel (6% polyacrylamide/7M

Urea/1XTBE (89mM Tris, 112mM boric acid, 2mM EDTA, pH 8.3) for two

hours at 40 watts yielded approxi ly 200bp of 5 seq Each sequence

was compared to entries in the GenBank nucleotide sequence dalabase using



the FASTA program (Lipman and Pearson, 1985). The sequence obtained
from the plasmid pBTLB27 showed a high level of sequence similarity to the
apoA-1 cDNA sequence reported for Atlantic salmon (Powell et al., 1991).

Longer ionation times and sequencing with the Universal primer yielded
most of the remaining sequence including the 3' poly-A tail. Although the
complete sequence had not been obtained, the presence of the poly-A tail and
the ATG initiation codon implied that the complete apo A-1 coding region
had been isolated.

To obtain the r ining seq an olj leotide primer was

designed c 1 y to the 3' seqs btained above (Fig. 2.3). This

P

primer was then used to sequence pBTLB27. The data obtained from these
sequencing reactions overlapped the 5' and 3' sequences obtained above, thus
giving the complete sequence of the pBTLB27 cDNA insert. When this brown
trout sequence was compared to rainbow trout (Delcuve et al., 1992) and
Atlantic salmon cDNA sequences, two things were immediately observed:
1 ApoA-1 is highly conserved among the three Salmonid species,
2. An 87 bp region present in both rainbow trout and Atlantic
salmon was not present in brown trout.
To determine if this deletion produced a corresponding phenotype (ie. a
truncated protein), an examination of the apoA-I protein in brown trout was

initiated,

2.2.2 Isolation of HDL from brown trout serum and partial purification of

apoA-L.
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Human plasma (P. Davis, 275 mL) and brown trout serum (C.
McGowan, 29.0 mL) were dialyzed exhaustively against a 0.85% (g/100 mL)
solution of KBr (d=1.006 g/mL, mock solution A). Each sample was then
transferred to a 30 mL ultracentrifuge tube and filled to volume/balanced
with mock solution A. Both tubes were then centrifuged at 37 500
rpm/140C/18 hours in a 70TI, fixed-angle rotor. The VLDL fraction was
visible as a cloudy pellicle at the top of the tube. This fraction was removed
with a Pasteur pipette and discarded. To obtain the LDL fraction, the
remaining plasma/serum was adjusted to d=1.063 g/mL by the addition of
0.083 g/mL of KBr to each tube. Both tubes were then balanced with mock
solution B (8.22% KBr, d=1.063) and then centrifuged at 37 500 rpm/140C/24
hours. The clear, orange layer containing LDL was removed and discarded.
The density of each sample was then adjusted to d=2.10 g/mL through the
addition of 0.235 g/mL of KBr to each tube and centrifuged at 37 500
rpm/149C/40 hours. Both the human and brown trout samples contained an
orange layer similar to the LDL fraction. These HDL fractions (3mL and 8 mL,
respectively) were then dialyzed exhaustively against a solution of 0.15M
NaCl/50mM TrisHCI (pH 7.5)/5mM EDTA and stored at 40C.

To analyze the protein content of each HDL fraction, the lipoprotein
particles were delipidated as outlined in Fig. 2.4. The dried protein pellets
were then resuspended in 1.0mL (human) and 3.0mL (brown trout) of 1X UTE
(8M urea/10mM TrisHCI (pH 7.5)/1mM EDTA). A 10uL aliquot (in duplicate)
of each protein sample was then fractionated through a sodium dodecyl
sulfate (SDS), polyacrylamide gel (stacking gel-3% polyacrylamide; separating
gel-15% polyacrylamide) at 80V king gel) and 180V (separating gel) until




the blue dye reached the bottom of the gel (approximately 1 hour). Standard
protein markers as well as human apoA-I (Sigma) were also fractionated as
markers. To visualize the proteins the gel was stained for 30 minutes in 0.2%
(w/v) Coomassie Brilliant Blue R-250 (Kodak) in 50% (v/v) ethanol, 10%
(v/v) acetic acid and then destained in 20% (v/v) ethanol, 10% (v/v) acetic
acid. As shown in Fig. 2.5, the major protein in both preparations migrates at
or near the same rate as the human apoA-I standard. However, both samples

show iderable ¢ inati One i of relatively high

concentration in the brown trout sample migrates just below 14 400Da. The
contaminant is most likely to be apoA-Il. This apolipoprotein is the other
main protein component of HDL (Table 1.1) and migrates at approximately 13
000Da (Babin and Vernier, 1989).

In an attempt to further purify apoA-l from brown trout, semi-
quantitative ion-exchange chromatography was performed a batch adsorption
method?. DEAE-Sephadex (A-50, Pharmacia) was used since the inferred
amino acid sequences from Atlantic salmon and rainbow trout cDNA
sequences predict that apoA-I will be negatively charged at neutral pH. The
binding or elution of apoA-1 from the resin under various conditions was
assayed by SDS-PAGE as described above.

Optimal binding of apoA-l in to the resin occurred at pH7.5 in 1X UTE
(data not shown) while maximum elution occurred between 0.25M and 0.30M
NaCl (Fig. 2.6). Although some low molecular weight contamination can be
seen at/below 0.25M NaCl, most of the high molecular weight contamination
remains bound to the resin. To purify this protein to homogeneity, column

3on Exchange Chromatography: Principles and Methods, 37 edition. Pharmacia LKB
Biotechnology, Uppstia, Sweden, 1991, p. 49.
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chromatography using a salt gradient could be used. However, our intention
was to determine the size of the major protein species of HDL. It is clear that
this protein is similar to human apoA-1 in both size and charge. Assuming
that it is indeed brown trout apoA 1, it is also clear that the 87bp deletion in
the cDNA is not an actual phenotype. However, a truncated protein may

have a decreased stability, may not be secreted, or may not properly assemble

into HDL particles. In either of these scenarios, the purification protocol used
for apoA-I would not detect a truncated protein. Western blotting of total
liver proteins using an apoA-I-specific antibody could be used (o detect
different protein isoforms. PCR using apoA-I locus-specific primers was used

to investigate this matter of the 87bp deletion further (see Chapter I11).

2.2.3 Amplification and sequencing of genomic DNA to investigate the cDNA
deletion observed in the pBTLB27 sequence.

To determine the genomic sequence of the cDNA deletion,
oligonucleotide primers were designed to flank the region containing the
87bp deletion. These 20-mers, labeled 63 and 65 (see Fig. 2.8), were designed
over regions that are 100% identical in the three salmonid species. liach PCR
reaction was performed in a 10uL solution containing 50mM KCl, 10mM Tris-
HClI (pH 9.0), 1.5mM MgCl2, 0.2mM of cach dNTP, 0.5mM of cach primer, 0.25
units* of AmpliTaq DNA polymerase (Perkin Elmer), and 50ng of template
DNA. Amplifications were performed in a Genamp PCR System 9600 thermal
cycler (Perkin Elmer) using the following method: one cycle of 959C/3
minutes followed by 30 cycles of 959C/30 scc. (denaturation), 569C/30sec.

40ne unit is defined as the amount of enzyme that will incorporate 10nmol of dNTPs into an
acid insoluble material in 30 minutes at 74°C.



(anncaling), and 729C/45sec. (extension). Plasmid DNA (pBTLB27) and
genomic DNA from Atlantic salmon, brown trout, and rainbow trout were
used as templates. Each 10uL reaction was then diluted with 2uL of 6X
tracking dye (30% (w/v) glycerol, 0.25% (w/v) bromophenol blue, 0.25% (w/v)
xylene cyanol FF) and fractionated through a 100mL 3% Nuseive agarose/1X
TA (d0mM Tris HCI (pH 7.5), 20mM sodium acetate) gel. Ethidium bromide
staining and U.V. illumination allowed the PCR products to be detected and
photographed. The results of this experiment are shown in Fig. 27. The
positive control, using pBTLB27 as the template, gives a single amplification
product a little larger than the 603bp marker. This is expected as the cDNA
sequence predicts a fragment of 613bp. When genomic DNA from the
salmonids was used, two bands were produced for each template. The largest
band produced in the Atlantic salmon and brown trout reactions migrated a
little higher than the 872bp marker (~900bp). The cDNA deletion is, however,
only 87bp in length. The additional 100bp (900-613-87=200) is due to the
presence of an intron which is also flanked by primers 63 and 65 (see Chapter
I). Surprisingly, both the Atlantic salmon and brown trout templates also
produced a band that was the same size as the positive control. Although
contamination of the reaction mix with pBTLB27 is one possible explanation,
these smaller bands may represent the presence of a pseudogene in the
Atlantic salmon and brown trout genomes which lacks both the 87bp deletiun
region as well as the intron.

To obtain the sequence of the 87bp deletion region of the cDNA
sequence, the 900bp fragment amplified from brown trout genomic DNA was

excised from the gel and purified in S0uL of water using the Wizard PCR
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Preps DNA Purification System (Promega). Using 9.5uL of this solution, the
fragment was sequenced from the 3' end using P end-labeled primer 65 as
per the manufacturer's specifications included with the fmol DNA
Sequencing System (cycle sequencing kit, Promega). All reactions were then
fractionated through a standard sequencing gel (above) fur ~2 hours. The 87bp
sequence was obtained along with 3' and 5' flanking sequence. The composite
apoA-I cDNA sequence’ from brown trout is shown in Fig. 2.8.

The rainbow trout also produced two PCR products, both of which
were larger than the positive control. The smaller is ~850hp in length. The
difference in size between this product and the largest product produced from
the other two species is due to the presence of a shorter intron (see Chapler
III). Another band of ~1050bp was also produced from the rainbow (rout
template. The origins of this band are uncertain. Thus, cach genomic DNA

template produced one band of a similar size and one that could not be

sily
explained. In hopes of clarifying this issue, a more detailed study of the apoA-

I intron structure/sequence was undertaken (sec Chapter I11).,

2.2.4 Comparison of human and brown trout 2"0A-I sequences.

Using the alignment program Clustal V (Higgins ¢t al., 1992), the
brown trout apoA-l inferred amino acid sequence was compared to the
human  apoA-I sequence (Fig. 2.9). Although the two sequences share only
26% nucleotide identity, many of the subslitutions are synonymous and the
overall structure of the protein has been conserved. This is best demonstrated

in the conservation of an 11 or 22 amino acid repeat separaled by proline

SGenbank Accession #L49383,



residues. Within each repeat we can also observe the repetitive nature of the
placement of charged residues. In particular, a conserved glutamate or
aspartate residue occurs every 7-8 residues (or approximately two turns of an
p-helix).  Together, these data imply the conservation of a repeated
amphipathic p-helix and thus the conservation of function as a lipid-binding
domain. The conservation of molecular weight and charge structure, as
demonstrated above (, also suggest that the overall structure and function of

apoA-I is similar in all vertebrate species.
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Fig. 2.1. A schematic representation of cDNA synthesis using the Superscript
Plasmid System for cDNA Synthesis and Plasmid Cloning. The production of
asymmetric restriction sites on each end of the cDNA, to allow the production

of a directional library, is illustrated.
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Fig. 2.2. Schematic representation of a standard amplification cycle used in the
polymerase chain reaction. The temperatures and times shown for cach step

are unique for each set of primers and template.
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Fig. 23. Alignment of apoA-I cDNA sequences of brown trout (BT), Atlantic
salmon (AS), and rainbow trout (RT) showing the primer designed to
sequence over the unknown region of pBTLB27. The sequence obtained

revealed an 87bp deletion asshown with a-'. The nucleotides

n the brown

trout sequence are numbered from the 5' end of the (DN A sequence.
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