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ABSTRACT

ATP citrate lyase is an essential enzyme in the pathway for conversion of glucose to fatty
acids in mammalian tissues. The enzyme catalyses the cleavage of cytosolic citrate to acetyl
CoA and oxaloacetate in an ATP-dependent reaction. The sequence of the cDNAs for both
rat and human ATP citrate lyase have been published and have 96.3% identity at the amino
acid level. This high level of identity may also extend to other mammals, including
ruminants. The ruminant presents a unique system in which to study the regulation of ATP
citrate lyase as levels of expression of the enzyme change during the development of a
functional rumen. An analysis of the 5’-regulatory region of ruminant ATP citrate lyase will
be important in determining factors that contribute to the developmental regulation of this

enzyme in ruminants.

In order to analyse the 5’-regulatory region of ruminant ATP citrate lyase, a probe was
constructed with which to screen an amplified bovine genomic library. The probe was
produced by cloning a 282 bp PCR product containing rat ATP citrate lyase exon II
sequence, amplified from rat genomic DNA. This clone was sequenced to verify that it

contained rat ATP citrate lyase exon II sequence.

This probe was then used for northern and Southern blotting, and for screening an
amplified bovine genomic library. Northern blotting of rat and lamb total RNA showed
that the probe hybridised with rat RNA, but not with lamb RNA. Conditions for
hybridisation were not optimised, as hybridisation between the probe and rat RNA was
not as specific as expected. The quality of RNA used for preparing the northern blots

could have also affected the specificity of hybridisation.

Southern blotting experiments were also inconclusive, as the hybridisation signals seen
were not specific. However the probe was shown to hybridise to rat and human genomic
DNA.

Screening of the bovine genomic library was unsuccessful, but once conditions for
hybridisation are optimised, then the probe could be used to rescreen the amplified bovine
genomic library, and isolate a clone containing the 5’ -regulatory sequences for bovine

ATP citrate lyase.
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CHAPTER ONE: INTRODUCTION

ATP citrate lyase is a cytosolic enzyme with a role in the cellular distribution of acetyl
units. The activity of ATP citrate lyase depends on nutritional status. In conditions of
high carbohydrate, acetyl CoA produced from the pyruvate dehydrogenase reaction in the
mitochondrion is incorporated into citrate which can be transported into the cytosol.
Cytosolic ATP citrate lyase then cleaves citrate and the acetyl CoA produced can be used
as a precursor in fatty acid synthesis. Thus carbohydrate is effectively converted into fat.
When carbohydrate levels are low, acetyl CoA is channelled into the tricarboxylic acid
(TCA) cycle, where the acetyl groups of acetyl CoA are converted to CO,, NADH,
FADH, and GTP. These products are used to oxidise fuel to produce energy, and to

provide intermediates for anabolism.

The ruminant represents a unique opportunity to study regulation in both monogastric and
ruminant situations. As part of the glucose-sparing strategy of ruminants, the levels of
ATP citrate lyase decrease dramatically when the switch to rumination occurs (Muramatsu
et al., 1970). In young ruminants, the pattern of carbohydrate metabolism resembles that
of non-ruminants. At this stage of development, the levels and activity of ATP citrate
lyase is comparable to that of non-ruminants (Roehrig et al., 1988). However, in adult
ruminants, unlike non-ruminants, dietary carbohydrate is converted to short-chain fatty
acids in the rumen before absorption. The conversion of glucose to fatty acids in the
adult ruminant has been shown to be very low, and is a result of negligible ATP citrate

lyase activity (Muramatsu et al., 1970).

A review of lipid biosynthesis will be presented, followed by an introduction to ATP
citrate lyase and its potential role in modulating lipid biosynthesis from carbohydrate in

the ruminant.

1.1 Lipid Biosynthesis

Fatty acid synthesis in monogastric mammals involves the use of dietary carbohydrate as
the primary carbon source, and is a crucial metabolic pathway for the synthesis of
triglyceride energy reserves and cellular membrane phospholipids (Kim and Freake,
1996). The pathway is under complex nutritional and hormonal controls, which interact

to achieve lipid homeostasis. An imbalance in lipid homeostasis is implicated in the



development of obesity (Cheema and Clandinin, 1996), details of which will be

discussed later in this introduction.

A high carbohydrate diet causes a large increase in the activity of key lipogenic enzymes,
particularly acetyl CoA carboxylase and fatty acid synthase, and these changes are
reflected in increased levels of mRNA for these enzymes. This induction has been shown
to be specific, with induction occurring only in liver and adipose tissue (Kim and Freake,

1996).

1.1.1 Acetyl CoA Carboxylase

Acetyl CoA carboxylase catalyses the rate limiting step in the biosynthesis of long chain
fatty acids (Kim, 1983). It carries out the ATP-dependent carboxylation of acetyl CoA

which results in the formation of malonyl CoA (Figure 1.1)

The fatty acid synthase enzyme system then catalyses the synthesis of long chain fatty
acids from malonyl CoA, produced by the action of acetyl CoA carboxylase, acetyl CoA
and NADPH. Malonyl CoA and acetyl CoA are then linked to an acyl carrier protein
(ACP) via the sulfhydryl termini of the phosphopantetheine groups of ACP and CoA.
These ACP derivatives are produced by the action of malonyl and acetyl transacylase
enzymes. The malonyl-ACP and acetyl-ACP are then used in the process of long chain

fatty acid synthesis (Figure 1.2).

Short term regulation of acetyl CoA carboxylase involves covalent modification, such as
phosphorylation, and allosteric control mechanisms affecting enzyme activity (Kim,
1983). Long-term regulation involves changes in the steady-state amount of enzyme
present due to changes in the rate of synthesis of the enzyme. Lipogenic tissues in
monogastric mammals use glucose as the primary source for the synthesis of long chain
fatty acids, and a high carbohydrate diet results in the conversion of excess carbohydrate
to triglycerides in the liver (Daniel and Kim, 1996). As this process occurs, there is an
increase in activity of many enzymes involved in fatty acid synthesis, including acetyl
CoA carboxylase. This increase in activity has been shown to be at least partly at the
level of transcription, as shown by an increase in the level of mMRNA. Upon refeeding
starved chicks with a high carbohydrate diet, increased levels of acetyl CoA carboxylase

mRNA were seen (Hillgartner et al., 1996). mRNA for acetyl CoA carboxylase was



Figure 1.1 Reaction catalysed by acetyl CoA carboxylase

o ATP ADP + P

I} B \ c“)
HC-C-S-CoA + HCO, . - "O0C-CH,-C-S-CoA
acetyl CoA malonyl CoA
acetyl CoA

carboxylase

Figure 1.2 Reaction catalysed by fatty acid synthase

14 NADPH+7H™ 14 NADP'+6 H,0

O 0) K /
Il Il
H3C-C-S-C0A + 7 °00C - CH,- C-S-CoA » CH,- (CH,),-COO" + 7CO; + 8 CoASH

acetyl CoA 7 malonyl CoA palmitic acid

fatty acid synthase



initially low in the livers of starved chicks, but an 11-fold increase of acetyl CoA

carboxylase mRNA was seen upon refeeding.

1.1.2 SREBPs

Lipid biosynthesis may also be modulated by SREBPs. Sterol regulatory element-
binding proteins (SREBPs) are members of the basic-helix-loop-helix-leucine zipper
(bHLH-ZIP) family of transcription factors (Wang et al., 1994). These are synthesised
as precursors that are attached to the nuclear envelope and endoplasmic reticulum. In
sterol-depleted cells, the membrane-bound precursor is cleaved to generate a soluble
NH,-terminal fragment that translocates to the nucleus. This fragment, which includes the
bHLH-ZIP domain, activates transcription of genes involved in lipid and cholesterol

biosynthesis.

Cleavage of SREBP proteins is enhanced by sterol depletion, and inhibited by the
presence of sterols. SREBP proteins are able to stimulate transcription of genes involved
in fatty acid synthesis, such as fatty acid synthase, acetyl CoA carboxylase, and
lipoprotein lipase, and also those involved in cholesterol metabolism , such as HMG CoA
synthase, HMG CoA reductase, and LDL receptor. During differentiation of mouse 3T3-
L1 preadipocytes a five-fold increase in LDL receptor mRNA, and a four-fold increase in
HMG CoA synthase mRNA were seen, and were quantified by RNase protection assays
(Shimomura et al., 1997). At this stage in adipocyte development, the amount of SREBP
transcript was nine-fold higher in differentiated adipocytes, as compared to

undifferentiated adipocytes.

1.1.3 Obesity

Mis-regulation of lipid biosynthesis can lead to metabolic disorders like obesity. Obesity
in humans is a very common problem, and may lead to pathological conditions such as
cardiovascular disease, type II diabetes mellitus, and certain forms of cancer. For this
reason, obesity has been studied extensively, and interest in this field is beginning to

intensify.

Much work looking into obesity has been carried out using genetically obese (0b/0b) mice
(Clandinin et al., 1996). Results have shown that expression of genes for fatty acid

synthase, malic enzyme, acetyl CoA carboxylase and pyruvate kinase (enzymes all



involved in fatty acid synthesis) is higher in the livers of these obese mice. The product
of the ob gene is leptin, which is expressed and secreted by adipocytes in proportion to
their triglyceride stores (Ghilardi er al., 1996; Spiegelman and Flier, 1996). Leptin also
circulates in the blood, where its levels correlate with the extent of obesity. The leptin
receptor, encoded by the db gene, is expressed in the brain, and is involved in
transmitting the levels of leptin in the circulation to the brain (Spiegelman and Flier,
1996). Therefore these two proteins are an important signalling system for the regulation

of body weight.

It has been shown that ob gene expression represses gene expression of acetyl CoA
carboxylase, and enzymes involved in fatty acid and lipid synthesis (Bai et al., 1996). In
obese mice, there has been a breakdown in the signalling, and these mice are either unable
to produce leptin (0b/ob), or to respond to it (db/db). This results in profound, early
onset obesity with persistent excessive food intake, inappropriately decreased energy
expenditure, severe insulin resistance, and genetic background-dependent diabetes
(Spiegelman and Flier, 1996). However, addition of recombinant leptin to 0b/0ob mice
can reverse all symptoms of obesity. Normally, dietary polyunsaturated fats inhibit the
expression of lipogenic enzymes such as fatty acid synthase, acetyl CoA carboxylase and
malic enzyme. However, not only is the expression of these enzymes higher in obese
mice, but these mice also appear to be resistant to the negative control on these enzymes

exerted by polyunsaturated fatty acids (Clandinin ez al., 1996).

Although extensive research has been carried out into the regulation of fatty acid synthesis

and obesity, there is still a lot to discover before the whole process is fully understood.

1.2 Ruminant Lipid Biosynthesis

Lipids are both synthesised and mobilised in adipose tissue (Bauman, 1976). A major
difference between ruminant and monogastric lipid synthesis, is that adipose tissue from
mature ruminants utilises acetate, a product of rumen metabolism (Hanson and Ballard,
1967), rather than glucose as a carbon source for de novo fatty acid synthesis (Baldwin
and Smith, 1971; Ballard et al., 1972). In monogastric mammals given a high-
carbohydrate diet, lipids are synthesised from glucose in both adipose and liver tissue.

Although the ruminant diet also contains a large amount of carbohydrate, this consists of



mainly cellulose and hemicellulose, which are fermented in the rumen to yield acetate,

propionate and butyrate (Ballard et al., 1972).

Adipose and liver tissue of adult ruminants has a limited capacity to use mitochondrial
acetyl CoA as a source of carbon for fatty acid synthesis, due to the low levels of ATP
citrate lyase (Figure 1.3). This results in the inability to translocate mitochondrial acetyl
CoA to the cytosol, consequently ruminant adipose tissue lacks the capacity to convert

substrates that generate mitochondrial acetyl CoA into fatty acids.

Ruminants also have a different source of reducing equivalents, due to the absence of the
enzyme NADP-malate dehydrogenase (decarboxylation), also known as malic enzyme
(Figure 1.3). NADPH required for non-ruminant fatty acid biosynthesis is produced by
the action of this enzyme (Cheema and Clandinin, 1996). In ruminant adipose tissue
NADPH required for fatty acid synthesis is generated by the pentose phosphate pathway
and the isocitrate cycle. These differences in carbon source utilisation acts as an advantage
for ruminants in that glucose is spared. There is a substantial requirement for glucose by
the central nervous system, and as a nutrient supply for the foetus in late gestation and
during lactation (Leng, 1970). Acetyl CoA carboxylase catalyses the regulatory step in
lipogenesis in ruminants, thus still enabling fatty synthesis to occur in ruminant

adipocytes, although acetate is the carbon source.

This difference in carbon source utilisation between ruminants and non-ruminants seems
to be related to nutrient availability. Newborn and foetal ruminants have the ability to use
glucose as a carbon source for fatty acid synthesis, and at this stage of development, the
activities of ATP citrate lyase and NADP-malate dehydrogenase are similar to that seen in
adult rats (Roehrig et al., 1988). Once the rumen is fully developed, the conversion of
glucose to fatty acids is restricted by the virtual absence, or negligible activity, of ATP
citrate lyase and NADP-malate dehydrogenase (Judson and Leng, 1973). This absence
of enzyme activity in ruminants is due to repression of enzyme synthesis, rather than the
presence of an inhibitor (Muramatsu et al., 1970). The activities of these two enzymes
have been shown to increase upon infusion of glucose, both intravenously and
postruminally (Ballard et al., 1972; Bauman, 1976). A 44- and 9-fold increase is seen in
the activities of ATP citrate lyase and NADP-malate dehydrogenase, respectively, and this

is correlated with an increased rate of glucose incorporation into fatty acids.
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1.2.1 Glucose Sparing in Ruminants

ATP citrate lyase may have an important role in the glucose sparing strategy of animals.
Tissues such as the brain have an absolute requirement for glucose. The brain lacks fuel
stores, and is unable to use fatty acids from the circulation as an energy source because
fatty acids are bound to albumin in plasma, and so do not traverse the blood-brain barrier.
If an animal is subjected to a low glucose diet, the available glucose must be used by the
brain rather than be converted into fat. Hence, low levels of ATP citrate lyase ensure that
fatty acid synthesis from glucose is kept at a very low rate. Conversely, if the diet is high
in glucose, there is an adequate energy source for the brain and high levels of ATP citrate

lyase cause the surplus glucose to be converted into fat for storage.

Ketone bodies (acetoacetate, D-3-hydroxybutyrate, and acetone), which are formed from
acetyl CoA can be used by tissues such as the brain during starvation. Glucose is
virtually the sole fuel for the brain, except during starvation, when ketone bodies partly
replace glucose as fuel for the brain. Ketone bodies may also therefore play a role in
supplying energy to the brain of mature ruminants, at a time when glucose is not supplied

by the diet.

Ruminant ATP citrate lyase has not been studied to any great extent as yet, and the
regulation of the activity of the enzyme in this group of animals is a new aspect to be
investigated. Ruminants present an unique system in which to study the regulation of
transcription of ATP citrate lyase, because ATP citrate lyase is expressed at different
levels during development. While the animals are milk feeding, and therefore essentially
monogastric, they are on a carbohydrate-adequate diet. At this stage, there is sufficient
glucose from dietary carbohydrate sources, and it has been shown that there are high
levels of ATP citrate lyase (Roehrig et al., 1988), allowing the excess glucose in the diet
to be converted into fat. Once the animals switch to a grass diet, and thus are true
ruminants, they are on a very low glucose diet, and the cellulose and hemicellulose
content of the diet is degraded in the rumen to yield not glucose, but acetate, propionate
and butyrate (Ballard er al., 1972). As a functional rumen develops, glucose becomes
less important as a source of energy for most of ruminant tissues (Howarth et al., 1968),
and any glucose that is obtained from the diet is required for the brain. It has been shown
that at this stage of development, there are very low levels of ATP citrate lyase (Roehrig

et al., 1988), and thus very little conversion of glucose to fat. This repression can be



overcome in adult sheep, in which the levels of ATP citrate lyase are very low. If adult
sheep are infused with glucose, there is an increase in the levels of ATP citrate lyase, as
detected by mRNA levels. So some aspect of rumination prevents transcription of ATP
citrate lyase. Therefore the promoter region of this gene may provide some clues to
explain the molecular mechanisms involved in the regulation of ATP citrate lyase

expression.

1.3 ATP Citrate Lyase

The enzyme ATP citrate lyase is found in a wide range of tissues, and functions as a
tetramer of 4 identical subunits (Elshourbagy et al., 1990; Elshourbagy et al., 1992), with
a total molecular weight of 440kDa (Singh et al., 1976). This enzyme functions in the
cytosol to catalyse the cleavage of citrate in an ATP dependent reaction (Figure 1.4), and

was first identified in the late 1950’s (Srere, 1959).

Glucose is metabolised to pyruvate in the cytosol, and the pyruvate is transported across
the mitochondrial membrane, where it is oxidised to acetyl CoA and CO, (Spencer and
Lowenstein, 1962). Acetyl CoA must be transferred from the mitochondrion into the
extramitochondrial space, where the enzymes involved in fatty acid synthesis are situated.
The inner mitochondrial membrane is impermeable to acetyl CoA, so the acetyl CoA is
converted to citrate, and then transported out of the mitochondrion by the citrate
translocator in the mitochondrial membrane (Halperin et al., 1975). The cytosolic citrate
is converted to acetyl CoA and oxaloacetate by the action of ATP citrate lyase (Srere,
1959), in an ATP-dependent reaction (Figure 1.4). This reaction supplies acetyl CoA
from glucose in the cytosol (Figure 1.5). Thus, acetyl CoA and oxaloacetate are
transferred from mitochondrion to the cytosol, in the form of citrate, which is then
cleaved by the action of ATP citrate lyase. Acetyl CoA is then available in the cytosol as a

precursor for the biosynthesis of fatty acids and cholesterol.

Oxaloacetate which is formed in the cleavage reaction catalysed by ATP citrate lyase
(Figure 1.4) must be returned to the mitochondrion. The inner mitochondrial membrane
is also impermeable to oxaloacetate, and so oxaloacetate undergoes a series of reactions to
form pyruvate, which readily diffuses into the mitochondrion. These reactions result in
the production of cytosolic NADPH/H", which is then available for the synthesis of fatty

acids. Therefore, the action of this enzyme is involved in the recycling of oxaloacetate



Figure 1.4 Reaction catalysed by ATP citrate lyase
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11

back into the mitochondrion, and the concomitant production of cytosolic NADPH/H*

(Figure 1.5), which is required for the production of fatty acids.

1.3.1 Regulation of ATP Citrate Lyase

ATP citrate lyase is implicated in the regulation of fatty acid synthesis, and an early point
of control may be the trangpart of citrate. Citrate leaves the mitochondrion via the
tricarboxylate carrier (Halperin et al., 1975), and this is an important step in the regulation
of fatty acid synthesis. The action of this transporter is inhibited specifically by palmitoyl
CoA. The amount of acetyl CoA generated in the cytosol is dependent on the amount of
citrate which is transported by the tricarboxylate carrier and made available to ATP citrate
lyase. Therefore, the amount of citrate is dependent upon the regulation of the
mitochondrial citrate transport system. Investigation of this system (Halperin et al.,
1975), has shown that the citrate transporter is inhibited under conditions where the rate

of fatty acid synthesis is also decreased.

The activity of ATP citrate lyase provides an additional control point in fatty acid
synthesis, which varies according to the nutritional state of the animal. A study using rats
showed that the changes in activity of ATP citrate lyase correlate with changes in the rate
of fatty acid synthesis (Kornacker and Lowenstein, 1965), and so the reaction catalysed
by ATP citrate lyase was shown to be involved in fatty acid synthesis. The levels of ATP
citrate lyase and fatty acid synthesis were followed in starved rats. In these experiments,
the activity of ATP citrate lyase fell to one-third of the normal value after 2 days
starvation, and then to one-fifth of the normal value after 6 days of starvation. Fatty acid
synthesis also decreased after starvation, so the decrease in activity of ATP citrate lyase as
seen during starvation is consistent with the role of ATP citrate lyase in fatty acid

synthesis.

Upon refeeding there was a rapid increase of both fatty acid synthesis and ATP citrate
lyase activity. This response was dependent on the diet during refeeding. A high glucose
diet gave the greatest increase in fatty acid synthesis, ATP citrate lyase activity, and
acetate thiokinase activity. A moderate increase was observed when starved rats were
refed a balanced diet. However, if a diet high in fat was used for refeeding, levels of
ATP citrate lyase and acetate thiokinase returned to normal fed state levels (little change in

the rate of fatty acid synthesis), but did not increase past this level during refeeding.
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The increase in the level of acetate thiokinase activity was not as high as that of ATP
citrate lyase. This suggests that the pathway involving citrate (and thus ATP citrate lyase)
is more important for fatty acid synthesis. This increase in activity of ATP citrate lyase
was due to an increase in enzyme level via increased protein synthesis, as addition of
ethionine (which inhibits protein synthesis) to the refeeding diet suppressed the increase

in ATP citrate lyase activity (Kornacker and Lowenstein, 1965).

The enzyme activity and amount of ATP citrate lyase increases during the differentiation
of preadipocytes into adipocytes (Benjamin et al., 1994; Wise et al., 1984), which is
further evidence for the role of ATP citrate lyase as a primary lipogenic enzyme. This
increase has been shown to be due to increased levels of mRNA, so the control of ATP

citrate lyase synthesis also appears to be exerted at the transcriptional level.

1.3.2 Phosphorylation of ATP Citrate Lyase

ATP citrate lyase has been identified as a phosphoprotein (Linn and Srere, 1979), and
contains 4 phosphorylation sites, 3 of which are structural, and one is a catalytic histidyl
site (Benjamin er al., 1994). The catalytic histidyl site is involved in the mechanism of
ATP citrate lyase action. A histidine residue in the active site is phosphorylated by Mg-
ATP (Elshourbagy et al., 1990), and forms a phosphoenzyme intermediate (Houston and
Nimmo, 1984). The formation of this phosphoenzyme intermediate and release is
followed by random order binding of CoA and Mg-citrate. Thus, ATP citrate lyase obeys
a double displacement mechanism (Houston and Nimmo, 1984). In human ATP citrate
lyase, this catalytic histidine had been identified as His765, and mutation of this residue
to Ala results in a protein with exactly the same molecular mass, but which is catalytically
inactive (Elshourbagy et al., 1992). The catalytic site histidine in rat ATP citrate lyase has
also been shown to be phosphorylated by nucleoside diphosphate kinase (NDPK)
(Wagner and Vu, 1995). The normal action of this enzyme is to catalyse the
phosphorylation of nucleoside 5’ diphosphate to triphosphate. The phosphate for the
action of NDPK is supplied by ATP, and NDPK is thought to be responsible for
maintaining nucleoside triphosphate pools. The physiological significance of the
phosphorylation of ATP citrate lyase by NDPK is unclear, as ATP citrate lyase is
phosphorylated by Mg-ATP much more rapidly than by NDPK-ATP under normal
conditions (Wagner and Vu, 1995). ATP citrate lyase also binds citrate, CoA, ADP,

oxaloacetate, and acetyl CoA, and it has been suggested that the binding of one of these
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substrates or products may inhibit the phosphorylation of ATP citrate lyase by ATP but
not by NDPK. Alternatively, binding of NDPK to the catalytic site of ATP citrate lyase
may inhibit the phosphorylation of ATP citrate lyase by ATP and thereby decrease the rate
of acetyl CoA formation. However as yet the significance of phosphorylation of ATP

citrate lyase by NDPK is unknown.

The three structural phosphorylation sites are spaced 4 amino acids apart, at Thr446,
Ser450 and Ser454 (Benjamin er al., 1994; Elshourbagy et al., 1990; Pentyala and
Benjamin, 1995). These residues undergo a complex manner of phosphorylation, with
different sites being phosphorylated by different kinases. Ser454 is phosphorylated by
cAMP dependent kinase, insulin stimulated kinase (Pentyala and Benjamin, 1995), and
S6 kinase (Benjamin et al., 1994). Phosphorylation of this site is stimulated by insulin,
presumably by increasing the activity of insulin stimulated kinase (Pentyala and
Benjamin, 1995). Thr446 and Ser450 are phosphorylated by glycogen synthase kinase-3
(GSK-3), and the sequence around these residues resembles those in glycogen synthase.
These sites are also phosphorylated in a hormonally regulated fashion, similar to
glycogen synthase (Pentyala and Benjamin, 1995). Phosphorylation of Thr446 and
Ser450 is decreased by insulin, which is opposite to the effect of insulin on Ser454
phosphorylation. Insulin exerts this control by decreasing the activity of GSK-3. J-

adrenergic agents increase phosphorylation of all of these sites.

As yet, it has not been possible to show that ATP citrate lyase activity is regulated by
phosphorylation, and as such, it is not known whether the changes in ATP citrate lyase
activity as a function of phosphorylation are physiologically important. Some studies
have shown that phosphorylation of ATP citrate lyase by cAMP-dependent protein kinase
and/or GSK-3 decreases the apparent V__. without changing the apparent K (Pentyala
and Benjamin, 1995), but this still seems to have no effect on the activity or regulation of

ATP citrate lyase.

1.3.3 Transcription and mRNA Levels

The level of protein present at any one time is a result of steady-state levels of protein
synthesis and degradation. The change in amount of protein can be caused by a decrease

in degradation or an increase in synthesis. This also applies to the levels of mRNA,
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where modulation of the rate of transcription, or the rate of mMRNA degradation will result

in changes in the levels of protein present, and hence enzyme activity.

Changes in ATP citrate lyase enzyme activity occur in response to a change in the rate of
transcription, rather than an effect on the enzyme itself. A dramatic drop in the enzyme
activity of ATP citrate lyase occurs in ruminants during the switch from monogastric
digestion to rumination (Muramatsu et al., 1970; Roehrig et al., 1988). This drop in ATP
citrate lyase activity has been shown to be due to adrop in the levels of ATP citrate lyase

mRNA, rather than the presence of an enzyme inhibitor (Muramatsu et al., 1970).

The levels of ATP citrate lyase mRNA have been shown to increase in response to
glucose, and this increase was shown in cultured hepatocytes, where enhanced mRNA
concentrations were seen using total cellular RNA and dot blot hybridisation assays
(Fukuda et al., 1996). This mRNA increase is reflected in an increase in enzyme levels

and therefore activity (Wise et al., 1984).

1.3.4 Cloning of ATP Citrate Lyase cDNA and Genomic DNA

The entire gene and cDNA for both rat and human ATP citrate lyase have been cloned and
sequenced (Elshourbagy et al., 1990; Elshourbagy et al., 1992). The rat ATP citrate
lyase gene is present in the genome as a single copy (Kim et al., 1994). A high level of
identity has been shown between human and rat ATP citrate lyase (Appendix III). There
is 96.3% identity at the amino acid level, and including conservative substitutions, a
similarity of 97.7% (Elshourbagy et al., 1992).

The exon-intron regions of rat ATP citrate lyase have also been cloned and identified
(Moon et al., 1996), and show that the rat ATP citrate lyase gene spans ~55 kb, and is
divided into 29 exons that range in size from 30 to 986 bp (Moon et al., 1996). All the
sequences bordering the splice site junctions follow the GT/AG rule. A splicing variant
was also identified, which lacks exon 14, a small 30 nucleotide exon. This variant
coexists in tissues such as brain, kidney, mammary gland, lung and liver. The complete
transcript and spliced variant exist in the same ratio, although the amount of rat ATP
citrate lyase mRNA varies among tissues. The physiological significance of the presence

of this variant is not yet known.
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Variant cDNA sequences of human ATP citrate lyase have recently been identified (Lord
et al., 1997). The human ATP citrate lyase cDNA was cloned by RT-PCR, and the
sequence produced was analysed. The sequence was found to contain variations such as
single nucleotide changes, some of which were silent, while others altered the codon.
There were also 4 separate regions of multicodon variance identified. The nucleotide
sequences for the two human ATP citrate lyase cDNAs exhibit a high level of similarity
(98.7%), and most of the differences are clustered in the regions of multicodon variance.
When this variant sequence was cloned and expressed, active recombinant protein was
produced. This protein is a tetramer in solution, and characterisation of purified protein
showed that its kinetic properties are extremely similar to that of native rat liver ATP

citrate lyase and native human ATP citrate lyase (Lord et al., 1997).

Although sequence variability of ATP citrate lyase has been shown, this does not appear
to cause any significant difference to the kinetic activity of the enzyme. However, the
effect of sequence variability and alternative splicing of ATP citrate lyase mRNA on
intrinsic enzyme activity, and the potential regulation by phosphorylation of other

posttranslational events is not yet known.

1.3.5 Potential Response Elements

Transcription cannot be initiated by RNA polymerase II alone - it is dependent on other
transcription factors in order to bind to the promoter and initiate transcription. RNA
polymerase II and these factors constitute the basal transcription apparatus, which is
required to transcribe any promoter. The first step in the formation of the pre-initiation
complex (PIC) is the binding of the transcription factor TFIID to the TATA box. The
TATA box is recognised by the TATA-binding protein (TBP), which is associated with
various other protein factors that constitute TFIID. Once TFIID has bound to the DNA,
TFIIA joins the complex, followed by TFIIB. RNA polymerase II, with TFIIF
associated, is then able to bind to the DNA. Three more factors - TFIIE, TFIIH, and
TFIIJ join the complex. Once the PIC has assembled, the polymerase can proceed to
transcribe the gene (Lewin, 1994). Formation of the PIC, and therefore the activity of the
promoter, can be increased by the presence of transcription factors which bind to
enhancer elements. These can act over distances of several kilobases, and can be located
either upstream or downstream of a gene. They are thought to stimulate transcription in

two ways. Firstly, binding of a transcription factor to an enhancer element could change
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the chromatin structure through histone disruption, thus causing a loosening of the DNA,
and allowing the basal transcription factors to bind. The second possibility is that
protein-protein interactions between transcription factors bound to enhancer elements, and
transcription factors associated with the formation of the PIC could either stabilise the
PIC, or promote the formation of the PIC, thus enhancing the rate of transcription

initiation.

The promoter of rat ATP citrate lyase has been studied, and many different consensus

sequences for regulatory elements have been identified (Kim ez al., 1994).

Firstly, the rat ATP citrate lyase promoter does not contain a TATA box, which may
explain the observation that initiation of transcription of ATP citrate lyase occurs over
several bases. There is a CAAT sequence located at positions -95 to -87. A CAAT box
is part of a conserved sequence located upstream of the startpoints of eukaryotic
transcription units, and is recognised by a large group of transcription factors. The

CAAT box plays arole in determining the efficiency of a promoter.

Several sequence elements for the consensus binding site for the transcription factor Spl
have been identified in the region from -310 to -30 , which is rich in GC content. Spl is
a ubiquitously expressed transcription factor, and has been implicated in a number of
different mechanisms involved in the transcription of genes, including the glucose

response (Daniel and Kim, 1996).

Fat specific elements (FSEs) have been identified at -370 to -175, and these may play a
role in mediating the induction of the ATP citrate lyase gene in adipocytes. An hepatocyte
nuclear factor-I binding site was identified at position -1654, and this site is involved in
tissue-specific expression. Sequences between -1288 and -288 match the thyroid
hormone element consensus sequence. These elements may be involved in amplifying
the effect of thyroid hormone in the induction of ATP citrate lyase during differentiation
in adipocytes.

A glucocorticoid responsive element consensus sequence has been identified between -
1602 and -842. Glucocorticoid is known to induce lipogenesis in lung and hepatocytes.
However, it has been shown that mRNA levels for ATP citrate lyase are not increased by

glucocorticoids (Xu et al., 1993). The influence of glucocorticoids on the activity and
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mRNA level of ATP citrate lyase, fatty acid synthase and acetyl CoA carboxylase were
studied in foetal rat lung. There was an increase in the mRNA for fatty acid synthase, but
not for ATP citrate lyase and acetyl CoA carboxylase. Therefore the presence of this
glucocorticoid responsive element consensus sequence in the ATP citrate lyase gene is not
understood. A cyclic AMP responsive element has been identified at position -1283, and
it has been suggested that cCAMP decreases the expression of lipogenic enzymes in liver
(Kim et al., 1994).

A region from -61 to -49 of the ATP citrate lyase gene has been identified as insulin-
responsive (Fukuda et al., 1996). When this region was fused to the chloramphenicol
acetyltransferase (CAT) gene, CAT activity was stimulated by insulin. The addition of
polyunsaturated fatty acids (PUFAs) resulted in a reduction in the response to insulin. It
is not known whether this region contains a PUFA responsive element, or whether the
PUFA somehow inhibits the insulin signalling pathway from the insulin receptor to the
ATP citrate lyase gene (Fukuda et al., 1996). Binding of Spl within this region has also
been shown (Fukuda er al., 1997), which suggests that Spl may be involved in the
regulation of ATP citrate lyase stimulation due to insulin, and suppression due to PUFAs.
It has also been shown that dietary PUFAs are potent inhibitors of hepatic fatty acid and
triglyceride synthesis, and studies have shown that feeding rats a diet high in PUFAs
results in an increase in the levels of mMRNA for enzymes involved in fatty acid synthesis
(Baldwin et al., 1966; Cheema and Clandinin 1996).

Although many consensus sequences have been identified in the rat ATP citrate lyase

gene, the physiological significance of these potential response elements remains unclear.

1.4 Aim of this Project

ATP citrate lyase is expressed in all mammals, and is essential for the conversion of
glucose to fat. Ruminant ATP citrate lyase was chosen as the topic of this study because
the enzyme in ruminants is subject to transcriptional regulation according to development.
For this reason, the study of this enzyme, and aspects of its regulation would help shed

light on the complex regulation of enzymes involved in fatty acid synthesis.

A high level of identity between rat and human ATP citrate lyase sequences has been

shown, and it is likely that this identity would also extend, at least in part, to ruminants.
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By studying the promoter of ruminant ATP citrate lyase, and the regulation of expression
of ruminant ATP citrate lyase according to development, new aspects of regulation may
be identified.

Ovine ATP citrate lyase was chosen initially because once a suitable probe had been
constructed, this could be used to follow the levels of ATP citrate lyase in sheep liver
according to development. RNA would be extracted from the livers of lambs at various
stages of development and the RNA probed to investigate the levels of ATP citrate lyase
mRNA. Sheep livers are a readily available so represent an ideal tissue for this kind of

analysis.

Both the cDNA and gene sequence of rat ATP citrate lyase were known, therefore rat as
well as sheep RNA was used in the initial approach for preparing a probe. By using the
RT-PCR system, RNA was used to synthesise first strand cDNA which was then used as
a template for PCR. Primers were designed to amplify sequences containing ATP citrate
lyase, using first strand cDNA as a template. The use of sheep RNA from the outset
should have provided a PCR product suitable to screen a sheep genomic library.
However, unforeseen problems with reproducibility in RT-PCR from sheep mRNA led
to the use of rat RNA and rat genomic DNA for the preparation of a probe for ATP citrate

lyase.
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CHAPTER TWO: MATERIALS AND METHODS

2.1 Materials

2.1.1 Enzymes

Restriction enzymes used were obtained from various companies according to availability
and affordability eg. Gibco BRL Life Technologies Ltd, MD, USA; New England
Biolabs, MA, USA. T4 DNA ligase and Thernnus aquaticus (Taqg) DNA polymerase
were purchased from Gibco BRL Life Technologies Ltd, MD, USA. Pfu polymerase
was purchased from Stratagene, La Jolla, CA, USA. Calf intestinal alkaline
phosphatase, proteinase K, and DNase I (bovine pancreas Grade II) were obtained from
Boehringer Mannheim, West Germany. Klenow fragment of E. coli DNA polymerase I
was obtained from New England Biolabs, MA, USA. RNase A and lysozyme from
chicken egg white were obtained from Sigma Chemical Company, St Louis, MO, USA.
Sequenase version 2.0 was obtained from United States Biochemical Corporation,
Cleveland, Ohio, USA.

2.1.2 Chemicals

All general chemicals and reagents used were of analytical grade or better. | kb DNA
ladder, premixed broth (NZY and LB), agar, LMP agarose, and X-Gal were obtained
from Gibco BRL Life Technologies Ltd, MD, USA. IPTG, low electroendosmosis
grade agarose, Ampicillin, Tetracycline, and TEMED were obtained from Sigma
Chemical Company, St Louis, MO, USA. pBluescript® II SK- was purchased from
Stratagene, La Jolla, CA, USA. Acrylamide premix was obtained from BioRad
Laboratories, CA, USA. Reaction buffer and MgCl, for PCR were obtained from
Promega, WI, USA; Dynabeads-Streptavidin were purchased from Dynal A.S., Oslo,
Norway. NuSieve agarose was obtained from FMC BioProducts, ME, USA.

2.1.3 Miscellaneous Products

Oligonucleotide primers (ATPCLI and ATPCL2), dNTPs, TRIzoL™ LS reagent,
SUPERSCRIPT™ Preamplification System, and NACS PREPAC™ columns were
purchased from Gibco BRL Life Technologies Ltd, MD, USA. ProbeQuant™ G-50

Micro Columns were obtained from Pharmacia LKB Biotechnology, Uppsala, Sweden.
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Oligonucleotide primers (ATPCLS’, ATPCL3’, and ATPCL3’ exon III), and biotinylated
oligonucleotide primers (T3 and T7) were purchased from Oligos Etc, CT, USA. 3MM
blotting paper was from Whatman, England. Supported nitrocellulose membrane used
for Northern and Southern blots were purchased from Sartorius, Germany. The bovine
genomic library was obtained from Stratagene, La Jolla, CA, USA. Nitrocellulose filters
used for colony lifts were obtained from Sartorius, Germany (82 mm) and Amersham,
UK (134 mm). The Rediprime kit, used for labelling DNA was obtained from
Amersham, UK. [a’*P] dCTP and [a’S] dATP isotopes were purchased from NEN
Life Science Products, MA, USA. Xray film was obtained from Fuji Photo Film
Company, Japan; fixer and developer were from Eastman Kodak, NY, USA. Several
kits were also used: Prepagene from Biorad Laboratories, CA, USA; Wizard™ Maxiprep
DNA purification system from Promega, WI, USA; and Genomix Kit for genomic DNA

extraction from Talent, Italy.

2.1.4 Escherichia coli Genotypes

Strain Genotype

XL-1 Blue supE44 hsdR17 recAl endAl gyrA46 thi-1 relAl lac
F [proAB " lacl  lacZAM 15 Tnl0 (ter')]

XL-1 Blue MRA(P2) A(mcrA)183  A(mcrCB-hsdSMR-mrr)173  endAl
supE44 thi-1 gryA96 relAl lac (P2 lysogen)

DHS-o supE44 AlacU169 (¢80 lacZAMIS) hsdR17 recAl
endAl gyrA96 thi-1 relAl
RR-1 supE44 hsdS20(rg-my-) ara-14 proA2 lacY1 galK?2

rpsL20 xyl-5 mtl-1

Table 2.1 Bacterial strains of Escherichia coli used in this study
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2.2 Methods

All routine DN A manipulation methods were carried out according to general protocols
(Ausubel et al., 1989; Sambrook et al., 1989).

2.2.1 Manipulation of RNA
Total RNA from tissue was prepared using TRIzoL™ LS reagent (Gibco BRL Life

Technologies Ltd) according to manufacturers instructions. The TRIzoL™ LS reagent
relies on denaturation of protein using a chaotropic salt, followed by extraction of nucleic
acid from a phenol phase produced by centrifugation of the tissue/reagent homogenate.
Electrophoresis of total RNA was performed according to standard protocols (Sambrook
et al., 1989). RNA was quantitated by spectrophotometry at 260 and 280 nm according
to standard protocols (Sambrook et al., 1989). RNA species separated by gel
electrophoresis were transferred to nitrocellulose membrane by capillary transfer
according to standard protocols (Sambrook et al., 1989). Filters were then dried between
blotting paper, and baked at 80°C for 2-3 hours in order to immobilise transferred RNA

on the nitrocellulose.

2.2.2 Synthesis of cDNA

First strand cDNA was synthesised from RNA prepared from rat or sheep liver tissue,
using the SUPERSCRIPT™ Preamplification System (Gibco BRL Life Technologies Ltd)
with oligo d(T) as a primer according to the manufacturers instructions. First strand
cDNA is synthesised by SUPERSCRIPT™ reverse transcriptase, and RNA is removed from
the resultant RNA/DNA hybrid using RNase H.

2.2.3 DNA Amplification

DNA sequences of rat ATP citrate lyase were amplified by PCR using the protocol
recommended by Cetus Corporation Ltd. Reactions were carried out in 0.5 ml tubes
overlaid with mineral oil, and typically contained 1x reaction buffer (20 mM Tris-HCl
(pH 8.4), 50 mM KCl), 2 mM MgCl,, 0.3 mM deoxynucleotide triphosphates, 250 ng
(20 pmol) of each oligonucleotide primer, ~1 ng of template DNA, and 2.5 U Thermus
aquaticus (Taq) DNA polymerase. Plasmid DNA prepared by the rapid boil method
(Holmes and Quigley, 1981) was diluted 100 fold to reduce the concentration of any
potential inhibitors before the addition of 1 pl to the PCR reaction. Amplification was

carried out using a thermal cycler programme for an initial 5 minute denaturation at 95°C
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followed by 30 cycles of 95°C for 1 minute, 65-68°C for 1 minute, and 72°C for 1

minute. Reactions were stored at 4°C prior to analysis.

2.2.4 PCR Screening of Colonies

A small amount of E. coli cells were added to a PCR reaction containing reaction buffer,
deoxynucleotide triphosphates, oligonucleotide primers, and 7ag DNA polymerase (as
described in Section 2.2.3). Amplification was carried out in a thermal cycler, also as

previously described.

2.2.5 DNA Digestion and Agarose Gel Electrophoresis

All restriction endonuclease digests were carried out with appropriate buffers using
conditions recommended by the supplier. Electrophoresis of DNA fragments was
performed in low electroendosmosis grade agarose containing ethidium bromide (0.5
png/ml) and IXxTAE buffer (0.04 M Tris, 0.02 M acetate, 0.001 M EDTA, pH8.0)
according to Sambrook et al. (1989). DNA fragment size was confirmed using the 1kb
molecular size ladder (Gibco BRL Life Technologies Ltd).

2.2.6 Purification of Fragments from Agarose Gels

DNA fragments separated by gel electrophoresis were excised under illumination by long
wavelength UV light (366nm), and then extracted from the agarose using the Prep-A-
Gene Kit from BIO RAD.

2.2.7 Quantitation of DNA

An aliquot of DNA was analysed by agarose gel electrophoresis alongside quantitation
standards (10-100 ng), prepared by digesting a known amount of vector with a restriction
endonuclease. Fragments were visualised under UV illumination, and the concentration

was determined by comparison to the quantitation standards.

2.2.8 Preparation of Vectors for Subcloning

Digested vector to be used for subcloning (1-5 pg) was treated with 1 pl calf alkaline
phosphatase for 10-20 minutes at 37°C. This was then treated with 2 pl proteinase K (10
mg/ml) and 2 pl 20% SDS for 60 minutes at 37°C. DNA was extracted with phenol
chloroform, and then ethanol precipitated and resuspended in TE (20-100 pl).
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2.2.9 Ligation of DNA

Ligations were carried out according to Sambrook et al., (1989), using the T4 DNA

ligase enzyme.

2.2.10 Transformation of Competent Cells

Competent E. coli XL-1 Blue cells suitable for transformation were prepared using
calcium chloride (Sambrook et al., 1989), E. coli DHS5o. cells were purchased from
Gibco BRL Life Technologies Ltd, and competent E. coli RR1 cells were prepared
according to Inoue et al. (1990). All competent cells were transformed by heat shock
according to Sambrook et al. (1989). Agar plates used for plating cells after

transformation were supplemented with appropriate antibiotics.

2.2.11 Preparation of Plasmid DNA

Small amounts of plasmid DNA were prepared by extraction of DNA from a bacterial
culture using the rapid-boil technique according to Holmes and Quigley (1981). Large
amounts of plasmid DNA were obtained by alkaline lysis of the bacterial cells, followed
by Wizard Maxiprep DNA Purification Systems™ (Promega) according to the
manufacturers instructions. This system is based on purification of DNA by selective

binding to a modified DEAE-silica gel anion exchange resin.

2.2.12 Single Stranded DNA Sequencing

Sequences of interest were amplified by PCR using one biotinylated and one non-
biotinylated primer in a volume of 50 pl. An aliquot (5 pl) of each reaction was analysed
by agarose gel electrophoresis to determine the presence of the appropriate products. 40
pl of the PCR reaction was mixed with streptavidin paramagnetic M-280 dynabeads and
the strands were separated by alkali treatment according to the manufacturers instructions.
Templates were sequenced by the dideoxy chain termination method originally developed
by Sanger et al. (1977) using Sequenase version 2.0. Sequencing gels were prepared
and electrophoresed as described in Sambrook er al. (1989). Dried gels were
autoradiographed overnight at room temperature, and autoradiographs were developed

and analysed manually.
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2.2.13 Double Stranded DNA Sequencing

Double stranded sequences of DNA (3-5 pg DNA template in a volume of 16 Hl) were
denatured (2 pl of 2 M NaOH and 2 pl of 2 mM EDTA added) for 5 minutes at room
temperature, then neutralised (3 pul of 3 M NaOAc pH 4.8). Samples were then ethanol
precipitated, and resuspended in sterile water. Templates prepared in this way were
sequenced by the dideoxy chain termination method originally developed by Sanger et al.
(1977) using Sequenase version 2.0. Sequencing gels were prepared and
electrophoresed as described in Sambrook et al. (1989). Dried gels were
autoradiographed overnight at room temperature, and autoradiographs were developed

and analysed manually.

2.2.14 Labelling DNA Probes with **P

DNA probes were labelled with [0*’P]-dCTP using either the random primers DNA
labelling system (Gibco BRL Life Technologies Ltd) as directed by the manufacturers
instructions, or the Rediprime DNA labelling protocol (Amersham Life Sciences).
Radioactively labelled probes were purified using ProbeQuant™ G-50 Micro Columns
(Pharmacia Biotech) according to manufacturers instructions. The specific activity and
degree of incorporation of radioactively labelled DNA was determined by scintillation

counting in a Beckman LS8000 scintillation counter.

2.2.15 Hybridisation using DNA Probes

Prehybridisation

All colony lifts and Southern blots were treated in the same manner. DNA was UV
cross-linked to membranes by exposure to UV illumination for 2 minutes per side.
Filters were prehybridised for 2-3 hours in a rotary oven at 68°C in 100-200 ml of
prehybridisation solution (6x SSC containing 5x Denhardts [1% ficoll (Type 400), 1%
polyvinylpyrrolidine, 1% bovine serum albumin] and 100 pg/ml herring sperm DNA).

Hybridisation

Hybridisation was performed in a rotary oven at 68°C overnight. Radiolabelled probe
was added at a concentration of 5x10’cpm/ptg DNA per ml of hybridisation solution (1 M
NaCl, 50 mM NaH,PO,.2H,0, 2 mM EDTA, 0.5% SDS, 5x Denhardts [1% ficoll (Type
400), 1% polyvinylpyrrolidine, 1% bovine serum albumin], and 100 pg/ml herring
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sperm DNA). The labelled DNA probe was boiled for S minutes and placed on ice before
addition to the prehybridised lifts or blots.

Washing

Hybridisation solution was discarded and the filters washed as follows, unless otherwise
stated. Filters were washed twice [6x SSC, 1% SDS] for 1 hour at the hybridisation
temperature, followed by two washes for 30 minutes in 6x SSC, 0.5% SDS at the same
temperature, and finally a high stringency wash for exactly 30 minutes in 1x SSC which

had been prewarmed to hybridisation temperature.

2.2.16 Autoradiography

All filters and blots were wrapped in plastic film to prevent drying out during exposure to
X-ray film in autoradiography cassettes. Autoradiography was carried out in the presence
of intensifying screens at -70°C. Films were developed manually using Kodak developer

and fixer.

2.2.17 Isolation of Genomic DNA

Genomic DNA was isolated from both rat spleen and bovine white blood cells using a
genomic DNA extraction protocol (GENOMIX Kit) by Talent. This kit uses an initial
lysis step followed by extraction with chloroform. The DNA is selectively precipitated
using cationic detergents. The detergent is then eliminated using an ion exchanger and
finally the DNA is ethanol precipitated. Details of buffers and solutions in the kit were
not given. Quantitation of genomic DNA isolated was assessed both
spectrophotometrically, and by gel electrophoresis of an aliquot in a 0.7% agarose gel in
TAE.

2.2.18 Digestion of Genomic DNA

Digestion of genomic DNA was carried out in sterile 0.5 ml microcentrifuge tubes

according to the following protocol.

Genomic DNA ~20 ug
React™ buffer 10 pl
Sterile water up to 100 pl

Restriction enzyme ~ 2U/ug DNA
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Reactions were incubated at 37°C overnight. An aliquot (5 pl) was analysed by agarose
gel electrophoresis to determine the efficiency of the digestion. Reactions which required
further digestion were incubated with additional restriction enzyme (2U/ug DNA) for 2-4

hours. The correct proportion of React™ buffer was maintained in these incubations.

2.2.19 Electrophoresis of Genomic DNA

Prior to electrophoresis, digested genomic DNA was concentrated by ethanol precipitation
according to Sambrook et al. (1989). Samples were resuspended in a small volume of
sterile TE buffer pH 8.0 and heated to 65°C for 10 minutes with loading dye before
electrophoresis in 0.7% agarose gel in TAE. Electrophoresis was carried out for ~24
hours at ~10 V or until the dye front was ~4 cm from the end of the gel tray (11 cm). The
DNA fragments were stained with ethidium bromide (0.5 pg/ml), visualised, and

photographed under UV illumination.

2.2.20 Southern Transfer

DNA fragments separated by gel electrophoresis were transferred to nitrocellulose
membrane by capillary transfer according to Southern (1975) or as described by the
supplier of the transfer membrane. Filters were then dried between blotting paper, and
either baked at 80°C for 2-3 hours, or exposed to UV light in order to immobilise

transferred DNA on the nitrocellulose.

2.2.21 Screening of Bacteriophage Library

The bovine genomic library was screened according to the manufacturers instructions.
The first round of screening was carried out with a bacteriophage density of
approximately 50,000 plaque forming units (pfu) per plate. This was decreased to
approximately 200-300 pfu for second round screening. Dilutions of phage stocks for
plating were prepared in SM buffer (0.1 M NaCl, 8 mM MgSO,, 20 mM Tris-HC] pH
7.5, 0.1% gelatin). Replicas of the A plaques were transferred to nitrocellulose filters
which were subsequently hybridised with *?P-labelled DNA probe (Sambrook et al.,
1989).
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2.2.22 Preparation of Plating Cells

XL-1 Blue MRA(P2) cells (Section 2.1.4) required for plating of the bovine genomic
library, were grown in NZY media (5g NaCl, 2g MgSO,.7H,0, 5g yeast extract, 10g NZ
amine (casein hydrolysate), per 1 litre). Plating cells were always prepared freshly before
use, by innoculating a 5 ml broth of NZY with a single colony of XL-1 Blue MRA(P2).
This was supplemented with sterile maltose and MgSO, (final concentrations 20% and 1
M, respectively), and grown overnight at 30°C, with shaking. Cells were harvested by
centrifugation (2000 rpm, 10 minutes in a bench top centrifuge), and resuspended in 10
mM MgSO, to OD,,=0.5.

2.2.23 Plaque Lifts

Duplicate lifts were taken from each plate (pre-chilled at 4°C), with each filter marked in
order to identify plate number and orientation. Filters were left to transfer for 2 minutes
(first lift) and 4 minutes (second lift). They were then transferred, plaque side up, to
blotting paper and denatured (2 minutes; 1.5 M NaCl, 0.5 M NaOH), neutralised twice (5
minutes; 1.5 M NaCl, 0.5 M Tris HCI pH 8.0), and rinsed (30 seconds; 0.2 M Tris HCI
pH 7.5, 2 x SSC). Filters were left to air dry, and exposed to UV illumination in order to
cross-link the DNA onto the filter. Agar stock plates of transfers were stored at 4°C, and

filters were stored at room temperature until use.
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CHAPTER THREE: RESULTS AND DISCUSSION

3.1 Introduction

Isolation of the 5' regulatory sequences of ruminant ATP citrate lyase required a probe
which could be used to screen a ruminant genomic library. Initially, RNA was isolated
from both rat and lamb liver and used to synthesise first strand cDNA. This first strand
cDNA was then used as a template for PCR, using specific primers designed to amplify
either the entire coding region (3.3 kb product), or exon II (202 bp) of the ATP citrate
lyase gene. The PCR product was then cloned, sequenced, and used as a probe to screen

a genomic library.

3.2 Design of PCR Primers

Oligonucleotide primers were designed at two stages during this study, for use with PCR
techniques, to amplify regions of ATP citrate lyase. There is significant inter-species
divergence of sequence in the 5’ and 3’ untranslated regions of ATP citrate lyase, so these

regions were not used for primer design.

Initially, three oligonucleotide primers were designed : ATPCLS’, ATPCL3’, and
ATPCL3’ exon III (Appendix I) (Figure 3.1). The sequences of these primers were
based on the homology between rat and human ATP citrate lyase, with the assumption
that a similar level of identity (97% at the DNA level between rat and human) might
extend to sheep. Degenerate primers were designed for use on both rat and lamb cDNA
templates.

ATPCLS’ was designed to anneal to the 5’ end of the coding region of ATP citrate lyase
(Appendix II). This primer has an Nde I site incorporating the ATG start codon, a feature
that would enable cloning into pT7-7; expression of the cDNA in this vector would allow
development of this project to include enzyme studies. An Xba I site was also
incorporated into this primer to allow cloning into the plasmids pBlueScript™SK(+/-) or
pGEM-3Zf(+/-).

ATPCL3’ was designed to anneal to the 3’ end of the coding region of ATP citrate lyase
(Appendix II), and contains a Cla I site to enable cloning into pT7-7, and a Sal I site for
cloning into pBlueScript™SK(+/-) or pGEM-3Zf(+/-). PCR with these two primers was
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Figure 3.1 Schematic representation of PCR primers and rat ATP citrate lyase cDNA
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expected to amplify the entire coding region of ATP citrate lyase (Appendix II), giving a
PCR product of 3.3 kb.

The second 3’ primer, ATPCL3’ exon I, is an alternative primer which could be used in
conjunction with ATPCLS’. ATPCL3’ exon III was designed as a perfect match to rat
cDNA, and contained a Sal I restriction site to enable cloning into pBlueScript™SK(+/-)
or pGEM-3Zf(+/-). PCR, with this 3’ primer and ATPCLS’ using a rat cDNA template,
would amplify a 282 bp region containing exon II and exon III sequences of ATP citrate

lyase (Appendix II).

3.3 Isolation of Total RNA

RNA was extracted from two types of tissues, rat and neonatal lamb liver, and used for
first strand cDNA synthesis (Section 3.4) and northern blotting (Section 3.11). Primers
for RT-PCR had been designed (Section 3.2) based on the homology between rat and
human ATP citrate lyase sequences. Therefore PCR with these primers on first strand
cDNA from rat liver RNA should act as a positive control for the process of cDNA
synthesis and DNA amplification. Neonatal lamb liver was used as a source of RNA
because this stage of development is thought to correlate with high levels of both ATP
citrate lyase enzyme and mRNA (Roehrig et al., 1988). In contrast, tissue from adult
ruminants should have negligible amounts of ATP citrate lyase mRNA (Judson and Leng,
1973a). If the RT-PCR apbroach was successful with lamb mRNA, the resulting probe
could be used to screen a sheep genomic library. A sheep liver cDNA probe should be a
more suitable probe than one constructed from rat mRNA, as the degree of homology

between sheep and rat ATP citrate lyase is not known.

Total cellular RNA was extracted using the TRIzoL™ LS reagent, from rat and neonatal
lamb liver tissue (Section 2.2.1) that had been previously collected and stored at -70°C.
Isolated RNA was analysed spectrophotometrically to determine the concentration and

purity of the samples (Section 2.2.1) (Table 3.1).
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Date Tissue Amount Yield Purity Use
Agso/Asgo
24/1/95 lamb liver | ~200 mg 960 1g 2.08 Northern blotting
RT-PCR
30/1/95 rat liver ~200 mg 436 nug 1.69 not used
3/2/96 rat liver ~200 mg 1392 ug 1.86 Northern blotting
RT-PCR
9/3/96 rat liver ~200 mg 850 pg 1.84 RT-PCR
9/3/96 lamb liver | ~200 mg 544 ng 1.79 RT-PCR
5/12/96 lamb liver | ~200 mg 540 g 1.66 not used
5/12/96 rat liver ~200 mg 1280 pg 1.81 RT-PCR

Table 3.1 Isolation of total RNA from rat and lamb liver tissue. Expected yield was 6-
10 pg RNA/mg tissue (TRIzoL™ LS Reagent Product Sheet, Gibco BRL Life
Technologies Ltd).

The expected yield of RNA from ~200 mg of tissue using the TRIzoL™ LS reagent was
1200-2000 wg RNA. However, the actual amount of RNA extracted ranged from 436-
1392 png, which was lower than the expected yields. The low yields could have been due
to incomplete homogenisation or lysis of tissue samples, or due to incomplete
redissolving of the final RNA pellet. Although the yield was not as high as expected, the
purity of the RNA was high, with most A, /A, ratios close to a value of 1.8, which
indicates pure RNA.

Samples of isolated RNA were separated by electrophoresis (Section 2.2.1), and the
presence of two discrete ribosomal RNA bands indicated that intact RNA had been
prepared (Figure 3.2). This RNA was subsequently used for cDNA synthesis (Section

3.4) and/or northern analysis.
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Figure 3.2 Total RNA isolated from neonatal lamb and rat liver tissue

-a.— 28S ribosomal RN A

<&— 18S ribosomal RN A

Total RNA isolated from neonatal lamb and rat liver tissue was analysed on a 1.5% low EEO agarose
containing 1x MOPS buffer (IM MOPS, 250 mM sodium acetate, 5 mM EDTA, pH 7.0) and
formaldehyde (17.6 ml/100 ml). The gel was submerged in 1x MOPS running gel buffer and
electrophoresis was carried out for ~3 hours at 100 mA. Samples were loaded with 1 pl loading butfer
(containing bromophenol blue, xylene cyanol and glycerol) and 2 pl ethidium bromide (10 mg/ml) and
after electrophoresis the RNA was visualised with a UV transilluminator.

1: Neonatal lamb liver RNA (28.8 pg)

2: Rat liver RNA (27.8 11g)
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3.4 Synthesis of cDNA

First strand cDNA was synthesised using oligo d(T) as a primer from total cellular RNA
extracted from either rat or lamb liver using the Superscript Preamplification System
(Section 2.2.2) (Figure 3.3). Oligo d(T) anneals to the polyA tail of the mRNA, and acts
as a primer for first strand cDNA synthesis using the enzyme reverse transcriptase. Once
the cDNA had been synthesised, the RNA was removed using RNaseH, leaving first
strand cDNA ready for PCR amplification.

3.5 PCR with ATPCLS’ and ATPCL3’ Primers

PCR (Section 2.2.3) was initially carried out using first strand cDNA as a template with
oligonucleotide primers designed to amplify the entire coding sequence of ATP citrate
lyase (3.3 kb).

Attempts were made to optimise the following PCR parameters: primer concentration,
MgCl, concentration, and dNTP concentration. Primer concentration was varied, with
the first PCR reaction containing 100 pmol of each primer in a total volume of 50 pl.
These conditions did not result in the production of a PCR product, so a primer titration
was carried out. Primers were added to the PCR reaction in six different amounts,
ranging from 50 - 250 ng (4 - 20 pmol) per PCR reaction. This decrease in primer
concentration resulted in the production of a very low yield of PCR product from rat liver
first strand cDNA.

In an attempt to increase the yield of PCR product from rat liver first strand cDNA, a
magnesium titration was then carried out. Six different MgCl, concentrations were used
ranging from 0 - 10 mM Mg?*. A product was obtained (Figure 3.4) with a magnesium
concentration of 2 mM. This magnesium concentration was used for further PCR

reactions with these primers.

The dNTP concentration was also optimised, by using three different concentrations of
dNTP in the PCR reaction: 15 mM, 22.5 mM and 30 mM. The optimal dNTP

concentration was 22.5 mM.

PCR reactions with ATPCLS’ and ATPCL3’ primers and lamb liver cDNA were carried

out. Despite varying several PCR parameters, including two magnesium titrations, where
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the magnesium concentration ranged from O - 10 mM, and another titration with freshly
prepared first strand cDNA from lamb liver, a PCR product was not obtained at any stage

using RT-PCR with lamb mRNA and these primers.

At this stage, RT-PCR with lamb mRNA was abandoned. A positive control was
provided with the RT-PCR kit, which indicated whether the reverse transcriptase reaction
had been successful; primers included in the kit could be used to show whether PCR had
been successful. This positive control was always included with first strand cDNA
synthesis and PCR reactions, and this always produced a 523 bp product (Figure 3.5),
indicating that the kit and subsequent PCR reactions were not at fault. There are several

possibilities for the failure of PCR with these primers and lamb first strand cDNA.

1 There may have been considerable lack of homology between the PCR primers and
lamb cDNA sequences. These primers were designed based on the published DNA
sequences for rat and human ATP citrate lyase. The high level of homology between
these two species may extend to sheep. However, it could be that the same level of
homology does not extend to sheep ATP citrate lyase, and if this is the case, then PCR

with these primers may not be successful.

2 There was no definitive method of determining whether first strand cDNA was being
produced from sheep liver mRNA. This method does not directly indicate whether first

strand cDNA has been produced.

In retrospect, a more direct method could have been used to perform gel analysis of first
strand cDNA reaction in the presence of a tracer, but this was not carried out at the time of
these experiments. Both control and rat RT-PCR reactions were successful, which

suggests that the kit and PCR procedure were both fully functional.

3 Itis possible that the RNA extracted from lamb liver did not contain mRNA for ATP
citrate lyase. This is a distinct possibility, because the tissue used had been obtained from
a stillborn lamb, and at present there is uncertainty about ATP citrate lyase expression

prior to, and at birth in ruminants (Roehrig et al., 1988).
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At this stage of the project, the best option may have been to obtain fresh lamb livers,
from lambs at a stage of development that is known to have high levels of ATP citrate
lyase expression. Unfortunately this need did not coincide with the lambing season, so

no suitable lamb livers were available.

In an attempt to proceed with the project, the rat PCR product which had been

successfully produced, was cloned for use as a probe to screen a genomic library.
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Figure 3.3 RT-PCR scheme used with SUPERSCRIPT™ Preamplification System
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Figure 3.4 3.3 kb PCR product amplified from rat liver first strand cDNA with
ATPCLS’ and ATPCL3’ primers

-«t— 33kb

Marker size (kb)

~&— primers

A S pl aliquot of each PCR reaction was analysed by electrophoresis in a 1% agarose gel containing 1x
TAE at 88V for 60 minutes. DNA was stained using ethidium bromide and visualised with a UV
transilluminator. Components of PCR reactions are described in Section 2.2.3.

1: BRL 1 kb ladder

2: Negative control (All components of PCR reaction except liver first strand cDNA)

3: 0 mM Mg**

4: 2 mM Mg?*. A 3.3 kb fragment of rat ATP citrate lyase amplified from rat liver first strand cDNA
using primers ATPCLS’ and ATPCL3’ and Taq polymerase is indicated.

5: 4 mM Mg?*

6: 6 mM Mg**

7: 8 mM Mg*

8: 10 mM Mg**
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Figure 3.5 Positive control in RT-PCR reactions
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A S pl aliquot of each PCR reaction was analysed by electrophoresis in a 1% agarose gel containing Ix
TAE at 88V for 60 minutes. DNA was stained using ethidium bromide and visualised with a UV
transilluminator.

1: BRL 1 kb ladder

2: Negative control lane, containing all components of the PCR reaction except first strand cDNA.

3: Positive control - 523 bp fragment amplified using primers and template supplied in the kit.
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3.5.1 Subcloning of 3.3 kb PCR Product Representing Rat ATP Citrate
Lyase cDNA

PCR products were subcloned into the vector pBlueScript™ SK- (Appendix III) as
blue/white selection could be used to screen for recombinant clones. Vector was digested
with two restriction enzymes Xba I and Cla I (Section 2.2.5), giving cohesive ends to
enable directional cloning. Approximately 3 g of vector was digested, and an aliquot
analysed by agarose gel electrophoresis to check for complete digestion. The vector was

then prepared for subcloning (Section 2.2.8) (Figure 3.6).

Several PCR reactions containing the 3.3 kb PCR product were pooled, digested with
Clal and Xba I (Section 2.2.5), and treated with proteinase K to inactivate enzymes
from the digestion. The DNA was separated from proteins using phenol/chloroform
extraction, and then concentrated by ethanol precipitation and resuspended in 15 pl of
sterile water. Both vector and insert were electrophoresed alongside quantitation
standards, and the concentration of each sample determined (Section 2.2.7).

The ratio of free ends available for ligation was calculated in order to successfully ligate
the vector and insert. Vector and insert were both ~3 kb in size, so 1 ng of vector would
have approximately the same number of free ends as | ng of insert. An insert:vector ratio
of 3:1 is recommended (Sambrook et al., 1989) for ligation to be successful, with no
more than 200 ng DNA in a ligation reaction. Therefore 60 ng of insert was ligated with
20 ng of vector (Section 2.2.9). Competent E. coli XL-1 Blue cells were transformed

(Section 2.2.10) with the ligation reaction, and left to grow overnight at 37°C.

White colonies were transferred into 5 ml of LB broth (10g tryptone, Sg yeast extract, 5g
NaCl, per 1 litre) containing ampicillin (100 pwg/ml), and allowed to grow ovemight at
37°C. These cells were then harvested by centrifugation, and the plasmid DNA was
isolated using the rapid-boil method (Section 2.2.11). The plasmid DNA recovered was
then digested with diagnostic enzymes (Section 2.2.5) to identify recombinant plasmids
with the 3.3 kb insert. As the size of the insert and plasmid were similar (insert 3.3 kb;
vector 3.2 kb), a diagnostic digest that excised the insert would result in two products of
similar size, 3.2 and 3.3 kb. These would be difficult to separate and visualise on an
agarose gel. Instead, digestion with one enzyme with a unique site would cut a
recombinant plasmid with the 3.3 kb insert into a 6.5 kb linear molecule (3.2 kb vector +
3.3 kb insert).
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Figure 3.6 Ligation scheme of pBlueScript with PCR product
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Recombinant plasmids that did not contain the 3.3 kb insert would be digested to give a

3.2 kb linear molecule. These two bands would be easily identified on an agarose gel.

Plasmid DNA was digested with either Cla I or Xba I (enzymes used for cloning), but
only 3.2 kb products were observed on the gel. Therefore none of the white colonies

contained plasmids with the 3.3 kb insert.

Additional PCR reactions to obtain the 3.3 kb ATP citrate lyase cDONA PCR product were
carried out with an extra cycle of 72°C for 10 minutes at the end of the PCR cycle, in
order to finish any unextended copies. This approach was repeatedly unsuccessful in
producing a PCR product. Another enzyme, Pfu polymerase, was used in the PCR
reaction, but this was also ineffective in producing a PCR product. This was repeated

unsuccessfully on first strand cDNA prepared from fresh rat liver RNA.

In another attempt to obtain the 3.3 kb PCR product, a PCR reaction was carried out on
some 3.3 kb PCR product that had already been produced and used in the cloning
exercise. 1 pl of PCR product was added to a 50 pl PCR reaction, but this was also

unsuccessful.

At this stage, this approach was abandoned because of the low level of success. One
explanation for the lack of ability to produce the 3.3 kb PCR product could be that the
reverse transcriptase enzyme was not always able to produce cDNA the full length of the
mRNA message. Also, the population of full length transcripts may not have been large
enough to be successfully amplified by PCR, and 3.3 kb is a reasonably large product to
amplify by standard PCR conditions.

Another 3’ primer was available, ATPCL3’ exon III, which in conjunction with
ATPCLS’, would amplify a 282 bp region representing exon II and exon III of rat ATP
citrate lyase. This primer was used, as the likelihood of producing smaller PCR products
would be more successful, and a probe comprising exon II and exon III of ATP citrate

lyase would be suitable to screen a library for 5’ regulatory regions.
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3.6 PCR with ATPCLS5’ and ATPCL3’ Exon III Primers

This second 3’ primer (ATPCL3’ exon III), designed to anneal to the 3’ end of exon III
(Section 3.2), was used for PCR with ATPCLS5’. A different positive control for PCR
was introduced at this stage. This comprised a vector, pTG3954 (Appendix VI) which
contains a ~19 kb factor IX gene insert. PCR with 1916 and 1917 primers (Appendix I)
amplifies a 344 bp PCR product from this vector.

Many attempts at PCR were made until a 282 bp product was successfully produced. The
first PCR reaction used rat liver first strand cDNA prepared on 21/6/95 (Table 3.1), with
the same magnesium chloride and primer concentrations and PCR programme used
previously (Section 3.4.1). A PCR product for the positive control was observed when
an aliquot was analysed by agarose gel electrophoresis, but no other PCR products were
seen. For the next PCR reaction, the annealing temperature was reduced to 37°C. No
PCR products were observed, not even the positive control, so these conditions were
repeated, using rat liver first strand cDNA prepared at a different time (9/3/95). This
produced a faint band at the expected size of 282 bp, which indicated that the primers
were capable of producing a PCR product. In another attempt to produce this PCR
product, several dilutions were made of the cDNA template (produced on 8/1/95). These
dilutions were prepared in an attempt to dilute out any contaminating species that may be
present in the first strand cDNA, as no cleanup step was carried out after the reverse
transcriptase incubation and RNaseH treatment. Amounts used were 5 [l cDNA, 1 pl
cDNA, 1 pul of 1:5 dilution, 1 pl of 1:10 dilution, 1 pl of 1:50 dilution, and 1 pul of 1:100
dilution. A PCR product was seen for the positive control, but once again no other PCR

products were observed.

At this stage all new reagents for PCR were prepared, including dilutions of primers,
dNTPs, reaction buffer and MgCl,. PCR with these new solutions and freshly prepared
cDNA (12/1/96) was unsuccessful.

A different template was then used for PCR as follows: 1 pl of the PCR reaction which
gave a faint 282 bp product obtained previously was used in a PCR reaction containing

the newly prepared reagents.
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This approach successfully produced a PCR product (Figure 3.7). This product was able
to be produced reproducibly, and the presence of a single band indicated that only a single

product was being produced, despite the unusually low annealing temperature required.

A diagnostic digest was carried out on the 282 bp PCR product to confirm its identity.
Two restriction endonucleases, Apa I and Ava 1, were used to digest the PCR product.
These enzymes have a single restriction site within the 282 bp PCR product, and the
presence of two correct sized fragments after digestion would indicate that the PCR
product was the 282 bp sequence of rat ATP citrate lyase. Digestion of the PCR product
indicated that it was heterogeneous, as there were also several other bands as well as the
expected products. There are two possible explanations for the production of a
heterogeneous PCR product. Firstly, a single incorrect product was amplified, which
was the same size as the expected product. The second possibility is that two products
were amplified by the same primers - the correct product, and another incorrect product of
the same size (282 bp). Digestion of this PCR product with several enzymes clearly
demonstrates the second option (Figure 3.8A). The expected digest products were
observed (Figure 3.8B), indicating that the correct DNA fragment was present, but also
several other fragments were present after digestion, indicating heterogeneity. Cloning
the correct PCR product should have allowed isolation of the specific band representing
ATP citrate lyase cDNA sequence. Therefore, the PCR products were cloned in an

attempt to isolate the correct fragment.



Figure 3.7 282 bp PCR product amplified from rat liver first strand cDNA with
ATPCLS’ and ATPCL3’ exon III primers
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A 5l aliquot of each PCR reaction was analysed by electrophoresis in a 0.7% agarose gel containing 1x
TAE at 70V for 90 minutes. DNA was stained using ethidium bromide and visualised with a UV
transilluminator.

1: BRL I kb ladder

2: Negative control

3: Positive control - 344 bp fragment of factor IX gene promoter insert amplified from pTG3954 using
primers 1916 and 1917 and Taq polymerase.

4: 282 bp product amplified from previously prepared 282 bp product (amplified from rat liver first strand
cDNA) and ATPCLS’ and ATPCL3’exon III primers and Taq polymerase.
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Figure 3.8 Diagnostic digest of 282 bp PCR product and schematic representation of

expected digest products
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A: Diagnostic digest of 282 bp PCR product

135 ng of 282 bp PCR product was digested and analysed by electrophoresis in a 2% agarose gel

containing 1x TAE at 88V for 60 minutes. DNA was stained using ethidium bromide and visualised with

a UV transilluminator.

1:

BRL 1 kb ladder

Undigested 282 bp PCR product.

282 bp PCR product digested with Apa L.
foathe & e e “ Ava L

BRL 1 kb ladder

B: Expected digest products of 282 bp PCR product contained a 282 bp insert
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3.6.1 Subcloning of 282 bp PCR Product

In preparation for directional cloning, the PCR product was digested with restriction
endonucleases (Section 2.2.5) Xba I and Sal [; the vector pBlueScript™ SK- had been
digested with the same enzymes. PCR product and vector were ligated as described
previously, and competent E. coli DH5a cells (Gibco BRL) were transformed with the
ligation (Section 2.2.10). Blue/white selection was also carried out with this strain of E.
coli, in order to identify recombinant transformants. A total of 12 white colonies were
from plates of transformed cells, and the plasmid DNA was extracted (Section 2.2.11)
and analysed by digestion (Section 2.2.5) with two restriction enzymes, BstX I and
Xho 1, which should excise the 282 bp fragment from the plasmid. Of the 12 colonies
selected, only one clone contained a 282 bp insert (Figure 3.9), pACL282 (Appendix IV).
A large quantity (337.5 ug) of this plasmid DNA was prepared (Section 2.2.11) in

preparation for DNA sequencing.

3.6.2 Sequencing of pACL282 Clone

Double-stranded DNA sequencing of pACL282 was carried out manually (Section
2.2.13) to confirm its identity. As PCR generates errors during the amplification process,
the isolated clones had to be sequenced to check that not only did they contain rat ATP
citrate lyase exon II and III sequence, but also that there were no nucleotide substitutions,
additions or deletions. Sequencing of both strands revealed that pACL282 did not contain
the sequence of rat ATP citrate lyase exons II and III as expected. Alignment of this

sequence with a eukaryotic database did not reveal any similarity to known sequences.

This strategy was repeated; two additional positive clones were isolated, containing the
282 bp insert (Figure 3.10). Sequence analysis of these two clones revealed two
additional sequences. Therefore 3 clones had been isolated, each containing a 282 bp
insert, yet all 3 inserts had a different sequence. DNA sequence comparison using
BLAST (Altschul et al., 1990) of these additional clones revealed no homologies with rat
ATP citrate lyase.
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Figure 3.9 BstX I and Xho I digest of miniprep plasmid DNA containing the 282 bp

insert
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1-2 g of rapid boil DNA was digested in a total volume of 30 pl. Digest products were analysed by
elecwrophoresis in a 2% agarose gel containing 1x TAE at 80V for 60 minutes. DNA fragments were
stained using ethidium bromide and visualised with a UV transilluminator. Only one clone contained the
282 bp fragment, in lane 3.

1: BRL 1 kb ladder.

2: Undigested clone 1 miniprep DNA.

3: Clone 1 miniprep DNA digested with BstX I and Xho 1. A 282 bp fragment is indicated.
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Figure 3.10 BssH II digest of miniprep plasmid DNA containing the 282 bp insert
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1-2 pg of rapid boil DNA was digested in a total volume of 20 ul. This total volume was analysed by
electrophoresis in a 1.5% agarose gel containing 1x TAE at 90V for 110 minutes. DNA was stained
using ethidium bromide and visualised with a UV transilluminator. The 395 bp digest product represents
282 bp of ATP citrate lyase sequence plus 173 bp of multiple cloning site sequence either side of the
fragment.

1: Undigested miniprep DNA.

2: Miniprep DNA digested with BssH II. A 395 bp fragment is indicated.

3: BRL 1 kb ladder.
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Results of the sequencing of 3 separate clones indicated that this approach was unlikely to
be successful in obtaining a clone containing sequence representing rat ATP citrate lyase.
Initially, there were many problems encountered with PCR, and this was attempted many
times, with different templates until a PCR product was able to be produced. Even then,
an unusually low annealing temperature of 37°C was required in order for PCR

amplification to be successful.

The main cause for these problems experienced is likely to be due to the primers used for
PCR. The length of sequence that had homology with rat ATP citrate lyase sequence was
22 and 21 nucleotides (ATPCLS’ and ATPCL3’ exon III, respectively). These lengths
are considered to be relatively short, and coupled with redundancy, could have caused the
primers to anneal at positions other than the target sequence (Erlich, 1991). An annealing

temperature of 37°C would have also made incorrect annealing more likely.

For these reasons, another set of PCR primers were designed.
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3.7 Design of ATPCL1 and ATPCL2 Primers

ATPCL1 and ATPCL2 primers were designed as 25mer perfect matches to the rat ATP
citrate lyase coding sequence. They contained no redundancies, to enable the greatest
possibility of specific annealing to the correct sequences. PCR with these two primers
would amplify a region of 182 bp, containing the whole of exon II of rat ATP citrate lyase
(Appendix II) (Figure 3.1).

ATPCLI1 was designed to anneal to the 5’ end of exon II. This contained an EcoR I
restriction site, to enable cloning into pBlueScript™SK (+/-).
ATPCL?2 was designed to anneal to the 3’ end of exon II, and also contained an EcoR |

restriction site for cloning.

By this stage in the project, the RT-PCR approach was unable to be used to generate a
template for PCR; the kit being used to synthesise first strand cDNA from mRNA had
been exhausted. The new primers for PCR, ATPCL1 and ATPCL?2, were designed as
exonic primers which would amplify a region of rat DNA containing exon sequence only.
Therefore genomic DNA would be a suitable template for PCR. As there were no
supplies of genomic DNA available, fresh genomic DNA was extracted from rat and

bovine sources.

The original aim of this project was to prepare a sheep cDNA probe suitable for screening
a sheep genomic library. This work would have been carried out at AgResearch in
Dunedin with Professor Diana Hill. However, given the difficulties of preparing a sheep
DNA probe and the eventual success with preparing a rat DNA probe, an alternative
approach was chosen. Faced with having to use a rat DNA probe for screening a
genomic library, but having no knowledge of the sequence homology between rat and
sheep, the wisdom of screening the sheep library in Dunedin was questioned. A bovine
genomic library was available within the Department of Biochemistry at Massey

University; a decision was made to use this library instead.
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3.8 Isolation of Genomic DNA

Genomic DNA was isolated from several different tissues (Section 2.2.17) to test for
hybridisation of the rat ATP citrate lyase probe using Southern blot analysis. Rat
genomic DNA was used as a positive control, because the intended probe contains
sequences for exon II of the rat ATP citrate lyase gene. Secondly, bovine genomic DNA
was used as a test to determine whether the probe would hybridise to bovine sequences.
Successful hybridisation would indicate whether the probe would be useful for screening
a bovine genomic library. The homology between exon II of human and rat ATP citrate
lyase DNA sequences is 92.3%, therefore the probe would be expected to hybridise to
human genomic DNA as well; human genomic DNA was included on the blot as an

additional control.

3.8.1 Methods of Genomic DNA Isolation

Two different methods were used to extract genomic DNA from rat and bovine tissue,
TRIzoL™ LS reagent (Gibco BRL Life Technologies), and Genomix kit (Talent). A

comparison of the two methods and the efficiency of extraction are outlined in Table 3.2.

Method Tissue Amount Used Yield Purity A,/Agg
TRIzoL rat liver ~300 mg 2750 pg 1.70
TRIzoL rat spleen ~200 mg 1470 nug 1.45
Genomix bovine WBC ~200 mg 400 pg 1.49
Genomix rat spleen ~200 mg 135 ug 1.86

Table 3.2 Genomic DNA extracted from rat and bovine tissues.

The yield of genomic DNA was much higher using the TRIzoL™ reagent compared to the
Genomix kit, but both methods yielded high molecular weight DNA. Rat genomic DNA
extracted using the TRIzoL™ method was used as a template for PCR with ATPCL] and
ATPCL2 primers. Rat (Figure 3.11A) and bovine (Figure 3.11B) genomic DNA
prepared using the Genomix kit was used for Southern blot analysis. Human genomic
DNA used for Southern blots had been prepared previously using Genomix; this DNA
was quantitated, and analysed by gel electrophoresis to check for degradation. The DNA
was still of high molecular weight form, and was used for Southern blotting (Figure
3.12).
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Figure 3.11 Rat and bovine genomic DNA samples

Marker size (kb)

12—

Marker size (kb)

Samples of genomic DNA were analysed by electrophoresis in a 0.7% agarose gel containing 1x TAE at

88V for 50 minutes. DNA was stained using ethidium bromide and visualised with a UV

transilluminator.

A: Genomic DNA extracted from rat spleen

1:

2:

BRL 1 kb ladder.

~2 pg rat genomic DNA.

: Genomic DNA extracted from bovine white blood cells

BRL 1 kb ladder.

: ~5 ug bovine genomic DNA.
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Figure 3.12 Genomic DNA samples used for Southemn blotting

Marker size (kb)

Rat, bovine and human genomic DNA (~25 ng) were digested with EcoR I and analysed by
electrophoresis alongside undigested samples (~10 ng) in a 0.7% agarose gel containing 1x TAE at 20V
overnight. DNA was stained using ethidium bromide and visualised with a UV transilluminator.

1: BRL 1 kb ladder

Undigested rat genomic DNA

Digested rat genomic DNA

Undigested bovine genomic DNA

Digested bovine genomic DNA

Undigested human genomic DNA

S N - & 8 N

Digested human genomic DNA
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39 PCR with ATPCL1 and ATPCL2 Primers
ATPCL1 and ATPCL2 were used to amplify exon II of ATP citrate lyase from rat

genomic DNA using an annealing temperature of 68°C. A discrete, single product of 202
bp (representing 182 bp of rat sequence and 20 bp of primer sequence, containing
restriction sites) was reproducibly generated (Figure 3.13), and produced the expected
bands when digested with diagnostic restriction endonucleases (Figure 3.14). This
indicated that the correct sequence of DNA had been amplified, so this 202 bp product

was cloned into pBlueScript™ SK-.

3.9.1 Subcloning of 202 bp Product
The 202 bp PCR product was prepared for ligation by digestion with EcoR I (Section

2.2.5), to produce cohesive ends for ligation into the vector, pBlueScript™ SK-, which
had also been digested with the same enzyme. The digested PCR product was purified
from other digestion products by separation on an agarose gel (Section 2.2.5). The band
was then excised, purified from the agarose using Prep-A-Gene (Section 2.2.6), and
aliquots of both the purified insert and digested vector were quantitated by agarose gel
electrophoresis (Section 2.2.7). The vector was also treated with calf alkaline
phosphatase, to remove 5’ phosphate groups in order to prevent vector religation (Figure
3.6). Vector and insert were ligated (Section 2.2.9), and competent E. coli RR1 cells

were transformed (Section 2.2.10) with the ligation reaction.

Previously, E. coli XL-1 Blue cells had been used for transformation. These cells were
unable to be used at this stage in the work, due to unexplained problems with stock
cultures of XL-1 Blue cells. These cells, which do not have ampicillin resistance were
able to grow on agar plates containing ampicillin. For some reason, either these cells had

been contaminated, or lab stocks of ampicillin were no longer effective.

New stocks of ampicillin were obtained, and a different strain of cells (E. coli RR1) were
used (Table 2.1). As blue/white selection cannot be used to screen for recombinant
clones in these cells, 9 colonies were randomly selected. These were screened using PCR
with ATPCL1 and ATPCL2 primers (Section 2.2.4), which would amplify the insert if it
was present in the vector. All 9 reactions contained a 202 bp product, indicating that this

ligation and transformation had been successful.
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Figure 3.13 202 bp PCR product amplified from rat genomic DNA with ATPCLI] and
ATPCL2 primers

2 396—

S 3Y4— -.— 344 bp
5 298—»
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A 5 pl aliquot of each PCR reaction was analysed by electrophoresis in a 2.5% Nusieve agarose gel
containing 1x TAE at 90V for 60 minutes. DNA was stained using ethidium bromide and visualised with
a UV transilluminator.

1: BRL 1 kb ladder

2: Negative control

3: Positive control - 344 bp fragment of factor IX gene promoter insert amplified from pTG3954 using
primers 1916 and 1917 and Taq polymerase.

4: 202 bp PCR product amplified from rat genomic DNA using ATPCL1 and ATPCL?2 primers and Tag

polymerase.
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Figure 3.14 Diagnostic digest of 202 bp PCR product and schematic representation of

expected digest products

A
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A: Diagnostic digest of 202 bp PCR product

45 ng of 202 bp PCR product was digested and analysed by electrophoresis in a 2.5% Nusieve and 1%
agarose gel containing 1x TAE at 100V for 60 minutes. DNA fragments were stained using ethidium
bromide and visualised with a UV transilluminator.

1: BRL I kb ladder

2: Uncut 202 bp PCR product

3: 202 bp PCR product digested with Ava I

4: & . * Hae III

5 % % “ “ “ Smal

B: Expected digest products of 202 bp PCR product.
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Digestion of DNA (Section 2.2.5), prepared from several colonies by the rapid boil
method (Section 2.2.11), with the restriction endonuclease EcoR I confirmed that two

clones contained the 202 bp insert (Figure 3.15). These two clones, named pACL202
(Appendix V), were subjected to DNA sequencing.

Figure 3.15 EcoR I digest of miniprep plasmid DNA containing the 202 bp insert

500—»

20— -.+— 202 bp

Marker size (bp)

1-2 pg of rapid boil DNA was digested in a total volume of 10 pl, and analysed by electrophoresis in a
2% agarose gel containing 1x TAE at 100V for 60 minutes. DNA was stained using ethidium bromide
and visualised with a UV transilluminator.

1: BRL I kb ladder

2: Undigested clone | miniprep DNA.

3: Clone | miniprep DNA digested with EcoR I. A 202 bp fragment is indicated.
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3.9.2 Sequencing of pACL202 Clones

Two pACL202 clones were sequenced manually on each strand using T3 and T7 primers.
Sequencing templates were prepared by PCR using one biotinylated and one non-
biotinylated primer (Section 2.2.12). The 202 bp insert was amplified from the clone; the
strands of DNA were separated, and then the single strands of DNA were sequenced
using Sequenase version 2.0 (Gibco BRL). The resulting sequence confirmed that the
two clones contained sequences for rat ATP citrate lyase exon II, both in the same
orientation (Appendix V). Confirmation of the sequence of the 202 bp insert enabled the
preparation of large amounts of this plasmid, excision of the fragment, and then labelling

of this DNA fragment for use in screening of blots and libraries.

E. coli cells containing the pACL202 clone from a 500 ml overnight culture were
harvested by centrifugation, and the plasmid DNA extracted using the Wizard Maxiprep
DNA Purification System™ (Section 2.2.11). An EcoR I digest (Section 2.2.5) on ~14
pg of plasmid DNA was carried out to excise the 202 bp fragment. This fragment was
separated from the vector using agarose gel electrophoresis (Section 2.2.5). The insert
was purified from the agarose gel using Prep-A-Gene (Section 2.2.6). Once purified in
this way, the DNA was resuspended in sterile water, and quantitated by agarose gel
electrophoresis (Section 2.2.7). DNA was stored at -20°C until it was required for the

subsequent screening of blots and libraries.
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3.10 Labelling DNA Probes with *?P

The 202 bp DNA fragment containing sequence for rat ATP citrate lyase exon II was
labelled with [0>P]-dCTP (Section 2.2.14) and tested for suitability as a probe in both
northern and Southern blots. Two methods were used for labelling DNA, either random

primers or Rediprime kit (Table 3.3).

Method % cpm cpnv/iLg Use
incorporation | incorporated
Random Primers 7 2.07 x 10° | 83 x 10’ Northern Blotting
Random Primers 8 1.07 x 10° | 4.30 x 10’ Northern Blotting
Random Primers 10 1.09 x 10° | 4.34 x 10" 1° Library Screen
Random Primers 26 1.45 x 10* | 5.78 x 10 2° Library Screen
Random Primers 35 297 x 10° | 1.19 x 10° 2° Library Screen
Northern & Southern
Blotting
Random Primers 31 2.07 x 10° 8.26 x 10’ 3° Library Screen
Northern & Southern
Blotting
Random Primers 31 5.48 x 10° | 2.19 x 10" 2° Library Screen
Northern & Southern
Blotting
Random Primers 65 270 x 10" | 1.08 x 10’ Southern Blotting
RediPrime 70 1.37 x 16 5.49 x 10° Southern Blotting

Table 3.3 Methods used for labelling DNA, and final use of this labelled DNA.

There were also two methods used for removing unincorporated nucleotides from the
DNA labelling reaction, NACS PREPAC™ columns and ProbeQuant™ G-50 micro
columns. The first of these methods was used only once, as it was found to be very
difficult to get a sufficient amount of probe from the column. The ProbeQuant™ G-50
micro columns were very simple to use as well as effective, and so were used for later

labelling reactions.

DNA labelled with the random primers system was used to screen northern blots (Section

3.11.1). DNA was also labelled using the Rediprime system, which enables labelling of
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DNA in a gel slice; DNA labelled in this way was used for probing Southern blots
(Section 3.13.1).

There was a distinct advantage of using the Rediprime random primer labelling kit
(Amersham Life Science). DNA requiring labelling is simply excised from an agarose
gel, thus removing the need to extract the DNA band from the agarose. This avoided any
possible loss of DNA during a cleanup step, and also saved time. DNA samples were
found to be labelled to approximately the same extent, and at nearly the same rate as

purified DNA.

3.11 Northern Blotting

Northern blotting was carried out to test the probe for hybridisation to rat and sheep
RNA. The results of this would give some indication as to whether this probe would be

useful for screening a library.

It has been shown that ATP citrate lyase enzyme levels in newborn and young ruminants
are high, and then drop dramatically upon the development of a fully functional rumen. It
would be useful and informative to know whether this drop in enzyme levels is mirrored
by a drop in ATP citrate lyase mRNA levels. A probe that could hybridise to ATP citrate
lyése mRNA could also be used to analyse the change in levels of ATP citrate lyase

mRNA that occur during development in ruminants.

3.11.1 Northern Blot Analysis

Northern blotting was carried out with total RNA from both rat and neonatal lamb liver in
order to see if the probe that had been constructed (exon II sequences of rat ATP citrate
lyase) would be useful for this type of investigation. These blots were then hybridised
with the radioactively labelled probe (Section 2.2.15). Hybridisation occurred between
the probe and rat RNA (Figure 3.16), with a smear of radioactivity seen in the lane
containing rat RNA. However hybridisation between the probe and lamb RNA was not

observed.
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Figure 3.16 Results of northern blotting with the 202 bp probe

Nitrocellulose membrane containing samples of rat and lamb total RNA were hybridised to a radiolabelled
probe derived from rat ATP citrate lyase exon II sequences, washed at 68°C (conditions for washing are
described in Section 2.2.15), and autoradiographed overnight at -70°C.

1: ~10 pgrat RNA.

2: ~10 pg lamb RNA.
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This shows that the conditions used enabled hybridisation between the probe and rat
RNA, but the hybridisation was not as specific as expected, as a hybridisation signal of a
single band should have been seen with rat RNA. In hindsight, an annealing temperature
of 68°C may have been too low. Hybridisation of the probe with rat RNA at a higher
temperature may have been more specific. However, 68°C may have been too high to
detect hybridisation between the probe and lamb RNA, as homology between these two
sequences is not known. Alternatively, the quality of the mRNA may not have been high
enough to use for this kind of procedure. Problems were also experienced with RT-PCR
and lamb mRNA (discussed in Section 3.4.1), so this could explain why hybridisation
did not occur between this probe and lamb mRNA. The production of a hybridisation
smear with the rat RNA also suggests that some degradation of the sample had occurred,

although this was not evident on the agarose gel (Figure 3.2).

There were also problems experienced with producing rat liver cDNA, and RT-PCR with
this cDNA was not particularly successful. The same RNA was used for both cDNA
synthesis and northern blotting, which could explain why the results seen here were not

as expected.

3.12 Screening of Bacteriophage Library

Despite the fact that the probe did not hybridise specifically to total rat RNA, the probe
was used to screen a bovine genomic library. Problems experienced with northemn
blotting could have been attributed to RNA degradation, which may have caused the
smear of hybridisation seen. RNA degradation may have also been a factor in the

problems experienced with first strand cDNA synthesis and PCR.

The library used for screening (Section 2.2.21) was a Lambda FIX® II Custom Genomic
Library (amplified bovine genomic library), supplied by Stratagene. This library had
previously been used to isolate clones containing 5' regulatory regions of lactoferrin
(Bain, 1995), and so should be useful for obtaining another clone containing ATP citrate

lyase 5’ regulatory sequences.
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3.12.1 Titering Library

Serial dilutions of the phage library were made with SM buffer. The estimated amplified
titer was 1.5 x 10'° pfu/ml, so several dilutions were made within this range. Plating
cells (Section 2.2.22) were added to the different dilutions of phage, and plated onto NZY
plates (140 mm). Plates were inverted and left to grow overnight at 37°C. The number
of plaques on each plate were counted, and these results were used to calculate the titer of
the library (Table 3.4).

Dilution Volume plated (L) Plaques pfu/ml
10° 10 confluent -
10 100 confluent -
107 10 confluent -
10" 100 confluent -
10° 10 334 3.34 x 10"
10 100 confluent i
10° 10 7 7l al1I0
10°® 100 48 4.8 x 10"
10"° 10 no plaques -
10" 100 1 10 x 10"

Table 3.4 Results of titering phage library.

The average titre of this library was ~6 x 10" pfu/ml, slightly higher than estimated by the
manufacturer. The difference probably reflects experimental errors involved in dilution
and plating; the titre of this library has not decreased during storage at -70°C, and thus is a

high quality library.

The number of plaques required for screening was calculated, based on the size of the
bovine genome (3 x 10° bp) and the average size of the insert contained in the library (9
kb - 23 kb).
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Calculations were as follows:

N=In(l1-P)
In (1 - V/G)
where:

N = number of clones needed to be screened
P = probability of having a representative library (99% = 0.99) - probability that
target sequence will be screened

I = average size of insert (9 kb - 23 kb)

G = size of the genome (3 x 10° bp)
The number of plaques needed to be screened ranged from 6 x 10° (if the inserts were 23
kb) to 1.5 x 10° plaques (for inserts containing 9 kb). In order to screen a representative
number of plaques, 1 x 10° plaques would be required. Therefore the library was plated

at a density of ~5 x 10* pfu/plate on 20 plates, 140 mm in diameter.

3.12.2 Plaque Lifts

Once the required plaque density had been reached (confluence for first round screening,
discrete plaques for subsequent rounds), plates were removed from the 37°C incubator,
and left to chill at 4°C. A dry nitrocellulose filter was placed onto the plate and orientation
marks were made through the filter and plate while DNA transfer was taking place
(Section 2.2.23).

3.12.3 Hybridisation
Filters of plaque lifts were hybridised (Section 2.2.15) with *?P labelled probe (rat exon II

sequences), and autoradiographed (Section 2.2.16). After first round screening, four
putative plaques were identified (Figure 3.17). These were subjected to a second round
of screening; no hybridisation signals were obtained which suggested that none of these
four putative plaques contained sequences to which the probe could hybridise. Another
attempt at first round screening was also unsuccessful. There are several possibilities

which could explain why library screening was not successful.

1 The library being used for screening was an amplified library. The process of
amplification of libraries can produce a population of clones that may not necessarily be
representative of the genome. This could mean that there were no clones (or not a large

enough number) present containing ATP citrate lyase sequence.
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Figure 3.17 Four putative plaques identified after first round screening of the bovine

genomic library with the 202 bp probe

Autoradiograph of hybridisation filters used in screening the Stratagene bovine genomic library. The
library was plated and lifts prepared as described in Section 3.12.2. Filters were hybridised to a
radiolabelled probe derived from rat ATP citrate lyase exon II sequences as described in Sections 3.11 and
3.13, washed (60°C, 6x SSC, 1% SDS for 30 minutes; 60°C 2x SSC, 0.1% SDS for 30 minutes), and
autoradiographed overnight at -70°C. Plaques are labelled P1 - P4.
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Screening of an unamplified library could prove more successful. This library would be

more likely to contain a clone with ATP citrate lyase 5’ regulatory sequences.

2 The level of homology between rat and bovine ATP citrate lyase exon II sequences is
not high enough to allow hybridisation. Therefore, a lower hybridisation temperature

could be used.

3 Although the number of plaques required was calculated, perhaps more plaques would
have been required. An amplified library was being used, and this may have required a

larger number of plaques to be screened.

3.13 Southern Analysis

Since the library screening was unsuccessful, the probe was tested for ability to hybridise

to genomic DNA using Southemn blotting.

Samples of genomic DNA (~20 pg) were digested (Section 2.2.18) with EcoR I and
checked for completeness of digestion by agarose gel electrophoresis. Samples were
concentrated by ethanol precipitation to facilitate loading into the wells in the gel.
Electrophoresis was carried out (Section 2.2.19) alongside samples of uncut genomic
DNA (Figure 3.12), and then transferred onto nitrocellulose membrane (Section 2.2.20)
by the process of Southern transfer (Southern, 1975). This membrane was then
hybridised with 32p labelled DNA (202 bp product) (Section 2.2.15).

3.13.1 Probing Southern Blot

Radioactively labelled DNA containing sequences for exon II of rat ATP citrate lyase was
used to probe a Southern blot containing undigested and digested samples of rat, bovine
and human genomic DNA. Autoradiography revealed several hybridisation signals
(Figure 3.18). The positive control was included to show that the probe was able to
hybridise to itself (Figure 3.18B); an aliquot of unlabelled probe (~100 ng) was spotted
onto a piece of nitrocellulose, exposed to UV light to cross-link it onto the filter, and then

treated in the same way as the blot.
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Figure 3.18 Hybridisation of Southern blot with 202 bp probe

A: Southern Blot
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Digested (~25ng) and undigested (~10 ng) genomic DNA samples were separated by electrophoresis in a

0.7% agarose gel (Figure 3.12) and transferred to nitrocellulose membrane. The membrane was hybridised

to a radiolabelled probe derived from rat ATP citrate lyase exon II sequences, washed (60°C, 6x SSC, 1%

SDS for 30 minutes; 60°C 2x SSC, 0.1% SDS for 30 minutes), and autoradiographed overnight at -70°C.

1:

I B O B

Undigested rat genomic DNA
Digested rat genomic DNA
Undigested bovine genomic DNA
Digested bovine genomic DNA
Undigested human genomic DNA

Digested human genomic DNA

B: Positive control

An aliquot of unlabelled probe (~100 ng) was spotted onto nitrocellulose and treated in the same way as

the Southern blot.
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A hybridisation signal was detected in both lanes containing rat genomic DNA (Figure
3.18A). In the uncut rat genomic DNA lane, there was a band seen at the level
corresponding to high molecular weight DNA (>12 kb). This indicated that the probe
was able to hybridise to rat genomic DNA, which was expected. In the lane containing
digested genomic DNA, there are several bands that can be seen (7.5 kb, 6.1 kb, 5.9 kb,
4.8 kb, 4.2 kb, 3.0 kb, and 2.2 kb), within a smear between 10 and 4 kb. The presence
of these multiple bands suggests that the genomic DNA was incompletely digested.

There was no hybridisation observed between the probe and bovine genomic DNA,
which indicates that perhaps the homology in this region (exon II) between bovine and rat
ATP citrate lyase sequences is not as high as that between rat and human ATP citrate

lyase.

A hybridisation signal could be seen in the lane containing digested human genomic
DNA, with a smear between 12 and 6 kb, and a band at 7 kb. This confirms the high level

of homology between rat and human ATP citrate lyase sequences.

A lack of discrete bands with digested genomic DNA suggests either incomplete digestion
or low stringency. Considering that the hybridisation temperature was 68°C, which may
have been too high to allow hybridisation with sequences less than 100% homologous,
the reason for the smear of hybridisation seen is more likely to be due to incomplete

digestion.

These results show that the conditions used allowed a degree of hybridisation between the
rat probe and genomic DNA. Therefore, this probe was able to anneal to complementary

sequences of genomic DNA.

Tm is the melting temperature of a perfect hybrid to a target sequence. Hybridisation
should be carried out at 25°C lower than the Tm (Sambrook et al., 1989). The Tm was

calculated as follows:

Tm = 16.6log[Na*] + 0.41(%GC) + 81.5 - 0.65(% formamide) - 500
bp in duplex
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For the reaction conditions: [Na*] = 0.05SM
%GC = 55%
bpin duplex = 182 bp
% formamide = 0%

Tm = 16.6l0og(0.05) + (0.41)(55) + 81.5 - 500
182

=80

Therefore a hybridisation temperature closer to 5S5°C should have been used. Also, if the
homology between the probe and target sequences is less that 70%, then it is unlikely that
the probe will detect these sequences. This could well be the case, and while the
homology between rat and bovine ATP citrate lyase sequence is unknown, these results

suggest that the homology between these two sequences is likely to be low.

The hybridisation signals seen were very weak, which could have been due to the
hybridisation temperature of 68°C being too high. There was also a faint smear of
hybridisation in the lane containing digested human genomic DNA. The probe was
expected to anneal to human genomic DNA, due to the high level of homology between
rat and human ATP citrate lyase sequences. More specific hybridisation signals may have
been observed if hybridisation conditions were optimised. All hybridisation was carried
out at 68°C, except for the last hybridisation reaction, which was carried out at 60°C.
This lower temperature was the only time when hybridisation was seen. Also, the
temperature for washing of the blot was 60°C, which was also lowered from 68°C. If
this problem had been addressed earlier in the project, then perhaps more success would
have been obtained with northern and Southern blotting. While these results show that
hybridisation does occur between the probe and both rat and human genomic DNA,
hybridisation conditions need to be optimised. Time constraints meant that this option

could not be explored.
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3.14 Summary

This work has produced a probe for rat ATP citrate lyase which has been shown to
hybridise to both rat and human genomic DNA. Many difficulties were experienced
initially, involving PCR amplification to prepare a probe, such as reproducibility of the
reaction. Sequencing of the 282 bp PCR product showed that it was not the expected
sequence, which to some extent explains the difficulty experienced in PCR. Once new
primers were obtained, a reproducible PCR product was easily produced, and this was
sequenced to show that it was authentic. In contrast, few problems were encountered
with PCR using the new primers, and only a minimal amount of optimising of PCR
conditions was required. This highlighted the need for careful design of PCR primers, of
which length seemed to be an important factor in this case. Of the first set of primers,
ATPCLS’ and ATPCL3’ exon III were fairly short in length (22-mer and 21-mer), with
both the primers containing one mismatch each, which may have been enough to
compromise the ability of these primers to anneal to specific sequences. Also, the length
of the product that was being amplified with ATPCLS’ and ATPCL3’ was 3.3 kb. This
is a reasonably large stretch of DNA to try and amplify by standard PCR conditions,

which may explain why problems were experienced in producing this product.

The new primers (ATPCL1 and ATPCL?2) were designed as 25-mer perfect matches to
the rat cDNA sequences, and as such did not contain any redundancies. Digestion of the
PCR product obtained with the new primers gave the correct digestion pattern; sequencing
confirmed that it represented exon II of the rat ATP citrate lyase gene. This PCR product
was successfully cloned and sequenced, and was then used for northern and Southern

blotting, and for screening an amplified bovine genomic library.

Results of northern blotting showed that this probe hybridised with rat RNA, but not with
lamb RNA. Hybridisation with rat RNA produced a smear, which was not as expected.
A single band should have been observed. The hybridisation temperature used was 68°C,
which may have been sub-optimal; specific hybridisation may have been inhibited. Also,
the quality of mRNA may not have been high enough to use for this type of procedure,
and problems were also experienced when this RNA was used for RT-PCR. No
hybridisation was observed with lamb mRNA, but this could also have been due to

hybridisation temperature and/or degradation of RNA.
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The results of Southern blotting showed that no hybridisation signal was seen between
the probe and bovine genomic DNA; hybridisation occurred between the probe and both
rat genomic DNA and human genomic DNA.. However, the hybridisation signals seen
were not specific, and could be due to incomplete digestion of genomic DNA. The

hybridisation temperature that may have also been too high.

Screening of the amplified bovine genomic library was unsuccessful, and there were
many factors which may have contributed to this. The use of an amplified, as opposed to
an unamplified library could mean that there were no clones containing ATP citrate lyase
5’ regulatory sequences present. The level of homology between rat and bovine ATP
citrate lyase exon II sequences may not be high enough to allow hybridisation. Finally,
because an amplified library was used, it is possible that more plaques should have been

screened.

Once conditions for hybridisation of the probe and bovine genomic DNA are optimised,
then this probe should be useful for isolating a bovine genomic clone containing 5’

sequences for ATP citrate lyase.
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CHAPTER FOUR: FUTURE DIRECTIONS

The results of this project leave many possibilities for future work. At this stage, a probe
containing exon II sequences of rat ATP citrate lyase has been prepared. This has been
shown to hybridise to both rat and human genomic DNA, but not to bovine genomic
DNA or lamb liver RNA. However, this probe may still be useful, provided that the
conditions for hybridisation are optimised to ensure significant binding of the probe to

bovine genomic DNA.

4.1 Optimisation of Hybridisation Conditions

The probe that has been constructed is able to hybridise to rat and human genomic DNA,
however the hybridisation signal seen was a non-specific smear (Section 3.13.1).
Therefore, the conditions for Southern blotting using rat and human genomic DNA
should be optimised before investigating binding to sheep or bovine genomic DNA. The
problems encountered with northern blotting may have been due to sub-optimal
hybridisation conditions, or because neonatal lamb liver may not contain detectable
quantities of ATP citrate lyase message. Screening of the Southern blots with the probe
would need to be repeated, and conditions for hybridisation should be optimised. The
most sensitive parameter for hybridisation of nucleic acids is temperature. At a much
lower hybridisation temperature, the stringency is lower, and therefore this would

increase the chance of the probe annealing to similar sequences.

If a hybridisation signal is successfully obtained at a low temperature, the annealing
temperature could be gradually increased, so as to get a more specific hybridisation
signal. If the hybridisation temperature is lowered, and this does not increase the
specificity of hybridisation sufficiently, then other factors affecting hybridisation can be
altered, such as formamide and salt concentration. Adjusting the concentration of these
will affect the Tm, which is the melting temperature of a perfect hybrid to a target
sequence. Hybridisation is normally carried out at 25°C lower than the Tm. An increase
in the Tm will increase the specificity at the same hybridisation temperature. A decrease

in the Tm will decrease the specificity at the same hybridisation temperature.
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For example, if the % formamide is increased to 20% and 50%, then the calculation of
Tm is as follows (while keeping the other conditions the same as described in Section
3,181

Tm = 16.6log[Na*] + 0.41(%GC) + 81.5 - 0.65(% formamide) - 500
bp in duplex

Tm = 16.610g(0.05) + (0.41)(55) + 81.5 - (0.65)(20) - 500
182

Tm =67

If the % formamide is incerased further to S0%, then the Tm is as follows:

Tm = 16.610g(0.05) + (0.41)(55) + 81.5 - (0.65)(50) - 500
182

Tm =47

By increasing the % formamide, the Tm is decreased. Therefore, hybridisation at the

same temperature will be more specific under these conditions.

If the salt concentration is increased, the opposite effect is seen. By increasing the salt

concentration from 0.05M to 0.5M, the Tm is increased as follows:

Tm = 16.6log (0.5) + (0.41)(55) + 81.5 - 500
182

Tm =96

By increasing the salt concentration, the specificity of hybridisation is decreased, thus

allowing mismatches to occur.

Once the conditions for hybridisation have been optimised for rat and human genomic
DNA, then screening of a sheep and/or bovine genomic library will be possible. These
sequences may have a low level of homology, and so less stringent conditions will need

to be used, due to the lower specificity of the probe to the target sequences.
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4.2 Screening a Bovine Genomic Library
Once a probe has been identified that specifically hybridises to bovine genomic DNA, the

bovine genomic library could be rescreened using the optimised hybridisation conditions.

There are two options concemning the type of library to use for screening. Firstly, an
amplified bovine genomic library can be screened. If this proves unsuccessful, then the
next option would be to try and screen an unamplified bovine genomic library. Once a
bovine genomic clone containing the 5’ regulatory sequences for ATP citrate lyase is
isolated, it will be sequenced to confirm that it contains sequences corresponding to the
5’-regulatory region. This sequence could be used to compare rat and human ATP citrate
lyase sequences, to identify any differences or similarities between species. Also,
sequence comparisons with regulatory elements could be carried out, to identify any
elements present that could contribute to the unique regulation of ATP citrate lyase seen in

ruminants.

Secondly, this clone could be used to screen a sheep genomic library. There should be
more success in screening a sheep library with a probe obtained from a bovine clone
compared to rat; there should be a greater degree of homology between sheep and bovine

sequences than between rat and bovine sequences.

4.3 Obtaining a Sheep cDNA Probe

If lowering the hybridisation temperature, and screening the bovine genomic library with
a rat probe is not successful, then another approach would need to be used. The rat probe
could be used to screen a sheep liver cDNA library, at low stringency. The probe was
constructed from exonic sequences within the rat ATP citrate lyase gene, so this would
still be useful for screening a cDNA library. Screening a cDNA library with a probe
containing exon II sequence provides the opportunity to isolate sequences in the 5’
untranslated region. This would be a more useful probe with which to screen a genomic
library; it would be more likely that this approach would detect a clone containing the 5’

regulatory region.
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As the calculations show below, screening of a cDNA library will require fewer plaques
to be screened, because of the absence of intron sequences. The number of plaques
needed to be screened, based on the size of the cDNA (4.3 kb), and the average size of

the insert contained in the library (~1 kb for an unsized cDNA library) is as follows:

N=In(1-P)
In(1-UG)

where: N = number of clones needed to be screened
P = probability of having a representative library (99% = 0.99)
I = average size of insert (1 kb)

G =size of the genome. In this case, the size of the cDNA (4.3 kb)

Based on this relationship 1.98 x 10* plaques would need to be screened. This is a
significant decrease to the 1 x 10° plaques that were required when screening the
amplified bovine genomic library. The library could be plated at a density of ~2 x 10*
pfu/plate on 140 mm plates, and only 1 plate would need to be used. By screening fewer
plaques, there would be less time spent on screening, and it would be more manageable
dealing with only 1 filter of plaque lifts as opposed to 20. Also, a cDNA probe could be

used to study mRNA expression over time without the need for 5’ -regulatory regions.

This clone could then be used to screen the sheep genomic library - and the level of
identity (ie. 100%) would mean that obtaining a clone should be fairly straightforward,

and that fairly stringent conditions could be used.

4.4 Sheep Genomic Clone
A sheep genomic DNA library could be screened with a suitable probe, to obtain 5’

regulatory sequences of sheep ATP citrate lyase.

4.4.1 ATP Citrate Lyase Expression During Development

The clone obtained from screening a sheep genomic library could be used to construct a
probe containing a portion of the coding region of the ATP citrate lyase gene. This probe
could then be used to screen blots of total RNA (northern blotting), extracted from sheep
livers at different stages of development. As ATP citrate lyase is regulated at the level of
transcription, the levels of ATP citrate lyase RNA will reflect the rate of transcription.

This type of analysis can be used to determine the developmental pattern of ATP citrate
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lyase gene expression. Also, the level of expression will be shown by the intensity of
hybridisation. Ribonuclease protection assays could also be used to monitor RNA levels,

as this type of analysis is more sensitive than northern blotting.

This information will be useful in understanding the regulation of enzymes involved in
lipogenesis in ruminants, and expression of these enzymes during development and the

transition from monogastric to ruminant digestion.

4.4.2 Characterisation of Sheep Genomic Clone

Initially it is likely that several clones would be isolated, and these would need to be
sequenced in order to identify one which contains the 5 flanking sequences of ATP
citrate lyase. This clone will then be characterised further, by restriction analysis and
DNA sequencing. These sequences will be compared to both the corresponding regions
of rat and human (and possibly bovine) ATP citrate lyase promoter sequences, and also
the GenBank database of transcription factor consensus sites. Results of these analyses
will shed light on the possible regulatory elements involved in ATP citrate lyase
transcription, and also any differences in the regulatory elements present in the promoters

of ruminant and monogastric animals.

Further analyses could also be carried out, such as the identification of the transcription
start site by primer extension analysis and/or S1 nuclease protection analysis of the poly

A* RNA isolated from ruminant tissues.

The 5’ flanking sequences could also be analysed for promoter activity and potential DNA
binding protein sequences. Promoter activity could be measured using reporter gene
assays by cloning fragments of the 5’ flanking sequences into luciferase reporter gene

plasmids, and assaying for transcriptional activity.

Potential DNA binding protein sequences can be identified firstly by sequence analysis,

and then confirmed using DNAse I footprinting and electrophoretic mobility shift assays.

In summary, screening a genomic library for the 5’ regulatory region of sheep or bovine

ATP citrate lyase could be carried out using standard methods once a suitable probe has



1

been identified. The promoter region can be characterised by a number of conventional
methods to define the minimal promoter and putative regulatory elements. This analysis
will provide new insights into the molecular mechanisms that are responsible for the
regulation of ATP citrate lyase in ruminants, the role this regulation plays in the glucose-
sparing strategy of ruminants, and putative transcription factors involved in modulating

fatty acid synthesis.
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Appendix I

Oligonucleotide Sequences

DNA sequence 5’ — 3’

ATPCLS : ATC TCT AGA TCR GCC AAG GCA ATT TAG
ATPCL3’ : CAGTCG ACA TCG ATG CTCKGT TAC ATG CTC ATGTGT TCC GG
ATPCL3’

exon I : GCG TCG ACG GTG GCC TCA TGT CCC AGT CG

ATPCL1: GCGCGA ATT CGT AAA CCA GGT CCCTCTGCA GCCAT
ATPCL2 : GCGCGA ATTCCT GGC TAA GCA GCC AGG GGTGGT CC

1916 : GTG CTG CCA CAGTAA ATGTA
1917: TGA TGA GGC CTG GTG ATT CT



Appendix II
Rat ATP Citrate Lyase mRNA Sequence

Primer locations are indicated by arrows
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(Linear) MAP of: j05210.gb_ro check: 6216 from: 1 to: 4269

LocCus RATCLATP 4269 bp mMRNA ROD 18-AUG-1995
DEFINITION Rat ATP citrate-lyase mRNA, complete cds.

ACCESSION J05210

NID g949989

KEYWORDS

SOURCE rat.

61

121

241

301

361

421

601

TAAGCﬂGGI’GCTTACGGACAGAGAGCCACACTCGGGCTI'I‘CTCGAAGAGGTAAACCAGGT

____________________________________ Do cooodcomonoooods

AT'PCGACCACGAA'I‘GCCTGTC'PCTCGG'IC’ICAGCCCGAAAGAGC‘I’I{‘PCCA’I'I'IGG'X‘CCA

ATPCL1 ATPCLS”’

sereaaac »
TGTCAGCCAAGGCAATTTCAGAGCAGACCGGCAAAGAACTCCTTTAC
--------- B e Rt T i &

GGGAGACGTCGGTACAGTCGGTTCCGTTAAAGTCTCGTCTGGCCGTTTCTTGAGGAAATG
AAGTACATC’PGPACCACCTCAGCCATCCAGMCCGG‘I'PCAAG’I‘ATGCCCCKSG’I‘TACTCCC
--------------------------------------------- B 4

T'l'CA'IC'I‘AGACA’IGGIGGAG‘I‘CGGTAGGI‘CI'IGGCCAAG’I'I‘CATACGGGCCCAA‘IGAGGG

ATPCL2

&CA@@WC&WMCCACCCWA@@@@'I"IGG'I‘A
CI'G‘IGTC’ICACCCGGGPAGAGGACGTCCTGGTCGGGACCGACGAATCGG’ICTCGAACCAT
G'I‘CAAGCCGGACCAGCTGATCAAACGTCGAGGAAAGC'I‘ICG'I‘C'I‘AG‘I‘CGGGGI‘CAACCTC
--------------------------------------------- R et

CAG'I'ICGGCC'IGG'I‘CGAC‘I‘AG'I'I'I‘GCAGCTCCI'I'ICGMCCAGATCAGCCCCAG'I'IGGAG

ATPCL3’ exon III

TCTC‘I‘GGA‘I‘GGAGI‘CAAA’I‘CC'I‘GGCTGAAACC’I‘EGAC'I‘GGGACATGAGGCCACCG’I‘CGGC
—————————————————— B e et 4
AGAGACCTACC'I‘CAGT’I"I‘AGGACCGAC'I'I'ICGAGC'ICACCC'IGTACTCCGGTGGCAGCCG

AAGGCCAAAGGCTTCCTCAAGAACTTTCTGATTGAGCCCTTCGTCCCCCACAGTCAGGCG
--------- e T e et et o

TTCCGGTTTCCGAAGGAGTTCTTGAAAGACTAACTCGGGAAGCAGGGGGTGTCAGTCCGC

GAGGAGT'ICTACGI‘GIGCATC’I‘ATGCTACCC GGGAAGGAGACTACGTCCTGT’I‘CCACC AT
--------------------------------------------- dommmmmm— 4

CTCCTCAAGATGCACACGTAGATACGA’ICGGCCC’I"I‘CCTCTGATGCAGGACAAGG’I‘GGTA

GAAGGGGG'I‘G'XGGA’I‘GI‘GGGCGATG'K}GACACCAAAGCCCAGAAGC‘I‘GC’I"I‘GTGGGIG'I‘G
--------- B T ettt e et 3
C'I"I‘CCCCCACACC'I‘ACACCCGCTACACCTGTGGT’I"I‘CGGGTC’I‘TCGACGAACACCCACAC

GACGAGAAAC'ICMCGCTGMGACA‘I'I‘AAGAGACACCTG'I"I‘GGTCCACGCCCCCGAAGAC
——————————————————————————— B S et
C‘ICCTCI'I'I'GAC'I"I'GCGACT’I‘CTGTAA’I"I‘C‘I‘C’I‘G’I‘GGACAACCAGG’I‘GCGGGGGC’I'I‘C'I‘G

AAGAAAGAAATCCTGGCCAGCTTCATCTCCGGCCTATTCAATTTCTACGAAGATCTTTAC
--------- B e e e 1
TTCTTTCTTTAGGACCGGTCGAAGTAGAGGCCGGATAAGTTAAAGATGCTTCTAGAAATG

TTCACCTACCTTGAGATCAACCCCCTTGTGGTGACCAAAGATGGTGTCTACATCCTTGAC
--------- D e e e s EE L P et
AAGTGGATGGAACTCTAGTTGGGGGAACACCACTGGTTTCTACCACAGATGTAGGAACTG

60

120

180

240

360

420

480

540

600

660

720

721

781

841

901

961

1021

1081

1141

1201

1261

1321

1381

1441

1501

1561

1621

CTGGCGGCCAAGGTGGACGCCACTGCTGACTACATCTGCAAAGTCAAGTGGGGTGATATA
GACCGCCGOTTCCACCTGCGATGACGACTGATGTAGACG T TCAGTICACCCCACTATAT
GAGTTCCCTCCCCCCTTTGGGCGTGAGGCATACCCAGAGGAAGCCTACATTGCAGACCTG
CTCAAGGGAGIGEARARACCCGCACTCCGTATGOGTCTCCTTCGGATGTAACGTCTGGAC
GATGCCAAAAGTGGGGCGAGCTTGAAGCTGACCTTGCTGAACCCCAAGGGGCGGATCTGG
CTACGATTTTCACCCCGOTCOAACTTCOACTOGAACGACTTO0GTICCCCGACTAGACE
ACCA’X\SG'I"IGCCGGGGG'K;GCGCC’I‘C‘I‘GTCGTGTACAG'I‘GATACCATCTG’I‘GATC‘I‘IGGA
'I’GGTACCAACGGCCCCCACCGCGGAGACAGC ACA’IGTCACTATGGTAGACACTAGAACCT
GGTGTCAACGAACTGGCGAATTACGGGGAGTACTCTGGTGCCCCCAGTGAACAACAGACC
CCACAGTTOCTIGACCOCTTAATGCCCCTCATOAGACCACGO00TCACTTGTTETCTGS
'l‘A'PGAC’I‘ACGCCAAGACCATCC‘I‘CTCAC’I"PA'I‘GACTCGAGAGAAGCACCCGGA’IGG(‘);NG
ATAC']GATGCGG‘I'I‘CTGGTAGGAGAGTGAATACTGAGCTC'I‘C'I"I‘CG'PGGGC CTACCGTTC
ATCCTCATCATTGGAGGCAGCATTGCAAACTTCACCAACGTGGCCGCCACCTTCAAGGGC
TAGGAGTAGTAACCTCCGTCGTAACGTTTGARGTGGTTGCACCGGCGETIGAAGTTCCCG
A‘I'I'G’IGAGAGCAA’I"I‘CGAGA’I'I‘ACCAGGG'I’I‘CCC'IGAAGGAGCACGAGGTCACCATC’I"I'P
TMCACTCTCG‘I'I‘AAGCTC'I‘AA'XCG’I‘CCCAAGGGAC’I"I‘CCTCGTGC’I‘CCAG'IGG’I‘AGAAA
GTTCGAAGAGGTGGCCCGAACTATCAAGAGGGATTACGAGTGATGGGAGAAGTTGGCAAG
CAAGOTTCTCCACCOOGCTIGATAGTICTCCCTARTGCTCACTACCCTCTTCAACCCTTC
ACCAC'I(;GAA’I‘CCCCATCCA‘I’GTC'X"I'I‘GGCACAGAAACTCACATGACGGCCA’I'I‘G’ICGGC
TGG’I'GACC"['I‘AGGGGTAGGTACAGMACCGTGTC’I'I'I'GAGTGTAC‘IGCCGGTMCACCCG
ATGGCCTGGGCACCGGCCATTCCCAACCAGCCACCCACAGCGGCTCACACTGCCAACTTC
TACCGGACCCOTOOCCOOTAAGIGTIGOTCGOTOOOTOTCGCCGAGTOTGACGITIGAAG
CTCCTTAATGCCAGTGGGAGCACATCGACACCAGCACCCAGCAGGACAGCGTCTTTTTCC
GAGGAATTACGTCACCCTCTGTAGCTGTOGTCGTGATCGTCCTOTCGCAGAAARAGS
GAGTCCAGAGC'I‘GACGAGGTGGCCCCTGCAAAGAAAGCCAAGCCAGCCA‘IGCCCCAAGA’I‘
CTCAGGTCTCGAC’I‘GCTCCACCGGGGACG'I‘I“I‘CT'I'I‘CGG‘I'I‘CGGTCGGTACGGGGT’I‘CTA
TCAGTCCCAAGTCCAAGATCCCTGCAAGGAAAGAGTGCCACCCTCTTCAGCCGACATACC
AGTCAGGOTTCAGGTTCTAGGOACGTICCT M TCACGGTOGAGAAGTCGGCTGTATGS
AAGGCTATCGTATGGGGCATGCAGACCCGGGCTGTGCAAGGCATGCTGGACTTTGACTAC
TCCGATAGCATACCCCGTACGTCTGGCCCGACACOTTCCOTACGACCTGARA CTGATG
GTGTGCTCCCGAGA’ICAGCC’I‘I‘CAG’IGGCTGCTA’IGGTCTACCCGT’I‘CACGGGGGA TCAT

CACACGAGGGCTCTACTCGGAAGTCACCGACGA’I‘ACCAGATGGGCAAGTGCCCCCTAGTA

780

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

98



1681

1741

1801

1861

1921

1981

2041

2101

2161

2221

2281

2341

2401

2461

2521

2581

AAGCAGAAGTTTTACTGGGGACACAAGGAAATCCTGATCCCTGTCTTCAAGAACATGGCT
--------- B et B e e 2

TTCGTCTTCAAAATGACCCCTGTGTTCCTTTAGGACTAGGGACAGAAGTTCTTGTACCGA

GACGCCA'IGAAMAGCATCCGGAGGTAGACGTGC‘IGATCMCI'I'ICCATCTC'ICCGATCG
--------- B e e e e e

C‘IGCCGPACI'I'I'I'I‘CGI‘AGGCC'ICCATCIGC ACGACI‘AG’I'X‘GMACG’I‘AGAGACGCTAGC

GC'I'I‘A'IGACAGCACCA‘K}GAGACCA'ICAAC‘I‘A’I‘GCACAGATCCGGACCA‘I‘AGCCA‘I‘CATA

_____________________________________________ Booooooooodd

CGMTAC'K:'I‘CGICGI'ACCTC‘ICGTAC‘I'PGATACG’ICTC‘PAGGCC‘I‘GGTATCGG‘I‘AGTAT

GCAGN\GGCA'I‘CCC’IGAGGC’I‘CTCACACGGAAGCTCATCAAGMGGCAGACCAGMGGGC
------------------ et e et e
CGT(‘HCCGPACXK}ACPCCGAGAGTGIGCCI'PCGAGPAGTPCPPCCGTCIGGI‘CTPCCCG

GﬂCACCATCATWAGCCACGGﬂGGSGGCATCMGCCMWAAGAm
------------------ Rt e e
CAC‘IWPAGTMCCCGG’ILGGTGCCMCCCCCGTAG'I"!‘CGGACC'I‘ACGAAA’I‘I‘CTMCCC

AATACIOG’IGGGA'IGC‘PGGACAACATCC‘ICGCC‘PCCAAACTGTATCGCCCAGGCAGTG'IC
------------------ B et e et R d

'I'I‘ATGACCACCC’I‘AmACCIGI'IGTAGGACCGGAGG‘IVI'IGACATAGCGGGTCCGTCACAC

GCCTACGTC‘]‘CGCG‘I'ICAGGAGGCA’ICTCTMCGMCTCAATAATATCATC'I‘CTCGGACC
————————————————————————————————————————————— $ommmmmem—

CGGA'IGCAGAGCGCAAGTCC'I‘CCGTACAGAT'[GC’I'ICAG’I'I‘AT’I‘ATAGTAGAGAGCC‘ICG
ACAGATGGTGTCTACGAGGGTGTTGCCATCGGCGGGGACAGGTACCCTGGGTCCACATTC
TOTCTACCACAGATOCTCCCACAACGATAGCCGCCCCTGTCCATOIGACCCAGGTGTARG
ATGGATCACGTGCTGOGTTACCAAGACACTCCAGGAGTCAAGATGATTGTAGTTCTTGGG
TACCTAGTOCACGACGCANTGGTTC TG TGAGGTCCTCAGTICTACTAACATCAAGAACCE
GAGATAGGGGGTACAGAAGAATATAAGATCTGCCGGGGCATCAAGGAGGGCCGCCTCACC
CTCTATCCCCCATOICT I T TATATICTAGACGGCCCCOTAGTTCCTCCCGOCGRACTGS
MGCCAGTGG'IUGCK‘GIG“ ATCGGGACCTG’IGCCACCATG’I'I‘CI‘CX'ICI‘SAGGTCCAG
'I"I‘CGG'I‘CACCAGACGACCACGTAGCCC'[GGACACGG‘I‘GGTACAAGAGAAGAC’]‘CCAGGTC
TTTGGCCACGCTGGGGCTTGTGCCAACCAGGCTTCTGAAACGGCAGTAGCCAAGAACCAG
AAACCGOTOCGACCCCGAACACGATIGATCCGAAGACTITGCCGTCATCGGTTCTIGATS
GCCTTGAAGGAAGCGGGAGTGTTTGTGCCCCGAAGCTTTGATGAGCTCGGAGAAATCATT
COGAACTTCCTTC0CCCTCACARACACGGIGCTTCGARACTACTCGAGCCTCT T TAGT A
CAGTCCGTGTATGAAGATCTTGTGGCCAAAGGCGCCATTGTACCTGCTCAGGAAGTGCCA
TCAGGCACATACTICTAGAACACCGOTTTCCGCGATAACATGGACGAGTCCTTCACGET
CC'I‘CCAACAGTACCCATGGACTACTC‘I”I‘GGGCCAGGGAGCI‘GGG’I'X'I‘MTCCGAAAACCT
GGAGG’I'I'G'I‘CA’I‘GGG’PACC'I‘GA’ICAGAACCCGG‘I‘CCCTCGACCCAAAT‘I‘AGGCT'I'I'I‘(;GA
GCC’I‘CA’I“I‘CA’I‘GACCAGCA’I‘C'IGTGACGAGCGGGGGCAGGAAC’I‘CA’I'I“I‘ATGCG(,GCATG

CGGAG‘I‘AAG’I‘AC‘IGGTCG’I‘AGACAC'IGC’I‘CGCCCCCG‘I‘C CTTGAGTAAATACGCCCGTAC

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2641

2701

2761

2821

2881

2941

3001

3061

3121

3181

3241

3301

3361

3421

3481

CCCATCACCGAGGTCTTCAAGGAAGAGATGGGCATTGGTGGTGTCCTGGGCCTCCTCTGG
————————— oo e~ ————~==—% 2700
GGGTAGTGGCTCCAGAAGTTCCTTCTCTACCCGTAACCACCACAGGACCCGGAGGAGACC

'rrcc:AGAGAAcc'rrGccCAAG’mwccmccmwmmmmcmmmmmcc
------------------------------------------------------ + 2760
AAGGTCTCTTCCAACGOGTTCATARGGACGGTCARGTAACTCTACACAGAGTACCAGTGE

GCTGATCACGGGCCAGCTGTCTCCGGGGCCCATAACACTATCATCTGTGCTCGGGCIGGG
————————— 4o —mmem e mmmemmm4——————--—4+ 2820
CGACTAGTGCCCGGTCGACAGAGGCCCCGGGTATTGTGATAGTAGACACGAGCCCGACCC

AAGGACC’I’GG'I‘CTCCAGCCTCACCTCAGGGC'ICCTCACCA'I'!GGGGACCGG’I'I'I‘GGCGGI‘
--------------------------- e SRS eSS Es - 12880
'I'I‘CC"PGGACCAGAGG'I‘CGGAG'ICGAGTCCCGACGAGTGG‘I‘AACCCC‘IGGCCAAACCCCCA

GCC'I'IGGACGCAGCAGCGAAGATG’I‘PCAG’I‘AMGCCP’I‘IGACAGCGGCA‘I'I‘A’I‘TCCCA’IC
------------------------------------ tommmmmmmedmmmm—-—-—+ 2940
CGGAACC’ICCG‘I‘CGTCGCl'I‘C’I‘ACAAGTCA‘H‘!‘CGGAAAC’I‘GTCGCCGTAATAAGGGTAC

GAGTTTGTGAACAAGATGAAGAAGGAGGGGAAACTGATCATGGGCATCGGCCATCGAGTC
————————— o feeee—ee 4= —¢----—-=--+ 3000
CTCAAACACTTGTTCTACTTCTTCCTCCCCTTTGACTAGTACCCGTAGCCGGTAGCTCAG

AAATCGATAMCAACCCAGACA'ICCGAG’!CCAGATCC’I‘CAAAGAC'I'I‘I‘G’I‘CAAACAGCAC
——————————————————————————— $=-m———m——4-=-————-—4-——~—-—-—-+ 3060
'I'I'PAGC"!‘A’I'I"IGI'ICGGTCPGTACGCTCACGTCPAGGAG’I‘I'I‘CI‘GAAACAG’I'I'I‘G’ICGN

TTCCCCGCCACCCCGCTGCTCGACTATGCACTGGAAGTGGAGAAAATCACCACCTCAAAG
————————— dmmmmmmm e m e e e mmmm e mm————-——-4 3120
AAGGGGCGGTGGGGCGACGAGCTGATACGTGACCTTCACCTCTT TTAGTGGTGGAGTTTC

AAGCCAAATCTTATCCTGAACGTGGATGGTITCATCGGCGTTGCGTTTGTGGACATGCTT
e e N ———
AGGAACTGTGGCTCCTTCACCCGGGAGGAAGCTGACGAGTATGTTGACATTGGAGCCCTC
e e e e
AATGGCGTCTTIGTGCTGGGAAGGAGTATGGGCTTCATCGGGCACTATCTTGACCAGAAG
T . ey =gy Bl [
AGGC'IGAAGCAAGGGCTGTATCGTCACCCC’I‘GGGACGACA‘I"I"I‘CC’I‘ATG’I'I‘Cchm
TCCGACTT CG'I"I‘CCCGACATAGCAG'IGGGGACCC’I\SC'ICTAMGGATACMGAGGGCCT'P

ATPCL3"

CACA’IGAGCATGTMCCGAGCCAGCAGCCCTACCGTAGAAAAAGGMGACAMAACTCCC
------------------------------------ #-=———————¢-—-———---% 3420
G’I‘GTACTCGTAC A’I"IGGC’I‘CGG‘I‘CGTCGGGATGGC ATCTTTTTCCTTCTGTTTTTGAGGG

TCCTCGACARTATAGCGGACAGACAGC TGGARACAGAGCCCGTTATOGGCTGGGCCTGAA
------------------ $o oo m—#eccmcmmmegmmcemeeepea————=—4 3480
AGGAGC‘I‘G’I"I‘ATA’I‘CGC CTGTCTGTCGACCTTTGTCTC GGGCAATACCC 'GACCCGGACCT

A'ICGAAA'PAGCCA‘I"I‘GATGTGCAGGCATGGAAAGCC AACACCACAGGCCCATTCAGTCCA
——————————————————————————— $o--mmeeeefeccccce—og-—=———--=-+ 3540
TACC’I"I"TATCGGTAACTACACGTCCGTACCTT’I‘CGGT’I‘G’ICGTGTCCGGGTAAGTCAGGT

L8



3541

3601

3661

3721

3781

3841

3901

3961

4021

4081

4141

4201

4261

CACAGAGAAGCTTAGTATTTTTTTTTATATATATATCTATATATATATAAGCATAGAAAT
————————— B i e ittt B
GTGTCTCTTCGAATCATAAAAAAAAATATATATATAGATATATATATATTCGTATCTTTA

TTAAAACCAAGCCAATACTTGTGACGTTTGCGCTGCTACCTGCTGTATCTATTACATGGA
AATTTTOGTTCGGTTATGAACACTGCARACGCGACGATGGACGACATAGATARTGTACCT
AGACTGTAAGCAAGCGCTGTCAGAATAATGTTCT TCTAGGGCCTTATGATGTTGCITTCT
CTGACATTCGTTCGCGACAGTCTTATTACAAGAAGATCCCOGARTACTACAACGAAAGA
T'I'I'I'I'I‘AA’I'I‘AGI'IGAAAAT'I'PAT'I'I'I'I‘CCPCTAGAACTAGTGGATCCGACTI’PPMGAC
AAARAATTAATCAACTTTTAAATARAAAGGAGATCTTGATCACCTAGGCTGARAATICTS
'l"l'CAGGATAC'I‘A’I‘C‘IGI"I'IG’I‘AGGACCACIC'I‘(.‘I‘GG‘PA’I‘CCCACCTCCCAC’I‘CA’I‘C['I‘CA
AAG‘ICCTA'IGATAGACAAACATCC’IGG’IGACAGACCA'I‘AGGGI‘GGAGOGIG}\GTAGAAGT
CACCACATGAAGAACACTGTATTAATCTGATTTTTTAGGATCTTTTTTTTTTTTTTTGTG
TGO OTACT TG TGACATANTTAGACTAAAAARTCCTAGAARRAR AR RAAARACAC
TTATGTGTTAAGGGTTTATTTAGTATCCCACTGAAACGTTCTGTGTTTCGGACCAATGTC
AATACACAATTCCCAAATARATCATAGIG IGACTTTGCAAGACACAAAGCCTGGTTACAG
TACTTATGTCAAGGGGAGGAGGGTTGGGGCCATTGTACCCTTAGCCATCGTCACACATGT
ATGANTACAGTTCCCCTCCTCCCARCCCCGOTAACATGOGAATCGGTAGCAGTGTOTACA
GGAGTAGTAACTTAAATGTAAAGTTGTAACATACAAGTGTTTAAAATGGAAACCGCAAAG
COTCATCATTGANTTTACATTICAACATIGTATGTTCACAANTTTTACCTTTGCGTTTC
O\MMGGGWGWPCGXGWGWCTPMTGCAGCTGACTICTCT
GI'I"I'I'PCGACACI'I'IGCAGAGCACAGAACACAAGAGACACAAGTACG‘I‘CGAC'IGN\CAGA
G'I"I'AC'IGAAG'PGICGGTCCAAAGACICACATC‘I‘G’PTCCGCATCTGTAACCCACAGAGAT’I‘
CAATGAC’]'I’CACACCCAGGI'I'IVI‘GAG’IGTAGACMGGCGTAGACA’FPGGG'I‘GTCTC‘I‘M

(_“ICGCAGC'IGCCACC‘PCAGI‘CICI'I‘CTCK?PA’I'PATCA’I‘GTTIGG’I’I’PAAATAAACTAGA

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

88



Appendix III

Alignment of Rat and Human ATP Citrate Lyase mRNA Sequences
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BESTFIT of:

DEFINITION Rat ATP citrate-lyase mRNA, complete cds.
ACCESSION J05210
to:
DEFINITION Human ATP:citrate lyase mRNA, complete cds.
ACCESSION Ul18197
Gap Weight: 50 Average Match: 10.000
Length Weight: 3 Average Mismatch: -9.000
Quality: 27198 Length: 3412
Ratio: 7.978 Gaps: 3
Percent Similarity: 89.639 Percent Identity: 89.639

Match display thresholds for the alignment(s):

ratclatp.

44
43
94
93

144

344

343

IDENTITY
5
1

gb_ro x hsul8197.gb_pr

GAAGAGGTAAACCAGGTCCCTCTGCAGCCATGTCAGCCAAGGCAATTTCA

GCAGAGGTAGAGCAGGTCTCTCTGCAGCCATGTCGGCCAAGGCAATTTCA

GAGCAGACéGGCAAAGAAéTCCTTTACAAGTACATCTGTACCACCTCAGC

COREEELE TR DL

GAGCAGACGGGCAAAGAACTCCTTTACAAGTTCATCTGTACCACCTCAGC

CATCCAGAACCGGTTCAAGTATGCCCGGGTTACTCCCGACACAGACTGGG

CATCCAGAATCGGTTCAAGTATGCTCGGGTCACTCCTGACACAGACTGGG

CCCATCTCCTGCAGGACCACCCCTGGCTGCTTAGCCAGAGCTTGGTAGTC

CEE L LT L LT LT

CCCGCTTGCTGCAGGACCACCCCTGGCTGCTCAGCCAGAACTTGGTAGTC

AAGCCGGAéCAGCTGATCAAACGTCGAGGAAAGCTTGGTCTAGTCGGGGT

AAGCCAGACCAGCTGATCAAACGTCGTGGAAAACTTGGTCTCGTTGGGG

CAACCTCTCTCTGGATGGAGTCAAATCCTGGCTGAAACCTCGACTGGGAC

ACCTCACTCTGGATGGGGTCAAGTCCTGGCTGAAGCCACGGCTGGGAC

ATGAGGCCACCGTCGGCAAGGCCAAAGGCTTCCTCAAGAACTTTCTGATT

AGGAAGCCACAGTTGGCAAGGCCACAGGCTTCCTCAAGAACTTTCTGATC

242
293
292
343
342

393

594

593

644

643

694

693

744

743

794

793

844

843

894

CACAGTCAGGCGGAGGAGTTCTACGTGTGCATCTA

CCCACAGTCAGGCTGAGGAGTTCTATGTCTGCATCTA

TGCTACCCGGGAAGGAGACTACGTCCTGTTCCACCATGAAGGGGGTGTGG

TGCCACCCGAGAAGGGGACTACGTCCTGTTCCACCACGAGGGGGGTGTGG

ATGTGGGCGATGTGGACACCAAAGCCCAGAAGCTGCTTGTGGGTGTGGAC

ACGTGGGTGATGTGGACGCCAAGGCCCAGAAGCTGCTTGTTGGCGTGGAT

GAGAAACTGAACGCTGAAGACATTAAGAGACACCTGTTGGTCCACGCCCC

GAGAAACTGAATCCTGAGGACATCAAAAAACACCTGTTGGTCCACGCCCC

CGAAGACAAGAAAGAAATCCTGGCCAGCTTCATCTCCGGCCTATTCAATT

TGACGACAAGAAAGAAATTCTGGCCAGTTTTATCTCCGGCCTCTTCAATT

TCTACGAAGATCTTTACTTCACCTACCTTGAGATCAACCCCCTTGTGGTG

CEVEEEL EE b DL T T T

TCTACGAGGACTTGTACTTCACCTACCTCGAGATCAATCCCCTTGTAGTG

ACCAAAGATGGTGTCTACATCCTTGACCTGGCGGCCAAGGTGGACGCCAC

SRR S e SN RN R N AR RNy

ACCAAAGATGGAGTCTATGTCCTTGACTTGGCGGCCAAGGTGGACGCCAC

TGCTGACTACATCTGCAAAGTCAAGTGGGGTGATATAGAGTTCCCTCCCC

COL CEELEEELEETE L PO L]

TGCCGACTACATCTGCAAAGTGAAGTGGGGTGACATCGAGTTCCCTCCCC

CCTTTGGGCGTGAGGCATACCCAGAGGAAGCCTACATTGCAGACCTGGAT

CCTTCGGGCGGGAGGCATATCCAGAGGAAGCCTACATTGCAGACCTCGAT

GCCAAAAGTGGGGCGAGCTTGAAGCTGACCTTGCTGAACCCCAAGGGGCG

COCEEECELEEE e P FEEE e e 1y

GCCAAAAGTGGGGCAAGCCTGAAGCTGACCTTGCTGAACCCCAAAGGGAG

GATCTGGACCATGGTTGCCGGGGGTGGCGCCTCTGTCGTGTACAGTGATA

GATCTGGACCATGGTGGCCGGGGGTGGCGCCTCTGTCGTGTACAGCGATA

CCATCTGTGATCTTGGAGGTGTCAACGAACTGGCGAATTACGGGGAGTAC

CCATCTGTGATCTAGGGGGTGTCAACGAGCTGGCAAACTATGGGGAGTAC

TCTGGTGCCCCCAGTGAACAACAGACCTATGACTACGCCAAGACCATCCT

TCAGGCGCCCCCAGCGAGCAGCAGACCTATGACTATGCCAAGACTATCCT

693

692

743

742

842

893

892

943

993
992
1043

1042

06



1044
1043
1094
1093
1144
1143
1194
1193
1244
1243
1294
1293
1341
1343
1391
1393
1441
1443
1491
1493
1541
1543
1591
1593
1641

1643

CTCACTTATGACTCGAGAGAAGCACCCGGATGGCAAGATCCTCATCATTG

CTCCCTCATGACCCGAGAGAAGCACCCAGATGGCAAGATCCTCATCATTG

GAGGCAGCATTGCAAACTTbACCAACGTGGCCGCCACCTTCAAGGGCATT

GAGGCAGCATCGCAAACTTCACCAACGTGGCTGCCACGTTCAAGGGCATC

GTGAGAGCAATTCGAGATTACCAGGGTTCCCTGAAGGAGCACGAGGTCAC

CEEREREEEE L TP e T

GTGAGAGCAATTCGAGATTACCAGGGCCCCCTGAAGGAGCACGAAGTCAC

CATCTTTGTTCGAAGAGGTGGCCCGAACTATCAAGAGGGATTACGAGTGA

AATCTTTGTCCGAAGAGGTGGCCCCAACTATCAGGAGGGCTTACGGGTG

TGGGAGAAGTTGGGAAGACCACTGGAATCCCCATCCATGTCTTTGGCACA

TGGGAGAAGTCGGGAAGACCACTGGGATCCCCATCCATGTCTTTGGCACA

GAAACTCAéATGACGGCCA&TGTGGGCATGGCC . TGGGCACCGG.CCAT

GACTCACATGACGGCCATTGTGGGCATGGCCCTGGGCCACCGGCCCAT

TCCCAACCAGCCACCCACAGCGGCTCACACTGCCAACTTCCTCCTTAATG

CCCCAACCAGCCACCCACAGCGGCCCACACTGCAAACTTCCTCCTCAACG

CCAGTGGGAGCACATCGACACCAGCACCCAGCAGGACAGCGTCTTTTTCC

CCAGCGGGAGCACATCGACGCCAGCCCCCAGCAGGACAGCATCTTTTTCT

GAGTCCAGAGCTGACGAGGTGGCCCCTGCAAAGAAAGCCAAGCCAGCCAT

COLLEEEE Tt P e e e L L

GAGTCCAGGGCCGATGAGGTGGCGCCTGCAAAGAAGGCCAAGCCTGCCAT

GCCCCAAGATTCAGTCCCAAGTCCAAGATCCCTGCAAGGAAAGAGTGCCA

COLTEEEEE L]

GCCACAAGATTCAGTCCCAAGTCCAAGATCCCTGCAAGGAAAGAGCACCA

CCCTCTTCAGCCGACATACCAAGGCTATCGTATGGGGCATGCAGACCCGG

CCCTCTTCAGCCGCCACACCAAGGCCATTGTGTGGGGCATGCAGACCCGG

GCTGTGCAAGGCATGCTGGACTTTGACTACGTGTGCTCCCGAGATGAGCC

CCGTGCAAGGCATGCTGGACTTTGACTATGTCTGCTCCCGAGACGAG

TTCAGTGGéTGCTATGGTC&ACCCGTTCACGGGGGATCATAAGCAGAAGT

CTCAGTGGCTGCCATGGTCTACCCTTTCACTGGGGACCACAAGCAGAAGT

1093
1092
1143
1142
1193
1192
1243
1242
1293
1292
1340
1342
1390
1392
1440
1442
1490
1492
1540
1542
1590
1592
1640
1642
1690

1692

1691

1693

1741

1743

1791

1793

1841

1843

1891

1893

1941

1943

1991

1993

2041

2043

2091

2093

2141

2143

2191

2193

2241

2243

2291

2293

TTTACTGGGGACACAAGGAAATCCTGATCCCTGTCTTCAAGAACATGGC

TTTACTGGGGGCACAAAGAGATCCTGATCCCTGTCTTCAAGAACATGGCT

GACGCCATGAAAAAGCATCCGGAGGTAGACGTGCTGATCAACTTTGCATé

GATGCCATGAGGAAGCACCCGGAGGTAGATGTGCTCATCAACTTTGCCTC

TCTGCGATCGGCTTATGACAGCACCATGGAGACCATGAACTATGCACAGA

TCTCCGCTCTGCCTATGACAGCACCATGGAGACCATGAACTATGCCCAGA

TCCGGACCATAGCCATCATAGCAGAAGGCATCCCTGAGGCTCTCACACGé

TCCGGACCATCGCCATCATAGCTGAAGGCATCCCTGAGGCCCTCACGAGA

AAGCTCATCAAGAAGGCAGACCAGAAGGGCGTGACCATCATTGGGCCAGC

AAGCTGATCAAGAAGGCGGACCAGAAGGGAGTGACCATCATCGGACCTGC

CACGGTTGGGGGCATCAAGCCTGGATGCTTTAAGATTGGGAATACTGGTé

CEE LT DEEEEEEE LT LR T T L

CACTGTTGGAGGCATCAAGCCTGGGTGCTTTAAGATTGGCAACACAGGTG

GGATGCTGGACAACATCCTGGCCTCCAAACTGTATCGCCCAGGCAGTGTG

GGATGCTGGACAACATCCTGGCCTCCAAACTGTACCGCCCAGGCAGCGTG

GCCTACGTCTCGCGTTCAGGAGGCATGTCTAACGAACTCAATAATATCAT

GCCTATGTCTCACGTTCCGGAGGCATGTCCAACGAGCTCAACAATATCAT

CTCTCGGACCACAGATGGTGTCTACGAGGGTGTTGCCAT&GGCGGGGACA

CTCTCGGACCACGGATGGCGTCTATGAGGGCGTGGCCATTGGTGGGGACA

GGTACCCTGGGTCCACATTCATGGATCACGTGCTGCGTTACCAAGACAC%

GGTACCCGGGCTCCACATTCATGGATCATGTGTTACGCTATCAGGACACT

CCAGGAGTCAAGATGATTGTAGTTCTTGGGGAGATAGGGGGTACAGAAGA

CCAGGAGTCAAAATGATTGTGGTTCTTGGAGAGATTGGGGGCACTGAGGA

ATATAAGATCTGCCGGGGCATCAAGGAGGGCCGCCTCACCAAGCCAGTGG

ATAAGATTTGCCGGGGCATCAAGGAGGGCCGCCTCACTAAGCCCATCG

TCTGCTGGTGCATCGGGACCTGTGCCACCATGTTCTCTT&TGAGGTCCAé

TCTGCTGGTGCATCGGGACGTGTGCCACCATGTTCTCCTCTGAGGTCCAG

1740

1742

1790

1792

1840

1842

1890

1892

1940

1942

1990

1992

2040

2042

2090

2092

2140

2142

2190

2192

2240

2242

2290

2292

2340

2342

16



2341
2343
2391
22303
2441
2443
2491
2493
2541
2543
2591
2593
2641
2643
2691
2693
2741
2743
2791
2793
2841
2843
2891
2893
2941

2943

TTTGGCCACGCTGGGGCTTGTGCCAACCAGGCTTCTGAAACGGCAGTAGC

TTTGGCCATGCTGGAGCTTGTGCCAACCAGGCTTCTGAAACTGCAGTAGC

CAAGAACCAGGCCTTGAAGGAAGCGGGAGTGTTTGTGCCCCGAAGCTTTG

CAAGAACCAGGCTTTGAAGGAAGCAGGAGTGTTTGTGCCCCGGAGCTTTG

ATGAGCTCéGAGAAATCAT&CAGTCCGTGTATGAAGATCTTGTGGCCAAA

I
ATGAGCTTGGAGAGATCATCCAGTCTGTATACGAAGATCTCGTGGCCAAT

GGCGCCATTGTACCTGCTCAGGAAGTGCCACCTCCAACAGTACCCATGGA

AN R S A N RN A Ay

I
GGAGTCATTGTACCTGCCCAGGAGGTGCCGCCCCCAACCGTGCCCATGGA

CTACTCTTGGGCCAGGGAGCTGGGTTTAATCCGAAAACCTGCCTCATTCA

CTACTCCTGGGCCAGGGAGCTTGGTTTGATCCGCAAACCTGCCTCGTTCA

TGACCAGCATCTGTGACGAbCGGGGGCAGGAACTCATTTATGCGGGCATG

TGACCAGCATCTGCGATGAGCGAGGACAGGAGCTCATCTACGCGGGCATG

CCCATCACCGAGGTCTTCAAGGAAGAGATGGGCATTGGTGGTGTCCTGGG

CCCATCACTGAGGTCTTCAAGGAAGAGATGGGCATTGGCGGGGTCCTCGG

CCTCCTCTGGTTCCAGAGAAGGTTGCCCAAGTATTCCTGCCAGTTCATTG

CCTCCTCTGGTTCCAGAAAAGGTTGCCTAAGTACTCTTGCCAGTTCATTG

AGATGTGTCTCATGGTCACCGCTGATCACGGGCCAGCTGTCTCCGGGGCC

AGATGTGTCTGATGGTGACAGCTGATCACGGGCCAGCCGTCTCTGGAGCC

CATAACACTATCATCTGTGCTCGGGCTGGGAAGGACCTGGTCTCCAGCCé

CACAACACCATCATTTGTGCGCGAGCTGGGAAAGACCTGGTCTCCAGCCT

CACCTCAGéGCTGCTCACCATTGGGGACCGGTTTGGGGGTGCCTTGGACG

CACCTCGGGGCTGCTCACCATCGGGGATCGGTTTGGGGGTGCCTTGGATG

CAGCAGCGAAGATGTTCAGTAAAGCCTTTGACAGCGGCATTATTCCCATG

COLEEEE FEEEEEEET LT LT DL

CAGCAGCCAAGATGTTCAGTAAAGCCTTTGACAGTGGCATTATCCCCATG

GAGTTTGTdAACAAGATGAAGAAGGAGGGGAAACTGATCATGGGCATCGG

GAGTTTGTGAACAAGATGAAGAAGGAAGGGAAGCTGATCATGGGCATTGG

2390
2392
2440
2442
2490
2492
2540
2542
2590
2592
2640
2642
2690
2692
2740
2742
2790
2792
2840
2842
2890
2892
2940
2942
2990

2992

2991
2993
3041
3043
3091
3093
3141
3143
3191
3193
3241
3243
3291
3293
3341
3343
3391
3393
3441

3441

CCATCGAGTCAAATCGATAAACAACCCAGACATGCGAGTGCAGATCCTCA

TCACCGAGTGAAGTCGATAAACAACCCAGACATGCGAGTGCAGATCCTCA

AAGACTTTGTCAAACAGCACTTCCCCGCCACCCCGCTGCTCGACTATGCA

N e AN N A RNy

AAGATTACGTCAGGCAGCACTTCCCTGCCACTCCTCTGCTCGATTATGCA

CTGGAAGTGGAGAAAATCACCACCTCAAAéAAGCCAAATéTTATCCTGAA

CTGGAAGTAGAGAAGATTACCACCTCGAAGAAGCCAAATCTTATCCTGAA

CGTGGATGGTTTCATCGGCGTTGCGTTTGTGGACATGCTTAGGAACTGTG

TGTAGATGGTCTCATCGGAGTCGCATTTGTAGACATGCTTAGAAACTGTG

GCTCCTTCACCCGGGAGGAAGCTGACGAGTATGTTGACATTGGAGCCCTC

N N A R Ry

GGTCCTTTACTCGGGAGGAAGCTGATGAATATATTGACATTGGAGCCCTC

AATGGCGTCTTTGTGCTGGGAAGGAGTATGGGCTTCATCGGGCACTATCT

AATGGCATCTTTGTGCTGGGAAGGAGTATGGGGTTCATTGGACACTATCT

TGACCAGAAGAGGCTGAAGCAAGGGCTGTATCGTCACCCCTGGGACGACA

TGATCAGAAGAGGCTGAAGCAGGGGCTGTATCGTCATCCGTGGGATGATA

TTTCCTATGTTCTCCCGGAACACATGAGCATGTAACCGAGCCAGCAGCCé

TTTCATATGTTCTTCCGGAACACATGAGCATGTAACAGAGCCAGGAACCC

TACCGTAGAAAAAGGAAGACAAAAACTCCCTCCTCGACAATATAGCGGAé

TACTGCAGTAAACTGAAGACAAGAACTCTTCCCCCAAGA . . AAAAGTGTC

AGACAGCTGGAA 3452

AGACAGCTGGCA 3452

3040
3042
3090
3092
3140
3142
3190
3192
3240
3242
3290
3292
3340
3342
3390
3392
3440

3440

[43)
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Appendix IV
Map of pBluescript® II SK-

Nael 131

77
ﬁ) Oq'é)l.
n

Ssol 19

Ssp 12850

Xmn 12645 Nae 1330

+Eco0109 1

Py 1500 7 Drall

Vd Apa |
Py T1 529 p
" s Xho 1

7 Hinc 11
7 Acc 1
e Sal 1
BssHI1 619 Bspl06 1
Kpn 1657 iT Clal
A

f/(%)
017' R
Sca 12526 7

Pvu 12416

~

§

ga

¥ pBluescript® II SK (+/-)
2961 bp

Hind 111

_ EcoR V
Sac 1759 |T3 EcoR 1

BssH 11792 Pst 1

N Smal
AN BamH |

Pvull 977 \ Spe |
N Xbal

Eagl
h Not 1

N Sacll

NBsiX 1

SO

ColEl origin

AfL 111 153
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Appendix V
Map of pACL282

15 <I3
SalI|3' 282 bp rat ATP citrate lyase exon II and III insert 5| Xba I

ColE1 origin
f1(-) origin

pACL282
~3 kb
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Appendix VI
Map of pACL202

T75 < T3
EcoR I|5' 202 bp rat ATP citrate lyase exon II insert 3’] EcoR1

ColE1 origin

PACL202 f1(-) origin
~3 kb

Amp
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Appendix VII
Map of pTG3954

EcoR I| 15 kb Factor IX Gene Insert |EcoR I

pTG3954
~19kb
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