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ABSTRACT
The expression and xenobiotic-induction of members of the CTP2B and CYPIA sub 

families in the liver and extrahepatic tissues of the male Sprague Dawley rat was 

investigated by western and immuno-slot blot quantification. The concentration of 

CYP2B proteins in liver microsomal membranes isolated from untreated animals was 

ten-fold higher than that in lung and kidney microsomal membranes, whilst CY PlA l 

was only detectable in lung. Treatment of animals with isosafrole increased the amount 

of CYP2Bs, 22-fold in liver microsomal membranes and 1.5-fold in microsomal 

membranes isolated from lung. The more potent inducer, phénobarbital increased the 

concentration of CYP2Bs 40-fold in liver microsomal membranes and two-fold in lung 

and kidney microsomal membranes. p-Naphthoflavone treatment induced CY PlA l to 

values higher than that observed in liver, lung and kidney microsomal membranes 

isolated from PB-treated animals. The CYPlAl protein was also induced, but to a 

lesser extent in all three tissues, by isosafrole.

To investigate the molecular mechanisms responsible for the phénobarbital induction of 

CYP2B gene expression, in the absence of a suitable phenobarbital-responsive cell line, 

in vitro techniques of Bandshift and DNase footprinting were used. A CYP2B2 rat 

genomic clone was isolated from a Charon 4A library. Small overlapping DNA 

fragments that covered the entire 1.4kb sequence immediately upstream of the 

transcriptional start site were used in a detailed study in determining the binding 

capacities of nuclear extracts isolated from the livers of phenobarbital-treated and 

untreated animals. Numerous sites were identified by bandshift assays that bound 

proteins of equal concentration in both nuclear extracts. Two DNA sequences located 

in the promoter region between nts -217 to -178 and nts -85 to -31 bound proteins that 

were either more abundant or active in liver nuclear extracts isolated from PB-treated 

animals. A third sequence situated between nts -33 to -2 bound a protein that was less 

abundant or active in nuclear extracts from PB-treated animals. The boundaries of 

the DNA sequences to which these protein factors bound was determined more 

precisely by DNase footprinting assays.

This study identified several DNA sequences to which proteins bind which may be 

involved in the regulation of expression of the CYP2B2 gene by phénobarbital.
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1 INTRODUCTION 

1.1 HISTORICAL BACKGROUND

It is fortunate that both eukaryotic and prokaryotic organisms have evolved defence 

mechanisms that enable them to cope with the ever increasing presence of foreign 

compounds that are manufactured and released into the environment.

Cytochromes P450, are a family of haem-containing proteins found in both 

mammalian hepatic and extrahepatic tissues. In liver, they constitute the major proteins 

of the microsomal P450 dependent mixed function monoxygenase (MFO), (Lu et 

a/., 1968). They play a central role in the metabolism of steroids, fatty acids, 

leukotrienes, prostaglandins and vitamins and in the activation of procarcinogens and 

detoxification of foreign compounds (xenobiotics), drugs and environmental pollutants 

(Guengerich, 1987; Schuster, 1989; Gonzalez 1989, 1990; Porter and Coon, 1991)

In 1956 Conney and Miller demonstrated that liver metabolising enzymes were 

inducible by drugs and hormones. Following a single injection of a polycyclic aromatic 

hydrocarbon (PAH) to rats the ability of liver microsomes to hydroxylate 

benzo(a)pyrene (BP) and demethylate dimethylaminobenzene was increased. The 

administration of barbiturates, for example, phénobarbital, to mammalian species, 

demonstrated that a strong correlation existed between the plasma half-life and the rate 

of the drugs metabolism by microsomal enzymes. This association was shown to be due 

to an inverse relationship between the duration and action of the barbiturate and 

microsomal activity (Quinn et ai, 1958).

Cytochrome P450 was initially described by Klingenberg and Garfinkel (1958) as 

a pigment present in pig liver that had an absorption spectrum maximum of 450r|m 

when combined with carbon monoxide. The protein was identified by Omura and Sato 

(1962) as a cytochrome which was responsible for the oxidative metabolism of many 

hydrophobic compounds (Cooper et a l, 1965).

1.2 THE CYTOCHROME P450 MEDIATED MONOXYGENASE SYSTEM

Many xenobiotics are lipid soluble compounds that are extremely hydrophobic. If these 

compounds were allowed to accumulate in the endoplasmic reticulum lipid bilayers 

their presence would ultimately result in membrane disfunction and cell death. 

However, with the combined actions of the Phase I cytochrome P450 dependent mixed 

function monoxygenase system and the Phase II drug metabolising enzyme system, these



otherwise harmful hydrophobic compounds are converted into hydrophilic water soluble 

product that can readily be removed from the blood by renal or hepatic excretion 

(reviewed by Nebert and Johnson, 1970; Coon and Pearson, 1980).

Cytochrome P450 is the terminal oxidase of a membrane bound multicomponent 

enzyme system that requires both molecular oxygen and NADPH. The haemoprotein 

itself serves as both the oxygen and substrate binding site for the MFO (Noshiro and 

Omura, 1978). The MFO system is composed of other major proteins, namely NADPH 

dependent cytochrome P450 reductase (P450 reductase), NADH dependent cytochrome 

bg reductase (cytochrome bg reductase) and cytochrome bg (Sato and Omura, 1978; 

Estabrook and Lindenlaub, 1978). These components are located within the endoplasmic 

reticulum and lie in close proximity to the Phase U enzyme glucuronyl-transferase. The 

Phase n  drug-metabolizing enzymes glutathione S-transferase, N-acetyltransferase, 

UDP-glucuronyltransferases and epoxide hydratase are located partially in the 

microsomal membrane but mostly in the cytosol of the cell (Nebert and Jensen, 1979: 

Gelboin, 1980).

The role of Phase I functionalization reactions, namely oxidation, reduction, 

hydrolysis and hydration is to modify the structure of a xenobiotic by introducing or 

revealing within the substrate itself a chemically reactive functional group, such as; -OH, 

-NH; , -SH, -COOH (Reviewed by Gibson and Skett, 1986) . The reaction products 

generated by Phase I enzymes are utilized as substrates for Phase U glucuronidation, 

glycosidation, acétylation and glutathionine conjugation reactions (Nebert and Jensen, 

1979; Gelboin, 1980).

1.3 REACTIONS CATALYSED BY CYTOCHROMES P450

1.3.1 The mechanism of action

It is an extraordinary achievement of nature to have developed a liver microsomal drug 

metabolizing enzyme system that is capable of biotransforming an array of structurally 

diverse compounds, whose only common feature is their degree of lipophilicity. The 

MFO can catalyse up to 12 oxidative reactions, all of which require the insertion of an 

oxygen atom into the substrate Sato and Omura 1978; Nebert and Jensen, 1979; 

Wislocki et a l, 1980). The microsomal oxidations catalysed by cytochromes P450 can 

be subdivided into aliphatic, aromatic, hydroxylation, oxidative deamination, nitrogen 

and oxygen dealkylation, dehalogenation, oxidative denitrification and alkene



epoxidation. A study by Lu and Coon (1968), using an in vitro reconstituted 

microsomal monoxygenase system showed that P450 reductase was involved in the 

oxidation of NADPH and the reduction of the oxidised cytochrome P450. During the 

oxidative reaction reducing equivalents derived from NADPH + H  ̂ are utilized. One 

atom of molecular oxygen is incorporated into the substrate while the second oxygen 

atom is reduced into cellular water. The source of electrons is believed to be donated 

from either P450 reductase, or alternatively from NADH via cytochrome bg reductase 

and cytochrome bg. (Imai and Sato, 1977). A generalised scheme of the MFO reaction 

which explains the hydroxylation of a substrate by cytochrome P450 is shown in 

Diagram 1.1

The precise role of cytochrome bg and/or cytochrome bg reductase in oxidative 

drug metabolism remains unclear. In the reconstituted microsomal system it has been 

shown that depending on the cytochrome P450 isoform and type of drug involved, 

cytochrome bg and/or cytochrome bg reductase may increase, inhibit, or have no effect 

at all on the metabolic rate of the enzyme reaction. The rate at which different 

cytochrome P450 isozymes catalyse a particular hydroxylation reaction in vitro differs 

markedly from one cytochrome P450 to another as many of these proteins exhibit both 

positional selectivity and stereoselectivity in the metabolism of compounds (reviewed 

by Wislocki et a l, 1980).

1.3.2 Cytochrome P450 action leading to carcinogenesis

It is unfortunate that some products of oxidative metabolism can lead to the generation 

of highly reactive metabolites (electrophiles), which are capable of binding covalently 

to proteins and nucleic acids and which will lead or contribute to chemically induced 

toxicity, carcinogenesis or mutagenesis. A classic example of this phenomenon is the 

epoxidation of benzo(a)pyrene (an environmental pollutant) by liver microsomes. The 

metabolism of this compound by more than one pathway results in the excretion of 

different metabolites. Benzo(a)pyrene is first metabolised by a cytochrome P450 to 

form the -7,8-epoxide. This potential carcinogen is rapidly decomposed to the 

hydroxylated form, or converted to the procarcinogen, -7,8- dihydrodiol by epoxide 

hydrolase. The dihydrodiol form is metabolised further by another cytochrome P450 to 

other diol-epoxide species, several of which are themselves carcinogenic. For example 

the highly reactive electrophile, Benzo(a)pyrene-7,8-Diol,9,10-epoxide



(Adesnik and Atchison, 1986; Darnell et al, 1990). It is believed that the bioactivation 

of procarcinogens to reactive electrophilic moieties might play a major role in human 

carcinogenesis (Gonzalez et al, 1987; Nebert et a l,  1987).

The presence of a particular isozyme in any given tissue may also contribute to 

differences in the metabolism of endogenous and exogenous compounds. Cytochromes 

P450 are also subject to regulation by a number of factors such as; age (Cresteil et 

a/., 1986), sex (Yamazoe et al, 1987) and nutritional status (Cambell et a/., 1974), 

which may influence the rate and metabolism of xenobiotics and drugs by increasing a 

particular cytochrome P450 (reviewed by Gibson and Skett, 1986).

1.4 COMPONENTS OF THE MIXED FUNCTION MONOXYGENASE SYSTEM

1.4.1 Cytochrome P450

Microsomal cytochromes P450 have different relative molecular masses ranging 

between 45 and 58 kDa. They contain an iron protoporphyrin IX as the prosthetic 

group and haem which is non-covalently bound to the apoprotein. These proteins have 

a short N-terminal hydrophobic domain of 20 amino acids which assists in the anchorage 

of the protein into the endoplasmic reticulum membrane (Vergeres, 1989). The 

majority of the protein is exposed to the cytoplasmic surface of the endoplasmic 

reticulum with the haem iron parallel or at a slight angle to the membrane (Sakaguchi 

et al, 1987). The orientation being advantageous for cytochromes P450 to interact with 

hydrophobic and hydrophilic substrates and for their association with P450 reductase. 

A number of functional domains exist in the apoprotein. The haem binding domain 

peptide contains a highly conserved cysteine that is characteristic of all cytochromes 

P450 (Edwards et al, 1989). Within the predicted multifunctional region of the 

CYP2Bs, several domains have been proposed by Holsztynska and Waxman (1989) that 

serve a number of functions. For example, the postulated site of cytochrome b̂  

interaction; a putative P450 reductase interaction site; a hypervariable region required 

for substrate-specificity, an oxygen binding domain and a site for the phosphorylation 

of cyclic AMP-dependent protein kinase.
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1.4.2 NADPH Dependent Cytochrome P450 Reductase

An essential component of the MFO is the flavoprotein, P450 reductase, which is 

responsible for the oxidation of drugs, by supplying reducing equivalents from 

NADPH + H^ to cytochrome P450 (section 1.3.1). The absence of this electron donor 

would render cytochromes P450 enzymatically inactive. The monomeric protein has a 

relative molecular mass between 74 and 78 kDa (Masters 1980) and is tightly bound to 

the endoplasmic reticulum lipid bilayer by means of a hydrophobic amino-terminal 

peptide that lies in close association with cytochrome P450 (section 1.4.1)

P450 reductase cDNAs have been isolated from several species, including rat 

(Gonzalez and Kasper, 1982, Shephard et al, 1989), rabbit (Katagiri et a l, 1986), and 

man (Yamano et a l, 1989; Shephard et a l, 1989). Comparison of the amino acid 

sequences derived from cDNAs and protein sequencing of P450 reductase, has revealed 

binding domains for the flavin mononucleotide (FMN), flavin adenine dinucleotide 

(FAD) and NADPH. All three domains have maintained a high level of amino acid 

similarity between species except in yeast, where the overall amino acid resemblance 

of these domains is 33% (Yabusaki et a l, 1988). P450 reductase is a unique enzyme 

compared to other flavoproteins in so far as it contains one molecule of FAD and one 

molecule of FMN per mole of enzyme.

1.4.3 Cytochrome bg and NADH Dependent Cytochrome bg Reductase

Cytochrome bj and cytochrome bg reductase (relative molecular mass 18 and 34 kDa 

respectively) have been isolated and purified to homogeneity from the microsomal 

membranes of rat liver (Shephard 1982 PhD Thesis ). Both of these proteins are 

synthesized on free polyribosomes and integrated into the membrane post- 

translationally, whilst cytochromes P450 and P450 reductase are synthesized on 

membrane bound polyribosomes (Okada et al, 1982). The proteins, cytochrome bj, 

cytochrome bg reductase, cytochrome P450 and P450 reductase are synthesized as 

mature proteins and inserted into the membrane without the proteolytic removal of an 

insertion signal sequence (Okada et a l, 1982). It is believed that the major biological 

function of cytochrome bg is to supply reducing equivalents to the terminal enzymes 

that desaturate long-chain fatty acid acyl-CoA derivatives.



1.5 MITOCHONDRIAL CYTOCHROME P450s

The electron transport system located in the adrenal mitochondrion differs from that in 

the liver endoplasmic reticulum. An iron-sulphur protein, adrenodoxin has replaced the 

flavoprotein. The adrenodoxin transfers electrons from adrenodoxin NADPH reductase 

directly to the mitochondrial cytochromes P450. Unlike P450 reductase, adrenodoxin 

NADPH reductase contains only one molecule of FAD as the sole prosthetic group and 

as such is incapable of catalysing the oxidation of drugs (Baron et a l, 4972).

1.6 MULTIPLICITY OF CYTOCHROMES P450

The term cytochrome P450 refers to a family of haemoproteins that exhibit different but 

overlapping substrate specificities (Sato and Omura, 1978; Johnson, 1979; Guengerich, 

1979; Lu and West, 1980; Nebert and Negishi, 1982). Initially it was believed that the 

cytochrome P450 molecule was capable of metabolising an infinite number of 

compounds by having a broad substrate and reaction specificity. However, it became 

apparent that several cytochromes P450 existed and these exhibited substrate 

specificities. It was observed that certain inducers of cytochromes 450 could raise the 

amount and induce a distinct subset of cytochromes P450 that had a characteristic 

substrate specificity towards the metabolism of a particular compound. The inducers of 

cytochromes P450 were initially classified into two groups that appeared to induce two 

different cytochrome P450s. One group of inducers was termed "Phenobarbital-like" and 

the second "3-Methylcholanthrene-like" for having similar substrate and drug reaction 

specificity (Alvares et a l, 1967) It soon became apparent that there are multiple 

isoforms of cytochromes P450. Several different cytochrome P450 activities could be 

separated by column chromatography, and antibodies to fractionated proteins were raised 

that would not cross react with other cytochrome P450 fractions (Guengerich et a l, 

1982). Of these antibodies several were able to specifically inhibit the enzyme activity 

of the cytochrome P450 against which they had been raised. A new and specific tool 

was therefore available for investigating cytochrome P450 function (reviewed by 

Gelboin and Friedman et a l,  1984). Different isoforms, exhibited stereo-specificity 

which led to the production of different metabolites from the same substrate (Cheng and 

I  Shenkman; 1953,Wood et a l,  1983). For example, testosterone can be metabolized 

by a number of cytochromes P450. However, the position at which the steroid ring is 

hydroxylated is dependent on the cytochrome P450 involved (Waxman, 1988).



1.7 ENDOGENOUS CYTOCHROMES P450

Cytochromes P450 are involved in both the catabolism and anabolism of steroid 

hormones and bile acids (reviewed in Fevold, 1983). Steroid hormones are produced 

via the cytochrome P450-mediated reactions in the endoplasmic reticulum and the 

mitochondrion of the adrenal gland, the testes, ovaries and placenta of mammals 

(Hamburg 1974). The initial stage of steroid biosynthesis is the conversion of 

cholesterol to pregnenelone. The majority of steroids are hydroxylated to less active 

compounds at various positions by cytochromes P450 (Estabrook et a l, 1975). The 

C Y Pll, CYP17, CYP19, CYP21 and CYP27 families are constitutively expressed and 

involved in steroid biosynthesis. These families are denoted by the activity of their 

member enzymes, for example C Y Pll A is responsible for the hydroxylation at carbon 

11 in the steroid corticosterone, and CYP17 the hydroxylation at carbon 17 in several 

steroids such as pregnenlone and progesterone. These enzymes are classified according 

to the position at which they react on their substrate rather than the identity of the 

substrate metabolised. It has been postulated that the biosynthesis of prostaglandins is 

related to the MFO system in requiring cytochromes P450. Their clearance by 

hydroxylation is mediated by a cytochrome P450-dependent process (Fitzpatrik and 

Murphy, 1988).

The number of endogenous forms of cytochrome P450 that exist is unknown but 

it is advantageous for a species to be able to metabolise several xenobiotics. It was 

proposed by Nebert et al, (1981) that constitutive cytochromes P450 are important in 

protecting an organism from the effects of a toxic compound before they are able to 

synthesize the appropriate cytochrome P450 which will metabolize and biotransform the 

toxic xenobiotic. Whether the mechanism(s) that control the regulation of inducible 

cytochrome P450s are the same as those that regulate endogenous cytochromes P450 is 

as yet known.

1.8 CYTOCHROME P450 NOMENCLATURE

Since Omura and Sato (1964) first described a hepatic haemoprotein the number of 

cytochromes P450 isolated and characterized has rapidly expanded, each laboratory 

designating their own and often confusing nomenclature for purified cytochromes P450. 

In 1985, a committee chaired by Nebert recommended the use of a universal and 

systematic nomenclature. Based upon the amino acid sequence similarities derived from



existing cDNA sequences, a phylogenetic tree was constructed based on the concept of 

a common ancestral gene (Nebert et a l, 1991).

The nomenclature applied to the supergene family of cytochrome P450 is as 

follows. The italicized root symbol ’CFP’ is used to represent all mammalian 

cytochrome P450 genes and cDNAs except the mouse where ’Cyp’ is used. For mRNA 

and cytochrome P450 proteins the nonitalicized root symbol ’CYP’ is used for all 

species. Cytochromes P450 that have less than 40% amino acid sequence identity to 

other cytochrome P450 proteins are placed within different gene families represented 

by Arabic numerals (1,2,3 etc.,). Cytochromes P450 that display sequence similarities 

greater than 60% are grouped within the same subfamily. These subfamilies are 

designated by capital letters (A,B,C etc.,) and individual cytochrome P450 forms within 

a subfamily are numbered sequentially by Arabic numerals for example C Y PlA l, 

CYP1A2. The largest of these cytochrome P450 families, CYP2B, is comprised of 8 

subfamilies (Nelson et al, 1993).

In 1990, 27 distinct families within the cytochrome P450 supergene family had 

been identified, 10 of which were mammalian. These 10 families were further divided 

into 18 subfamilies. By 1991, 154 cytochrome P450 genes and seven putative 

pseudogenes had been characterised (Nebert et al, 1991). To date, 36 gene families 

have been identified, 12 of which are known to exist in mammals. These 12 

mammalian families have been divided into 22 subfamilies and the number of genes 

identified in 31 eukaryotes is 221 and 12 putative pseudogenes. The total number of 

cytochromes P450 that exist is unknown. All members of a given subfamily are located 

on the same chromosome (Nelson 1993).

1.9. TISSUE DISTRIBUTION OF CYTOCHROMES P450

In mammals, the major site of drug metabolism by the MFO is the liver, however, a 

significant amount of extrahepatic metabolism also takes place in tissues, such as 

kidney (Lake er a/., 1978; Jones gf a/., 1980; Cojocel gf a/., 1983), lung (Serabjit-Singh 

e ta l,  1979), intestinal mucosa, (Traber er a/., 1988), aorta (Serabjit-Singh er a/., 1985), 

brain (Holtzman and Desautel, 1980) and placenta (Lake et a l, 1978). Both extrahepatic 

and hepatic tissues are continuously exposed to chemicals that are present in the general 

circulation and as such, they represent organs in which chemicals can exert a high 

degree of selective toxicity (Gram, 1980).



The degree of toxicity varies from one tissue to another. Interindividual

variability will be dependent on the distribution and amounts of a particular isoform 

within a tissue and the availability of cofactors (Cohen, 1983; 1986). The response of 

a tissue towards the activation and metabolism of a substrate is also dependent on a host 

of factors including the sex, age, and the nutritional status of an individual. Each or all 

of these are involved in predisposing a tissue and/or a specific cell type to toxicity. The 

induction of cytochromes P450 will depend not only on the type of inducer or tissue 

affected but also on the fneWooiiU produced. For example, tissue differences occur in the 

epoxidation of Benzo(a)pyrene (BP). In lung and placenta increased levels of 

benzo(a)pyrene-7,8-diol-9,10-epoxide are observed, whilst in the intestine the same 

inducer is metabolised less effectively (Gelboin, 1980). Wolf et al, (1984) 

demonstrated that the concentration of cytochromes P450 varied significantly between 

one tissue and another, with only small differences observed in the levels of 

cytochrome b ,̂ cytochrome b̂  reductase and P450 reductase. The activity of the MFO 

system was reported to be lower in extra hepatic tissues than in liver. The distribution 

and localization of drug metabolising enzymes and specific cell types has been identified 

using immunohistochemical techniques. It has been established that specific cell types 

and regions of extrahepatic tissues have higher concentrations of drug metabolising 

enzymes than a heterogeneous population of cells. An example is lung, composed of 

forty cell types of which Clara cells constitute only 1 % of the total ,lung cell population. 

These cells contain most of the pulmonary cytochrome P450s. Administration of 4- 

ipomeanol to rats induced the metabolic activation of toxic metabolites by specific forms 

of cytochromes P450 that were localised specifically in Clara cells (Boyd, 1980). Liver 

can also metabolise 4-ipomeanol but when the activity of the compound was compared 

in both tissues, the covalent binding of substrate per molecule of cytochrome P450 was 

significantly higher in lung than in liver. The S3 cells located in the proximal tubules 

of the pars recta of kidney have a high level of MFO enzyme activity and are 

susceptible to toxic damage (Serabjit-Singh et a l, 1979).
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1.10 THE REGULATION OF EXPRESSION OF CYP2Bs

1.10.1 Phénobarbital induction of members of the CFP2B subfamily

The CFP2B subfamily contains the major phenobarbital-inducibie cytochrome P450 

proteins of rat liver, CYP2B1 and CYP2B2 (Guengerich et a/., 1982; Ryan et al., 1982; 

Waxman & Walsh, 1982). The induction of cytochromes P450 by PB has also been 

reported in the marmoset (Griffiths et a l, 1988), rabbit (Leighton et al., 1984) chicken 

(Hansen et a/., 1989), human (Yamano et al., 1989; Grovind, 1986) and in non

mammalian species. Bacillus megaterium (Wen et al., 1989; Fulco et al., 1991).

The effect of PB administration to mammals, unlike that of 3- Methylcholanthrene (3- 

MC) results in the proliferation of smooth endoplasmic reticulum, stimulation of liver 

weight gain (Conney, 1967), liver tumour promotion (Schulte-Herman, 1974) and an 

overall stabilization of liver microsomal protein (Omura, 1979).

In rat, PB-treatment increases the total content of cytochromes P450 in liver 

microsomal membranes by 3-fold (Thomas et al, 1979, 1981). Phillips et a l, (1981) 

showed that this elevation was due to a 40-fold induction of specific PB-inducible 

CYP2B variants that represented only a small proportion of the CYP2Bs present in liver 

microsomal membranes from untreated rats. The administration of 6-NF to rats 

increased the total cytochrome P450 content in liver microsomal membranes 1.6-fold. 

However, this compound causes a 50% reduction in the phenobarbital-inducibie P450 

proteins in microsomal membranes. It has been shown that administration of 6-NF 

repressed the levels of CYP2B mRNAs ( Shephard et a l, 1982; Phillips et a l, 1983).

The administration of PB to rats also results in transcriptional activation of 

several other genes such as CYPIIIA (Gonzalez et al., 1986) and enzymes associated 

with the phase 1 and phase II MFO system, namely P450 reductase (Shephard et al., 

1982; Hardwick et a l, 1983), UDP-glucuronyl transferase (Mackenzie et a l, 1984), 

glutathione S-transferases (Pickett and Lu, 1989), aldehyde dehydrogenase (Dunn et al, 

1989) and epoxide hydrolase. (Pickett and Lu, 1989).

1.10.2 The rat CYP2B1 and CYP2B2 proteins

The two closely related proteins of the CYP2B family, CYP2B1 and CYP2B2 

(previously known as cytochromes P450b and P450e respectively) share similar and 

broad overlapping substrate specificity towards a wide range of substrates (Sato and 

Omura, 1978; Johnson, 1979; Lu and West, 1980; Nebert and Negishi, 1982). They also
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exhibit a high degree of amino acid sequence similarity (Suwa et a l, 1985) which 

results in these two proteins being immunochemically crossreactive. It is fortunate that 

these proteins can be distinguished by their migration differences on 

SDS/Polyacrylamide gels and by western blot analysis (Waxman and Walsh, 1982; Ryan 

et a l, 1982). The mRNAs encoding CYP2B proteins can also be distinguished both 

quantitatively and qualitatively by northern blotting (Omiecinski, 1985; Omiecinski et 

a l,  1986) and RNase protection assays (Friedberg et al, 1990) using gene specific 

probes.

In 1982, Vlasuk et a l,  revealed by two-dimensional gel electrophoresis (2-D 

gel), that several allelic variants of CYP2B1 and CYP2B2 existed, some of which were 

found to be catalytically active. Microheterogeneity was observed within CYP2B1 with 

at least six closely related forms of hepatic PB-inducible cytochromes P450 

polypeptides existing in different strains of rat. The cytochrome P450 apoproteins were 

encoded by two closely linked genetic loci with at least four of the alleles designated 

to the CYP2B1 locus and the remaining two alleles at a locus designated CYP2B2 

(Rampersaud and Waltz, 1983). Analysis by 2-D gel electrophoresis identified the 

existence of phosphorylated but catalytically inactive forms of CYP2B1 and CYP2B2 

(Koch and Waxman 1989).

The expression of the PB-inducible CYP2B1 and CYP2B2 proteins differ 

markedly in the livers of rats (section 1.10.3). In the uninduced state the basal level of 

constitutive CYP2B2 is low but detectable, whilst CYP2B1 expression can be up to 10- 

fold lower, making it barely detectable (Christou et a l, 1987; Yamazoe et a l, 1987). 

The administration of PB or ’PB-like’ inducers to rats can elevate the protein 

expression of the CYP2Bs above basal levels by 20 to 100-fold, the increase being 

dependent on the type of inducer (Dannan et a l, 1983; Yamazoe et a l, 1987; Christou 

et a l, 1987). Generally, the induced levels of CYP2B1 protein and mRNA are 3-fold 

higher than the induced levels of CYP2B2 (Marcus gf aZ. 1990). Treatment of rats with 

"PB-like"inducers such as acetone and ethanol and even fasting will increase the 

amount of liver CYP2B1 and CYP2B2 (Johannson et a l, 1988; Sinclair et a l, 1991). 

It is not known whether "PB-like" inducers and fasting act via the same mechanism(s) 

to increase the amounts of CYP2B proteins.
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1.10.3 Tissue-specific expression of CYP2B1 and CYP2B2

Significant differences are observed in the expression of different cytochrome P450 

isozymes in specific cell types of different organs (section 1.9). In rat liver, hepatocytes 

are responsive to PB and to varying degrees in their expression of specific cytochrome 

P450 isoforms (section 1.12.4). CYP2B1 and CYP2B2 are uniformly distributed across 

the marginal and centrilobular zones of hepatic lobules except for a small area of 

hepatocytes surrounding the periportal tract that are refractory to PB induction 

(Forrest, 1986; Chianale et al., 1986; Traber et a l, 1989). It was suggested by Bars and 

Elcombe (1991) that the zonal distribution of the CYP2B1 and CYP2B2 in rat liver was 

due to differences in the microenvironment of hepatic circulation. In the small intestine 

of rat, only CYP2B1 was shown to be induced by PB, whilst in lung, kidney and 

testes, CYP2B1 was expressed constitutively (Christou et a l, 1984; Omiecinski et a l,

1986). These observations have led to the belief that tissue-specific regulation of 

expression and induction are controlled by two different mechanisms. (Christou et al,

1987).

In contrast to the intralobular distribution of PB-induced CYP2Bs, the distribution 

of CYP 1 As following p-NF treatment was found to be uniformly expressed in rat liver 

(Forrest, 1989). In the untreated rat, CY PlAl was constitutively expressed in lung, 

kidney and the small intestine. Treatment with p-NF resulted in an increase of CY PlA l 

in the proximal tubules of kidney, the mucosal epithelium of the small intestine and the 

Clara cells of lung (Forrest 1986).

These findings demonstrate that within a single organ, specific cell types and 

regions may be differentially responsive to PB and p-NF. The tissue-specific regulation 

of cytochrome P450 expression in hepatic and extrahepatic tissues has therefore an 

important role to play in determining the susceptibility of an individual tissue to the 

toxic effects of xenobiotics.

1.11. STRUCTURE OF THE CYP2B1 AND CYP2B2 GENES

Recombinant DNA technology has allowed the isolation and characterization of genomic 

and cDNA clones encoding members of the CFP2B gene family. The rat liver CFP2B1 

and CTP2B2 genes are closely linked on chromosome 1 (Rampersaud and Walz., 1983), 

and on chromosome 19 in humans (Santiseban et a l, 1988). The rat CTP2B2 gene has 

a very similar structure to CTP2B1 differing only in the size of exon 1.
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only in the size of exon 1 The CTP2B1 gene is 23 kb in length, contains nine exons 

and eight intervening sequences. The length of exon 1 is approximately 12 kb in 

CyP2Bl and 3.2 kb in CFP2B2 (Mizukami, 1983). Comparison of the amino acid 

sequences deduced from the cDNA sequences of CTP2B1 and CYP2B2 revealed that 

they share 91% amino acid sequence similarity. The coding region of CTP2B2 had 40 

base substitutions which corresponds to 14 amino acid substitutions. These base 

substitutions do not occur randomly, but are clustered to exons 6 and 7 (Suwa et al,

1985).

Labbe et a l, 1988 identified a third member of the CYP2B family, CYP2B2. This 

protein shares 77% amino acid sequence similarity with CTP2B1 and CYP2B2 but is not 

PB-inducible. CFP2B3 is constitutively expressed as a minor form only in the livers 

of rat. It is believed that this gene may have separated from the ancestor to CYP2B1 and 

CTP2B2 approximately 75 million years ago.

A PB-re\abcdi form of cytochrome P450 has been found in nabs 

detectable only by the polymerase chain reaction (Giachelli et a l, 1989). Th€ acLd

shares 73% similarity with the rat CYP2B1 and CYP2B2. From nucleotide -77 to the 

transcription start site, the gene has a similar degree of identity. However this falls to 

36% between nucleotides -311 and -503. Yamano et a l, (1989) identified a human 

cDNA designated hUBl that also displayed 76% sequence similarity with the rat 

CYP2B1 protein.

1.12. MECHANISM OF TRANSCRIPTIONAL REGULATION

1.12.1 Phénobarbital - transcriptional activation of CYP2B1 and CYP2B2

The molecular mechanisms by which PB increases the rate of transcription of CTP2B 

genes is poorly understood. Phillips et a l, (1981) reported that induction of CYP2Bs 

by PB was due to an increase in protein synthesis that resulted from an increase in the 

steady state levels of CYP2B mRNA. Pike et a l, (1985) showed that PB induction was 

transcriptionally controlled as CYP2Bs mRNAs levels were increased to the same 

extent in the nucleus as they are in the cytoplasm. The observed 20-fold induction of 

translatable mRNA was attributed to transcription of genes coding for the CYP2B 

variants and not to changes in the rates of processing, transport, mRNA stabilisation, 

gene amplification or rearrangement. Transcriptional activation of the CTP2B genes 

was shown to be a rapid process. Within an hour of PB administration to rats.
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CYP2Bs mRNA levels increased 20 to 50-fold above basal transcriptional rates, 

indicating that induction was a simple process not requiring many intermediate steps 

(Hardwick et a l,  1983; Atchison and Adesnik, 1983; Pike et a l, 1985). The question 

as to whether PB can stimulate directly the rate of cytochrome P450 gene transcription 

in the absence of ongoing protein synthesis remains unanswered (section 1.12.2).

Atchison and Adesnik (1983) using nuclear "run-on" experiments and genomic 

CYP2B2 subclones extending from exon 2 through to exon 9, demonstrated that 

transcription occurred across each of these regions of the gene. These experimental 

findings suggested transcriptional initiation and not elongation was the regulatory step. 

However, Mechti et a l, (1991) observed that within intron 1 of the c-fos gene 

transcriptional arrest occurred. Therefore it is possible, although no experimental 

evidence exists, that transcriptional arrest or a PB-regulated pause could also occur 

within the first intron of the CTP2B2 gene.

It is highly probably that PB induction of both CYP2B1 and CYP2B2 is mediated 

at the level of gene transcription. However, the possibility that PB-induction of the 

CTP2B genes may involve both transcriptional and post-transcriptional mechanisms can 

not be dismissed. It has been shown that PB treatment does stabilize some cytochromes 

P450, for example, mouse Cyp2a-5 liver protein was increased 3-fold following PB- 

treatment and the induction was not associated with any increase of Cyp2a-5 mRNA 

levels or gene transcription (Aida and Negishi, 1991). It is also well known that 

several other inducers act post-transcriptionally. Treatment of rabbits with the 

macrolide antibiotic triacetyloleandromycin increased the levels of CYP3A mRNA 

without elevating the transcriptional rate of the gene and administration of 

dexamethasome to rats increased the level of CYP2B mRNAs in the absence of any 

increase in the transcriptional rate of the gene (reviewed by Gonzalez 1989).

1.12.2 Is protein synthesis required for phenobarbital-induction of the CYP2Bs?

To determine whether active ongoing protein synthesis is required for PB-mediated 

induction and expression of liver-specific CTP2B genes in rat, a series of experiments 

were carried out using the protein synthesis inhibitor cycloheximide. (Bhat et a l, 1987; 

Chianale et <3/., 1988). Cycloheximide 'effectively blocked the accumulation of PB- 

induced CTP2B mRNA and interfered with the basal expression of the CYP2Q genes.
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Analysis by nuclear run-on assays confirmed that cycloheximide acted at the level of 

transcription but the question as to whether ongoing protein synthesis was required to 

maintain the levels of transacting factor(s) or whether it was the treatment of rats with 

PB that stimulates new protein synthesis still remains unanswered Waxman and 

Azaroff (1992) proposed that PB-induction of CYP2B genes could be a secondary 

response dependent upon the induction of a specific (but as yet unidentified ) PB- 

inducible protein factor which can be blocked by cycloheximide. Or, alternatively, 

cycloheximide may either block one or more steps involved in PB induction or simply 

impede the basal transcription of CYPIB genes.

1.12.3 The Effect of Haem on CYP2B Induction

It has been postulated that haem regulates several haemoproteins and enzymes of haem 

metabolism (Maines, 1984; Padmanaban 1989) and may also have a role in regulating 

the transcriptional induction and expression of the CYP2B genes by PB. Whilst the 

function of haem has been studied in depth, the mechanism(s) by which the nuclear 

haem pool may regulate cytochrome P450 gene transcription remains unanswered. 

Evidence presented from different laboratories, for and against, this hypothesis is 

conflicting. Ravishankar and Padmanaban (1983) reported treatment of rats with cobalt 

chloride (CoCy and 3-amino-1,2,4-triazole treatment, (inhibitors of haem biosynthesis), 

inhibited the synthesis of CYP2B proteins by preventing the PB-induced accumulation 

of CYP2B mRNAs (Ravishankar and Padmanaban 1985). These workers attributed this 

result to depletion within the nuclear haem pool. Dwarki et al, (1987) showed that the 

inhibitory effect on haem biosynthesis was reversible in vivo if low does of exogenous 

haemin was administered - termed haem reversal. Dwarki proposed that in an 

otherwise small and strictly regulated haem pool the presence of C0CI2 and a small 

excess of endogenous haem would be sufficient for inhibiting haem synthesis or 

increasing haem degradation, that would result in a block of PB-induced CYP2B 

transcription. But, it was not determined whether the amount of haem used in the in 

vivo studies (in the absence of C0CI2 treatment) or high doses of C0CI2 had a toxic 

effect on transcription of the CTP2B genes. Furthermore, Dwarki et al, (1987) 

reported the addition of haemin in vitro to haem-depleted rat liver nuclei partially 

reversed the effect of in vivo C0CI2 treatment on CYP2B transcription. These results 

suggested that haem alleviates a block at the level of transcriptional elongation. Their
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findings are however, contradictory to the in vivo haem reversal data described in the 

same study which suggested that haem had an effect at the transcriptional level of 

CYP2B initiation. It is therefore difficult to conclude from these experiments whether 

haem positively regulates CYP2B gene expression.

Other investigators have suggested that haem has no effect on the regulation of 

CYP2B mRNA. Srivastava et ai, (1989) reported that treatment of rats in vivo with 

succinyl acetone (SA) decreased haem synthesis by specifically preventing the 

production of 5-aminolevulinate dehydratase (ALA), at the same time increasing 

mRNA amounts for the rate limiting enzyme of haem, 5-aminolevulinate synthase 

(ALA-S). The PB-induction of CYP2B or CYP3A gene expression in rat liver was not 

attenuated under these conditions. Furthermore the expression of ALA-S mRNA 

following the administration of haem was not elevated. In 1990 Scriastava et al., 

reported that only high, non physiological doses of haem administered to rats decreased 

the mRNA levels of CTP2B1 and CKP2B2 in vivo. These observations suggest that as 

SA is a specific inhibitor of haem biosynthesis (a more potent inhibitor than C0CI2 or 

amitriazole), haem itself was not responsible for the regulation of CYP2B mRNA 

expression.

Studies using primary rat hepatocytes, responsive to PB stimulation (section 

1.12.4), showed that treatment with SA did not decrease the amount of PB-induced 

CYP2Bs and CYP3A proteins and mRNAs, instead SA and PB treatment increased the 

levels of ALA-S mRNA. Furthermore, addition of haem alone to primary hepatocyte 

cultures did not elevate the mRNA levels of any of these genes (Sinclair et at., 1991). 

These observations were confirmed by Srivastava et al., (1990) who demonstrated that 

SA could be used to inhibit haem biosynthesis in the intact rat. Hamilton et al., 1988 

carried out in vivo experiments using cultured chick hepatocytes and revealed that 

inhibitors of haem biosynthesis did not affect the PB inducibility of CYP2H mRNA 

(Hamilton et al., 1988).

It is therefore difficult to ascertain from these experiments whether SA treatment 

results in the total depletion of the nuclear haem pool. As proposed by Dwarki et al, 

(1987) a low level of haem in the nuclear haem pool is all that is required for 

regulating the transcription of the CYP2B genes. Collectively, the findings described 

above do not convincingly prove that haem is or is not a regulatory factor that plays 

a role in the transcriptional activation of the CTP2B genes.
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1.12.4 Phenobarbital-Responsive Primary Hepatocyte Culture Systems

Until recently it has been difficult to maintain in vitro, differentiated hepatocytes that 

maintain induction and expression of liver-specific genes. Primary hepatocyte cultures 

lose many of their phenotypic characteristics and undergo morphological and 

biochemical changes, including dedifferentiation when grown in a conventional cell 

culture system. Dedifferentiation of hepatocytes in culture may reflect the loss of liver- 

specific transcription factors that are required for the expression of liver specific genes 

including the CYPlBs (Clayton et a l, 1983, 1985a, 1985b). It was observed by Singh 

et al, (1991) that primary mouse hepatocytes had a decreased level of haem and of 

mitochondrial surface area. These physical changes were found to be associated with 

the degree of cell dedifferentiation. As cytochrome P450s are haemoproteins and the 

loss of mitochondrial DNA is related to haem loss (as mitochondrium are involved in 

the synthesis of haem), the decline in cytochrome P450 metabolic activity and decrease 

in apoproteins could be attributed to the loss of haem.

Modifications in growth conditions have significantly increased the longevity of 

hepatocyte cultures and the induction and expression of the PB-responsive CYP2B1 

and CYP2B2 mRNA and proteins. This has been achieved by culturing rat hepatocytes 

on matrigel, a reconstituted basement membrane prepared from extracts of Engelbreth- 

Holm-Swarm sarcoma (Schuetz et a l, 1988). Rat hepatocytes propagated on matrigel 

for five days, and treated with PB maintained elevated levels of CYP2B1, CYP2B2 and

5-aminolevulinate synthase mRNA (section 1.12.3). Northern blot and nuclear 

transcription assays revealed that the levels of PB induced transcription of the CYP2Bs 

genes was lower than that observed from in vivo rat liver experiments.

Akrawi et a l, 1993, compared the expression and inducibility of genes coding 

for the CTP2B family in rat hepatocytes grown in conventional and co-cultured cell 

systems. Co-culturing allows cell-cell interaction between rat hepatocytes and primary 

epithelial non-parenchymal cells. It was shown that co-cultured cells had longer 

viability than conventional cultured hepatocytes and they maintained the cuboidal 

morphology associated with differentiated hepatocytes in vivo. RNAse protection assays 

showed that co-cultured hepatocytes were able to maintain not only the expression of 

genes encoding for CYP2BI and CYP2B2 but also their PB-inducibility. In addition 

two members of the cytochrome P450 MFO, cytochrome P450 reductase and 

cytochrome reductase were also maintained. Hepatocytes cultivated as co-cultures for
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14 days maintained significant and constant levels of CYP2B mRNA whilst in 

conventional cell cultures the levels of CYP2B mRNA was undetectable after four days. 

Treatment of hepatocytes in co-culture for seven days with PB resulted in a 12 to 15- 

fold induction of CYP2B mRNA. Using RNAse protection assays and antisense RNA 

probes it was possible to distinguish between CYP2B1 and CYP2B2 mRNA and reveal 

the ratios of mRNA and fold-inducibility of CYP2B genes. These results were 

comparable to and reflected those observed in vivo. These cells also maintained the 

expression of CYP1A2.

1.13 MOLECULAR MECHANISMS OF CYTOCHROME P450 GENE 

REGULATION

The basic principle of gene expression involves the activation of a gene for 

transcription to take place. The process is brought about by the unwinding of inactive 

condensed chromatin (decondensation) allowing transcriptional control sequences to be 

made available to regulatory proteins. Regulation at the level of mRNA synthesis is 

dependent on the presence or activation of the genes which encode for these specific 

DNA-binding transcription factors and cw-acting regulatory DNA sequences, which lie 

adjacent to or within the gene. The specific binding of proteins to these control 

elements and the consequence of protein-protein interactions govern the transit of RNA 

polymerase U across the gene to find its promoter.

1.13.1 Liver specific gene transcription

All cells of an organism will have the same genetic potential to synthesize cytochromes 

P450. The tissue specific expression of cytochromes P450 will however be dependent 

on the existence of specific transcription factors and in the case of liver, these would be 

liver specific transcription factors such as; HNF-1 (hepatocyte nuclear factor-1, 

Cereghini et al., 1990). There are essentially four families of transcription factors 

expressed in liver: HNF-1, HNF-3, HNF-4, C/EBP, AP-1 and DPB (Xanthopoulos et 

al, 1991; Lai and Darnell, 1991; Mueller et a l, 1990). It is postulated that these factors 

either interact with each other or form complexes that will initiate regulatory events 

(Kuo et a l, 1992).
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1.14. REGULATORY ELEMENTS OF THE CFP2B GENES 

The location and sequence of cw-acting DNA regulatory elements and the identity of 

trans-dicimg protein factors involved in the transcriptional regulation of the PB-inducible 

rat CTP2B genes have as yet to be characterized. Sequence analysis of the 5’-flanking 

region of a genomic CYP2Q gene has identified several common promoter and putative 

regulatory elements. The transcription initiation start site of both CTP2B genes is 

putatively 30 bp upstream from the translation initiation ATG site (Mizukami et al, 

1983). A modified TATA box, CAT AAA is positioned a further 20 bp upstream. Both 

CyP2Bl and CYP2B2 genes have an alternating purine/pyrimidine sequence of different 

lengths, (CA)g for CTP2B1 and (CA)ig for CYP2B2. It is hypothesised that these 

highly conserved helical structures may have an important regulatory role (Suwa

et al., 1985). Santoro et a/., 1988 identified a binding site for hepatocyte nuclear factor 

1 (HNFl), a liver specific transcription factor in the CYP2B2 gene. A glucocorticoid 

response element (ORE) has been identified in the 5’ flanking sequence of CYP2B2 

which has a pentadecamer sequence positioned at -1349 to -1335 bp. Located 15 bp 

further upstream to the ORE a CCAAT box was identified that could confer 

dexamethasone inducibility to heterologous genes Jaiswal et a l, (1987; 1990) . These 

two elements together were shown by Grange et a/., (1991) to constitute a glucocorticoid 

receptor.A Although the GRE is not required for PB induction its ability to 

regulate downstream elements may be important in determining both basal and induced 

levels of cytochrome P450 transcription.

1.14.1 Phénobarbital induction in non-mammalian systems 

There are two cytochrome P450 genes in Bacillus megaterium that are PB-inducible, 

CFP102 and CYP106 (previously designated BM-3 and BM-1 respectively). The 

CyP 102 gene has been studied in detail by He and Fulco (1991). This gene shares 

greater similarity to mammalian cytochrome P450s than any other bacterial and 

mitochondrial genes. Wen et al, (1989) identified a barbiturate responsive element 

located between nucleotides (nts) -800 bp to 1.1 kb, upstream of the transcriptional 

start site of the CYP\Qf2 gene. A comparative study of the 5’-flanking upstream 

sequences of CYP 102, CTPlOb and the rat liver PB-inducible genes, CTP2B1 and 

CyP2B2 identified a 17 bp consensus sequence present in all four genes which had an 

unusually high sequence similarity (He and Fulco, 1991). In Bacillus Megaterium this
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motif was located between nts -200 to -300 bp upstream to the transcription start site 

and in rat located between nts -100 and -119 bp with reference to the translation start 

site.

This motif was originally reported by Rangarajan and Padmanabans (1989). 

DNase 1 footprinting experiments using rat liver nuclear protein extracts from untreated 

animals identified a 32 bp protected region of the CYP2Q2 gene that began with the 17 

bp sequence.

Band shift assays using a 17-mer oligonucleotide probes to the 17 bp putative 

regulatory element showed strong binding to a single^ '̂':^ '̂  ̂from protein extracts

of Bacillus Megaterium cells grown in the absence of PB, whilst cells grown in the 

presence of PB exhibited weaker binding affinity. In contrast, the probe bound weakly 

to nuclear extracts from untreated rats compared to the enhanced binding of the DNA- 

protein complex in nuclear extracts from PB-treated rats.

Shaw and Fulco (1992) identified a gene which encodes for a protein, Bm3Rl, 

which negatively regulates the expression of the C fP  102 gene,. It was postulated that 

PB mediates the induction of CYP 102 indirectly by preventing Bm3Rl binding to the 

operator site. The binding of one or more rranj-acting factors to the multiple cw-acting 

elements which span upstream to the Bm3Rl promoter would stimulate transcription 

from the Bm3Rl promoter by RNA polymerase II, by interfering with the binding of 

the BM3RI repressor protein..

1.15 THE MECHANISM OF TRANSCRIPTIONAL REGULATION OF THE 

CYPIA GENES

1.15.1 Background

The CYPIA gene family will be reviewed within the context of how, with the 

availability of a responsive cell line, the mechanisms of transcriptional activation and 

expression of the CY PlAl gene has been investigated and the not as yet fully 

characterised aromatic hydrocarbon (Ah) receptor. In contrast to CY PlA l the 

elucidation of the mechanisms responsible for the transcriptional regulation and 

induction of the C YP lA l and CFP2B genes has been severely hampered due to the 

lack of a suitable responsive cell line (section 1.12.2).
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The CYPIK  family is comprised of two members, CYPIA 1 and CYP 1A2 

(previously known as P450c and P450d respectively) and are common to all mammalian 

species examined to date. The CYPIA genes have been isolated from the mouse 

(Gonzalez et al., 1985), rat (Sogawa et al., 1984, 1985) and man (Jaiswal et al., 1985). 

Both genes have seven exons, but unlike other P450s the first exon is non coding. In 

the mouse these genes have been localised to chromosome 9 (Hildebrand et al., 1985) 

and to chromosome 15 in humans (Jaiswal et al., 1987).

CY PlAl is detectable in virtually all tissues after treatment with inducers such 

as 3-methylcholanthrene (3-MC), (Negishi and Nebert 1979), (2,3,7,8

tetrachlorodibenzo-p-dioxin (TCDD), (Goldstein and Linko, 1984) and p-naphthoflavone 

(P-NF), (Guengerich et al 1982) although it is barely detectable in the liver of an 

untreated rat. CYP 1A2 is constitutively expressed in liver, but it is induced to a lesser 

extent than CY PlAl by compounds such as 3-MC (Gonzalez, 1984). In contrast to 

C Y PlA l, little CYP1A2 expression is found in extrahepatic tissue. Thus, the expression 

of the CYPIA gene family is differentially regulated by xenobiotics.

1.16. THE CYPlAl GENE

The Ah receptor regulates induction of CYPlAl gene expression by interacting with 

compounds such as TCDD or BP (Poland et al., 1976; Gonzalez et al., 1984: Nebert and 

Jones., 1989). These chemicals are potent inducers of CYPlAl and initially bind to the 

Ah receptor in the cytoplasm of the cell to form an inducer-receptor complex. The 

complex is then translocated into the nucleus where it binds to xenobiotic response 

elements (XRE) that are located within the 5’-flanking region of the CYPlAl gene 

(Whitlock, 1987). This results in an enhanced rate of transcription and increased 

CY PlA l mRNA and protein levels. The same mechanism was originally believed to 

be responsible for the induction by 3-MC and p-NF of CYPlAl gene expression, but 

recent evidence has suggested that these compounds act through a different as yet 

uncharacterised receptor (Rushmore et a l, 1990).

1.16.1 The Ah receptor

The first step in elucidating the mechanism and regulation of CYPlAl was the 

discovery of an allelic variant of CYPlAl among inbred mouse strains. Unlike the
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C57BL/6 strain of mouse the DBA/2 strain was found to be non responsive to PAH 

induction as they lacked aryl hydroxylase activity (AHH). The genetic locus 

controlling these induction processes was said to be regulatory and was named the Ah 

(aromatic hydrocarbon) locus. Evidence that the Ah locus was controlled by a specific 

receptor became apparent when the potent inducing ligand TCDD induced C YP lA l gene 

transcription in the non responsive mice. It was found that these mice had a defective 

cytosolic receptor that reduced the binding affinity for PAH inducers. With increased 

levels of TCDD this defect was overcome (Poland et a l, 1976).

To identify the mechanisms involved in the transcriptional activation of the 

CTPlA l gene and its mediation by the TCDD receptor the promoter and upstream 

regions of the gene were fused to a pSV40-CAT (chloramphenicol acetyl transferase) 

expression vector and the constructs were transfected into responsive hepatoma cell 

lines. The CYPlAl promoter-caf expression vectors constructed from cloned rat, mouse 

and human C YPlAl cDNA were all found to be regulated by TCDD and 3-MC.

1.16.2 Identification of trans-^cimg protein factors

From in vitro studies, transcription of the CYPlAl gene was shown to be controlled 

by a complex interaction of trans-zciïng protein factors with cij-acting sequence 

elements lying within 1 kilobase (kb) upstream of the RNA polymerase start site. In 

addition to the TATA box, essential for basal and inducible gene expression, regulatory 

elements have been described as inducible enhancers (a fragment of DNA, or a ex 

acting element, when inserted in either orientation , upstream or downstream within an 

intron of a transcriptional unit or gene, can increase the transcription of the gene). In 

the case of CYPlAl, the enhancer is only active in the presence of an inducer (Jones 

et a l, 1986a,b; Neuhold et al, 1986; Sogawa et a l,  1986; Jaiswal et a l, 1987). 

Detailed investigation of the rat CYPlAl gene identified conserved sequence elements 

termed the drug-regulatory elements (DRE) or xenobiotic response elements (XREs), 

(Jones gf a/., 1986a; Neuhold gf a/., 1986; Fujisawa-Sehara era/., 1987). Tandem copies 

of the XREs were shown to enhance the transcriptional rate of the CYPlAl reporter 

gene. The placing of multiple copies of XREs upstream to a car-SV40 expression 

vector, in the absence of an enhancer sequence, was sufficient for increasing the 

constitutive and inducible expression of CYPlAl reporter gene. Sequence elements 

located upstream to the transcription start site were able to diminish the constitutive
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(inducer-independent) expression of the CYPlAl promoter. It is believed this is due to 

the presence of an inhibitory domain and a labile protein repressor (Jones, 1985). The 

XREs share high sequence similarity to the glucocorticoid regulatory elements (GREs) 

of the human metallothionein gene and mouse mammary tumour virus (MMTV) 

suggesting XREs and the TCDD/3-MC receptor are evolutionary related to the GRE 

and glucocorticoid receptor.

Saaticioglu et al., 1990 described two xenobiotic nuclear factors (XFs), in addition 

to the Ah receptor that interacted with the XREs. The evidence suggested that the XFs 

were negative regulatory proteins that acted through the XREs to modulate the positive 

regulatory action of the ligand-bound Ah receptor and the interplay of these factors at 

the Ah response element (AhRE) were important in the regulation of the CFPlAl gene.

1.16.3 The Ah Receptor Nuclear Translocator Protein (Amt)

In the cytosol, the ligand-free form of the Ah receptor has been shown to be a 

multimeric complex of 280 kDa that contains a 95 kDa ligand binding subunit and the 

90 kDa heat shock protein (HSP90). It was shown by Wilhelmsson et al., (1990) that 

following nuclear translocation of the ligand-binding subunit into the nucleus, the 

HSP90 was dissociated from the ligand-receptor complex. In view of the biochemical 

properties of HSP90 (Cuthill et al, 1987) and its association with the Ah receptor, the 

evidence strongly suggested that HSP90 had an important function in modulating the 

DNA binding activity of the dioxin receptor within the nucleus, and the Ah receptor 

itself was a transcriptional regulatory protein.

From transfection studies using mouse hepatoma cells lines (Reyes et al, 1992) 

and the cDNA cloning of the putative ligand-binding subunit of the Ah receptor 

(Bradford et a/., 1991; Hoffman et al, 199t), the Ah receptor nuclear translocator 

protein (Amt) was identified as a component of the XRE-Ah receptor complex which 

contains the ligand binding subunit. Reyes (1992) demonstrated that the Amt was 

required for Ah receptor binding to the XRE and for ligand-dependent nuclear 

translocation of the Ah receptor, where both the Amt and the ligand-binding subunit 

remain in close association. The relative molecular mass size of Ah receptor (extracted 

from nuclei of cells) was 176 kDa. The receptor was shown to be a heterodimer of 

the 87 kDa Amt, (Hoffmam et al, 1991) and the ligand-binding subunit of 95 kDa 

(Poland et al, 1991). From cDNA cloning of the mouse and human Ah receptor, it
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was revealed that the Amt shared significant conformity to the consensus sequence for 

the basic helix-loop-helix motif (bHLH), (Hoffman et a/., 1991: Ema et a l, 1992). It 

had previously been postulated by Jones et al., (1990) that the structurally similar motifs 

of the ligand binding and Amt proteins dimerise via the bHLH domain to form a DNA- 

binding, heteromeric form of the functional receptor. The bHLH motif is found in a 

number of transcription factors that bind DNA as homo- or heterodimers where the 

bHLH domain itself is responsible for dimerization and DNA binding (Weintraub et a l, 

1991).

Hoffman et a l, (1991) demonstrated that whilst the Amt protein itself did not 

bind to dioxin, it was probably important in directing the Ah receptor in the 

translocation of the dioxin subunit from the cytosol to the nucleus, and in forming part 

of the DNA-binding receptor.

An in vitro study by Saaticioglu et a l, (1990) showed exposure of hepatoma cells 

to TCDD resulted in the ligand-receptor binding within the major DNA groove by 

making contact with four guanine residues immediately adjacent to the recognised core 

sequence of the XREs. Wu and Whitlock (1993) demonstrated that the liganded Ah- 

receptor binds at six protein binding sites located upstream to the CY PlA l gene. Each 

of the protein domains contain a core recognition sequence for the liganded-AA receptor. 

In addition they found the receptor makes contact with the four guanine residues 

immediately adjacent to its recognition core sequence previously identified by 

Saaticioglu (1990). Interactions between the TCDD-induced receptor and the enhancer 

sequence were shown to be rapid and independent of RNA synthesis suggesting that 

liganded Ah receptor transcription factor did not require additional enhancer-binding 

proteins to activate transcription of the CYPlAl gene (Wu and Whitlock 1993). It was 

originally believed that the inactive enhancer of the CYPlAl gene could not bind 

proteins in vivo within the major DNA groove due to the presence of a repressor protein 

that restricted accessibility of DNA-binding proteins to the region, and that it was the 

role of the liganded A/i receptor to displace a specific repressor protein. However, 

according to Wu and Whitlock (1993), initiation of transcription requires the binding of 

only one liganded Ah receptor to the enhancer and no other DNA-binding proteins were 

required to initiate the necessary local changes in chromatin stmcture. In addition the 

short DNA segment (of 6 bases) which the ligand receptor comes in contact with, 

increases the possibility for at least one of the binding sites becoming accessible in the
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nucleosome. The accessibility of additional ligand-receptors would result in the further 

loss of nucleosomes at the CTPlAl promoter thereby enhancing gene transcription.

The Ah receptor having similar properties to the glucocorticoid receptor was 

initially classed as a member of the steroid-thyroid hormone (STH) receptor family 

(Henry et al, 1989) however this was later found to be incorrect. From cDNA 

sequence analysis and comparison of the mouse Ah receptor to DNA sequences of the 

STH receptor superfamily no resemblance was observed in amino acid sequences. 

Furthermore, members of the STH superfamily bound DNA through zinc finger and 

not via the bHLH domains, therefore it is unlikely that the Ah receptor is a member of 

the STH superfamily (Burbach et al, 1992).

Recently several other trans-acting protein factors and cis-acting DNA elements 

have been identified that are necessary for expression of the CKPlAl gene. In 1990 

Yanagida identified a novel cis-acting regulatory element termed a basic transcription 

factor (ETE), located proximal to the TATA box. This factor is important in the 

constitutive expression and transcriptional regulation of the CTPlAl gene. The role 

of the ETE is probably that of a promoter-type element as its interaction with XRE 

enhancer elements results in maximum enhancement of CYPlAl transcription in 

response to induction. The ETE motif is not restricted to the CYPlAl gene. 

Sequences analogous to ETE are located proximal to the TATA box of other 

cytochrome P450s, namely CYP2E1, CYP2E1, CY PllA l, Cyp21a-1, and non-related 

cytochrome P450 genes such as the mouse apoliprotein gene all of which have different 

modes of transcriptional regulation. Yanagida (1990) reported that the ETE of the 

CYP2E1 gene could compete for ETE-DNA binding of CYPlAl, suggesting that on 

binding to a cognate trans-acting DNA binding factor, the ETE may have a common 

regulatory role in the transcription of many genes. Two regulatory proteins have been 

identified that bind to the ETE (Imataka et a l, 1992). One protein shares 7  8% 

sequence homology to the human Sp-1 anXthe second was designated as a

ETEE protein (basic transcription element binding).

1.17 THE CYP1A2 GENE

Whilst the mechanism of regulation of the CYPlAl gene has been extensively studied 

and reviewed (Whitlock, 1987; Nebert and Gonzalez, 1987; Nebert and Jones, 1989), 

regulation of the CYP1A2 gene is poorly understood because of the lack of an
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established responsive cell line in which the gene can be expressed. Transfection 

experiments using promoter-driven expression vectors can not be used to identify the 

regulatory DNA elements involved in the transcription of the C Y P lk l  gene, as has been 

the case with CTPlAl gene (reviewed in section 1.16 ). Therefore, alternative methods 

have been used in an attempt to elucidate the mechanisms involved in the regulation 

of the CYP1A2 gene.

In 1988, Silver et a l,  reported the expression of the CTPIA gene family induced 

by 3-MC could be supported in a cultured primary hepatocyte cell system. Northern 

blot analysis compared the steady state levels of CY PlAl and CYP1A2 mRNA in rat 

liver and cultured cells induced by 3-MC. Transcription run-on experiments showed that 

CY PlA l mRNA was induced essentially at the level of transcription whilst 

CYP1A2 induction was post-transcriptionally regulated. In in vitro studies using 

primary hepatocytes it was revealed that both CY PlAl and CYP1A2 were regulated at 

the level of post-transcription.

♦Juclear run-on transcription assays using probes directed against different 

regions of the C Y P lA l gene, namely introns 1, 2, and 4 and a C Y P lA l cDNA (that 

spanned exons 2 to exon 7), revealed up to a 100 fold induction of CYP1A2 mRNA 

in P-NF treated rat liver was observed. This accumulation of mRNA was associated 

with the transcriptional activation of the gene. Using the same series of probes, the 

observed accumulation of CYP1A2 mRNA in nuclei isolated from p-NF treated rat 

hepatocytes was shown to be partly due to an increased transcription rate of the 

C Y P lA l gene (Pasco et a l, 1993). These observations were further supported by 

Okino et a l, (1992) who reported a similar increase in C Y P lA l transcription in the 

livers of TCDD-treated mice. However, Silver and Krauter (1988; 1990) had found that 

post-transcriptional mechanisms were responsible for the induction and accumulation of 

CYP1A2 mRNA in both liver and hepatocytes.

However, even with the availability of a primary cell culture system that is 

capable of supporting the induction of CYP1A2 mRNA, transfection studies similar to 

those that identified the regulatory elements of the C YP lA l gene have not been 

successful. A CYP1A2 promoter-CAT construct was unable to support even constitutive 

expression of the gene. These results suggest that either a positive transcription factor 

required for C Y P lA l expression is absent or a specific factor is present that represses 

transcription of the C Y P lA l gene. Rushmore et a l, (1990) have identified in the 5’-
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flanking sequence of the genes encoding for the C Y P lA l and Ya subunit, antioxidant 

regulatory elements (AREs).

1.18 AIMS OF THIS STUDY

The mechanism of regulation of the CYPlAl gene has been extensively studied due to 

the availability of suitable hepatoma cell lines which can retain an inducible response 

to polycyclic aromatic hydrocarbons (PAH). A detailed study, using gene fusion 

analysis identified within the 5’ flanking region of the CYPlAl gene, a number of 

upstream regulatory elements and an Ah receptor (reviewed by Whitlock, 1987). The 

mechanisms which control the transcriptional activation of CYP 1A2 are in comparison 

to CYPlAl poorly understood due to the unavailability of a responsive cell line. 

Unfortunately the mechanism and level by which PB-induction acts to increase the 

transcription of the CYP2Bs also remains unclear, as research once again is hampered 

by hepatoma cell lines and hepatocytes losing their inducible phenotype. It has been 

proposed that the mechanisms of PB-induction of the CYP2B genes may involve either 

a direct interaction between PB and the cytochrome P450, or the direct incorporation 

of a PB receptor molecule, but as yet the mechanisms involved remains elusive 

(Waxman and Azaroff, 1992).

The initial aim of this study is to demonstrate whether the genes encoding for 

members of the rat CYP2B, CYPIA subfamilies and the major proteins of the MFO are 

tissue-specifically expressed in hepatic and extrahepatic tissues. The tissue-specific 

inducibility of these proteins by ISF, PB and |3-NF in the Sprague Dawley rat will be 

investigated and quantified by western and slot blot analysis using antibodies raised to 

their respective purified proteins.

The second aim of this project is to investigate the molecular mechanisms 

responsible for the induction of CYP2Bs by phénobarbital by identifying the cis-acting 

DNA regulatory elements which interact with rraw^-acting protein factors. In the 

absence of a suitable PB-responsive hepatoma cell line an in vitro approach will be 

undertaken to identify the DNA regulatory elements. Regions which interact with trans- 

acting factors involved in liver-specific and phénobarbital induction of CYP2B2 

expression will be identified using overlapping DNA fragments of a rat CYP2B2 

genomic clone that spans the 1.4 kb region immediately upstream of the initiation start 

site. These probes will be used in band shift assays initially to locate potential trans
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acting binding sequences in nuclear protein extracts isolated from the livers of untreated 

and PB-treated rats. The exact location, sequence and the boundaries to which trans- 

acting protein factors bind will by identified by DNase 1 footprinting experiments.

The binding site sequences identified by DNAse 1 footprinting will be compared 

to known DNA regulatory motifs with the aim of distinguishing between common liver 

specific DNA elements and CYP2B2 promoter specific elements. This study may reveal 

both the presence of repressors and activators which interact with the regulatory regions 

of the CyP2B2 gene.
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2. METHODS AND MATERIALS

2.1 Animals

Male Sprague Dawley rats (180-200 g) bred at the University College Animal facility 

were used in this investigation. The animals were fed and watered ad libitum. They 

were housed under environmentally controlled conditions. Rats were starved overnight 

before use and sacrificed by cervical dislocation.

2.1.1 In Vivo Procedures

Phénobarbital: Animals received a 0.1% (w/v) solution of Sodium Phénobarbital (PB) 

(BDH Ltd.), prepared in tap water, for four days . On the 5th day they were injected 

intraperitoneally with a 4% (w/v) solution of PB in 0.9% (w/v) saline at a dose of 40 

mg/kg.

fi-naphthoflavone: Animals received a single intraperitoneally injection of 6-

naphthoflavone (P-NF) (Aldrich Chemical Co.) at 40 mg/kg in 0.2 ml of 10% (v/v) 

ethanol, 90% (v/v) com oil on each of 3 consecutive days.

Isosafrole: Isosafrole (ISF) (Aldrich Chemical Co.) was administered to rats

intraperitoneally (150 mg/ml) with 0.2 ml of 10% (v/v) ethanol, 90% (v/v) com oil on 

each of 4 consecutive days.

Untreated Animals: Animals were injected with 0.9% (w/v) saline or 10% (v/v) 

ethanol, 90% (v/v) com oil as appropriate.

2.2 ISOLATION OF TOTAL MICROSOMAL MEMBRANES

Total microsomal membranes were isolated according to the procedure of van der 

Hoeven & Coon (1974).

Materials

Buffer A: 100 mM Tris-acetate (pH 7.4), 100 mM Potassium chloride, 1 mM EDTA, 

23 pM Butylated hydroxy toluene (BHT)

Buffer B: 100 mM Sodium pyrophosphate (pH 7.4), 1 mM EDTA, 23 pM BHT 

Buffer C: 100 mM Potassium phosphate (pH 7.25), 1 mM EDTA, 20% (v/v) glycerol

All procedures were performed at 4°C

Livers were removed, weighed and rinsed with 0.9% (w/v) saline and cut into 

small pieces. The tissue was homogenised using a motor-driven homogeniser in 4
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volumes of Buffer A. The homogenate was centrifuged at 10000 g for 30 minutes and 

the supernatant was retained. The pellet was homogenised in a small volume of Buffer 

A and recentrifuged at 10000 g for a further 30 minutes. Supernatants were combined 

and centrifuged at 105000g for 90 minutes. The resulting microsomal pellet was 

resuspended in a volume of Buffer B (equal to 0.75 times that of the combined 

supernatants). The sample was sonicated for 4 x 10 sec intervals in a 500 Watt MSE 

sonicator at full output and recentrifuged at 105000 g for 60 minutes. The pellet was 

resuspended at a final protein concentration of 20 mg/ml in Buffer C, flushed with 

nitrogen and stored at -78°C.

2.2.1 Preparation of Solubilised Microsomal Membranes

Total microsomal membranes were solubilised with sodium deoxycholate according to 

the method of Imai (1976) as modified by Shephard (1983).

Materials

Buffer D: 100 mM Potassium phosphate (pH 7.25), 1 mM EDTA, 20% (v/v) glycerol,

1 mM Dithiothreitol (DTT), 400 pM Phenylmethylsulfonyl fluoride (PMSF),

23 pM BHT, 2 pM Flavin mononucleotide (FMN) 20% (v/v) glycerol

The membrane suspensions were thawed and homogenised briefly. Samples were 

diluted to a final protein concentration of 2 mg/ml in Buffer D. A 20% (w/v) solution 

of recrystallised sodium cholate was added dropwise with stirring to a final 

concentration of 0.7% (w/v) . The samples were stirred for a further 15 minutes and 

centrifuged at 100000 g for 1 hour. The supernatant was stored under nitrogen at -78°C.

2.2.2 Crystallization of Sodium Cholate (Guengerich et a l,  1978)

50 g of cholic acid (Sigma) were dissolved in 400 ml of hot 50% (v/v) ethanol. One 

spatula of celite and 4 spatula tips of activated charcoal were added to the solution and 

stirred for 15 minutes. The suspension was filtered through a Buchner funnel with 

Whatman N° 42 filter paper and the filtrate was refiltered and left to stand on ice for 

30 minutes or until the cholic acid had recrystallized. Cholic acid was redissolved in 

200 ml of hot 50% ethanol and the above procedure of recrystallization was repeated. 

The product was dried in vacuo to a constant weight. A 20% (w/v) solution of sodium 

cholate was prepared by dissolving the purified cholic acid in water and adjusting the 

pH to approximately 7.5 with 6N NaOH. The pH was adjusted to 7.0 using acetic acid 

and the solution was filtered through Whatman paper N° 1.
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2.3 DETERMINATION OF PROTEIN CONTENT

Protein content was determined by the procedure of Lowry et al. (1951). The assay was 

modified as described by Wang & Smith (1975) for solutions containing detergents. 

Materials

Bovine Serum Serum Albumin (Pentax Fraction V, Miles Scientific). A stock solution 

of 1 mg/ml BSA was prepared with sterile water and stored at 4°C

Solution A: 1% (w/v) Potassium tartrate

Solution B: 1% (w/v) Copper sulphate

Solution C: 2% (w/v) Sodium bicarbonate in 0.1 N Sodium hydroxide

Solution D: Prepared fresh on day of use to the following ratios: A:B:C 1:1:100 (v/v/v)

Folin ScCiocalteau Phenol Reagent (BDH); Folin:Water 1:1.5 (v/v). Diluted on the day

Sodium dodecyl sulphate: A 10% (w/v) solution of SDS was prepared in water and aut

autoclaved.

2.3.1 S tandard Assay:

A standard curve of BSA was prepared in the range 0-100 pg/ml and the final volume 

for both sample and standards were 200 pi. To all tubes, 1 ml of solution D was 

added, mixed and left at room temperature for 20 minutes. 1(X) pi of diluted Folins 

reagent was added and the samples were immediately mixed and stored in the dark at 

room temperature for 45 minutes . The optical density was read at 700 nm.

2.3.2 Assay for Solubilised Microsomal M embranes

Both standard curve and samples contained the same amount of solubilization buffer 

(section 2.2.2). To each tube 1 ml of 10% (w/v) SDS was added prior to the addition 

of Folin & Ciocalteau reagent. The assay was continued as described above.

2.4 GEL ELECTROPHORESIS

Proteins were electrophoresed in SDS/PAGE gels (Laemmli 1970: modified by Phillips 

et al.y 1981,1983) using a BioRad Dual vertical slab electrophoresis cell (Model 220).

2.4.1 Preparation of SDS/PAGE Gels:

Materials: (BDH electrophoresis grade materials were used)

30% Bis-acrylamide: 29.2 g Acrylamide, 0.8 g N,N, methylene-bis-acrylamide (BIS)
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were made up to 100 mis with water. Stored at 4°C in the dark.

TEMED: N,N,N’,N’-tetramethylethylene diamine 

10% SDS: Prepared in distilled water and autoclaved.

Ammonium persulphate: 1.5% (w/v) prepared fresh on day of use in sterile water. 

pH  8.8 Buffer: 1.5 M Tris-Cl (pH 8.8), 0.4% (w/v) SDS 

pH  6.8 Buffer: 0.5 M Tris-Cl (pH 6.8), 0.4% (w/v) SDS 

Protein Markers: (Pharmacia) 14.4 - 96 kD Relative molecular mass

2.4.1.1 Separating Gel

From a 30% stock acrylamide solution 7.5, 10 or 13% gels were prepared with 7.5 ml 

pH 8.8 buffer, 1.5 ml of 1.5% (w/v) ammonium persulphate, 20 pi TEMED and the 

appropriate volume of acrylamide. The final volume was adjusted to 50 ml with 

distilled water. A gel was poured to a depth of 8 cm, immediately overlaid with 0.1% 

(w/v) SDS and left to polymerise for 1 hour or overnight at room temperature.

2.4.1.2 Stacking Gel

The overlay solution was removed. To 1 ml of 30% stock acrylamide, 2.5 ml pH 6.8

buffer, 0.5 ml ammonium persulphate, 10 pi TEMED and 6 ml water was added. The

acrylamide solution was poured on top of the separating gel and left to polymerize for 

1 hour at room temperature before electrophoresis. The glass plates were 17.5 x 12 cm 

and 17.5 x 14 cm and the thickness of the gel was 1.5 mm.

2.5 ELECTROPHORESIS OF PROTEIN SAMPLES 

Materials:

Electrophoresis Buffer: 25 mM Tris base, 192 mM Glycine, 0.1% (w/v) SDS (pH 8.4) 

Microsomal membrane samples were diluted to a protein concentration of 1 mg/ml in 

1% (w/v) SDS, 10 mM EDTA, 10 mM sodium phosphate buffer (pH 7.0), 1% (v/v)

6-mercaptoethanol, 15% (v/v) glycerol, 0.01% (w/v) Bromophenol Blue. Samples 

were placed in a boiling water bath for 3 minutes, then centrifuged in a microfuge for 

1 minute at room temperature. Microsomal protein was loaded directly on to a 

SDS/polyacrylamide gel whose wells had been pre-flushed with buffer. Samples were 

electrophoresed at 15 mA/slab gel until the tracking dye had entered the separating gel. 

The current was increased to 30 mA/slab gel and electrophoresis continued until the dye
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had reached 1 cm from the bottom of the gel. The small glass plate was removed and 

the SDS/polyacrylamide gel was carefully transferred to a plastic tray.

2.5.1 Analysis of SDS/PAGE Gels (Phillips et a l, 1979)

2.5.1.1 Staining of Gel:

Materials:

0.2% (wA) Coomasie Blue (British Drug House): 200 mg of Coomasie blue was 

dissolved in 100 ml at a ratio of 45:45:10 (v/v/v)

Coomasie Blue Destain: Water: Methanol: Acetic acid at a ratio of 60:30:10 (v/v/v) 

SDS/PAGE Fix Solution: 1% (v/v) Acetic acid

Protein bands were fixed and stained for 2 to 3 hours in coomasie blue and 

destained with frequent changes of destain solution. They were fixed and stored in 7% 

(v/v) acetic acid. Gels were placed on an illuminated light box and photographed 

through a green filter.

2.6 WESTERN BLOTTING 

M aterials:

Transfer Buffer: 25 mM Tris-HCl, 192 mM Glycine, 20% (v/v) Methanol

A Scotch-Brite pad was pre-saturated in transfer buffer and positioned in an open 

hinged holder. The electrophoresed SDS/polyacrylamide gel was placed on top of two 

pre-soaked Whatman 3 MM filter papers, followed by a pre-wetted nitrocellulose 

membrane (Schleicher & Schluell 0.2 pm). The transfer membrane was gently rubbed 

to remove air bubbles and excess liquid between the gel and paper. The sandwich was 

completed by placing two more pre-saturated Whatman 3 MM filter papers on top of 

the transfer membrane. The hinged holder was closed and inserted into the transfer 

chamber (Bio-Rad Trans Blot™ cell) with the nitrocellulose membrane anodal to the gel. 

Electrophoresis was carried out at 100 mA/slab gel overnight, and increased to 300 

mA/slab gel for 1 hour prior to immunoblotting.

2.6.1 Antibody Specificity Determined by W estern Blot Analysis

To investigate the specificity of antibodies raised against CYP2B1, C Y PlA l,
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cytochrome reductase and P450 reductase purified proteins, solubilised microsomal 

membranes were electrophoresed through a denaturing 10% SDS/polyacrylamide gel. 

Fractionated proteins were transferred to a nitrocellulose membrane (section 2.6). 

Immobilized proteins were immunoreacted against the appropriate dilution of primary 

antiserum (Table 2.1) and HRP linked goat anti-rabbit IgG antibody conjugate (section 

2.7.1). Cytochrome bg microsomal membrane proteins were electrophoresed through a 

13% SDS/polyacrylamide gels. Following transfer to nitrocellulose membranes, 

cytochrome bg and cytochrome bg reductase proteins were immunoreacted against anti

rabbit IgG alkaline phosphatase conjugate (section 2.7.2 ).

2.7 IMMUNOASSAYS

All chemicals were of enzyme immunoassay grade (Bio-Rad) and double deionized 

water was used throughout. Immunoassays were performed at room temperature 

according to BioRads specifications.

2.7.1 Analysis of Immobilised Proteins Using Antibodies Raised to Rat

CYP2Bs, CYPlAl and NADPH Dependent Cytochrome P450 Reductase 

Materials:

Tris Buffered Saline: 20 mM Tris-HCl, 500 mM NaCl (pH 7.5) (TBS)

Tris/Tween Buffered Saline: TBS with 0.05% (v/v) Tween-20 (TTBS)

Blocking Reagent: 3% (w/v) Gelatin in TBS

Primary Antibody: Diluted in 1% (w/v) Gelatin in TBS (dilutions determined in section 

2.9)

Secondary Antibody: Goat anti-rabbit IgG (Fc) Horse Radish Peroxidase. A 1:3000 

dilution was made in 1% Gelatin-TBS

Colour Reagent: 100 ml TBS containing 60 pi ice-cold (30% v/v) hydrogen peroxide,

20 ml (v/v) Methanol, 60 mg (w/v) 4-chloro-1 -napthol

Purified Protein: CYP2Bs; CY PlA l; P450 reductase (Phillips et a/., 1983).

Imido Black Stain: 0.05% (w/v) Imido black, 1% (w/v) Glacial acetic acid, 25% (v/v) 

Isopropan-2-ol.

Imido Black Destain: 10% (v/v) Glacial acetic acid, 25% (v/v) Isopropan-2-ol

The membrane was briefly rinsed in TBS, immersed in 3% (w/v) gelatin blocking

35



solution, and gently agitated on a platform shaker for 1 hour. The filter was transferred 

to a second dish containing the first antibody (dilution ranged between 1:1(X) to 1:500), 

and incubated for a further 2 hours at room temperature on a platform shaker. After 

brief rinsing of the membrane in distilled water (to remove excess non-specific 

antibody) it was washed twice for 2 x 10 minutes with 100 ml TTBS. The membrane 

was transferred to a tray that contained the second antibody and the filter(s) was 

incubated for a further hour at room temperature. The filter was washed as described 

above. Colour development of the blot was carried out by immersing the membrane 

into the colour reagent and incubating for a maximum of 45 minutes (or until the 

protein bands became visible without a significantly high background). The reaction 

was stopped by placing the membrane in water for 10 minutes with frequent changes 

to remove residual reagent. The membrane was air-dried and wrapped in foil. To 

ensure that transfer of proteins was complete the SDS/polyacrylamide gel was immersed 

in Coomasie blue and stained as described in section 2.5.1. The transferred molecular 

weight markers were cut from the nitro-cellulose membrane and stained with Imido 

black for 5 minutes then destained.

2.7.2 Analysis of Immobilised Proteins Using Antibodies Raised to R at cytochrome 

bg and Cytochrome bg Reductase.

The Protoblot immunoscreeing system was purchased from Promega Biotec. 

M aterials:

Second antibody: Anti-rabbit IgG (Fc) alkaline phosphatase conjugate, at a

concentration of 100 ng/ml in TTBS.

Purified Protein: Cytochrome bg; Cytochrome bg Reductase 

Reaction stop buffer: 20 mM Tris (pH 8.0), 5 mM EDTA

Alkaline Phosphatase (AP) buffenlOO mM Tris (pH 9.5), 100 mM NaCl, 5 mM MgClg. 

Colour development substrate solution: Made up before use. 66 pi of 50 mg/ml NTB 

(nitro blue tétrazolium) substrate, was added to 10 ml of AP buffer. 33 pi of BCIP (5- 

bromo-4-chloro-3-indoyl-phosphate) substrate was mixed with this solution.

The procedure of immunoblotting was the same as described for the HRP method 

up to and including the primary antibody (section 2.7.1). Following washing of the filter 

the second antibody (anti-rabbit alkaline phosphatase conjugate) was added and the filter
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was incubated for 60 minutes at room temperature. The second antibody was removed 

and the filter was washed twice for 5 minutes with TTBS. The membrane was blotted 

dry on a piece of tissue paper and immersed in colour development and the colour was 

allowed to develop for 30 minutes and then immersed in stop solution. The filter was 

stored between two pieces of filter paper.

2.8 IMMUNO SLOT BLOTS

A range of solubilized microsomal protein concentrations and antigen (pure protein), 

diluted in TBS were bound directly to a nitro-cellulose membrane (Schleicher & Scheull 

0.2 pm) pre-soaked in TBS, using a Minifold II (Schleicher & Schuell apparatus). The 

membrane was air dried and processed as described in section 2.7.1 or 2.7.2.

2.8.1 Chromoscan Analysis

Densitometry analysis of Western and Slot blot filters was carried out using a Joyce 

Loebl Chromoscan (Type H).

2.9 TITRATION OF ANTISERUM DETERMINED BY SLOT BLOT ANALYSIS

A serial dilution of purified antigen in TBS (500 ng to 0.1 ng) was applied to a 

nitrocellulose membrane using a Schleicher and Schuell slot-blot apparatus. Antisera 

from different rabbits and their respective bleeds were diluted 1:100 to 1:500 in 1% 

gelatin/TBS. Immunoblotting was performed as described in section 2.7. The limit of 

detection for each antibody was quantified by scanning membranes on a Joyce Lobel 

densitometer. The optimal dilution of antiserum was used throughout this study.

CYP2BS CYP1A &  C ytB j Cyt BjRed P450

CYP1A2 Reductase

Detection 0.2ng/pg 0.2ng/pg 0.17ng/pg 0.2ng/pg

limit mic. mem. mic.mem. mic. mem mic. mem.

Dilution 1:500 1:250 1:250 1:100

Serum (G2) (A1&B2) (E4) (K2)

(mic. mem. abbreviation for microsomal membrane protein)

TABLE 2.1 Titration of antiserum determined by slot blot analysis

0.3ng/pg

mic.mem

1:250

(C14/7)
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2.10 ISOLATION AND CHARACTERIZATION OF A GENOMIC CYP2B2 

CLONE

2.10.1 Microbiological Procedures

2.10.2 Bacteria and Bacteriophage Strains

Two strains of Escherichia Coli (E.Coli) were used for this study.

a). E.Coli strain  JM lO l (Rec A )P

Sup E, thi, A(lac-proAB), [F’^aD 36, proAB, lacV, ZM15]

E.Coli JMlOl was streaked out onto a M9 thiamine agar plate (section 2.10.4) and 

incubated at 37°C for 48 hours. The petri dish was sealed and stored at 4°C for 1 month 

after which it was restreaked onto fresh M9 thiamine plates.

b). E.Coli strain VCS 257

A subclone of DP50 Sup F (purchased from Stratagene)

This bacterial strain was streaked out on a LB agar plate (section 2.10.4) and incubated 

overnight at 37°C to obtain single colonies. The plate was stored at 4°C and restreaked 

every month.

2.10.3 Bacteria Liquid Growth Media 

Materials:

Bactotryptone, Bactoyeast extract and Bactoagar were purchased from Difco.

M9 Medium: 6 g KH2PO4,1 g NH4CI, 0.5 g NaCl were dissolved in water, the pH was 

adjusted to 7.4 and the final volume made up to 1 litre. After autoclaving the following 

sterile filtered components were added, 2 ml IM MgSO^, 10 ml 20% (v/v) glucose and 

100 pi IM CaCl^.

LB Medium: 10 g Bactotryptone, 5 g Bactoyeast extract, 5 g NaCl were dissolved in 

water, the pH adjusted to 7.4 and made up to 1 litre in water before autoclaving.

2x TY Medium: 16 g Bactotryptone, 10 g Bactoyeast extract, 5g NaCl were made up 

to 1 litre in water.

SOB Medium: 20 g Bactotryptone, 10 g Bactoyeast extract, 0.58 g NaCl, 0.19 g KCl 

were dissolved in water, pH was adjusted to 6.8 and the volume was made up to 1 litre 

with water.

SOB Medium containing Magnessium: A 2 M stock of Mĝ "*" was prepared in water 

(1 M MgCl2, MgSO^) and filter sterilised using a Millipore 0.45 pm nitrocellulose filter.
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The solution was added to autoclaved SOB medium prior to use to give a final 

concentration of 20 mM Mĝ "̂ .

SOC Medium: A 2 M stock of glucose, made up in water was filter sterilised using a 

Millipore 0.45 pm filter. The glucose stock was added to autoclaved SOB/Mg '̂*’ 

medium prior to use at a final concentration of 20 mM.

M9 Media: 6 g Na^HPO^, 3 g KH2PO4, 5 g NaCl, Ig NH4CI were dissolved in water, 

the pH was adjusted to pH 7.4 and the volume made up to 1 litre. After autoclaving the 

following filter sterilised components were added: 2 ml IM MgS04, 100 pi of 1 M 

CaClg, 10 ml 20% glucose, 100 pi IM thiamine-HCl .

2.10.4 Media Containing Agar and Agarose

All liquid media was prepared as described above. Before autoclaving the following 

amount of Bactoagar or agarose was added.

1.5% (w/v) Bottom Bacto Agar: 15 g per litre 

0.7% (w/v) Top Bacto Agar or agarose: 1 g per litre

2.10.5 Antibiotics

Ampicillin (Sodium Salt Beecham)

A stock 50 mg/ml solution of ampicillin (Amp) was made up in water and filter 

sterilised through a Millipore 0.45 pm filter. Aliquots were stored at -20°C. Liquid 

media was allowed to cool to 55°C before the addition of the antibiotic. Amp was 

added to agar plates at a final concentration of 50 pg/ml and the plates could be stored 

for 2 weeks at 4°C. Amp was added to liquid media at a final concentration of 

lOOpg/ml and used on the same day.

2.11 GENOMIC LIBRARY

A rat genomic Lambda Charon 4A Library (a kind gift from Drs T. Sargent, J. Bonner 

& R. B Wallace) was screened by D R. Bell (PhD 1989) using a double stranded 66 

mer oligonucleotide probe that encoded amino acids 1 to 22 of a CYP2B2 gene (Fujii- 

Kuriyama et al., 1982; Mizukama et at., 1983). Positive phage isolated from the 

tertiary screen by D. R Bell were subsequently screened and characterized during the 

course of this thesis.
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211.1 Quaternary Screen to Isolate C1T2B2 Sequence

2.11.2 Preparation of VCS 257 Plating Bacteria

E.Coli VCS 257 were used for plating out a lambda Charon 4A rat genomic library as 

it has a high X phage DNA transformation efficiency.

A 25 ml glass universal bottle containing 5ml LB, 10 mM MgSO^, (2 M Mg^^ stock), 

0.2% (w/v) maltose (20% Maltose stock) was inoculated with a single colony of VCS 

257 from an LB plate (section 2.10.4). The culture was incubated at 37°C overnight 

in an orbital shaking water bath. Bacterial cells were harvested at room temperature by 

centrifuging at 1000 g for 10 minutes. The pellet was resuspended in 10 mM MgSO^ 

(0.4 volumes of the original volume). The cell suspension could be stored for two days 

at 4 T .

2.11.3 Titration of the Tertiary Screen of the Rat Genomic Charon 4A Library

Assuming an initial titre of 10*-10  ̂ plaque forming units (pfu)/ml, a serial dilution of 

the library was prepared in lambda diluent within the range 10* to lO'* pfu/ml. To 100 

|il of diluted phage an equal volume of VCS 257 was added (section 2.11.2) and 

mixed by gentle swirling in a 5 ml Falcon (2054) tube. The phage were incubated 

with the bacteria for 20 minutes at 3TC  with occasional agitation to allow adsorbtion. 

The suspension was added to 3 mis of top 0.7% (w/v) molten LB Agarose, mixed by 

gentle inversion and plated out on top of a prewarmed 82 mm petri dish containing 25 

ml of bottom 1.5% (w/v) agar, 50 pg/ml Amp, 10 mM MgSO^, 0.2% (w/v) Maltose. 

Plates were inverted and incubated overnight at 37°C . The number of plaques on each 

plate were counted from which the titre of the library was calculated.

2.11.4 Amplification of Phage

Two methods were used to amplify the rat genomic Charon 4A library

2.11.4.1 Single Plaque Lysis 

Materials:

Lambda Diluent: 10 mM Tris-HCl (pH 8.0), 10 mM Magnesium chloride

A lawn of E.Coli VCS 257 was prepared by adding 100 pi of an overnight culture of 

VCS 257 bacteria (section 2.11.2) to 3 ml of molten top agarose that was poured on
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top of a prewarmed bottom agar plate. The cells were grown for 3 hours at 37°C.

A single plaque was isolated from an LB agar plate using the tip of a sterile 

200 pi Gilson tip. The plug of agarose was resuspended in 1 ml of lambda diluent by 

vortexing. Phage were eluted from the agarose plug by placing the bottle on a 

platform roller for 3 hours at room temperature. An aliquot (2-10 pi) of the phage 

eluent was spotted onto a fresh lawn of £. Co/i VCS 257, and allowed to air dry. The 

plate was incubated overnight at 37°C in an upright position, wrapped in damp tissues.

Large single plaque(s) were removed from the agar plate using the base of a 1ml 

sterile gilson tip. The agarose plug was transferred to a 4 ml Bijou bottle to which 1 

ml of lambda diluent was added and then vortexed vigorously to disrupt the agarose. 

The bottle was placed on a roller platform for 3 hours at 37°C. The lambda diluent was 

transferred to an eppendorf tube and centrifuged at 10000 g to remove agarose and 

bacterial debris. The diluent was carefully transferred to a fresh eppendorf tube 

containing 50 pi of CHCI3 ensuring that no contamination with agarose occurred. The 

primary amplified bacteriophage stock was stored at 4°C. To obtain a highly amplified 

bacteriophage stock the amplification step was repeated as described above using the 

primary amplified phage stock. The titre of this secondary amplification was >10^- 

10^°pfu/ ml.

2.11.4.2 Confluent Plate Lysis

Freshly prepared bottom LB agar plates, containing 50 pg/ ml Amp, 10 mM MgSO^, 

and 0.2% (w/v) maltose were stored upright without drying. An overnight culture (100 

pi) of E.Coli VCS 257 (section 2.11.2) was gently mixed with 50-100 pi of secondary 

amplified bacteriophage stock (as described above) and incubated at 37°C for 20 minutes 

to allow phage adsorbtion. The inoculum was added to 3 mis of molten 0.7% agarose 

and poured on top of a prewarmed LB bottom agar. The plates were incubated at 37°C, 

in an upright position, wrapped in damp tissues to encourage lysis. Bacteriophage were 

isolated as described in section 2.12 up to and including the transfer of lambda diluent 

to a 12 ml polypropylene tube and centrifuging at 8000 g for 10 minutes at 4°C to 

remove bacterial debris and agarose. The bacteriophage suspension was transferred to 

a fresh tube containing 250 pi CHCI3 and stored at 4°C.
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2.12 RAPID SMALL-SCALE ISOLATION OF LAMBDA RECOMBINANT

PHAGE DNA 

Materials

TE Buffer: 10 mM Tris-HCl (pH 8.0), 1 mM EDTA (pH 8.0)

Sodium dodecyl Sulphate: 10% (w/v) SDS prepared in water 

EDTA: 500 mM EDTA (pH 8.0)

Phage Buffer: 20% (w/v) Polyethylene glycol 6000, 2 M NaCl, 10 mM Tris-HCl (pH 

7.5), 10 mM MgSO^.

DNase 1 (Sigma): DNase 1 (10 mg/ml) was prepared in sterile water and filtered 

through a 0.45 |im Millipore filter. Aliquots were stored in aliquots at -20°C 

RNase A  (Sigma): RNase A (lOmg/ml) was boiled for 10 minutes and cooled slowly 

to room temperature. Aliquots were stored at- 20°C.

Lambda Diluent: 10 mM Tris-HCl (pH 8.0), 10 mM Magnesium chloride 

Maltose: 20 % (w/v) Maltose

Bacteriophage were plated out on a 82 cm plate at a density of 1.5 x 10® pfu and 

incubated overnight at 37°C in an upright position, wrapped in wet tissues. To a 

confluent plate (section 2.11.4.2), 5 ml of lambda diluent was added. Bacteriophage 

were eluted from the LB agarose with gentle shaking on a flat bed platform shaker for 

2 hours at room temperature. The lambda diluent was transferred to a 12 ml 

polypropylene tube and centrifuged at 8000 g for 10 minutes at 4°C to remove 

bacterial debris and agarose. The supernatant was carefully transferred to a 50 ml 

Falcon tube and incubated at 3TC  for 30 minutes with DNase 1 and RNase A at final 

concentrations of 1 pg/ml. An equal volume of ice-cold phage buffer was added to the 

supernatant and the tubes were incubated on iced-water for 1 hour. The precipitated 

bacteriophage particles were recovered by centrifugation at 10000 g for 20 minutes at 

4°C in 30 ml polypropylene tubes. The supernatant was decanted and residual PEG was 

removed by draining the tube in an inverted position and wiping the inside of the tube 

with a tissue. The phage were resuspended in 500 pi lambda diluent by gentle 

vortexing, and centrifuging at 10000 g for 2 minutes at room temperature to remove 

bacterial debris. The phage suspension was transferred to an eppendorf tube to which 

5 pi of 500 mM EDTA (pH 8.0) and 5 pi 10% (w/v) SDS was added. The tube was 

incubated at 68°C for 15 minutes. The sample was extracted once with an equal
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volume of phenol/ CHCl^iIAA (section 2.12.2) and phage DNA was precipitated by 

the addition of an equal volume of Isopropan-2-ol and placing at -78°C for 1 hour. The 

sample was thawed to room temperature and centrifuged at 10000 g for 30 minutes. 

The supernatant was removed and the pellet washed with 80% ethanol and vacuum 

dried. DNA was dissolved in 50 pi TE buffer per confluent plate.

2.12.1 Equilibration of Phenol 

Materials:

Phenol (BDH):

Phenol to which a few crystals of 8-hydroxyquinoline was added was melted at 68°C in 

a water bath. Equilibration was obtained by adding an equal volume of 1 M Tris-HCl 

(pH 8.0), vortexing vigorously and centrifuging at 1000 g. The upper phase was 

removed to a fresh tube to which an equal volume of 0.1 M Tris-HCl (pH 8.0) was 

added. The above step was repeated until the pH ranged between 7.0 and 8.0.

2.12.2 Phenol and ChloroformilAA Extractions of DNA 

Materials:

Equilibrated Phenol: Prepared as described in section 2.7

Chloroform:IAA: A solution containing 24 parts chloroform to 1 part Isoamyl alcohol. 

Ammonium Acetate: A 4 M solution, prepared in distilled water was adjusted to pH 4.8 

Absolute Alcohol: 95% (v/v) ethanol 

70% (v/v) Ethanol:

DNA was extracted by adding 0.5 volumes of equilibrated phenol to the sample 

and vortexing for 20 seconds. A 0.5 volume of CHCl3:IAA (24:1) was added and the 

sample was vortexed for a further 20 seconds (equal volume of phenol/CHCl3:IAA). 

The aqueous phase was separated by centrifugation at 10000 g for 5 minutes and 

transferred to a fresh eppendorf tube to which an equal volume of CHCl3:IAA was 

added. The contents were vortexed for 20 seconds followed by 5 minutes 

centrifugation at 10000 g. To the aqueous phase 1 volume of 4 M Ammonium acetate 

and 4 volumes of absolute alcohol was added. DNA was precipitated overnight at -20°C 

or on dry ice for 15 minutes. Unless otherwise stated this method was used for DNA 

extraction and purification.
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2.13 SUBCLONING OF DNA INTO PLASMID PUCI9 AND BLUESCRIPT KS 

AND SK VECTORS

2.13.1 Plasmid Vectors

a) pUC 19 vector : The pUC 19 vector contains the pBR322 P-lactamase gene and 

part of the Lac Z  gene of E.Coli. Within the Lac Z  region, a multiple cloning site has 

been inserted. This vector was used for routine subcloning and sequencing.

b) Stratagene KS and SK ’Bluescript’ vectors: These vectors are derived from pUC 

vectors. In addition to a more extensive multiple cloning site, they also contain 

bacteriophage T3 and T7 promoters at either end of the cloning site. KS and SK vectors 

are identical apart from the orientation of their multiple cloning sites.

2.13.2 Preparation of DNA for Ligation into the Plasmid Vectors 

M aterials

1 Kb Molecular Weight Standard (M  ̂x 10' )̂ BRL: A stock solution of. relative

molecular mass standard , 200 pg/ml was prepared in TE buffer to which a 1/10th 

volume of loading buffer was added (section 2.19).

DNA from a lambda genomic clone and plasmid vector DNA (10 pg and 1 pg 

respectively) were digested for 1 hour at 37°C with the appropriate restriction 

endonuclease in a final volume of 40 pi (section 2.18). A small volume of these digests 

were run on an agarose gel (section 2.19) to ensure that the restriction endonuclease 

had digested the DNA to completion. The remainder of the digest was adjusted to 40 

pi with TE and extracted with an equal volume of phenol/CHCl^iIAA (section 2.12.2). 

The aqueous phase was transferred to a fresh eppendorf tube and the phenol phase was 

re-extracted with an equal volume of TE buffer. To the pooled phases an equal volume 

of CHCljiIAA was added, vortexed and after centrifugation the upper phase was 

transferred to an eppendorf tube to which 1 volume of 4 M ammonium acetate (pH 4.8) 

and 4 volumes of absolute alcohol was added. DNA was precipitated overnight at - 

20°C or on dry ice for 15 minutes and pelleted by centrifugation at 10000 g for 15 

minutes, washed with 80% ethanol and dried in vacuo. The pellet was dissolved in 10 

pi TE buffer. The concentration of DNA was estimated with reference to a 1 Kb 

molecular weight standard. If multiple DNA fragments were generated from digestion
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of DNA with a restriction endonuclease(s) the sample was electrophoresed on a 

preparative agarose gel and the required fragment was selected by electro-elution onto 

NA45 paper (section 2.23.2).

2.14 LIGATION OF DNA INTO THE PLASMID VECTORS

This method is modified from Maniatis et a l, (1982)

Materials

10 X Ligation Buffer: 500 mM Tris (pH 7.4), 100 mM MgCl2, 100 mM DTT, 10 mM 

Spermidine, 10 mM ATP, 1 mg/ml BSA 

T4 DNA Ligase (New England Biolabs): 10 U/pl

Ligations were performed with a vector to insert DNA ratio in the range 1 - 5 0  

ng vector DNA to 10 - 250 ng insert DNA. Reactions were carried out in a final 

volume of 10 pi (adjusted with water) that contained the appropriate amount of vector 

to DNA insert ratio, 1 pi of 10 x Ligation Buffer and 10 U of T  ̂ DNA Ligase. The 

reaction was incubated at room temperature for 1 -16 hours. A series of controls were 

carried out to check transformation and ligation efficiencies. These were 10 ng of uncut 

vector, 10 ng cut vector and 10 ng religated cut vector.

2.14.1 Transformation Methods

Competent cells were prepared essentially as described by Hanahan (1985) Two methods 

were used for routine subcloning of restriction DNA fragments.

Materials:

Standard transformation buffer (STB): 100 mM KCl, 45 mM MnCl2.4H20, 10 mM 

CaCl2.H20, 3 mM [Co(NH2)6ClJ (hexaminecobalt (HI) chloride), were prepared in 

distilled deionised water. 20 ml of a 0.5 M stock solution of Potassium 2-(N- 

Morpholino)ethane sulphate (K-Mes pH 6.4) was added and the solution was made up 

to 100 ml. After filtration through a 0.45 pm Millipore filter, the buffer was stored at 

4°C for up to 12 months.

DnD Solution: IM DTT, 90% Dimethysulphoxide (DMS), 10 mM Potassium acetate 

(pH 7.5)
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a) Method 1

A single colony of JMlOl (from an M9 thiamine plate) was streaked onto a SOB plate 

and grown overnight at 37°C. From this plate, a single colony was picked and 

inoculated into 5 ml of SOB medium. The cells were dispersed by vortexing and grown 

overnight at 37°C. 0.5 ml of overnight culture was added to a 250 ml flask containing 

50 ml of SOB. The cells were grown with gentle shaking to an optical density between 

0.2 to 0.4 OD units/ml at a wavelength of 550 nm. JMlOl cells were transferred to a 

pre-chilled 50 ml Falcon tube and harvested by centrifugation at 1000 g for 10 minutes 

at 4°C. The pellet was drained thoroughly and resuspended gently in 1/3 of the original 

culture volume of ice-cold STB (17 ml) by gentle pipetting. Tubes were placed on ice 

for 10-60 minutes then recentrifuged as described above. The pellet of cells were 

resuspended in 1/12.5 of the original volume in STB (6.25 ml). To the suspension, 400 

pi of DnD was added and the contents were mixed by gentle swirling. The cells were 

returned to ice for 20 minutes before being transformed.

Transformation efficiency obtained by this method was 10̂  colonies/pg supercoiled 

DNA.

b) Method 2

A single colony of E.Coli JMlOl was streaked out onto a series of 2 x TY agar plates 

(section 2.10.4) containing 15 mM MgSO^. The plates were incubated overnight at 

37°C. Two to three isolated colonies approximately 3 to 5 mm in diameter were picked 

from the plate and dispersed by gentle vortexing into individual 15 ml Falcon tubes 

(2006/2059) containing 200 pi STB for each ligation. To each suspension of cells, 14 

pi of DnD was added and the contents were mixed by gentle swirling. The tubes were 

left on ice for 15 minutes. Transformation efficiency obtained by this method was 10̂  

colonies/pg supercoiled DNA.

2.14.2 Transformation Procedure

Competent cells (200 pi) prepared by either method described in section 2.14.1 were 

aliquoted into pre-chilled 15 ml Falcon tubes to which 1 pi of ligation mixture was 

added. The tube contents were mixed by gentle swirling and placed on ice for 1 hour. 

Cells were heat shocked at 42°C for exactly 90 seconds and returned to ice for 2 

minutes. To each tube 800 pi of SOC growth medium was added and the transformants
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were incubated at 37°C for 1 hour with moderate agitation. Tubes were centrifuged at 

4°C for 3 minutes at 1000 g and the cell pellet was resuspended in 200 pi SOC 

medium.

2.15 SELECTION OF RECOMBINANT BACTERIAL COLONIES

2.15.1 BlueAVhite Colony Assay 

Materials

IPTG (BRL): 0.25 M Isopropyl-p-D-thiogalactosidase was prepared in sterile water and 

filter sterilised using a Millipore 0.45 pm membrane filter.

X-Gal (Northumbria Biologicals Ltd.,): 2% (w/v) 5-Bromo 4-chloro 3-indoyl-P-D- 

galactosidase was prepared in dimethylformamide. Aliquots were stored at -20°C.

Molten LB bottom agar was cooled to 55°C and ampicillin was added to a final 

concentration of 50 pg/ml. X-Gal and IPTG (40 pi each) were spread onto the agar 

plates using a glass spreader and air dried. Transformed cells (200 pi) were spread 

evenly onto the plates and after air drying they were incubated overnight at 37°C in an 

inverted position.

2.16 PREPARATION OF PLASMID DNA FROM BACTERIAL CELLS

(Maniatis et a l, 1982)

2.16.1 Small Scale Rapid Plasmid Preparation 

Materials

Solution I: 50 mM glucose, 25 mM Tris-HCl (pH 8.0), 10 mM EDTA. This solution 

was autoclaved for 15 minutes at 10 Ib/in^ and stored at 4°C.

Solution II: 0.2 N NaOH, 1% (w/v) SDS. This solution was prepared from fresh stock 

solutions on day of use.

Solution III: Potassium acetate (pH 4.8), 3 M with respect to potassium and 5 with 

respect to acetate. To 60 ml of 5 M potassium acetate, 11.5 ml glacial acetic acid and

28.5 ml water was added. The solution was stored at 4°C.

TE Buffer: 10 mM Tris-HCl (pH 8.0), 1 mM EDTA (pH 8.0)
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A 25 ml glass bottle containing 5 ml of LB broth and 50 pg/ml Amp was 

inoculated with a single white or blue colony from a transformation plate, using a sterile 

toothpick or with 10 pi of culture taken from a frozen bacterial glycerol stock (section 

2.17). The inoculum was incubated overnight with vigorous shaking in a water bath 

at 37°C. A bacterial pellet was obtained by centrifuging 1.5 ml of an overnight culture 

in an eppendorf tube for 1 minute. The supernatant was discarded leaving the pellet 

free from residual growth medium. The pellet was resuspended in 100 pi ice-cold 

solution I by vortexing vigorously. The sample was left at room temperature for 5 

minutes. Freshly prepared solution II (200 pi) was added and the tube contents were 

mixed by rapid inversion The tube was placed on ice for 5 minutes. Solution HI (150 

pi) was added and the contents were vortexed in an inverted position for 10 seconds 

before returning to ice for a further 5 minutes. The eppendorf tube was centrifuged at 

10000 g for 5 minutes at room temperature. The supernatant was transferred to a fresh 

tube and DNA was extracted with an equal volume of phenol/CHCl^:lAA. After 

centrifugation the upper aqueous phase was transferred to a fresh tube to which two 

volumes of ice-cold absolute alcohol was added. The tube was left at room temperature 

for 2 minutes and precipitated DNA was pelleted by centrifugation for 5 minutes at 

room temperature. The pellet was rinsed with 80% ethanol, dried in vacuo and 

dissolved in 10 pi TE buffer. The tube was placed at 65°C for 5 minutes to inactivate 

endogenous DNase. Plasmid DNA was stored at -20°C.

2.16.2 Medium Scale Rapid Plasmid Preparation (’Midi’ prep.)

Plasmid DNA was isolated as described by Bimboim and Doly (1979) with

modifications by Ish-Horowicz and Burke (1981).

M aterials

STE: 100 mM NaCl, 10 mM Tris-HCl (pH 8.0), 1 mM EDTA (pH 8.0)

RNase A: 10 mg/ml (prepared as described in section 2.6.5).

NaCl: 5 M prepared in sterile water and autoclaved.

2.16.2.1 Growth and Harvesting of Bacteria

A 250 ml conical flask containing 100 ml of LB broth and 100 pg/ml Amp was 

inoculated with a single recombinant from a transfomation plate, or a colony picked 

from an LB plate, that had been streaked with an aliquot of frozen bacterial glycerol
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stock (section 2.17) and grown overnight at 37°C. The flask was incubated overnight 

in an orbital shaking waterbath at 37°C. The cells were harvested at 4°C in 250 ml 

bottles with centrifugation at 5000 g for 10 minutes (MSE Angle 18). The pellet was 

resuspended in 5 ml of ice-cold STE, to which a further 10 ml STE was added. The 

resuspended pellet was recentrifuged as described above.

2.16.2.2 Isolation of Plasmid DNA

The supernatant was discarded and the pellet was resuspended in 4 ml of ice-cold 

solution I and left at room temperature for 5 minutes. The cells were transferred to a 

50 ml capped polypropylene centrifuge tube to which 8 ml of freshly prepared solution 

II was added. The suspension was mixed by gentle inversion of the capped tube and 

returned to ice for 10 minutes. Solution HI (4 ml) was added, the contents were mixed 

by vigorous shaking and the tube was returned to ice for a further 5 minutes. The tube 

was centrifuged at lOOOOg for 10 minutes at 4°C. The supernatant was transferred to 

a 30 ml glass Corex tube to which 0.6 volumes of Isopropan-2-oI was added. The 

contents were mixed thoroughly and left to stand at room temperature for 15 minutes.

Precipated DNA was pelleted by centrifugation at 10000 g for 30 minutes at room 

temperature, rinsed with 80% ethanol, briefly dried and dissolved in 1.25 ml TE buffer. 

The solution was transferred to a Falcon 50 ml universal tube containing 25 fil of 10 

mg/ml RNase A and 39 pi of 5 M NaCl and the tube was incubated at 37°C for 90 

minutes. DNA was extracted with 1.3 ml phenol, vortexed for 20 seconds, followed 

by the addition of 1.3 ml CHCl^iIAA and vortexing for a further 20 seconds. The 

aqueous layer was separated by centrifugation at 10000 g. The phenol/CHCl^ phase 

was re-extracted with 2.6 ml TE Buffer. To the pooled aqueous phases, 5 ml of 

CHCljiIAA was added and the tube contents vortexed for 20 seconds. After 

centrifugation, DNA was precipitated by transfering the aqueous phase to a sterile corex 

tube containing 2 volumes of absolute alcohol and leaving on dry ice for 1 hour or 

overnight at -20°C. DNA was pelleted by centrifugation at 10000 g for 30 minutes at 

4°C. The pellet was rinsed briefly with 80% ethanol, dried under vacuum and dissolved 

in 100 pi TE. The sample was placed at 65°C for 5 minutes to inactivate endogenous 

DNase. Plasmid DNA was stored at -20°C.
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2.17 Methods of Storing Recombinant Bacteria

2.17.1 Glycerol Stocks

Glycerol stocks were prepared from overnight cultures (section 2.13.1) by adding an 

equal volume of LB broth containing 30% (v/v) glycerol. Stocks were stored at -78°C.

2.17.1.2 Bacterial Pellets

Pellets were prepared by centrifuging 1.5 ml of an overnight culture at 10000 g for 1 

minute at room temperature. The supernatant was decanted and any residual excess 

removed. Pellets were stored at -20°C. Plasmid DNA from frozen pellets was isolated 

by the Rapid Plasmid method (section 2.16.1), cleaved with restriction endonuclease 

(section 2.18) or used directly for double stranded DNA sequencing (section 2.39).

2.18 DNA

2.18.1 Restriction Endonuclease analysis of DNA

2.18.1.1 Restriction Endonuclease Buffers 

10 X Salt Digest Buffer

Low Salt - 100 mM Tris-HCl (pH 7.5), 100 mM MgCl^

Medium Salt - 100 mM Tris-HCl (pH 7.5), 100 mM MgClz, 500 mM NaCl

High Salt - 100 mM Tris-HCl (pH 7.5), 100 mM MgCl^, 1 M NaCl

Enzymes which required specific buffers were prepared according to the manufacturers

specifications.

2.18.1.2 2 X Restriction Endonuclease Digest Buffer

To prepare 1 ml of 2 x digest buffers, 100 pi each of the following components were 

added: 2 mg/ml BSA (BRL-nuclease free), 200 pg/ml RNase A (Sigma), 20 mM 

Dithiothreitol (DTT), 80 mM Spermidine, 200 pi of 10 x digest buffer and 400 pi sterile 

water. The volume of digest varied according to the amount of DNA (1 to 100 pg/ml) 

to be digested and the activity of the restriction endonuclease. Generally 1 to 10 units 

of restriction endonuclease was used per pg of DNA.

2.18.1.3 Restriction Endonuclease Buffer for Small Scale Digests 

Materials:

Restriction digest bujfer: 100 pi BSA (1 mg/ml), 100 pi DTT (10 mM), 100 pi RNase
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A (100 nl/ml), 100 jii Spermidine (40 mM), 100 pi 10 x Salt Buffer and 350 pi water.

To 2-3 pi closed circlular plasmid DNA, 17 pi digest buffer, 1 pi restriction 

endonuclease enzyme was added and the final volume was adjusted to 20 pi with water.

2.18.1.4 Restriction Endonuclease Digestion Conditions

(For small and midi-scale recombinant DNA preparations)

Digests were carried out at 37°C for 1-3 hours. Reactions were stopped with the 

addition of EDTA to a final concentration of 20 mM. To check whether the digest 

reactions had cut to completion a small aliquot was loaded onto an agarose check gel 

Digested samples were loaded directly onto an agarose gel (section 2.19), stored at - 

20°C for later analysis or digested with a second restriction endonuclease.

2.19 AGAROSE GEL ELECTROPHORESIS

Materials

Ethidium Bromide: 10 mg/ml (w/v) in water. Stored at 4°C in the dark.

10 X TBE: 108 g Tris base, 55 g Boric acid, 9.3 g EDTA made up to IL in water.

10 X Load Bujfer: 25% (w/v) Ficoll, 0.025% (w/v) Bromophenol blue, 0.025%

(w/v) Xylene cyanol

Agarose (Sigma or Sea Kem FMC products): 0.7% to 3%.

1 Kb Molecular weight standard (BRL): Size range 75 bp - 12.2 kb

The percentage of agarose required for preparative gels was determined 

according to a), the size of the DNA fragment (migration rate), b). degree of 

resolution required and c). the method used to excise DNA fragments from the gel. 

Increasing the percentage of agarose allowed the visualisation of small molecular weight 

DNA fragments. Agarose was dissolved in 1 x TBE by microwaving and allowed to 

cool to 55°C before ethidium bromide was added to a final concentration of 0.5 pg/ml. 

The solution was poured immediately into a gel chamber containing a comb that formed 

the wells. The gel was allowed to solidify at room temperature or at 4°C if low melting 

agarose was used. To the digests a 1/lOth volume of a 10 x loading buffer was added. 

Electrophoresis was carried out in 1 x TBE buffer containing 0.5 pg/ml ethidium 

bromide at 10 V/cm or until the bromophenol blue dye had reached the bottom of the
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gel. Electrophoresis overnight was carried out at 0.5 V/cm. DNA was visualised under 

ultra-violet light and photographs were taken with Polaroid 55 film using a Polaroid 

Land camera fitted with a red filter (f4.5 for 30 to 60 seconds). The size of DNA 

restriction fragments were determined with reference to a standard curve plotted on log 

cycle paper of 1 Kb DNA relative molecular mass fragments (bases) against their 

migratory distance (mm). (Southern., 1985).

DNA restriction fragments less than 100 bp in size were isolated from preparative native 

polyacrylamide gels (section 2.23.4).

2.20 SOUTHERN BLOT HYBRIDIZATION ANALYSIS OF DNA

(Southern, 1975)

Materials:

Denaturing Solution: 1.5 M NaCl, 0.5 N NaOH 

Neutralising Solution:\ M Tris-HCl (pH 8.0), 1.5 M NaCl

20 X SSC: 175.3 g NaCl, 88.2 g Sodium citrate were dissolved in water, adjusted to 

pH 7.4 with 10 N NaOH and made up to 1 litre.

Nylon Membrane: Hybond-N (Amersham, International)

Following electrophoretic separation of the restriction endonuclease digests, and 

photography, the agarose gel (section 2.19) was prepared for blotting by the method of 

Southern. The gel was immersed in a dish containing denaturing solution (ensuring that 

all of the gel was covered) and soaked for 30 minutes with two changes of buffer. The 

denaturing solution was removed and replaced with neutralising solution. The agarose 

gel was soaked with two 15 minute changes of neutralising solution at room 

temperature with gentle agitation. The gel was briefly rinsed with distilled water. 

Transfer of DNA to a nylon membrane (Hybond-N) was achieved by covering a glass 

plate with a ’wick' of 3 MM Whatman paper, positioned so that the ends of the wick 

lay in a reservoir of 20 x SSC. The gel was positioned face downwards on top of the 

saturated wick. A piece of Hybond -N membrane was cut to the same size as the gel, 

and carefully positioned on top of the gel, ensuring that no air bubbles were trapped. 

Strips of Nescofilm were placed around the edges of the membrane and two sheets of 

Whatman 3 MM paper that had been cut to the same size as the gel and pre-saturated 

in 2 X SSC buffer were placed on top of the membrane. Layers of absorbent paper
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towels were positioned on top of the Whatman paper to approximately 12 cm in height 

followed by a glass plate and a heavy weight. The agarose gel was blotted overnight 

to ensure complete transfer of DNA. Prior to the removal of the membrane from the 

gel, the position of wells and the gels orientation was marked with a pencil. The 

membrane was wrapped in Saran Wrap and single stranded DNA was covalently cross- 

linked to the membrane by placing the filter DNA side down on top of an ultra violet 

transilluminator for 3 minutes.

2.21 SOUTHERN BLOT HYBRIDIZATION PROCEDURE WITH [a-^^P] 

DNA LABELLED PROBES

Southern blot filters were hybridized with [a-^^P] labelled probes prepared as described

in section 2.29.1

Materials

Denatured Salmon Sperm DNA: 10 mg/ml was dissolved in water, sheared three times 

25 gauge needle and denatured by boiling for 10 minutes. Aliquots were stored at - 

20°C. DNA was reboiled for 5 minutes and quickly cooled on ice prior to use.

50 X Denhardts with BSA: Ficoll (5 g), polyvinylpyrolydine (5 g) and BSA (5 g Pentax 

fraction V, Miles Scientific) were dissolved in water and the volume was adjusted to 

500ml. The solution was filtered sterilized through a Millipore 45 pm filter.

20 X  SSPE: 3.6 M NaCl, 200 pM NaH^PO^, 20 pM EDTA (pH 7.4) 

Pre-hybridization Bujfer: 5 x Denhardts with BSA, 0.1% SDS (w/v), 200 pg/ml

denatured salmon sperm DNA, 5 x SSPE.

Hybridization Bujfer: 2 x Denhardts with BSA, 5 x SSPE, 0.1% (w/v) SDS, 100 pg/ml 

denatured salmon sperm, 6% (w/v) polyethylene glycol 6000.

2.21.1 Pre-Hybridization of the Filter

Pre-hybridization buffer was used to saturate non specific DNA binding sites. Southern 

blot filters were heat sealed in plastic bags (if more than one filter, they were placed 

back to back to one another). Pre-hybridisation buffer was added at 100 pl/cm^ filter 

and incubated at 65°C for 6 to 16 hours.
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2.21.2 Addition of Probe and Hybridization of the Filter

The pre-hybridisation buffer was removed from the bag and replaced with hybridisation 

buffer at 50 pl/cm^ filter. The filter was returned to a 65°C water bath for 1 hour. 

Radiolabelled DNA fragments were boiled for 3 minutes and quickly cooled on ice 

(section 2.29) and added to the buffer at a concentration of 10 ng/ml (specific activity 

5 X 10® - 1 X lO^cpm/pg). The plastic bag was resealed ensuring that all of the air 

bubbles had been expelled. Hybridization continued overnight at 65°C. To remove 

unbound radiolabelled probe from the filters they were washed twice at room 

temperature with 2 x SSPE, 0.1% (w/v) SDS for 15 minutes and once with 0.1 x 

SSPE, 0.1% (w/v) SDS for 15 minutes. They were finally washed with 0.1 x SSPE, 

0.1% (w/v) SDS at 50°C. The filters were blotted dry, wrapped in Saran Wrap and 

autoradiographed using Fuji or Kodak X-Omat film with an intensifying screen 

overnight at -78° C.

2.22 SOUTHERN BLOT HYBRIDIZATION PROCEDURE FOR 

[a ^̂ P] LABELLED OLIGONUCLEOTIDE PROBES

Southern blot filters were hybridized with [a-^^P] labelled oligonucleotide probes 

prepared as described in section 2.37.

Materials:

20 X SSC: 175.3 g NaCl, 88.2 g Sodium citrate were dissolved in 1 litre of water and 

autoclaved

Pre-hybridization and hybridization buffer: 10 x Denhardts with BSA, 6 x SSC, 0.1% 

(w/v) SDS, 50 pg/ml denatured salmon sperm DNA.

2.22.1 Pre-Hybridization of the Filter

The filters were heat sealed in a plastic bag with pre-hybridization buffer at 100 pl/cm^ 

filter. They were placed in a water bath for 2 hours at a temperature 5°C below the 

calculated T^

2.22.2 Hybridization of the Filter

The hybridization buffer consisted of the same components as that for the pre

hybridization buffer. The pre-hybridization buffer was removed and replaced with fresh 

buffer at 50 pl/cm^. The labelled probe was added at a concentration of 2 ng/ml
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(specific activity 2 - 4  x 10® cpm/pg and the filters were hybridized for 4 hours at a 

temperature 5°C below the calculated T .̂ Filters were washed three times in 6 x SSC, 

0.1% (w/v) SDS, 0.5% (w/v) sodium pyrophosphate for 5 minutes at room temperature 

and for 2 minutes in the same buffer at the calculated temperature of the 

oligonucleotide. Filters were immediately wrapped in Saran Wrap without drying and 

autoradiographed overnight at -78°C with an intensifying screen.

2.22.3 Hybridization Temperature (Lathe 1985)

To calculate the pre-hybridization temperature for oligonucleotides >24 bases the 

following equation was used for hybridization in a cation concentration of 6 x SSC 

(1.7M) ,

Td (6 X SSC) = [94 - - 1.2(100-H)]+8°C

where L = length of oligonucleotide, H = % homology.

Tj is the recommended stringent wash temperature in degrees C under salt conditions 

of 6 X SSC.

2.22.4 Removal of Radiolabelled Probe from Filters

To remove radiolabelled probe from Hybond-N filters they were placed in 0.1% (w/v) 

SDS at 100°C and gently agitated until the solution reached room temperature - 

approximately 1 hour. The filter was re-exposed to X-ray film to ensure that all of the 

probe had been removed. The procedure was repeated if a signal remained visible.

2.23 DNA PREPARATION

Genomic and plasmid DNA were digested with the appropriate restriction endonuclease 

section 2.18), DNA was electrophoresed as described in section 2.19, and visualised 

under ultra violet light to locate and excise the required fragment.

Four methods were employed to purify individual fragments of DNA fragments.

2.23.1 Low Melting Temperature Agarose Gels 

Materials

50 X TAE: 2 M Tris, 2 M Glacial acetic acid, 1 M EDTA pH 8.0

Low Melting Agarose (FMC Bioproducts): 1 to 2% (w/v) Sea Kem agarose.
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An agarose gel was prepared in 1 x TAE as described in section 2.19. The 

solution was poured into a pre-formed chamber and left to solidify at 4°C. Digested 

DNA was loaded onto the gel and the samples were electrophoresed at 3 V/cm for 90 

minutes in 1 x TAE buffer which did not contain ethidium bromide. After 

electrophoresis, the gel was stained for 30 minutes in 1 x TAE buffer containing 0.5 

pg/ml ethidium bromide. The band(s) of interest were viewed under ultra violet 

illumination and excised using a scalpel blade, removing any surplus agarose 

surrounding the DNA fragment. The gel slice was placed in a pre-weighed 1.5 ml 

eppendorf tube. Sterile water was added at a ratio of 3 ml per gram of gel. The tube 

was placed in a boiling water bath for 7 minutes, to melt the gel and denature the 

DNA. Molten agarose was dispensed into 50 ng DNA aliquots and stored at -20°C. 

Prior to subsequent radiolabelling (section 2.29) the gel was re-boiled for 3 minutes and 

maintained at 37°C in a water bath until required. The amount of DNA fragment 

recovered was estimated by loading an aliquot of the sample onto a gel and comparing 

the band visually against a known concentration of 1 Kb molecular weight standard.

2.23.2 Electro Adsorbtion of DNA onto NA45 DEAE Paper

2.23.2.1 Preparation of NA45 Paper

Materials

DEAE Membrane: Schleicher & Schuell NA45 (0.45 pm)

Low salt Buffer: 50 mM Tris-HCl (pH 8.0), 150 mM NaCl, 10 mM EDTA (pH 8.0) 

High Salt Buffer: 50 mM Tris-HCl (pH 8.0), 1 M NaCl, 10 mM EDTA (pH 8.0)

NA45 paper was cut into 2 x 1cm strips and soaked in 10 mM EDTA (pH 8.0) 

for 5 minutes. The solution was replaced with 0.5 N NaOH and the filters were soaked 

for a further 5 minutes. The filters were washed in distilled water for 6 x 5 minutes and 

then transferred to low salt buffer in which they were stored for up to 1 month at 4°C. 

DNA (1-100 pg) previously digested with the appropriate restriction endonuclease was 

loaded onto a 1.2% to 3% agarose gel prepared in 1 x TBE and electrophoresed at 3 

V/cm for 90 minutes. The migration of DNA fragment(s) were viewed under ultra 

violet light. Two cuts were made in the gel, one just below and the second above the 

DNA fragment to be excised, into which pieces of NA45 paper (prepared as above) 

were inserted. The gel was returned to the electrophoresis tank, and the transfer of
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DNA onto the lower piece of paper was carried out by increasing the voltage to 10 

V/cm for 10-15 minutes. Transfer of DNA was confirmed by visualization under UV. 

The paper was briefly rinsed in TE buffer, and placed in an eppendorf tube that 

contained 200 pi of high salt buffer. The DNA was eluted from the paper by incubating 

at 65°C for 30 minutes. The eluent was transferred to a fresh tube and a further 200 pi 

of high salt buffer was added to the NA45 paper. The tube was returned to the water 

bath for a further 30 minutes. To the pooled eluent buffer, 800 pi of absolute alcohol 

was added and the sample was placed at -20°C overnight or on dry ice for 15 minutes. 

DNA was pelleted by centrifugation at 10000 g for 15 minutes and resuspended in 

50 pi TE buffer . An equal volume of phenol/CHCl^:lAA (25:24:1 v/v/v) was added 

and after centrifugation the aqueous phase was transferred to a fresh eppendorf tube. 

The organic phase was re-extracted with 10 pi TE. DNA was precipitated by the 

addition of 1 volume of 4 M ammonium acetate (pH 4.8), and 4 volumes of absolute 

alcohol at -20°C for 60 minutes. After centrifugation, the DNA pellet was dissolved 

in TE buffer at a known concentration determined as described in section 2.28

2.23.3 Isolation of DNA using Spin-X Columns 

Materials

Spin-X columns: (Northumbria Ltd)

TE Buffer: 10 mM Tris-HCl, 1 mM EDTA pH 8.0

DNA fragments of interest were excised from an agarose gel. The gel slice was cut into 

small pieces, transferred to a Spin-X tube and centrifuged at 10000 g for 15 minutes. 

TE buffer (100 pi) was added and the tube was placed on dry ice for 30 minutes. The 

agarose and TE buffer were allowed to thaw before the tube was recentrifuged at 10000 

g for 15 minutes. The volume of supernatant volume was measured and an equal 

volume of phenol/CHCl^:lAA was added. The tube contents were vortexed for 1 

minute and the sample was recentrifuged as described above. The aqueous phase was 

transferred to a fresh tube and the organic phase was re-extracted with 50 pi TE. An 

equal volume of CHCljiIAA was added, and separation of the two phases was carried 

out by centrifugation. DNA was precipitated by adding 1 volume of 4 M ammonium 

acetate, 4 volumes of absolute alcohol, and placing the tube on dry ice for 30 minutes. 

Following centrifugation, the pellet was washed with 80% ethanol, briefly dried and
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dissolved in TE buffer.

2.23.4 Isolation of DNA Fragments From Native Polyacrylamide Gels

DNA fragments that were less than 100 bp in size were isolated by polyacrylamide gel 

electrophoresis.

Materials

30% Bis~acrylamide: 29.2 g Acrylamide and 0.8 g N,N’- methylenebisacrylamide 

(BDH Electran grade) were dissolved in water and made upto 100 ml. The solution 

was deionised by stirring for 30 minutes with 5 g of mixed-bed resin (Sigma, Amberlite 

M Bl), and filtered through a sintered glass filter to remove the resin. Acrylamide was 

stored in the dark at 4°C.

Ammonium Persulphate: 10% (w/v) prepared in water on the day of use.

TEMED: Stored at 4°C

10 X Loading Buffer: 25% (w/v) Ficoll, 0.025% (w/v) Bromophenol blue, 0.025% 

(w/v) Xylene cyanol

10 well Comb: 0.5 cm wide x 0.35 cm thick x 0.5 cm length

A 12 to 20% polyacrylamide gel was prepared with the required amount of Bis- 

acrylamide and 5 ml of 10 x TBE. The final volume was adjusted to 50 ml with water. 

The solution was mixed at room temperature to which 400 pi of 10% ammonium 

persulphate and 40 pi of TEMED was added. Mixing was continued with gentle 

stirring. The gel was poured immediately into a glass cassette (40 cm length x 20 cm 

width X 0.4 mm thick) positioned at an angle of 45°. A comb was inserted and 

clamped with the teeth innermost in the cassette to a depth of 0.5 cm. The gel was 

allowed to polymerise for a minimum of 1 hour or overnight at room temperature. The 

comb was removed and the wells were flushed with 1 x TBE buffer. The gel was pre- 

electrophoresed for 30 minutes at 30 mamps (approximately 1500 volts/37 Watts) 

before loading of the samples. One tenth volume of loading buffer was added to the 

restriction endonuclease digests or radiolabelled DNA fragments. The maximum sample 

volume loaded onto the gel was 20 pi. Prior to electrophoresis the preformed wells 

were flushed with buffer. Electrophoresis was carried out as described above.
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2.24 DETECTION OF DNA FRAGMENTS LABELLED WITH [y-^^P]ATP 

OR [a-^^P]dNTP

DNA fragments, less than 100 bp in size, labelled with [y-^^FJATP or [a-^^P]dNTP 

(sections 2.32 & 2.36 respectively) were loaded onto native polyacrylamide gels (section 

2.23.4) next to adjacent wells which contained 50 ng of [ a-^^P]dNTP labelled 1 Kb 

molecular weight standard (section 2.28). Electrophoresis was carried out at 30 mA 

for 60 - 90 minutes. The small glass plate was removed, the gel was covered with Saran 

wrap. Orientation of the gel was marked using radioactive ink and exposed at room 

temperature to Fuji- RX film for 3 to 10 minutes. The X-ray film was developed and 

the position of the radiolabelled DNA fragments were located on the gel using a marker 

pen. The fragment of interest was recovered from the gel according to the method 

described in section (2.27).

2.25 DETECTION OF UNLABELLED DNA FRAGMENTS

DNA fragments, less than 100 bp in size obtained by restriction endonuclease digestion, 

were loaded onto native polyacrylamide gels. In adjacent wells 1 pg of 1 Kb molecular 

weight standard was loaded. Gel electrophoresis was carried out at 30 mA. DNA 

fragments were detected after electrophoresis, by soaking the polyacrylamide gel in 1 

X TBE buffer containing 0.5 pg/ml ethidium bromide for 30 minutes at room 

temperature and viewing under ultra violet light.

2.26 RECOVERY OF DNA FRAGMENTS FROM NATIVE POLYACRYLAMIDE 

GEL

Materials

Elution Buffer: 10 mM Tris-HCl, (pH 7.5), 1 mM EDTA, (pH 8.0), 1 M NaCl 

Spin-X tubes (Costar)

Labelled and unlabelled DNA fragments were excised from a polyacrylamide gel 

with a scalpel blade. The gel slice was placed in a Bijou bottle (Sterilin) and cut into 

small pieces. One ml of elution buffer was added to the bottle and the sample was 

incubated at 37°C for 3 hours or overnight at room temperature in an orbital shaking 

water bath. The eluent and polyacrylamide was transferred to a Spin-X tube and DNA
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was recovered as described in section 2.23.3. After phenol/CHCl^:lAA and ethanol 

precipitation the DNA pellet was dissolved in 10 pi TE buffer.

2.27 QUANTIFICATION OF ISOLATED DNA FRAGMENTS

An aliquot of a DNA sample isolated using one of the appropriate methods as described 

in section 2.23, was loaded onto an agarose gel adjacent to tracks containing known 

amounts of DNA. The concentration and % recovery of DNA fragments were 

determined by comparing band intensity (under ultra violet light) against the original 

restriction endonuclease digest of the plasmid from which the fragment was originally 

isolated and with reference to a 1 Kb molecular weight standard or to a known 

concentration of a caesium chloride plasmid preparation.

2.28 LABELLING OF MOLECULAR WEIGHT STANDARDS W ITH [a-^^P]dATP 

M aterials

1Kb Molecular Weight Standard (BRL); A Stock solution of 1 pg/pl was prepared in 

sterile TE buffer.

77 DNA Polymerase (United States Biochemical): 10 Units/pl. T7 DNA polymerase 

was diluted on the day of use in 1 x T7 DNA polymerase buffer to 1 Unit/pl.

5 X  T7 DNA Polymerase Buffer: 200 mM Tris-HCl (pH 7.5), 50 mM MgClj, 25 mM 

DTT, 250 mM NaCl, 250 pg/ml BSA.

[a-^^P]dATP (NEN): 800 Ci/mmol; 10 pCi/pl

dNTP stocks (Pharmacia): 2 mM solutions of each dNTP were prepared in sterile water 

from 100 mM stocks.

The labelling reaction was carried out in a final volume of 30 pi that contained 5 

pi of the 1 Kb DNA relative molecular mass standard, 6pl of T7 DNA polymerase 

buffer, 4 pi each of the non-isotopically labelled dGTP, dTTP, dCTP, 3 pi [a-^^P]dATP 

(800 Ci/mmol; 10 pCi/pl) and 1 pi of T7 DNA polymerase. The reaction was incubated 

at 37°C for 10 minutes after which the labelling reaction was chased with the addition 

of 4 pi of ice cold non-isotopically labelled dATP and incubated for a further 10 

minutes at 37°C . The reaction volume was adjusted to 180 pi with TE buffer to which 

20 pi of 10 X loading buffer was added.
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2.29 p P ]  RADIOACTIVE LABELLING OF DNA

2.29.1 Random Prim er Labelling (Feinberg & Vogelstein 1984)

M aterials

20 X SSC: 3.6 M NaCl, 200 mM NaH^PO^, 20 mM EDTA (pH 7.4)

Solution O: 125 mM Tris-HCl (pH 8.0), 125 mM MgCl2

Klenow Fragment: 5 Units/pl (Escherichia coli DNA polymerase 1)

Solution A: 1 ml solution O containing 18 pi 2-p-mercaptoethanol, 5 pi each of 

dATP, TTP, dGTP (each triphosphate previously dissolved in 3 mM Tris-HCl (pH 7.0), 

200pM EDTA (pH 8.0) at a concentration of 100 pM.

Solution B: 2 M HEPES (N-2-hydroxyethylpiperazine-N’-2-ethanesulphonic acid)

titrated to pH 6.6 with 4 M NaOH

Solution C: Random Hexadeoxyribonucleotides (Pharmacia) were evenly suspended 

in 3 mM Tris-HCl (pH 7.0), 200 pM EDTA (pH 8.0) at 90 CD units/ml.

Oligo Labelling Bujfer (OLE): Solutions A:B:C were mixed at a ratio of 100:250:150 

(v/v/v) and stored at -20°C.

BSA: 10 mg/ml BSA was prepared in sterile water and stored at -20°C 

[a-“ P]dCTP (NEN Neg 013A): 800 Ci/mmol; 10 pCi/pl

DNA fragments isolated from a low melting agarose gel (section 2.23.1) were 

denatured by boiling for 3 minutes and the agar was maintained in a molten state by 

placing the sample in a water bath at 37°C. Components were added in the following 

order and the labelling reaction was adjusted to a final volume of 50 pi with water: 10 

pi OLE, 2 pi BSA, denatured DNA in agarose up to 32.5 pi, 2.5 pi [a-^^P]dCTP (800 

Ci/mmol; 10 pCi/pl) and 5 units of Klenow fragment. The labelling reaction was 

carried out overnight at room temperature. The reaction was terminated by the addition 

of 5 pi of 2(X) pM EDTA, (pH 8.0) or by heating at 65°C.

2.30 EFFICIENCY OF INCORPORATION AND SPECIFIC ACTIVITY OF THE 

LABELLED PROBE

(DE81 filter-binding assay Maniatis et al., 1982)

Materials:

DE81 Paper: Whatman

Washing Bujfer: 500 mM disodium hydrogen orthophosphate (NaH2P0 )̂
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Ecoscint A: National Diagnostics

The-efficiency of incorporation of radioactivity was determined using Whatman 

DE81 paper. 1 pi of the reaction mixture was spotted in duplicate onto 1cm squares of 

Whatman DE81 paper. The spots were dried under an infra red lamp. One piece was 

used to determine incorporated counts, the second to determine total counts. The 

incorporated counts were assayed by washing the filter for 6 x 5  minutes with 500 

mM NaHzPO^, twice for 1 minute in distilled water and once in absolute alcohol. The 

filter was dried under an infra red lamp. Liquid scintillation spectrophotometry was 

used to determine total and incorporated counts. The filters were placed in individual 

plastic scintillation tubes containing 4 ml of Ecoscint A and counted on the [^ -̂P] 

channel of a Phillips P4700 scintillation counter. Incorporation of radioactivity was 

generally in the range 50-80%. DNA samples were labelled to a specific activity of 

5 X 10® -1 X 10  ̂cpm/pg.

2.31 REMOVAL OF UNINCORPORATED NUCLEOTIDES FROM LABELLED 

PROBES

Two methods were used for the removal of unincorporated nucleotides.

2.31.1 Sephadex G-50 Exclusion Column 

Materials

Sephadex G-50 (Pharmacia): Sephadex G-50 beads were swollen by autoclaving in 6 

volumes of 5 x SSPE.

20 xSSPE: 3.6 M NaCl, 0.2 M NaHzP04,20 pM EDTA adjusted to pH 7.4 with 10 N 

HCl

Denatured Salmon DNA Sperm (Sigma): A 10 mg/ml solution of denatured salmon 

sperm DNA was prepared by dissolving in sterile water and shearing 3 times through 

a 25 gauge (Type m  sodium needle. The salmon sperm DNA was denatured by boiling 

for 10 minutes. Aliquots were stored at -20°C. DNA was reboiled for 5 minutes prior 

to use and quickly chilled on ice.

Before separation of unincorporated nucleotides from a labelled probe by Sephadex 

G-50 exclusion chromatography, the specific activity of the probe was estimated as 

described in section 2.30. A column of Sephadex G-50 was prepared using a siliconized 

3 ml (0.6 X 8 cm) pasteur pipette packed with siliconised glass wool and equilibrated 

with three volumes of 5 x SSPE. Prior to the loading of the radiolabelled probe on to
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the bed of the column, the column was pre-saturated with 100 ug denatured salmon 

sperm DNA. The probe was eluted from the column with 5 x SSPE and collected as 

sixteen 100 ul aliquots. The fractions were counted on the pH] channel of a Packard 

4700 scintillation counter and only the first peak aliquots were pooled. DNA 

concentration was determined as described in section 2.28.

2.31.2 Push Column (Stratagene Protocol)

M aterials

1 X  STE: 100 mM NaCl, 20 mM Tris-HCl (pH 7.5), 10 mM EDTA (pH 8.0)

To remove unincorporated label from labelled probe the Stratagene Push Column 

protocol was used. The column was pre-wetted and equilibriated with 70 pi of 1 x 

STE, the eluent was discarded. The reaction (50 pi) was loaded onto the top of the 

column, and by slowly depressing the plunger of a syringe for 30 seconds the sample 

was eluted from the column and collected in a 1.5 ml eppendorf tube (as described in 

manufacturers instructions). A further 70 pi of 1 x STE was loaded onto the column 

and the eluent was collected in the same tube (sample + wash). Incorporated counts 

were determined as previously described (section 2.30).

2.32 5 -END LABELLING OF DNA FRAGMENTS AND OLIGONUCLEOTIDES 

W ITH [y-^2p]ATP (Maniatis et a l, 1982)

DNA fragments to be 5’-end labelled with [y-^^PJATP were dephosphorylated prior to 

the labelling reaction. DNA was isolated and precipitated with sodium chloride as 

ammonium ions are strong inhibitors of bacteriophage T4 Polynucleotide kinase.

2.32.1 Dephosphorylation Reaction 

M aterials

Calf Intestine Alkaline Phosphatase (CLAP) Boehringer Mannheim: 1 Unit/pl was 

diluted to 0.5 Units/pl with 1 x CLAP buffer.

10 X  CIAP Bujfer: 500 mM Tris-HCl (pH 7.5), 100 mM MgCl^, 50 mM DTT, 1 mM 

Spermidine

Sodium Chloride: 2 M NaCl prepared in water and autoclaved.
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To a 1.5ml eppendorf tube, 5 pi of 10 x CIAP buffer, DNA (1 0 -5 0  pmols of 5 ’ ends) 

and 0.5 Units of CIAP was added and the final volume was adjusted to 50 pi with 

water. The reaction mix was incubated at 37°C for 30 minutes and then O.IU of CIAP 

enzyme was added to the sample which was incubated for a further 30 minutes at 37°C. 

The reaction was stopped by adding an equal volume of phenol/CHCl^iIAA and 

vortexing for 1 minute. The phases were separated by centrifugation at 10000 g for 5 

minutes. The upper aqueous phase was reextracted with phenol/CHCl^:lAA. To the 

pooled phase an equal volume of CHCl^iIAA was added and the sample was vortexed 

for 1 minute and centrifuged for 5 minutes at 10000 g. DNA was precipitated with 0.1 

volume of 2 M NaCl and 2 volumes of absolute alcohol. The tube was placed on dry 

ice for 15 minutes. Following centrifugation, the DNA pellet was briefly dried under 

vacuum and resuspended in 10 pi TE buffer.

2.32.2 Labelling Reaction 

Materials:

10 X Kinase Buffer: 500 mM Tris (pH 7.5), 100 mM MgCl2, 50 mM DTT, 1 mM

Spermidine, 1 mM EDTA pH 8.0

T4 PNK (BRL): 10 Units/pl T4 Polynucleotide Kinase

[y-^2p]ATP(NEN): 3000 Ci/mmole; 10 pCi/ul.

Dephosphorylated DNA fragments prepared as described in section 2.32.1 and single 

stranded oligonucleodites were 5’ end-labelled with T4 Polynucleotide Kinase and 

[y.32p] The reaction mix contained 10-50 pmol of oligonucleotide or 5’ ends of 

DNA, 1 pi of 10 X kinase buffer, 2.0 pi of [y-^^P]ATP (3(XX)Ci/mmol;10 pCi/pl) and 

1 pi (lOUnits) T4 PNK. The final volume was adjusted to 10 pi with water. The 

labelling mix was incubated at 37°C for 30 minutes. The reaction was stopped by the 

addition of 2 pi 0.5 M EDTA (pH 8.0). The percentage incorporation ranged between 

50 to 85% and specific activity was usually found to be 7 x 10̂  - 2 .4 x 10* cpm/pg 

oligonucleotide and 5 x 10̂  - 4 x 10  ̂ cpm/pg DNA fragment.
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2.33. REMOVAL OF UNINCORPORATED NUCLEOTIDES FROM 5’ END- 

LABELLED OLIGONUCLEOTIDES

Two methods were used for the removal of unincorporated nucleotides.

2.33.1 Whatmann DE52 Ion Exchange Column 

Materials

Whatman DE52 Cellulose Beads: 1 volume of DE52 beads were resuspended in 6 

volumes of 100 mM NaCl, 10 mM Tris pH 8.0, 1 mM EDTA pH 8.0 and autoclaved. 

Wash Bujfer: Low salt - 100 mM NaCl, 10 mM Tris pH 8.0, 1 mM EDTA pH 8.0 

Elution Bujfer: High salt - 1.0 M NaCl, 10 mM Tris pH 8.0, 1 mM EDTA pH 8.0

Unincorporated nucleotides were separated from labelled oligonucleotide by DE52 

ion-exchange chromatography. A column was prepared (0.7cm x 4 cm in a blue Gilson 

tip) containing DE52 cellulose, equilibrated with low salt (wash) buffer. Following 

application of the sample to the column, unincorporated nucleotides were removed by 

elution with low salt buffer (approximately 5-8 ml) until 200 pi of the eluent had 

counts of less than 10000 cpm. The labelled oligonucleotide was eluted from the 

column with high salt (eluent) buffer,and sixteen 100 pi aliquots collected. After 

Cherenkov counting (^H channel), the fractions containing the labelled oligonucleotide 

were pooled (total volume 0.4 - 0.7 ml) and the specific activity was calculated (section 

2.30).

2.33.2 Chroma Spin™ + TE-10 Columns (Clontech Laboratories)

Chroma Spin+TE-10 columns allowed rapid and efficient purification of nucleic 

labelled DNA, removing unincorporated nucleotides from labelled DNA with a DNA 

size exclusion of lObp. The column was inverted several times to resuspend the gel 

matrix and the buffer in the column was allowed to drain (under gravity) until the matrix 

appeared semi-dry. The column was placed in a swing out rotor and centrifuged at 1000 

g for 3 minutes. The buffer collected was discarded. The above step was repeated 

ensuring that no residual buffer remained at the bottom of the matrix. The column at 

this point looked semi-dry. A sterile eppendorf tube was placed at the bottom of the 

column and the radiolabelled sample (25 - 50 pi), was applied slowly to the centre of 

the gel beds flat surface. The column was centrifuged at 2000 g for 5 minutes. The
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purified sample was collected in the eppendorf tube. The percentage recovery of 

radiolabelled oligonucleotide , determined by DE81 binding assay (section 2.30) was 80 

- 90%.

2.34 ANNEALING OF [y-̂ P̂] LABELLED OLIGONUCLEOTIDES 

Materials

2 X Annealing Bujfer: 20 mM Tris-HCl pH 7.5, 20 mM NaCl, 2 mM MgClj^

Unincorporated nucleotides were removed from labelled oligonucleotide by 

Whatman DE52 ion exchange chromatography or Croma Spin columns (section 2.33). 

An equimolar ratio of sense and antisense oligonucleotide strands were annealed by 

adding an equal volume of 2 x annealing buffer and placing the tube at 75°C for 5 

minutes. The annealing reaction was cooled slowly to room temperature for a minium 

of 2 hours. The double stranded oligonucleotide was stored at -20°C. Oligonucleotides 

used for competition DNase footprinting and band shift assays were annealed as 

described above.

2.35 REMOVAL OF UNINCORPORATED NUCLEOTIDES FROM 5’ END- 

LABELLED DNA FRAGMENTS

Materials

Ammonium Acetate: 7.5 M ammonium acetate

Unincorporated nucleotides were removed from 5’ end-labelled DNA fragments 

by phenol extraction and ethanol precipitation. The reaction volume was adjusted to 

50 jil and an equal volume of phenol/CHCl^TAA was added. The tube contents were 

vortexed for 1 minute and centrifuged at 10000 g for 5 minutes. The upper aqueous 

phase was transferred to a clean tube to which 0.5 volume of 7.5 M ammonium acetate 

and 2 volumes of absolute alcohol were added. The tube was left on dry ice for 30 

minutes. DNA was pelleted by centrifugation for 10 minutes at room temperature, 

briefly dried under vacuum and resuspended in 50 pi water. The concentration of DNA 

was determined by DE81 binding assay (section 2.30). Recovery of labelled DNA 

fragment by ethanol precipitation was 40 - 65%.
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236  3 -END LABELLING OF DNA FRAGMENTS W ITH [a-“ P]dNTP

(Maniatis et al., 1982)

M aterials

77 DNA Polymerase (USB): 10 Units/pl. Diluted on day of use to 5 Units/pl in 1 x 

T7 DNA polymerase buffer.

5x 77 DNA Polymerase Buffer: 200 mM Tris-HCl, pH 7.5, 50 mM MgClz, 25 mM 

DTT, 250 pg BSA

dNTP’s (Pharmacia): 2 mM solutions of each dNTP were prepared in sterile water from 

100 mM stocks and stored at -20°C.

[a-^^P]dNTP(NEN): 800 Ci/mmole; 10 pCi/pl

Components were added in the following order: To 1-2 pg of DNA, 5 pi of 5 x 

T7 DNA polymerase buffer, 3 pi each of the three nonisotopically labelled dNTPs, 2 

pi [a-^^P]dNTP (800 Ci/mmole; 10 pCi/pl) and 5 Units of T7 DNA polymerase enzyme 

was added and the final volume adjusted to 25 pi with water. The reaction was 

incubated at 37°C for 20 minutes, and then chased with 4 pi of 2mM stock solution of 

dNTPs. The sample was returned to a 37°C water bath and incubated for a further 20 

minutes and the reaction was stopped by the addition of 2 pi of 500 mM EDTA (pH 

8.0).

Percentage incorporation ranged between 50 to 85% and specific activity was calculated 

to be 1.1 X 10̂  - 1.9 X 10  ̂cpm/pg DNA.

2.37 LABELLING OF DOUBLE-STRANDED OLIGONUCLEOTIDES W ITH 

[a-^^P]dNTP (Studencki & Wallace 1984)

M aterials

Klenow DNA Polymerase (BRL): 10 Units/pl. Diluted on day of use to 5 Units/pl in 

1 X T7 DNA polymerase buffer.

10 X  Annealing Buffer: 600 mM NaCl, 300 mM Tris-HCl (pH 7.5)

dNTP’s (Pharmacia): 5 mM solutions of each dNTP were prepared in sterile water from

100 mM stocks

[a-^2p]dCTP (NEN): 800Ci/mmole; 10 pCi/pl

The two strands of oligonucleotide were annealed at a concentration of 400 ng/pl in 10
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pi of annealing buffer. The sample was warmed to 37°C in a beaker of water and 

allowed to cool slowly to 4°C overnight in a fridge. The labelling reaction was carried 

out in a volume of 100 pi to give a final concentration of 60 mM NaCl, 30 mM Tris 

(pH 7.5), 25 pM each of dATP, dGTP, TTP, 7.5 pi [a-” P]dCTP (800 Ci/mmol; 10 

pCi/pl) and 5 Units of Klenow DNA polymerase. The mixture was incubated at 4°C 

for 4 hours. An additional 15 Units of Klenow was added as three aliquots over a 

period of 3 hours . The reaction was left overnight at 4°C. Unincorporated nucleotides 

were removed by DE52 ion-exchange chromatography (section 2.33). A specific activity 

between 2 to 4 x 10® cpm/pg was obtained (section 2.30).

NOTE

Footprinting experiments required a DNA fragment to be labelled at a single end. If 

both termini ends were labelled, the fragment was digested with a second restriction 

endonuclease to produce two fragments and the unwanted fragment was removed by gel 

purification on agarose or native polyacrylamide gels (section 2.33) and recovered by 

the methods described in section 2.26. Recovery of DNA concentration was 

determined by DE81 binding assay and was found to be 50 - 80%.

2.38 DNA SEQUENCING

DNA sequencing was performed by the method of double-stranded dideoxynucleotide 

chain termination (Sanger et al, 1977; Mierendorf & Pfeffer 1987) using modified T7 

DNA polymerase (Sequenase™-modification of bacteriophage T7 DNA polymerase) and 

a DNA sequencing kit from United States Biochemical Corporation (USB). Deaza 

dGTP and a sequencing kit from Pharmacia were used to sequence through ambiguous 

compressions that were due to secondary structures formed within the gel.

2.38.1 Preparation of Double Stranded Plasmid DNA for Sequencing

(Mierendorf & Pfeffer., 1987)

Materials:

Polyethylene glycol 8000: 13% PEG 8000 

NaCl: 4 M prepared in sterile water 

RNase A: 10 mg/ml
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The method used was essentially the same as that for the small-scale rapid plasmid 

preparation. To ensure that all RNA was completely removed from samples the 

following modifications were made. Up to and including the addition of solution III the 

plasmid DNA was prepared as described in section 2.16.1. After centrifugation the 

supernatant was removed to a fresh eppendorf tube to which RNase A was added to a 

final concentration of 20 pg/ml. The mixture was incubated at 37°C for 20 minutes. 

An equal volume of phenol/CHCl^ : IA A was added and the tube was vortexed for 1 

minute. The aqueous phase was separated by centrifugation at lOOOOg for 5 minutes 

and transferred to a fresh eppendorf tube. DNA was precipitated by adding to the 

supematent, 2.5 volumes of absolute alcohol and placing the sample on dry ice for 30 

minutes. After centrifugation the pellet of DNA was washed carefully with 80% 

ethanol, air dried and resuspended in 16 pi deionized water, to which 4 pi of 4 M  NaCl 

and 20 pi PEG 8000 was added. The tube was incubated on ice for a further 20 

minutes, centrifuged for 10 minutes and the supernatant was discarded. The tube was 

drained in an inverted position and the inside wiped with tissue paper to remove residual 

PEG. The almost invisible pellet was washed twice with 1ml of 80% ethanol, air dried 

and dissolved in 20 pi water. A yield of 1-2 pg of DNA was usually obtained.

2.38.2 Dénaturation of Plasmid DNA

This step was performed immediately before the annealing reactions.

Materials:

Sodium hydroxide: 2 M NaOH prepared in sterile water 

Sodium acetate: 5 M NH^Ac (pH 7.5)

To 10 pi of plasmid DNA (section 2.38.1), 2 pi of NaOH was carefully added to the 

side of the eppendorf tube and the contents were mixed by gentle flicking. The sample 

was incubated at room temperature for exactly 5 minutes. Immediately after incubation, 

8 pi of ammonium acetate and 112 pi absolute alcohol was added, the contents were 

mixed and placed on dry ice for 10 minutes. The sample was centrifuged for 10 

minutes and the supernatant was discarded. The pellet was carefully washed with 200 

pi of pre-chilled 80% ethanol and air dried, ensuring that the pellet was not over dried. 

The sample was dissolved in 7 pi water.
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2.39 DNA SEQUENCING ANALYSIS

2.39.1 Primers

Two primers were used for double stranded plasmid sequencing: 

(-40) Forward sequencing primer (17 mer Promega #Q5391) 

Reverse sequencing primer (17 mer Promega #Q5401)

2.39.2 Sequencing with Modified T7 DNA Polymerase

2.39.2.1 Priming of Template DNA 

Materials:

[a-^^S]dATP (NEN): 600 Ci/mmol; 10 pCi/pl

Sequenase T7 DNA Polymerase (USB): Sequenase was diluted to 1.5U/pl in ice-cold 

10 mM Tris-HCl (pH7.5), 5 mM DTT, 0.5 pg BSA to 1.5 Units/pl.

Termination Bujfer: 95% formamide, 20 mM EDTA, 0.05% Bromophenol blue, 0.05% 

Xylene cyanol

To 7 pi template DNA the following components were added, 3 pi water, 2 pi 

Pharmacia annealing buffer (prewarmed at 37°C) and 2 pi of 2.5 ng/pl primer. 

Annealing was performed at 3TC  for 20 minutes followed by a further 10 minute 

incubation at room temperature. The tube was briefly centrifuged.

2.39.2.2 Sequencing Reactions

To the primed template, 3 pi of Pharmacia labelling mix, 1 pi [a-^^S]dATP and 2 pi of 

diluted sequenase enzyme was added. The tube contents were mixed and incubated at 

room temperature for no more than 2 minutes. The reaction was divided between four 

prewarmed eppendorf tubes (4.5 pi aliquots) labelled ’T’, ’C’, ’G’ and ’A’ that 

contained 2.5 pi of the appropriate dideoxy termination mixes (7-deaza dNTPs were 

substituted for dNTPs). The tubes were gently mixed and the reaction was allowed to 

proceed at 37°C for 5 minutes. The reaction was stopped by the addition of 3 pi 

termination buffer to the side of the tube, brief centrifugation and the placing on ice. 

Sequencing reactions were loaded directly on to a vertical polyacrylamid/urea 

sequencing gel or stored at -20° C.
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2.40 GEL ELECTROPHORESIS OF SEQUENCING REACTIONS 

Materials

40% Bis-acrylamide: 38 g Acrylamide, (BDH Electran grade) and 2 g N,N’- 

methylenebisacrylamide were dissolved in water and made up to 100 ml. The solution 

was deionised by stirring for 30 minutes with 5 g of mixed-bed resin (Sigma, 

Amberlite M Bl) and filtered through a sintered glass filter to remove the resin. 

Acrylamide was stored in the dark at 4°C.

10 X TBE: 108 g Tris base, 55 g Boric acid and 9.3 g EDTA were made up to 1 litre 

with water (pH approximately 8.3)

10% Ammonium Persulphate: Prepared fresh on day of use.

TEMED: N,N,N’N’ tetramethylethylene-diamine.

Sharkstooth Comb: Two sizes of comb were used, one with 2.9 mm point to point 

spacing and one with 5.7 mm point to point spacing.

2.40.1 Gel Cassettes:

A 6% polyacrylamide/7 M urea gel was prepared and the following size were used:

A. Small plate 20 x 36 cm Large plate 20 x 40 cm 75 ml volume

B. Small plate 33 x 39 cm Large plate 33 x 42 cm 100 ml volume

Glass plates were washed throughly with hot soapy water followed by a distilled 

water rinse. The smallest of the two plates was siliconised by wiping the surface with 

2% dimethly dichlorosilane in 1,1,1 trichloroethane. The plate was air dried for 10 

minutes then washed with distilled water. Both plates were polished with absolute 

alcohol to ensure the removal of final traces of grease. The polished surfaces were 

placed face to face with two 0.4 mm thick plastic spacers located in between. The 

cassette was sealed with waterproof adhesive tape.

For a 50 ml gel, 7.5 ml of 40% stock acrylamide was mixed with 21 g urea and 5 ml 

of 10 X TBE. The final volume was adjusted with water. For the larger cassette 100

ml of acrylamide was prepared. When the urea had fully dissolved, 50 pi TEMED and

0.5. ml of 10% ammonium persulphate was added and mixed thoroughly. The 

acrylamide solution was poured immediatley at a 45°C angle between the two glass 

plates. The flat (back) edge of a BRL 0.4mm thick sharkstooth comb was inserted 2 mm 

into the top of the acrylamide gel. The cassette was clamped at both the edges and top

71



with metal ’bull dog’ clips and left to polymerise for 1 hour or overnight. The wells 

of the gel were formed by removing the comb and re-inserting it into the top of the 

cassette so that the teeth just touched the flat preformed surface of the gel. The cassette 

was positioned in a vertical gel electrophoresis apparatus and the two chambers were 

filled with 1 x TBE. Prior to the loading of samples, the gel was pre-run for 10 minutes 

at 30 mA. Sequence reactions were boiled for 2 minutes and briefly centrifuged. The 

wells were flushed with buffer using a pasteur pipette to remove excess urea 

immediately before the samples were loaded on to the gel in the order ’T ’, ’C’, ’G’ and 

’A’. Electrophoresis was carried out at a constant current of 30 mA (1500 volts) for 1.5 

to 5 hours. After electrophoresis, the small siliconised plate was removed and the gel 

was transferred to a sheet of Whatman 3 MM paper, covered with Saran-wrap, placed 

upwards on a pre-heated 80° C gel dryer and dried under vacuum for 30 minutes. The 

gel was autoradiographed overnight at room temperature.

2.40.2 Wedge Gels

The following volumes of 8%acrylamide/7 M urea were used (section 2.40):

A. Small plate 20 x 36 cm Large plate 20 x 40 cm 75 ml volume

B. Small plate 39 x 39 cm Large plate 33 x 42cm 100 ml volume

Wedge gels were prepared using BRL Wedge Spacers (1107SC). Substitution of wedge 

for standard spacers yielded a gel thickness that varied in linearity from 0.4 mm at the 

top to 1.2 mm at the bottom. Wedge gels allow the slow migration of oligonucleotide 

bands to the bottom of the gel thus resulting in an increase of the number of bands that 

can be resolved by electrophoresis. Polymerization time was the same as that for 

standard gels, but electrophoresis was for a longer period of time (3 to 5 hours). The 

same constant current setting was used as that for standard gels (section 2.40.1), 

ensuring that the current did not exceed 40 mA.

72



2.41 BAND SHIFT AND DNase 1 FOOTPRINTING ASSAYS

2.41.1 Preparation of Nuclear Extracts

Nuclear protein extracts were prepared from freshly isolated rat liver essentially as 

described by He wish & Burgoyne 1973, except the homogenate was filtered through 

bolting cloth prior to centrifugation. The experimental procedures were carried out at 

0°C and all solutions contained 1 pg/ml of Antipain, Chymostatin, Leupetin, 15mM p- 

mercaptoethanol and ImM PMSF. Isolation of nuclear protein was carried out using a 

Beckman centrifuge.

Materials

Protease Inhibitors (Sigma): Antipain, Chymostatin, Leupetin. Each were dissolved in 

water at a final concentration of 1 mg/ml.

PMSF: 250 mM prepared in absolute alcohol

Bujfer A: 340 mM sucrose, 60 mM KCl, 15 mM NaCl, 15 mM Tris-HCl (pH 7.4), 2 

mM EDTA (pH 8.0), 500 pM EGTA (pH 8.0), 500 pM Spermidine, 150 pM Spermine. 

Bujfer B: 1.37 M sucrose, 60 mM KCl, 15 mM NaCl, 15 mM Tris-HCl (pH 7.4), 1 mM 

EDTA (pH 8.0), 250 pM EGTA (pH 8.0), 500 pM Spermidine, 150 pM Spermine. 

Bujfer C: 2.1 M sucrose, 60 mM KCl, 15 mM Tris-HCl (pH7.4),100 pM EDTA, 

lOOpM EGTA, 500 pM Spermidine, 150 pM Spermine.

Bujfer D: 340 mM Sucrose, 60 mM KCl, 15 mM Tris-HCl (pH 7.4),

Bujfer E: 350 mM NaCl, 10 mM Tris-HCl (pH 7.4), 5 mM EDTA.

Livers were removed, weighed, briefly rinsed in 0.9% (w/v) saline and cut into 

small pieces in a small volume of buffer A. Tissue homogenisation was carried out 

using a motor-driven homogeniser with 7 ml of buffer A/g liver. The homogenate 

was carefully layered over a cushion of buffer B (0.33 volumes) and centrifuged at 

16000 g for 15 minutes. The pellet was resuspended in 6.5 ml of buffer C and layered 

gently on top of an equal volume of the same buffer (6.5 ml). Centrifugation was 

carried out at 75000 g for 45 minutes. The nuclear pellet was washed, resuspended in 

13 ml buffer D and re-centrifuged at 16000 g for 15 minutes. The supernatant was 

discarded and the pellet was taken up in a small volume of buffer E and transferred to 

an all glass Dounce homogeniser (pestle A) and homogenised manually with 5 strokes. 

Nuclear protein was extracted by placing the lysed sample on a roller platform for 30
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minutes. The extract was centrifuged at 40000 g for 15 minutes. Nuclear protein 

concentration were determined by the method of Lowry (section 2.3) and extracts were 

adjusted to a final concentration of 5 - 10 mg/ml with 0.2 volumes of glycerol and 

buffer E. The preparation was dispensed as 50 pi aliquots, flash-frozen in liquid N2 and 

stored at -78°C.

2.41.2 Radiolabelling of Probes for Band Shift and DNase 1 Footprinting Assays 

DNA fragments prepared by digesting with the appropriate restriction endonucleases and 

oligonucleotides were and 5’ end labelling with 3000 Ci/mmol [y-^^JATP and T4 

Polynucleotide Kinase or 3’ end labelled with 800 Ci/mmol [a-^^]dNTP and T7 DNA 

polymerase (section 2.32 and 2.36). Both labelled and competitor unlabelled DNA 

fragments for band shift and DNase 1 footprinting assays were isolated and purified by 

by the appropriate method described in section 2.23. Oligonucleotides were labelled 

and isolated from unincorporated nucleotides by DE52 exclusion chromatography or 

Chroma Spin columns (section 2.33.1). The specific activity of each probe was 

determined by DE 81 binding assay (section 2.30). DNA fragments for DNase 1 

footprinting were labelled on only one strand by initially labelling the ends of a DNA 

fragment (2.32 and 2.36) followed by digestion with a second restriction endonuclease 

and gel-purifying the resulting single end-labelled DNA fragment by the methods 

described in sections 2.23.

2.42 BAND SHIFT ASSAYS

The assay was carried out essentially as described by Jose-Estanoyl et a l, 1989. 

M aterials:

Poly (dldC).(dldC) (Pharmacia): Prepared by dissolving in sterile water to a final 

concentration of 5 pg/pl. Aliquots were stored at -20°C.

5 X Binding Buffer: 350 mM NaCl, 10 mM Tris-HCl (pH 7.4), 5 mM EDTA, 15 mM 

p-mercaptoethanol, 1 mM PMSF, 1 pg/ml each of Antipain, Chymostatin and Leupetin, 

20% Glycerol.

lOx MgCl2/Tris Buffer: 80 mM Tris-HCl (pH 7.4), 70mM p-mercaptanethanol, 30mM 

MgCl2

Loading Buffer: 30% glycerol, 0.2% bromophenol blue filtered through a 0.45 pm 

Millipore filter
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Millipore filter

Proteinase K  (Boerhinger Mannheim): Prepared in distilled water to a final

concentration of 25 mg/ml.

The reaction mix contained in a final volume of 25 pi, 0 - 40 pg nuclear protein, 

5 pg to 40pg Poly (dl-dC).(dl-dC), 70 mM NaCl, 1 mM EDTA pH 8.0, 10 mM p- 

mercaptanethanol, 10 mM Tris-HCl pH 7.4, 3 mM MgzCl2 and 4%(v/v) glycerol. The 

components were mixed by gentle tapping of the tube and left at room temperature for 

10 minutes Following the addition of 1 ng of labelled DNA probe or 0.1 to 1 ng 

radiolabelled oligonucleotide (5x 10̂  - 2x 10'* cpm) the binding reactions were incubated 

for a further 30 minutes out at room temperature. The binding reaction was stopped 

by the addition of 2.5 pi loading buffer.

2.42.1 Competition Assays

Competition assays were carried out with the addition of a 100-500 molar excess of 

unlabelled DNA fragment or double stranded oligonucleotide to the reaction mix and 

incubating the samples for 10 minutes at room temperature prior to the addition of the 

radiolabelled probe.

2.42.2 Protease Inactivation

Proteinase K was added at a final concentration of 200 pg/ml when the binding 

reaction was complete. The sample was incubated for a further 15 minutes at 42°C.

2.42.3 Gel Electrophoresis 

Materials:

40% Bis-acrylamide: 38 g Acrylamide, (BDH Electran grade) and 2 g N,N’- 

methylenebisacrylamide were dissolved in water and made up to 100 ml. The solution 

was deionised by stirring for 30 minutes with 5 g of mixed-bed resin (Sigma, Amberlite 

M Bl). The solution was filtered through a sintered glass filter to remove the resin and 

stored at 4°C.

50xTAE Buffer: 350mM Tris-HCl (pH 7.5), 165mM sodium acetate, 50mM EDTA (pH8) 

10 well comb: 20 cm high x 0.8 cm wide x 0.75 mm thick 

A 4% non-denaturing polyacrylamide gel was prepared using BioRads protein gel
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electrophoresis apparatus (BioRad Dual vertical slab electrophoresis cell. Model 220). 

To 43.6 ml water, 5 ml of 40% bis-acrylamide, 1 ml 50 x TAE buffer, 360 pi 

ammonium persulphate and 40 pi of TEMED was added. The solution was mixed 

thoroughly and the acrylamide was poured into a pre-formed cassette. A comb was 

inserted into the acrylamide to a depth of 1.5 cm and the gel was left to polymerase for 

1 hour or overnight. The apparatus was placed at 4°C. Prior to the loading of the 

binding reactions, the gel was pre-run for 1 hour at 20 mA/gel with recirculating ice- 

cold 1 X TAE buffer (6.7 mM Tris-HCl, pH 7.5, 3.3 mM sodium acetate, 1 mM EDTA 

pH 8.0). Immediately after the samples had been loaded the gel was run at 30 mA/gel 

until the loading buffer had entered the gel. The current was reduced to 20 mA/gel and 

electrophoresis continued until the bromophenol blue reached 1cm from the bottom of 

the gel. Ice-cold buffer was recirculated during electrophoresis at a flow rate of 10 

ml/minute. After electrophoresis, gels were transferred to 3 MM Whatman paper, 

wrapped in Saran Wrap and dried in vacuo at 80°C. Autoradiography was carried out 

at -78°C using Fuji X-ray film with an intensifying screen.

2.43 DNASE 1 FOOTPRINTING ASSAYS

DNase 1 footprinting was performed according to the instructions supplied with 

Pharmacia*s SureTrack Footprinting Kit.

Materials:

DNase 1 (Promega): A stock solution of DNase 1 (10 Units/pl) was diluted to 1 Unit/pl 

in ice-cold 10 mM MgClg, 5 mM CaCl; buffer and mixed by gentle tapping of the 

tube. DNase 1 was maintained on ice until required.

4 X Stop Buffer: 768 mM Sodium acetate, 128 mM EDTA pH 8, 0.56% (w/v) SDS, 

256 pg/ml yeast RNA (Pharmacia). The buffer was incubated at 50°C with occasional 

mixing until the components had dissolved. A 1 x stop buffer was prepared by adding 

5.7 ml of sterile water to 1.9 ml 4 x stop buffer. This buffer was stored at 4° C for 

6 months. On the day of use it was warmed at 37°C for 5 minutes before use. 

Poly(dl-dC) Poly(dl-dC) (Pharmacia): 5 pg/pl made up in sterile water.

10 X MgCl/CaCl2 : 10 mM MgClj, 5 mM CaClj

Loading Buffer: 98% formamide, 10 mM Tris-HCl, pH 8.0, 1 mM EDTA pH 8.0,

0.05% Bromophenol blue, 0.05% Xylene cyanol
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The binding reaction mix was exactly the same as that described for the band shift 

assay (section 2.42) except the concentration of nuclear protein was scaled up two to ten 

fold in a final reaction volume of 50 pi. After 30 minutes incubation at room 

temperature, 5 pi of Mg^VCa '̂*’ solution was added and the binding reaction was 

incubated at room temperature for a further 1 minute. DNase 1 was added to each 

reaction tube to a final concentration of 2.5 -5 Units/50 pi (determined by DNase 

titration experiments, section 2.44). Samples were mixed by gentle tapping and 

incubated for exactly 1 minute at room temperature. DNase 1 digestion was terminated 

by the addition of 140 pi of 1 x stop buffer, 12.5 ug/ml proteinase K and brief 

vortexing. The reactions were incubated at 42°C for 30 minutes. DNA was extracted 

with an equal volume of phenol/chloroform: LA A (200 pi ), vortexed briefy and 

centrifuged for 5 minutes at 10000 g. The upper aqueous phase was transferred to a 

tube (ensuring the interface of the organic layer was not carried over, approximately 

150 pi contained >90% of the radioactivity). DNA was precipitated with 2 volumes 

of absolute alcohol (400 pi), mixing the contents thoroughly and placing on dry ice for 

30 minutes. The DNA pellet was recovered by centrifugation at 10000 g for 10 

minutes. As the pellet was barely visible the supernatant and the location of the pellet 

was monitored with a Geiger counter to ensure that no radioactivity remained in the 

supernatant before being discarded. The pellet was carefully washed twice with 70% 

ethanol and briefly dried under vacuum. Samples were resupended in 3 pi of loading 

buffer by vortexing. After brief centrifugation, the tubes were placed at 80°C for 3 

minutes then immediately cooled on ice-water before electrophoresis (2.43). DNA pellets 

resuspended in loading buffer could be stored at -20°C for up to 48 hours.

2.43.1 Electrophoresis of Samples

8% polyacrylamide/7 M urea denaturing gels were precasted as described in sections 

2.38. Gels were pre-run for 30 minutes at 30 mA and prior to the loading of samples 

the pre-formed wells were flushed with buffer to remove excess urea. DNase 1 footprint 

and Maxam-Gilbert reactions (sections 2.43 and 2.45) were heated at 80°C for 3 minutes 

and chilled immediately on iced-water. Samples were electrophoresed at 30 - 40 

mamps (1500 - 1800 volts) maintaining the temperature of the plates between 50 - 60°C. 

After electrophoresis the gel was transferred to Whatman 3 MM paper and dried under 

vacuo at 80°C. Wedge gels were fixed in a solution of 10% (v/v) acetic acid, 20% (v/v)
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methanol for 60 minutes to ensure complete removal of urea from the thick portion of 

the gel prior to drying. Gels were autoradiographed at -78°C with an intensifying 

screen.

2.44 DNASE 1 TITRATION ASSAYS 

Materials:

DNase 1: A range of DNase 1 concentrations were prepared in Mg^VCa "̂  ̂buffer from 

10 U/ul to 0.02 U/ul by two-fold dilutions.

10 X  MgCl/CaCl2 : 10 mM MgCl2, 5 mM CaClz

Poly (dL-dC)Poly(dI-dC):5 pg/ml prepared in sterile water.

lOx MgCl/Tris-HCl: 80mM Tris-HCl (pH 7.4), 70mM P mercaptoethanol,

30mM MgClj

BSA (BRL): 10 mg/ml made up in sterile water. Stored at -20°C.

Using optimized conditions determined for band shift assays, mock binding 

reactions were performed with various concentrations of DNase 1. Nuclear protein was 

replaced with 2.5 to 75 pg BSA to achieve complete binding of DNA. A large mock 

binding reaction, total volume of 500 pi was prepared that contained 100 pi of 5 x 

binding buffer, 50 pi of 10 x MgClj/Tris-HCl buffer, 20 pi Poly(dl-dC). Poly(dl-dC), 

up to 75 pi (750 pg) BSA and 1-2 x 10̂  cpm labelled DNA (10 ng). The volume was 

adjusted with sterile water. Ten tubes were labelled into which 50 pi of the mock 

reaction and 5 pi of the Mg^* /Csl̂* buffer was added. To each tube a different amount 

of DNase 1 dilution was added and the tubes were incubated for exactly 1 minute at 

room temperature. The procedure followed was exactly the same as that described in 

section 2.3).

2.45 MAXAM-GILBERT CHEMICAL SEQUENCING LADDERS

(Maxim & Gilbert 1977)

DNA sequence ladders were produced by the chemical sequencing methods of Maxam 

and Gilbert (1977). G+A and T+C reactions were prepared following instructions 

supplied with Pharmacia’s SureTrack Footprinting and NENs Research Products, DNA 

Sequencing System Kit (NEK-010) respectively.
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2.45.1 Limited DNA Cleavage at Pyrimidines (T+C)

Materials

Piperidine Formate Hydrazine: 1 M formic acid adjusted to pH 2 with piperidine 

95% Reagent Grade

Hydrazine Stop buffer: 3(X) mM sodium acetate, 1(X) mM EDTA pH 8, 25 pg/ml tRNA 

Sodium Acetate: Prior to use, 3 M sodium acetate was diluted to 300 mM with distilled 

water

Ferric Chloride: 2 M prepared in sterile water. Stored at room temperature.

Loading Bujfer: 80% (v/v) formamide, 10 mM EDTA, 0.3%(w/v) Xylene cyanol, 0.3% 

(w/v) Bromophenol blue

To a 1.5 ml eppendorf tube containing 10 pi distilled water, 1 to 10 pi ( 3 - 6  ng) 

radiolabelled DNA (1 - 2 x lO'̂  cpm/ng), 30 pi of hydrazine was added and the tube 

contents were mixed by gentle flicking. The cap was closed, sealed with nescofilm and 

the tube was placed at 20°C for 10 ± 5 minutes. 200 pi of hydrazine stop buffer was 

added and the contents were mixed by gentle tapping of the tube followed by the 

addition of 750 pi absolute alcohol. The tube was placed on dry ice for 5 minutes 

then centrifuged at 10000 g for 5 minutes. The supernatant was transferred to a 

hydrazine waste bottle containing 2 M ferric chloride and the DNA pellet was 

resuspended in 250 pi sodium acetate by vigorous vortexing. Three volumes of absolute 

alcohol was added to the suspension and after mixing the tube was returned to dry-ice 

for 5 minutes. DNA was recovered by centrifugation. The pellet was rinsed with 1ml 

of absolute alcohol, briefly dried under vacuo and dissolved in 100 pi of freshly 

prepared 1 M Piperidine. The cap was sealed with nescofilm and the tube was placed 

at 90°C for 30 minutes. After brief centrifugation holes were punched into the top of 

the eppendorf tube and the sample was frozen and lyophilized. DNA was redissolved 

in 50 pi water and re-lyophilized. The procedure was repeated by dissolving the 

pellet in 40 pi water. The pellet of DNA was redisissolved in 10 pi loading buffer. 

An aliquot of the T+C reaction (approximately Ix 10̂  cpm) was heated at 80°C for 3 

minutes and quickly chilled on iced water. The sequence ladder was loaded onto a 

sequence gel as described in section 2.38.
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2.45.2 Limited DNA Cleavage at Puriness (G+A)

Materials:

1 M Piperidine: 10 M Piperidine was diluted fresh on the day of use to 1 M and stored 

on ice until required.

SDS: 1% (w/v) SDS prepared in sterile water.

4% Formic Acid: 4% (v/v) formic acid was prepared in deionised water and stored at 

room temperature.

Poly (dldC).(dldC): 5 pg/pl prepared in sterile water and stored in aliquots at -20°C 

Loading Buffer: 80% (v/v) formamide, 10 mM EDTA, 0.3%(w/v) Xylene cyanol, 0.3% 

(w/v) Bromophenol blue.

To a 1.5 ml eppendorf tube, 1 to 8 pi of radiolabelled target DNA (1-2 x 

lO'^cpm/ng) and 1 pi Poly (dldC).(dldC) was added. The final volume was adjusted to 

10 pi with water. To the reaction tube 1 pi of 4% formic acid was added and the tube 

was incubated at 37°C for 25 minutes. The sample was placed on ice to which 150 pi 

of freshly prepared 1 M Piperidine was added and mixed by gentle tapping. The cap 

was sealed with Nescofilm before being placed at 90°C for 30 minutes. After brief 

centrifugation the reaction was chilled on ice for 5 minutes. 1 ml of equilibrated 

butanol was added and vortexed to mix. The sample was centrifuged at 10000 g for

2 minutes and the supernatant was discarded. To the pellet of DNA, 150 pi of freshly 

prepared 1% SDS and 1ml butanol was added. The contents were mixed vigourously 

and centrifuged at high speed for 2 minutes. The supernatant was carefully removed 

and the pellet was rinsed twice with 0.5 ml of butanol. The pellet was dried for 5 

minutes under vacuum to which lOpl of loading buffer was added. The G+A reaction 

could be stored for up to two weeks at -20°C. An aliquot (10000 cpm) was placed at 

80°C for 2 minutes and immediately chilled on iced-water prior to electrophoresis.
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2.46 SYNTHESIS AND DEPROTECTION OF OLIGONUCLEOTIDES

2.46.1 Nap 5 Column

The following oligonucleotides were synthesised on a ’Cruachem’ DNA synthesizer. 

Oligonucleotides were deprotected (removal of trityl) by heating at 55°C overnight and 

by cooling to 10”C. Ammonia was removed by lyophilization and the residue 

resuspended in 0.5 ml of sterile water. NAP 5 columns were equilibriated with 10 ml 

of 20% ethanol. The buffer was allowed to completely enter the gel bed before the 

sample was applied. The fraction was collected and the purified sample was eluted with

1.0 ml of buffer. The sample was lyophilized overnight and resuspended in 100 pi 

water.
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2.47 OLIGONUCLEOTIDES USED FOR SOUTHERN BLOT HYBRIDIZATIONS

1. Overlapping 66 m er Oligonucleotide Encoding for Amino Acids 1 to 22 of the

CKP2B1 and CYP1R2 Genes (Fujii-Kuriyama et al., 1982; Mizukama et al., 1983)

5’ATGGAGCCCAGTATCTTGCTCCTCCTTGCTCTCCTTGT-3’

5’CGAGAGGAACCCCGAAGAACAATGAGAATCAGTCCCCT-3’

2.48 OLIGONUCLEOTIDES USED IN BANDSHIFT STUDIES

1. N Fl/CTF

5, AttttGGCTTGAAGCCAATATG-3’ 

5’-CATATTGGCTTCAAGCCAAAAT-3’

2. CFP2B2 43 m er Ddel/Hae III [-219/-176 (18)]
5’C TGA GTT GAC AAG TGC ACA CCC ATT TAC ATA AAA CAA-3’
3’A CTG TTC ACG TGT GGG TAA ATG TAT TTT GTT CTC CGG-5’

3. CFP2B1 43 mer Ddel/Hae III [-219/-176 (18a)]
5’-CTG AGC TGA CAA GTG CAC ACC CAT CCC CA-3’
5’-GGG CTC TTG TTT TAT GGG GAT GGG TGT GC-3’

4. CYP2B2 Zeste W hit [-218/-213 (21)]
5’-TGA CAA AAC TGA GT-3’
3’-TCA ACT CAG TTT TG-3’

5. CYP2B2 O c ta l.l [-199/-183 (20)]
5’-TGT TTT TAT GTA A AT GG-3’
5 -CCC ATT TAC ATA AAA CA-3’

6. CYP2B1 "O c ta l.l"  [-199/-183 (20a)]

5’-TGT TTT ATG GGG ATG GG-3’
5’-CCC ATC CCC ATA AAA CA-3’
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7. CFB2B2 - 17 M er [-89/- 73 (22)]

5’-ATA GCT AAA GCA GGA GG-3’
5 -CCT CCT GCT TTA GCT AT-3’

8. CYP2B2 - PCR Prim ers Alu 1/Hinf 1 [-85/-31 (15)]
5’- GCT AAA GCA GGA GGC GTG AA-3’
5’- CTG CCC CTA CAC TCA GTT AT-3’

PCR Reactions
The 55bp fragment Alu 1/Hinf 1 [-85/-31 (15)] was amplified using the above PCR 
primers in a Hybaid Thermal Cycler.
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RESULTS

3 EFFECT OF INDUCING AGENTS ON HEPATIC AND EXTRAHEPATIC 
TISSUES

3.1 Effect of inducing agents on the weight of hepatic and Extrahepatic tissue

It is well known that phénobarbital (PB) and P-naphthoflavone (P-NF) induce the 

expression of members of the cytochrome P450 family in rat liver. The aims of this 

work were to determine the effect of these compounds on the expression of these 

proteins in various extrahepatic tissues and to investigate the effects of the plant product, 

isosafrole (ISP) on the expression of members of the GYP family. Phénobarbital 

treatment is known to cause an increase in liver weight (Conney 1967). The effect of 

this compound on the weights of lung and kidney were investigated. As shown in Table

3.1 PB does not affect the weight of these organs. Treatment with p-NF resulted in a 

small increase in the weight of kidney and lung. ISF treatment had no effect on the 

weights of either of these tissues. However, both compounds caused an increase in 

liver weight. ISF treatment increased liver weight by 20% whereas the increase 

observed with p-NF was only 10%. The effect of these compounds is less dramatic 

than that observed for PB which caused a 43% increase in the weight of this organ. 

Table 3.1

UNTREATED PB P-NF ISF

LIVER 6.37 ±0.60 9.1 ± 0.96* 6.82 ± 0.65 8.4 ± 0.54^

KIDNEY 1.45 ±0.11 1.43 ± 0.10 1.60 ±0.11^ 1.45 ±0 .07

LUNG 1.28 ±0.03 1.26 ±0.06 1.28 ± 0.02 1.26 ± 0.02

Significantly different P values from controls (% tissue weight increases)

PB LIVER* P<0.0001 (43%) ISF LIVER ̂  P<0.001(20.7%)

P-NF KIDNEY  ̂ P<0.05 (10.3%)

Statisitical analysis was carried out using the standard Student T test

3.2 PROTEIN ANALYSIS OF MICROSOMAL MEMBRANES BY SDS/PAGE

Electrophoretic analysis of solubilised liver, lung and kidney microsomal membranes 

from untreated (Fig. 3.1, lanes e f, i), PB-treated (lanes c,d,g,j) and p-NF-treated (lanes 

h and k,l) animals showed there was no major effect on the general protein complement 

of microsomal membranes. The amounts of some proteins were however increased by 

PB-, P-NF- or ISF treatments.
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3.2.1 Liver

Solubilised liver microsomal membranes from untreated (Figure 3.1, lane aj, p-NF- (lane 

b), and PB-treated animals (lane c,d) were electrophoresed through a 10% SDS 

polyacrylamide gel. The prominent protein observed in lane c and d had a relative 

molecular mass of 52 kDa. (Note: For all figure legends, PB refers to PB-treated 

animals, p-NF refers to p-NF-treated animals and ISF refers to ISF-treated animals).

LIVER LUNG KIDNEY
a b  c d ' e  f  g h i j ^  \~ ^

94

67

43

30
20

I

Figure 3.1
SDS/polyacrylamide gel electrophoresis of microsomal proteins isolated from the 
liver, kidney and lung of untreated, PB-treated and p-NF-treated Sprague Dawley 
rats. Microsomal proteins were diluted to a concentration of 1 mg/ml as described in 
section 2.2.1. Samples were electrophoresed on a 10% denaturing 
SDS/polyacrylamide gel and the gel was stained with kenacid blue (section 2.5). 
Microsomal membrane proteins from liver, lung and kidney of untreated, PB-and p- 
NF-treated animals were loaded as follows: (PB=PB-treated animals, P-NF=NF 
treated animals). Liver microsomal protein: Lane (a) Untreated, 5 pg; lane (b) p- 
NF, 5 pg; Lanes (c,d) PB, 10 pg, 20 ug. Lung microsomal protein: Lanes (e, f)
Untreated, 5 pg, 10 pg; Lane (g) PB, 10 pg; Lane (h) p-NF, 20 pg. Kidney 
microsomal protein: Lane (i) Untreated, 10 pg; Lane (j) PB, 20 pg; Lanes (k,l) p-NF,
20 pg
Relative molecular mass of the standards are given as numbers (kDa). Arrows 
indicate the 54 kDa (CYPlAl/2) and 52 kDa (CYP2B1/2) species induced by PB and 
p-NF respectively
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Figure 3.2
SDS/polyacrylamide gel electrophoresis of microsomal proteins isolated from kidney 
and lung of untreated, PB-treated and p-NF-treated Sprague Dawley rats.
Microsomal proteins were diluted to a concentration of 1 mg/ml as described in 
section 2.2.1. Samples were electrophoresed through a 8% denaturing 
SDS/polyacrylamide gel and the gel was stained with kenacid blue (section 2.5). 
Microsomal membrane proteins from lung and kidney of untreated, PB-and p-NF- 
treated animals were loaded as follows: Lanes (b,c, and d) contained 20 pg 
microsomal membrane protein. Lanes (a,e, and f) contained 10 pg microsomal 
membrane protein.
(a) PB-lung; (b) PB-kidney; (c) p-NF Kidney; (d) ISF-Kidney; (e) Untreated- 
lung; (f) Untreated-Kidney;
Relative molecular mass of the standards are given as numbers (kDa). Arrows 
indicate the 54 and 52 kDa (CYPlAl/2) and 52 kDa (CYP2B1/2) species induced by 
p-NF and PB-treatment respectively.
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The prominent protein observed in lane c and d had a relative molecular mass of 52 

kDa. This corresponded to the major PB-inducible variants CYP2B1 and CYP2B2 

(previously identified by Ryan et al., 1979; Phillips et a i, 1981) and to a lesser degree 

a protein of 50 kDa that was proposed by Pickett et a l, (1980) to be epoxide hydrolase. 

ISF-treatment also induced the major 52 kDa protein in rat liver microsomes (data not 

shown). Treatment of rats with p-NF (lane b), resulted in an increase of a 54 kDa 

protein, the major sub family member, CYPIAI.

3.2.2 Lung and Kidney

The 52 kDa protein detected in liver following PB treatment was not seen in lung or 

kidney microsomal membrane proteins (Figure 3.1, lanes e,f,g,i,j). However, in lung and 

kidney microsomal membranes isolated from P-NF-treated rats an increase in the 

amount of a 54 kDa protein was observed (lanes h,k,l). Decreasing the percentage of 

the polyacrylamide gel to 8% allowed greater resolution of the 54 kDa protein induced 

in kidney microsomal membranes from P-NF and ISF-treated animals (Figure 3.2. lanes 

c and d respectively). In microsomal membranes isolated from the lungs of P-NF and 

ISF-treated rats the amount of a 54 kDa protein was also increased (data not shown).

3.3 TH E EFFEC T OF ISOSAFROLE ON TH E EX PRESSION O F TH E 

M ICROSOM AL MONOXYGENASE SYSTEM 

To investigate the expression and induction in the liver and various extrahepatic tissues, 

of protein components of the mixed function monoxygenase system two experimental 

approaches using antibodies to these proteins were used - western and slot blotting 

techniques (section 2.6 & 2.8). The specificity of the antiserum had been determined 

prior to the start of this investigation using microsomal membranes isolated from rat 

liver (Phillips et a l, 1983; Shephard et a l, 1983). However, the antibodies had not been 

used to examine the expression of the components of the microsomal monoxygenases 

in extrahepatic tissues. Therefore, prior to the quantification of a protein by the slot 

blotting method each microsomal preparation was analyzed using western blotting and 

the appropriate antisera (section 2.9). The total cytochrome P450 content in liver, 

kidney and lung of solubilized microsomal membranes had been previously determined 

by CO-reduced difference spectra (L.Forrest M.Sc 1986). The induction of cytochromes 

P450 by the xenobiotics ISF, PB and p-NF are shown in Table 3.2.
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3.4 LIVER

3.4.1 Cytochromes P450

Animals were treated with isosafrole as described in the methods section (2.1.1). The 

results obtained are compared, where appropriate, to the two known inducers of 

cytochrome P450, namely phénobarbital and (3-naphthoflavone.

3.4.2 The Effect of Isosafrole on CYP2Bs

The antibody used in this investigation was raised to CYP2B1 (Phillips et a/., 1983 ). As 

the antisera will cross react with both CYP2B1 and CYP2B2 the term CYP2Bs will be 

used to refer to protein detected by the antibody. There are several members of the CYP2B 

sub-family, but it was shown by Phillips et a i, (1983) that whilst the antibody used in this 

study detected both CYP2B1 and CYP2B2, it did not cross-react with other members of 

this subfamily. As shown in Figure 3.3A (lanes e-h) a protein of 52 kDa was increased in 

the microsomal membranes of rats treated with ISF. This protein corresponded in size to 

that increased in the microsomal membranes isolated from PB-treated rats (Figure 3.3A, 

lanes m-p). A protein of the same relative molecular mass was observed in microsomal 

membrane proteins isolated from p-NF treated rats (Figure 3.4, lane a). To quantify the 

increase in CYP2Bs following ISF treatment a slot blot method was used. Different 

concentrations of solubilised microsomal membranes and purified CYP2B1 were bound to 

a nitrocellulose filter and incubated with anti-CYP2B sera. By comparison to a standard 

curve, derived using the purified protein, the amount of CYP2B in microsomal membranes 

isolated from animals treated with ISF was determined. A typical slot blot is shown in part 

B of Figure 3.3 and the results derived by densitometric scanning of the blots are given in 

Table 3.3. CYP2B proteins are present in the microsomal membranes of untreated animals 

at a concentration of 0.094nmol/mg microsomal protein. The microsomal content of these 

proteins increased to 2.06 nmol/mg microsomal protein following ISF treatment. This 

corresponds to a 22-fold increase in the CYP2B proteins. Although ISF is a potent inducer 

of CYP2Bs it is less so than is phénobarbital. This compound increased CYP2Bs by 33- 

fold from to 0.094nmol/mg to 3.1 nmol/mg microsomal protein (Table3.4)
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(1)

LIVER

Specific content of cytochrome P450 nmol/mg protein

SOLUBILISED MICROSOMES FOLD INDUCTION

UN PB P-NF ISF PB p-NF ISF

(A) (B) (C) (D) (B/A) (C/A) (D/A)

1.27 3.72 1.80 2,83 2.93 1.42 2.22

SOLUBILISED MICROSOMES FOLD INDUCTION

(II)
KIDNEY

UN

(A)

PB

(B)

p-NF

(C)

ISF

(D)

PB

(B/A)
P-NF ISF 

(C/A) (D/A)

Specific content of cytochrome P450 nmol/mg protein 0.45 0.50 0.60 0.50 1.11 1.33 1.11

(ffl)
LUNG

SOLUBILISED MICROSOMES 

UN PB p-NF ISF 

(A) (B) (C) (D)

FOLD INDUCTION 

PB P-NF ISF 

(B/A) (C/A) (D/A)

Specific content of cytochrome P450 nmol/mg protein 0.20 0.21 0.34 0.29 1.05 1.70 1.45

Table 3.2 Effect of the xenobiotics PB, p-NF and ISF on the total cytochrome P450 content in microsomal membranes from liver, kidney and lung

Total microsomal membranes isolated from tissues of untreated (UN) and treated (PB, P-NF, ISF) rats were solubilised as described in section 2.2.L Cytochrome P450 content was 
determined by CO difference spectra on a pool of microsomes for each group (n=3). The specific content of cytochrome P450 was expressed in nmol/mg of solubilized 
microsomal membrane protein.
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CYP2B1
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Figure 3.3A
Western blot of rat liver microsomal membranes from untreated, PB- and ISF-treated 
animals immunoreacted with anti-CYP2Bl (G2) serum and immunostained using the 
HRP procedure as described in section 2.7.1 
Lanes and microsomal proteins were loaded as follows:
(a-d) Purified CYP2B1 protein, 12.5 ng; 25 ng; 50 ng; 100 ng 
(e-h) Microsomal membrane from ISF-treated animals, 0.25 pg; 0.5 pg; 1.0 pg; 2.0 pg 
(i-1) Microsomal membrane from untreated animals, 0.25 pg; 0.5 pg; 1.0 pg; 2.0 pg 
(m-p) Microsomal membrane from PB-treated animals, 0.25 pg; 0.5 pg; 1.0 pg; 2.0 pg 
Numbers give the relative molecular mass of the protein standards (kDa). The arrow 
indicates the 52 kDa CYP2B1/2 polypeptides that are inducible by phénobarbital.
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g
Ü

"3
«
g
C
3 OS0.

ng ng

500 40 — 2.0

375 30 — 1.5

250 20 — 1.0

195 15 0.75

125 10 0.5

95 — 7.5 0.375

63 5.0 0.25

48 3.75 0.195

Protein Microsomal
membranes

Figure 3.3B
Quantitation of CYP2Bs in liver microsomal membranes isolated from PB-treated and 
untreated rats.
Purified CYP2B1 protein and microsomal membrane protein were applied to 
nitrocellulose membranes using a slot blot apparatus (section 2.8). The proteins were 
immunoreacted against anti-CYP2B1 serum (G2) and immunostaining was carried out 
as described in section 2.7.1 The slot blot was quantified using a Joyce Loebl scanner. 
The serial dilutions of purified CYP2B1 proteins ranged from 500 ng to 48 ng. 
Microsomal membrane proteins from the livers of untreated animals were diluted from 
40 pg and microsomal proteins from PB-treated animals from 2.0pg.
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A B O D E

52kDa.

"76kDa

Figure 3.4
Western blot of rat liver microsomal membranes immunoreacted against anti-CYP2B1 
serum (G2). Proteins were electrophoresed through a 10% SDS/polyacrylamide gel and 
immunoblotted with HRP linked second antibody (section 2.7.1).
Microsomal membrane protein were isolated from the livers of animals treated with PB 
(b,e), ISF (c) or (3-NF (d). Tracks b-e contained 10 pg protein. Track a contains lOOng 
of CYP2B1 purified protein. Tracks a-d were incubated with anti CYP2B serum and 
track e with anti P450 reductase serum.
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3.4.3 The Effect of Isosafrole treatment on C Y P lA l

An antibody, (Al) raised to CYPlAl was shown not to cross-react with CYP1A2. A 

single protein detected in liver microsomal membranes isolated from ISF- and p-NF- 

treated rats co-migrated with the 54 kDa protein of purified CYPlAl (Figure 3.5, lanes 

g,h and e,f respectively). This protein was barely detectable in the membranes isolated 

from PB-treated or untreated rats (Figure 3.5, lanes c,d and a,b respectively).

CYP1A1

54 kDa

Figure 3.5
Western blot of rat liver microsomal membranes immunoreacted with anti-CYPlAl 
serum (Al). Proteins were electrophoresed through a 10% SDS/polyacrylamide gel 
blotted to a nitrocellulose membrane and incubated with anti CYPlAl serum followed 
by a HRP linked second antibody (section 2.7.1).
Lanes were loaded as follows with microsomal membranes isolated from PB-, p-NF-, 
ISF-treated or untreated animals: Lanes (a,b) Untreated, 40 pg and 20 pg; Lanes (c,d) 
PB, 40 pg and 20 pg; Lanes (e, f) p-NF, 40 pg and 20 pg; Lanes (g, h) ISF treated, 40 
pg and 20 pg; Lanes (i to m) CYPlAl purified protein, 400ng, 80ng, 40ng, 8ng, 4ng. 
The arrow indicates the 54 kDa CYPlAl protein.
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Immunoquantification by slot blot analysis showed an increase in the content of 

CY PlA l protein in microsomal membranes from 0.04 nmol/mg in the untreated animal 

to 0.56 nmol/mg microsomal protein in animals treated with ISF, a 153 fold increase in 

the C Y PlA l protein. The microsomal content of the C Y PlA l protein was increased 

to 1.2 nmol/mg microsomal protein following p-NF treatment. This corresponded to a 

275-fold increase in the C Y PlA l protein (Table 3.5 and 3.6).

A second antiserum that had been raised to C Y PlA l (B2) was shown by western 

blot analysis to cross-react to a protein that had the same relative molecular mass as 

CYP1A2 (52 kDa) (Figure 3.6, lanes b,c). However, the detection of CYP1A2 in 

microsomal membrane proteins isolated from both P-NF-treated and untreated animals 

was very weak (Figure 3.7 lanes g to 1, and m to p respectively). The CYP1A2 protein 

was detected in microsomal membranes isolated from ISF-treated rats but not PB- 

treated rats (data not shown). Unfortunately, as purified CYP1A2 protein was not 

available, it was not possible to quantify the fold increase of rat CYP1A2 in 

microsomal membrane proteins isolated from ISF or p-NF-treated rats. For the 

remaining studies the C Y PlA l (A l) antiserum was used for both western and slot blot 

analysis.

3.5 KIDNEY

3.5.1 The Effect of Isosafrole on CYP2Bs

A western blot of kidney microsomal membranes isolated from PB-, ISF-, p-NF-treated 

and untreated rats was incubated with anti-CYP2B 1 (G2). A 52 kDa protein which co

migrated with the purified CYP2B1 protein was detectable only in microsomal 

membranes isolated from PB-treated rats (Figure 3.8, lane n-p). To quantify the fold- 

increase of the CYP2Bs protein, densitometric scans of slot blots were carried out using 

microsomal membranes at protein concentrations ten-fold higher than that previously 

used for detecting CYP2B proteins in liver microsomal membranes. Treatment of 

animals with ISF, and p-NF did not increase the content of CYP2Bs in microsomal 

membrane proteins isolated from kidney. Furthermore, no significant increase in the 

total content of cytochrome P450s by ISF-, PB and p-NF treatment was observed 

(Table 3.3 and 3.4).
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3.5.2 The Effect of Isosafrole on CYPlAl

In contrast to the lack of induction of CYP2Bs in kidney, by ISF and p-NF a marked 

increase in the amount of C Y PlA l protein was observed in kidney microsomal 

membranes isolated from rats that had been administered with these compounds. The 

relative molecular mass of the proteins which co-migrated with C Y PlA l was 54 kDa 

(Figure 3.9, lanes g,h and e,f respectively). In the untreated rat, C Y P lA l protein is 

present in microsomal membranes at a concentration of 0.007 nmol/mg. ISF treatment 

of animals increased the content of this protein to 0.093 nmol/mg microsomal protein. 

This corresponds to a 13-fold increase in the C Y PlA l protein. Whereas, the more potent 

inducer, p-NF, increased the microsomal content of C Y PlA l protein 33-fold from 0.007 

nmol/mg microsomal protein to 0.24 nmol/mg microsomal protein, increased the 

microsomal content of C Y PlA l protein 33-fold from 0.007 nmol/mg microsomal protein 

to 0.24 nmol/mg microsomal protein.

These fold inductions were associated with a 1.1 and a 1.3 fold-increase in the 

total content of cytochromes P450 in the microsomal membranes of animals treated with 

ISF and p-NF respectively. The content of C Y PlA l protein in microsomal membranes 

from PB-treated animals decreased 2-fold, from 0.007 nmol/mg in the untreated animal 

to 0.004 nmoles/mg microsomal protein PB-treated animals (Table 3.5 and 3.6).

3.6 LUNG

3.6.1 The Effect of Isosafrole on CYP2Bs

A 52 kDa protein which comigrated with CYP2B1 purified protein was observed in lung 

microsomal membranes from ISF and PB-treated rats (Figure 3.10, lanes g-i and a-c 

respectively). To detect and quantify CYP2Bs in lung microsomal membranes isolated 

from these animals, the amount of protein required for western and slot blot analysis 

was 10-fold higher than that used in the immunodetection of hepatic cytochromes P450. 

Treatment of rats with ISF- or PB- increased the amount of CYP2Bs in lung 

microsomal membranes, 1.5 and 2-fold respectively (Table 3.3 and 3.4).
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CYP1A1/2 CYP1A1

54 kDa 
52 kDa

Figure 3.6
Western blot o f rat liver microsomal membranes isolated from p-NF-treated rats.
Comparison o f  an ti-C Y P lA l (A l)  and an ti-C Y P lA l/A 2  (B2 ) serum raised against purified C Y P lA l 
protein. M icrosomal proteins isolated from P-NF treated rats and purified C Y P lA l protein were loaded 
as follows:
Lanes (a, f) Purified C Y P lA l protein, 100 ng and 1.0 pg respectively;
Lane (b) P-NF,10pg; Lane (c) P-NF, 0.5pg; Lane (d) p-NF,20pg; Lane (e) P-NF, 10 pg;
The arrows indicate the relative molecular mass o f the C Y P lA l (54 kDa) and CYP1A2 (52 kDa) proteins.

NFCYP1A1

Figure 3.7
Western blot o f liver microsomal membranes isolated from p-NF-treated and untreated rats 
immunoreacted against an ti-C Y P lA 1 (A l)  serum. Microsomal membranes from P-NF and untreated rats 
and purified C Y P lA l protein were loaded as follows:
Lanes (a to f) Purified C Y P lA l protein, 50 ng, 40  ng, 30 ng, 20 ng, 10 ng.
Lanes (g to 1) P-NF, 5 pg, 4 pg, 3 pg, 2 pg, 1 pg.
Lanes (m to p) Untreated, 50 pg, 40  pg, 30 pg, 20 pg, 10 pg.
The arrows indicate the relative molecular mass o f  the C Y P lA l (54 kDa) and CYP1A2 (52 kDa) proteins.
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Figure 3.8
Western blot o f  kidney microsomal membranes immunoreacted against anti-C Y P2B l (G 2) serum and 
stained using the HRP staining procedure as described in section 2.7.1
M icrosomal membrane proteins isolated from the kidney o f  p-NF-,ISF-, PB-treated, untreated animals and 
purified CYP2B1 protein were loaded as follows:
Lanes (a to d) Purified CYP2B1 protein, 12.5 ng, 25 ng, 50 ng, 100 ng;
Lanes (e to g) P-NF, 5 pg, 10 pg, 20 pg: Lanes (h to j) ISF, 5 pg, 10 pg, 20  pg.
Lanes (k to m) Untreated, 5 pg, 10 pg, 20  pg: Lanes (n to p) PB, 5 pg, 10 pg, 20  pg.
The arrow indicates the relative molecular mass  ̂ (kDa) o f the CYP2B1 protein.
The numbers refer to the relative molecular mass o f  the protein standards (kDa)
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Figure 3.9
Western blot o f kidney microsomal membranes electrophoresed through a 10% SDS/polyacrylamide gel. 
The blot was immunoreacted against anti-C Y P lA l (A l)  serum and stained using the HRP staining 
procedure as described in section 2.7.1
Microsomal membranes isolated from the kidneys o f PB-, {3-NF-, ISF-treated and untreated animals and 
purified C Y P lA l protein were loaded as follows: Lanes (a, b) Untreated, 20  pg, 10 pg; Lanes (c, d) PB, 
20 pg, 10 pg; Lanes (e, f) (3-NF, 20 pg, 10 pg; Lanes (g, h) ISF, 20 pg, 10 pg;
Lanes (i to 1) Purified C Y P lA l protein, 400 ng, 80 ng, 40 ng, 8 ng, 4 ng
The arrow indicates the relative molecular mass (kDa) o f the 54 kDa C Y P lA l protein.
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Total
Cytochrome

P450
nmol/mg

microsomal
Protein

CYP2B 
pg/mg of 

microsomal 
membrane 

protein

CYP2B
nmol/mg

microsomal
membrane

protein

CYP2B 
% of total 

cytochrome 
P450

Non-CYP2B
nmol/mg

microsomal
membrane

protein

(A) (B) (C) (D) (E)

Untreated

Liver 1.27±0.04 4.91±0.78 0.094±0.02 7.48±1.22 1.18±0.65

Kidney 0.45±0.01 0.40±0.10 0.008±0.002 l.71±0.40 0.44±0.10

Lung 0.20±0.01 0.40±0.08 0.007±0.001 3.85±0.98 0.19±0.02

PB Treatment

Liver 3.72±0.28 164±19.5 3.15+0.38 84.80±9.0 0.57±0.05

Kidney 0.50±0.04 0.50±0.06 0.01 ±0.003 1.92+0.5 0.49±0.07

Lung 0.21±0.01 0.80+0.11 0.015+0.006 7.33+1.4 0.195±0.03

ISF Treatment

Liver 2.83±0.08 107+12.9 2.06+0.25 72.70±7.23 0.77±0.19

Kidney 0.50±0.01 0.40+0.12 0.008±0.001 1.50±0.42 0.49±0.008

Lung 0.29±0.02 0.40±0.03 0.008±0.002 2.65±0.07 0.282+0.05

p-NF Treatment

Liver 1.80±0.08 2.05±0.68 0.04±0.01 2.19±0.65 1.76±0.35

Kidney 0.60±0.02 0.40±0.09 0.008±0.001 1.30±0.32 0.59±0.05

Lung 0.34±0.02 0.40±0.05 0.007±0.002 2.20±0.08 0.33±0.06

Table 3.3
Quantification of CYP2Bs in liver, kidney and lung microsomal membranes
Each determination was made in triplicate on microsomal membranes isolated from pools of 3 rats. 
Total cytochromes P450 were determined by CO diffemce spectral (A). Data (B and C) was derived from 
western and slot blot quantification (sections 2.6 & 2.8). (D) was calculated by the formula:
%=100 X C/A, and cytochrome P450 species that are not CYP2Bs: calculated by the formula: (E)= A-C.
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Total CYP2B nmol/g mg/g
Cytochrome pg/mg of total total

P450 microsomal cytochrome microsomal
nmol/mg membrane P450 membrane

microsomal protein microsomal protein
Protein protein

PB Treatm ent

Liver 2.93 33.5 5.80 2.00

Kidney 1.10 1.25 2.74 2.47

Lung 1.05 2.00 1.35 1.30

ISF Treatm ent

Liver 2.23 21.8 3.95 1.77

Kidney 1.11 0 3.60 3.24

Lung 1.45 1.5 4.10 2.80

p-NF Treatm ent

Liver 1.40 *2.40 2.18 1.53

Kidney 1.30 0 6.37 4.76

Lung 1.70 0 6.25 3.80

* Fold decrease compared to untreated group

Table 3.4

Summary of fold-inductions of total cytochromes P450 and CYP2Bs in liver, kidney 
and lung microsomal membranes following PB-, p-NF- or ISF-treatment.
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3.6.2 The Effect of Isosafrole on CYPlAl

A 54 kDa protein detected in lung microsomal membranes isolated from ISF or p-NF- 

treated rats co-migrated with C Y PlA l purified protein (Figure 3.11, lanes p-q and k-m 

respectively). Densitometric scans of slot blots showed that the C Y PlA l protein in the 

microsomal membranes of ISF-treated animals was increased 23-fold. p-NF-treatment 

increased the protein 30-fold. The amount of C Y PlA l in microsomal membranes 

increased from 0.007 nmoles/mg in the untreated animal to 0.17 nmoles/mg in ISF- 

treated animals. In the P-NF-treated animal the content of C Y PlA l protein in lung 

microsomal membranes increased to 0.22 nmoles/mg. These fold increases corresponded 

to a 1.5 and 1.7-fold increase in the total cytochrome P450 content. (Tables 3.5 and 3.6).

3.7 OTHER COMPONENTS OF THE MONOOXYGENASE SYSTEM

In the liver MFC system the proteins cytochrome P450 and P450 reductase are in close 

association in the endoplasmic reticulum. These essential components are responsible 

for drug oxidations where the flavoprotein transfers reducing equivalents from NADPH 

to cytochrome P450. The activity of the microsomal MFC system may be limited 

by i) the rate at which cytochromes P450 can transfer oxygen to substrates; ii) the rate 

at which P450 reductase is able to transfer electrons; or iii) the rate at which a second 

electron is transferred to the cytochrome P450. Which of these three activities is rate 

limiting is unclear. The molar ratio of total cytochromes P450: P450 reductase and 

cytochrome bg: cytochrome bg reductase were quantified in microsomal membranes of 

liver, kidney and lung of rats which have been administered PB, P-NF or remained 

untreated.
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Figure 3.10
Western blot o f lung microsomal membranes immunoreacted against anti-CYP2Bl 
(G2) serum and stained using the HRP staining procedure as described in section 2.7.1 
Microsomal membranes isolated from the lung o f PB-, P-NF-, ISF-treated and untreated animals and 
purified CYP2B1 protein were loaded as follows:
Lanes (a to c) PB, 20 pg, 10 pg, 5 pg: Lanes (d to f) Untreated, 20 pg, 10 pg, 5 pg
Lanes (g to i) ISF, 20 pg, 10 pg, 5 pg: Lanes (j to 1) p-NF, 20 pg, 10 pg, 5 pg
Lanes (m to o) Purified CYP2B1 protein, 50 ng, 25 ng, 12.5 ng.
The arrow indicates the relative molecular mass o f the C Y P 2B 1 (52 kDa) protein. The numbers refer to
the relative molecular mass o f the protein standards (kDa).
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Figure 3.11
Western blot o f lung microsomal membranes resolved through a 10% SDS/polyacrylamide gel. The blot 
was immuno reacted against anti-C Y P lA l (A l)  serum and stained using the HRP staining procedure. 
Microsomal membranes isolated from the lung o f (3-NF-, PB-, ISF-treated and untreated animals and 
purified C Y P lA l protein were loaded as follows;
Lanes (a to g) Purified C Y P lA l protein; 1600 ng, 800 ng, 400 ng, 200 ng, 100 ng, 50 ng, 25ng  
Lanes (h to j) Untreated, 20 pg, 10 pg, 5 pg:
Lanes (k to m) p-NF, 20 pg, 10 pg, 5 pg.

Lanes (n,o) PB, 20pg, lOpg.
Lanes (p to q) ISF, 20 pg, 10 pg, 5 pg.
The arrow indicates the relative molecular mass o f the C Y P lA l 54 kDa protein
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U ntreated

Liver

Kidney

Lung

Total
Cytochrome

P450
nmol/mg

microsomal
Protein

(A)

1.27+0.04

0.45±0.01

0 .2±0.01

p-NF Treatm ent 

Liver 1.80±0.08

Kidney 0.60+0.02

Lung 0.34±0.02

ISF Treatm ent 

Liver 2.83±0.08

Kidney 0.50±0.01

Lung 0.29+0.02

PB Treatm ent 

Liver 3.72±0.28

Kidney 0.50±0.04

Lung 0.21±0.01

CY PlA l 
|ig/mg of 

microsomal 
membrane 

protein

(B)

55.0±4.0

13.0±2.5

12.0± 1.8

30.0±2.0

5.0±0.8

9.0±1.0

0 .20±0.01 

0 .20±0.01 

0.20± 0.01

CY PlA l
nmol/mg

microsomal
membrane

protein

(C)

-(CY PlA lh- 
% of total 

cytochrome 
P450

0.20±0.01 0.004±0.001

0.40±0.05 0.007±0.002

0.40±0.04 0.007±0.001

1.02±0.004

0.24±0.006

0.22+0.005

0.56±0.09

0.093±0.02

0.17±0.05

0.004±0.001

0.004±0.001

0.004±0.001

(D)

0.29±0.02

1.65±0.15

3.70±0.87

56.6±8.0

40.0±7.0

65.4±5.9

19.6±5.0

18.6±2.0

57.5±8.0

0.11±0.03

0.70db0.10

1.80±0.04

Non-
CY PlA l
nmol/mg

microsomal
membrane

protein

(E)

1.27±0.07

0.44±0.10

0.19±0.04

0.78±0.11

0.36±0.07

0 .12±0.02

2.27±0.09

0.41±0.08

0.12±0.05

3.72±0.60

0.50±0.09

0.21±0.08

Table 3.5
Quantification of C Y P lA l in liver, kidney and lung microsomal m em branes
Each determination was made in triplicate on microsomal membranes isolated from pools of 3 rats. (A), 
Total cytochromes P450 were determined by CO difference spectral analysis. Data (B and C), derived 
from western and slot blot quantification (sections 2.6 and 2.8).
(D), calculated by the formula: % = 10 x C/A, and cytochrome P450 species that are not CYPlAl 
calculated by the formula: E = A - C .
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Total
Cytochrome

P450
nmol/mg

microsomal
Protein

C Y P lA l nmol/g 
pg/mg of total 

microsomal cytochrome 
membrane P450 

protein microsomal 
protein

mg/g
total

microsomal
membrane

protein

p-NF T reatm en t

Liver 1.42 275 2.18 1.53

Kidney 1.33 32.5 6.37 4.76

Lung 1.70 30.0 6.52 3.80

ISF  T reatm ent

Liver 2.22 153 3.95 1.77

Kidney 1.10 12.50 3.60 3.24

Lung 1.45 22.50 4.10 2.80

PB T reatm ent

Liver 2.93 0.00 5.80 2.00

Kidney 1.10 *2.00 2.74 2.47

Lung 1.05 *2.00 1.35 1.30

* Fold decrease compared to untreated group

Table 3.6

Summary of fold-inductions of total cytochromes P450s and C Y PIA I in liver, kidney and 
microsomal membranes following PB-, P-NF-, ISF-treatments
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3.7.1 Cytochrome P450 NADPH Dependent Reductase

Purified P450 reductase isolated from the microsomal membranes of PB-treated or p- 

NF rats was shown by Shephard et a l, (1983) to share identical antigenic determinants. 

The antibodies raised to P450 reductase detected a protein by western blotting which had 

a relative molecular mass of 76 kDa. A single band which corresponded to the purified 

P450 reductase protein was detected in liver microsomal membranes isolated from 

animals treated with either ISF, PB or p-NF and in the membranes of the untreated rat 

(Figure 3.12, lanes n-q ). Quantification of P450 reductase by slot blot analysis showed 

treatment of rats with ISF increased the amount of P450 reductase 1.3-fold, whilst the 

administration of p-NF did not raise the content of P450 reductase above the 

constitutive amount found in the untreated rat. In comparison, PB-treatment increased 

the amount of P450 reductase in microsomal membranes 2.7-fold. To investigate the 

expression of P450 reductase in the kidney and lung of ISF-, PB-, P-NF-treated or 

untreated animals, the amount of microsomal membranes used for western and slot blot 

analysis was increased 10-fold to that required to quantify hepatic P450 reductase. The 

amount of P450 reductase detected in microsomal membranes isolated from the kidney 

and lung of animals treated with ISF-, PB- or p-NF were the same as that observed in 

untreated animals (Table 3.7).

3.7.2 Cytochrome bg and Cytochrome bg Reductase

Quantification of cytochrome bg and cytochrome bg reductase in the liver, kidney and 

lung of PB-treated or untreated rats was investigated using the alkaline phosphatase 

immunostaining method (section 2.7.2). An 18 kDa protein which corresponded to 

cytochrome bg was expressed in the microsomal membranes of liver, kidney and lung 

of PB-treated or untreated rats (Figure 3.13). Typical values determined by 

densitometric scans of slot blots showed that PB-treatment increased the content of 

cytochrome bg 3-fold in liver microsomal membranes from 0.063 nmol/mg in the 

untreated animal to 0.121 nmol/mg microsomal proteinfollowing PB treatment (Table 

3.8A). Similar results were obtained for liver, lung and kidney microsomal membranes 

isolated from ISF- and P-NF treated animals (data not shown). Cytochrome bg reductase 

with a relative molecular mass of 33 kDa was detected in PB-treated and untreated rats 

(Figure 3.14) and in ISF or p-NF-treated rats (data not shown).
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Figure 3.12

Western blot analysis of NADPH dependent cytochrome P450 reductase (P450 reductase). 
Microsomal membranes were isolated from the liver, kidney and lung of ISF-treated, p-NF- 
treated, PB-treated or untreated rats and analyzed using anti P450 reductase serum (C14/7)

Microsomal membranes isolated from p-NF-, PB-, ISF-treated and untreated animals and 
purified P450 reductase proteins were loaded into lanes as follows:
Purified P450 reductase protein: (a) 5 ng; (b) 10 ng; (c) 25 ng; (d) 50 ng; (e) 75 ng.
30 pg of lung microsomal membranes: (f) Untreated; (g) PB; (h) p-NF; (i) ISF.
30 pg of kidney microsomal membranes: (j) Untreated; (k) PB; (1) p-NF; (m) ISF.
3 pg of liver microsomal proteins: (n) Untreated; (o) PB; (p) p-NF; (q) ISF.

The arrow indicates the 76 kDa P450 reductase protein.
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Figure 3.13
Western blot analysis of Cytochrome . Microsomal membranes were isolated from the liver, 
lung, and kidney of PB-treated and untreated rats and electrophoresed through a 13% 
SDS/polyacrylamide gel.
The blot was incubated with anti-cytochrome bg serum (E4) and immunostained using the alkaline 
phosphatase staining procedure as described in section 2.7.2
Microsomal membranes and purified cytochrome bg protein were loaded in the following lanes: 
Lung microsomes: Untreated: (a) 10 pg; (b) 20 pg: PB: (c) 10 pg; (d) 20 pg
Kidney microsomes: Untreated: (e) 10 pg; (f) 20 pg: PB: (g) 10 pg; (h) 20 pg
Liver microsomes: Untreated: (i) 5pg; (j) 10 pg: PB: (k) 5 pg; (1) 10 pg
Purified cytochrome bg protein: (m) 12.5 ng; (n) 25 ng; (o) 50 ng; (p) 100 ng;
The arrow indicates the relative molecular mass of Cytochrome bg (18 kDa).
The numbers refer to the relative molecular mass of the protein standards (kDa).
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Figure 3.14
Western blot analysis of Cytochrome bg reductase. Microsomal membranes were isolated from the 
liver, lung, and kidney of PB-treated and untreated animals and electrophoresed through a 13% 
SDS/polyacrylamide gel. The blot was incubated with anti-Cytochrome bg reductase serum (K2) 
and immunostained using the alkaline phosphatase staining procedure as described in section 2.7.2 
Microsomal membranes and purified cytochrome b greductase proteins were loaded as follows; 
Purified cytochrome bg reductase protein: Lanes (a) 12.5 ng; (b) 25 ng; (c) 50 ng; (d) 100 ng 
Lung microsomes: Untreated: (e) 40 pg (f) 80 pg: PB: (g) 40 pg; (h) 80 pg
Kidney microsomes: Untreated: (i) 40 pg (j) 80pg: PB: (k) 40 pg; (1) 80 pg
Liver microsmes: Untreated: (m) 20 pg (n) 40 pg: PB: (o) 20 pg; (p) 40 pg
The arrow indicates the relative molecular mass of the Cytochrome bg reductase protein (33 kDa)
The numbers refer to the relative molecular mass of the protein standards (kDa).
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P-450 reductase 
Hg/mg of 

microsomal 
membrane

P-450 reductase 
nmol/mg of 
microsomal 
membrane

Total P-450 
nmol/mg of 
microsomal 

protein

P450:P450 
reductase 

(molar ratio)

Liver

Untreated 7.0 0.092 1.27 14 : 1

PB 18.0 0.24 3.72 15.5 : 1

P-NF 7.5 0.099 1.80 18.2 : 1

ISF 9.3 0.122 2.83 23.0 : 1

Kidney

Untreated 2.3 0.030 0.45 15.0 : 1

PB 2.5 0.033 0.50 15.2 : 1

P-NF 2.6 0.034 0.60 17.6 : 1

ISF 2.5 0.033 0.50 15.2 : 1

Lung

Untreated 2.3 0.030 0.2 6.7 : 1

PB 2.5 0.033 0.21 6.4 : 1

P-NF 2.5 0.033 0.34 10.3 : 1

ISF 2.5 0.033 0.29 8.8 : 1

Table 3.7

The ratio of total cytochrome P450 to P450 reductase in liver, kidney and lung 
microsomal membranes isolated from ISF-, PB-, p-NF- and untreated animals.
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The amount of cytochrome reductase present in the microsomal membranes of 

untreated animals is at a concentration of 0.006 nmol/mg microsomal protein increasing 

to 0.106 nmol/mg microsomal protein following PB treatment. This corresponds to a 

2-fold increase in cytochrome bg reductase (Table 3.8B). Western blot analysis of 

kidney, lung and liver microsomal membranes isolated from ISF and P-NF- treated rats 

showed similar increases in the content of cytochrome bg reductase to that previously 

observed in microsomal membranes from PB-treated rats (data not shown).

A. Cytochrome bg

Total 
Cytochrome bg 

nmol/mg

Cytochrome bg 
pg/mg 

mic.mem

Cytochrome bg 
nmol/mg 
mic. mem

PB-treatment 0.89 20.4 0.121

Untreated 0.37 8.5 0.063

B. Cytochrome bg reductase

Total 

cytochrome bj 

nmol/mg

Cytochrome 

bj reductase 

(jg/mg mic. 

mem.

Cytochrome 

bj reductase 

nmol/mg mic. 

mem

Cytochrome 

bgxytochrome 

bg reductase 

molar ratio

PB-
treatment

0 .8 9 3 .5 1 0 .1 0 6 8 .4 :1

Untreated 0 .3 7 2 .2 1 0 .0 0 6 6 .2 :1

(mic. mem. abbreviation for microsomal membranes)

TABLE 3.8
Quantitation and molar ratio of cytochrome bg to cytochrome bg reductase in liver 
microsomal membranes isolated from PB-treated and untreated animals.
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3.8 SUMMARY OF RESULTS

Isosafrole, a natural constituent of many foods is a weak naturally occurring 

hepatocacinogen that has been termed a ’mixed-type’ inducer, it can increase the 

amounts of CYP1A2 preferentially over CY PlAl in liver microsomal membranes. 

Phénobarbital, induces the major members of the rat CYP2B sub family and P-NF is 

representative of the polycyclic aromatic hydrocarbon class of inducers that increases 

CY PlA l preferentially over CYP1A2 in the liver of rats.

3.8.1 LIVER

A 2 and 3-fold increase in the total cytochrome P450 content was observed in liver 

microsomal membranes after ISF or PB treatment of rats respectively (Table 3.2). This 

small increase in total cytochrome P450 content after ISF and PB-treatment was due to 

a larger induction of one or more of CYP2B variants which represent a small 

proportion of cytochromes P450 in liver microsomal membranes from the untreated rat. 

The observed 22-fold increase of CYP2B proteins in microsomal membranes from ISF- 

treated animals may be due to the stabilization of the CYP2Bs. The 34-fold increase 

of CYP2B proteins in microsomal membranes from PB-treated animals reflects the 

increased expression of the CTP2B genes (Table 3.4). Both xenobiotics caused a 

decrease in the total amount of non PB-inducible cytochrome P450 variants in rat liver 

microsomes. Therefore, the xenobiotics, ISF and PB not only cause an increase in one 

or a few specific cytochrome P450 variants they also decrease the amount of non- 

CYP2B variants (Table 3.3). The observed fold increases in the amount of CYP2B 

proteins in microsomal membranes of the PB-treated rat were similar to those reported 

by Phillips et a l, (1983).

In this study it was shown that CYP2Bs are the major cytochrome P450 

component in the liver microsomal membranes of the PB-treated rat comprising of 85% 

of total cytochrome P450. However, it is not known whether all of the 

immunochemically detected cytochrome P450 is spectrally active in microsomes isolated 

from PB-treated rats. The 22-fold increase in CYP2B proteins in the liver microsomal 

membranes of ISF induced animals in terms of the percentage of total cytochromes P450 

increased from 7.5% to 73%, a relatively high percentage of immunochemically detected 

cytochrome P450 in comparison to the specific content of cytochromes P450 determined 

by spectral analysis. Ryan et a l, (1980) demonstrated that it was difficult to determine 

the specific content of CYP2Bs in liver microsomal membranes isolated from ISF- 

treated animals since a metabolite of isosafrole, a methylene dioxyphenyl compound, is
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known to bind tightly to the cytochrome P450 enzyme and interfere with the binding of 

carbon monoxide. The result of which leads to false high values. The specfic content 

of cytochrome P450 in microsomes from ISF-treated animals, determined by spectral 

analysis was lower than expected. An explanation for these results may be attributed to 

the use of solubilised microsomal membranes in the CO- difference spectra assay. The 

solubilisation of microsomal membranes may have resulted in the release of ISF from 

the cytochrome P450 (Table 3.2 and 3.3).

The CYP2B1 antisera detected a protein of 52 kDa in the liver microsomal 

membranes of p-NF treated rats. Treatment of animals with p-NF increased the total 

content of cytochrome P450 in microsomal membranes 1.4-fold but decreased the 

amount of CYP2B proteins from 4.9 to 2 pg/mg of microsomal membrane protein 

(Table 3.3 and 3.4). These values represent a decrease of 41% in the amount of 

CYP2Bs in rat liver microsomes and a decline from 7.5% to 2.2% of the total 

cytochromes P450. A decrease in the content of CYP2B proteins in microsomal 

membranes suggests that the induction of specific cytochrome P450 variant(s) by 

different inducers is not a simple process but is controlled by several selective 

mechanisms.

Quantitation of CY PlAl in liver microsomes isolated from untreated rats was at 

the limit of detection for western and slot blot analysis. The administration of ISF to 

animals increased the total cytochrome P450 microsomal protein 2.2-fold and the 

amount of CY PlAl protein in microsomal membranes was increased 153-fold. 

Treatment of rats with p-NF resulted in a small 1.4-fold increase in the total content of 

cytochromes P450 in liver microsomal membranes and a 275-fold increase of the 

CY PlA l protein (Table 3.6). The fold increase of CY PlAl protein in microsomal 

membrane proteins from ISF-treated animals in terms of the percentage of total 

cytochromes P450 increased from 0.3% to 20%, and in animals treated with p-NF, the 

percentage of total cytochromes was increased 57%. The amount of non-CYPlAl 

protein in microsomal membranes was higher in ISF-treated rats (2.3 nmols/mg,) than 

in microsomal membranes isolated from the livers of p-NF treated rats (0.8 nmols/mg). 

These results probably reflect preferential induction of the CYP1A2 protein by ISF 

(Table 3.5). Whilst ISF and PB increased the amounts of CYP2B proteins to about the 

same extent in rat liver microsomal membranes, the administration of ISF to animals 

also increased the amount of CY PlA l, demonstrating that ISF differed markedly from 

PB as an inducer of cytochrome P450 isozymes.
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3.8.2 KIDNEY AND LUNG

High protein amounts were necessary to detect low values of constitutive cytochromes 

P450 in the microsomal membranes of untreated animals. The content of CYP2Bs was 

determined to be approximately 5pg/mg of microsomal membrane proteins in liver, but 

less than 10% of this in kidney and lung (Table 3.3). Treatment of rats with ISF and 

PB increased the content of CYP2B proteins 2-fold in both lung and kidney microsomal 

membranes (Table 3.4). In lung microsomal membranes from PB-induced animals the 

percentage of CYP2Bs in total cytochromes P450 was 7% compared to 3% in the ISF- 

induced animal. These values were considerably less in kidney microsomal membranes 

isolated from animals treated with PB or ISF (Table 3.3).

The CYPlAl protein was expressed in kidney and lung microsomes of the 

untreated rat. Treatment of animals with ISF increased the microsomal content of the 

CY PlA l protein, 13-fold in kidney microsomal membranes and 23-fold in lung 

microsomal membranes (Table 3.6). The specific content of total cytochromes P450 was 

increased in these tissues 1.1-fold and 1.5-fold respectively. The change in terms of the 

percentage of total cytochromes P450 increased from 1.65 to 19% in kidney and in lung 

from 3.7 to 58% (Table 3.5). In the p-NF treated rat, the amount of CY PlA l in kidney 

microsomal proteins increased 33-fold in lung and 30-fold in kidney microsomal 

membranes (Table 3.6). The change in terms of the percentage of total cytochromes 

P450 increased to 40% in kidney and to 65% in lung microsomal membranes. The 

specific content of total cytochromes P450 in kidney microsomal membranes increased 

1.3-fold and in lung microsomal membranes, the fold induction was 1.7 respectively.

The overall fold increases of the amount of CYP2Bs and CY PlA l in rat liver, 

kidney and lung microsomal membranes following PB and p-NF induction were similar 

to that reported by Christou et a/.,(1987).

3.8.3 Other Components of the Mixed Function Monoxygenase System

A 2.6-fold increase in the amount of P450 reductase in liver microsomal membranes 

from PB treated rats was observed. Treatment of rats with P-NF however, maintained 

P450 reductase at the same value as that in the untreated rat, whilst ISF treatment 

increased the amount of P450 reductase 1.3 fold. The molar ratio of 14:1 of 

cytochromes P450 to P450 reductase remained unchanged when PB was administered 

to animals whereas, p-NF treatment increased the molar ratio to 18:1 and ISF 

increased the molar ratio to 21:1. The molar ratio of 15:1 obtained with kidney 

microsomal membranes from an untreated animal remained unaltered following ISF and
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PB treatment of animals, but increased to 18:1 upon |3-NF treatment. Lung microsomal 

membranes from untreated and PB treated rats had a molar ratio of 7:1. This value 

increased following ISF and p-NF treatment to 9:1 and to 10:1 respectively (Table 3.7). 

The molar ratio of cytochrome bg and cytochrome bg reductase in liver microsomes of 

the untreated rat was 6:1 increasing to 8:1 upon PB-treatment (Table 3.8). The molar 

ratios for ISF and p-NF liver, and the ratios for kidney and lung microsomal membranes 

of PB, ISF, PNF-treated rats were not determined.
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3.9 DISCUSSION

The tissue-specific expression and induction of genes coding for members of two 

different sub-families, CYP2B and GYP IA and the major components of the mixed 

function monooxygenase system, P450 reductase, cytochrome b̂  and cytochrome bg 

reductase were investigated.

The 2.2- fold increase in the total content of cytochromes P450 in rat liver 

microsomal membranes was accompanied by a 23-fold increase in the amount of 

CYP2Bs after ISF treatment. ISF induction increased CYP2B proteins to a lesser extent 

than induction by PB. This increase of CYP2Bs in microsomal membranes from PB- 

treated animals was shown by Pike et a l, (1985) to be mediated at the level of 

transcription. The 40-fold-increase in CYP2B protein was mediated by a 20-fold increase 

in the amount of translatable mRNA coding for CYP2Bs (Shephard et a l, 1982).

Pike et al, (1985) showed, using in vitro run-on experiments, that the increase in 

mRNA was entirely due to an increase in the transcription of genes which coded for 

the PB-inducible CYP2Bs, and the amount of mRNA induced was to the same extent 

in the nuclei as that in the cytoplasm. These results excluded the possibility that 

changes in the rates of processing, transport or degradation of mRNA were the means 

of increasing the expression of the CYP2Bs protein. Furthermore, this study eliminated 

the possibility that gene amplification and rearrangement mechanisms were important 

in the induction of CYP2Bs.

ISF also increased the amount of CYP2B proteins in liver microsomal membranes.

The question to be addressed was therefore; does ISF act via the same mechanism as 

PB to increase the rate of transcription of the CYP2B genes? To answer this question, 

in vitro run-on assays similar to those previously described by Pike (1985) were carried 

out. ISF did not increase the rate of transcription of the CYP2B genes to the same 

extent as PB, only a 3-fold increase in transcription was observed (L. Forrest Q

unpublished data) suggesting ISF acted via a different mechanism to that of gene j

transcription to increase CYP2Bs. A possible mechanism being an ISF-dependent 

cytochrome P450 induction mechanism that involves post-transcriptional regulation. An 

example of post transcriptional regulation was demonstrated by Aida & Negishi, (1991).

The administration of PB to mice increased the amount of cyp2a-5 in liver microsomal 

membranes, 3-fold, but this increase was shown not to be associated with changes in 

the rate of cyp2a-5 mRNA levels or gene transcription.

It has been proposed that the formation of stable metabolite-P450 complexes with 

ISF (in vivo and in vitro) may be responsible for the increased amount of CYP2B
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proteins in the liver microsomal membranes from an ISF-treated rat. However, the exact 

mechanism of ISF and PB induction of the CyP2B genes is unknown.

Treatment of animals with ISF increased the amount of C Y PlA l in liver, kidney 

and lung microsomal membranes to a lesser extent than that observed with animals that 

had been treated with P-NF. A study by Kawajiri, (1984) had shown that CYPl As were 

not only differentially regulated by ISF, but ISF preferentially induced the accumulation 

of CYP1A2 mRNA in the liver of rats. These results suggested the presence of two 

regulatory mechanisms that governed the expression of C Y P lh  genes. One which 

controlled PAH responsiveness (Ah receptor) and the second that controlled both 

constitutive and ISF-responsiveness (Whitlock, 1986). The induction of C Y PlA l by 

polycyclic aromatic hydrocarbons (PAHs) such as p-NF is regulated through the binding 

of the compound to the cytosolic receptor, the product of which is the Ah locus. The 

question as to whether ISF acts via the same receptor is not known. In 1983, Ikeda et 

a l, reported that ISF induced the expression of cyplA2 mRNA in an Ah responsive and 

non responsive mouse , but not cyplA l mRNA. Bigelow and Nebert (1982 ) reported 

that ISF could bind weakly to the Ah receptor, however, in a study by Cook and 

Hodgson (1984) , it was shown that ISF was unable to displace TCCD from the Ah 

receptor.

The formation of a stable complex with CYP1A2 could stabilise the enzyme 

against degradation by prolonging its half-life (Steward et a l, 1985) and in turn increase 

its specific content in the endoplasmic reticulum. Furthermore, differences in the 

kinetic rates of induction and stability of CYPIA mRNAs in both liver (Fagan et a l ,  

1985) and hepatocyte cell cultures (Pasco et a l, 1988) were shown to be non- 

coordinately regulated in response to the same compound. It was proposed that the 

lack of coordinate induction was due to the presence of an as yet unidentified 

heterogeneous population of Ah receptors. Alternatively, the induction of CYPIA 

mRNAs in response to ISF could be due to differences in the rate of transcription of 

these genes.

Pasco et a/., (1988) initially reported PAHs influenced the accumulation of 

CYPl A 1 mRNA in primary cell cultures of hepatocytes and in liver microsomes, by 

transcription and post-transcriptional mechanisms, and CYP1A2 was regulated primarily 

by post-transcriptional events. However, the same authors (1993) presented data which 

suggested that PAH-induced accumulation of CYP1A2 in liver was associated with 

transcriptional activation of the gene. These results, although contradictory to the work 

by Silver and Krauter (1988) are consistent with the studies by Gonzalez et a/., (1984)
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and Kimura et a l, (1986) who showed increased transcription of the mouse cyplA2 

when induced by PAHs.

Whilst the liver is the major site of xenobiotic metabolism, a significant amount 

of extrahepatic metabolism also takes place (Gram 1980). Although quantitatively the 

contribution of a extrahepatic tissue such as lung or kidney may only represent a small 

part in the overall metabolism of a compound, these tissues still have a significant 

toxicological function.

Low but detectable amounts of CYP2B proteins were observed in microsomal 

membranes isolated from the livers of an untreated animal. Previous studies had shown 

that whilst CYP2B2 was detectable in liver, CYP2B1 was not. Following treatment of 

animals with PB, the amount of CYP2B1 protein in microsomal membranes is increased 

to values higher than that of CYP2B2 (Christou et a l, 1987). In this study it was 

observed that neither lung or kidney CYP2Bs protein were appreciably increased by ISF 

or PB treatment in comparison to the increase of CY PlAl in lung and kidney 

microsomal membranes isolated from ISF and p-NF treated animals. Omiecinski (198^) 

had shown that whilst PB treatment of animals did not appreciably affect the amount of 

CYP2B protein and mRNA in kidney and lung microsomal membranes, a small amount 

of CYP2B2, but not CYP2B1 was detectable in liver microsomal membranes from 

untreated animals. It was suggested the CFP2B genes are not subject to coordinate 

expression in tissues other than in liver. Whilst, the induction of CFPl A l in the kidney, 

lung and liver microsomal membranes of animals treated with ISF or p-NF was probably 

by non coordinate regulation.

Northern blot analysis using oligonucleotides designed to distinguish between 

members of the CYP2B and CYPIA subfamilies allowed quantification of the 

expression of these genes in various tissues (Omiecinski et a l, 1985; 1986). In the 

untreated and PB- treated rat, CYP2B1 mRNA was detected in lung and testes. In 

contrast, CYP2B2 was not detectable in extrahepatic tissues, but was shown to be 

constitutively expressed in the livers of untreated animals. Treatment of animals with 

PB increased the amount of CYP2Bs mRNAs in liver, with CYP2B1 mRNA being 

induced to values higher than CYP2B2 mRNAs. Recently RNAse protection assays 

have been used to detect mRNA forms of PB-inducible CYP2Bs in liver (Friedberg et 

al, 1990), confirming the work by Omiecinski (1986).

Kimura et al, (1986) showed CYP1A2 was constitutively expressed and inducible 

in liver but not lung or kidney, whereas CYPl A 1 was inducible in liver, kidney and 

lung but was barely detectable in these tissues in an untreated animal.
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The observed tissue specific expression and induction of CYP2Bs and CY PlA l 

proteins in animals treated with ISF, PB and p-NF in this study reflect the corresponding 

expression of CYP2Bs and CY PlAl mRNAs in liver and extrahepatic tissues reported 

by several groups as discussed above.

The amount of P450 reductase protein was quantified in the microsomal 

membranes of liver, kidney and lung of animals treated with ISF, PB and p-NF. It 

had previously been shown that an increase in activity of P450 reductase in liver 

microsomal membranes of animals treated with PB was entirely due to an increase in 

protein and not to a change in the enzymes activity (Orrenius, 1965 and Shephard et a l,  

1983). These results are further supported by the observation that the rate of protein 

synthesis and the amount of mRNA is increased upon PB treatment (Gonzalez and 

Kasper 1980; Shephard et a l, 1982). Reconstitution experiments in vitro had indicated 

that a molar ratio of 1:1 cytochrome P450 to P450 reductase was required to obtain 

maximum monoxygenase activity (French et al, 1980), however, it has been suggested 

that these proteins are not present in an equimolar ratio in microsomal membranes 

(Estabrook and Werringloer, 1978). To investigate the relationship of these two 

proteins, the molar ratio of cytochrome P450 to P450 reductase was determined in liver, 

kidney and lung microsomal membranes of animals that had been treated with ISF, PB 

or P-NF.

In liver microsomal membranes of an untreated rat the molar ratio of cytochrome 

P450 to P450 reductase was 14:1 which remained unchanged after treatment with PB. 

This agrees with the finding of Shephard et al, 1983. Treatment of animals with P-NF 

or ISF increased these ratios to 18:1 and 21:1 respectively. The MFO system in the 

endoplasmic reticulum of liver is dependent on P450 reductase transferring reducing 

equivalents from NADPH + to cytochromes P450. The 14:1 ratio in PB treated rats 

was due to a 2.6-fold increase of P450 reductase and a 34-fold increase in the amount 

of CYP2Bs suggesting that CYP2Bs require P450 reductase as their electron donor 

source. Administration of p-NF to rats increased the molar ratio of cytochrome 

P450:P450 reductase proteins, but not the amount of P450 reductase as was found 

previously (Shephard et al, 1983). Treatment of rats with ISF increased both the molar 

ratio of P450: reductase and the amounts of P450 reductase. P-NF treatment did not 

increase the amount of P450 reductase, the molar ratio increased, suggesting that 

CYPl As induced by p-NF can associate more efficiently with P450 reductase than 

CYP2Bs. The increase in the molar ratios in liver microsomal membranes of ISF and 

P-NF treated rats is attributed to a single molecule of P450 reductase supplying reducing

119



equivalents which are utilised by one molecule of cytochromes P450. However, one 

P450 reductase molecule could serve more than one P450 molecule but not at the same 

time. The large differences between the induction of P450 reductase, CYP2Bs and 

CYPl A 1 in the liver, lung and kidney of ISF, PB or P-NF-treated rats suggests different 

pathways are involved. In addition to inducing different cytochromes P450, these 

inducers also have different effects on the expression of the gene coding for P450 

reductase (Shephard et a l, 1982).

The molar ratio of cytochrome b :̂ cytochrome b̂  reductase was investigated by 

western and slot blot analysis on kidney, lung and liver microsomal membranes isolated 

from PB-treated and untreated animals. A 2-fold and 3-fold increase in the amount 

of cytochrome bj reductase and cytochrome bj respectively was observed. The molar 

ratio of 1:6 cytochrome b̂  reductase to cytochrome bg in the liver microsomal 

membranes of an untreated rat increased to 1:8 in the PB-treated rat. These results 

demonstrate that unlike cytochrome P450, cytochrome bg and cytochrome bg reductase 

are relatively insensitive to induction by PB. The molar ratios of cytochrome bg to 

cytochrome bg reductase was not determined in liver microsomal membranes isolated 

from ISF or pNF-treated rats or for kidney and lung microsomes isolated from animals 

treated with PB, ISF or p-NF. However, densitometric analysis of slot blots showed 

a 2-fold increase in the amount of cytochrome bg in kidney, lung and liver microsomal 

proteins from ISF and p-NF treated animals (data not shown).

This study also investigated the molar ratio of the major components of the MFO 

in the liver of an untreated rat. This ratio was shown to be 1:6:1:14; cytochrome bg 

:cytochrome bg reductase: P450 reductase: cytochrome P450 and the molar ratio of 

cytochrome P450 to cytochrome bg was approximately 2:1.

Individual members of the CYP2B and CYPl sub-families exhibit tissue-specific 

(and cell-type) specificity in their constitutive values and in their inducibility by foreign 

compounds. Cytochromes P450 are inducible by a number of foreign compounds and 

are differentially induced in different organs in a tissue-specific manner. The molecular 

association and interaction of components of the MFO are influenced by xenobiotic 

induction and the mechanisms involved are complex.
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4.0 ISOLATION OF A MEMBER OF THE CFP2B2 GENE SUBFAMILY.

4.1 Background

A rat genomic Charon 4A DNA library was kindly supplied by Drs T. Sargent, J. 

Bonner and R. B. Wallace. The library was screened by D R. Bell (Ph.D 1989) 

according to the method of Phillips et al., (1983) using a double-stranded 66 mer 

oligonucleotide probe that encoded for amino acids 1 to 22 of the CYP2B1 and CYP2B2 

genes (Fujii-Kuriyama et a l, 1982., Mizukami et a l, 1983). This probe was derived 

from the following single-stranded overlapping oligonucleotides:

5’- ATG GAG CCC AGT ATC TTG CTC CTC CTT GCT CTC CTT GT -3’

3’-C GAG GAG GAA CGA GAG GAA GAA CAA TGA GAA TCA GTC CCC T- 5’

The oligonucleotides were annealed and labelled by a fill-in reaction using Klenow DNA 

polymerase and [o^j;P]_dhTP according to the method of Studencki and Wallace., 

(1984). After three rounds of hybridization screening, phage DNA was isolated from 

positive plaques. A clone designated X.H5bl which contained a 11.7 kb EcoRX insert 

was partially characterized by restriction mapping and hybridization analysis. This clone 

was similar to the published restriction map of a CyP2B2 gene (Suwa gf a l, 1985) with 

the exception of an additional Hind HI site 5’ to the flanking region of exon 1.

4.2 FURTHER CHARACTERIZATION OF A CFP2B2 GENOMIC CLONE 

4.2.1. Amplification of XH5bl containing bacteriophage

The titre of the tertiary screen was low at IxlOf pfu/ml and as a result the library had 

to be amplified as described in section 2.11.1.

4.2.2 Isolation of Bacteriophage XHSbl DNA

Bacteriophage from XH5bl was plated out at a density of 1.5 x 10® pfu/ml per plate and 

incubated overnight at 37°C (section 2.11.4). Phage DNA was isolated and purified 

according to the rapid-scale phage DNA preparation (section 2.12).

4.3 DNA MAPPING STUDIES

4.3.1 Restriction Endonuclease Digestion of XHSbl

To characterize in detail the genomic clone XH5bl, phage DNA was cleaved with 

restriction endonucleases by single and double digests with: Hind HI, EcoRl, Bam HI,
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Hind m  + EcoRl, Hind HI + Bam HI or Bam HI + EcoRl (section 2.18). The 

products were electrophoresed through a 0.8% agarose gel to maximise fragment size 

separation. A restriction map of the clone was made with reference to the Charon 4A 

vector and to the published restriction maps of the CYPIBI and CTP2B2 genes (Fujii- 

Kuriyama et al 1982; Mizukami et a l, 1983; Suwa et a l, 1985). Restriction 

endonuclease digestion of A,H5bl with Bam HI confirmed that XH5bl was a member 

of the CyP2B2 gene subfamily. Digestion of XH5bl with Hind HI confirmed the 

presence of an additional Hind III site upstream of exon 1. The genomic clone XH5bl 

will be referred to as CTP2B2 in this study.

4.3.2 Southern Blotting of CYP2B2 and Hybridization to the Overlapping 

CKP2B1/2B2 Oligonucleotide.

CTP2B2 DNA was digested with restriction endonucleases and the products were 

electrophoresed through a 0.6% agarose gel. The gel was Southern blotted to Hybond-N 

(section 2.20) and the membrane was hybridized (section 2.22) to the [a-^^P] 

radiolabelled 66 mer oligonucleotide. The conditions for pre-hybridization and 

hybridization were determined by calculating the temperature of the duplex dissociation 

of the oligonucleotide (section 2.22.3). Due to the high background level obtained after 

hybridization, the membrane was washed at a high stringency (section 2.22.4). 

Unfortunately this procedure resulted in a loss of hybrizing signal. From the 

autoradiographs obtained after the high strigency washing steps it was possible to 

identify the following hybridizing fragments: A 4.0 kb Hind III, 11.7 kb EcoR 1, 7.6 kb 

Bam H l/PcoRl, 21 kb BamHl and a 3.4kb Hind UUBamHl.

4.3.3. Isolation of the CYP2B2 11.7 kb EcoRl Fragment and Subcloning of this 

Fragment Into pUC19 and Bluescript KS  ̂Vectors

The 11.7 kb FcoRl DNA insert of AH5bl was isolated from the Charon 4A vector by 

electrophoresis through a 0.6% agarose gel and electroelution onto NA45 paper 

(section 2.23.2). The pUC19 or Bluescript KS^ vector was linearised by digestion 

with the restriction endonuclease EcoRl and the 11.7 kb X fragment was ligated into 

pUC19 or Bluescript KS^ at the EcoRl polylinker site (section 2.14). Transformations 

were carried out as described in section 2.14.1 and recombinant DNA was isolated 

(section 2.16). A subclone containing the 11.7 kb EcoRl insert was designated as 

pEE117. Restriction endonuclease digestion of the plasmid pEE117 with Hind III and
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in+EcoRl generated three DNA fragments: a 4.0 kb Hind IWHind IE; 3.5 kb 

EcoRl/Hind HI and a 4.2 kb Hind m /EcoRl. These three fragments were isolated and 

ligated into either pUC19 or Bluescript KS^ vectors that had been linearised by digestion 

with the appropriate restriction endonucleases. To confirm that the recombinants 

contained the correct DNA inserts the plasmids were digested with the appropriate single 

and double restriction endonucleases (section 2.18). The 4.2 kb Hind lE/EcoRl 

subclone was designated as pHE42, the 4.0 kb Hind IWHind III, pHH40 and the 3.5 kb 

EcoRl/Hind lU subclone as pEH35 (Figure 4.1). A Southern blot of a 1.4kb BamHl 

fragment of plasmid p4G12 (which encodes exons 4 to 7 of the cDNA CYP2B2, Phillips 

et al., 1983); pUC19 linearised with Hind IE; and the recombinant pHH40 subcloned 

into pUC19 or Bluescript KS^vector and digested with HindQl. The membrane was 

hybridised to the [a-^^P] labelled 66 mer oligonucleotide described in section 4.1. The 

two pHH40 subclones hybridised to the labelled oligonucleotide (Figure 4.3, lanes 3,4) 

whilst p4G12 did not (Figure 4.2, lane 1). The [a-^^P] labelled 66 mer oligonucleotide 

did not hybridise to the subclones pEH35 or pHE42 (data not shown).

4.3.4 Restriction Mapping of the pHH40 Subclone

DNA from the subclone pHH40 was prepared by the "midi"scale plasmid preparation 

(section 2.16.2). A series of single and double digests were carried out using a 

combination of the restriction endonucleases. Hind IE, Bam HI, Pst 1, Xba 1, Bst X I, 

Acc 1 and Dra E. (Figure 4.3 and 4.4). A restriction map of pHH40 was constructed 

following Southern blotting and hybridization to the [a-^^P] radiolabelled 66 mer 

oligonucleotide probe (Figure 4.5). These results showed that pHH40 contained 

approximately 1.4kb of 5’ flanking region to exon 1 (Diagram 4.1). The membrane was 

reprobed with a full length CYP2B2 cDNA (pc21) that had been labelled with [a- 

^^P]dCTP (Figure 4.6). The pc21 cDNA hybridised to 1.4 kb of the 5’- flanking region 

of exon 1 and to 2.4 kb of upstream sequence (Diagram 4.2). In Figure 4.6 it should 

be noted that DNA fragments which previously hybridized to the [a-^^P] radiolabelled 

66 mer oligonucleotide probe are still visible. Washing of the filter at high stringency 

prior to its hybridization to the pc21 cDNA was ineffective at completely removing the 

hybrization signal. The pc21 cDNA radiolabelled probe also cross-hybridized to 

partially digested DNA fragments. However, these observations did not hinder but 

instead helped restriction mapping of pHH40.
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Figure 4.1
Restriction endonuclease digestion and sizing o f  the CKP2B2 fragments contained within the vectors 
pU C 19 and Bluescript KS^. The digest products were electrophoresed through a 1% agarose gel 
containing ethidium bromide and the gel was photographed under ultraviolet light.
Lane 1: EcdRMHindlW digest o f  pEH35 subcloned into pUC 19; Lane 2: EcdRMHindlYl digest o f  
pH E4.2 subcloned into Bluescript KS^; Lane 3: HindlW digest o f  pH H 40 subcloned into Bluescript 
KS^ ; Lane 4: Ikb molecular w eight marker.

Figure 4.2
Southern blot and hybridization analysis with the [a-^^P] radiolabelled 66 mer oligonucleotide.
Lane 1: p4G 12 digested with R am H l; Lane 2: pU C19 digested with H indlll\ Lane 3: pHH 40 
subcloned into pU C 19 and digested with HindW.\ Lane 4: pH H 40 subcloned into Bluescript KS^ and 
digested with HindlYS..
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Figure 4.3

Restriction endonuclease mapping of the recombinant plasmid pHH40.

Plasmid DNA was digested with BstXl (lane 1); HindHV (lane 2); Dra II (lane 3);

Pst 1 (lane 4); Bam HI (lane 5); Xba 1 (lane 6); Acc II (lane 7). The digest products 

were electrophoresed through a 1% agarose gel containing ethidium bromide and 

viewed under ultraviolet light. Lane M, is the 1 kb molecular weight marker.
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Restriction mapping and hybridization analysis with the radiolabelled 66 mer 

oligonucleotide and pc21 cDNA probes showed that the CKP2B2 gene was a novel 

member of the C7P2B2 gene sub-family. The BawiHl and Pstl restriction sites verified 

the orientation pHH40 with respect to exon 1 of CTP2B2.

Pst 1 BamHl Bst XI Xba 1 Acc 1 HindVll

Pstl pp(i) PB(2) PBst(3 ) P'̂ (5)

BamHl BB(6) BBst(7) BX(g) BA(9) BH(19)

Bst XI BstBst(io BstX(ii) BstA(i2) BstH(20)

Xba 1 XX(.3) XBst(i4) XH(2n

Acc 1 ^ (̂15) AH(22)

HindiW

DraW

Table 4.1
Method for determining single and double restriction endonuclease digestion of the subclone pHH40 DNA. 

The numbers in paraenthesis refer to the tracks of restriction endonuclease digestions in Figure 4.4, Figure 

4.5 and Figure 4.6.

Abbreviations: Pst I (P)., Bam HI (B)., Bst XI (Bst)., Xba 1 (X)., Acc 1 (A)., Hind III (n) refers to the 

lane numbers of single and double restriction endonuclease digestions of the subclone pHH40 DNA that were 

fractionated by agarose electrophoresis (Figure 4.4) and to the Southern blot hybridised to the [a-^^P] 66 mer 

overlapping oligonucleotide (Figure 4.5) and to a [a-^^P]dCTP labelled pc21 (a full length CYP2B2 cDNA) 

(Figure 4.6).
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F igure 4.4

Restriction endonuclease digestion o f pHH40 with the follow ing combination o f single and double digests 

as shown in Table 4.1.

Pst 1 (lane 1); Pst 1/B am H l (lane 2); P stl/B stX l (lane 3); P stl/X b al (lane 4); P stl/A cc 1 (lane 5);

Bam H l (lane 6); B am H l/B stX l (lane 7); B am H l/X b al (lane 8); B am H l/A ccl (lane 9); B stX l (lane 10); 

B stX l/X b a l (lane 11); B stX l/A cc l (lane 12); X bal (lane 13); Xba 1/A cc 1 (lane 14); A cc l (lane 15); Hind 

III (lane 16); H indlll/D rall (lane 17); H indlll/Pstl (lane 18); H indlll/B am H l (lane 19); H indlll/B stX l 

(lane 20); H indlH /Xbal (lane21); H in d lll/A ccl (lane 22). Lane M; 1 kb molecular weight standards.

The 1.2% agarose gel was Southern blotted according to the method described in section 2.20. The lane 

numbers correspond to the single and double digests as shown in Table 4.1.
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Figure 4.5
Southern blot o f  pHH 40 hybridized to the [a-^^P] radiolabelled 66 mer oligonucleotide probe.
The restriction endonuclease products were electrophoresed through a 1.2% agarose gel and hybridization 
was performed according to the methods described in section 2.22. The number above each track refers 
to the restriction endonuclease digestion o f  pHH40 as shown in Table 4.1, Figure 4 .4  and Diagram 4.1. 
The size o f  the hybridizing fragments can be determined with reference to the IKb molecular w eight 
standards as shown in Figure 4.4.
The lane numbers are as follow s:
Pst 1 (lane 1); Pst 1/B am H l (lane 2); P stl/B stX l (lane 3); P stl/X b a l (lane 4); P stl/A cc l (lane 5);
B am H l (lane 6); B am H l/B stX l (lane 7); B am H l/X b al (lane 8); B a m H l/A cc l (lane 9); B stX l (lane 10); 
B stX l/X b a l (lane 11); B stX l/A c c l (lane 12); X bal (lane 13); X b a l/A cc l (lane 14); A cc l (lane 15); Hind 
III (lane 16); H indlll/D rall (lane 17); H indlll/P stl (lane 18); H indlll/B am H l (lane 19); H in d lll/B stX l 
(lane 20); H indlB /X bal (lane21); H indUI/A ccl (lane 22).
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2a t   I Pst 1/Bam H1
2b I " ~ i  Pst 1/Bam H1
3 ................................................... ë.....   - ............................................... Pst/BstX 1

4a »■     "  Pst 1/Xba 1

4b I I Pst 1/Xba 1
5 .................................................... I.............................................   1 Pst 1/Acc 1
6 I   " ' '   I Bam H!
7..................................................... 1.....................    I Bam Hl/BstX 1
8 t .. .■ ■  I Bam H 1/Xba 1

9 r ...". ..........................................  I Bam Hl/Acc 1

10 I..-'  — I BstX 1
11 r -    —    1  BstX 1/Xba 1

12 r—    ■ I BstX 1/Accl
13----------------------------- r -----------    1 Xba 1

14..................................................................... ...............  > Xba 1/Acc 1
15 I ■■ I Acc 1
16 r -  -    . ... ■ ..  1 Hind III

17a I - I  Hind III/Dra II

17b I —   1 Hind III/Dra II
18 I  3 Hind Ill/Pst I

19 i "   —  -  ... ' I Hind IIIÆam H1
20 r       1 Hind IIIÆstX 1

21 I '  —  " I Hind Ill/Xba 1

22 r —  ................... ..  I Hind III/Acc 1

Diagram 4.1
Restriction map of pHH40. A southern blot (Figure 4.4) was hybridized to the 
[o^^P] 66 mer oligonucleotide according to the procedures described in section 2.22. The 
shaded lines indicate the sizes of the hybridizing fragments determined by single or 
double digestion with restriction endonucleases on the right hand side of the figure. The 
numbers on the left refer to the lanes in figure 4.4, 4.5 and Table 4.1

0 0  Box represents Exon 1
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16 17 18 19 20 21 22

Figure 4.6
Southern blot o f  pHH40 hybridized to the [a-^^P] radiolabelled cD N A  pc21 probe.
The restriction endonuclease products were electrophoresed through a 1.2% agarose gel and 
hybridization was performed according to the methods described in section 2.21 The number above 
each track refers to the restriction endonuclease digestion o f  pHH40 as shown in Table 4.1, Figure 4.4  
and Diagram 4.2. The size o f  the hybridizing fragments can be determined with reference to the IKb 
molecular weight standards as shown in Figure 4.4.
The lane numbers are as follows:
Pst 1 (lane 1); Pst 1/Bam H l (lane 2); P stl/B stX l (lane 3); P stl/X b a l (lane 4); P stl/A cc l (lane 5); 
Bam H l (lane 6); B am H l/B stX l (lane 7); B am H l/X bal (lane 8); B am H l/A ccl (lane 9); B stX l (lane 
10); B stX l/X b a l (lane 11); B stX l/A cc l (lane 12); X bal (lane 13); X b a l/A cc l (lane 14); A cc l (lane 
15); Hind III (lane 16); HindlH/Drall (lane 17); H indlll/Pstl (lane 18); HindlU /Bam H l (lane 19); 
H ind lll/B stX l (lane 20); HindlH /Xbal (lane21); H in d lll/A ccl (lane 22).
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17b 
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22

Pst 1
Pst 1/Bam H1 
Pst/BstX 1 
Pst 1/Xba 1 

Pst 1/Xba 1 
Pst 1/Acc 1 
Bam H1 
Bam H l/B stX  1 
Bam H 1/Xba 1

Bam H l/A cc 1 
BstX 1
BstX 1/Xba 1

BstX 1/Accl 
Xba 1

Xba 1/Acc 1 
Acc 1 
Hind III 

Hind III/Dra II 

Hind III/Dra II 
Hind Ill/Pst I

Hind III/Bam HI 
Hind III/BstX I

Hind Ill/Xba I 

Hind III/Acc I

Diagram 4.2
Restriction map of pHH40. A southern blot (Figure 4.4) was hybridized to the 
[ok32P] labelled pc21 cDNA according to the procedures described in section 2.21. 
The shaded lines indicate the sizes of the hybridizing fragments determined by single 
or double digestion with restriction endonucleases on the right hand side of the 
figure. The numbers on the left refer to the lanes in figure 4.4, 4.6 and Table 4.1

Box represents Exon 1

131



4.4 SEQUENCING STUDIES

4.4.1 Sequencing Strategy of the Promoter Region of CFP2B2

Restriction mapping of pHH40 revealed the presence of single Bam  H I, Xba 1, BjfXl 

sites and two Pst 1 and Hind HI sites (Diagram 4.2 and 4.3). The strategy for 

determining the sequence of the promoter region of C7P2B2 took advantage of the 

multiple cloning sites of the pUC19 vector. To facilitate double stranded DNA 

sequencing, overlapping DNA fragments (less than 850 bp) that spanned the 1.4 kb of 

the 5’ flanking region contained within a Hind ITL-Pst 1 fragment of CKP2B2 were 

subcloned into pUC19 by uni-directional and bi-directional cloning. Standard 

procedures were used for isolating DNA fragments and subcloning into pUC19 as 

described in section 2.14. The DNA fragments subcloned into pUC19 were named 

according to the appropriate restriction endonucleases and the size of the insert:

Hind in/BamHl(HB 600 bp); Hind Ul/P^tl (HP 830 bp); Pst llXba 1 (PX ITObp); 

XbafPstl (XP 540bp); BamHHPst 1 (230 bp); Bam HllXbal (BX 400bp) and PstA /Pstl 

(720bp). A schematic plan illustrating the strategy undertaken to sequence the 5’ 

flanking region of the CYP2B2 gene is presented in diagram 4.3. Plasmid DNA was 

isolated by the small scale rapid plasmid preparation (section 2.16.1) with the 

modifications outlined in section 2.38.1. Alkaline dénaturation of the DNA templates 

(section 2.38.2) was carried out immediately prior to performing the sequencing 

reactions described in section 2.39.2. Sequencing of double stranded DNA was 

determined by the dideoxy/chain termination method (Sanger et a l, 1977). The reactions 

were electrophoresed through a 8% polyacrylamide/7M Urea gel. Occasionally 

compressions occurred in the sequencing reactions, an artefact in the gel that was 

probably due to regions of secondary structure in the DNA product. To resolve this 

problem, the nucleotide termination mixes were substituted with 7-deaza dGTP (section 

2.39.2.2). The DNA fragments were sequenced on both strands using M13 forward and 

reverse primers and the reactions were electrophoresed for different lengths of time to 

ensure the full sequence was read from overlapping sequences. Each subclone was 

sequenced at least twice (by LAP and BAS). Figure 4.7A shows a typical sequencing 

gel and Figure 4.7B shows the CA^gj repeat element that is common to genes of the 

CTP2B2 sub family.
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Diagram  4.3
Strategy for determining the sequence o f the promoter region of CYP2B2.
Overlapping DNA fragments that spanned the 5'-flanking region and upstream region of Exon 1 were subcloned 
into pUC19 according to the methods described in section 2.14. The arrows indicate direction of DNA 
sequencing (section 2.39).
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Figure 4.7A.
A typical DNA sequencing gel.
DNA sequencing reactions using [a-^^S]dATP were carried out as described in section 
2.39.2. The reaction products were electrophoresed through a 8% polyacrylamide/7M 
Urea, gels were dried under vacuum and autoradiographed. TCGA reactions are as 
indicated.

Figure 4.7B.
The CA(1 9 ) consensus sequence that is common to the CTP2B2 genes (section 4.4.2)
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4.4.2 Nucleotide Sequence Comparison of the Promoter Regions of the CYP2B2 

Gene to other Members of the CYP2B Gene Subfamily

The promoter region of the CTP2B2 gene whose sequence covers nucleotides -1401 to 

+165 was determined. To distinguish between the CyP2B2 gene isolated in this thesis, 

to other CYP2B2 genes, the gene will be referred to on these occas ions as XCYP2B2. 

The XCYP2B2 sequence was compared to the nucleotide sequence of the published 5’ 

flanking regions of the CYP2BI and CTP2B2 genes (Diagram 4.4). The nucleotide 

sequence for XCYP2B2 gene is shown in line (B). Nucleotide differences observed 

between the CYP2B2 gene isolated by Jaiswal et a i, 1987 and a CTP2B1 gene isolated 

by Suwa et al., 1985 are given in lines (A) and (C) respectively. A region of nucleotide 

deletions in the A.CYP2B2 promoter region is represented by a series of efcasKês The 

putative transcription initiation site of the CYP2B2 gene was determined by Mizukami 

et a i, (1983) to start at an A residue 30 bases upstream of the translation initiation 

codon. CYP2B genes have a modified equivalent of the "TATA" sequence, CAT AAA 

which is located a further 27 bases upstream from the transcription-initiation site. An 

alternating purine-pyrimidine (CA)„ sequence found in CYP2B genes has the potential 

to form a Z-DNA structure. CYP2BI has a (CA)g repeat sequence compared to the 

longer stretch of (CA);g in the CTP2B2 gene located at -293 to -255 of the promoter. 

Comparison of XCYP2B2 to the published sequences of CYP2B2 and CFP2B1 genes 

revealed a 6 base pair deletion at position -298 to -293 preceding the (CA)ig repeat 

element (Table 4.2).

Table 4.2

CTP2B2

XCYP2B2

CYP2BI

SEQUENCE

GAA**CACG(CA)i9 

GAA ****** (CA)i9 

GCGTGCACG(CA)5

POSITION

-293 to -296

-293 to -298

REF

Jaiswal (1987)

Suwa et a l, (1990)

Jaiswal et a l, (1990) reported a segment in the 5*-flanking region of the CTP2B2 gene 

that has a high degree of similarity to the glucocorticoid response elements (GREs) and 

which can confer dexamethasone inducibility to heterologous genes. Such elements have 

also been reported in the 5’ flanking regions of other genes including that encoding rat 

tyrosine-aminotransferase and it has been demonstrated that GREs function as
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hormone-dependent transcriptional enhancers (Strahle et a l, 1987). The GREs have a 

characteristic pentadecanucleotide consensus sequence which consists of two halves of 

an incomplete palindrome. The putative ORE in the CYPlBs are flanked by a CCAAT 

box, a cw-acting transcriptional regulatory element which has been shown to act 

synergistically with a ORE in the glucocorticoid activation of transcription (Schule et 

al, 1989). Together these two elements may comprise a glucocorticoid responsive unit 

(GRU).

POSITION x c Y P im CYP2B2 CYP2B1

-84 T C T

-119 G C G

-245 T C T

-373 T C (-375) T (-379)

-393 T C (-395) T (-399)

-404 C T (-406) C (-408)

-425 T C (-427) T (-431)

Table 4.3

Comparison of the nucleotide sequence of the CYP2B2 (Jaiswal et a l, 1987) and 

CYP2QI genes (Suwa et al., 1990) to the XCYF1Q2 gene. (The numbers in parenthesis 

refer to the nucleotide position in the respective genes where seven mutations occur.) 

Three of these point mutations can be seen in Figure 4.8

From this comparative study of the XCYP2B2 promoter region a small section was 

shown to be more similar to CYPIQI than to the CYP2B2 gene isolated by Jaiswal et 

a/., (1987).
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Diagram 4.4
The sequence of the CYP2B2 gene (ACYP2B2, nts -1 to -600) was compared to the published 5'-flanking regions of the 
CKP2B2 and CYP2BI genes. The nucleotide sequence for A CYP2B2 is shown in line B. Only the base substitions in the 
CKP2B2 gene (Jaiswal et al, 1987) and a CYP2BI gene (Suwa et al, 1985), are shown in lines A and C respectively. A 
region of nucleotide deletions in the ACTP2B2 promoter is represented by a series of The putative TATA box is
underlined and the coding region is in shaded boxes.
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Figure 4.8

A sequencing gel which shows three point mutations at positions -393, -404 and -425 

within the CYP2B2 gene.
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5.0 DNA REGULATORY ELEMENTS IN THE PROM OTER REGION OF 
THE CEP2B GENE

The 1565 nucleotide sequence of the promoter region of CTP2B2 was analysed using 

the MacVector computer data base and searched against aU known restriction 

endonuclease sites. A schematic diagram of the restriction map is represented in 

Diagram 5.2A. This map was referred to during the course of this study for the 

construction of recombinant subclones, from which radiolabelled DNA and unlabelled 

competitor DNA fragments were generated for use in band shift and DNase footprinting 

assays. The MacVector transcription factor database was used to identify potential 

regulatory elements within the -1401 fragment which flanks the CyP2B2 gene and in 

the 5’ leader sequence. The nucleotide sequence was analysed for DNA sequences to 

known ci5-acting regulatory elements that could be involved in the tissue-specific 

expression of the CyP2B2 gene. The search identified over 50 potential protein binding 

sites immediately upstream of the transcription start site (Diagram 7.1, Appendix I and

II).

5.1 Bandshift Assays

To delineate the elements involved in the regulation and liver specific expression of 

CYP2B2 an indirect approach of in vitro protein-DNA binding studies by shift Bandshift 

and DNase 1 footprinting techniques was used. Bandshift assays facilitate the detection 

of sequence-specific DNA binding proteins in liver nuclear extracts whilst DNase 1 

footprinting was used to identify specific DNA sequences to which proteins bind. The 

principles of the bandshift assay are based upon the observation that the movement of 

a DNA molecule through a non-denaturing polyacrylamide gel is retarded when a 

protein molecule is bound to it. Incubation of an end-labelled, double-stranded DNA 

fragment containing the promoter sequence of interest with nuclear protein extract will 

cause retardation in the migration of the (bound) labelled fragment when subjected to 

electrophoresis with the unbound (free) complexes migrating at a faster rate. The 

intensity of each band will be an indication as to the presence of an enriched and/or an 

activated protein. The sequences to which the proteins bind were identified by 

competition assays.
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5.2 OPTIMIZATION OF THE BANDSfflFT PARAMETERS

Prior to the investigation of the regulatory elements of the CYP2B2 gene a number of 

assay parameters had to be optimized, including salt and carrier DNA concentrations, 

the ionic strength of the gel and running buffer, optimization of the polyacrylamide gel 

concentration, electrophoretic and incubation temperatures, pH and the binding reaction 

time. A review on the optimization of the system will concentrate only on those 

factors which specifically had an adverse effect on the assay.

5.2.1 Nuclear Protein Extracts

Nuclear protein extracts were isolated from the livers of PB-treated and untreated 

animals as described in section 2.41.1. An unused aliquot of nuclear extract was used 

for each assay and the protein samples were thawed and kept on ice until required.

5.2.2 Bandshift Assays with an Oligonucleotide to NFl/CTF

A double stranded oligonucleotide to the consensus sequence for NFl/CTF (supplied by 

Stratagene) was used in preliminary experiments to optimze the band shift assay.

A1 5 ' -ATTTTGGCTTGAAGCCAA.TATG-3 '

B1 5 ' -CATATTGGCTTCAAGCCAAAAT-3'

The two strands of oligonucleotide were annealed and end labelled with T4 PNK and 

[y-^^P]ATP (section 2.32). Each binding reaction contained 0.1 ng DNA (0.5 to 2 xlO"̂  

cpm).

5.2.3 Reaction Binding Buffer

A literature review of bandshift assays that used crude liver nuclear protein extracts, 

resulted in the formulation of two binding reaction buffers which contained components 

typical to a number of buffers. The concentration of the nuclear protein storage buffer 

was taken into account when adjusting the final binding reaction buffer concentrations. 

Buffer A contained 25 mM Hepes and 150 mM NaCl and Buffer B contained 50 mM 

KCl, 5 mM MgCl2 and 10 mM Tris-HCl pH8. The components EDTA, DTT, glycerol 

and PMSF were of the same concentrations in both buffers (see section 2.41.1).

5.2.4 Carrier DNA

In studies using crude liver nuclear extracts, many proteins can interact nonspecifically 

with DNA. To overcome this problem non-specific competitor DNA was preincubated 

with the protein extract before the addition of the DNA probe (section 2.42) - the aim
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to sequester the undesired proteins in the binding reactions. The carrier of choice was 

the alternating copolymer Poly (dldC).(dldC) as it presented a large number of non

specific sites and fewer sequence specific sites than a heterogeneous competitor such 

as E.Coli DNA. The optimum amount of competitor used was determined empirically.

5.2.5 Gel Electrophoresis

Native polyacrylamide gels from 4 to 11% and two electrophoretic buffer systems TBE 

and TAE were compared. Electrophoresis was carried out at room temperature with ice 

cold running buffer circulating between the two chambers. Both gels and running 

buffers were pre-chilled to 4°C prior to use.

5.2.6 Binding Reactions

Band shift assays with crude nuclear protein extracts can often give rise to high 

background and diffuse bands. It was therefore important in this study that the correct 

conditions for maintaining the complex in a stable state was pre-determined. With a 

known amount of rat nuclear protein extract (5pg) from an untreated animal and poly 

(dldC).(dldC), carrier DNA was titrated over the range 0 to 20|ig, and the two buffers 

(A) and (B) were compared in parallel experiments. Binding reactions performed at 

room temperature or 4°C, were pre-incubated with carrier DNA 10 minutes prior to the 

addition of the [y-^^P] labelled NFl/CTF oligonucleotide probe. The reaction was 

allowed to continue for a further 30 minutes (section 2.42) and protein-DNA 

complex(es) were resolved by electrophoresis in either 0.5x TBE or TAE running buffer 

(section 2.42.3).

5.3 OPTIM IZATION RESULTS OF THE BANDSHIIFT ASSAY 

Band shift assays were performed using different running buffers, polyacrylamide gel 

concentrations, binding reaction buffers and Poly (dldC).(dldC) concentrations with the 

aim of reducing high background and diffuse protein-DNA complexes that are often 

observed in gels following autoradiography. Binding reactions which contained 3 to 

lOpg carrier DNA resulted in a marginally improved resolution of a single retarded 

protein-DNA complex than binding reactions which contained more than lOpg 

poly(dldC).(dldC). Binding experiments were repeated using 2 to 7pg poly 

(dldC).(dldC) and increasing the concentration of the running buffers to Ix TBE or Ix 

TAE. The protein-DNA complex migrated as a less diffuse band in a 4% 

polyacrylamide Ix TAE gel and the level of background was significantly reduced in
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reactions that contained 3 to 6|iig Poly (dldC).(dldC). These series of experiments 

demonstrated that borate and acetate buffers at low salt concentrations result in broad 

complexes. It was observed that low concentrations of Poly (dldC).(dldC) resulted in 

the radioactive complex remaining in the wells of the gel whereas increasing the 

concentration of Poly (dldC).(dldC), increased the intensity of the complex and free 

DNA. However, an excess of Poly (dldC).(dldC) decreased the binding of the protein- 

DNA complex (Figure 5.1). The carrier DNA, Poly (dldC).(dldC) is therefore effective 

over a very narrow working range. An equal amount of carrier DNA to protein (w/w) 

was generally found to be the optimum ratio.

A third buffer, buffer C was formulated which was similar to the binding reaction 

buffer described by Jose-Estanyol et a l, (1989). A 5-fold concentration of buffer C 

contained the same components as the nuclear storage buffer: 350mM NaCl and 5mM 

EDTA (Nahon et a l,  1987). Thus, the final concentration of buffer C (Ix) to be used 

in binding reactions was adjusted to contain lOmM Tris-HCl (pH7.4), lOmM p- 

mercaptoethanol and 3mM MgClz.

Bandshifts with nuclear extracts isolated from untreated and PB-treated rats were 

carried out at room temperature with buffer C in the presence of the [y-^^P] labelled 

NFl/CTF oligonucleotide. The reactions were electrophoresed through a Ix TAE, 4% 

polyacrylamide gel. A single retarded band was observed with both nuclear extracts 

(Figure 5.2). However, as the physical properties of DNA-binding can vary, a series 

of experiments were carried out to determine whether buffers A, B or C would result 

in the formation of different protein-DNA complexes. A [a-^^P] labelled D del/D del [- 

1390/-1321 (3)] DNA fragment which contained the GRE motif resulted in a single 

protein-DNA complex with all three buffers, except, the retarded complex obtained with 

buffer C had greater resolution with miminal background (Figure 5.5). The addition of 

Zn^* to binding reactions did not alter the pattern of protein-DNA complexes formed 

in any of the bandshift assays undertaken in this study. However, addition of the 

cofactor Mĝ "*" to the binding reactions enhanced the formation of protein-DNA 

complexes, the optimum concentration of Mg2"̂ determined in experiments as described 

above (Figure 5.2).
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A  bandshift assay with a labelled N F l/C T F  double stranded oligonucleotide. A ll binding reactions
were carried out with 5 |ig  o f  nuclear protein from untreated animals. In lanes 1 to 4  and 6 to 8 the 
numbers refer to increasing concentrations o f  Poly (dldC).(dldC ). In lanes 5 and 9 the reaction was 
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A  bandshift assay with a [y-^^P] labelled N F l/C T F  double stranded oligonucleotide. B inding reactions 
w ere carried out with 5 pg o f  nuclear protein from untreated (U ) and PB-treated (PB) anim als. In lanes 
1 to 3: the numbers refer to increasing concentrations o f  Mg^^ and Poly (dldC ).(dldC ) incubated with  
nuclear extracts from untreated animals. Lanes 6 to 8: the numbers refer to increasing amounts o f  Mg^^ 
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the binding reactions were incubated with Proteinase K (PK). Lanes 4 and 9: Probe only
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5.4 M APPING TH E PROM OTER OF THE CFP2B2 GENE

Preliminary experiments designed to optimise the bandshift assay gave an indication to 

the presence of potential protein binding sequences within the CyP2B2 gene promoter 

region. In addition to the subclones used for sequencing analysis (Diagram 4.3), 

overlapping subclones (154 to 367 bp in size) that spanned nts -1401 to +165 of the 

promoter region and exon 1 of CYP2Q2 were constructed (Diagram 5.1 and Diagram 

5.2B). Specific regions of the promoter to be investigated were pre-determined from 

band shift assays using [a-^^P] labelled DNA probes that initially spanned larger regions 

of the promoter. The precise DNA sequence to be subcloned was limited by the 

availability of restriction endonuclease sites in CYP2Q2. To study the CTP2B2 

promoter in greater detail it was also necessary to prepare small [a-^^P] double-stranded 

probes and competitor DNA fragments less than 100 bp in size (Diagram 5.2C). These 

fragments were generated from restriction endonuclease digestion of the DNA inserts 

that had previously been isolated from the appropriate subclone (section 2.18 & 2.16) 

and electrophoresis through a 12 to 20% native polyacrylamide or 4% NuSieve agarose 

gel (section 2.19). Unless stated in the text, DNA fragments with 3’ recessed ends were 

radiolabelled by filling in with T7 DNA polymerase and [a-^^P]dATP or dTTP (section 

2.36) and each bandshift binding reaction contained 0.1 ng labelled DNA fragment 

(section 2.42). For competition experiments, unlabelled competitor DNA fragments 

were added to the binding reaction mix 10 minutes prior to the addition of the 

radiolabelled DNA fragment (section 2.42.1). Proteinase K was added to samples after 

completion of the binding reaction, in order to determine whether the binding factors 

were protease-sensitive (section 2.42.2).

DNA fragments used as [a^^-P] radiolabelled probes or competitor DNA were 

named according to the restriction endonucleases used to isolate the DNA fragment of 

interest and the size of the excised sequence. Furthermore, a number has been assigned 

to each of these fragments to enable cross-reference to the schematic map which 

denotes their position within the promoter region of the CKP2B2 gene (Diagram 5.2).
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Diagram 5.1
Schematic diagram for construction of overlapping subclones that span 1.4 kb 5'- 
flanking region and exon 1 of CYP2B2 to be used in Bandshift and DNase 1 footprinting 
assays (section 2.42)
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5.4.1 The Binding Potential of a Rat Liver Nuclear Protein to the Putative GRE 

in the CYP2B2 Gene.

From sequence and computer assisted analysis of the CYP2B2 gene, a potential GRE 

sequence was located between nucleotides nts -1349 to -1335 previously identified by 

Jaiswal et a l, (1990). To determine whether phénobarbital treatment has an effect on 

the binding of proteins to the GRE and surrounding sequences, nuclear proteins isolated 

from the livers of PB-treated and untreated rats were examined for their ability to bind 

to a labelled HindDUMboH fragment [-1401/-1239 (1)]. Three protein-DNA complexes 

were observed that were of similar intensity with nuclear extracts isolated from both PB- 

treated or untreated animals (Figure 5.3). With a HindnURsaX [-1401/-1348 (4)] 

labelled fragment no binding of protein was observed (Figure 5.3). The R jo l restriction 

endonuclease site cleaves within the consensus GRE sequence. A smaller (70bp) 

fragment, D dellDdel [-1390/-1321 (3)] was also used in bandshift assays (Figures 5.4 

and 5.5). At low concentrations of nuclear protein from either extract, a single protein- 

DNA complex was observed. This complex was competed with 250 ng of self 

competitor, but was not competed with 250 ng of HindQURsal [-1401/-1348 (4)]. 

Protein binding to a sequence between nts [-1390/1321] was inhibited in the presence 

of proteinase K (Figure 5.4). The above results indicated that the protein-DNA 

complex shown in Figures 5.4 and 5.5 are due to the interaction of nuclear proteins with 

the GRE. These experiments also demonstrated there were no differences between the 

binding of liver nuclear protein isolated from PB-treated or untreated animals to the 

GRE binding site. With a MseVMsel fragment [-1280/-843 (2)] labelled fragment a 

complex pattern of protein-DNA interactions was observed that was more intense with 

extracts from PB-treated animals (Figure 5.6).
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Figure 5.3

Bandshift assays with a [a-^^P] HindllllRsa\[-\A0\l\2>Ad> (4)] and a Hindlll/Mbol 

[-1401/-1239 (1)] DNA fragments.

Binding reactions with a [a-^^P] HindUl/Rsal[-\40l/\34S  (4)] DNA fragment were 

carried out in the presence of protein from PB-treated (PB) and untreated (U) 

animals. In lane 1: Probe only; Lane 2: 10 pg PB; Lane 3: 5 pg PB; Lane 4: 10 pg 

U; Lane 5: 5 pg U.

Binding reactions with a [a-^^P] //m<iIII/M^oI[-1401/1239 (1)] DNA fragment were 

carried out in the presence of protein from PB-treated (PB) and untreated (U) 

animals. In lane 6: 10 pg U; lane 7: 10 pg PB; lane 8: Binding reaction with 5 pg 

PB incubated with Proteinase K (PK)
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Figure 5.4
Bandshift assay with a [a-^^P] labelled D dellD del [-1390/-1321 (3)] D N A  Fragment.Binding reactions 
were carried out in the presence o f  either nuclear proteins from PB-treated animals (PB), or untreated 
(U ) animals according to the method described in section 2.42. In lanes 2 to 4  the numbers refer to 
decreasing concentrations o f nuclear protein from PB-treated animals. Lanes 5 to 7 refer to decreasing  
concentrations o f  nuclear protein from untreated animals. In lane 1, probe only and in lane 8 the 
binding reaction was incubated with Proteinase K.
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Figure 5.5
Bandshift and competition assay with a [a-^^P] labelled D dellD de l [-1390/-1321 (3)] D N A  Fragment. 
Binding reactions were carried out in the presence o f either nuclear proteins from PB-treated animals 
(PB), or untreated animals (U ). In lanes 1,3 and 5 the numbers refer to increasing concentrations o f  
nuclear protein from PB-treated animals and lanes 2,4 and 6 increasing concentrations o f  nuclear 
protein from untreated animals. Lanes 7 and 8: Protein-DNA com plexes competed with se lf competitor 
[-1390/-1321] D N A . Lanes 9 and 10: Protein-DNA com plexes competed with a HindHURsal [-1401/- 
1348 (4)] D N A  fragment.
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Figure 5.6
Band shift assay with a [a-^^P] labelled M se\!M se\ [-1280/-843 (2)] D N A  fragment

All binding reactions were carried out with 5 pg o f  nuclear protein from either untreated (U ) or PB- 
treated (PB) animals. Lane 1: Probe only; Lane 2: U; Lane 3: PB and Lane 4 the binding reaction was 
incubated with Proteinase K.
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5.4.2 Binding Potential of Sequences between nts -802 and -366 of the CYP2Q2 

Promoter

The binding potential of sequences between nts -802 and -366 was determined using the 

DNA fragments Bam }^\!Pstl [-802/-573 (5)] and PstHXhaX [-5767-366 (6)]. Both of 

these fragments formed high molecular weight protein-DNA complexes with nuclear 

extracts from untreated and PB-treated animals. In both cases the intensity of the 

retarded bands were similar with each nuclear protein extract (Figure 5.7 and Figure 5.8 

respectively). Competitor experiments and incubation of binding reactions with 

proteinase K inhibited binding of the protein-DNA complex (data not shown).

5.4.3 Binding Potential of Sequences between nts -369 and -31 of the C1T2B2 

Promoter

Investigation of the CKF2B2 gene region between nts -369 to -178 was carried out using 

a XballHaeWl [3697-178 (7)] DNA fragment. A single protein-DNA complex was 

observed that was of greater intensity with nuclear extracts from PB-treated animals, 

than with extracts from untreated animals (Figure 5.9 and 5.10). To locate the 

sequence responsible for the binding of an abundant protein present in extracts from 

PB-treated animals, the XbaI77fogIII [-3697-178 (7)] fragment was digested into two 

smaller fragments, M ef/T /ae ///[-2177-178 (11)] and XballDdel [-3697-215 (10)]. The 

binding of this abundant protein was not observed in bandshift assays with the 

XbaUDdel [-3697-215 (10)] fragment. Instead, two protein-DNA complexes were 

observed which were of similar intensity with nuclear extracts from both PB-treated and 

untreated animals (Figure 5.9). Competition experiments showed that the protein 

binding to the Xbal/Haelll [3697-178 (7)] DNA fragment was competed with 200 ng 

of a RsallDdel [-3387-178 (8)] fragment, but not with 100 ng of the fragment 

Xbal/Rsal [-3697-338 (9)] (Figures 5.9 and 5.10).

A very intense single protein-DNA complex was observed in binding reactions 

with the labelled DdelfHaelU [-2177-178 (11)] fragment and extracts from PB-treated 

animals (Figure 5.11). This complex was competed with 100 ng of self competitor but 

not with 250 ng of the Rsal/Ddel [-3387-2 15 (12)] fragment.

The above results indicated that the formation of a single protein-DNA complex (shown 

in Figures 5.9, 5.10 and 5.11) was due to an abundant or an active protein present in 

extracts from PB-treated animals binding to a specific sequence between nts -2177-178.
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Figure 5.7
Bandshift assay with a [a-^^P] labelled BamYiMPstX [-802/-573 (5)] DNA fragment. 
Binding reactions were carried out with nuclear protein extract from either PB-treated 
(PB) or Untreated (U) animals.

Pst 1/Xba 1 [-576/-3661
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fl
:
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Figure 5.8
Bandshift assay with a [a-^^P] labelled PstUXbal [-5767-366 (6)] DNA fragment. 
Binding reactions were carried out with nuclear protein extract from either PB-treated 
(PB) or Untreated (U) animals.
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Figure 5.9
Bandshift assay with a [a-^^P] labelled XballHaeUl [-369/-178 (7)] and XbaVDdel [-369/-215 (10)] D N A  
fragments.
Binding reactions with nuclear protein extract from either PB-treated (PB) or Untreated (U) animals were carried 
out in the presence or absence o f  competitior D N A  according to the method described in section 2.42.1.
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Figure 5.10
Bandshift assay with a [a-^^P] labelled XballHaeUl [-369/-178 (7)] D N A  fragment.
Binding reactions with nuclear protein extract from either PB-treated (PB) or Untreated (U) animals were carried 
out in the presence or absence op competitor DNA.
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To investigate the CFP2B2 promoter region between nts -177 to -31 for potential 

protein binding sites, a labelled HaelWHinfl [-177/-31 (13)] fragment was used in 

bandshift assays with extracts from PB-treated and untreated animals. Multiple protein- 

DNA complexes were observed with nuclear extracts from both PB-treated and untreated 

animals. The proteins which bound to this sequence were more abundant in extracts 

from PB-treated animals than untreated animals. The majority of complexes formed with 

extracts from PB-treated animals were competed with 50 ng of self competitor. The 

binding of proteins to the region between nts -177 to -31 was inhibited in the presence 

of Proteinase K, indicating that the complexes formed are due to protein-DNA specific 

interactions (Figure 5.12).

To further investigate sequences between nts -177 to -31 that may be important in 

the regulation of the CTP2B2 gene by phénobarbital, the Hae llV H in fl [-1777-31(13)] 

fragment was digested with the appropriate restriction endonucleases. Two fragments 

were generated, HaelW Alu  1 [-1777-86 (14)] and Alul/H infl [-857-31 (15)]. With the 

labelled Haelll/Alul [-1777-86 (14)] fragment three protein-DNA complexes were 

observed which were slightly more intense with nuclear extracts from PB-treated animals 

than untreated animals (Figure 5.13). The smaller (55 bp) fragment. A/m 17//m/l [-857-31 

(15)] was also used in bandshift assays. At low concentrations of nuclear protein a 

single protein-DNA complex was observed that was more intense with protein extracts 

from PB-treated animals than untreated animals. This complex was competed with 250 

ng of self competitor DNA (Figure 5.14). The above results (Figure 5.13 and 5.14) 

indicated that a sequence between nts -857-31 is responsible for binding a protein(s) that 

is either more abundant or active in liver nuclear extracts isolated from PB-treated rats.

An important question that had to be answered was whether the protein complex 

formed with the labelled [-2177-178 (11)] DNA fragment bound to the same protein as 

the [-857-31 (15)] DNA fragment.

5.4.4 Cross Competition Binding Experiments to nts -2177-178 and nts -857-31 

regions

The MacVector transcription factor database identified several potential regulatory 

elements situated between nts -369 to -31 of the CTP2B2 promoter region. Two 

potential binding sites for the protein factors, Octamer a l . l  and Zeste Whit were
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Figure 5.11
Bandshift assay with a [a-^'P] labelled D dellH aem  [-217/-178 (11] D N A  fragment
Binding reactions with nuclear protein extract from either PB-treated (PB) or Untreated (U) animals were
carried out in the presence or absence o f competitior D N A .
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Figure 5.12
Bandshift assay with a [a-^^P] labelled HaelWHinfl [-177/-31 (13)] D N A  fragment.

Binding reactions with nuclear protein extract from either PB-treated (PB) or Untreated (U) animals were 
carried out in the presence or absence op competitor DNA .
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located between nts -218 to -176. During this study He and Fulco, (1991) identified a 

potential barbiturate responsive element of 17 bases that forms part of a larger BTE 

motif in the rat CYP2B2 gene (Rangarajan and Padmanaban 1989). It has been 

suggested it might play a role in regulating the CYP2Q2 gene by PB. To determine 

whether these sequences within the CYP2Q2 promoter region do bind to nuclear factors 

a series of band shift assays were carried out using these shorter sequences as either 

radiolabelled oligonucleotide probes or as competitors.

Double stranded oligonucleotides were synthesised to DNA sequences for the 

Octal. 1 motif in CTP2B2, [-199/-183 (20)]; the equivalent "Octal. 1" sequence in 

CyP2Bl [-199/-183 (20a)]; Zeste Whit [-218/-213 (21)], Fulcos’ 17 mer [-897-73 (22)]; 

a 43e mer [-2197-176 (18)] which contained the Octal. 1 and Zeste Whii motif; a 43b 

mer [-2197-176 (18a)] that contained the corresponding region of the CYP2BI gene and 

a SPl oligonucleotide. A PCR product which encompassed the region [-867-34 (19)] 

was also used in these studies (section 2.47). Double stranded oligonucleotides were 

annealed (section 2.34) and end-labelled with T4 PNK and [y-^^P]ATP (section 2.32.2) 

or by fill in reactions with T7 DNA Polymerase and [a-^^P]dNTP (section 2.36).

The fragment [-867-34 (19)] was used as a labelled probe in binding reactions with 

nuclear extracts from PB-treated animals. An intense single protein-DNA complex was 

formed (Figure 5.15, lane 1) as previously shown in Figure 5.14. This complex was 

competed with a 200-fold molar excess of self competitior DNA (lane 3) but was not 

competed with a 200-fold molar excess of unlabelled 43e mer [-2197-176 (18)]. Binding 

reactions incubated with a 200-fold molar excess of the Zeste Whit [-2187-213 (21)] or 

17 mer [-897-73 (22)] oligonucleotide did not compete for binding of the protein-DNA 

complex (lanes 5 and 6 respectively). The binding of a protein from nuclear extracts 

of a PB-treated animal to the [-867-34 (19)] fragment was inhibited in the presence of 

Proteinase K (lane 7).

A labelled 43e mer [-2197-176 (18)] oligonucleotide incubated with nuclear extracts from 

PB-treated animals formed a single protein-DNA retarded complex (Figure 5.16, lane 

1) which was competed with a 200-fold molar excess of self competitor (lane 3). 

Competition with a 200-fold molar excess of unlabelled [-867-34 (19)] DNA fragment, 

however, did not inhibit binding of the protein-DNA complex (lane 4)..

To determine whether the octamer sequence within the region -219 to -176 was 

responsible for the retarded protein-DNA complex, competition experiments were carried
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Figure 5.13
Bandshift assay with a [a-^^P] labelled Haell\JAlu\ [-1777-86 (14)] DNA fragment

Binding reactions were carried out with nuclear protein extract from either PB-treated 
(PB) or Untreated (U) animals. In lane 1: probe only; lane 2: 1.25 pg each of PB and 
U; lane 3: 2.5 pg each of PB and U; lanes 4 to 6 increasing concentration of PB 
extract; lanes 7 to 9 increasing concentration of U extract; lane 10: Binding reaction 
incubated with Proteinase K.
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Figure 5.14
Bandshift assay with a [a-^^P] labelled AlullHinfl [-857-31 (15)] DNA fragment.

Binding reactions with nuclear protein extract from either PB-treated (PB) or Untreated 
(U) animals were carried out in the presence or absence op competitor DNA.
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Figure 5.15
Bandshift assay with a 53 mer [-867-34 (19)] double stranded oligonucleotide

A ll binding reactions were carried out with 5|ig o f  nuclear protein extract from PB-treated (PB) animals 
in the presence or absence o f  competitor D N A . Competitor D N A  was added to the reactions at a 200-fold  
molar excess. Lane 1; PB nuclear extract; Lane 2: Probe only; lane 3: [-867-34 (19)1; lane 4: 43e  mer 
[-2197-176 (18)1; lane 5: Zeste Whit [-2187-213 (21)1; lane 6: 17 mer [-897-73 (22); lane 7: Binding  
reaction incubated with Proteinase K.

158



Figure 5.16
Bandshift assay with a 43e mer [-219/-176 (18)] labelled double stranded oligonucleotide

Binding reactions (lanes 2 to 9) were carried out with 5pg o f nuclear protein extract from PB-treated (PB) 
animals in the presence or absense o f a 200-fold molar excess o f competitor D NA . Lane 1 contained 
20 pg o f  PB-extract. Lanes 1 to 4 and 7 to 9 contained 0.1 ng o f  labelled oligonucleotide and lanes 5 and 
6 contained 0.05 ng o f  labelled oligonucleotide.
Lane 1: PB only; lane 2: PB incubated with Proteinase K; lane 3; 43e mer [-219/-176 (18)]; lane 4: 53 
mer [-867-34 (19)]; lane 5: Zeste Whit [-2187-213 (21)]; lane 6: 17 mer [-897-73 (22)]; lane 7: O cta l.1 
[-1997-183 (20)] from CLP2B2; lane 8: O cta l.1 [-1997-183 (20a)] from CLP2B1; lane 9: SP l 
oligonucleotide.
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out using a [-199/-183 (20)] Octal. 1 double stranded oligonucleotide that contained the 

consensus sequence ATTTACAT. A 200-fold molar excess of [-199/-183 (20)] was 

sufficient to inhibit the formation of a protein-DNA complex with the [-219/-176 (18)] 

43e mer labelled oligonucleotide (lane 7). An oligonucleotide synthesized to the same 

region of the CYP2BI promoter, [-199/-183 (20a)] which contained the sequence 

ATCCCATAT (Octal. 1) did not inhibit the retarded complex formed with nuclear 

extracts from PB-treated animals (lane 8). In competition experiments with 

oligonucleotides that contained sequences for the Zeste Whit [-218/-213 (21)] and the 

17 mer [-89/-73 (22)], the protein-DNA complex was not inhibited (lanes 5 and 6 

respectively. The amount of labelled probe used in these binding reactions was 0.05 ng 

compared to the binding reactions loaded in lanes 1 to 4 and lanes 7 to 9 which 

contained 0.1 ng probe. All binding reactions contained 5 pg of protein extract from PB- 

treated animals, except lane 1 which contained 10 pg) Competition with the 

oligonucleotide SPl did not inhibit binding of the protein-DNA complex (lane 9). The 

Spl oligonucleotide was used as a control in these experiments as the promoter region 

of the CyP2B2 gene lacks the Spl consensus sequence.

In binding reactions with a labelled Octal. 1 [-199/-183 (20)] oligonucleotide and 

nuclear protins from PB-treated and untreated animals a single protein-DNA complex 

was observed that was competed with a 200-fold molar excess of self competitor 

Competition with a 43 mer [-219/-176 (18)] did not inhibit binding (Figure 5.17).

Bandshift assays with either the labelled Zeste Whit [-218/-213 (21)] or 17 mer [- 

89/-73(22)] oligonucleotide incubated in binding reactions with protein extracts from 

either PB-treated or untreated animals did not result in the formation of a protein-DNA 

complex (Figure 5.18).

When a 43e mer [-219/-176 (18)] oligonucleotide was used as a probe in a 

quantitative bandshift assay, a protein present in nuclear extracts from PB-treated 

animals was shown by densitometric measurement to be 4-fold more abundant or active 

than in extracts from untreated animals (Figure 5.19).

5.4.5 The Binding Potential of Sequences between nt -33 and +165 of the C1T2B2

Promoter

The region which encompasses -33 to +164 of the CTP2B2 promoter was investigated 

for the presence of potential protein binding sites. In contrast to the results described
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O ctal.1 [-199/-183 (20)]

Figure 5.17
Bandshift assay with a Octal.1 [-199/-183 (20)] labelled double stranded 
oligonucleotide.
All binding reactions contained 5 pg of nuclear protein from PB-treated (PB) or 
untreated (U) animals in the presence or absence of a 200-fold molar excess of 
competitor DNA. The gel was loaded as follows: Lane 1: Probe only; lane 2: PB only; 
lane 3: U only; lane 4:U competed with [-199/-183 (20)]; lane 5: PB competed with [- 
199/-183 (20)]; lane 6: Binding reaction incubated with Proteinase K.
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Figure 5.18
Bandshift assay with a 43e mer [-219/-176 (18)] and a Zeste Whit [-218/-213 (21)] 
labelled double stranded oligonucleotides
Binding reactions in lanes 1 and 2 contain 1 pg of nuclear protein extract from PB- 
treated animals (PB) incubated with 0.1 ng of labelled [-219/-176 (18)] oligonucleotide. 
In lanes 3 to 8, 10 pg of nuclear protein extract from PB-treated animals incubated with 
0.1 ng of labelled [-218/-213 (21)] oligonucleotide. The reactions were incubated in the 
presence or absence of a 200-fold molar excess of competitor DNA. The gel was loaded 
as follows:
Lane 1: PB only; lane 2: [-219/-176 (18)]; Lane 3: PB only; lane 4:[-218/-213 (21)]; 
lane 5: [-199/-183 (20)]; lane 6; [-199/-183 (20a)]; lane 7:[-219/-176 (18)]: lane 8: 
Proteinase K
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Figure 5.19

Quantitative band shift assay with a [a-^^P] labelled Ddel/Haelll [-217/-178 (11)] DNA 
fragment.
Binding reactions were carried out with increasing concentrations of nuclear protein 
extracts from PB-treated (PB) and untreated animals (U). Lanes 1: U, 40 pg; lane 2: U, 
20 pg; lane 3: U, 10 pg; lane 4: U, 5 pg; lane 5: U, 2.5 pg; lane 6: U, 1 pg; lane 7, PB, 
1 pg; lane 8: PB, 2.5 pg, lane 9: PB, 5 pg; lane 10: Probe only.

163



Hint 1/Sph 1 [33 /2 ]

- u PB PB U PB PB U PB PB

0 5 5 5 2.5 2.5 2.5 5 5 5

- - - 250 - - 250 - - -
250 250 -

5

T raatm an t

N uc lear E x trac t (ug)

C om petito r (ng) 
(-33/-21
C om petito r (ng) 
[-«5/-31)

P ro te in a se  K (ug)

1 2 3 4 5 6 7 8 9  10

Figure 5.20

Band shift assay with a [a-^^P] labelled HinfllSphl [-337-2 (16)] DNA fragment 

Binding reactions with nuclear proteins isolated from PB-treated (PB) and untreated rats 

were incubated in the presence or absence of competitor DNA.
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Figure 5.21

Band shift assay with a [y-^^P] labelled SphUPstl [-5/+164 (17)] DNA fragment 

Binding reactions with nuclear proteins isolated from PB-treated (PB) and untreated rats 

were incubated in the presence or absence of competitor DNA.
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in the sections above, an intense retarded band was observed when nuclear extracts from 

untreated animals were used in binding reactions with a H infllSphl [-337-2 (16)] 

labelled fragment. These results suggest that the protein responsible for the formation 

of the complex was either more active or abundant in nuclear protein extracts from 

untreated animals than in extracts from PB-treated animals (Figure 5.20). The addition 

of 250 ng of unlabelled self competitor DNA to the binding reactions inhibited 

formation of the protein-DNA complex, but competition with 250ng with the AlullH infl 

[-857-31 (15)] did not To investigate whether there were any protein binding sites 

within the sequence that encodes the 5’ leader sequence of the CYP2B2, a SphllPsîl 

[-57+164 (17)] fragment was dephosphorylated with Calf Intestinal Alkaline Phosphatase 

(section 2.32.1) prior to kinase labelling with [y-^^P]ATP (section 2.32.2). The SphllPstl 

[-57+164 (17)] fragment bound a single protein that was of similiar intensity with 

extracts isolated from both PB and untreated animals. Competition with 200ng of self 

competitor and incubation of the binding reactions with proteinase K inhibited binding 

of the protein-DNA complex (Figure 5.21).

He and Fulco, (1991) identified a potential barbiturate responsive element of 17 

bp in the rat CYP2B2 gene (Rangarajan and Padmanaban, 1989). However, a labelled 

oligonucleotide synthesized to this 17 bp sequence [-897-73 (22)] did not bind any 

protein in nuclear extracts from either PB-treated or untreated animals, contradictory to 

the results obtained by He and Fulco, (1991).

These experiments demonstrate that the DNA sequences responsible for the 

binding of PB enriched or activated proteins to the region located between nts -369 to - 

178 are confined to a 17 base pair sequence situated at nts -199 to -183. From 

computer analysis of this region and by competitor band shift assays, a binding site for 

the trans-acting protein factor, Octamer a l .l  was possibly identified. These experiments 

also revealed potential DNA regulatory elements within the region nts -85 to -31 of the 

CYP2B2 gene that were responsible for the binding of a protein that was abundant or 

more active in nuclear protein extracts from PB-treated animals.
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6.0 DNase FOOTPRINTING ANALYSIS OF THE CFP2B2 GENE PROMOTER

6.1 DNAase 1 Footprinting

The footprinting assay is similar to the bandshift assay in that parallel reactions with 

free DNA and protein-DNA complexes are compared. DNA samples are partially 

digested with DNase 1, the end-labelled DNA being ’nicked’ to a limited extent. 

Regions of DNA protected by protein-binding are compared to DNA sequence reactions 

run on the same gel. Comparison of protein-DNA complexes to free DNA identifies 

specific ’footprints’ of nucleotide binding domains to which transcription factors bind. 

Maxam-Gilbert sequencing reactions of the [^ -̂P] end-labelled DNA fragment identifies 

the location and sequence to which these factors bind.

6.2 Optimization of the DNase 1 Footprinting Assay

To identify the DNA sequences that interacted with proteins to form retarded 

complexes in the bandshift assays (section 5), DNAse 1 footprinting experiments were 

performed. To carry out footprinting experiments it was important that several 

parameters be optimized; the labelling of DNA fragments, DNase 1 titration of the 

binding reactions and the binding reactions themselves. Single, end-labelled, probes 

from the promoter region of C1T2B2 were generated according to the procedures 

described in section 2.36. Briefly, a DNA fragment was digested with the appropriate 

restriction endonuclease, and the ends labelled by filling in with T7 DNA polymerase. 

The DNA template was digested further to generate a DNA fragment with only one 

labelled end. The fragments were then gel purified (section 2.25 & 2.27). As more than 

one radioactive nucleotide can be incorporated at each end with the method of end- 

filling, the probes generated were of high specific activity. The optimal binding 

reactions for footprinting were found to be exactly the same as those used for the 

bandshift assays except the final volumes were increased to accommodate the larger 

concentrations of nuclear protein extract required for the assay. Each binding reaction 

contained 1-2 ng (1-2 x 10"̂  cpm) of end-labelled DNA. The DNA template was 

incubated with crude nuclear protein extract and after the binding reaction, DNase 1 was 

added at a concentration sufficient to introduce on average a single random nick per 

DNA molecule. Following termination of the reaction by SDS and EDTA, the reaction 

products were visualised by gel electrophoresis and autoradiography. The protein 

binding region was identified by comparing the ladder of DNase 1 digested products
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with that generated in the absence of protein and to a sequencing ladder (section 2.43 

& 2.45). DNase 1 titration assays were performed for each end-labelled DNA fragment 

prior to their use in DNase 1 footprinting experiments with nuclear protein extracts from 

PB-treated and untreated animals as described in section 2.44 .

6.3 Identification of Protein Binding Sites in the Promoter Region of the CYP2B2

Gene.

The ability of DNA fragments within the CyP2B2 promoter region nts -369 to +164 to 

bind franj-acting protein factors present in nuclear extracts from the livers of untreated 

and PB-treated rats, was investigated by band shift assays (section 5.0). To identify the 

boundaries of these identified sequences which are occupied by trans-SLCiing proteins, 

the DNA template XbalfSphl [-3697-5] was end-labelled on the non-coding strand and 

incubated with either nuclear extracts from PB-treated or untreated animals (Figure 6.1). 

At comparatively low concentrations of nuclear extracts from PB-treated animals (12pg) 

compared to the amounts used in the binding reactions with untreated nuclear extract (75 

pg) a footprint was observed that encompassed nts -198 to -173 (FT2). Within this 

region several potential binding sites were identified by computer analysis including 

Octal. 1 and GHF-1 (section 7.2). Bandshift assays with a labelled XbaUHaeUl [-2177- 

178 (11)] DNA fragment and nuclear protein extracts from PB-treated animals resulted 

in the formation of a single retarded complex with a protein that is four-fold more 

abundant than in protein extracts from untreated animals. Competition experiments 

showed that this protein-DNA complex was specific for the Octal. 1 sequence as an 

oligonucleotide synthesized to the Octal. 1 consensus sequence nts [-1997-183 (20)] 

inhibited binding. A second footprint between nts -252 to -198 of FTl was obtained 

with binding reactions that contained low concentrations of nuclear extract from PB- 

treated animals. Furthemore, several small protected regions were observed between nts - 

178 to -5 of FTl, the sequences of which could not be determined. At the boundaries 

of the two footprints which encompassed nts -198 to -173 (FT2) and -252 to -198 (FTl) 

intense hypersensitive sites were observed (denoted by asterisks. Figure 6.1).

The region [-3697-178] of the CYP2B2 promoter was investigated by end-labelling 

a Xbal/HaeIR template on the non-coding strand. Four footprints were observed in a 

region that spanned nts -341 to -293 (Figure 6.2). The boundaries of two of these 

footprints encompassed nts -297 to -293 (FT3) and nts -308 to -300 (FT4). Increasing
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the amount of nuclear extract from PB-treated rats in binding reactions resulted in a 

larger footprint that spanned both FT3 and FT4 (represented by a solid line, Figure 

6.2). These protected regions were shown by computer analysis (Appendix 1) to share 

a degree of sequence similarity to the reported binding sites for GR-MMTV (FT3) and 

C/EBP (FT4) respectively. A footprint situated between nts -341 to -315 (FT5) was more 

intense in binding reactions that contained increasing amounts of nuclear extracts from 

untreated animals. Whereas, binding reactions with increased amounts of nuclear protein 

from PB-treated animals resulted in the disappearance of this footprint, possibly due to 

competition or displacement of a protein from its binding site located between nts -326 

to -315 (FT6A). Furthermore, a hypersensitive site was observed at the boundary of 

(FT5) at nt -341. This site increased in intensity with increasing amounts of nuclear 

extract from PB-treated animals (denoted by asterisks). Computer analysis of FT5 (nts - 

341 to -315) revealed several sequences which shared a degree of similarity to known 

binding sites for Octal. 1 (nts -339 to -315), HNF-1 (nts -339 to -320) and C/EBP (-318 

to -311). In comparison, a footprint obtained with increasing amounts of nuclear protein 

from PB-treated animals (FT6A) only partially encompassed the binding sites for HNF-1 

and C/EBP (n ts -326 t o -315). A footprint observed on the non-coding strand of the 

[-3697-5] DNA template (part of FTl, between nts -252 to -198) was evident as a 

protected region on the non-coding strand of the [-3697-178] DNA template (FT2A). 

The sequence of this footprint shared some similarity to the binding site for HNF-1.

Binding reactions with nuclear protein extracts from PB-treated animals and 

labelled 177/agIII [-3697-178] resulted in the formation of a single retarded complex. 

Fragments of DNA within this region that bound nuclear protein in the bandshift assay 

have been shown by the experiments described above to contain sequences that are 

protected from digestion with DNase 1.

As DNA binding proteins make specific contacts with the three dimensional DNA 

helix, the bases protected by DNase 1 footprinting may vary when using different 

labelled DNA strands. It was therefore important in this study that footprints were 

examined on both the coding and non coding strands as a more informative footprint 

may be obtained on one strand and not the other.
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Figure 6.1
D Nase 1 footprinting o f the CYP2B2 promoter on the XballSphl [-369Z-5] fragment. CvAovx Cock'.vxc^

Binding reactions were carried out with increasing concentrations o f nuclear protein from PB-treated (PB) 
or untreated (U) animals and the p ] P  end-labelled [-369/-5] fragment labelled on the non-coding strand. 
Experimental conditions for the DNase 1 footprinting assay were as described in section 2.4.3. The lane 
marked 0  contains the [̂ ]̂P labelled D NA  alone and G /A represents the Maxam-Gilbert sequence reactions. 
Footprinting patterns generated in the presence o f nuclear protein extracts are represented as shaded bars 
at the side o f the panal and marked as FT.
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Figure 6.2 \
D Nase 1 footprinting o f the CKP2B2 promoter on the XballH aelll [-369/-178] fragment.

Binding reactions were carried out with increasing concentrations o f nuclear protein from PB-treated (PB) 
or untreated (U) animals and the [̂ ]̂P end-labelled [-369/-178] fragment labelled on the non-coding strand. 
Experimental conditions for the DNase 1 footprinting assay were as described in section 2.4.3. The lane 
marked 0 contains the p ]P  labelled D NA  alone. The lanes T/C and G/A represents the Maxim-Gilbert 
sequence reactions. Footprinting patterns generated in the presence o f nuclear protein extracts are 
represented as shaded bars at the side o f the panal and marked as FT.
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Incubation of a RsaUHinfl [-338/-31] DNA template (end-labelled on the coding 

strand) with nuclear extracts from either PB-treated or untreated animals resulted in a 

number of footprints (Figure 6.3). A large footprint between nts -143 to -117 (FT6) 

may also encompass a smaller footprint between nts -143 to -135 (depicted by a solid 

line in Figure 6.3). The proteins which bound to these sequences were in equal 

abundance in both nuclear extracts. Reference to a database for known transcription 

factors revealed potential binding sites for NF-1 (nts -133 to -115) and DEII (nts -133 

to -123). Situated within these two overlapping sequences was a CCA AT motif (nts -126 

to -122) which is recognised by a family of transcription factors.

Several smaller footprints were evident in this region of the C7P2B2 promoter. 

The footprints (FT7) and (FT8) shared sequence similarity to potential binding sites for 

GR-MT-IIA, between nts -174 to -156, Octal. 1 and GHF situated between nts -196 to - 

174 (Figure 6.3). On the non-coding strand (Figure 6.1) these two footprints, FT7 and 

FT8 formed the much larger protected region that spanned nts -198 to -173 (FT2). 

Computer analysis of the protected region between nts -213 to -207 (FT9) identified a 

possible regulatory element which may interact with the rmnj-acting factor Octal. 1.

DNase 1 protection assays with the end-labelled RsaHHinfl [-3387-31] DNA 

template incubated with nuclear protein extracts isolated from PB-treated animals clearly 

revealed a very large footprint (FT 10) between nts -65 to -42 (Figure 6.4). This 

footprint started to appear at high concentrations of nuclear protein extracts from 

untreated animals. Between nts -72 to -67 (FTl 1) there appears to be a protected region. 

With increasing amounts of nuclear protein from either PB-treated or untreated animals, 

this footprint (FT ll) became smaller as footprint (FT 10) (nts -65 to -42) increased in 

intensity. However, in lane (0) of Figure 6.4 (which contains DNA alone), a gap within 

the sequence was observed. Therefore, it is difficult to conclude whether this might be 

a protected region.

Initially, bandshift assays using an A/ml / / f /n /[-857-31 (15)] fragment identified 

a DNA sequence which interacted with a fmMj-acting factor(s) that was more abundant 

in nuclear extracts from PB-treated animals.
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Figure 6.3 .
D Nase 1 footprinting o f the CYPTR2 promoter on the RsaMHinfX [-338/-31] fragment.

Binding reactions were carried out with increasing concentrations o f nuclear protein from PB-treated (PB) 
or untreated (U) animals and the M P  end-labelled [-3387-31] fragment labelled on the coding strand. 
Experimental conditions for the DNase 1 footprinting assay were as described in section 2.4.3. The lane 
marked 0 contains the [̂ ]̂P labelled D NA  alone. The lane G/A represents the Maxim-Gilbert sequence 
reactions. Footprinting patterns generated in the presence o f nuclear protein extracts are represented as 
shaded bars at the side o f the panal and marked as FT.
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Figure 6.4
DNase 1 footprinting o f the CKP2B2 promoter on the RsaMHinfX [-338/-31] fragment.

Binding reactions were carried out with increasing concentrations o f nuclear protein from PB-treated (PB) 
or untreated (U) animals and the [̂ ]̂P end-labelled [-3387-31] fragment labelled on the coding strand. 
Experimental conditions for the DNase 1 footprinting assay were as described in section 2.4.3. The lane 
marked 0 contains the [̂ ]̂P labelled D NA  alone. The lane G/A represents the Maxam-Gilbert sequence 
reactions. Footprinting patterns generated in the presence o f nuclear protein extracts are represented as 
shaded bars at the side o f the panal and marked as FT.
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Footprint analysis with the RsaMHinfl [ -338/-31] DNA template more precisely 

identified the boundaries of the protein binding sites to nts -65 to -42. Computer 

analysis of this protected region showed that it contained sequences similar to potential 

binding sites for C/EBP, Octal. 1, Oct.B2 and a perfect consensus sequence for Zeste 

Whit. A number of hypersensitive sites were located at the boundaries of the footprints 

obtained with the Rsa HHinfl [-3387-31] labelled template (Figure 6.4).

During the course of this study Rangarajan and Padmanaban (1989) reported a 

32 bp protected sequence located between nts -89 to -56 of the CyP2B2 gene promoter 

which they postulated to be a basal transcription element (BTE). He and Fulco (1991) 

later showed by band shift assays that 17 bases of this BTE at nts -89 to -73 was a 

potential binding site for a barbiturate regulated protein in the 5’-flanking region of 

Bacillus megaterium and the PB-inducible rat CTP2B genes. However, band shift 

assays carried out in this study using a double stranded oligonucleotide synthesized to 

the 17 bp sequence [-897-73 (22)] did not result in a retarded complex with binding 

reactions that contained nuclear extracts from PB-treated animals. Furthermore, 

footprinting analysis showed that the BTE reported by Rangarajan and Padmanaban 

(1989) was only partially protected between nts -56 to -65 (FT 10) and all except the 

sequence ATAGCT (nt -89 to-84) of the 17 bp imperfect palindrome (He and Fulco, 

1991) footprinted with samples that contained nuclear extracts from PB animals. This 

same sequence was deleted from a DNA fragment [-857-31 (15)] that was generated for 

use in bandshift assays. In binding reactions with this DNA fragment and nuclear protein 

extracts from PB-treated animals, a single retarded protein-DNA complex was observed 

(Figure 5.14).

When a Rsal/Ncol DNA template [-338 7+31] was labelled on the coding strand 

and used in footprinting assays (Figure 6.5), two protected regions were observed that 

had bound proteins that were more abundant in extracts isolated from untreated than 

PB-treated animals. The sequences of these protected regions corresponded to the 

putative TATA box between nts -27 to -20 (FT13) and LBP-1 situated between nts -35 

to -26 (FT 12). In bandshift assays it had previously been shown that a protein(s) which 

bound to a Hinfl/Sphl [-337-2 (16)] fragment was more abundant in nuclear extracts 

from untreated animals (Figure 5.20).
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Figure 6.5
DNase 1 footprinting o f the CKP2B2 promoter on the Rsal/Ncol [-338/4-31] fragment.

Binding reactions were carried out with increasing concentrations o f nuclear protein from PB-treated (PB) 
or untreated (U) animals and the [̂ ]̂P end-labelled [-338/4-31] fragment labelted on the coding strand. 
Experimental conditions for the DNase 1 footprinting assay were as described in section 2.4.3. The lane 
marked 0 contains the [̂ ]̂P labelled D NA  alone. The lane G/A represents the Maxim-Gilbert sequence 
reactions. Footprinting patterns generated in the presence o f nuclear protein extracts are represented as 
shaded bars at the side o f the panal and marked as FT.
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A DNA fragment, NcoHPstl [29/+164] labelled on the non-coding strand revealed 

a footprint located between nts +68 to +75. This footprint was protected by a protein(s) 

that was present in equal abundance in nuclear extracts isolated from PB-treated and 

untreated animals (data not shown). In bandshift assays using a labelled Sph\IPst\{-5 

/+164 (17)] fragment, a single retarded band of equal intensity was observed with 

nuclear protein extracts isolated from untreated and PB-treated animals.(Figure 5.21).

Diagram 6.1 A is a representative view of potential DNA regulatory elements 

within the CYP2B2 promoter region identified by computer analysis. An overall 

schematic diagram of the location of the nucleotide binding domains identified by 

DNase footprinting, with respect to the coding and non-coding strands of the 5’ flanking 

region of CTP2B2 gene is represented in 6. IB and the location of the DNA-protein 

complexes identified by bandshift assays are shown in 6.1C.

Footprint analysis of the promoter region of the CYP2B2 gene has confirmed many 

of the bandshift results. The exact location of potential cw-acting DNA elements to 

which liver specific and other frawj-acting protein factors can bind have been identified 

in the region -369 to +164. The importance of these factors and the role they may play 

in the regulation of expression of the CFP2B2 gene will be discussed in section 7.0
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7.0 DISCUSSION

7.1 MECHANISM OF REGULATION OF CFP2B2 GENE EXPRESSION

To investigate the mechanisms of phenobarbital-mediated induction of the rat 

CYP2B subfamily, a CYP2B2 gene was isolated from a rat liver genomic library using 

a double stranded oligonucleotide that encoded for amino acids 1 to 22 of the C7P2Bs 

genes as the hybridization probe (Fujii-Kuriyama et al, 1982; Mizukama et a l, 1983). 

This clone was characterized by restriction endonuclease mapping and Southern blotting. 

The 1.4 kb 5’-flanking sequence immediately upstream of the transcriptional start site 

of CYP2B2 was compared to the published sequences of members of the CYP2B 

subfamily (section 4.4). CYP2B2 was found to be a previously unreported gene that also 

has some similarities to the CyP2Bl subfamily.

7.2 Potential Protein Binding Sites within the CYP2B2 Promoter

DNase footprinting studies identified sequences within the CYP2B2 promoter that 

were bound by nuclear proteins isolated from the livers of either untreated or PB-treated 

animals. These sequences were compared to known protein binding sites using the 

Mac Vector transcription database (Appendix I). The following section compares the 

sequences identified within the CYP2B2 protein to known protein binding consensus 

sequences. Several of these elements shared a degree of similarity to sequences that 

are known to bind factors which confer liver specific expression on genes such as those 

encoding albumin ( Herbomel et a l, 1989; Marie et al, 1989), a-foetoprotein (Grayson 

et a l, 1988), and a  1-antitrypsin (Costa et a l, 1989). The miminal promoter region of 

the rat albumin gene contains sequences which are necessary and sufficient for tissue 

or cell specificity. These include the TATA box and five distinct transcriptional control 

elements, the CCAAT box, distal elements DEI, DEII, DEIII and the proximal element, 

PE that are all located within 130 bp of the albumin promoter (Herbomel et a l, 1989). 

The promoter region of CYP2B2 was shown by computer analysis to contain sequences 

which shared a degree of similarity for the CCAAT binding proteins, C/EBP (Graves 

et a l, 1986); DBP (Mueller et al, 1990) and NF-1 (Jones et a l, 1987). Within the 

CYP2B2 promoter lies a potential binding site for HNF-1 (Baumheuter et a l, 1988), a 

member of the family of hepatocyte nuclear protein factors. This family of proteins, 

unlike the CCAAT binding proteins recognise the same or related DNA sequences and 

share structural similarities to the POU proteins (Reviewed by Levin and Hoey, 1988).
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Several regulatory elements were also identified which may potentially bind the 

sequence specific rra«5-factors Octal. 1 (Singh etal., 1986), GR/PR-MMTVs (Reviewed 

by Yamamoto, 1985), GHF-1 (Lefevre et a l, 1987; Ye and Samuels, 1987) and LBP-1 

(Kato et a/., 1991). The location of these potential binding sites within the CTP2B2 

promoter are shown in Diagram 7.1.

Although the region -1401 to -543 was not analysed by DNase footprinting a band 

shift showed that a potential GRU bound nuclear protein from both untreated and PB- 

treated animals. Comparison of the GRE to the GRU is shown in Appendix II. The 

identification by computer analysis of further sequences located 5’ to nt -543 that may 

be potential binding sites for protein factors are shown in Appendix \U

7.3 The CYP2B2 Promoter

This study has shown that the CTP2B2 promoter is capable of binding many 

proteins (section 5). Bandshift assays have identified two sequences that bind proteins 

that are more abundant or active in nuclear extracts from PB-treated rats than in 

untreated. A major sequence difference between the CYP2QX and the CPP2B2 gene 

characterized in this thesis was the identification of a potential binding site for an 

Octal. 1 protein factor. In the CYP1B2 promoter the octameric sequence, ATTTACAT 

is situated within the region that extends from nts -199 to -183. This is one of the 

sites shown to bind a protein that is either more abundant or activated in nuclear extracts 

from PB-treated animals. The sequence at the same position in the CTP2B1 gene is 

ATCCCCAT. A labelled 43e mer [-219/-176 (18)] or an O ctal.1 [-199/-183 (20)] 

oligonucleotide resulted in the formation of a complex with a protein that was four fold 

more abundant or active in nuclear extracts isolated from PB-treated animals than in 

extracts from untreated animals. In competition bandshift experiments, a 200-fold molar 

excess of unlabelled Octal. 1 [-199/-183 (20)] inhibited binding of a nuclear protein 

from PB-treated animals to the 43gmer [-219/-176 (18)] or O ctal.1 [-199/-183 (20)] 

labelled oligonucleotides. Whereas, a 200-fold molar excess of [-199/-183 (20a)] did 

not inhibit the binding of a protein to these DNA fragments. The second sequence 

which bound a protein that was more abundant or active in nuclear extracts from PB- 

treated than in extracts from untreated animals was situated between nts -85 to -33.
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Diagram 7.1
Schematic diagram of potential regulatory elements in the S'- flanking sequence of the CYP2B2  
gene as identified by a Mac Vector transcription data base.



Cross competition experiments with the labelled [-219/-176 (18)] and [-S6/-34 (19)] 

oligonucleotides showed thay the protein factor which bound to the [-S6/-34 (19)] DNA 

fragment was not Octal. 1. Computer analysis of the region encompassing nts -85 to -31 

identified a sequence which had a degree of similarity to the binding site for C/EBP.

A bandshift assay with a [-33/-2 (16)] labelled DNA fragment resulted in a single 

retarded protein-DNA complex that was more intense in binding reactions which 

contained nuclear protein from untreated animals than that of PB-treated animals. 

Situated within this region of the CYP2B2 promoter is the putative TATA box and the 

transcription factor data base identified a binding site (with a near perfect sequence 

match) for the protein factor LBP-1 (see Appendix I)..

A number of DNA binding proteins were identified in nuclear extracts isolated 

from the livers of PB-treated and untreated animals by bandshift assays. The specificity 

of these DNA-protein interactions were confirmed by competition and protease 

digestion experiments. The sequences to which some of these proteins bind were 

determined by DNase footprinting assays.

Several footprints were identified that bound proteins that were equally abundant 

in both nuclear extracts. A prominent footprint situated at nts -143 to -117 (FT6) was 

shown to share a degree of sequence similarity to the binding sites for NF-1 and a 

CCAAT box. In the albumin gene the CCAAT box was shown to be essential for 

promoter activity. Herbomel et a l, (1989) demonstrated that mutation of the CCAAT 

box had a detrimental effect on transcription of the albumin gene, the two cysteines of 

the CCAAT box being the most important bases for maximum promoter activity. In the 

absence of the CCAAT box or a mutated binding sequence, transcription of the albumin 

gene was significantly reduced. The CCAAT box in the CYP2B2 gene has the 

consensus sequence GCCAAC. It is therefore possible that the G and C bases 

(underlined) of the CCAAT box are responsible for the reduced transcription of the 

CYP2B2 gene. The binding of C/EBP to the DEI element and NF-1 to DEE were 

shown to be important in the transcription of the albumin gene (Tronche 1990). These 

two factors, both classed as CCAAT binding proteins have been implicated in the 

transcriptional activation of cellular and viral promoters.

Several small footprints were observed situated at nts -326 to -315 (FT6A); nts 

-308 to -300 (FT4) and nts -174 to -156 (FT7) that also bound proteins of equal
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abundance in both nuclear extracts. Computer analysis identified these regions to 

contain sequences which may be potential binding sites for HNF-1, C/EBP and GR-MT- 

IIA respectively.

The liver-specific regulatory factor, HNF-1 is involved in the tissue- specific 

expression of a number of hepatic gene families interacting with a limited number of 

DNA binding proteins. In the albumin gene the contribution of the PE element to the 

genes tissue-specific expression is accounted for exclusively by the presence of its 

ligand, HNF-1. Herbomel et al, (1989) has shown that deletion of the PE element 

decreased transcription of the albumin gene, 50-fold. Whilst, the albumin promoter 

relies on interactions between several ubiquitous binding sequences and common 

transcription factors, it is the binding of HNF-1 which confers liver specificity. 

However, HNF-1 transcripts are not restricted to liver they are also present at high levels 

in non-hepatic tissues. The simultaneous expression of HNF-1, HNF-3, HNF-4 and 

C/EBP is however, believed to be responsible for establishing or maintaining 

transcription of the hepatocyte-specific mRNAs (Xanthopoulos et ai, 1991).

The footprint (FT2A), which was more intense with protein extracts from PB-treated 

animals was identified by computer analysis to be a potential binding site for HNF-1. 

However, as the consensus motif for HNF-1 is very broad, (with nine ’N’ nucleotides, 

see Appendix 1), it is not possible to confirm the true identity of the protein factor 

which binds to the regions, FT2A and FT6A.

Two footprints located at nts -198 to -173 (FT2) and nts -65 to -42 (FT 10) 

corresponded to the two sequences identified by bandshift assays as binding nuclear 

proteins that are either increased or activated in response to phénobarbital. A protein 

which may bind to the sequence situated at nts -198 to -173 is Octal. 1. This protein 

a member of a superfamily of octamer factors, has two independent protein-encoding 

POU and homeobox domains that are required for DNA binding and protein-protein 

interactions. The Octamer proteins are recognised as important regulatory factors in 

tissue, cell-specific and housekeeping gene transcription (reviewed by Scholer, 1991). 

However, the Octl proteins differ markedly from the Oct2 proteins. Whilst Octl can 

bind tightly to its recognition DNA sequence, they do not have a strong activation 

domain and as a result they are not classified as bona fide transcription activating 

factors (Schaffner, 1989). The activation of Oct 1 has to be supplemented by an
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additional factor. For example, the Herpes Simplex viral transcription protein, VP 16, 

has a strong activating domain but lacks a DNA binding domain. The binding of VP 16 

to Octl results in an extension of the variant Octl sequence to TAATGARAT -a 

sequence motif that is found in numerous viral promoters. The result of an Octl- 

VP16 complex results in the transcription of the viral immediate early genes via 

activation of the VP 16 domain (Sadowski et al, 1988).

Computer analysis of the region between nts -198 to -173 also revealed a 

potential binding site for the protein factor GHF-1. When using crude protein nuclear 

extracts as the source of binding protein, several alternative factors may recognise the 

same element. Therefore, without further investigation, it is difficult to determine 

whether it is the Octal. 1 protein or the GHF-1 factor (a member of the POU domain 

proteins, Bodner et al, 1988) which binds to the octameric motif.

Located within nts -65 to -42 (FT 10) of the CYP2B2 promoter, two potential 

protein binding sites were identified for Octal. 1 and C/EBP. C/EBP is a member of 

the leucine zipper family of transcription factors, which has a primary structure 

consisting of two distinct adjacent domains, a basic region required for DNA binding 

and a leucine zipper which mediates protein dimerization. Although the binding activity 

of C/EBP varies amongst different cell types, it is most abundant in liver than in any 

other tissue. However, Muller (1990) has shown that unlike HNF-1, C/EBP does not 

appear to activate transcription by stabilizing the interaction of other strong activators 

binding to different albumin promoter elements .

Rangarajan and Padmanaban (1989) identified the presence of a basal transcription 

factor (BTE) in nuclear extracts from PB-treated rats that protected a 32 bp region of 

the CTP2B2 promoter located at nts -88 to -56. He and Fulco (1991) reported that a 

barbiturate regulated protein bound to a common 17 bp sequence in Bacillus Megaterium 

and the rat CTP2B genes . Bandshift assays with 17 mer oligonucleotides synthesized 

to the appropriate sequences of the CFP2B1 and CYP2B2 genes and protein extracts 

from PB-treated animals resulted in the formation of a complex that bound more 

strongly to the 17 bp sequence in the CTP2B1 gene than the 17 bp sequence in the 

CFP2B2 gene. A possible explanation for these differences in binding may have been 

due to a base substitution of a T (nt -84) in the CTP2B1 gene isolated by Jaiswal et a l, 

(1987) to a C (nt -84) in the CFP2B2 gene isolated by Suwa et a l, (1985). However, 

it was not reported by He and Fulco (1991) whether these base changes influenced the
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binding of proteins to the 17 bp sequence. In this study, bandshift assays with a labelled 

[-85/-31 (15)] with the deleted sequence ATAGCT (nts -89 to -84) still retained 

increased binding of a protein-DNA complex with nuclear extracts from PB-treated 

animals. This result suggested the sequence deleted was not an important region of the 

17 bp or BTE regulatory element. Bandshift assays carried out in this thesis using a 

double stranded oligonucleotide synthesized to the CYP2B2 17 mer [-897-73 (22)] did 

not result in the formation of a retarded complex with extracts from PB-treated animals.

DNase footprinting experiments carried out in this thesis showed that the 32 bp 

BTE motif reported by Rangarajan and Padmanaban (1989) was only partially protected 

between nts -56 to -65 and all except the sequence ATAGCT (nts -89 to-84) of He and 

Fulcos’ 17 bp sequence footprinted with extracts from PB-treated animals (FTIO). This 

protected sequence was the same as that which had been deleted from the [-857-31 (15)] 

DNA fragment used in band shift assays .

These results contradict the observations reported by He and Fulco (1991) and 

Rangarajan and Padmanaban (1989). To investigate these discrepancies a comparison 

was made of Rangarajan and Padmanabans (1989) footprint to the results obtained in 

Figure 6.4. Whilst the G and A sequencing ladders were difficult to read in Rangarajans 

paper they still appeared dissimilar to the ladder obtained in this study. Furthermore, 

comparison of their footprint with nuclear extracts from PB-treated animals to the 

footprint obtained in Figure 6.4 showed little resemblance with respect to the pattern of 

DNase 1 digestion. As the authors did not report upon the outcome of the footprint 

obtained with extracts from untreated animals it is difficult to draw upon any conclusive 

explanations for these differences. However, the'"C7P2B2 gene isolated in this study 

was shown to be more CyP2Bl-like than CYP2B2 within the promoter region which 

extends from nts - 600 to -1 (Diagram 4.4). It is possible that these differences may 

result in different protein-protein interactions and binding of proteins to their respective 

sequences which intum may influence the basal and transcriptional activation of the 

CTP2B2 gene by PB-induction.

In contrast to the observations above, a footprint between nts -35 to - 15 was 

shown to be more intense with nuclear extracts isolated from untreated animals than 

from PB-treated animals. Bandshift assays with a labelled [-337-2 (16)] DNA fragment 

confirmed these results. The sequence of the protected region was shown to be a
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potential binding site for LBP-1 (FT 13) and the TATA box (FT12). LBP-1 is a cellular 

DNA binding protein factor that is associated with negative regulation of HSV-1 by 

inhibiting transcription from the HSV-1 promoter in a dose-dependent manner. Kato et 

a l, (1991) has shown that this factor, can bind to two binding sites within the immediate 

vicinity of the initiation start site; a low affinity recognition binding site located 

upstream and overlapping a putative TATA box and a second, higher affinity binding 

site located downstream to the initiation site. The binding site for LBP-1 in the 

CyP2B2 gene shares a high degree of sequence similarity to the low affinity binding site 

for LBP-1 situated at nts -36 to -13 (see Appendix I). In the CYP2Q2 gene the LBP-1 

binding site also overlaps the putative TATA box at nts -27 to -23.

Kato et a l, (199 ) has shown that the binding of LBP-1 to its low affinity binding 

site in the miminal promoter region of HSV-1 prevented the formation of a preinitiation 

complex. Interaction of TFIID with the core promoter of HSV-1, before the binding 

of LBP-1 was however sufficient to remove repression of transcription. Differential 

regulation of HSV-1 transcription by LBP-1 could only proceed with the binding of 

an unidentified trans-diCimg factor to the LBP-1 sequence. The binding of LBP-1 alone 

did not significantly affect transcription, a significant increase in the molar ratio of LBP- 

1 was required in order for the protein to occupy both the high and low affinity binding 

sites. Kato further suggested that the enhancement of transcription mediated by low 

recognition of the binding site was probably dependent on individual protein factors or 

on those which acted cooperatively.

Numerous genes are under the control of negative and positive regulation. A 

candidate which meets both criteria as a transcriptional activator and a negative 

regulator of gene transcription is the CCAAT binding factor, C/EBP. An example of 

negative regulation can be seen in the embryonic tissues of sea urchins whereby the 

CCAAT displacement protein (CDP) prevents the binding of a positive acting factor to 

the CCAAT motif in the sperm H2B gene thus preventing gene transcription. In the 

absence of CDP, the H2B gene is transcribed in spermatozoa. In addition to positive 

elements that direct the expression of genes in different cell types, negative cw-acting 

regulatory sequences are believed to repress gene expression by binding specific 

negative transcription factors. The basic mechanisms of transcriptional regulation in 

eukaryotic cells could be the binding of repressor proteins or co-factors to the miminal 

promoter region of a gene, resulting in the displacement of positive rra«5-acting
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protein factor(s) from their cognate binding site(s) both upstream and downstream of 

the promoter.

In this study it was observed that a protein present in greater abundance in nuclear 

extracts from untreated animals had bound to a potential LBP-1 binding site which 

overlaps the putative TATA box. These results suggest that transcriptional activation 

of the CYP2Q2 gene may be influenced to some degree by the presence of a repressor 

protein. Bandshift assays had shown that a protein, four-fold more abundant in nuclear 

extracts from PB-treated rats had bound to DNA fragment which contains the potential 

binding sites for C/EBP. Adjacent to C/EBP was the binding site for LBP-1. The 

binding of a repressor protein to its binding site may therefore not only be dependent 

on the co-operation of C/EBP, but also upon interactions with positive regulatory 

factors that bind to the preinitiation complex further upstream of the CYP2B2 promoter. 

Alternatively as the C/EBP binding site is located close to the initiation start site, the 

repressor effect could be a consequence of direct steric inhibition rather than the exerted 

effects of the upstream elements.

These results suggest that sequences within the core promoter region of the 

CYP2Q2 gene may function by interacting with specific barbiturate responsive proteins 

which participate in the displacement of a repressor protein.

Situated upstream to the CyP2B2 promoter between nts -1349 to -1335 is a 

sequence which resembles a GRE (see Appendix II). A study was carried out to 

investigate whether phénobarbital treatment influenced the binding of nuclear proteins 

to this element. Bandshift assays with a ^^P-labelled [-1390/-1321 (3)] fragment 

identified a protein present in equal abundance in both nuclear extracts from PB-treated 

and untreated animals that bound to a sequence which encompassed the GRE. The 

binding of this protein-DNA complex was inhibited when the sequence was cleaved 

within the GRE motif. These results confirmed that the putative GRE is not directly 

required for PB-induction of the CYP2B2 gene. It is only fortuitous that proteins 

present in nuclear extracts from PB-treated and untreated animals bound to the GRE 

binding site. Chesserot-Golaz et a l, (1990) had shown that PB induced a two-fold 

increase in the affinity of the GRE for the binding of dexamethasone. Therefore, the 

GRE may have an important role in the regulation of rraw5-activators which bind to 

downstream regulatory elements of the C3T2B genes in determining the level of transcription.
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In this study a number of DNase 1 hypersensitive sites within the promoter region 

of the CYP2B2 gene was observed. The presence of these sites often reflect the 

binding of regulatory proteins to active or potentially active genes which in turn result 

in structural changes of the chromatin to render the DNA hypersensitive to digestion 

with DNase 1. Whilst, these sites alone are not sufficient for transcription they are an 

indication of a gene that is awaiting transcription.

The Z-DNA structure of alternating pyrimidines and purines is believed to be 

closely associated with DNase 1 hypersensitive sites and transcriptional activity. A 

region of nucleosome free DNA would allow the entry of fm^j-regulatory binding 

proteins or RNA Polymerase II, that would result in the onset of transcription. It has 

been proposed that the different length of the CA(„) repeat element in the CTP2B genes 

may have an important regulatory role in the PB induction of transcription of CTP2B1 

and CTP2B2 (Suwa et a l, 1985). The shorter the element being correlated with 

increased transcription of the CYPIQI gene. The CA(,9j repeat element in this study was 

not protected by nuclear proteins, but a small footprint located 5’ to the CA^g) repeat, 

was associated with several hypersensitive sites.
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8.0 GENERAL DISCUSSION

Little information is available concerning the regulatory factors and mechanisms which 

contribute to differences in the efficiency of expression of the CyP2B genes. To date 

no conclusive evidence exists for a PB-receptor in the rat (Poland et a l,  1987; Tierney 

and Bresnick, 1981). The possible pathways for PB-induction, involving both 

intracellular and extracelluar receptor-dependent and alternative PB-receptor independent 

mechanisms have been reviewed Waxman and Azaroff, (1992).

The characterization of potential PB-regulated transcription factors including both 

repressors and activators that interact in a specific manner with regulatory DNA 

sequences may eventually lead to the identification of PB-receptor proteins and the 

mechanisms which modulate basal expression and transcription of the CTP2B genes. 

A review of the promoter regions of members of the cytochromes P450 families which 

are transcriptionally activated by PB has revealed several potential c/5-acting elements 

that may be involved in mediating PB induction.

8.1 Regulatory Elements of CYP2R PB-Responsive Genes

Rangarajan e ta l,  (1987) and Suwa (1988) identified several repetitive motifs in the 5’- 

flanking promoter region of a CTP2B2 gene. It was suggested that these elements and 

base substitutions contributed to the total promoter strength. Several point mutations 

exist in these elements between the CyP2B2 and CYP2QI genes and it has been 

suggested that this may account for the differences in constitutive and in inducible 

expression of the CTP2B genes. A potential regulatory element located between nts 

-134 and -157 of CfP2B2 was identified as a OR steroid hormone element associated 

with the human growth hormone and mettallothionin genes. A second regulatory 

element located at nts -322 to -315 shared sequence similarity to the immunoglobulin 

core enhancer. Guarente (1983) identified a putative haem regulatory element located 

between nts -339 and -318 of the CyP2B genes.

In 1992 ,Upadhya et al., had shown that a labelled [-1797+29] DNA fragment 

formed a DNA-protein complex with nuclear extracts from either PB-treated or untreated 

animals. However, with extracts from untreated animals a slow migratory band was 

observed and a faster migratory band with nuclear extracts from PB-treated animals. 

The faster migrating DNA-protein complex was less intense than the slower migrating
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complex. In previous studies, Rangarajan and Padmanaban, (1989) and Venkeswara et 

al, (1990) had shown binding of nuclear proteins to the sequence covering nts - 

178/4-181 of the CFP2B genes was greater with extracts from PB-treated than untreated 

animals. Upadhya et al, 1992 investigated the interaction of regulatory elements with 

specific factors that are modulated by PB-induction. A series of minigene cloned DNA 

plasmid constructs (derived from the original -179/4-29 DNA sequence) containing the 

promoter region of the Phosphoenolypyruvate carboxy kinase gene of rat liver (PEPCK) 

were transcribed in whole nuclei and nuclear protein extracts from PB-treated and 

untreated animals. They observed a small increase in transcription when the upstream 

region was shortened from nts -179 to nts -116 in nuclei isolated from PB-treated 

animals and in PB-transcription extracts whilst, a minigene containing a sequence which 

spanned nts -88/-75 reduced transcription 4-fold. These results suggested the presence 

of a positive regulatory element situated between nts -116 to -75. In a cell free 

transcription system the addition of an oligonucleotide synthesized to the region nts -69 

/-98 inhibited transcription if the minigene construct contained the fragment which 

spanned nts -179 to 4-181. This study also identified the presence of a potential negative 

transcription element between nts -179 to -116, and a positive regulatory element 

situated between nts -69 to -98. Similar results were observed using nuclear protein 

extracts. Rangarajan and Padmanaban (1989) had previously reported that nuclear 

extracts from PB-treated animals protected a 32 bp region of the CYP2Q2 promoter 

between nts -56 to -88, which they termed a BTE. The positive cw-element identified 

by Upadhya in this study overlapped this protected sequence and it was proposed that 

this element was responsible for mediating PB induced transcription of CEP2B2.

8.2 Regulatory Elements of CYP2C PB-Responsive Genes

The CYP2C family contains several constitutively expressed cytochromes P450 that 

are involved primarily, with sex-specific and developmental regulation of the rat and 

rabbit CYP2C genes. In the livers of rabbits, the amounts of CYP2CI, CYP2C2 and 

CYP2CA mRNAs are increased following PB treatment (Koop and Coon 1979). 

Comparison of the 5’ flanking sequence of CyP2Cl and CTP2C4 to CYP2C2 identified 

several general promoter sequences and liver-specific regulatory elements (Zhao et a l, 

1990). Sequence similarity between CYP2CI and CYP2C2 for the first 750 bases from 

the RNA initiation start site was 65% whilst CYP2C4 shared only 50% similarity within
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this region. The region between nts -160 to +1 in all three genes was found to be 

highly conserved confirming the functional importance of the miminal core promoter. 

From nts -160 to -550, the degree of similarity between CKP2C1 and CYP2C2 

decreased dramatically to 50% and from nts -550 to -740, similarity increased to 75%. 

However, even less similarity was observed between CTP2C4 and CYP2C2 between 

nts -160 to -550 bp region. Nuclear ’run-on’ assays confirmed that the region most 

distal to the promoter region was important in the transcriptional regulation of the 

CYP2CI and CYP2C2 genes. The BTE reported by Rangarajan and Padmanaban 

(1989) was not identified in any of the PB-inducible CYP2C genes. However, each 

CYP2C gene contained sequences which shared similarity to HNF-1, CCAAT binding 

sites, in addition to near perfect matches for the general regulatory elements, Spl, AP- 

2, AP-3 and octamer binding sites. The location and number of these regulatory 

elements differed for each gene. Zhao (1990) suggested the CYP2CI, CYP2C2 and 

CYP2C4 genes were induced transcriptionally by PB in a manner similar to the CYP2B 

genes in the rat.

8.3 Regulatory Elements of CKP2H FB-responsive Genes

In the chick embryo two cytochrome P450 genes are highly inducible following 

PB-treatment. The elevated levels of CYP2H\ and CFP2H2 mRNAs were shown to be 

a result of increased transcriptional and post transcriptional processes (Hansen et a l, 

1989). Studies by Sinclair et al, (1989) showed that the addition of PB-like drugs such 

as glutethimide to cultured chick embryo primary hepatocytes increased the protein 

levels of cytochromes P450. To identify cw-acting elements in the 5’-flanking region 

of the CyP2H l gene, reporter gene constructs were used for transient expression 

analysis. Hahn et al, (1991) showed that the promoter of CyP2Hl could direct high 

expression of the CAT gene and constructs containing more than 1.1 kb upstream 

sequences were able to confer enhanced expression of the gene following PB induction. 

This element, when attached to the heterologous SV40 promoter, increased the 

expression of CAT in transfected chick embryo hepatocytes From deletion studies the 

location of this element was identified to lie between -5.9 to -1.1 kb. Not only could 

this element function at any distance from the promoter it could also enhance 

transcription in any orientation. CAT constructs with up to -8.9 kb 5’-flanking region, 

contained numerous cz5-acting elements, all of which were required for gene
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transcription. Positioning of the FB-responsive enhancer element, 2.7 kb upstream to 

the promoter resulted in no transcription. It was demonstrated that only the first 500 nts 

of the 5’-flanking sequence upstream to the initiation site was required to increase 

transcriptional levels. Within this short stretch of DNA, a canonical TATA box, an 

inverted CCAAT box and five sequences which shared sequence similarity to the 

binding sites of other liver specific factors were identified (Zain, 1989; Zaret, 1990). 

Hahn (1991) concluded that the basal and transcriptional levels of CyP2Hl in 

response to PB induction, were not only governed by the functional elements of the 

promoter region, but that the expression and regulation of the gene was influenced 

by negative and positive cw-acting DNA elements located further upstream.

8.4 Regulatory Elements of the non-Mammalian CKP102 and CTP106

PB-responsive Genes

The bacterium Bacillus Megaterium has two PB inducible genes, CTP102 and CTP106 

(previously known as BM-3 and BM-1 respectively). The CKP102 gene has been 

studied in great detail by He and Fulco, 1991. This gene shares greater sequence 

homology to mammalian cytochromes P450 than any other bacterial and mitochondrial 

genes. It is also "catalytically self-sufficient" having its own P450 reductase by which 

it can carry out hydroxylation and epoxidation reactions on fatty acid amines and 

alcohols.

Wen et al., 1989 identified a region upstream of the transcription start site of 

CTP102 (nts - 800 to -1100) that contained a barbiturate responsive element. 

Association of this region with a second site located further upstream (nts -200 to -flOO), 

dramatically reduced barbiturate inducibility of the C fP  102 gene. This inhibition of 

transcription was proposed to be evidence for competition of trans-djcûng protein(s) that 

would otherwise had conferred barbiturate inducibilty on CTP102. Comparison of the 

5’-flanking regions of the CYP102, CTP106 and rat CTP2B1, CFP2B2 genes identified 

a 17 bp stretch of DNA that had an unusually high sequence homology shared between 

all four genes. In B. Megaterium this region was located, in relation to the translational 

start site between nts -200 and -300 and in the rat between nts -100 and -119 (He and 

Fulco, 1991). Mobility band shift analysis using a 17-mer oligonucleotide probes to the 

17 bp motif revealed that all four sequences bound to nuclear proteins in B. Megaterium 

and rats. However, when this sequence was used in a bandshift assay in our laboratory
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it was found not to bind nuclear protein (see section 6). Nor did this sequence compete 

for binding with other fragments located within the region nts -178 to +1 of the CYP2Q2 

promoter. In addition no footprint was detected that spanned the 17 mer.

Shaw and Fulco (1992) identified an open reading frame upstream to the B. 

Megaterium CYPlOl that encoded for a second gene, 5m3Rl which negatively 

regulated the expression of CYPlOl at the transcriptional level. From band shift studies 

it was shown that a 20 bp palindrome sequence (a putative operator site) located 

between a putative promoter and the bm2>K\ gene, was the binding site for the Bm3Rl 

repressor protein. In the absence of an inducer, such as PB, transcription from CFP102 

and CyP 103 was inhibited by the binding of Bm3Rl to the operator sites. In the 

presence of an inducer, the repressor protein was displaced from the operator sites, 

thereby allowing increased transcription. A potential binding site for this repressor 

protein was located at or adjacent to the potential promoter site of the bm3\ gene. It 

was suggested that the Bm3Rl repressor protein could regulate its own synthesis by 

interrupting transcription of the CFP102 gene from its own promoter. By acting in 

concert, the binding of the repressor protein to its operator site would be impeded, 

thereby allowing transcription of the CFP102 gene following phénobarbital induction. 

However, according to Fulco et al., (1992) regions located further upstream to CFP102 

were also responsible for transcriptional activation.

In 1993 Shaw and Fulco purified the Bm3Rl protein. They performed several 

experiments to investigate the effect of barbiturates on Bm3Rl and its interaction with 

the operator binding site of the 6m3Rl gene. Bandshift and DNase 1 footprinting 

confirmed that the Bm3Rl protein bound to the operator and promoter DNA sequence 

of bm2>R\. This protein protected a DNA fragment that spanned the palindromic 20 bp 

sequence of the ^m3Rl operator site. A direct mechanism of barbiturate-induction was 

suggested to act directly on the Bm3Rl repressor by producing conformational changes, 

thereby releasing it from its operator site. Alternatively, the authors proposed the 

involvement of a "Barbie box", a 15 bp DNA sequence, positioned at or near the 

repressor binding site (originally part of the 17 bp sequence) which is involved in the 

barbiturate-mediated expression of the CYP 102 and CFP103 genes. The importance of 

this sequence was based upon all genes encoding PB-inducible proteins contained 

within their 5’-flanking regions sequences similar to the Barbie box.
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However, in the case of the CYP2C6 this was proved not to be the case.

In both this study (see above) and in a report by Shaw et al., (1994), experimental 

evidence did not support the hypothesis that the Barbie box sequence functioned by 

interacting with specific responsive genes that participated in the displacement of the 

repressor proteins. Shaw demonstrated that PB induction of both the CYP2C6 and 

CYP2B genes was inhibited by the glucocorticoid progesterone antagonist, RU486. The 

implications of this study being a steroid receptor is involved in the PB induction of 

these two cytochrome P450 subfamilies. Until now the mechanisms whereby PB and 

PB-like inducers can activate transcription of the CYP2B genes has remained elusive. 

Several models have been proposed (reviewed by Waxman and Azaroff; 1992), the most 

favoured involving an intracellular receptor to which PB binds thereby increasing the 

DNA binding activity of the receptor. It is proposed that this activated receptor would 

bind to regulatory ci5-acting DNA sequences located within PB-responsive genes and 

act as a transcription factor in modulating transcription of the gene. This mechanism 

is analogous to the function and interaction of the Ah receptor in response to polycyclic 

compounds and dioxin inducing members of the CYPiA  subfamily. Shaw (1994) 

proposed a mechanism for the induction of the CYP2C6 gene whereby PB induction 

increases the accumulation of an unidentified endogenous-like steroid which binds to 

a specific receptor to form a receptor-DNA complex that directly activates expression 

of the CYP2C6 gene.

The expression of genes in the liver, predominantly controlled at the 

transcriptional level is dependent on the interactions between cw-acting sequences and 

trans-SLCting factors. Elucidation of the molecular mechanisms involved in the induction 

processes and transcriptional activation of several members of the cytochrome P450 

subfamilies has consistently identified the presence of potential binding sites for the 

liver-enriched and liver-specific transcription factors.

This study has identified several s i te s  

may act as either repressors or rra«5-activators which interact with regulatory elements 

within the promoter region of the CTP2B2 gene. The two regions of the CYP2B2 gene 

identified by band shift and DNase footprinting experiments which bound proteins more 

abundant in nuclear extracts from PB-treated animals were shown subsequently in our 

laboratory using an in vitro cell free transcription assay to be necessary for the 

expression of the CYP2B2 gene isolated in this study (Shervington et a i, 1994).
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9. FUTURE INVESTIGATIONS

To identify the nucleotides of a binding site which are essential for sequence- 

specific interaction with transcription factors, band shift, DNase footprinting assays and 

competition experiments would be carried out using oligonucleotides designed to contain 

mutant binding sites. This study would be extended further to investigate the exact 

point of contact of a protein to its binding site by méthylation interference studies. 

Using Southwestern blotting techniques the exact molecular weight of the binding 

proteins would be determined. These studies would also be informative in determining 

the number of regulatory proteins which bind to DNA elements.

The long term aim of this project would be the isolation, and characterization of 

regulatory proteins. The plan of investigation would involve the purification of proteins 

by sequence-specific affinity chromatography and the raising of antibodies against these 

proteins to screen a rat liver cDNA library. The sequence of the cDNA clones would 

be compared to known published sequences for transcription factors.

The mapping of DNA sequences that mediate induction, and the identification and 

characterization of the fmnj-acting protein factors that bind to these sequences will 

eventually lead to an understanding of the molecular and cellular mechanisms of 

phénobarbital regulation of the CTP2B genes

195



APPENDIX 1

Potential protein binding sequences in the 5’ Flanking RegionCyP2B2 gene between 

nts -542 to +165.

The MacVector transcription factor database was used to identify potential regulatory 

elements within the -1401 bp 5'-flanking sequence of the CYP2B1 gene, and within the 

region +1 to +165. The database search identified over 50 potential protein-binding sites 

immediately upstream of the transcription start site and these findings are presented 

schematically in Diagram 7.1

The following matches to known consensus sequences were located in the promoter 

region of CYP2B2 between nts -542 to +165. The letters in bold type refer to 

mismatched bases.

1) a TATA box, 5’-CATAA-3’ 27 bp upstream of exon 1, the binding site for the 

general transcription factor TFIID (Breathnach and Chambon, 1981).

2) A perfect match for the binding site between nts -48 to -43 Drosophila Zeste Whit 

protein was reported by Benson and Pirrotta (1988' ) to be a homeobox transcriptional 

regulator.

SEQUENCE STRAND BP REF

ZESTE WHIT \  GAG \  G 1
-48 to -43 5’-T GAG T G-3’ +ve 6/6

-217 to -213 5’-T GAG T T-3’ +ve 5/6

3) A perfect match to a CCAAT box was located at nts -434 to -430 (McKnight and 

Kingsbury, 1982). Two CCAAT boxes at nts -532 to -528 and nts -126 to -122 

have an imperfect CCAAC sequence. This motif is a binding site in the albumin gene 

proximal element (Herbomel et al., 1989).

4) A sequence between nts -318 to -306, resembles the core enhancer binding 

sequence for the transcription factor C/EBP (Grayson et al., 1988^). Computer 

analysis revealed this sequence shared similarity to the binding site for pD C/EBP - a
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liver enriched transcriptional activator that has been reported to bind to the same 

sequence as C/EBP in the albumin promoter (Mueller et d., 199(P). A sequence 

between nts -335 to -311 shares similarity to HNF-1 and pD C/EBP. This sequence was 

originally identified by Rangarajan et d., (1987) to contain the eukaryotic core enhancer 

(underlined) and a putative haem-regulatory domain at nts- 335 to -311:

( 5 » - G T T T A T A T C A G A A A T G A T C T T T C A C A - 3 n

C/EBP 
C Y P im

-312/-306

SEQUENCE
GA/TA/TA/TGGTG

STRAND BP

CnTC_AC  

SEQUENCE 

pD/EPB TGGTATGAmTGTAATGGGGTAGG 

CYP2B2 TTGCATAACrGAGTGITGGGGCAGG 
-537-34

-ve 7/8 

STRAND

+ve

Ref

2

BP Ref

17/25

The CCAAT motif is recognised by a family of transcription factors including the CAT 

binding protein (CBP). The rat liver EBP, (Brunei et d., 1990) is also known as 

C/EBP-20 (a CCAAT enhancer binding factor). This protein is known to interact with 

cw-acting regulatory sequences associated the with three genes that encode transthyretin, 

a -1-antitrypsin and albumin and that are expressed selectively in liver.

5) A sequence located at nts -441 to -432 has complete identity to the NF-kB CSl 

binding site, 3'-GGGGCTTCTC-5’ (Lenardo and Baltimore, 1989). This motif was 

originally identified as a B cell-specific element in the k^pa light chain enhancer but 

has since been shown to be a functional element in pre-B cell forms and in other cell 

types which act as a phorbol ester- or lipopolysaccharide-inducible enhancer. (Sen and 

Baltimore 1986).

6) A number of octamer sequence motifs were identified in the 5' flanking region of 

the CTP2B2 gene. The octamer motif ATTTGCAT is a cw-acting control sequence 

found in many promoters. The octamer sequence was first recognised in the histone

197



H2B gene and in the heavy and kappa light-chain immunoglobin genes . They have 
since been identified as regulatory sequence motifs in a number of cellular and viral 

genes.

SEQUENCE STRAND BP REF

OCT-B2-SV4 5 ’-CTTGCAT-3 6
-58 to -52 5' -GITGCAT-3' +ve 6/7

-388 to 395 5'-ATGCAAG-3' 4-ve 7/7
OCTA1.1 5’-ATTTGCAT-3’ 4
-59 to -52 5’-AGTGCA-3 +ve 7/9

-196 to- 189 5'-ATITACAT-3' 4-ve 7/8
-340 to- 332 5'-TACGITTA-3' +ve 8/8
-350 to -343 5’-ATTACAT-3' 4-ve 7/8

OCTA2.1 5’-CAGGTGGC-3’
-79 to -72 5'-CAGGAGGC-3' 4-ve 7/8 5

The Oct-1 (Singh et d., 1986"̂ ) proteins are detectable in virtually all cells and can 
regulate active genes such as that encoding thymidine kinase. The Octa2 (Ephrussi et 
d., 1985 )̂ and OctB2 (Rosales et d., 1987̂ ) proteins abundant in B cells and 
macrophages, play a major role in immunoglobin gene transcription. The octamer is 
also an important motif in enhancers elements which consist of several different binding 
sites for transcription factors (including the octamer motif) that act in unison to activate 
gene expression. Sen and Baltimore (1986) termed these short DNA sequences which 
have fundamental roles in enhancer activity as enhansons (Reviewed by Dynan, 1989).

7) The hexanucleotide sequence; 5'-TGTCCT-3' shares the same binding site sequence 
for metallothionein GR-MT-IIŷ  (Haslinger and Karin, 1985̂ ). The DNA element between 
nts -134 to -129 is part of a larger HP1/(CTF/HNF1)/GRE motif (Jones et d., 1983, 
1987). The sequence between nts -162 to -157 is part of a shared GRE/DEl element.

SEQUENCE STRAND BP REF
GR-MT-llA 5'-TGTCCT-3' 7
-134 to -129 5’-TGTCCT-3' +ve 6/6
-151 to -157 5’-TGTCCT-3’ +ve 6/6

8) Several cw-acting elements were identified in the promoter region of CYP2B2 to
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have similarity to the positive elements of the rat albumin promoter. The rat albumin 

promoter is composed of six elements; DEIII, DEII, DEI, PE, CCAAT and the TATA 

box (Herbomel et al., 1989*).These elements are recognised by a number of liver- 
specific /^my-acting factors. The PE has a high-afifmity binding site for HNF-l/APF 

(Cereghini et d., 1988) and the element DEII is recognised by NFl/CTF (Jones et d. 
1987), DEI by C/EBP (Landschulz et d., 1988) and the CCAAT box is recognised by 

the factor NF-Y.

a) Rat albumin DEQI

SEQUENCE STRAND BP REF

DEm S'ATTTAGTTAAACAC-S' +ve 8
CYP1B2

-196 to -184 5'-ATTTACATAAAAC-3' +ve 12/15 9

The sequence underlined is identical to GHF-1 GH.2 (Lefevre et d., 1987^ and to 
Octal. 1 (Singh et d ., 1986).

b) Rat albumin DEB
The DEII element found in CYP1B2 shares a consensus binding site to which NFl 
(Jones et d., 1987'° ) or a closely related protein can bind. In the albumin promoter 
the /raTzy-acting protein is believed to encompass the sequence TTGGCA which 
resembles half of a NF-1 binding site.

SEQUENCE STRAND BP REF

DEB 5'-TTGGCAAGGAT-3 +ve
CYPÏR2 8

-133 to -123 5’-TTGGCAAGGAC-3' -ve 10/11
NFl 5’-TTGGCA-3' 10

CyP2B2
-115 to -133 5'-TGTCCTTGCCAACATGTATG-3' +ve
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c) Rat albumin DEI
The DEI motif; GTAAT is similar to the binding site for the liver-specific trans factor 
C/EBP which is GCAAT. Within the promoter region of CYP1B2 three binding sites 
wiiich share similarity to the DEI motif were identified. This element also shares a 
degree of similarity to GR/PR-MMTV and GR-MT-//a.

SEQUENCE STRAND BP REF

DEI 
C Y P im

-24 to -16 
•187 to -179 
-160 to -152

5’-TITTGTAAT-3

3’-rnTcrAGG-5'
5'-mTGlTCr-3'
5'-mTGTCCT-3'

4-ve

-ve
-ve
4-ve

6/9
7/9
7/9

d) Rat albumin PE

The promoter region of CYPIBI shares 13 of the 20 bases for the albumin PE element. 

This sequence in the albumin gene is required for the binding of the HNF-1 protein 

(Baumhueter et cd,, 1988''). This element represents a promoter element that confers 

liver-specific expression to several genes that are known to be selectively transcribed in 

hepatocytes. HNF-1 is identical to the regulatory elements found in a-fetoprotein (AFP, 

Kugler et al., 1988), the P-fibrinogen gene (Courtois et d., 1987) and in the human a- 

antitrypsin gene promoter (DeSimone et d., 1987).

PE
C Y P im

+10 to +29

SEQUENCE

5'-TAGTGTGGTTAATGATCTAC-3'

5'-CCGTGGTTACACCAGGAC-3'

STRAND BP REF

-ve 13/20

HNFl 
CYPIBI 

-339 to -320 
-251 to -233

5'-GNTNNTNNNNNNC-3'

5'-GTTTATATCAGAA-3’
5’CTAGTAAGTAAA-3'

+ve
+ve

11

12/13
12/13
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e) Rat albumin CCAAT box
A strong similarity was observed between the albumin CCAAT box and the element 

in CYP1B2 situated at nts -542 to -532. The albumin CCAAT box binds the 

sequence-specific trans-d£\!mg factor C/EBP.

SEQUENCE STRAND BP REF
CCAAT 5'-GGGGTAGGAACCAAT-3 8
CYPIBI

-542 to -532 5'-GGACAGGAACCAAC3' -ve 13/15

9) The GHF gene family contains genes coding for two related hormones, GH and 

Prolactin. (Lefevre et d., 1987*̂  ). A perfect consensus sequence for GHF-IGH. 

1/GHG-IGH.2 (nts -431 to -421) is part of a larger but imperfect HNFl binding site 

(Baumhueter et d ., 1988). Adjoining this sequence lies a second GHF-IGH motif-1 

sequence.

GHF-IGm/2 SEQUENCE STRAND BP REF

-343 to -353 5-ATGTAAATTTC-3' -ve 11/11 12
-189 to -199 5'-ATGTAAATGGG-3' -ve 11/11
GHF-IGHl/2 SEQUENCE STRAND BP REF
-431 to -421 5’-TCTTAAATTAT-3' -ve 11/11 12
-414 to -404 5'-ATGTAAATACA-3' +ve 11/11

10) Located within the miminal core promoter was a binding site for the human 

LBP-1 protein which was identified by Kato et d., (199L^) to be a ubiquitous 

cellular DNA binding protein associated with negative regulation of HSV-1. This 

sequence in both the CYPIBI and HSV-1 genes overlaps the putative TATA boxes 
which are underlined.

LBP-1
-38 to -16 

CYPIBI 

-36 to -13

SEQUENCE STRAND BP

CAGATGCTGCATATAAGCAGCTGC +ve

CAGATICAGCATAAAAGATCCTGC +ve 19/24

REF

13

Several of the elements identified by the computer search are recognised binding sites 

for sequence-specific liver transcription factors that may activate or repress transcription 

from the gene. A number of common elements were identified that are found in
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different cell and tissue-types. It is the combination of these cis elements arranged in 

unique configurations which confer each gene to a programme of individualised spatial 
and temporal transcriptional events. However, it must be stressed that the identification 
of cw-DNA sequences to known published sequences does not necessarily infer they 

are the transcriptional control elements of the CYPIBI gene.
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APPENDIX 2

Potential Protein Binding Sequences in tiie 5 -Eanking Region of the CTP2B2 gene 

between nts -1401 to -543.

The MacVector transcription factor database identified a number of potential regulatory 

elements within the region nts -1401 to -543. In this study only the region vriiich 

contained the putative binding site for the glucocorticoid response element (GRE) was 

investigated by bandshift assays.

1) The GRE at nts -1349 to -1335 has a pentadecamer sequence, two halves of which 

form an incomplete palindrome that is characteristic of the GRE (Jantzen e /û/. 1987 )̂

SEQUENCE STRAND BP REF

GRE 5'-GGTACANNNTGTrCT-3' 1

CYF2B2
-1349 to -1335 5'-GGTACAAAGTGTTCA-3' +ve 14/15

2) A perfect CCAAT box was located at nts -1367 to -1363 (McKnight and 

Kingsbury, 1982). It has been suggested that the two elements GRE and CCAAT are 

required to form a functional GRU (Jaiswal et cd., 1990).

3) Several potential Octal. 1 binding sites were located between nts -1308 to -570 of 

the CYP2B2 gene (Singh et cd., 1986 )̂.

SEQUENCE STRAND BP REF

OCTal.l 5-ATTTGCAT 2

-570 to -563 5'-AATTGCAT-3 +ve 7/8

-1301 to -1308 5’-ATITGAAT-3' -ve 7/8
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4) The hexanucleotide sequence; 5'- TGTCCT -3’ is repeated twice in the C Y P IB I 

promoter (Haslinger and Kari n, 1985^)

G R-M T-llA

-461 to -456 

■1380 to -1385

SEQUENCE

5'-TGTCCT-3'

5'-TGTCCT-3'

5'-TGTCCT-3'

STRAND

-ve

+ve

BP

6/6
6/6

REF

3

5) Several c/5-acting elements were identified in the promoter region o f C Y P IB I to 

have similarity to the positive elements o f the rat albumin promoter.

a) Rat albumin DEQ

The DEE element found in C Y P IB I shares a consensus binding site to which N Fl 

(Jones et d ., \9?>T ) or a closely related protein can bind.

SEQUENCE STRAND BP REF

DEB 

C Y P IB I 

-485 to -495

5'-TIQOCAAGGAT-3

5'-TGACAAGAAT-3'

4-ve

4-ve 9/11

d) Rat albumin PE

The albumin PE element is required for the binding o f the HNF-1 protein 

(Baumhueter et d ., 1988^ ).

SEQUENCE STRAND BP REF

HNFl 

CTP2B2 

-509 to -496 

-550 to -558

5'-GNTNNTNNNNNNC-3'

5'-GATCATGGGATAC-3'

5'-GnTCTGTCCCTG-3’
4-ve

-ve

13/13

12/13
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