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Abstract

Phénobarbital (PB) and picrotoxin increased the expression of both CYP2B1 and 

CYP2B2 genes in the rat liver. Using western blotting and RNase protection assays it 

was shown that both compounds increased only CYP2B1 in the small intestine. Gel 

retardation assays using nuclear extracts from the liver and small intestine and the 

region -183 to -199 of the CYP2B2 gene promoter revealed that this DNA sequence 

binds a protein only from liver extracts and hence is probably involved in the tissue- 

specific expression of the CYP2B2 gene. The abundance or activity of this transcription 

factor was increased in liver nuclear extracts by both PB and picrotoxin.

The CYP2B1 gene promoter was cloned. Gel retardation assays using fragments 

of the CYP2B1 gene promoter were used to compare: 1) the effect of PB and picrotoxin 

treatments on the abundance of DNA-protein complexes. 2) to compare the DNA- 

protein complexes formed with liver and small intestinal samples from both treated and 

untreated animals. A C/EBP binding site was located within the region -2 to -178. 

Supershift assays indicate that both C/EBPa and C/EBPÔ bind to this region of the 

CYP2B1 promoter. In the region -179 to -347 a DNA-protein complex that was of 

greater abundance with liver extracts from PB-treated animals was identified. Two 

DNA-protein complexes were identified in the region -348 to -451 that were of greater 

abundance with extracts from the livers of untreated animals. Distinct tissue-specific 

patterns of DNA-protein complexes were observed.

GST subunit 7 and the transcription factor HNF-4 were found also to be induced 

by PB and picrotoxin in the small intestine, [whereas cytochrome P450 reductase, 

cytochrome bs and cytochrome b̂  reductase are expressed but not induced by these 

chemicals in the small intestine.
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1.1 Cytochromes P450

Cytochromes P450, present in the microsomal membranes, are the terminal oxidases of 

a mixed function monooxygenase (MFO) electron transfer system. In addition to 

cytochromes P450 the MFO is comprised of NADPH dependent cytochrome P450 

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

and cytochrome b̂ . The MFO system plays an important role in the metabolism of both 

endogenous and exogenous compounds. Cytochromes P450 are involved in fatty acid 

metabolism, steroid hormone synthesis and importantly the deactivation of foreign 

hydrophobic compounds eg. drugs which are potentially harmful (reviewed in 

Guengerich, 1987; Gonzalez, 1989).

1.1.1 Discovery o f  cytochrome P450

Both Klingenberg and Garfmkel in 1958 noticed a peak in the absorbance spectrum at 

450 nm when they treated liver microsomes with carbon monoxide and sodium 

dithionite. In 1964 Omura and Sato categorised this unknown microsomal component 

as a haemoprotein and called it pigment 450 (or P450). Initially it was thought that this 

peak represented a single protein species whose location was confined to hepatic tissue, 

but we now however know that cytochrome P450 is in fact not one protein but 

comprises one of the largest supergene families. Subsequently, cytochrome P450 was 

also found to be located in the mitochondria of the adrenal glands (Cooper et al. , 1965).

1.1.2 Biological function o f the cytochrome P450 dependent MFO system

It became apparent through many investigations involving P450 protein purification 

that multiple forms of P450 exist. Furthermore, studies involving reconstituted MFO 

systems revealed that P450s exhibit highly specific or less specific overlapping 

substrate positional or stereospecificities (Lu and Coon, 1968; Haugen and Coon, 1976; 

reviewed in Guengerich et al., 1986). The reaction catalysed by the MFO system
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involves the insertion of a single atom of oxygen into the substrate (figure 1.1a; 

Guengerich, 1990). For this to occur there is a flow of electrons donated from 

NAD(P)H to cytochrome P450, via P450 reductase and/or cytochrome b  ̂ and b̂  

reductase (figure 1.1b; reviewed in Takamori et al., 1993). The general mechanism by 

which the MFO system reaction occurs is shown in figure 1.1c (reviewed in Porter and 

Coon, 1991). The reactions that are catalysed by P450s include oxidative 

dehalogenation, reductive dehalogenation, N-hydroxylation, N-oxidation, oxidative 

deamination, S-dealkylation, N-dealkylation, O-dealkylation, aliphatic hydroxylation 

and aromatic hydroxylation (Gonzalez, 1990).

Apart from their role in the metabolism of endogenous substrates, cytochromes P450 

are one of the most important phase I drug metabolising enzymes. Two detoxification 

systems have evolved through time: one being a non-catalytic multidrug resistance 

system, involving the trafficking of harmful compounds into the extracellular space 

(Endicott and Ling, 1989); the other being a metabolic process involving several 

enzyme systems. Xenobiotic metabolism, is subdivided into two phases, phase I and II.

Phase I drug metabolising enzymes carry out the functionalisation reactions of the drug 

thereby producing or revealing chemically reactive groups, such as -OH, -NH2 , -SH etc. 

(Guengerich, 1990). Now the phase II enzyme may act upon this chemically reactive 

and potentially harmful hydrophobic substrate by carrying out conjugation reactions eg. 

glucuronidation, glutathione conjugation andsulphation(Gibson and Skett, 1994). The 

conjugated compounds are now ready for exeretion into the bile or urine.
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A)

NADPH+H^Oj+RH NADPl-HjO+ROH

B)

NADPH SUBSRTATE

NADPH-CYTOŒROME 
P450 REDUCTASE PHOSPHOLIPID,

CYTOCHROME (S) 
L  P450

CYTOCHROMÈ (S)

NADH-CYTOCHROME CYTOCHROMEbg REDUCTASE

REACTIVE 
NTERMEDIATES

DETOXIHCATION PATHWAYS

NADH

COVALENT INTERACTION 
WITH MACROMOLECULAR 

NUCLEOPHILES

C)

H,0

ROH RH

(ROH)Fe3- (RH)Fe^*

/  /  V * ' rh(h)2

2e-, 2H* I X  ' '

RH(Fe-0)3*

2^./(R H )Fe3'(op (RH)Fe3*(Oÿ)

Figure 1.1: A) The general MFO reaction catalysed by cytochrome P450. "RH" denotes 
the substrate and "ROH" the oxygenated product (Guengerich, 1990). B) 
Schematic representation of the electron transport pathway in the MFO sys
tem (Gonzalez et al. y 1986). C) Scheme for the mechanism of action of 
cytochrome P450. "RH" denotes the substrate and "ROH" the oxygenated 
product. Reproduced from Porter and Coon (1991).
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1.1.3 Diversity

The nomenclature system of cytochrome P450 has been constantly changing, due to the 

enormity of the supergene family. As of May 1st 1995 the total number of P450 

families reported were 70 containing 127 subfamilies and the total number of P450 

sequences reported were 477 (Nelson, 1995). Even so, there has now been a system 

developed that is both simple and rational (Nebert etal., 1987, 1989, 1991; Nelson et 

al., 1993). The nomenclature system begins with the root symbol "CYP" (Gyp for 

mouse), derived from cytochrome P450, which denotes all protein and mRNA products, 

and the prefix is italicised " CFP" to denote the gene or cDNA encoding the protein. 

This is followed by an Arabic numeral indicating the family of cytochrome P450. When 

two or more subfamilies are known they are represented by a capital letter which 

follows the Arabic numeral. Individual P450 forms within a subfamily are then 

numbered sequentially (table 1) usually in the order of their identification.
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Table 1 The CYP2B subfamily genes, giving their trivial names as well as origin of 

species modified from Nebert etal. (1993).

Gene Symbol Trivial Name Species

CYP2B1 b, PB-4, PB-B Rat
CYP2B2 e, PB-5, PB-D Rat
CYP2B3 IIB3 Rat
CYP2B4 LM2, BO, b l4 ,B l,b 46 Rabbit
CYP2B4P (pseudogene) Rabbit
CYP2B5 b52, B2, HPl Rabbit
CYP2B6 LM2, IIBl,hIIB Human
CYP2B7P I1B2 (pseudogene) Human
CYP2B8 gene IV Rat
Cyp2b-9 pf26 Mouse
Cyp2b-10 pG/46 Mouse
CYP2B11 IIB Rat
CYP2B12 IIB-gene 4 Rat
Cyp2bl3 16aoh-b Mouse
CYP2B14 2By Rat
CYP2B15 - Rat
CYP2B16P (pseudogene) Rat
CYP2B GP-1 PB Guinea Pig
CYP2B - Rabbit

Members of a subfamily are defined as having > 40% amino acid sequence similarity. 

Sequences within the same subfamily always have > 55-60% identity. There are of 

course exceptions to this sequence similarity system eg. nuclear genes which encode 

two mitochondrial P450 proteins, see and l ip ,  are included in the same family 

(CYPl 1) even though their amino acid sequences are only 34-39% identical.
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1.1.4 Properties o f cytochrome P450

Cytochrome P450 consists of an apo-protein of relative molecular mass 45,000 to 

55,000 linked to a prosthetic-protohaem group. The nature of association between the 

haem and the protein is of considerable importance, since it is thought to be responsible 

for many of the distinctive properties of P450 (White and Coon, 1980). The haem iron 

can exist in either of two valence states giving rise to penta-coordination and hexa- 

coordination. Four of the valences are associated with the pyrrole nitrogens of the haem. 

The fifth ligand involves a thiolate bond provided by an oxidised sulphur atom of 

cysteine in the apo-protein. The sixth ligand is less clear but involves the acceptance of a 

hydroxyl group from water (Ullrich, 1979). The three dimensional X-ray 

crystallographic structure of CYPlOl, camphor metabolising enzyme isolated from 

Pseudomonas putida, has been the single best model for understanding the detailed 

structure-function relationships in a cytochrome P450. Because CYPlOl, unlike 

mammalian P450 molecules, is water soluble (hydrophilic) it makes it easier to obtain a 

pure crystal structure but it may prove to be a good model for membrane bound P450s 

(Poulos et al., 1986 and 1987). More recently three other P450 three dimensional 

structures have been obtained from other organisms: CYPl02, Bacillus megaterium 

(Ravichandran et al., 1993); CYP107A1, Saccharopolyspora erythraea (Cupp-Vickery 

and Poulos, 1995); CYP108, Pseudomonas species (Hasemann etal., 1994).

Amino acid sequence homology studies indicate that there is a membrane insertion 

domain, binding domains for both cytochrome b  ̂ and P450 reductase, hypervariable 

regions for substrate binding and a common three dimensional structure (reviewed in 

Waxman et al., 1992). More recently, more is understood about the general structure of 

cytochromes P450 because more three dimensional structures of P450s are known as 

explained above. However, no mammalian P450s have yet been crystallised (reviewed 

in Graham-Lorence and Peterson, 1996).
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1.1.5 Xenobiotic induction o f cytochromes P450

Cytochrome P450 content in liver microsomal membranes, has been known for a long 

time to be increased by treatment of rats with certain compounds eg. phénobarbital 

(Conney, 1967). This increase  ̂or "induction", of gene expression, whilst being 

beneficial by combating the sudden chemical stress, can also prove to be fatal due to the 

broad substrate specificity of cytochromes P450 having a toxicological or carcinogenic 

effect (Okey et al., 1986; Barry and Feely, 1990). There are many inducer compounds 

of cytochrome P450, five of which serve as model inducers for cytochrome P450 

induction.

3-methvlcholanthrene

Expression of the genes from the family CYPl are induced by 3-methylcholanthrene 

and various other planar aryl hydrocarbons eg. benzo(a)pyrene (Conney, 1967). The 

metabolism of benzo(a)pyrene by cytochromes P450 unfortunately leads to highly 

carcinogenic forms (figure 1.2; Pelkonen and Nebert, 1992). A more potent inducer,

2,3,7,8-tetrachlorodibenzodioxin (TCDD) was used to carry out many of the studies on 

the mechanism of induction of CYPl A gene expression (Poland and Knutson, 1982). 

The CYPl A subfamily is comprised of two forms, CYPl A 1 and CYP1A2. CYPl A 1 is 

predominantly induced by and active against planar aryl hydrocarbons and CYP1A2 is 

induced by the same compounds as CYPlAl but is catalytically active towards 

arylamides (Negishi and Nebert, 1981). Following a considerable amount of work the 

mechanism of induction is fairly well understood, mainly due to the fact that cultured 

cell lines were able to express CYPlAl after treatment with inducers (Israel and 

Whitlock, 1984). The planar aryl hydrocarbons act through the aryl hydrocarbon (Ah) 

receptor (Poland and Knutson, 1982; W h it lock ,  1986;
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Figure 1.2: How diagram showing the reaction by which Benzo(a)pyrene
is converted to a powerful carcinogen by CYPlAl (Darnell et al.. 1990)
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Whitlock, 1990), a member of a novel class of nuclear receptors, distinct from the 

steroid and thyroid hormone receptor family (Burbach et al., 1992). The Ah receptor, 

dormant, in the cytoplasm is bound to two molecules of the heat shock protein, hsp90. 

When the cell is exposed to the ligand (planar aryl hydrocarbons) the hsp90 is 

displaced, by the ligand, from its complex to the Ah receptor. The configuration of 

which is now changed to allow binding to the Ah receptor nuclear translocator (Amt) 

(Hoffman et at., 1991). The new Ah/Amt complex translocates to the nucleus where it 

binds to a cis-acting regulatory sequence located upstream from the CYPl A gene 

(Reyes et at., 1992). These cis-acting elements are known as xenobiotic regulatory 

element (XRE), drug regulatory element (DRE), and Ah regulatory element (AhRE). 

Once bound to this regulatory element transcription of CYPlAl is initiated (Nebert and 

Jones, 1989; Hoffman et ah, 1991). Figure 1.3a shows the postulated CYPlAl 

mechanism of induction by TCDD and other CYPlAl inducer compounds.

Ethanol

Ethanol and a whole host of other compounds have been shown to induce the 

cytochromes P450 belonging to the CYP2 family (Okey, 1990). CYP2E1 is induced by 

fasting and diabetes suggesting that the inducer compounds may be ketone bodies 

(Bellward, 1988). The structures of the inducer compounds are diverse, even so most of 

them seem to be of low molecular weight. The regulatory mechanism of CYP2E1 has 

been the subject of some controversy. Unlike CYPlAl where an increase in gene 

transcription is responsible for its induction, protein and mRNA stabilisation is the 

cause for CYP2E1 induction (figure 1.3b; reviewed in Gonzalez et al. , 1988).

Preenenolone-16 a.~carbonitrile (PCN)

The synthetic steroid pregnenolone-16a-carbonitrile (PCN) was identified to induce 

cytochromes P450 belonging to the CYP3A family (Lu et al., 1972; Elshourbagy, 

1981). CYP3A1, the first enzyme in the subfamily purified, like other cytochromes 

P450 was shown to be induced by a whole host of compounds notably endogenous
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Figure 1.3: A) Schematic representation of regulation of the C Y P lA l gene. The ligand 
(PAH-polyaromatic hydrocarbons) is shown in green. Ah-LBD: Aromatic 
hydrocarbons-ligand-binding-domain; hsp 90: heat shock protein; Arnt: Ah 
receptor nuclear translocator; XRE: xenobiotic response element present in 
the C Y P lA l promoter. Adapted from Gonzalez (1993). B) Schematic rep
resentation of the regulation of CYP2E1 and CYP3A1. 3A1: shows that 
CYP3A1 is regulated at the transcriptional level; 2E1: shows that CYP2E1 
is regulated at translational and protein stabilisation level. Adapted from 
Porter and Coon (1991). C) Role of peroxisome proliferators and lipids in 
the PPAR-dependent regulation of CYP4A genes. PPRE: peroxisom e 
proliferator response element. Adapted from Gibson and Skett, 1994).
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steroids and synthetic steroids (Schuetz and Guzelian, 1984; Simmons et al., 1987). 

CYP3A1, unlike CYP3A2, is only expressed in the presence of an inducer. CYP3A2 is 

constitutively expressed and not induced by PCN, however, both of these enzymes are 

induced by the barbiturate phénobarbital (reviewed in Waxman and Azaroff, 1992). The 

induction of CYP3A1 was shown to be at the level of transcription (figure 1.3b; 

Simmons et al., 1987), but not necessarily by a glucocorticoid response mechanism 

(Schuetz and Guzelian, 1984).

Clofibrate

Clofibrate, a hypolipidaemic drug, and other xenobiotics classed as peroxisome 

proliferators induce the expression of genes belonging to the CYP4A subfamily 

(Gibson et al., 1982; Kimura et al., 1989a). The CYP4A enzymes are very specific for 

fatty acid hydroxylation, at the co and o>-l positions, and metabolism of arachidonic 

acid derivatives (Bains et al., 1985). Genes encoding CYP4As have been shown to be 

differentially regulated (Kimura et al., 1989b). CYP4A1, CYP4A2 and CYP4A3 

mRNA is expressed and induced by clofibrate in the liver and kidney. CYP4A1 is 

predominantly induced by clofibrate in the liver and CYP4A2 is predominantly 

expressed in the kidney (Bell et al., 1991; Kimura et al., 1989b). A peroxisome 

proliferator receptor (PPAR) has been isolated, cloned and sequenced (Issemann and 

Green, 1990), unlike the Ah receptor, it is a member of the steroid-thyroid hormone 

receptor family (discussed in section 1.3). The PPAR has also been shown to 

heterodimerise with other receptors from the steroid-thyroid hormone receptor family 

(Bogazzi et al., 1994). The receptor is comprised of two domains, a ligand-binding 

domain and DNA-binding domain that binds to regions of DNA specific to the 

regulatory elements, peroxisome proliferator response element (PPRE), upstream of 

the CYP4A genes (Osumi et al., 1991). Clofibrate and endogenous lipids are capable of 

binding to the ligand binding domain and so together the CYP4A and PPAR may be 

involved in lipid homeostasis. This raises the question, whether clofibrate acts directly 

through the PPAR or indirectly through lipid homeostasis (figure 1.3c; reviewed in 

Green, 1992; Gibson and Skett, 1994). PPAR gene expression has been shown to be
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mediated at the level of transcription by glucocorticoids in primary hepatocytes with the 

use of the glucocorticoid-progesterone antagonist RU486 (Lemberger et al. , 1994). This 

enhances the argument that the PPAR is involved in the regulation of many other genes.

Phénobarbital

Phénobarbital (PB), a barbiturate, once used in the treatment of epilepsy, and other 

tranquillising drugs increase the total content of cytochrome P450 in liver microsomal 

membranes (Estabrook and Lindenlaub, 1979). When comparing barbiturates, the 

potency of induction is directly proportional to the plasma half-life of the barbiturate 

and therefore it is thought that the longer the plasma half-life the more potent the 

induction (loannides and Parke, 1975). More specifically phénobarbital elevates the 

expression, in rat liver, of individual members of the CYP2A, 2B, 2C and 3A 

subfamilies (Leighton and Kemper, 1984; Waxman et at., 1985; Ryan and Levin, 

1990). Induction, by PB, is not confined to cytochromes P450, many other enzymes 

which contribute to foreign compound metabolism are induced by PB, including P450 

reductase (Shephard et at., 1983), epoxide hydrolase (Oesch, 1973), aldehyde 

dehydrogenase (Deitrich, 1972; Dunn et al.y 1989), UDP-glucuronosyl transferase( 

Ullrich and Bock, 1984) and several glutathione 5-transferases (Pickett et al., 1984). 

Aside from the increase in enzyme content PB stimulates proliferation of smooth
3(f

endoplasmic , an increase in liver weight (Conney, 1967), liver tumour promotion 

(Schulte-Hermann, 1974), and a general stabilisation of liver microsomal proteins . 

Even though PB induces a host of drug metabolising enzymes in the liver two members 

of the CYP2B subfamily, namely CYP2B1 and CYP2B2, are induced 50-100 fold 

(Phillips et al., 1983oc). Members of the CYP2A or CYP2C are induced to a lesser 

extent by PB (Leighton and Kemper, 1984; Ryan and Levin, 1990). However, the 

mechanisms by which P450s are induced by PB are still to be deduced.

 ̂I reticulum
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1.2 Induction of CYP2B b\ phénobarbital

PB is known to induce two members of the CYP2B subfamily, CYP2B1 and CYP2B2 

in rat liver. Other members of the CYP2B subfamily are either induced to a lesser 

extent (CYP2B8; Giachelli et ah, 1989) or not at all (CYP2B3; Affolter et al., 1986; 

Labbe et at., 1988) by PB. A great amount of work has been carried out on the 

mechanism involved in the induction CYP2B1 and CYP2B2 by PB.

1.2.1 CYP2B1 and CYP2B2 vroteins

CYP2B1 and CYP2B2 exhibit a 97% cDNA-deduced amino acid sequence similarity 

(14 substitutions in 491 amino acids; Suwa et at., 1985). Both of these enzymes contain 

the structural characteristics of cytochrome P450 (section 1.1.4). Due to their similarity 

these two proteins are immunochemically cross-reactive, even so they can separated by 

SDS/PAGE (Ryan et at., 1982). The substrate specificity of these enzymes is broad and 

overlapping encompassing lipophilic drugs and steroidal substrates such as 

androstenedione and testosterone which are regioselectively hydroxylated at the 16 p 

position by CYP2B1 or CYP2B2 (Utesh et at., 1991; Waxman et al., 1988). CYP2B1 is 

catalytically more active towards its substrates than CYP2B2 (Ryan et al., 1982). When 

the rat liver is uninduced CYP2B2 protein is present in low amounts but the CYP2B1 

protein expression is at least 5-10 fold lower (sometimes undetectable). However, when 

PB is administered to the rat both P450 protein amounts rise significantly (50-100 fold 

for CYP2B1 and 20 fold for CYP2B2; Phillips et al., 1983a; Christou et al., 1987).
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1.2.2 CYP2B1 and CYP2B2 genes

The rat liver CYP2B genes were found to be linked on rat chromosome 1 (Rampersaud 

and Walz, 1987). The rat CYP2B1 gene is 23 kilobases in length and contains 9 exons. 

The CYP2B2 gene has a similar structure to CYP2B1, differing in the size of intronl 

(which is approximately 12 kilobases in CYP2B1 and 3.2 kilobases in CYP2B2). There 

are 40 coding region base pair substitutions between CYP2B1 and CYP2B2 (Suwa et 

al., 1985; Fujii-Kuriyama et at., 1981). These base pair substitutions mainly occur in 

exons 6-9. It is proposed that these regions of difference may represent one or more 

gene conversion events (Adesnik and Atchison, 1986). The nucleotide sequence 

difference between CYP2B1 and CYP2B2 in exons 6-9 are used to differentiate between 

the relevant mRNA species by northern blotting experiments (Omiecinski, 1986), RT- 

PCR (Omiecinski et at., 1990) or RNase protection assays (Friedberg et at., 1990; 

Akrawi et at., 1993, 1995).

1.2.3 Reeulation o f CYP2B eene transcrivtion

The induction of the CYP2B genes by PB is mediated at the level of transcription. The 

administration of PB to the rat does not effect the rates of the processing, transport or 

degradation of mRNA and results in no amplification or rearrangement of CYP2B genes 

(Pike et at., 1985). Due to this mediation of induction being at the level of transcription 

the regulation of the CYP2B expression might reveal the mechanism by which these 

genes are induced by PB.

Initial regulatory studies of CYP2B gene expression show that protein stability is 

required for PB-mediated induction. When cycloheximide, an inhibitor of protein 

synthesis, is administered prior to PB administration, PB induced increase in CYP2B 

mRNA accumulation is blocked (Bhat et at., 1987; Burger et at., 1990). However, this 

blockage of protein synthesis may be due to the cycloheximide interfering with ongoing 

protein synthesis ie. interfering with transcription factor stability and thereby interfering
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with basal levels of CYP2B transcription (reviewed in Waxman and Azaroff, 1992). It is 

also postulated that haem regulates the amounts of several haemoproteins and enzymes 

of haem metabolism. Haem could also play a role in the expression of various 

cytochrome P450 genes. C0 CI2 , a haem biosynthesis inhibitor, blocks PB-induced 

CYP2B transcription when monitored by nuclear run on assays. This blockage is 

counteracted by the addition of haemin, and the effect of C0 CI2 is reversed in vivo but 

not in vitro (Dwarki et al., 1987; Rangarajan and Padmanaban, 1989). This suggests 

that haem may be generally required for drug-inducible liver P450 transcription. 

However, more potent haem biosynthesis inhibitors eg. succinylacetone do not decrease 

the effect of induction of CYP2B genes by PB (Sinclair et at., 1990). Moreover, C0 CI2  

has no effect on the increase of P450 in cultured chick hepatocytes (Hamilton et at.,

1988). Collectively these findings show no real conclusions on the role of haem as a 

regulatory factor in the transcriptional activation of PB induced CYP2B genes.

The 5’ flanking sequences of both CYP2B1 and CYP2B2 are very similar (Suwa et at., 

1985). They contain a possible TATA sequence that is about 20 base pairs upstream 

from the initiation start site. The genes differ in the number of CA repeats located at 

-255 where there are 5 in the CYP2B1 and 19 in the CYP2B2 5' flanking sequences. It 

has been proposed that this might represent a Z-helical structure that influences the 

regulation of these genes (Suwa et al., 1985). Nuclear proteins which are in greater 

amounts or activity in nuclear extracts from PB-treated rather than untreated rat 

livers bind to the two sequences, located between -31 to -72 and -183 to -199, upstream 

of the CYP2B2 gene (Shephard et al., 1994). CYPlAl, as other CYP genes, containsa 

sequence in the promoter that binds a basal transcription element which is 

important for transcription of the gene (Yanagida et al., 1990). This sequence is also 

located between -66 and -81 of CYP2B1 and CYP2B2 gene promoters, however, no 

nuclear proteins protect this sequence by DNase I digestion to reveal a footprint from 

either PB-treated or untreated rat liver nuclear extracts (Shephard et al., 1994; Luc et 

al., 1996). Another sequence located between -1336 and -1350 of the CYP2B2 5' 

flanking sequence contains a consensus glucocorticoid responsive element and confers

29



glucocorticoid responsiveness to a reporter gene (Jaiswal etal., 1990). Gel retardation 

analysis of a fragment between -1321 and -1390 binds a protein present in equal 

abundance in treated and untreated liver nuclear extracts suggesting a role for hormones 

in the regulation of CYP2B basal expression (Shephard et al., 1994). This was 

supported by a study using the glucocorticoid-progesterone antagonist, RU486, on PB- 

treated rat hepatoma cells transfected with CYP2B1 and CYP2B2 promoter luciferase 

constructs. RU486 inhibited the induction of the transfected CYP2B1 and CYP2B2 

promoter constructs and the endogenous CYP2C6 gene (Shaw et a l ,  1993). These 

findings suggest a mechanism involving a steroid-thyroid hormone receptor controlling 

the expression of the CYP2B genes. This together with findings concerning the PPAR 

(described in section 1.1.5) may indicate that cytochrome P450 gene regulation is 

mediated in one form or another by a member of the steroid-thyroid hormone receptor 

family.

Using cultured rat hepatocytes a fragment of 163 base pairs in length, located between 

-2155 and -2318 of the rat CYP2B2 gene 5' flanking sequence, was found to mediate 

PB-induced transcription from transfected CYP2B2 promoter/chloramphenicol acetyl 

transferase (CAT) constructs (Trottier et at., 1995). When the proposed PB-responsive 

element (PBRE) was fused to the thymidine kinase promoter both 5' of the promoter 

and 3' of the reporter gene construct a PB-response was observed showing that this 

element has the properties of an enhancer (Trottier et at., 1995). More recently 

transcription factors related to a hepatocyte enriched transcription factor, C/EBP 

described in section 1.3.1, may also play a role in transcriptional regulation of CYP2B 

genes (Luc et al., 1996). DNase I footprint analysis of CYP2B1 and CYP2B2 5' flanking 

sequences and transfection analysis using CYP2B1/2 promoter constructs cotransfected 

with C/EBP expression vectors show that C/EBPa contributes to the expression of 

CYP2B genes (Luc et al., 1996). These findings show that the mechanism of CYP2B 

expression and induction by PB may be due to a combination of many factors. An 

interesting study was carried out by Sidhu and Omiecinski (1995) where cyclic 

adenosine monophosphate (cAMP) regulation of PB-inducible CYP genes was
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observed in primary rat hepatocyes. The results show that cAMP and protein kinase A 

activators inhibit the PB-induction of CYP genes, including CYP2B1 and CYP2B2, 

suggesting a negative role for the cAMP signal transduction pathway on PB gene 

induction.

A model has been postulated for the transcriptional regulation of CYP2B gene 

expression in the rat liver (Prabhu et al., 1995), The model proposes that the region 

between -69 and -98 of the CYP2B2 gene promoter acts as a positive cw-acting element 

(Upadhya et al., 1992) and the region between -160 and -127 acts as a negative ex

acting element (Ram et al., 1995). The positive cX-acting element has sequence 

similarity with a PB-responsive cX-acting element (so-called Barbie box) in the 5' 

flanking region of the CYP 102 gene, a PB-induced bacterial P450 of Bacillus 

megaterium (He and Fulco, 1991). However, three other investigations have been 

unable to confirm the role of the Barbie box in the induction of the CYP2BI and 

CYP2B2 genes. Gel retardation, in vitro transfection and DNase I footprint analysis 

failed to identify this region as binding nuclear protein (Shephard et al., 1994; Trottier 

et al., 1995; Luc et al., 1996). The sequence of the CYP2B1 and the CYP2B2 promoters 

in this region are identical in some CYP2B1 and CYP2B2 genes and so the question 

arises does the Barbie-box play a role in the basal or PB-induced expression of the rat 

CYP2B genes.

One of the reasons for the lack of progress or difficulty in the study of the PB- 

responsive elements is that CYP2B gene expression and induction is lost in cultured 

hepatocytes and almost absent in cell lines (Pitot and Sirica, 1980). Therefore much 

effort has gone into identifying culture conditions that support the PB response. When 

Vitrogen™, a commercially available form of type I collagen, is used in the culturing of 

rat hepatocytes for 20 days in Chee's media a >50 fold induction of CYP2B1/2 is 

observed upon PB treatment (Waxman et al., 1990). An alternative culture system 

using 'Matrigefr'a gel-like basement membrane matrix (containing type IV collagen, 

laminin and heparan sulphate), maintains hepatocytes for 4-6 days and a PB response
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was observed but this declined after 6 days (Sidhu et al., 1995). Recently, culture 

conditions developed for both primary rat hepatocytes and a rat hepatoma cell line 

(FAZA 967) support the induction of CYP2B gene expression (Ciaramella, 1995). In 

this study cells were cultured on type I collagen in the presence of Williams E medium. 

Another approach has been to culture cells of different cell types together (Guguen- 

Guillouzo et at., 1983). This co-culture system, where rat hepatocytes are cultured with 

rat liver epithelial cells, is able to maintain significant levels of expression and 

inducibility of CYP2B genes by PB for 14 days (Akrawi et al., 1993). With these cell 

culture systems progress has begun to made in the understanding in CYP2B expression 

and induction by PB (Trottier et at., 1995; Luc etal., 1996).

Interestingly, inhibitor of the PB-inducibility of CYP2B1 and CYP2B2 is interleukin 6, 

a major mediator of the acute phase reaction (Williams et al., 1991). Other cytokines 

have been shown to reduce the PB-inducibility of the CYP2B genes which suggests that 

infection and inflammation generally depresses cytochrome P450 activity (Abdel- 

Razzak et al., 1993; 1995; Clark et al., 1995). One theory associated with cytokine 

inhibition of CYP2B induction by PB is that the cytokines activate C/EBPp and so the 

C/EBPp complexes occupy a site on the CYP2B1/2 gene promoters identified to bind 

C/EBPa thereby lowering PB-mediated transcription (Luc et al., 1996). Collectively 

these results demonstrate that CYP2B genes are under highly complex regulatory 

controls.

Apart from in the rat, PB induces the expression of cytochrome P450 genes in chicken, 

rabbit and bacteria (Mattschoss et al., 1986; Zhao et al., 1990; Wen et al., 1989). These 

have proved to be quite interesting models for the study of CYP2 gene expression and 

induction by PB. There are at least two CYP2 genes in the chicken that are inducible by 

PB {CYP2H1 and CYP2H2). Both of these genes are induced at the level of 

transcription and by a post-transcriptional mechanism following the PB administration 

to chick embryos (Hansen et al., 1989). Transient transfection assays where varying 

lengths of CYP2H1 5' flanking fused to the reporter chloramphenicol acetyl transferase

jjf
sequence
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(CAT) gene are transfected into chicken embryo primary hepatocytes. These 

experiments show that there is an enhancer region between -5.9 and -1.1 kilobase of the 

CYP2H1 gene promoter which conveys induction of the gene upon PB administration 

(Hahn et al., 1991) and that a combination of negative c/j-acting DNA elements control 

basal expression of the gene. The mechanism of induction when PB is administered to 

chicken is unknown. In rabbit liver CYP2C genes are differentially regulated. CYP2C1, 

CYP2C2 and CYP2C4 mRNA species increase in response to PB administration where 

as CYP2C3 and CYP2C5 do not increase (Leighton and Kemper, 1984; Zhao et at., 

1987). The molecular mechanism of induction of CYP2C genes by PB is poorly 

understood. Interestingly, recent studies show CYP2C genes are regulated in the liver 

by hepatocyte nuclear factor 4 (HNF-4; described in section 1.3.1) but other cw-acting 

elements are also needed to control the level of transcription for each individual CYP2C 

gene (Chen et al., 1994).

PB is known to induce the expression of two cytochrome P450 genes, CYP102 and 

CYP 106, in Bacillus megaterium (Narhi and Fulco, 1986; He et al., 1989). A 15-17 

base pair sequence of the CYP 102 and CYP 106 gene promoters is recognised by a 

barbiturate-regulated protein and the name designated to this sequence is "Barbie-box" 

(He and Fulco, 1991). Barbie-box sequences are important in the PB-mediated 

expression of the CYP 102/6 genes (figure 1.4; Liang et al., 1995), however, as stated 

previously this remains to be established in the case of rat CYP2B genes.
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Figure 1.4: Schematic representation of the regulation of CYP102 gene expression by 
phénobarbital (Gonzalez, 1993).
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1.2.4 Developmental régulation

The polymerase chain reaction, a very sensitive method, was used to detect mRNA of 

CYP2B1 and CYP2B2 in foetal rat liver. CYP2B1/2 mRNAs are detected in foetal rat 

liver from 15 days of gestation onwards, and can be transplacentally induced by PB 

from this time onwards (Omiecinski et al,, 1990; Giachelli and Omiecinski, 1986). 

Plasma growth hormone studies show that this hormone suppresses CYP2B induction 

by PB. This was shown both in vivo and using primary hepatocytes in vitro (Yamazoe 

et al,, 1987; Waxman et al,, 1990; Schuetz et al,, 1990). This suppression by plasma 

growth hormone on CYP2B induction by PB is specific because no effect on other 

genes induced by PB is observed. Thyroid hormone, another suppressor of CYP2B, 

may contribute to the maintenance of CYP2B at a low amount in uninduced rats 

(Murayama et al,, 1991). Ageing is known to affect the expression of hepatic 

cytochrome P450 genes (Kamataki et al,, 1985; Lee and Werlin, 1995). A further study 

shows that CYP2B1 and CYP2B2 gene expression and induction by PB decreases with 

age (Horbach etal,, 1990;Horbach etal., 1992).

1.2.5 Tissue svecific regulation

Expression and induction by PB of CYP2B1 is not confined to the liver in the rat. The 

basal expression of CYP2B1 in the liver is almost undetectable and CYP2B2 

expression is detectable, described in section 1.2.1. To date CYP2B1 constitutive 

expression has been detected in lung, kidney, testes, and small intestine of the rat 

(Friedberg et al,, 1990; Omiecinski, 1986; Traber et al,, 1988). Outside the liver 

CYP2B1 induction by PB has only been shown in the small intestine and the adrenal 

gland (Traber et al., 1988; Christou et al,, 1987). This induction by PB of CYP2B1 

genes is at the level of transcription in the small intestine (Traber et al,, 1990). The 

investigation of the regulation of gene expression in the small intestine may lead to a 

greater understanding of the mechanism of induction of CYP2B1 genes by PB. 

CYP2B2 was thought not to be expressed in extrahepatic tissues but, interestingly, a
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recent study on the developmental and endocrine regulation of P450 isoforms in rat 

breast showed that CYP2B1 and CYP2B2 are induced after lactation. This reinforces 

the complexity of the tissue specific regulation of CYP2B1 and CYP2B2 gene 

expression (Hellmold et al., 1995).

Liver

The liver is the largest mass of glandular tissue in the body. It is considered to be the 

first organ to be exposed to foreign (toxic) compounds to be ingested. Even so, 

oxidative and non-oxidative biotransformation systems are present in other organs such 

as the small intestine. The major functions of the liver are described in section 1.3.1. It 

is no suprise that the liver contains the greatest amounts of cytochrome P450 enzymes 

in the body. The functional unit of the liver has been subject to some controversy, 

however, the liver acinus is particularly useful in interpreting the gradient of metabolic 

activity which can be detected in zones of hepatocytes of adjacent lobules (figure 1.5; 

Ross and Reith, 1985). There are three zones of hepatocytes, zone 1 contains 

hepatocytes that receive the highest concentration of incoming solutes, zones 2 and 3 

surround zone 1. Zone 3 containing fully differentiated hepatocytes. In untreated rats 

CYP2B expression occurs in zone 3, but upon treatment of PB the expression occurs 

throughout zones 1, 2 and 3 only one layer of cells within immediate periportal region 

are refractory to induction by PB (Hassett et at., 1989; Omiecinski et at., 1990). When 

rat hepatocytes are transplanted into the spleen they still maintain CYP2B expression 

and induction by PB which suggests that once the hepatocytes are fully differentiated 

acinal location is of no importance (Traber et al. , 1989).
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C.V.

Figure 1.5: A diagram of the acinal interpretation of the liver, which consists of adja
cent sectors of neighbouring hexagonal fields partially separated by distrib
uting blood vessels. The zones marked 1, 2 and 3 are supplied with blood 
that is the most oxygenated. C.V. denotes the central vein and P.T. denotes 
theportal triad. Reproduced from Ross and Reith (1985).
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Small intestine

The small intestine is a long tubular part of the alimentary canal subdivided into three 

sections duodenum, jejunum and ileum. It receives chyme from the stomach and 

continues the solubilization and digestion of nutrients in preparation for their 

absorption. Most nutrients are absorbed by the small intestine. The small intestine, 

aside from nutrients, absorbs foreign chemicals that include environmental pollutants 

and drugs (Ross and Reith, 1985). The enterocytes lining the small intestinal mucosa 

contain enzymes capable of metabolising many of these compounds (Chhabra et at., 

1974). Whether this capability of drug metabolism contributes to the first-pass 

clearance of drugs is still being debated. In situ hybridisation and northern blot analysis 

shows that CYP2B expression and induction occurs in the enterocytes located on the 

villi but this protein is not expressed at all in the crypt cells (figure 1.6; Traber et at., 

1992). It is considered that intestinal cells differentiate as they move from the base of 

the crypt to the tip of the villus where their life cycle ends and they fall into the lumen 

of the gut (Cheng and Leblond, 1974). As with the liver fully differentiated cells 

express CYP2B genes but unlike the liver CYP2B is only induced in the fully 

differentiated cells within the small intestine. Comparison of liver and small intestinal 

CYP2B expression and induction by PB shows similarities and differences which would 

suggest that the expression might be controlled by tissue specific mechanisms.

1.2.6 Piero toxin induction o f CYP2B exvression

PB is not the only compound that induces the expression of members of the CYP2B 

subfamily. There are other compounds that are structurally diverse which have a 'PB- 

like' effect. These include isosafrole, trans-stilbene oxide, allylisopropylacetamide, 

chlordane and other organopesticides, various non-planar halogenated biphenyls and 

carcinogens such as acetylaminofluorene (Thomas et at., 1981; Dannan et al., 1983; 

reviewed in Waxman and Azaroff, 1992). Picrotoxin is a naturally occurring
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Figure 1.6: A diagram of a crossection through the intestine revealing the four layers of 
the alimentary canal. Reproduced from Ross and Reith (1985).
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compound that is found in plants such as Cocculus indiens, Anamirta cocculus and 

Menispermum cocculus (Porter, 1967). It is comprised of two compounds, picrotoxinin 

and picrotin, of equal ratio. This highly toxic compound acts by inhibiting or blocking 

the chloride channels of the y-aminobutyric acid (GAB A a) receptors which are located 

in the neuronal circuits of the central nervous system. This blocking of the chloride 

channels has a convulsive effect, thereby counteracting the action of PB. The GABAa 

receptor arises from a repertoire of subunits encoded by at least 15 genes. Combinations 

of these subunits gives rise to the formation of multiple GABAa receptor/chloride 

channels (reviewed in Mohler et at., 1995). Recent studies show that the amounts of rat 

hepatic CYP2B proteins and other enzymes (eg. glutathione 5-transferase) increase 

following the administration of picrotoxin mirroring the induction by PB (Yamada et 

at., 1993). Interestingly, the association of picrotoxin and PB to the GAB A A receptor is 

in close proximity to each other (figure 1.7; Sigel et at., 1990). A conclusion that may 

be drawn from this study is that a potential PB-responsive receptor could have 

characteristics in common with the GABAa receptor. Picrotoxin is also known to 

induce the expression of CYPlAl mRNA in rainbow trout hepatocytes (Sadar et at., 

1995), however CYPlAl induction in rats by this compound has not been shown.

1.3 Resulation of 2ene expression

Gene expression involves the binding of specific protein molecules to specific regions 

on a DNA molecule thereby enabling the RNA polymerase to transcribe the DNA. In 

eukaryotes genes that encode specific transcription factors are now being cloned and 

sequenced at a rapid pace. These studies have shown that there are defined categories of 

DNA-binding motifs on these proteins (Branden and Tooze, 1991).
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POU domains and homeodomains

Typically, homeodomains contain a highly conserved DNA-binding domain (60 amino 

acids in length) that is found in transcription factors that are involved in developmental 

regulation. This highly conserved DNA-binding domain forms a helix-tum-helix motif 

(figure 1.8). The POU domain is comprised of a homeodomain fused to a POU-specific 

domain which influences its interaction with DNA. Many homeodomains are found to 

be modulated by interactions with accessory proteins (reviewed in Verrijzer and Van 

der Vliet, 1993; Wright, 1994). Using a DNA-sequence analysis program 

(MacVector'TM) POU-homeodomain recognition sequences have been located in the 

CYP2B2 5' flanking sequence the consequence of which is still unknown.

Zinc fingers

One of the first transcription factors to be purified, TFIIIA from Xenopus oocytes, 

contains a repetitive structure and between 7 to 11 atoms of zinc associated with each 

molecule of pure protein (Miller et al., 1985). Since then many divergent forms of zinc 

finger proteins have been purified, one of the most famous being the steroid-thyroid 

hormone receptor superfamily members (figure 1.9; reviewed in Evans, 1988; Beato,

1989). As described previously in section 1.2.3 studies involving RU486 and promoter 

studies between -1300 and -1400 base pairs of the CYP2B2 promoter suggest the 

involvement of a steroid-thyroid hormone receptor in the expression and possibly the 

induction of CYP2B2 genes by PB (Jaiswal et at., 1990; Shephard et at., 1994; Shaw et 

at., 1993).

Leucine zivvers

Another family of transcription factors has emerged, which are comprised of dimers 

that recognise palindromic DNA sequences with each subunit binding to the DNA site. 

The many different combinations of heterodimers expands the diversity of each

42



Figure 1.8: Schematic diagram of the three dimensional structure of the homeodomain 
bound to a DNA fragment. The extended recognition helix (3 and 4) is bound 
in the major groove of the DNA. Reproduced from Branden and Tooze (1991).
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Figure 1.9: Schematic diagram of the three dimensional structure of the DNA-binding 
domain of the glucocorticoid receptor. The two zinc fingers are coloured in 
red and green and the region that joins them is blue. Reproduced from Branden 
and Tooze (1991).

44



family of transcription factors. Dimérisation occurs between two leucine containing 

helices on different molecules, thereby forming a leucine zipper. The dimer contains 

two basic regions that bind DNA, which gives rise to a scissor grip model for the 

recognition of DNA (figure 1.10; Branden and Tooze, 1992). One of the best examples 

of leucine zipper dimer molecules are the proto-oncogene proteins Fos and Jun where 

the heterodimer binds to the AP I DNA consensus sequence (Kouzarides and Ziff, 

1988; Turner and Tjian, 1989). Recently, studies have shown that PB induces the 

binding activity of AP-1 which mediates the activation of glutathione 5-transferase and 

quinone reductase gene expression (Pinkus et al., 1993; Bergelson et al., 1994). The 

induction of AP-1 binding activity could have a possible role in tumour-promoting 

activity of this drug.

1.3.1 Liver specific gene transcrivtion

The liver like all the other organs in the body plays a crucial role in body function. The 

liver balances carbohydrates and lipid metabolism, provides a great majority of serum 

proteins, detoxifies exogenous chemicals, and removes internally produced products. 

Cytochromes P450 play an important role in the function of the liver and so 

understanding the regulation of expression of cytochromes P450 would give a greater 

insight into the function of the liver. There are essentially four families of transcription 

factors that are expressed in the liver and have limited cellular distribution.

CIEBP

Aside from Fos and Jun another prototype leucine zipper protein, C/EBP, binds to the 

cw-acting regulatory elements of several liver specific genes, playing an important role 

in their transcriptional regulation (DeSimone and Cortese, 1988). Being a leucine 

zipper it is bound to DNA as a dimer and there are two sub-regions that contribute to 

activating transcription (Friedman and McKnight, 1990). cDNAs have been cloned
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Figure 1.10: The scissor grip model of DNA recognition by the leucine zipper motif. The 
two DNA-binding motifs (blue) dimerise through via their leucine helicies 
(green) forming a Y-shaped molecule. The helices of the DNA-binding do
mains bind to the major groove of the DNA. Reproduced from Branden and 
Tooze (1991).
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that encode isoforms of the transcription factor C/EBPa C/BBPp, C/EBPÔ and C/EBPe 

(Gao et al., 1991; Williams et at., 1991). C/EBPa has been found to have an 

involvement in CYP2B gene expression (Luc et at., 1996; described in section 1.2.3). 

C/EBPp interaction with SPl, a zinc finger protein, enables C/EBPp to activate 

transcription of CYP2D5 (Lee et at., 1994). Interestingly C/EBP has also been found to 

control the expression of the CYP2C6 gene (Yano et at., 1992). These findings 

collectively show that C/EBP plays an important role in the transcriptional regulation of 

several cytochrome P450 genes.

HNF^l

A protein detected as binding to sites required for cell specific expression of fibrinogen 

and a  1-antitrypsin, HNF-la, is a protein related to POU-homeodomains (reviewed in 

Lai and Darnell, 1991). The function of HNF-la, like C/EBP, is important in liver 

specific gene expression, whereas, HNF-lp seems to have a role in regulation of gene 

expression during development (Cereghini et at., 1992). Gel retardation and DNase I 

footprint analysis revealed a possible HNF-1 binding site which corresponds to a 

positive c/5-acting element of the CYP1A2 gene thereby controlling its liver specific 

expression in humans (Chung and Bresnick, 1995). HNF-1 may also have a role in the 

developmental control of CYP2E1 and CYP2C6 (Gonzalez et at., 1991; reviewed in 

Gonzalez, 1992), which would not be a suprise because POU-homeodomian proteins 

are involved in developmental regulation of gene expression.

HNF-3

DNA-binding activity of a protein shown to interact with the rat phosphoenopyruvate 

carboxykinase gene was named HNF-3 (Ip et at., 1990). Three main iso-forms exist 

HNF-3a, HNF-3P and HNF-3y (Lai et al., 1990, 1991). The DNA-binding motif of 

HNF-3 is not found in any other protein described previously. The new class of DNA- 

binding protein motif is thought to belong to the forkhead motif transcription factors of 

Drosophila melanogaster (Weigel and Jackie, 1990). HNF-3 has been found to be 

involved in the CYP2C6 promoter activity in hepatoma cells, however, because
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mutation of the putative HNF-3 binding sites did not diminish promoter activity 

definition of the promoter region is still to be deduced (Shaw et al. , 1993).

HNF^

HNF-4 belongs to the superfamily of nuclear steroid-thyroid hormone receptors 

(Sladeck et at., 1990). It was first identified by binding to the mouse transthyretin gene 

promoter (Costa et al. , 1989). Like the PPAR, no endogenous ligand for HNF-4 has 

been found and so it is known as an orphan receptor. HNF-4 has no recognised 

consensus DNA-binding motif in gene promoters (Lai and Darnell, 1991). HNF-4 has 

been shown to bind a transcriptional regulatory element of CYP2C genes (Chen et al.,

1994). However, no quantitative or qualitative differences were found between nuclear 

extracts isolated from PB-treated and untreated rabbits. Furthermore, HNF-4 has been 

shown to have no major role in the Jra/w-activation of these CYP2C genes (Strom et al.,

1995). A preliminary study in our laboratory has shown that HNF-4 mRNAs increase in 

rat liver following the administration of PB and in co-cultured cells treated with PB 

(Akrawi, 1995). The conclusion that could be drawn is that HNF-4 is involved in the 

regulation of CYP2B gene regulation, although HNF-4 binding sites have yet to be 

identified in CYP2B 5' flanking sequences.

Studies have shown that there is a cascade mechanism of the hepatocyte transcription 

factors. This transcriptional hierarchy was demonstrated between HNF-4 and HNFl a  in 

differentiated hepatocytes (figure 1.11b; Kuo et al., 1992). Other such networks of 

hepatocyte transcription factors demonstrating an interrelationship between these 

factors in the regulation of liver specific genes have been postulated (figure 1.11a; 

Tronche and Yaniv, 1992). However, the specific roles of each transcription factor is 

still to be understood.
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Figure 1.11: A ) Schematic representation of the netwcrk of DNA binding factors involved 
in specific transcription in hepatocytes. Four liver specific genes are indi
cated. Reproduced from Tronche andYaniv (1992). B) Summary of deduced 
interactions of the regulatory interactions of liver transcription factors (Kuo 
et a i, 1992).

49



1.3,2 Extrahevatic gene transcription

The transcription factors described in section 1.3.1 are not confined to the liver. They 

are present also in tissues such as: intestine, lung, stomach, kidney, brain, spleen , heart, 

thymus, fat, ovary, and testes (Sladek and Darnell, 1992). The distribution of 

hepatocyte transcription factors in these tissues varies and the significance of this 

variation is unknown. Recent studies show that there are intestine specific genes 

(sucrase-isomaltase) regulated by both forms of HNF-1 in Caco-2 and Colo-DM 

intestinal cell lines (Wu et al. , 1994).

1.4 Glutathione S-transferases

Glutathione transferases (GSTs) are a family of multifunctional proteins that are 

capable of conjugating relatively hydrophobic molecules, both of endogenous and 

exogenous origin, with the nucleophile reduced glutathione, making these molecules 

more water soluble and so more likely to be excreted in the urine and bile (figure 1.12; 

deBethizy and Hayes, 1994). This conjugation of metabolic intermediates is categorised 

as phase II drug metabolism. Short-lived reactive intermediates from the metabolism of 

xenobiotics by cytochromes P450 can produce damage to important cellular 

constituents. The conjugation of these intermediates with glutathione by GSTs 

inactivates these potentially harmful compounds, making the GSTs an important system 

to study for the toxicologist (Depierre et at., 1984; reviewed in Daniel, 1993).

Many forms of GST's have been identified in a whole host of organisms ranging from 

plants to mammals. These forms of GST's, ranging in size from 17 to 28 kDa exist as 

both homodimers and heterodimers in the cytosol of many tissues. Many nomenclature 

systems have been used, as was the case with P450s, creating some confusion. 

Historically, the first system to be proposed was based on the separation of rat hepatic 

cytosol enriched for GST (or 'Y' fraction) by SDS/PAGE, resolving three
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Figure 1.12: The general reaction catalysed by glutathione S- transferase. R-CH -̂X de
notes the substrate, GSH denotes glutathione and R-CH -̂SG denotes the 
conjugated product (deBethizy and Hayes, 1994).
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bands that were designated Ya, Yb and Yc according to their decreasing anodal 

mobility (Bass et al., 1977). The Y system is useful for identifying subunits for 

dimérisation, however it is difficult to make interspecies comparisons. An Arabic 

numeral system proposed designates numerals for subunit combinations but it is unclear 

which class the subunit belongs to (Jakoby et al., 1984). Another nomenclature system 

of GSTs groups the various subunits into Alpha- (1,2,8 and 10 subunits). Mu- (3,4,6,9 

and 11 subunits). Pi- (7 subunit). Sigma- (subunits unknown) and Theta- (5 and 12 

subunits) classes (Mannervick et al., 1992). The class system of GST's is based on the 

characteristics of the proteins and their nucleotide and amino acid sequence similarity. 

More recently a variation of the class system, making it easier to distinguish between 

GSTs, has been proposed where single capital letter abbreviations are used to signify 

alpha (A), mu (M), pi (P), sigma (S) and theta (T) classes. The capital letter is followed 

by an arabic numeral denoting separate gene products eg. alpha class subunits are called 

A 1, A2, A3 etc. The GST dimers are represented by two hyphenated arabic numerals 

following the class denoted by the capital letter (Hayes and Pulford, 1995). For 

example the rat transferase B enzyme is a dimer of GST subunits A1 and A3, using the 

new nomenclature system it is called rGSTAl-3 (Hayes and Pulford, 1995). In the rat 

20 genes have been isolated and GST's are present in every tissue studied. The GST 

subunit content, measured by reverse-phase HPLC analysis, is unique to each tissue 

(Tsuchida and Sato, 1992).

GSTs are induced in rats and mice by the administration of a wide range of xenobiotics 

eg. 3-methylcholanthrene and 2(3)-tert-butyl-4-hydroxyanisol. This induction of the 

GSTs by xenobiotics has been shown to be at the level of transcription by using nuclear 

run-on experiments (reviewed in Daniel, 1993; Hayes and Pulford, 1995). 

Transcriptional analysis of many inducers of rat hepatic GST isoenzymes has shown 

that there is differential gene regulation. Regulation of the rGSTA2 gene has been 

characterised and the promoter region has DNA binding protein sequence motifs that 

correspond to response elements which show sequence similarity to elements located in 

the promoter region of the P450 CYPlAl gene one of which is a xenobiotic response
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element (Paulson et al., 1990). This element is known to be bound by the 

arylhydrocarbon hydrolase (Ah) receptor and so induction of GST expression may be 

due to the complexing of planar aromatic compounds to the Ah receptor that directly 

activates the transcription of the phase II enzyme gene (reviewed in Hayes and Pulford,

1995).

Phénobarbital is well known to be a potent inducer of P450s (described in section 1.1.5) 

and has also been shown to induce GSTs in the rat liver and small intestine. The 

induction of GSTs, by phénobarbital in the rat, was shown to be confined to the liver 

and small intestine by the measurement of GST activity using l-chloro-2,4- 

dinitrobenzene as the substrate (Depierre et al., 1984). It is thought that the Barbie-box' 

(described in section 1.2.3) consensus sequence might have a role in the induction of 

GST genes by PB because candidates for the core element of the Garbie-box have been 

located in the rat GSTA2. However, it still remains to be demonstrated whether a role 

for the Barbie-box in the PB-responsiveness of GSTs exists (reviewed in Hayes and 

Pulford, 1995) as is the case with rat CYP2B PB-responsiveness (section 1.2.3; 

Shephard et al., 1994; Luc et al., 1996). Phénobarbital induction studied by cell culture 

transfection has shown that AP-1 binding might influence the activation of GST genes. 

AP-1 binding protein is a transcription factor involved in cellular transformation 

suggesting a link between phénobarbital and tumour formation (Pinkus et al., 1993). As 

is the case with P450s, it has been shown that glucocorticoids effect the expression of 

GSTs (Waxman et al., 1992) suggesting a link between the regulatory controls of 

P450s and GSTs (figure 1.13). A general picture of the regulation of the GSTs has been 

drawn, however, many questions still remain to be answered regarding the mechanisms 

controlling GST expression (figure 1.14; reviewed in Hayes and Pulford, 1995).
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Figure 1.13: Schematic representation of the two possible routes by which GST genes 
are regulated in conjunction with cytochrome P450 (P450) genes.
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1,5 Scope o f this thesis

The previous sections have underlined the complexities of the cytochrome P450 

supergene family with regard to gene regulation. Pharmacologically, the response of 

these P450s to drugs is of paramount importance and so a greater understanding of this 

response is required. The regulation of expression of some cytochrome P450 systems 

by exogenous compounds that have been studied to date Is fairly well understood eg. 

CYPlAl (described in section 1.1.5). However, the response of CYP2B  genes 

following the administration of PB is not very well understood and many theories have 

been proposed (reviewed in Waxman and Azaroff, 1992). The mechanisms of induction 

could be a combination of the models proposed. Several approaches can be used to try 

to unravel the factors involved in both the expression and induction of CYP2B1 and 

CYP2B2 genes.

To date in our laboratory the 5' flanking sequence of the CYP2B2 gene has been 

characterised and regions have been identified which are involved in the constitutive 

transcription of this gene and its induction by PB (described in section 1.2.3). The 

overall aim of my project is to determine (i) why the expression of the CYP2B1 gene is 

more inducible by PB at the level of transcription than is CYP2B2 (ii) identify factors 

involved in the tissue specific expression of CYP2B2 (iii) do other inducers of CYP2B 

gene expression act in a manner similar to PB?

To pinpoint factors that are involved in the tissue-specific, constitutive expression and 

induction of CYP2B1 and CYP2B2 genes, by PB and picrotoxin, a detailed study of the 

promoter sequences of the CYP2B genes is required. To do this 5' flanking sequences of 

the CYP2B1 gene werecloned. Using nuclear extracts from the small intestines and 

livers of treated and untreated animals gel retardation analysis of the CYP2B1 and 

CYP2B2 promoter sequences were performed.
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Deionised double distilled water was used throughout. All glassware, plastic ware and 

solutions were autoclaved prior to use. Water used for the storage or experimental use of 

RNA samples was DEPC-treated (Biotex).

2.1 Plasmid DNA Isolation

Isolation of plasmid DNA was carried out according to the method of Bimboim and Doly 

(1979), modified by Ish-Horowicz and Burke (1981).

Solu tions:

STE
10 mM TriS’HCl [pH 8], 100 mM NaCl, 1 niM EDTA [pH 8].

Solution 1
50 mM glucose, 10 mM EDTA [pH 8], 25 mM Tris-HCl [pH 8J. The 
solution was stored at 4^C.

Solution 2
200 mM NaOH, 1% SDS. Made ju st before use using stock solutions ION 
NaOH and 10% SDS.

Solution 3
60 ml 5 M  potassium acetate, 11.5 ml glacial acetic acid and 28.5 ml 
water ( equivalent to 3M with respect to potassium and 5M with respect to 
acetate). The solution was stored at 4°C.

TE
10 mM Tris-HCl [pH 8], 1 mM EDTA [pH 8].

RNase A
RNase A [10 mg] (SIGMA) resuspended in 1 ml o f  water was boiled fo r  
10 minutes allowed to cool slowly and placed on ice fo r  10 minutes to 
cool prior to storage at -20^C.
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2.1,1 Larse scale plasmid isolation

LB broth [100 ml] (BIOlOl LB medium capsules) containing ampicillin (50 pg/ml) was 

inoculated with Escherishia coli containing the desired plasmid, and allowed to grow 

overnight at 37°C in an orbital shaker. The cells were harvested in 250 ml bottles at 

4,000 RPM for 10 minutes at 4°C (MSE18 centrifuge). Pellets were washed by 

resuspension in 5 ml of ice-cold STE and a further 10 ml of STE was then added. Cells 

were repelleted by centrifugation at 4,000 RPM (MSE18 centrifuge) for 10 minutes at 

4°C. Each pellet was resuspended in 4 ml of ice-cold solution 1 and left at room 

temperature for 5 minutes. The suspension was then transferred to a 50 ml centrifuge 

tube and 8 ml of solution 2 added. Samples were left on ice for 10 minutes. To this 

mixture 4 ml of solution 3 was added and incubation was continued on ice for 10 

minutes. This was then centrifuged at 10,000 RPM (MSE18 centrifuge) for 10 minutes at 

4°C.

The supernatants were transferred to Corex tubes and 0.6 volumes of isopropanol added. 

Samples were mixed well and left at room temperature for 15 minutes. The mixture was 

then centrifuged at 9,000 RPM (MSE18 centrifuge) for 30 minutes at room temperature. 

The pellet was rinsed with 70% ethanol, dried and resuspended in 1.25 ml of TE. The 

suspension was transferred to plastic tubes and 39 /<1 of 5 M NaCl and 25 pi\ of RNase 

A  were added and incubated at 37°C for 90 minutes.

Samples were extracted with 0.5 volumes buffered phenol (pH 8) by vortexing for 1 

minute. A further 0.5 volumes chloroformiisoamylalcohol (24:1) was added and the 

sample vortexed for 1 minute. This mixture was centrifuged at 1,700 RPM (MSE18 

centrifuge) for 10 minutes at room temperature. The aqueous layer was removed and 

reextracted with phenol and chloroform as before. The final aqueous layer was 

reextracted with 1 volume of chloroformiisoamylalcohol (24:1) and the aqueous layer 

was transferred to a corex tube. Plasmid DNA was precipitated by the addition of two 

volumes of ethanol and stored at -20°C for 60 minutes. The DNA was recovered by
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centrifugation at 9,000 RPM for 20 minutes (MSE18 centrifuge). The pellets were 

washed with 2 ml of 70% ethanol and centrifuged for a further 5 minutes at 10,000 

RPM. This washing step was repeated. Pellets were dried under vacuum, resuspended in 

100 pi\ TEy heated to 65°C for 3 minutes and then stored at -20°C.

2.1.2 Small scale plasmid préparation

LB broth [5 ml] (BIO 101 LB medium capsules) containing ampicillin (50 pg/ml) was 

inoculated with Escherishia coli containing the desired plasmid, and allowed to grow 

overnight at 37°C in an orbital shaker. The cells were harvested in 1.5 ml Eppendorf 

tubes in a bench microfuge and the supernatant removed. The pellets were resuspended in 

100 /<1 of ice-cold solution 1 and left at room temperature for 5 minutes. To the samples 

200 }A of freshly prepared solution 2 was added and left on ice for 5 minutes. To this 

mixture 150 ]a\ of ice-cold solution 3 was added and the tubes were vortexed in the 

inverted position for 10 seconds, then left on ice for 5 minutes. These suspensions were 

centrifuged for 5 minutes and the supernatant transferred to fresh Eppendorf tubes and 

RNase A was added. Samples were incubated at 37°C for 20 minutes.

Samples were extracted with 0.5 volumes of buffered phenol (pH 8) by vortexing for 10 

seconds. 0.5 volumes of chloroform/isoamyl alcohol (24:1) was added and vortexed for 

10 seconds. This mixture was centrifuged for 5 minutes and the aqueous layer was 

removed to a fresh tube and 2.5 volumes ethanol was added and the solution mixed. 

Samples were allowed to stand at room temperature for 2 minutes. The tubes were re

centrifuged as above, the supernatant removed and the tubes inverted on tissue paper to 

drain away the remaining fluid. Pellets were washed with 1 ml of 70% ethanol, 

recentrifuged and the supernatant discarded. The pellets dried in vacuo and resuspended 

in 10 pi\ TE. Any endogenous nucleases present were heat inactivated by placing DNA 

suspensions at 65°C for 5 minutes.
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2.1.3 Purification o f  plasmid DNA usine PEG

The standard small-scale preparation of plasmid DNA was followed as above. After the 

ethanol precipitation stage each pellet was resuspended in 16 /<1 of water. To this 4 ji\ of 

4 M NaCl and 20 j4\ PEG (13% (v/v), MW 8000) was added and the sample incubated 

on ice for 20 minutes. Samples were centrifuged for 10 minutes and the pellet washed 

twice very carefully with 80% ethanol. The pellets were finally dried under a vacuum and 

resuspended in 20 pi\ of water.

The volumes of solutions used at the PEG precipitation step can be increased for purer 

large scale plasmid isolation.

2.3 Isolation O f Genomic DNA

Isolation of genomic DNA was carried out as described in Sambrook et al. (1989).

Solutions:

Disestion solution 
0.5 M  EDTA [pH 8], 100 pllm l proteinase K, 0.5% sarkosyl.

TE
10 mM Tris-HCl [pH 8], 1 mM EDTA [pH 8J.

Frozen liver tissue (-^Ig) was ground with dry ice in a coffee grinder. To the ground 

tissue 5 ml of digestion solution was added and incubated at 50°C overnight. To the 

digestion mixture 1 volume of buffered phenol (pH 8) was added and the sample mixed 

very gently (side to side) by hand for 4 minutes. This mixture was placed on a 

rollershaker for 10 minutes. The phases were separated by standing at room temperature. 

The phenol layer was then removed and the aqueous layer was extracted as before. Twice 

with 0.5 volumes buffered phenol and 0.5 volumes chloroform: isoamyl alcohol (24:1). 

The aqueous layer was finally extracted two more times with an equal volume of
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chloroform: isoamyl alcohol (24:1). To the aqueous layer 2 volumes of absolute alcohol 

were added and the DNA was hooked out with a sterile glass hook. The DNA was 

resuspended in TE and allowed to dissolve at 4°C.

2.4 DNA Concentration

The concentration of dsDNA was determined from the absorbance value at 260 nm as 

follows:

OD at 260 nm X 50 = /<g/ml concentration

2.5 Asarose Gel Electrophoresis

Solutions:

TBE
90 mM Tris-borate, 2 mM EDTA [pH 8].

lOx loading buffer 
0,025 g bromophenol blue, 4 ml glycerol, 6 ml water.

The preparation of an agarose gel involved the dissolving of agarose at the right 

percentage (w/v) in TBE with heating. The mixture was allowed to cool to ~55°C and 

ethidium bromide (Sigma) was added (0.5 pg/m\). The solution was then poured into a 

gel casting apparatus containing a well forming comb for the appropriate volume and 

allowed to set for 1 hour. The gel was then placed in a gel tank containing TBE. The 

DNA samples were mixed with a 1 Ox loading buffer. Once loaded the gel was 

electrophoresed at the appropriate voltage. The DNA was viewed through an ultraviolet 

transilluminator and photographed using a Polaroid Land camera (MP4+ using type 55 

film).
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2,6 Restriction Enzyme Disestion O f DNA

For digestion of DNA with restriction endonucleases two procedures were employed, 

one involving the use of a stock mix (table 1) and the other involving the use of a 2x 

buffer mix (table 2).

Table 1 Stock Mix

Volume (ill) Reagent
100 Bovine Serum Albumin (1 mg/ml)
100 Dithiothreitol(10 mM)
100 RNaseA ( 100 jig/m\)
100 lOx digestion buffer (table 3)
100 Spermidine (40 mM)
350 Water

To 17 //I of stock mix 2 ji\ of DNA and 1 jil of restriction enzyme were added. This

digestion mixture was allowed to incubate at 37°C for a minimum of 1 hour.

Table 2 2x Stock mix

Volume (jil) Reagent
20 Bovine Serum Albumin (1 mg/ml)
20 Dithiothreitol ( 10 mM)
20 RNaseA ( 100 ptg/ml)
20 lOx digestion buffer (table 3)
20 Spermidine (40 mM)

The reaction mixture for the 2x stock mix contained half the volume stock mix and half 

the volume was made up of DNA and enzyme accordingly. The sample was allowed to 

incubate for a minimum of 1 hour at 37°C.
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Table 3 lOx digestion buffers

B uffer N aC l Tris-HCl [pH  
7 .5 ]

M gCl2

Low 0 . 100 mM 100 mM
Medium 500 mM 100 mM 100 mM
High IM 500 mM 100 mM

2.7 Isolation Of DNA Frasments From Asarose Gels

Solutions:

TE
10 mM Tris-HCl [pH 8], I mM EDTA [pH 8].

Following the digestion of DNA with restriction enzymes and subsequent analysis using 

an agarose gel a liberated fragment of DNA can be isolated by simply cutting out the 

region of gel containing the DNA and subsequently eluting the DNA. The piece of 

agarose gel was treated in two ways.

A) A 0.5 ml microfuge tube was pierced at the bottom with a hot needle and siliconised 

glass wool placed covering the hole. The piece of agarose was placed into the tube 

containing the glass wool and snap frozen in liquid nitrogen. The tube was placed in a 

larger 1.5 ml microfuge tube and then centrifuged at 14,000 RPM for 15 minutes 

(Eppendorf centrifuge). The freezing and centrifugation was repeated twice. The samples 

were extracted with phenol/chloroform (1:1) and precipitated with an equal volume of 4 

M ammonium acetate and 4 volumes of 100% ethanol and placed at -20°C overnight. The 

DNA was microfuged at 14,000 RPM for 15 minutes (Eppendorf centrifuge) and the 

pellet was washed carefully with 80% ethanol. The DNA pellet was vacuum dried, 

resuspended to the appropriate concentration using TE and incubated at 65°C for 5 

minutes. Recovery of the isolated fragment of DNA was checked on an agarose gel.

64



B) The piece of agarose gel containing the DNA fragment was then placed in a Spinnex- 

100 tube (Costar). The tube was microfuged for 10 minutes. The liquid obtained was 

phenol/chloroform (1:1) extracted and DNA precipitated as in A).

2.8 Lisation Of DNA 

Solutions:

lOx lieation buffer

0.5 M  Tris-HCl [pH 7.6], 100 mM MgCl2, 100 mM dithiothreitol, 500 
pglm l Bovine serum albumin.

An important consideration for the DNA ligation is the ratio of insert to vector. A 3 to 1 

ratio has been found to be optimal for ligation. Insert DNA and vector DNA, with lOx 

ligation buffer, ATP (1 mM) and T4 DNA ligase (1 unit) were mixed at the 

appropriate molar concentrations and correct volume was achieved using water. This 

ligation mixture was allowed to stand at room temperature for a minimum of 2 hours.

2.9 Bacterial Transformation

Bacterial transformation was carried out as described in Sambrook et at. (1989).

Solu tions:

FSB
10 mM potassium acetate [pH 7.5], 45 mM MnCl2.4 H2O, 10 mM  CaC/j. 2 
H 2O, 100 mM KCl, 3 mM \Hexaminecobalt chloride, 10% glycerol.

SO C
SOB, 20 mM glucose.
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Escherishia coli (strain JM109) were grown overnight at 37°C with vigorous shaking in 

100 ml of SOB medium (BIOlOl SOB capsules) containing 20 mM MgClz. The bacterial 

cells were not allowed to exceed 10* cells/ml of medium, this was monitored by 

measuring the optical density at 540 nm. Cells were transferred to ice-cold 50 ml tubes 

(Falcon 2070) and placed on ice for 10 minutes. Cells were harvested at 4,000 RPM for 

10 minutes at 4°C (MSE 18 centrifuge). Bacterial pellets were resuspended by vortexing 

in 20 ml of ice-cold FSB per tube. The cells were recovered by centrifugation at 4,000 

RPM for 10 minutes at 4°C. The pellets were resuspended by vortexing in 4 ml of ice- 

cold F S5 per tube. DMSO (140 pi\) was added and cells placed on ice for 15 minutes. A 

further 140 jA of DMSO was added to each suspension. The cell suspensions were 

quickly aliquoted into microfuge tubes and snap frozen in liquid nitrogen. The competent 

cells were stored at -70°C until required.

Competent cells were allowed to thaw on an ice-bath for 10 minutes and then were 

transferred to a chilled tube (Falcon 2059) using a chilled pipette tip. The DNA was 

added (-1 ng) to the cells and the sample stored on ice for 30 minutes. To transform the 

bacteria were placed in a water bath at 429C for exactly 90 seconds and then on ice for 1- 

2 minutes. To the transformed cells 800 jA of SOC medium was added and the tubes 

were transferred to a shaking water bath at 37°C for 45 minutes. Aliquots (200 }A) of the 

transformed cells were transferred to 90 mm SOB agar plates containing ampicillin (50 

//g/ml). Using a sterile bent glass rod, the transformed cells were spread over the agar 

plate. The plates were allowed to dry and then placed inverted at 37°C and allowed to 

dry for 16 hours.
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2,10 Double Stranded DNA Seauencins

Double stranded sequence analysis was carried out according to manufacturers 

instructions (Pharmacia).

2.10.1 Dénaturation o f  DNA

DNA isolated by the Small-scale plasmid preparation using PEG (as described above) 

was used for double-stranded sequencing. DNA (1.5-2 /<g) 10 pi\ was denatured by 

adding 2 /<1 of 2 M NaOH. DNA was incubated at room temperature for 5 minutes. To 

neutralise the alkali, 10 /̂ 1 of 4 M ammonium acetate was added. The DNA was 

precipitated by the addition of 118 pi\ of absolute alcohol (previously cooled to -20°C). 

Samples were placed on dry ice for 10 minutes and centrifuged for 10 minutes 

(Eppendorf centrifuge) at room temperature. The DNA pellet was washed carefully with 

75% ethanol and left to air dry. The pellet was dissolved in 10 jA of water.

2.10.2 Annealine o f  primers

To anneal the sequencing primer to the denatured template DNA 2 /<1 of annealing buffer
¥(Pharmacia sequencing kit) and 2 }4\ of primer solution (5 ng) were added to 10 ]a\ of 

template DNA and the mixture incubated at 37°C for 20 minutes. After incubation, the 

annealed solution was allowed to stand at room temperature for a minimum of 10 minutes 

before continuing with the sequencing reactions.

2.10.3 Seauencin2 reactions

Four Eppendorf microfuge tubes were labelled T, C, G, and A and to these tubes 2.5 pi\ 

of the appropriate mixes of dideoxynucleotides (Pharmacia sequencing kit) were added. 

These tubes were left at room temperature. In a separate tube 3 /<1 of labelling mix

5 ng of pnmers
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(Pharmacia sequencing kit), 1 pi\ of [a-^^SJdATP (1000 Ci/mmole, NEN-Dupont) and 2 

jA of diluted T7 DNA polymerase (Pharmacia sequencing kit), diluted to 1.5 units///l 

with Enzyme dilution buffer (Pharmacia sequencing kit), were added to the annealed 

reaction. The mixture was allowed to stand at room temperature for 5 minutes. While the 

labelling reaction was in progress the four previously prepared tubes with the 

dideoxynucleotide mixes were placed at 37°C. The labelling reaction was then aliquoted 

(4.5 }4\) to each of the 4 tubes. They were in turn allowed to stand at 37°C for 5 minutes. 

To terminate the reaction 5 pi\ of stop solution (Pharmacia sequencing kit) was added to 

each of the tubes. Samples (3 pil) were boiled for 3 minutes prior to electrophoresis.

2.10.4 Preparation o f  volvacrvlamide eel using Seauacel

For the preparation of polyacrylamide sequencing gels Sequagel (National Diagnostics) 

was used. To prepare an 8% polyacrylamide gel, 32 ml of Sequagel concentrate, 58 ml of 

Sequagel diluent and 10 ml Sequagel buffer were mixed together. To polymerise the 

acrylamide 0.8 ml ammonium persulphate (10%, w/v) and 40 /<1 of TEMED were added 

and the mixture immediately poured into the gel apparatus. The gel was left to polymerise 

for at least 1 hour before use.

2,11 Purification O f Olisonucleotides

Purification of oligonucleotides was carried out according to the manufacturers 

instructions (NENSORB PREP).

Solu tions:

TEAA
I M  TEAA (500 ml) was prepared by adding 69.7 ml o f  1 M  triethylamine 
and 29.1 ml glacial acetic acid to 100 ml water. The solution was mixed 
and adjusted to 400 ml with water. The pH  o f  the solution was adjusted 
to pH  8 with glacial acetic acid and to the fin a l volume o f  500 ml with 
w ater.
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TFA
0.5% Trifluroacetic acid.

When oligonucleotides are synthesised they have a trityl group attached to the 5' end. To 

remove the trityl groups from the oligonucleotides NENSORB PREP cartridges were 

used. The column was first washed through with methanol (2x5 ml) and then with O.IM 

TEAA (2x2.5 ml). The oligonucleotide (in an aqueous ammonium solution) was loaded 

on to the column. The column was then washed with O.IM TEAA (4x1 ml). The 

cartridge was further washed with acetonitrile/TEAA (1:9 [pH 7] 2x5 ml). The removal 

of the trityl group from the oligonucleotide was initiated by the addition of TFA (4x5 

ml), and to wash out the acid 0. IM TEAA (2x5 ml) was added. The elution of the trityl 

free oligonucleotide was carried out by adding 35% methanol (2x5 ml). Samples (1 ml) 

were collected and the optical density at 260 nm was determined. The oligonucleotide 

sample was dried in a vacuum and resuspended in sterile distilled water and stored at 

-20PC.

2.12 Polymerase Chain Reaction 

Solu tions:

lOx reaction buffer 1 
670 mM Tris-HCl [pH 8.8], 166 mM (N ff 15 mM M gCl2, 0.1%
Tween-20, 10% DMSO.

lOx reaction buffer 2 
200 mM Tris-HCl [pH 8.2], 100 mM KCl, 60 mM 20 mM

Triton X-100, 100 pglm l nuclease-free bovine serum albumin.
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2.12.1 B io ta a  PCR

A reaction mixture (total volume = 50 f4Ï) was prepared with the following components: 

lOx reaction buffer i ,  dNTPs to a final concentration of 200 /<M, 5 pig rat genomic 

DNA, 25 pmoles of each primer and reaction volume made up to the final volume with 

water. An overlay of liquid parafilm was added to the top of the reaction mixture before 

cycling began.

The tube containing the reaction mixture without the enzyme was heated for 5 minutes at 

95°C. The reaction mixture was centrifuged and 2.5 units of Biotaq (bioline, UK) were 

added. The amplification cycles were:

35 cycles of:

Dénaturation 90°C 1 minute
Annealing Primer dependent 1 minute
Elongation 72°C 1 minute
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2.12.2 P fu  PCR

A reaction mixture (total volume -  100 //I) was prepared with the following components: 

lOx reaction buffer 2, dNTPs to a final concentration of 200 //M, 5 rat genomic 

DNA, 25 pmoles of each primer and reaction volume made up to the final volume with 

water. An overlay liquid parafilm was added to the top of the reaction mixture before 

cycling began.

The tube containing the reaction mixture without the enzyme was heated for 5 minutes at 

95°C. The reaction mixture was centrifuged and 2.5 units of Pfu (Stratagene) were 

added. The amplification cycles were:

2 cycles of:

Dénaturation
Annealing
Elongation

95°C
Primer dependent 
75°C

5 minutes 
5 minutes 
5 minutes

28 cycles of:

Dénaturation
Annealing

Elongation

90°C
Primer dependent 

75°C

1 minute 
1 minute and 
30 seconds 
3 minutes

2.12.3 Calculation o f  primer annealine temperature for polymerase chain 

reaction

For the calculation of the annealing temperature the equation shown below was used.

69.3 + [0.41 X (G+C)%] - 650
length  o f  

o l i g o n u c l e o t i d e
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The annealing temperature was calculated for both primers and the average of both 

temperatures was calculated and 12°C subtracted to give the final annealing temperature.

2,13 Southern Transfer O f DNA

Southern transfer of DNA was carried out by a slight modification of method described in 

Sambrook et al. (1989).

Solu tions:

20x SSC
175.3 g NaCl, 88.2 g sodium citrate in 1 litre o f  water.

5x T7 DNA polymerase buffer 
200 mM Tris~HCl [pH 7.5], 50 mM MgCls, 25 mM DTT, 250 pglm l BSA 
(nuclease free, Pharmacia).

2.13.1 Preparation o f  radiolabelled molecular weieht standards

The 1 kb molecular DNA ladder (Gibco-BRL) was radiolabelled using the enzyme T7 

DNA polymerase (Stratagene). DNA (0.2-1.2 /<g) was made up to a volume of 5 jA with 

water. To this 6 pi\ of 5x T7 DNA polymerase buffer, 4 /d of 2 mM dGTP, 4 pX of 

2 mM dTTP, 4 //I of 2 mM dCTP, 4 p\ of water, 3 p\ [â Ŝ] dATP (800 Ci/mmol, 30 

pCi, NEN-Dupont) and 10 units of T7 DNA polymerase were added. The reaction 

mixture was incubated at 37°C for 10 minutes and then 4 /<1 of 2 mM dATP was added 

and the reaction incubated at 37°C for a further 10 minutes. The sample was stored at 

-20°C.
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2.13,2 Preparation o f  Southern blot

DNA samples were electrophoresed through an agarose gel and viewed under ultraviolet 

light. DNA was transferred to a nylon filter by Southern blotting. The agarose gel was 

soaked at room temperature in 0.5 M NaOH/1.5 M NaCl (2 ml/ml of gel) twice for 15 

minutes with gentle shaking and twice in 0.5 M Tris-HCl (pH 7.5)/1.5 M NaCl for 

15 minutes with gentle shaking. The DNA was transferred to a nylon membrane 

(Hybond-N+, Amersham) by capillary rise. A piece of 3MM paper was soaked in 20x 

SSC  and placed over a glass plate and the ends dipped into a reservoir of 20x SSC. 

The pre-treated gel was inverted and placed onto the 3MM paper. On top of the gel a 

piece of nylon membrane was placed. Two sheets of 3MM paper were soaked in 2x 

SSC and placed over the membrane. Finally six pieces of Quickdraw™ (Sigma) paper 

were placed over the 3MM paper with a weight on top. This was left overnight at room 

temperature. The agarose gel was viewed under ultraviolet light to check that the DNA 

had transferred to the filter.

The nylon membrane was placed on two pieces of 3MM paper pre-soaked with 0.4 M 

NaOH for 20 minutes to fix the DNA to the membrane. The membranes were then placed 

on a fresh piece of 3MM paper and allowed to dry at room temperature.

2.14 h ëZPI End-labelling of oligonucleotide probes 

Solu tions:

lOx kinase buffer
0.5 M  Tris-HCl [pH 7.6], 0.1 M MgClj, 50 mM {dithiothreitol, 1 mM  
spermidine, 1 mM EDTA [pH 8].

low salt buffer 
0.1 M  NaCl, 10 mM Tris-HCl [pH 8], 1 mM EDTA [pH 8].
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hi2h salt buffer 
1 M  NaCl, 10 mM Tris-HCl [pH 8], 1 mM EDTA [pH 8].

TE
10 mM Tris-HCl [pH 8], 1 mM EDTA [pH 8].

2.14.1 End-labelline Reaction

The reaction contained 10 ng of oligonucleotide, lOx kinase buffer, sterile distilled 

water, [ŷ P̂] ATP (3000 Ci/mmole, NEN-Dupont), and 10 units of T4 polynucleotide 

kinase (10 units). The reaction mixture was incubated at 37°C for 60 minutes.

2.14.2 Whatmann DE52 Purification O f End-labelled Oligonucleotides

A Whatman DE52 cellulose column was used to separate incorporated radioactivity from 

unincorporated [ŷ P̂] ATP. The column was prepared in a PIOOO Gilson pipette tip, 

previously plugged with siliconised glass wool. The column was packed using DE52 in 

low salt buffer. The column was equilibrated with low salt buffer (2x1 ml) prior to 

the loading of the end labelling reaction mixture. The column was washed with low salt 

buffer (6x1 ml) to remove the unincorporated [y^2] aTP. T o elute the radiolabelled 

oligonucleotide high salt buffer was added (1x200 p\ followed by 15x100 pX). The 

eluted radiolabelled oligonucleotide was collected in Eppendorf tubes and the 

oligonucleotide was located using Cherenkov counting and the channel of a Phillips 

4700 liquid scintillation counter.

2.14.3 Chroma Svin + TE Purification Columns

This procedure was used as an alternative to that described above for the removal of 

unincorporated radioactivity. The column specifically used was the Chroma Spin + TE- 

30 (Clontech Lab. Inc.). The column was already suspended in TE. Prior to sample 

addition the column was centrifuged at 3,000 rpm (MSE Centaur [swing out rotor]). The
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end labelling reaction volume was increased to 30 /d, to optimise the volume for the 

column, and was then added to the centre of the column. The radiolabelled  

oligonucleotide was then eluted by centrifugation at 3,000 rpm (MSB Centaur).

2.14,4 Incorporation o f  radioactivity into olisonucleotide

To calculate the total and incorporated radioactivity two discs (2x4 cm) of Whatman 

DE81 paper were each spotted with \pi\ of the reaction mixture. The disc used for total 

counts was put aside and allowed to dry. The other disc was washed with 0.5 M 

Na2 HP0 4  (6x5 minutes) followed by a 1 minute wash in water and finally 1 minute in 

absolute alcohol. The washed filter was dried under a heat lamp.

After elution of incorporated radioactivity 5 ]â\ of the eluted radiolabelled oligonucleotide 

was spotted on another disc of Whatman DE81 paper and dried under a heat lamp.

All the discs were placed in ecosint A (National Diagnostics) scintillation fluid and the 

radioactivity counted using a scintillation counter (Phillips model 4700). The percentage 

incorporation of radioactivity and total radioactivity in the reaction mixture were 

calculated.

2.15 Hybridisation Procedure Usins hUPJ Labelled 

Olieonucleotide Probes

Solutions:

20x SSC
3 M  NaCl, 0.3 M  sodium citrate adjusted to pH  7 and autoclaved.

5Ox Denhardts 
1% [Ficoll (type 400), 1% polyvinylpyrrolidine, 1% BSA.
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Denatured salmon sperm DNA 
Salmon sperm DNA (Sigma) was dissolved in water to a concentration o f  
10 mg!ml. This solution was then adjusted to 0.1 M  NaCl, and the 
solution extracted once with phenol and phenol:chloroform [pH 8J. The 
aqueous phase was recovered and the DNA sheared by passing it through 
a 17 gauge needle 12 times. DNA was precipitated using 2 volumes o f  
ice-cold ethanol and recovered by centrifugation. DNA was redissolved to 
a concentration o f  10 mg!ml. The solution was boiled fo r  10 minutes and 
stored at -20°C. Just prior to use the DNA was re-boiled fo r  5 minutes 
and chilled quickly on ice.

Pre-hvbridisation and hybridisation buffer 
6x SSC, lOx Denhardts solution, 0.1% SDS, SO pglm l denatured salmon 
sperm DNA.

The melting temperature of the oligonucleotides were calculated using the equation for 

hybridisation with 6x SSC:

Tj(melt.temp.)= 4°C(GxC) + 2°C(AxT) [for oligonucleotides <24 bases].

The DNA fixed filters were initially incubated in a pre-hybridisation buffer 100 

pMcm  ̂filter for at least 2 hours at 5°C below T̂  of the oligonucleotide.

The hybridisation buffer was the same as the pre-hybridisation buffer except that it 

contained the [y^^Pj-labelled oligonucleotide at a concentration of 10 ng/ml hybridisation 

buffer. The filters (100 p\ hybridisation solution/cm^ filter) were hybridised for 4 hours 

at 5°C below Tj.

Filters were washed three times in 6x SSC, 0.1% SDS, 0.05% sodium pyrophosphate 

for 5 minutes at room temperature and once for 2 minutes at the Tj of the oligonucleotide. 

The filters were covered in Saran wrap and autoradiographed overnight at -70°C.
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2.16 Animal Treatment

The animals used in this study were male Sprague Dawley rats (180-200 g).

I (The animals were supplied by UCL biological services)

2.16.1 Phénobarbital

The treatment of rats with phénobarbital was carried out as described in Phillips et al. 

(1983a). The animals were administered phénobarbital in their drinking water (1 g of 

phénobarbital/11 of water) for 4 days, on the final day 16-18 hours prior to sacrifice the 

animals were given a single intraperitoneal injection of phénobarbital (40 mg/kg).

2.16.2 Picrotoxin

The treatment of rats with picrotoxin was carried out as described in Yamada et al. 

(1993). The animals were treated for three days with picrotoxin in their drinking water (2 

g of picrotoxin/11 of water).

All animals were starved overnight before use.

2.17 Tissue Preparation

Removal of the small intestinal mucosal layer was carried out by a slight variation of the 

procedure in Stohs et al. (1976).

Solu tions:

Saline  
0.85% (wiv) NaCl

Isotonic KCl 
0.85% (w/v) KCl, Tris-HCl [pH 7.8]
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The animals were dissected and the livers were removed from treated and untreated, 

animals and weighed. If not used immediately the livers were frozen on dry ice and 

stored at -70°C. The small intestine was removed from the rat in its entirety, from the end 

of the duodenum (distal) to the ileo-caecal valve, and divided into sections depending on 

the experiment it was to be used for.

2.17.1 Preparation o f  mucosal layer for RNA isolation

The sections not immediately used were stored in saline on ice before use (storage not 

more than 30 minutes). The first section was cut by running the sharp side of a pair of 

scissors through the lumen of the intestine, which opens the intestine revealing the 

mucosal layer. The mucosal layer was washed carefully with ice-cold saline using a 

plastic Pasteur pipette to remove most of the liquid and solid waste. The mucosal layer 

was scraped off using a microscope slide with forceps to steady and hold the muscularis. 

After scraping, the mucosal layer collected on the underside of the slide was placed 

immediately in a 1.5 ml cryotube and weighed. If not used immediately the mucosal layer 

was frozen on dry ice and stored at -7CPC.

2.17.2 Preparation o f  mucosal layer for microsomal membrane isolation

If the mucosa from the intestine were to be used for the isolation of microsomal 

membranes then the solution used for intestinal section storage and washing was 

isotonic KCl, instead of saline.

78



2.18 RNA Isolation

2.18.1 RNAzoU M. B Isolation O f RNA (BIOTEX)

The tissue samples were homogenised, using a polytron (a few strokes at setting 5), 

suspended in RNAzoF^ B (2 ml/100 mg tissue). Chloroform (0.2 ml/2 ml homogenate) 

was added to the homogenate, vortexed for 15 seconds, and placed on ice for 5 minutes. 

The suspension was centrifuged at 14,000 RPM in an Eppendorf centrifuge for 15 

minutes at 4°C. The aqueous phase was removed, to precipitate the RNA an equal 

volume of isopropanol was added. After mixing well the samples were placed at 4°C for 

15 minutes. The RNA was pelleted at 14,000 RPM in an Eppendorf centrifuge for 15 

minutes at 4°C. The RNA pellet was washed by vortexing in 75% ethanol followed by 

centrifugation at 8,000 RPM in an Eppendorf centrifuge for 8 minutes at 4°C. The RNA 

pellet was dried under vacuum and resuspended in an appropriate volume of water to give 

a final concentration of approximately 5 mg/ml. The final concentration of RNA was 

calculated using absorbance readings at 260 nm.

2.18.2 ULTRASPECULRNA Isolation System (BIOTEX)

The tissue samples were homogenised, using a polytron (a few strokes at setting 5), 

suspended in ULTRASPEC^^ (1 ml/100 mg tissue) and placed at 4°C for 5 minutes. 

Chloroform (0.2 ml/2 ml homogenate) was added to the homogenate, vortexed for 15 

seconds, and placed on ice for 5 minutes. The suspension was centrifuged at 14,000 

RPM in an Eppendorf centrifuge for 15 minutes at 4°C. The aqueous phase was 

removed. To precipitate the RNA an equal volume of isopropanol was added, mixed 

well, and the sample placed at 4°C for 10 minutes. RNA was pelleted at 14,000 RPM in 

an Eppendorf centrifuge for 15 minutes at 4°C. Pellets were washed by vortexing with 

75% ethanol (1 ml of 75% ethanol/1 ml of initial solution used) followed by 

centrifugation at 8,000 RPM in an Eppendorf centrifuge for 5 minutes at 4°C. RNA 

pellets were dried under vacuum and resuspended in an appropriate volume of water to
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give a final concentration of approximately 5 mg/ml. The final concentration of RNA was 

calculated using absorbance readings at 260 nm.

2.18.3 RNA Concentration

The concentration of RNA was determined from the absorbance value at 260 nm as 

follows:

OD at 260 nm x 40 = /<g/ml concentration

2,19 Northern Transfer O f RNA

Northern blot hybridisation was carried out according to the method of Foumey et al. 

(1988).

Solu tions:

20x SSC
3 M  NaCl, 0.3 M  sodium citrate adjusted to pH  7 and autoclaved.

Denatured salmon sperm DNA 
Described previously (section 2.15).

Deionised formamide 
Formamide (BDH) was deionised by adding analytical grade m ixed bed 
resin (AG-501-XS (D) 20-50 mesh) and stirring until the blue beads did 
not turn gold (about 30 minutes). To remove the beads the solution was 
filtered  once through a sintered glass filter  and then through a 0.45 pm  
filter  (Millipore, UK), aliquoted and stored a t -20^C.

lOx MOPSIEDTA
0.2 M  MOPS, 50 mM sodium acetate, 10 mM EDTA [pH SJ. The mixture 
was adjusted to pH  7, autoclaved and stored at room temperature in the 
dark.
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RNA loadins buffer 
750 jil  deionised form am ide, 150 /#/ lO x M OPSIEDTA, 240 jil 
form aldeh yde, 100 jil water, 100 fit glycerol, 80 jil  10% (w/v) 
bromophenol blue. The solution was filtered  through a 0.2 jim  filter  
(Millipore, UK), aliquoted and stored at -20^C.

The samples were prepared by adding 25 p\ of RNA loading buffer to 15 pg  of RNA 

(made up to 5 p\ with water). For better visualisation of the samples ethidium bromide 

was added to the loading buffer ( 1 pgl25 p\ loading buffer). The samples were denatured 

at 65pC for 15 minutes and chilled on ice for 5 minutes prior to loading on the gel for 

electrophoresis.

Agarose 1.3 g (Sigma) was dissolved in 10 ml lOx MOPSIEDTA and 87 ml water by 

heating in a microwave oven. The solution was allowed to cool to 50°C. In the fume 

hood 5.1 ml formaldehyde was added to this solution and the gel poured. The gel was 

allowed to set for 1 hour. The gel was placed in a gel box (previously rinsed with 

absolute alcohol) and the wells were flushed with electrophoresis buffer (Ix  

MOPS/EDTA). The samples were loaded and electrophoresed at 50-60V for 3-4 hours. 

The integrity of the IBS and 28S RNA was checked by placing the gel on an ultraviolet 

transilluminator, gels were photographed with a Polaroid Land camera (MP4+) and 

exposing the film (Polaroid type 55) for 1-2 minutes using a red filter. The gel was 

placed with the wells facing down onto 2 layers of Whatman 3MM paper that had been 

previously soaked with 20x SSC. The hybridisation membrane (Biodyne nylon PALL 

membrane) was cut to the gel size, placed on the gel and any air bubbles present were 

removed by running a glass pipette over the filter. Two sheets of 3MM paper were 

soaked in 2x SSC and placed over the membrane. Finally six pieces of Q u ick d raw ^ M  

(Sigma) paper were placed over the 3MM paper with a weight on top. This was left 

overnight at room temperature. The remaining agarose gel was viewed under ultraviolet 

light to see if the RNA had transferred to the filter. The transferred RNA was fixed to the 

membrane by baking at 80°C for 2 hours or by ultraviolet crosslinking the RNA to the 

membrane using a Stratalinkei™ (Stratagene).
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2,20 Random Prim er M ethod

Solu tions:

STE
10 mM TriS’HCl [pH 8], 100 mM NaCl, 1 mM EDTA [pH 8].

Solution O 
1.25 M  Tris-HCl [pH 8], 0.125 M  MgCl^.

Solution A
1 ml Solution O, 18 p i p-mercaptoethanol, 5 p i  dATP, 5 p i  dTTP, 5 p i  
dGTP (each triphosphate previously dissolved in 3 mM Tris-HCl [pH 7], 
0.2 mM EDTA [pH 8] at a concentration o f  0.1 mM).

Solution B
2 M  HEPES [pH 6]

Solution C
Hexadeoxyribonucleotides evenly suspended in 3 mM Tris-HCl, 0.2 mM  
EDTA [pH 8] at 90 OD (260 nm) unitslml.

OLE (olieolabelline buffer)
Solutions A:B:C were mixed in a ratio o f  100:250:150 and stored a t 
-20OC.

2.20.1 cDNA Labelling Reaction

The cDNA (1 pg) sequence for use as probe was made up to 10 p\ with water. The tube 

was boiled for 3-5 minutes to denature the DNA and immediately chilled on ice for 

approximately 1-2 minutes. The labelling reaction was carried out by adding 10 p\ OLE, 

2 p\ BSA (10 mg/ml), water (to a final volume of 50 p\), 3 p\ [a^^PJ-dCTP (3000 

Ci/mmol, supplied by NEN-Dupont), 5 units of Klenow fragment of E.Coli DNA

82



polymerase I to the denatured DNA. The reaction was left at room temperature for 3-16 

hours.

2.20.2 Calculation O f Relative Incorporation O f

Previously described (section 2.14.4).

2.20.3 N ucT rapL K  Purification O f Labelled cDNA Probes

Unincorporated deoxyribonucleotides were removed from the labelled DNA using 

NucTrap™ probe purification columns (Stratagene). Components were pushed through 

the column slowly (allowing 25-30 seconds to complete each push). To hydrate the 

column 70 }4\ of STE were pushed through. The radiolabelled probe diluted with 20 pi\ 

of STE were pushed through the column. The column was finally flushed through with 

70 pi\ of STE. The concentration of DNA probe in the eluate was determined by liquid 

scintillation spectrophotometry. The total amount of probe eluated was usually 70-90% of 

the starting material.

2.21 Hybridisation Procedure For f a ^ ï  Labelled cDNA 

Probes

Solutions:

20x SSPE
3.6 M  NaCl, 0.2 M  NaHzPO4.2 H 2O, 0.02 M  EDTA adjusted to pH  7.4 
and the solution autoclaved.

50x Denhardts 
1% Ficoll (type 400), 1% polyvinylpyrrolidine, 1% BSA.

Denatured salmon sperm DNA 
Described previously (section 2.15).
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Deionised formamide 
Described previously (section 2.19).

Prehvbridisation solution 
50% (v/v) deionised formamide, 5x SSPE, 5x Denhardts, 0.1% SDS, 200 
pglm l denatured salmon sperm DNA.

Hybridisation solution 
50% (v/v) deionised formamide, 5x SSPE, 2x Denhardts, 0.1% SDS, 0.9 
g (wiv) dextran sulphate, 100 pglm l denatured salmon sperm DNA.

Northern blots (2.19) were incubated with prehybridisation solution (100 /<l/cm  ̂of 

membrane) at 42°C for 3-4 hours. The prehybridisation solution was drained and 

replaced with hybridisation solution (50 pllcm^ of membrane) at 42°C for 1 hour. 

An aliquot of the labelled cDNA probe (10 ng/ml hybridisation solution) was 

denatured by boiling for 3-5 minutes and incubated with the membrane for 16 hours at 

42°C. Following hybridisation the membrane was washed to remove excess and non- 

specifically bound probe. The washes were as follows:

Number o f  Time (minutes) Solution Temperature
w ashes
2 15 2x SSPE, 0.1% SLS Room temperature
2 15 2x SSPE, 0.1% SLS 500C
2 15 O.lx SSPE, 0.1% SLS 50°C

The blot was covered in Saran wrap and autoradiographed at -TCPC.

2.22 RNase Protection Assay

The RNase protection assay was carried out essentially as described in Myers et al. 

(1985).
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Solutions:

40% Acrvlamide
29 g  acrylamide, 1 g BIS, mode to a fin a l volume o f  100 ml with water, 
Amberlite beads (5 g) were stirred in the solution fo r  30 minutes which 
was then filtered through a 0,45 jim filter  (Millipore, UK), The so lu tio n  
was stored, in the dark, at 4°C,

lOx TEE
108 g  Tris base, 55 g boric acid, 40 ml 0,5 M  EDTA [pH 8] made to a 
fin a l volume o f  1 liter with water. It was autoclaved and stored a t room 
tem perature.

8 M  ureal6% polyacrylamide gel 
21 g urea, 7,5 ml 40% acrylamide solution, 5 ml lOx TEE, 20 ml water, 
300 p i  10% (w/v) ammonium persulphate, 50 p i  TEMED,

Probe elution buffer 
0,5 M  ammonium acetate, 10 mM EDTA [pH 8], 1% (wiv) SDS, 4 p i  
RNase Elock7^ (Stratagene) I ml o f buffer,

RNA Hybridisation buffer 
40 mM PIPES [pH 6,4], 0,4 M NaCl, 1 mM EDTA [pH 8], 80% d e io n ised  
formamide. Filtered through a 0,2 pm  filter  (Millipore, UK), a liquoted  
and stored at -20^C,

RNase digestion solution 
40 pglm l RNase A (Eoehringer, from  bovine pancreas), 10 mM Tris-HCl 
[pH 7,5], 1 mM EDTA [pH 8], 0,2 M  NaCl, 100 mM LiCl, The solution 
was stored at 4^C fo r  1 -4 days and an aliquot denatured, by boiling fo r  5
minutes, and chilled on ice ju st before use,

RNA loadine buffer 
10 mM EDTA [pH 8], 97% deionised form am ide, 0,1% brom ophenol
blue. The solution was filtered through a 0,2 pm  filte r  (M illipore, ÜK),
and stored in aliquots at -20^C,

Gel fixing solution 
7% acetic acid, 10% methanol.
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2.22.1 Linearisation o f  plasmid

Plasmid DNA (10 }4g), isolated using the PEG purification method (2.1.3), was 

linearised by digestion with 50 units of the appropriate restriction enzyme in a total 

volume of 100 /<1 with water. The digest was checked on an agarose gel. The linearised 

construct was treated with 20 /<g of proteinase K (Boehringer)/10 }A of 10% SDS for 30 

minutes at 37°C followed by two phenol/chloroform (1:1, v/v) extractions. DNA was 

precipitated by adding 11.2/<1 of 3 M sodium acetate and 224 /<1 absolute alcohol. The 

mixture was left on dry ice for 30 minutes or at -20°C for at least 16 hours. DNA was 

recovered by centrifugation at 14,000 RPM in a microfuge for 10 minutes. The DNA 

pellet was washed twice with 80% ethanol and resuspended in water to a final 

concentration of 0.1 and stored at -20°C.

2.22.2 Transcription o f  antisense RNA vrobe

The 3zp labelled anti sense RNA probe was transcribed from the linearised construct using 

an 'in vitro transcription kit' (Stratagene).

Linearised DNA template (1 pig) was made up to a volume of 10 pi\. To this 5 pi\ of 5x 

transcription buffer, 1 pi\ of 10 mM ATP, 1 pi\ of OTP, 1 pi\ of CTP, 1 /<1 of 1 mM UTP, 

1 pi\ of 0.75 M DTT, 25 units RNase Block II, 50 piCi [a-^^p] u j p  (goo Ci/mmol, 

NEN-Dupont), 10 units of RNA polymerase (T3,T7 or SP6 depending on the orientation 

of the cDNA clone in the plasmid) was added and made up to a volume of 25 pi\ with 

water. The reaction was performed at 37°C for 1 hour and the incorporated radioactivity 

was determined as described in section 2.14.4. The DNA present in this reaction mixture 

was digested with RNase-free DNase (Stratagene, 1 pi\) for 1 hour at 37°C. The 

anti sense RNA probe was precipitated by adding 65 pi\ water, 10 /<1 3 M sodium acetate, 

300 pt\ 100% ethanol and left at -80°C for 1 hour or overnight at -20°C. The RNA was 

recovered by centrifugation for 5 minutes in a microfuge. The RNA pellet was air dried 

and resuspended in 4 pi\ of RNA loading buffer.
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To produce sense RNA transcripts^ the synthesis was essentially the same as above 

except that 1 of 10 mM UTP was used instead of 1 /<1 of 1 mM UTP and 50 pCi of 

[a-3^S] UTP (1364 Ci/mmol, NEN-Dupont) was used instead of 50 pCi [a-^^P] UTP 

(800 Ci/mmol, NEN-Dupont) in the transcription reaction.

2,22.3 Purification o f  labelled RNA probe

The probe was denatured at 80°C for 2 minutes and electrophoresed through a 0.5 mm 

thick pre-run 8 M  urea!6% polyacrylamide gel (Mighty Small™, Hoeffer) at 6 W in 

TBE buffer until the bromophenol blue dye was 1 cm away from the bottom of the gel. 

The wet gel was exposed to an X-ray film (Fuji-RX) for approximately 3 minutes, the 

film was developed and superimposed onto the gel to indicate the exact position of the 

full length transcript which was cut out of the gel. This crucial step removes any short 

transcripts which would also hybridise to the total RNA thereby reducing the accuracy. 

The RNA was eluted from the gel piece by placing it in 1 ml of elution buffer, and 

shaking for 2 hours at 37°C. The remaining RNA in the polyacrylamide was recovered 

by microfuging the remaining pieces of polyacrylamide and elution buffer through a 

Spinnex-100 filter (Costar) for 10 minutes. The RNA was precipitated by adding 30 pg  

of tRNA (Boehringer) as a carrier to the elution buffer, aliquoting the buffer into three 

Eppendorf tubes, adding 990 p\ of 100% ethanol to each tube and leaving the tubes for 1 

hour at -80°C or at -2CPC overnight. The RNA was centrifuged for 5 minutes and 

resuspended in RNA hybridisation buffer to a final concentration of 10  ̂ cpm//d 

(probe was diluted in order to prevent radiolysis), alquoted and stored at -20°C.

The sense transcripts were purified at the same time as the antisense probes because the 

location of the ̂ ^S-labelled full length sense transcripts was difficult. Both anti sense and 

sense probes from the same constructs were run side by side on the polyacrylamide gel to 

locate the full length sense transcript. Sense transcripts were then purified in the same 

way as the antisense transcripts and specific activity of the sense probes was calculated
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on channel 2 of the scintillation counter (between a lower limit of 0.4 and upper limit of 

150).

2.22.4 Hybridisation o f  sense and antisense probes

Sense probe (20 ng) was added to 1 x 10* cpm of antisense probe and 20 /<g of tRNA, 

and the volume adjusted to 30 }d\ with RNA hybridisation buffer. A control 

hybridisation reaction was set up with only 30 /̂ g tRNA present. The hybridisation 

mixtures were denatured at 80°C for 10 minutes and incubated at 45°C overnight.

2.22.5 Hybridisation o f antisense vrobe to total RNA

Total RNA (5-20 //g) was hybridised to 1-10 x 104 cpm of radiolabelled antisense RNA 

probe in a total of volume of 30 y\ (adjusted with RNase hybridisation buffer). The 

total amount of RNA hybridised was adjusted to 40 /<g with tRNA (Boehringer). One 

hybridisation was set up with 40 /<g of tRNA and the probe to check the complete 

digestion of the tRNA (as a control for non-specific hybridisation). The hybridisation 

mixtures were denatured at 80°C for 10 minutes and incubated at 45°C overnight.

2.22.6 Digestion with RNase A

Single stranded RNA and RNA-RNA hybrids were digested with RNase A to reveal the 

specific binding of the anti sense probe. RNase digestion solution was added (350 

}A) and the digestion left to proceed at 30°C for 1 hour. The RNase digestion was 

terminated by the addition of 10 pi\ of 10% SDS, 100 jig of proteinase K (Boehringer) 

and incubated at 37°C for 45 minutes. The proteins present were extracted with an equal 

volume of phenol/chloroform (1:1, v/v) and the RNA precipitated with two volumes of 

100% ethanol at -78°C for 1 hour. The RNA was pelleted by microfuging for 10 

minutes, ethanol was discarded carefully, and the pellets resuspended in 4 pi\ of RNA 

loading buffer.
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2.22.7 Disestton with RNase A and RNase T1

To provide a greater discrimination between RNAs of very similar nucleotide sequence it 

was necessary to add to the RNase digestion solution RNase T1 (Boehringer, from 

Aspergillus orizae, 2 vJpX) as well as RNase A. The digestion was allowed to proceed 

for 1 hour and 45 minutes. More SDS (20 p\ of 10%) was required for proteinase K 

digestion. The RNase A/T 1/proteinase K reaction mixture were extracted as above.

2.22.8 Electrophoresis o f  the RNA-RNA hybrids

RNA-RNA hybrids were denatured for 3 minutes at 80°C and electrophoresed through a 

pre-run 0.75 mm 8 M  ureal6% polyacrylamide gel in TBE  at 6 W until the 

bromophenol blue dye reached the bottom of the gel. The gels were fixed for 20-30 

minutes, dried onto Whatman 3MM paper, and autoradiographed at -78°C.

To quantify the amounts of protected RNA the probe was diluted (in R N ase  

hybridisation buffer) to between 1500-20 cpm (20 pg  of tRNA was included in each 

sample) and electrophoresed as above. The fixing of this gel was carried out for exactly 

the same time as the gels with the samples on and the dried gels were exposed to the same 

X-ray film. The films were then scanned using an image densitometer (Bio-Rad model 

GS670). Different exposures of each film were scanned and averaged for greater 

accuracy, which were not necessarily the exposures that are presented in this thesis. A 

graph was then plotted of the standard curve of known probe amounts to give the final 

reading in molecules/cell (Little et a/.,1987).
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2.23 Isolation of Microsomal Membranes From The Intestine

Microsomal membranes were isolated from the small intestines of treated and untreated 

rats by the procedure described in Stohs et al. (1976).

Solu tions:

H om osenisation buffer 
0.05 M  Tris-HCl [pH 7.8], 0.9% (w!v) KCl, 20% (v/v) glycerol, 3 uiml 
heparin.

Resuspension buffer 
10 mM Tris-HCl [pH 7.4], 1.15% (wiv) KCl.

The scraped intestinal section v̂ as suspended in 4 ml of homogenisation buffer, 5 

mg trypsin inhibitor (Sigma)/g weight of tissue was added and the suspension was 

homogenised using a glass-Teflon Potter-Elvehjem with nine strokes at 500 rpm. The 

homogenised sample was immediately centrifuged at 10,000 RPM (75 Ti rotor, 

Beckman) for 30 minutes at 4°C. The post-mitochondrial supernatants were transferred 

to fresh tubes and centrifuged at 34,000 RPM (75 Ti rotor, Beckman) for 75 minutes at 

4°C. The microsomal pellet was washed with 0.15 M KCl and resuspended with 

resuspension buffer (2 g tissue/ml), aliquoted and stored at -IQPC.

2.24 Isolation of Microsomal Membranes From The Liver 

Solu tions:

Buffer A
0.1 M  Tris-acetate [pH 7.4], 0.1 M  KCl, 1 mM EDTA [pH 8], 23 p  M  
B H T.

Buffer B
0.1 M  sodium pyrophosphate [pH 7.4], 1 mM EDTA [pH 8], 23 p M  BHT.
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Resusvension buffer 
10 mM potassium phosphate [pH 7.5], 1 mM EDTA [pH 8], 20% (v/v) 
g lycero l.

Livers samples were homogenised in 4 volumes of buffer A using a glass-Teflon 

Potter-El vehjem with six strokes at 500 rpm. The homogenate was centrifuged at 9,000 

RPM (50.2 Ti rotor, Beckman) for 30 minutes at 4°C. The supernatants were 

centrifuged at 30,000 RPM (50.2 Ti rotor, Beckman) for 90 minutes at 4°C. The 

microsomal pellet was resuspended in a volume of buffer B and sonicated for 4 x 10 

seconds intervals using a 500-Watt MSB sonicator at full output. The suspension was 

centrifuged at 30,000 RPM (50.2 Ti rotor, Beckman) for 60 minutes at 4°C. The 

microsomal pellets were resuspended in resuspension buffer {I g of tissue/ml), 

aliquoted and stored at -70°C.

2.25 Protein Content Determination

Protein content determination was carried out according to the method described by 

Lowry et at. (1951).

Solu tions:

Reasent A
(1) 2% Potassium sodium tartarate.
(2) 1% Copper sulphate.
(3) 2% Sodium carbonate in 0.1 N  NaOH.
Solutions (1) and (2) were mixed firs t, and solution (3) subsequently 
added in a ratio o f  1:1:100 (viv) respectively.

Reagent B
Folin Ciocalteau's phenol reagent (BDH) was diluted in water by a factor 
o f  1.5.
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A two point assay of each sample was carried out for greater accuracy (for example 10 

and 20 pi\ aliquots were analysed). The volume of the 10 }4\ samples was first adjusted to 

20 JÂ with MRB (see below). All the sample volumes were adjusted to 200 jA with water 

and then 1 ml of reagent A was added and the samples mixed. Samples were left for 20 

minutes at room temperature and 100 pi\ of reagent B was then added. The tubes were 

mixed immediately and the colour reaction left to develop, in the dark, for 45 minutes. 

Absorbance of the samples was then determined at 700 nm. Protein content was 

calculated from the standard curve obtained by plotting the absorbance values against the 

protein concentration (/<g//<l) of samples of known protein concentration (BSA, pre 

weighed from Bio-Rad)

2.26 Protein Gel Electrophoresis (SDS!PAGE)

Solutions:

2x SDSIPAGE loadine buffer 
2% (w/v) SDS, 20 mM EDTA [pH 8], 20 mM sodium phosphate [pH 7.0], 
2% p~mercaptoethanol, 30% (v/v) glycerol, 0.02% (w/v) brom ophenol 
blue dye, 4 mM PMSF. The buffer was filtered  throughqO.2 pm  filte r  
(Millipore, UK), aliquoted and stored at -20^C.

Sevaratine cel
7-13% P rotogel solution (30% polyacrylam ide solu tion . N ation a l 
Diagnostics), 10 ml o f  1.5 M Tris/0.4% SDS [pH 8.6], made up to a fin a l 
volume o f  30 ml with water, 40 p i  TEMED, 3 ml o f  1.5% (w/v) 
ammonium persulphate.

Stacking eel
2 ml o f  Protogel solution (30% polyacrylam ide so lu tion . N a tio n a l 
Diagnostics), 5 ml o f  1.5 M Tris/0.4% SDS [pH 6.8], 11 ml o f  water, 40 
p i TEMED, 3 ml o f  1.5% (w/v) ammonium persulphate.

Gel running buffer 
0.025 M  Tris-HCl [pH 8.4], 0.192 M glycine, 0.1% SDS.
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The percentage of acrylamide in the separating gels were cast according to size of the 

proteins to be analysed and the degree of separation required. To separate CYP2B1 and 

CYP2B2 proteins a 7% separating gel was used. The separating gel was poured 

(1.5 mm thickness) to 1 cm below the bottom of the wells on the comb to be used, 1 ml 

of 0.1% SDS was gently overlaid on the gel to ensure a uniform boundary forming and 

to stop the gel from drying. The gel was allowed to set for 2-16 hours. The SDS solution 

was poured off and any remaining SDS solution was drained off by inverting the gel for 

15 minutes. The comb was placed and the stacking gel was poured. The gel was 

allowed to set for 1-2 hours and the combs were removed once gel running buffer 

had been poured over the gel.

Protein samples were thawed on ice and appropriate volumes were transferred to 

Eppendorf tubes where they were mixed with an equivalent volume of 2x SDSIPAGE 

loading buffer. The samples were boiled for 3 minutes to denature the proteins and 2 

}Â of p-mercaptoethanol was added to each sample (in the fume hood). The samples were 

microfuged for a few seconds and loaded onto the gels. Molecular weight markers were 

also loaded onto the gels, two types were used (Pharmacia mid-range and Sigma pre

stained markers). The samples were initially electrophoresed at a constant current of 15 

mA/gel until the proteins had stacked and reached the boundary of the separating gel. To 

separate the proteins the current was turned up to 30 mA/gel until the bromophenol blue 

dye had reached the bottom of the gel.

2,26,1 Coomassie Staining O f Proteins In Polyacrylamide Gels

Solu tions:

Coomassie stain solution 
0,25 g Coomassie brilliant blue dye, 45 ml methanol, 45 ml water, 10 ml 
glacial acetic acid.
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Destainine solution 
45 ml methanol, 45 ml water, 10 ml glacial acetic acid.

Proteins were stained after separation in the SDS/PAGE by incubating the separating gels 

in Coomasie stain solution in the fume hood overnight in the dark. The gels were 

destained in a few changes of destaining solution (changed when the solution was 

saturated with the blue dye) while shaking. The gels were fixed and stored in a solution 

of 7% acetic acid. Staining checked for the integrity of the protein samples and to detect 

successful transfer of proteins after western blotting.

2.26.2 Silver Stainine O f Proteins In Polyacrylamide Gels

The silver staining of proteins in polyacrylamide gels was carried according to the 

manufacturers instructions (BIO-RAD) for a gel thickness of 1.5 mm.

Solu tions:

Fixative enhancer solution 
200 ml methanol, 40 ml glacial acetic acid, 40 ml fixa tive  enhancer 
concentrate and 120 ml water.

Staining solution
To 35 ml water add, whilst stirring, 5 ml silver complex solution, 5 ml 
reduction moderator solution and 5 ml image developm ent reagent. 
Immediately before use add 50 ml development accelerator solution.

Following SDS/PAGE, the gel was placed in fixative enhancer solution (400 ml) 

and with gentle agitation fixed for 30 minutes at room temperature. The solution was 

decanted and replaced with water (400 ml) and with gentle agitation allowed to rinse for 

20 minutes. The water wash was repeated for another 20 minutes. The water was 

replaced with freshly prepared staining solution (100 ml) and with gentle agitation the 

gel was stained for 20 minutes at room temperature. The staining solution  was
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replaced with 5% acetic acid (400 ml) and the staining was stopped with gentle agitation 

for a minimum of 15 minutes. The gel was now ready to be dried or photographed.

2.27 Western Transfer Of Proteins

Solu tions:

Transfer buffer 
25 mM Tris-HCl [pH 8.3], 192 mM glycine, 20% methanol.

The separated proteins were transferred from the separating gels onto nitrocellulose 

membranes (Hybond C-extra™, Amersham) by electroblotting. The membranes, 

Whatman 3MM paper and blotting pads were soaked in the transfer buffer for 10 

minutes. Membranes were placed on the separating gels followed by two pieces of 3MM 

paper placed either side, air bubbles were removed between the gel and the membrane by 

rolling a glass pipette over them. The gels were electroblotted, in the transfer buffer, 

using a Bio-Rad Transblot™ apparatus at 100 mA overnight followed by 200 mA for 1-2 

hours with the gel towards the cathode and the membrane towards the anode.

2.28 Immuno-Blot Assay (Bio-Rad)

Solu tions: 

lOx TBS
0.2 M  Tris-HCl [pH 7.5], 5 M NaCl.

TTBS
0.05% (v/v) Tween-20, Ix  TBS.

Blocking solution 
3% (wiv) gelatin dissolved in TTBS at 37^C.

Antibody dilution buffer 
1% (wiv) gelatin dissolved in TTBS at 37^C.
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Primary antibody solution 
An appropriate dilution o f  antisera was prepared in antibody dilution  
buffer (according to the protein being detected).

Secondary antibody solution 
Goat anti-rabbit IgG (H+L) conjugated with horseradish peroxidase (Bio- 
Rad) was used as 0.1% (vIv) in TBS.

Amido black staining solution 
1.25 g Amido black dye, 50 ml glacial acetic acid, 125 ml isopropanol, 
325 ml water.

Destainine solution 
50 ml glacial acetic acid, 125 ml isopropanol, 325 ml water.

Colour detection buffer A 
60 p i  ice-cold 30% hydrogen peroxide in 100 ml TBS.

Colour detection buffer B 
60 mg 4-chloro-l-napthol (Bio-Rad) in 20 ml methanol.

The nitrocellulose membranes were separated from the gels after electroblotting and 

washed with Ix TBS for 5 minutes. The tracks containing the molecular weight markers 

were removed and placed in amido black staining solution for 30 minutes. The 

bands of the molecular weight markers showed clearly against the background when 

placed in the destaining solution. If the molecular weight markers were pre-stained 

the tracks were not cut from the gels. The rest of the membrane was subject to the 

following washes with shaking:

96



Number o f Time Solution
w ashes (M inutes)
1 60 Blocking solution
1 120 Primary antibody solution
1 5 Water
2 10 TTBS
1 60 Secondary antibody solution
2 10 TTBS
1 5 Water

For colour detection of the antigen-anti body complex the two colour detection buffers 

were mixed (immediately before use) and applied to the membranes until the desired 

bands appeared (shade of purple). To stop the colour reaction the membranes were 

transferred to water and rinsed several times. The membranes were stored between two 

pieces of Whatman 3MM paper and aluminium foil until they were photographed. The 

blots were then scanned using an image densitometer (Bio-Rad, model GS-670).

2J29 Isolation Of Nuclei From Samples

Nuclei were isolated from the livers and small intestines of treated and untreated rats by a 

slight modification of the procedure of Gorski et al. (1986).

Solu tions:

Homogenisation buffer 
10 mM HEPES [pH 7,6], 15 mM KCl, 0,15 mM sperm ine, 0,5 M  
spermidine, 1 M EDTA [pH 8], 2 M  glucose, 10% glycerol, 0,5 mM DTT  
(added ju s t before use), 0,5 mM PMSF (added ju st before use).

Protease cocktail
To 100 ml o f  homogenisation buffer 1 ml o f  aprotinin (2,1 mg!ml. 
Sigma), 100 p i  o f  antipain (1 mg!ml. Sigma), 100 p i  o f  leupeptin (1 
mg! ml. Sigma), 100 p i  o f  chy mo statin (1 mg! ml. Sigma) were added ju st 
before use.
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The tissue samples were homogenised immediately after dissection in homogenisation 

buffer (1 g of tissue/10 ml of buffer) using a glass-Teflon Potter-El vehjem with three 

strokes at 500 RPM. The homogenised tissue was transferred to a centrifuge tube of the 

appropriate volume which contained 0.25 volume of the homogenisation volume thereby 

creating a pad for the nuclei to pellet through. This suspension was centrifuged using a 

swing out rotor (SW 41 or SW 28, Beckman) in a pre-cooled ultracentrifuge at 24,000 

RPM for 60 minutes at 4°C. The supernatant was removed carefully and all 

homogenisation buffer was drained off. The pellet of nuclei was placed immediately on 

dry ice and stored at -70°C.

2.30 Nuclear Protein Purification

Two methods were used to purify nuclear proteins from nuclei isolated in section 2.29.

2.30,1 Hieh Salt Purification

This method was a modification of the method of Deryckere and Gannon (1994).

Solu tions:

Nuclei l\sis  buffer 
25% glycerol, 20 mM HEPES [pH 7.9], 420 mM NaCl, 1.2 mM  
0.2 mM EDTA [pH 8], 0.5 mM DTT (added ju st before use), 0.5 mM  
PMSF (added ju s t before use) and 5 pglm l o f  p ro tea se  in h ib ito rs:  
leupeptin, aprotinin, antipain and chymostatin were added ju st before use.

The pellet of nuclei (section 2.29) was resuspended in nuclei lysis buffer (100 pM 

100 mg of original tissue) and placed on ice for 20 minutes. The lysed nuclei were 

transfered to microfuge tubes and microfuged for 15 seconds. The supernatant was 

aliquoted, placed immediately on dry ice and stored at -70°C.
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2.30.2 Rapid Nuclear Protein Preparation

This method was carried out essentially as described in Jose-Estanyol et al (1989).

Solu tions:

Nuclei lysis buffer 
5 mM EDTA [pH 8], 15 mM p-mercaptoethanol, 10 mM Tris-HCl [pH
7.4]f 0.35 M  NaCl and 5 pglm l o f  protease inh ibitors: leupeptin ,
aprotinin, antipain and chymostatin were added ju st before use.

The pellet of nuclei (section 2.29) was resuspended in nuclei lysis buffer {\ ml/mg of 

DNA). The lysed nuclei were transfered to a fresh tube, rolled at 4°C for 30 minutes and 

centrifuged at 21,000 RPM (75 Ti rotor, Beckman). The supernatant was removed and to 

it 0.2 volumes of glycerol was added. The nuclear protein suspension was aliquoted, 

placed immediately on dry ice and stored at -70°C.

2.31 [ a ^ l  End Labellins Of DNA

The reaction contained 1 p% of DNA, one for all buffer (Pharmacia), sterile distilled 

water, [a^^pj dCTP (3000 Ci/mmole, NEN-Dupont), 40 mM dATP, 40 mM dTTP, 40 

mM dGTP and 10 units of Klenow fragment (Pharmacia). The reaction mixture was 

incubated at room temperature for 15 minutes followed by 5 minutes at 70°C.

2.31.1 Calculation O f Relative Incorporation O f [ a .^ 1

Previously described (section 2.14.4).

2.31.2 NucTratj3^ Purification O f Labelled DNA Probes

Previously described (section 2.20.3).
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2.32 G el Retardation Assay

The assay was performed essentially as described in Rosette and Karin (1995).

Solutions:

Sx Binding buffer
60 mM HEPES [pH 7,9], 20 mM Tris-HCl [pH 7,9], 300 mM KCl, 25 
niM DTT, 0,5 mM EDTA [pH 8] and 62,5% glycerol. The solution was 
filtered through a 0,2 pm  filter (Millipore, UK), and stored in aliquots at 
‘20<>C,

Poly (dI-dC),Polv (dl-dC)
Made up to 5 pglm l with 1 mM NaCl and stored at

lOx TBE
108 g Tris base, 55 g boric acid, 40 ml 0,5 M  EDTA [pH 8] made to a 
f in a l volume o f  1 liter with water, Autoclaved and stored a t room  
tem perature,

lOx Loading buffer 
30% glycerol and 0,2% bromophenol blue,

4% Nondenaturins polyacrylamide 2el 
For 25ml: 625 p i  lOx TBE, 3,3 ml Protogel (30% p o ly a c r y la m id e  
solution. National Diagnostics), 20,95 ml water, 25 p i  TEMED and 10%  
ammonium persulphate.

The reaction mix contained 1-2 ng radiolabelled DNA (1x10^ to 1x10^ cpm//d), 5-30 pg 

nuclear protein (section 2.31), Ix  binding buffer, 70 mM NaCl, 2-10 pg  of poly  

(dl-dC),poly (dl-dC) and sterile water (made up to 20 p\). All reactants except the 

probe were incubated on ice for 10-20 minutes. When included, unlabelled competitor 

DNA fragments or antibodies were added before the addition of the radiolabelled DNA 

probe. Binding reactions were carried out on ice for 30 minutes. In some cases, after the 

binding reaction was complete. Proteinase K (Boehringer Mannheim) was added to a
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reaction mix to a final concentration of 200 /<g/ml and the samples incubated for 15 

minutes at 37°C. To the samples 2 pt\ of lOx loading buffer was added and 

electrophoresed through a 4% nondenaturing polyacrylamide gel, in 0.5x TBE, at 

200V. Once the samples were separated far enough the gel was dried and exposed to X- 

ray film.
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It has been known for a number of years that the expression of two members of the 

CYP2B subfamily, CYP2B1 and CYP2B2 is increased, in the rat liver, following 

treatment with the barbiturate PB (Phillips et a l, 1981; 1983a; Omiecinski et a l,  1985). 

More recently it has been found that in the rat intestine CYP2B1, but not CYP2B2, 

mRNA is increased by this drug (Traber et at., 1990). Substantial work has been 

carried out to try to characterise the mechanism whereby PB acts to increase CYP2B 

gene expression (described in section 1.2.3). Unlike the situation with C Y P lA l 

induction, which involves the Ah receptor and the Amt proteins, the molecular 

mechanisms involved in the PB response remain a mystery. Very little is known about 

the -acting protein factors and cw-acting DNA elements involved in the induction 

and tissue-specific expression of the CYP2B1 and CYP2B2 genes.

As a first step towards an understanding of the various factors that control CYP2B1 

gene expression and induction within the small intestine and liver of the rat CYP2B1 

protein and mRNA were investigated in PB-treated and untreated animals. Previous 

studies on the expression and induction of CYP2B genes, by PB, in the small intestine 

were done by subdividing this tissue into two sections, one being the jejunum and the 

other the ileum (Traber e ta l ,  1989, 1990). In this thesis a more detailed investigation 

of the regional expression of CYP2B1 in the small intestine was undertaken by 

subdividing it into five sections of approximately equal length. The two most proximal 

sections comprised the jejunum and the three distal sections the ileum (figure 3.1). It 

was sometimes difficult to precisely determine the border between the duodenum and 

jejunum. All analyses described in sections 3.1 and 3.2 were carried out using two point 

assays and at least three animals for each determination. The statistical analyses that 

were carried out, in this chapter, were done using the computer program InStat™ 

(version 2.01 for the Macintosh).
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Figure 3.1: Diagram of the dissection of the small intestine from the rat. A) Rat dissec
tion of the abdomen, revealing the small intestine for removal (light blue). 
The jejunum, however, is not visible from this perspective. B) Once the 
small intestine was removed from the rat it was subdivided into either five 
sections from proximal (1) to distal (5) or the jejunum (red) and the ileum 
(blue), depending on the experiment.
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3.1. CYP2B protein expression and induction

To study the amount of CYP2B protein present in the small intestines and livers of PB- 

treated and untreated animals microsomal membrane fractions were isolated as 

described in section 2.23. The integrity of the microsomal proteins was confirmed by 

SDS-polyacrylamide gel electrophoretic analysis (figure 3.2). In the liver a polypeptide 

of relative molecular mass 52,000, indicated by an arrow, is clearly increased in the 

livers of PB-treated animals (figure 3.2, track 12). The induction of this protein is not 

observed in samples obtained from the small intestine of PB-treated animals (figure 3.2, 

tracks 3, 5, 7, 9 and 11). A polypeptide of relative molecular mass 42,000 is the 

predominant protein present in the small intestine of PB-treated and untreated animals 

(figure 3.2, tracks 2-11).

To determine whether CYP2Bs are indeed inducible by PB in the small intestine the 

microsomal samples were analysed by western blotting using an antibody which 

recognises both CYP2B1 and CYP2B2 (Phillips et al., 1983a). These two proteins can 

be separated by electrophoresis through a 1% polyacrylamide gel (Ryan et al., 1982). 

Track 3 of figure 3.3 shows that both CYP2B1 and CYP2B2 are clearly induced by PB 

in the liver. In contrast, in the small intestine, only CYP2B1 was expressed and induced 

(figure 3.3, tracks 4-13). The results in figure 3.3 indicate that CYP2B1 is expressed in 

similar amounts in the proximal sections 1,2, and 3 of the small intestine (tracks 4-9). 

The expression is lower in section 4 (tracks 10 and 11) and CYP2B1 is not detectable in 

section 5 (tracks 12 and 13). Figure 3.3 shows that, in the untreated rat, CYP2B1 is 

expressed in greater amounts in the small intestine than in the liver. The protein is 

inducible in both tissues by PB but the fold induction is much lower in the small 

intestine.

To more precisely quantify the induction of CYP2B1 and CYP2B2 in the livers and 

small intestines of treated and untreated rats quantitative western blotting experiments
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T reatment U PB U PB U PB U PB U PB PB U

Tissue 15 14 13 12 11 L L

Track 1 2 3 4 5 6 7 8 9 10 11 12 13

94.000

67.000

43.000

30,000  

21,100 -----

Figure 3.2: SDS/PAGE of microsomal m embrane proteins isolated from the livers and 
small intestines of untreated (U) and phénobarbital treated (PB) rats. Tracks 
2-11 contained 15/<g of microsomal protein isolated from small intestine 
and tracks 12 and 13 contained \5pi% of m icrosomal protein isolated from 
liver. Track 1 contained \Opi\ of m olecular weight markers. Num bers indi
cate the molecular weight o f the m arker protein in Daltons. The m arker 
labelled P  indicates the approximate size of proteins induced by phénobar
bital (50,000 -53,000 molecular weight). Samples were electrophoresed on 
a 10% PAG containing SDS and stained with Coom assie brilliant blue dye 
as described in section 2.26.1.

106



T reatmenl U PB PB U PB U PB U PB u PB U

Tissue L L II 12 13 Ut 15

Track 1 2 3 4 5 6 7 8 9 10 11 12 13

Figure 3.3: Western blot analysis of microsomal proteins isolated from the livers and 
small intestines of untreated (U) and phénobarbital treated (PB) rats. Track 
1 contained 5Üng of CYP2B2 pure protein, track 2 contained 40/^g of liver 
microsomal protein, track 3 contained 2/<g of liver microsomal protein, tracks 
4-13 contained 50pig of small intestinal microsomal protein. CYP2B pro
tein was detected using an anti-CYP2B serum.

107



were carried out. In this experiment another inducer of CYP2Bs in the liver, picrotoxin, 

was included. This compound has been shown to increase CYP2B1 and CYP2B2 

protein in rat liver (Yamada et al., 1993). Picrotoxin is a plant extract and a convulsant 

used in the treatment of barbiturate poisoning by counteracting the barbiturate 

interaction with the GAB A a receptor. Three different concentrations of microsomal 

protein from each of three animals, either treated or untreated, were used to calculate 

the concentrations of both CYP2B1 and CYP2B2. No CYP2B1 or CYP2B2 protein was 

detected in liver microsomal preparations from untreated animals (figure 3.4 track 3). 

The fold induction of CYP2B protein within the liver microsomal membranes of treated 

animals could therefore not be calculated. The concentration of CYP2B1 and CYP2B2 

protein present in the microsomal membranes of PB and picrotoxin treated animals was 

calculated from a standard curve of CYP2B2 pure protein. The results were obtained by 

densitometric analysis of the western blot and represented as a histogram (figure 3.4b). 

CYP2B1 and CYP2B2 were present at 53.3 (± 6.73) ng and 31.6 (± 1.45) ng per j4g 

microsomal protein respectively following PB-treatment and at 29.9 (± 4.7) ng and 19.0 

(± 4.32) ng per /<g microsomal protein respectively after picrotoxin treatment. Results 

obtained with PB-treated rats correspond well with the results of Phillips et al. (1983). 

Their combined value for CYP2B1 and CYP2B2 using a radioimmunoassay was 126 

ng per pig microsomal protein.

Having established the concentration of CYP2B1 in the liver, the amount of CYP2B1 

protein was quantified in the small intestine of treated and untreated animals (figure

3.5). Figure 3.5 shows the expression and induction of CYP2B1 protein to be in the first 

four sections within the small intestine (tracks 1-12). No expression or induction was 

found in the fifth section (tracks 13-15). The fold induction within the small intestine 

was found to be 4 fold in PB-treated and 3-4 fold in picrotoxin-treated animals. The 

CYP2B1 protein present was calculated from a standard curve of CYP2B2 pure protein. 

The results were obtained by densitometric analysis of the western blot and represented 

on a histogram (figure 3.5b). CYP2B1 was present at 1.8 (± 0.03), 1.7 (± 0.12), 1.5 (± 

0.08), 1.5 (± 0.11) ng per pig microsomal protein in section 1 , 2 ,3  and 4 respectively
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The graphical representation of the results in this chapter are of experiments carried out 
on three animals and are not necessarily representative of the accompanying figures 
shown.

The statistical analysis performed, in this chapter, measured the degree of significance 
of the differences obtained between the results from treated and untreated animals and 
the error bars indicate the standard deviation between three animals.
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Figure 3.4: A) Western blot analysis of microsomal proteins from livers of untreated 
(track 3), picrotoxin treated (track 2) and phénobarbital treated (track 1) 
rats. Tracks 1,2 and 3 contained 1/ig of liver microsomal proteins. The two 
arrows indicate the position of CYP2B1 and CYP2B2 proteins. CYP2B pro
tein was detected using an anti-CYP2B serum.

B) Graphical representation of the results shown in A. ( f  =0.0001, A^=3)
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Figure 3.5: A) Western blot analysis of microsomal proteins (50 pig) isolated from the 
small intestines of PB-treated (tracks 1 , 4 , 7 ,  10 and 14) and picrotoxin- 
treated (tracks 2, 5 ,8 , 11 and 14) and untreated (tracks 3, 6, 9, 12 and 15) 
rats. Tracks 1-3, 4-6, 7-9, 10-12 and 13-15 contained microsomal proteins 
from sections 1 ,2 ,  3, 4 and 5 of the small intestine respectively (as de
scribed in section 3.1. CYP2B protein was detected using an anti-CYP2B 
serum.

B) Graphical representation of the results shown in A. (P<0.000\,N=3)
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after PB treatment. In picrotoxin-treated animals CYP2B was present at 1.4 (± 0.04),

1.3 (± 0.06), 1.3 (± 0.07) and 1.4 (± 0.01) ng per //g microsomal protein respectively in 

sections 1,2 ,3 and 4. In the untreated animals CYP2B1 was present at 0.4 (± 0.04), 0.5 

(± 0.06), 0.5 (± 0.09) and 0.5 (± 0.08) ng per /<g microsomal protein respectively in 

sections 1, 2, 3 and 4. The amount of CYP2B1 protein present in the small intestine 

following PB-treatment is therefore 29 fold lower than that observed in the livers of the 

same animals. In picrotoxin-treated animals CYP2B1 is present in the small intestine in 

amounts 21 fold lower than in the livers of the same animals.

3.2 Expression and Induction of CYP2B RNA

Having determined the amount of CYP2B1 and or CYP2B2 present in the microsomal 

membrane fractions isolated from the small intestines and livers of treated and 

untreated animals, the amount of mRNA present in the two tissues was determined. 

This would tell us whether the induction of CYP2Bs by picrotoxin is due to an increase 

in CYP2B mRNA. Total RNA samples were purified from animals using the 

Ultraspec^ purification procedure (section 2.18.2). The integrity of the RNA using this 

procedure was confirmed by gel electrophoresis (figure 3.6 tracks 2 and 3). Other 

methods, for example RNazol™, were also used to compare the quality of the RNA 

isolated (figure 3.6, track 1). The 18S and 28S RNA species indicated in figure 3.6 are 

undegraded when isolated with the Ultraspec™ purification procedure (tracks 2 and 3) 

whereas with the RNazol"^ procedure the two RNA species appeared to be slightly 

degraded (track 1). Therefore the Ultraspec'*  ̂ solution was chosen to isolate all RNA 

samples used in this investigation

3.2,1 Northern blot analysis

Initially northern blot hybridisation analysis using a 32p labelled CYP2B2 cDNA, that 

also recognises CYP2B1 (Phillips et al., 1983b) was used to monitor CYP2B mRNAs 

in RNA isolated from the livers and the entire small intestine of PB-treated and
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1 2  3 4

Figure 3.6: Electrophoresis of total RNA in a formaldehyde/agarose gel. The integrity 
of the 18S and 28S RNA species are shown. Each track contained 5/^g of 
total RNA isolated using RNazol^"^ RNA method (track 1), Ultraspec™ RNA 
method (tracks 2 and 3) and another RNA method (Cathala et al., 1983) 
isolated by Dr May Akrawi (track 4).
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untreated animals. The total RNA samples were electrophoresed through a 

formaldehyde/agarose gel and blotted as described in section 2.9. The result of the 

hybridisation with the radiolabelled probe (figure 3.7) showed, as expected, an increase 

in CYP2B1/2 mRNAs after treatment with PB in the liver (figure 3.7, track 4) and 

confirmed that the genes had been induced by PB. In the liver the amount of CYP2B1/2 

mRNA was elevated by -20  fold by PB-treatment. In the small intestine the fold 

induction of CYP2B mRNA was only 4-6 fold. The result from the northern blot 

hybridisation experiment was not regarded as a good quantitative method because it
[
was not possible, with the cDNA probe used, to distinguish between CYP2B1, 

CYP2B2 or other CYP2B family members.

To extend these studies a more precise method was required to quantify the absolute 

amounts of CYP2B1 and CYP2B2 mRNAs. RNase protection analysis, a more accurate 

method, was used to further investigate and quantify CYP2B1 and CYP2B2 mRNAs.

3.2.2 RNase vrotection analysis

The RNase protection assay is a sensitive technique involving the use of a radioactively 

labelled anti-sense RNA probe (riboprobe) to hybridise to and thereby protect target 

RNA from RNase digestion. The conditions for hybridisation of the riboprobe to the 

total RNA and the following digestion by RNases can be varied according to the length 

of the protected fragment and the amount of sequence discrimination required for the 

RNA species under investigation. The protected fragments are resolved by 

polyacrylamide gel electrophoresis and the gel autoradiographed.

To carry out these experiments suitable DNA fragments encoding CYP2B1 and 

CYP2B2 had to be cloned into the vector pBluescript. This vector contains, on each 

strand, a bacteriophage promoter sequence for transcription of RNA in vitro (section 

2.22.2). 276bp fragments, encoding exons 6-7, from nucleotides 4-810 to 4-1084 were 

isolated from full length CYP2B1 and CYP2B2 cDNA clones by digestion with Fsp I
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Figure 3.7: A) Electrophoresis of total RNA in a formaldehyde/agarose gel. Tracks 1-4 

contain ISjAg of total RNA isolated from untreated (tracks 1 and 3) and 
phenobarbital-treated (tracks 2 and 4) rats. RNA in tracks 1 and 2 were from 
the small intestine and those in tracks 3 and 4 from the liver. The integrity of 
the 18S and 28S RNA species are shown.

B) Northern blot hybridisation of mRNAs encoding CYP2B (from the for
maldehyde/agarose gel shown in A). The filter was hybridised with a rat 
cDNA clone encoding CYP2B2.

C) Graphical representation of the results shown in B.
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and Bgl II (figure 3.8a, tracks 2 and 3). Within exons 6-7 there are 14 differences in 

nucleotide sequence (figure 3.9), between CYP2B1 and CYP2B2 cDNAs making this 

region ideal as a template for the preparation of RNase protection probes to distinguish 

between CYP2B1 and CYP2B2 mRNAs. The 276 base pairs Fsp I/Bgl II fragments 

from the CYP2B1 and CYP2B2 cDNAs were isolated and ligated to the vector. 

pBluescript had been previously digested with BamHI and Smal to accommodate the 

CYP2B sequences. The two plasmids containing the CYP2B1 or CYP2B2 sequence 

were named pBS 2B 1(276) and pBS 2B2(276) respectively. The fragments of cloned 

cDNA can be released from the vector by using the restriction enzymes Eco RI and Xba 

I (figure3.8b, tracks 2 and 3) which occur in the multiple cloning site of pBIuescipt. 

Final characterisation of the clones was carried out using DNA sequence analysis 

(figure 3.9). The expected 14 nucleotide differences between CYP2B1 and CYP2B2 

cDNAs are shown, in red, in figure 3.9.

The plasmids pBS 2B 1(276) and pBS 2B2 (276) were linearised by digestion with Xba 

1 and anti sense RNA probes were produced using T7 RNA Polymerase. Sense RNA 

transcripts were produced by first digesting the plasmids with Eco R1 and then using T3 

RNA Polymerase in the transcription reaction.

The specificity of the two anti sense RNA probes was confirmed by carrying out a 

control experiment. Radiolabelled CYP2B1 and CYP2B2 sense RNAs were generated 

by the in vitro RNA transcription of the linearised cDNA clones in the presence of 

UTP (section 2.22.2). This allowed the preparation of the sense RNA transcripts to be 

monitored and the concentration of the transcripts to be known. The sense RNAs were 

hybridised to either ^zp-labelled CYP2B1 or CYP2B2 anti-sense RNA probes followed 

by RNase digestion. Full length mRNA sequences of 276 bases were protected when 

either CYP2B1 or CYP2B2 sense transcripts were hybridised to their respective 

anti sense transcripts (figure 3.10 tracks 4 and 7). The full length protected fragments 

(figure 3.10, tracks 2 and 9) were compared to the length of anti sense probes (309 

bases) following gel electrophoresis and autoradiography (figure 3.10, tracks 2 and 9).
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Figure 3.8: Diagram describing the cloning of a suitable fragment for use as a clone in 
the RNase protection analysis carried out to distinguish between CYP2B1 
and CYP2B2.

A) Agarose gel electrophoresis of the digestion products of CYP2B cDNA. 
Track 1 contained DNA molecular weight markers (Ikb DNA ladder, 
GIBCO-BRL). Track 2 and 3 contained CYP2B1 cDNA and CYP2B2 cDNA 
digested with Fsp I and Bgl II respectively.
The lowest of the two fragments (276 bp) indicated was isolated.

B) Agarose gel electrophoresis of the digestion of pBS 2B 1(276) and pBS 
2B2(276). Track 1 contained DNA molecular weight markers (Ikb DNA 
ladder, GIBCO-BRL). Track 2 and 3 contained pBS 2B 1(276) and pBS 
2B2(276) digested with Eco RI and Xba I respectively. The arrow indicates 
the CYP2B1 or CYP2B2 cloned fragment.
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+810

rat CYP2B1 GCGCATGGAGAAGGAGAAGTCGAACCACCACACAGAGTTCCATCATGAGAACCTCATGA 
rat C Y P2B2 GCGC ATGGAGAAGGAGAAGTCGAACC ACCAC ACAGAGTTCC ATCATGAGAACCTCATG A

TCTCCCTGCTCTCTCTCTTCTTTGCTGGCACTGAGACCAGCAGCACCACACTCCGCTAT
TCTCCCTGCTCTCTCTCTTCTTTGCTGGCACTGAGACCGGCAGCACCACACTCCGCTAT

GGTTTCCTGCTGATGCTCAAGTACCCCCATGTCGCAGAGAAAGTCCAAAAGGAGATTGA
GGTTTCCTGCTCATGCTCAAGTACCCCCATGTCACAGAGAAAGTCCAAAAGGAGATTGA

TCAGGTGATCGGCTCACACCGGCTACCAACCCTTGATGACCGCAGTAAAATGCCATACA
TCAGGTGATTGGCTCTCACAGGCCACCATCCCTTGATGATCGTACCAAAATGCCATACA

CTGATGCAGTTATCCACGAGATTCAGAGGTTTTCAGA
CTGATGCAGTCATCCACGAGATTCAGAGATTTGCAGA

+ 1084

Figure 3.9: Comparison of the cDNA sequences of CYP2B1 and CYF2B2 cloned for 
use as the templates for RNase protection probes. The differences are indi
cated in red. There are 14 difference within the 276 nucleotide sequence. 
The sequences were obtained by dideoxy-DNA sequence analysis of 
the plasmids pBS 281(276) and pBS 282(276) (figure 3.8).
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Figure 3.10: RNase protection assay using probes specific for mRNAs for either C Y P2B 1 
or CYP2B2. ^^P-labelled anti-sense RNA probes (1 x lO'^cpm) specific for 
either CYP2B1 (tracks 3-5) or CYP2B2 (tracks 6-8) m RNAs were hybrid
ised to lOOng of ^^S-labelled sense RNA transcripts coding for CYP2B1 
(tracks 4  and 8) or CYP2B2 (tracks 5 and 7). Tracks 2 and 9 contained 
CYP2B1 and CYP2B2 riboprobes (lOOcpm) respectively. Each hybridisa
tion contained 20/<g of tRNA. The hybrids were subject to digestion by RNase 
A and T1 as described in section 2.22.6. The X-Ray film was developed 
after an overnight exposure.

119



No fragments were protected when the antisense probes were hybridised with tRNA 

(figure 3.10, tracks 3 and 6). To determine the specificity of the probes the CYP2B1 

antisense RNA was hybridised to the CYP2B2 sense RNA. RNase digestion produced 

fragments of 150 nucleotides and less. No protection of the 276 base pair CYP2B1 

I  mRNA sequence was observed (figure 3.10, track 5). Similarly, when the CYP2B2 

antisense RNA probe was hybridised to the CYP2B1 sense probe no protection of the 

CYP2B2 276 mRNA nucleotide sequence was obtained (figure 3.10, track 8). These 

results show that RNase digestion has detected the nucleotide differences between the 

CYP2B1 and CYP2B2 sequences. Thus the antisense RNA probes produced are 

specific and can be used to discriminate CYP2B1 and CYP2B2 mRNAs in biological 

samples.

It is well known that the fold induction of CYP2B1 and CYP2B2 mRNAs is 50-100 

and 20-50 respectively (Phillips et al., 1981; Atchison and Adesnik, 1983). Prior to 

investigating the expression and induction of CYP2B1 mRNAs in the small intestine 

the induction of CYP2B1 and CYP2B2 mRNAs was confirmed in the livers of the same 

animals. RNase protection analysis using total liver RNA isolated from PB-treated and 

untreated animals was performed (figure 3.11, tracks 4, 7 and 10). The fold induction 

of CYP2B2 mRNA was found to be -20 fold and that of CYP2B1 mRNA -50-100 fold 

within the livers of PB-treated rats. This result confirms that the animals were induced 

by this compound. CYP2B1 and CYP2B2 mRNAs were present at 77.35 (± 30.01) and

80.05 (± 22.36) molecules per cell respectively following PB-treatment and at 87.47 (± 

39.75) and 104.63 (± 30.55) molecules per cell respectively after picrotoxin treatment. 

These results obtained with PB-treated rats correspond with the results of Akrawi et at. 

(1993).

RNase protection analysis of RNA samples from the small intestine of PB-treated and 

untreated animals were then carried out. When the CYP2B2 antisense RNA probe was 

used no expression or induction of this mRNA was found throughout the whole small
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Figure 3,11: A) RNase protection assay of CYP2B1 mRNAs in rat liver. Track 1 contained 
^%-labelled DNA molecular weight markers ( Ikb DNA ladder, GIBCO-BRL). 
Total RNA extracted from livers of untreated (tracks 5 and 8), phenobarbital- 
treated (tracks 4 ,7  and 10) or picrotoxin-treated animals (tracks 3, 6 and 9). 
Hybridisation reactions contained 1 x 10"* cpm of ^^P-labelled anti-sense 
CYP2B1 RNA and lOpig total liver RNA with 20j4g of tRNA (tracks 3-10) or 
20f4g tRNA alone (track 2). The X-Ray film was developed after 6 hours 
exposure.

B) RNase protection assay of CYP2B2 mRNAs in rat liver. Track 1 contained 
^%-labelled DNA molecular weight markers (Ikb DNA ladder, GIBCO-BRL). 
Total RNA extracted from livers of untreated (tracks 5 and 8), phenobarbital- 
treated (tracks 4 ,7  and 10) or picrotoxin-treated animals (tracks 3, 6 and 9). 
Hybridisation reactions contained 1 x 10"* cpm of ^^P-labelled anti-sense 
CYP2B2 RNA and 10/ ĝ total RNA with 20j4g of tRNA (tracks 3-10) or 20/^g 
tRNA alone (track 2). The X-Ray film was developed after 6 hours exposure.

C) Graphical representation of the results shown in A and B after a two point 
assay was performed (P=0.0079, N=3).
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intestine (figure 3.12). This is in agreement with the results obtained for CYP2B2 

protein in this study.

When the CYP2B1 antisense RNA probe was used the expression of this mRNA was 

observed in the first four sections, starting from the most proximal, of the small 

intestine. Expression of CYP2B1 mRNA was increased about 4-6 fold by PB in all of 

these sections. In the fifth section (most distal) near the ileo-caecal valve no expression 

or induction by PB of CYP2B1 mRNAs was found (figure 3.13). When the pattern of 

induction of CYP2B1 in the small intestine is compared at both the protein and RNA 

levels the pattern is the same. Induction only occurs in those sections where there is 

expression in the untreated animal. In previous studies where the small intestine was 

divided only into sections representing the jejunum and the ileum there was more 

expression and induction in the proximal jejunal section (Traber et al., 1988). This 

result may have been due to a dilution of the of the CYP2B1 RNA in the ileal section 

because this section is equivalent to three fifths of the small intestine (figure 3.1).

The effect of picrotoxin on the expression of CYP2B1 and CYP2B2 mRNAs in the 

livers and/or small intestines was also investigated using the specific anti sense RNA 

probes. Picrotoxin treatment caused a -50-100 fold increase in CYP2B1 mRNAs and 

-20  fold increase in CYP2B2 mRNAs in the liver (figure 3.11, tracks 3, 6 and 9), very 

similar to the results obtained for the induction of these two mRNAs in the livers of PB- 

treated rats.

As shown in figure 3.13 picrotoxin increased CYP2B1 (but not CYP2B2) mRNA in the 

first four sections of the small intestine. The fold induction in each of these sections 

ranged from 4 to 5 fold. No induction of CYP2B1 mRNA was observed in the distal 

fifth section. Therefore both PB and picrotoxin induce CYP2B1 and CYP2B2 mRNAs 

in the liver, but in the small intestine of the same animals only CYP2B1 mRNA is 

observed. CYP2B1 mRNA was present at 8.67 (± 1.11), 10.31 (± 0.37), 9.06 (± 1.28) 

and 8.03 (± 1.11) molecules per cell in section 1, 2, 3 and 4 respectively after PB
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Figure 3.12: RNase protection assay of CYP2B2 mRNA in the rat liver and small intes
tine. Total RN A extracted from small intestine (tracks 3-17) and livers (tracks 
18-20) of untreated (tracks 5 ,8 , 11,14,17 and 20), phénobarbital (tracks 4, 
7, 10, 13, 16 and 19), picrotoxin (tracks 3, 6, 9, 12, 15 and 18) treated rats. 
Track 1 contained ^^S-labelled DNA molecular weight markers (Ikb  DNA 
ladder, GIB CO-BRL). Track 2 contained 100 cpm of ̂ ^P-labelled anti-sense 
probe. Hybridisation reactions contained 1 x 10^ cpm of ^^P-labelled anti
sense RNA and 10/^g RNA (tracks 3-20) with 20/<g tRNA. The positions of 
the fully protected fragments (276 nucleotides) are indicated by the arrow
head. The X-Ray film was developed after 2 weeks of exposure.
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Figure 3.13: A) RNase protection assay of CYP2B1 mRNA in rat small intestine. CYP2B1 
^^P-labelled anti sense RNA (1 x lO'* cpm) was hybridised to 10/^g of total 
RNA isolated from the small intestines of untreated (tracks 3 ,6 ,9 ,1 2  and 15), 
phénobarbital (tracks 2 ,5 ,8 , 11 and 14) and picrotoxin (tracks 1,4 , 7 ,10  and 
13) treated rats. Each hybridisation also included 20/^g tRNA. The X-Ray was 
developed after an exposure of 1 week.

B) Graphical representation of results obtained from RNase protection assays 
of CYP2B1 mRNA in the rat small intestine following two point assays using 
total RNA isolated from three different animals for each treatment ( f <0.0001).
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treatment. In picrotoxin-treated animals CYP2B1 mRNA was present at 10.23 (± 2.18), 

9.35 (± 2.38), 9.66 (± 0.21) and 9.42 (± 1.54) molecules per cell respectively in sections

1 . 2 . 3  and 4. In the untreated animals CYP2B1 mRNA was present at 2.46 (± 0.94), 

2.89 (± 0.56), 2.74 (± 0.98) and 1.61 (± 1.56) molecules per cell respectively in sections

1 . 2 . 3  and 4. The amount of CYP2B1 mRNA present in the small intestine following 

PB-treatment is therefore 8.9 fold lower than that observed in the livers of the same 

animals. In picrotoxin-treated animals CYP2B1 is present in amounts 8.5 fold lower 

than in the livers of the same animals.

3.3 Expression of Other Proteins and mRNAs in the Small Intestine

As described in section 1.1.5 several other foreign compound metabolising enzymes are 

induced in the rat liver following the administration of both PB and picrotoxin. Having 

shown that CYP2B1 mRNA and protein is expressed and induced, following the 

administration of PB and picrotoxin, within the small intestine of rats. Further 

investigation of other phase 1 and phase 11 drug metabolising enzymes was carried out 

in this tissue. In addition also investigated in the small intestine was the expression of a 

number of "liver-specific" transcription factors.

3.3.1 Expression o f  cytochrome P450 reductase, cytochrome b <; and cytochrome 
reductase proteins

Western blot analysis was performed on microsomes isolated from the small intestine 

and livers of PB-treated, picrotoxin-treated and untreated rats. Antibodies were used 

that recognised either cytochrome P450 reductase, cytochrome b ,̂ or cytochrome b̂  

reductase. The western blot analysis revealed that these three proteins, which are 

integral members of the mixed function monooxygenase pathway, were expressed in 

equal amounts throughout the small intestine and were not induced by either PB or 

picrotoxin (figure 3.14). In contrast cytochrome P450 reductase expression is induced 

in the liver following the treatment with PB (data not shown).
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Figure 3.14: A) Western blot analysis of microsomal proteins (50 fAg) isolated from the 
small intestines of PB-treated (tracks 1 ,4 ,7 ,  10 and 14) and picrotoxin- 
treated (tracks 2, 5 ,8 , 11 and 14) and untreated (tracks 3, 6, 9, 12 and 15) 
rats. Tracks 1-3, 4-6, 7-9, 10-12 and 13-15 contained microsomal proteins 
from sections 1 ,2 , 3, 4 and 5 of the small intestine respectively (as de
scribed in section 3.1). CYP2B protein was detected using an anti-CYP2B 
serum indicated by arrow B.Cytochrome P450 reductase was detected us
ing an anti-cytochrome P450 reductase serum indicated by arrow A.

B) Western blot analysis of microsomal proteins isolated from the livers and 
small intestines of PB-treated (tracks 2 ,5 ,8 ,1 1 ,1 5  and 17) and picrotoxin- 
treated (tracks 3, 6, 9, 12, 15 and 18) and untreated (tracks 4, 7, 10, 13, 16 
and 19) rats. Track 1 contained 50ng of cytochrome b̂  reductase pure pro
tein, tracks 2-16 contained 50/^g of small intestinal microsomal protein and 
track 17-19 contained Ipig of liver microsomal protein. Cytochrome b, re
ductase protein was detected using an anti-cytochrome b  ̂reductase serum.
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3.3.2 Expression o f CYP4A1 protein

The expression of CYP4A1, known to be induced by clofibrate, has also been shown to 

be induced by the antiepileptic drug valproate in the rat liver (Dirven et al., 1992). 

Although induction of this gene is not observed in the livers of PB-treated rats. Western 

blot analysis using microsomes isolated from the livers and small intestines of PB- 

treated, picrotoxin-treated and untreated rats were performed. The antibody used 

recognises CYP4A1, 2 and 3 proteins. Analysis showed that the expression of the 

CYP4A1 in the liver was not affected, as expected, following the administration of PB 

(data not shown). Picrotoxin also had no affect on the expression of these proteins. In 

the small intestine no expression or induction was observed in either the jejunal or ileal 

sections.

3.3.3 Expression o f Glutathione S~transferase proteins

The phase II drug metabolising enzyme glutathione 5-transferase, as described in 

section 1.4, may be induced by PB through a mechanism similar to that involved in the 

induction of CYP2B genes. Western blot analysis using antisera to the rat GST subunits 

1 and 2 (belonging to the alpha class of GSTs) and GST subunit 7 (belonging to the pi 

class of GSTs) were carried out on the cytosolic fractions isolated from the livers and 

the small intestines of PB-treated, picrotoxin-treated and untreated rats. In these 

experiments the small intestine was divided into two sections the jejunum and the 

ileum. The antibody that recognises GST subunit 7, showed that expression of this 

isoform was greater in the jejunum than the ileum (figure 3.15). This isoform was 

increased in the jejunal section 3 fold by PB and 1.5 fold by picrotoxin (tracks 1, 3 and 

5). No expression or induction of GST subunit 7 was detected in the livers of the 

sample animals (tracks 7 ,8  and 9).

Figure 3.16 shows the pattern of GST subunits 1 and/or 2 in the cytosolic fractions of 

the livers and small intestines of PB-treated, picrotoxin-treated and untreated rats. In the
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Figure 3.15: Western blot analysis of cytosolic proteins isolated from the liver and small 
intestines of PB-treated (tracks 1,2, and 7) and picrotoxin-treated (tracks 3, 
4, and 8) and untreated (tracks 5 ,6 , and 9) rats. Tracks 1,3, and 5 and 2,4 and 
6 contained cytosolic proteins from jejunum and ileum respectively (as 
described in section 3.1). Tracks 1-6 contained 50/^g of small intestinal 
cytosolicprotein and tracks 7-9 contained 50^g of liver cytosolic protein. 
GST subunit 7 protein was detected using an anti-GST subunit 7 serum 
indicated.
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Figure 3.16: Western blot analysis of cytosolic proteins isolated from the liver and small 
intestines of PB-treated (tracks 1,4, and 5) and picrotoxin-treated (tracks 2, 
6, and 7) and untreated (tracks 3 ,8 , and 9) rats. Tracks 4,6 and 8 and 5,7 and 
9 contained cytosolic proteins from jejunum and ileum respectively (as de
scribed in section 3.1). Tracks 4-9 contained 50^g of small intestinal cytosolic 
protein and tracks 1-3 contained 50;<g of liver cytosolic protein. GST subunit 
1 and/or 2 protein was detected using an anti-GST subunit 1 and/or 2 serum.
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liver samples only a single band was observed (tracks 1-3). No induction of GST 

subunits 1 or 2 was observed by either PB or picrotoxin. In the small intestine a series 

of protein bands was observed [(tracks 4-9) in both the jejunal and ileal sections of 

treated and untreated animals. It is not clear whether the proteins detected are GST 

isoforms of the alpha class or if the bands represent non-specific binding of the 

antibody to intestinal proteins. A more detailed study using reverse-phase HPLC 

analysis (Coecke etaL, 1995) is required to show specifically which GST subunits are 

induced by PB or picrotoxin.

3.3.5 Expression ofHNF genes

The primary aim and scope of my thesis is to further understand the mechanism(s) by 

which CYP2B genes are expressed and induced in a tissue-specific manner. Fhe 

expression and induction of transcription factors that are known to be involved in the 

regulation of many hepatic genes, ntunely the hepatocyte nuclear factor (HNF) group of 

transcription factors, was investigated using both western blot and RNase protection 

analyses. Western blot analysis was performed on nuclear protein extracts (isolated as 

in 2.30) from both treated and untreated animals using antibodies that recognised the 

carboxy-terminus of the HNF-1 protein and the DNA binding domains of the HNF-1 

and HNF-3 proteins (these antibodies were kindly donated by the IRBM, Rome, Italy). 

The western blot analysis revealed that the proteins were expressed, but not induced, in 

the liver and throughout the small intestine of PB-treated, picrotoxin-treated and 

untreated animals (data not shown).

The expression of the hepatocyte nuclear factor 4 (HNF-4) was investigated at the RNA 

level using the RNase protection assay. The anti sense probe was synthesised from a 

cDNA clone which was subcloned from a HNF-4 cDNA clone that was a generous gift 

from Prof. J. E. Darnell Jr. (The Rockerfeller University, NY, USA). The construct was 

subcloned into the expression vector pBluescript, by Dr G. Ciaramella and Dr F. Mulaa, 

and characterised by restriction enzyme analysis by Dr M. G. Akrawi of our laboratory 

(figure 3.17). To produce an antisense RNA probe suitable for RNase protection the
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Figure 3.17: M ap of the plasmid pTF4 used to generate the RNase protection probe spe
cific for HNF-4. Anti-sense RNA transcripts were generated by linearising 
pTF4 with Nco 1 and then using T3 RNA polymerase.
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subclone pTF4 was linearised by digestion with Nco I followed by in vitro transcription 

using T7 RNA polymerase. This produced an anti sense probe of 430 bases which 

would protect 362 nucleotides of the HNF-4 mRNA. The results could unfortunately 

not be quantified in molecules/cell because the nucleotide sequence within the region of 

our HNF-4 subclone is not available. The results obtained are therefore displayed as 

cpm (counts per minute) determined from a standard curve of unprotected probe.

RNase protection was carried out using total RNA isolated from the livers and small 

intestines of PB-treated, picrotoxin-treated and untreated rats. Preliminary experiments 

carried out in our laboratory by Dr M. G. Akrawi showed that there is a 5-fold 

induction of HNF-4 mRNA in the livers of rats treated with PB. Before carrying out 

RNase protection assays on samples of total RNA isolated from the small intestine the 

induction of this mRNA species was confirmed in the livers of the same animals. This 

control experiment was extended to include total RNA isolated from the livers of 

picrotoxin-treated rats. The results confirm that the amount of HNF-4 mRNA is 

induced in the livers of animals treated with PB although the fold induction observed 

was 3-4 fold (figure 3.18, tracks 2, 5 and 8). This mRNA is induced also in animals 

treated with picrotoxin (5 fold; figure 3.18, tracks 3 ,6  and 9).

As shown in figure 3.19 induction of HNF-4 mRNA within the small intestine occurs in 

the first three sections in both PB-treated or picrotoxin-treated rats. The fold induction 

in each of these sections is 10-fold when PB is administered and 7-fold when picrotoxin 

is administered to the rat.

The implications of HNF-4 induction by PB and picrotoxin and a possible role for this 

protein in regulating CYP2B  gene expression is discussed in chapter 6.
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Figure 3.18: A) RNase protection assay of HNF-4 mRNAs in rat liver. Total RNA ex
tracted from livers of untreated (tracks 1 ,4  and 7), PB-treated (tracks 3 ,6  and
9) or picrotoxin-treated animals (tracks 2, 5 and 8). Hybridisation reactions 
contained 1 x 1(T cpm of ̂ T-labelled anti-sense HNF-4 RNA and 10/^g total 
liver RNA with 20/^g of tRNA. The X-Ray film was developed after 6 hours 
exposure.

B) Graphical representation of the results shown inA ( f =0.0001, A^=3).
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Figure 3.19: A) RNase protection assay of HNF-4 mRNAs in rat small intestine. Track 1 
contained ^%-labelled DNA m olecular weight m arkers (Ik b  DNA ladder, 
GIBCO-BRL) and track 2 contained HN F-4 riboprobe ( 100 cpm; 430 bases). 
Total RNA extracted from small intestines o f untreated (tracks 5, 8 and 11), 
PB-treated (tracks 3, 6 and 9) or picrotoxin-treated anim als (tracks 4, 7 and
10). Hybridisation reactions contained 1 x 10* cpm of ̂ ^P-labelled anti-sense 
HNF-4 RNA and 10/^g total small intestinal RNA with 20pig of tRNA (tracks 
3-11). The X-Ray film was developed after an exposure of 1 week.

B) Graphical representation of the results shown in A and B after a  two point 
assay was performed (P<0.0001, N=3).
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The results presented in the previous section extended the studies on the tissue specific 

expression and induction of CYP2B genes within the liver and small intestine. Both PB 

and picrotoxin were shown to induce CYP2B1 and CYP2B2 at the protein and RNA 

levels in the liver whereas these compounds increased only CYP2B1 expression in the 

small intestine. The next stage of this project was to identify trans-acûng protein factors 

and cfj-acting DNA elements involved in the regulation of constitutive CYP2B gene 

expression in the liver and small intestine and in the induction of these genes by PB and 

picrotoxin. To do this the gel retardation assay, also known as gel mobility shift assay 

and band shift assay, was used. This involved incubating regions of the 5' flanking 

sequences of the CYP2B1 and CYP2B2 genes with nuclear protein isolated from 

different tissues and from treated and untreated animals. The subsequent DNA-protein 

complexes are analysed by gel electrophoresis.

For analysis of nuclear protein factors involved in the regulation of gene expression, 

nuclear protein extracts from the relevant tissues were prepared as described in section 

2.30. To isolate nuclei, from both the livers and small intestines of treated and untreated 

rats, a standard method involving the centrifugation of the tissue homogenates through 

a sucrose gradient was used (section 2.29). For the purification of nuclear proteins from 

nuclei two rapid high salt purification methods were used (section 2.30). These methods 

were chosen because they involved single step preparations which gave greater yields 

than other techniques. This proved ideal for purification of nuclear proteins from the 

small intestine, where the amount of the tissue was limiting. However the purity of the 

nuclear protein differed from that obtained with other protocols. Unlike the RNA and 

protein studies described in chapter 3 of this thesis in the following experiments the 

small intestine was subdivided into the jejunum and ileum. This was done for purely 

practical reasons. The number of nuclei obtained from the small intestine is very low 

and so dissection of this tissue into five regions prior to the isolation of nuclei was not 

possible.
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The integrity of the nuclear proteins isolated from the ileum, jejunum and liver was 

confirmed by SDS-polyacrylamide gel electrophoretic analysis (figure 4.1). Tracks 2 ,4  

and 6 of figure 4.1 show the integrity of the nuclear proteins isolated using the method 

described in section 2.30.2 whereas tracks 2, 4 and 6 show the integrity of nuclear 

proteins isolated using the method in section 2.30.1. Nuclear proteins isolated using the 

former method cU'e recovered in higher amounts than if prepared by the latter method. 

Therefore all subsequent experiments were carried out using the nuclear proteins 

isolated as described in section 2.30.1.

Figure 4.2 shows a schematic diagram of the gel retardation assay in which a 32p- 

labelled probe (or target sequence) is incubated with nuclear proteins allowing them to 

bind as single polypeptides or as protein complexes to the target sequence. The DNA- 

protein complex or complexes are then resolved by polyacrylamide gel electrophoresis 

and autoradiographed. The conditions for the binding reaction are crucial. Primarily a 

suitable amount of poly dl-dC.poly dl-dC (Pharmacia) was used to eliminate any non

specific proteins that would bind the target sequence thereby augmenting the specific 

DNA-protein complex.

A known target sequence was used to show that the nuclear proteins purified from the 

livers of treated and untreated rats were able to bind DNA. Tracks 1-3 of figure 4.3 

show the DNA-protein complexes formed when an oligonucleotide which contains the 

sequence specific for the binding of the SPl DNA-binding protein was used. There 

were no quantitative or qualitative differences in the abundance of the complexes 

formed with liver nuclear extracts from untreated (figure 4.3, track 1), picrotoxin- 

treated (figure 4.3, track 2) and PB-treated (figure 4.3, track 3). This latter result serves 

also as a control for the protein concentrations of each of the extracts.
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Figure 4.1: SDS/PAGEof nuclear proteins from the liver (tracks 6 and 7), jejunum (tracks 
4 and 5) and ileum (track 2 and 3) of an untreated rat. Tracks 2 to 7 contain 
2 }Ag of nuclear protein and tracks 1 and 8 contain 2/̂ 1 of molecular weight 
markers, described in section 2.26. Numbers indicate the approximate size 
of the marker proteins in kilo Daltons. Tracks 2, 4 and 6 contain nuclear 
proteins purified using method in section 2.30.2 and tracks 3,5 and 7 contain 
nuclear proteins purified using method in section 2.30.1. The gel was stained 
using silver as described in section 2.26.2.
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The hybridised DNA-protein complexes are then separated 
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Figure 4.2: Diagram describing the gel retardation assay. Where the radiolabelled target 
DNA is incubated with nuclear protein extracts allowing nuclear proteins to 
bind the sequence (indicated with the red nuclear protein). The autoradiograph 
shows the result of a typical gel with radiolabelled probe (track 1) and the 
retarded DNA-protein complex (track 2).
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Figure 4.3: Gel retardation analysis using as probes the recognition sequence for the 
SPl DNA-binding protein. Radiolabelled probe was incubated with 5 ^ g  of 
liver nuclear extracts from untreated (track 1), picrotoxin- (track 2) or phe- 
nobarbital-treated (track 3) rats. The arrow indicates the DNA-protein com
plex has no quantitative or qualitative difference between the treated and 
untreated animals.
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4.1 The CYP2B2 sene promoter

4.1.1 Gel retardation o f  frasment -183 to -199 o f the CYP2B2 eene promoter

Analysis of a CYP2B2 gene promoter by gel retardation has identified a DNA sequence, 

located between -183 to -199 of the promoter, that binds protein(s) whose abundance or 

binding activity is greater in liver nuclear extracts from PB treated rats than in those 

from untreated animals (Shephard et al., 1994; described in section 1.2.3). This protein 

has subsequently been shown to be a member of the octamer family of transcription 

factors. It was therefore of interest to determine if liver nuclear proteins isolated from 

picrotoxin-treated animals were able to form a DNA-protein complex with the region 

-183 to -199 that was in greater abundance compared to that formed with extracts from 

untreated animals. A control gel retardation analysis confirmed that the region -183 to 

-199 of the CYP2B2 gene bound proteins whose abundance or binding activity is 

greater in extracts from PB-treated rats than in those from untreated animals. Tracks 1-3 

of figure 4.4 shows the DNA-protein complex formed with varying amounts of nuclear 

extracts isolated from PB-treated rats. Tracks 4-6 show the DNA-protein complex 

formed with varying amounts of nuclear extracts isolated from picrotoxin-treated 

animals and tracks 7-9 show the DNA-protein complex formed with varying amounts 

of nuclear extracts from untreated rats. The abundance of the DNA-protein complexes 

indicated by the arrow in figure 4.4 shovssthat there was a 5 fold increase in abundance 

with PB-treated rats. This confirms the finding of Shephard et al. (1994). The 

abundance of this complex is increased about -'2.5 fold with extracts from picrotoxin- 

treated rats. Although the fold increase in abundance of the complex is not identical 

with both inducers the results do show that both picrotoxin and PB treatment increase 

the abundance or binding activity of an octamer protein to the -183 to -199 region.

When nuclear extracts from the small intestines of treated and untreated animals were 

incubated with radiolabelled probe, -183 to -199, no DNA-protein complexes were
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Figure 4.4: Gel retardation analysis of oligonucleotide between -183 to -199 of the 
CYP2B2 gene promoter. A) Radiolabelled probe was incubated with vary
ing concentrations of liver nuclear extracts from untreated (U), picrotoxin- 
treated (PCX) or phenobarbi tal - treated (PB) rats. The arrow indicates the 
DNA-protein complex analyse<ldensitometrically. Graphical representa
tion o f the results shown in A.
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formed (figure 4.5, tracks 2-7), as a control experiment the same radiolabelled probe 

was incubated with liver nuclear extracts from PB-treated rats (figure 4.5, track 8). The 

arrow in figure 4.5 shows the DNA-protein complex formed with the liver nuclear 

extracts. Interestingly, the equivalent region from the CYP2B1 gene does not form a 

complex with liver nuclear proteins (Shephard et al., 1994). Therefore the fact that the 

octamer protein is absent from the extracts isolated from the small intestine indicates 

that this protein may play a role in the tissue specific expression of the CYP2B2 gene in 

the liver.

4.1.2 Gel retardation analysis o f the reeion -48 to -66 o f  the CYP2B2 promoter

A second region within the CYP2B2 promoter -31 to -72 was shown by gel retardation 

experiments to form a complex with liver nuclear proteins whose activity or abundance 

was increased following PB treatment (Shephard et al., 1994). DNase footprinting 

revealed a footprint between -48 and -66. Computer analysis showed that this sequence 

has similarity to the binding site for the C/EBP family of transcription factors 

(Landschulz et al., 1988).

Oligonucleotides which specify the consensus site for C/EBP proteins were synthesised 

(figure 4.10b; Landschulz et al., 1988) and used in a gel retardation assay. Tracks 8-10 

of figure 4.6 show the DNA-protein complex formed with varying amounts of nuclear 

extracts from PB-treated rats, tracks 5-7 show the DNA-protein complex formed with 

varying amounts of nuclear extracts from picrotoxin-treated animals and tracks 2-4 

show the DNA-protein complex formed with varying amounts of nuclear extracts from 

untreated rats. The abundance of the DNA-protein complexes, indicated by the arrow in 

figure 4.6, show that there was a -3  fold increase in abundance of the complex with 

nuclear proteins isolated from PB-treated rats. The increase in abundance of this 

complex was about ^2 fold with nuclear proteins isolated from picrotoxin-treated rats 

(figure 4.6b). Therefore, treatment with either picrotoxin or PB increases the activity or 

abundance of proteins that bind to the C/EBP consensus sequence. This result indicates
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Figure 4.5: Gel retardation analysis of the oligonucleotide from -183 to -199 of the

CYP2B2 gene promoter. Radiolabelled probe was incubated with 5/^g liver 
nuclear extracts from PB-treated animals (track 8), and with 5/<g of nuclear 
extracts from the jejunum  (tracks 3 ,5  and 7) and ileum (tracks 2 ,4  and 6) of 
untreated, picrotoxin- and PB-treated rats. Track 1 contained radiolabelled 
probe.
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Figure 4.6: Gel retardation analysis of oligonucleotide o f the recognition sequence in 
the mouse albumin gene promoter for the C/EBP DNA-binding protein. A) 
Radiolabelled probe was incubated with varying concentrations of liver nu
clear extracts from untreated (U), picrotoxin-treated (PCX) or phenobarbi- 
tal-treated (PB) rats. The arrow indicates the DNA-protein complex ana

lysed by densitrometric analysis. B) Graphical representation of the results ob
tained in A.
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that members of this family of transcription factors may play a role in both the 

constitutive expression and the induction by foreign chemicals of CYP2B2 gene 

transcription.

4,2 Regulation of CYP2B1 eene expression

4.2.1 Cloning the CYP2B1 5' flanking sequences

As previously explained, the expression of the CYP2BI gene is increased to a greater 

extent by PB in the liver than is the CYP2B2 gene. But the CYP2B1 gene is expressed 

to a much lesser extent than the CYP2B2 gene in the liver of untreated animals. The 

CYP2B1 gene, but not the CYP2B2 gene, is induced and expressed in the rat small 

intestine (described in section 1.2.3 and results chapter 3). Factors now had to be 

determined that regulate CYP2B1 gene expression in the liver and to identify factors 

that regulate the CYP2BI gene expression in the intestine. To do these experiments the 

5' flanking region of the CYP2B1 gene had to be cloned and so a PCR based approach 

was used. There was only one previously reported CYP2B1 5' flanking sequence (Suwa 

et al., 1985). Primers were designed that were complimentary to the regions 

encompassing the -1 and -450 regions of the published sequence (figure 4.7). 

Unfortunately, in these regions the 5’ flanking sequences of CYP2B1 and CYP2B2 are 

identical in sequence so all CYP2BH2 sequences were expected to be amplified by the 

PCR from genomic DNA using these primers.

Template genomic DNA was isolated from rat liver and the integrity of this was 

checked by agarose gel electrophoresis (figure 4.8, tracks 2 and 3). To carry out the 

PCR Pyrococcus furiosus (Pfu) DNA polymerase was used because this contains a 

proofreading 3' to 5' exonuclease activity thereby reducing the mutation rate (figure 4.9) 

during the amplification of CYP2B 5’ flanking sequences. Track 2 of figure 4.9 shows 

the PCR product separated on an agarose gel. The amplified product contained a middle 

doublet of 500-520 base pairs about the expected size for CYP2B1 and CYP2B2
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- 4 5 0

CAAACATAAT CACATGTACC CAGGACACAA AGAACATACA GAGAAGCCTC CATAATTTAA
GTTTGTATTA GTGTACATGG GTCCTGTGTT TCTTGTATGT CTCTTCGGAG GTATTAAATT

GATTATACAT GTAAATACAC CCTAGACATG CAAGAATAGA CCACCCAGTG CATCTAGACT
CTAATATGTA CATTTATGTG GGATCTGTAC GTTCTTATCT GGTGGGTCAC GTAGATCTGA

CAGACAAAGA AATATACATC TGTACGTTTA TATCAGAAAT GATCTTTCAC ATAGAAAAAG
GTCTGTTTCT TTATATGTAG ACATGCAAAT ATAGTCTTTA CTAGAAAGTG TATCTTTTTC

CATATAGCGT GCACGCACAC ACACAATCCC ATGCCCTAGT AAGTAAACAG AGCTGACAAA
GTATATCGCA CGTGCGTGTG TGTGTTAGGG TACGGGATCA TTCATTTGTC TCGACTGTTT

ACTGAGCTGA CAAGTGCACA CCCATCCCCA TAAAACAAGA GGCCTAAGTC CCAGTGCCCT
TGACTCGACT GTTCACGTGT GGGTAGGGGT ATTTTGTTCT CCGGATTCAG GGTCACGGGA

TTTGTCCTGT GTATCTGTTT CGTGGTGTCC TTGCCAACAT GTATGGTGTG GGTAAGGGAA
AAACAGGACA CATAGACAAA GCACCACAGG AACGGTTGTA CATACCACAC CCATTCCCTT

TGAGGAGTGA ATAGCTAAAG CAGGAGGCGT GAACATCTGA AGTTGCATAA CTGAGTGGAG
ACTCCTCACT TATCGATTTC GTCCTCCGCA CTTGTAGACT TCAACGTATT GACTCACCTC

GGGCGGATTC AGCATAAAAG ATCCTGCTGG AGAGCATGC 3 '
CCCGCCTAAG TCGTATTTTC TAGGACGACC

- 1 0

TCTCGTACG

A) 5’ GCAGCGAAGCTTGAATTCTCACATGTACCCAGGA 3’

B) 5 GGCACCAAGCTTGAGCTCATGCTCTCCAGCAGGA 3'

Figure 4.7: Nucleotide sequence of -1 to -459 of the CYP2B1 gene promoter (Suwa et 
ai, 1985). The green and red nucleotide sequences represent the hybridisa
tion regions of the PCR primers. A) and B) are the oligonucleotides used in 
the PCR to amplify CYP2B 5' flanking regions. The blue nucleotides of the 
oligonucleotides represent Hind III restriction endonuclease sites that were 
used for the cloning of the amplification products into the plasmid pUC19 
and the green and red nucleotides represent the hybridisation regions to the 
CYP2B1 5' flanking sequence.
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12216

1 2  3 4

1018

Genomic DNA

Figure 4.8: A garose gel electrophoresis of purified rat liver genomic DNA. Tracks 1 
and 4  contained DNA molecular weight markers ( Ikb DNA ladder, GIBCO- 
BRL). Tracks 2 and 3 contained 1 pig o f purified rat liver genomic DNA. 
Num bers indicate the size of the m olecular weight markers in base pairs.
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1018

506
398
344
298

610
520-500
340

Figure 4.9: A garose gel elctrophoresis of amplification products using CYP2B primers, 
rat liver genomic DNA and Pfu DNA polymerase. Track I contained DNA 
m olecular weight markers (GIBCO-BRL), the sizes o f which are shown in 
base pairs. Track 2 contained 10 pi\ o f am plification products the sizes of 
which are indicated in base pairs.
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promoter regions. CYP2B1 and CYP2B2 5' flanking sequences differ with respect to a 

CA repeat {CYP2B2 CA=19 and CYP2B1 CA=5). The other two bands of 610 and 340 

base pairs, however, were not expected and could represent the 5' flanking sequences of 

other members of the CYP2B subfamily or could be artefacts of the PCR. The primers 

for the PCR were designed to contain restriction enzyme sites (Hind III), not contained 

within the CYP2B1 sequence, to allow the cloning of the PCR products into the plasmid 

pUC19 (figure 4.7). Before the PCR product was cloned into the plasmid pUC19, a 

Southern blot hybridisation analysis was used to confirm the presence of CYP2B1 and 

CYP2B2 5' flanking sequences. Radiolabelled oligonucleotide probes were prepared 

that are specific for the 5' flanking sequence of either CYP2B1 or CYP2B2 genes (figure 

4 .10a). The signals obtained from the hybridisation with these probes are indicated by 

the arrows in figure 4.11. The CYP2B2 specific probe produced a signal with the PCR 

product that was not as intense as that obtained when the CYP2B1 specific sequence 

was used as a hybridisation probe suggesting that there may be more CYP2B1 gene 

variants than CYP2B2 genes present in the rat genome. The PCR products were cloned 

into the Hind III site of pUC19 and clones containing the correct insert size were 

analysed by DNA sequence analysis. Unfortunately, this showed that all of the 

sequences cloned were not CYP2B1 or CYP2B1 promoter sequences and that the clones 

were artefacts of the PCR. An analysis of the sequence of four of the clones showed 

that the enzyme Pfu DNA polymerase, because of its proofreading ability, had "chewed 

back" into the primers so changing their specificity (figure 4.12). This may also explain 

the two other fragments of 610 and 340 base pairs that were amplified by Pfu DNA 

polymerase (figure 4.9).

The PCR was repeated but this time with the use of Taq DNA polymerase in the 

reaction. This enzyme has no proofreading activity. Track 2 of figure 4.13 shows the 

PCR product, produced, using Taq DNA polymerase, separated on an agarose gel. In 

this case the expected size fragments of between 450-500 base pairs was obtained. The 

PCR products were cloned into pUC19 using the Hind III restriction enzyme sites 

present in the PCR primers (figure 4.7). Four clones were chosen and digested with
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A)

CYP2B2

- 2 0 3  - 1 9 3  - 1 8 3  - 1 7 3  - 1 6 3  - 1 5 3

I  I  I  I  I  I
5' ACAAGTGCAC A C C C A T ttaC  ATAAAACAAG AGGCCTAAGT CCCAGTGCCC TTTTGTCCTG 3'

5' ACAAGTGCAC ACCCATCCCC ATAAAACAAG AGGCCTAAGT CCCAGTGCCC TTTTGTCCTG

CYP2BI

3'

B)

CYP2B2

-44

5’ ACATCTGAAgTTGCatAAcTGAGT 3'
I _ * A A A _ _ A A _

-67 5' A TTG C G C A A T 3'

C/EBP

Figure 4.10: A) Nucleotide sequence comparison of the CYP2B1 and CYP2B2 gene pro
moter in the region -212 to -153. The differences in the nucleotide sequence 
are indicated by (-) between the two lines of sequence and are printed in 
lower case letters in the CYP2B2 sequence. The red nucleotides represent 
the hybridisation region of the CYP2B2 specific probe and the blue the 
CYP2B1 specific probe.

B) Nucleotide sequence comparison of the CYP2B2 gene promoter in the 
region -48 to -66 and the C/EBP recognition sequence (blue; as described in 
section 4.1.2). The differences in the nucleotide sequence are indicated by (- 
) between the two lines of sequence and are printed in lower case letters in 
the CYP2B2 sequence.
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Figure 4.11 : Southern blot analysis of amplification products (figure 4.9). A) Agarose gel 
electrophoresis of the amplification products (tracks 1 and 10). Tracks 2 and
11 contained DNA molecular weight markers (GIBCO-BRL). Tracks 3 and
12 contained a CYP2B2 gene promoter sequence prepared by L A. Forrest 
in our laboratory. B) Hybridisation analysis using a CYP2B1 specific 
radiolabelled probe (figure 4.10b). Tracks 1 to 3 correspond to tracks 1 to 3 
of A. The arrow indicated that CYP2B1 sequences were present in the am
plification products. C) Hybridisation analysis using a CYP2B2 specific 
radiolabelled probe (figure 4.10). Tracks 1 to 3 correspond to tracks 10 to l i  
of A. The arrow indicated that CYP2B2 sequences were present in the am
plification products.
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3' GTACGAGAGGTCGGTCGTTCGGTTCTCG.............................5'

3' GTACGAGAGGTCGTCCAGTTACTGTTTCA.......................... 5'

3' GTACGAGAGGTCGTCCAGTTACTGTTTCA.......................... 5'

3' GTACGAGAGGTCTCTCCTACCATCGGACTCGTCCAA 5'

Figure 4,12: DNA sequence analysis of clones obtained using Pfu DNA polymerase for 
PCR of the CYP2B 5' flanking region. The sequences of four clones ob
tained were not CYP2B 5' flanking regions. The red nucleotides represent 
the hybridisation regions of the PCR primers.
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Figure 4.13: Agarose gel electrophoresis of amplification products from rat genomic DNA 
using CYP2B primers and Taq DNA polymerase. Track 1 contained DNA 
molecular weight markers (GIBCO-BRL). Track 2 contained 5 yX of ampli
fication products. The expected size of the 5' flanking region of CYP2B 
genes (450-500 base pairs) are indicated by the arrow.
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Hind III to release their inserts. These were characterised using Southern blot 

hybridisation analysis with the radiolabelled CYP2B1 and C Y P 2 B 2  specific 

oligonucleotide probes (figure 4.10a). Figure 4.14 shows that all four clones contained 

CYP2B1 5' flanking sequences. DNA sequence analysis of the four clones showed that 

three of the clones contained the identical CYP2B1 5' flanking sequence. The fourth 

clone had a point mutation at position -3 which was within the primer sequence. As Taq 

DNA polymerase has no proofreading activity this mutation probably arose during the 

DNA sequence reaction. The DNA sequencing results confirmed that the CYP2B1 5' 

flanking sequences had been isolated (figure 4.15). A comparison of the cloned 

CYP2B1 5' flanking sequence with other published CYP2B 5' flanking sequences 

confirm that there are many variants of CYP2B1 and CYP2B2 present in the rat genome 

(Suwa et al., 1985; Jaiswal et al., 1987; Hoffmann et al., 1992; Shephard et al., 1994). 

Figure 4.16 shows a comparison of the cloned CYP2B1 5' flanking sequence with that 

of the CYP2B2 5' flanking sequence previously cloned in our laboratory. One of the 

plasmids, pA2Bl, was used in all subsequent experiments.

4.2.2 Gel retardation analysis o f  the CYP2B1 9ene promoter

Having isolated the CYP2B1 gene promoter sequence it could now be used in gel 

retardation assays to try to identify potential protein binding regions. Suitable 

restriction enzyme sites were found in the CYP2B1 promoter sequence which allowed 

the sequence to be divided into three fragments of suitable length for gel retardation 

analysis. Three enzymes were used to digest the CYP2B1 promoter sequence, Xba 1, 

Stu 1 and Hind 111. The digestion products of these enzymes were separated on an 

agarose gel (figure 4.17). The fragment of 200 base pairs, released when the clone 

pA2Bl was digested with Hind 111 and Stu 1, contained the sequence from -2 to -178 of 

the CYP2B1 gene promoter. The fragment of 169 base pairs, released when clone 

pA2Bl was digested with Stu 1 and Xba 1, contained the sequence from -179 to -347 of 

the CYP2B1 gene promoter. The fragment of 130 base pairs, released when clone 

pA2Bl was digested with Hind 111 and Xba 1, contained the sequence from -348 to -451
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Figure 4,14: Southern blot analysis of clones containing putative CYP2B 5' flanking se
quences. A) Agarose gel electrophoresis of clones (0.5 ptg) digested with 
Hind III restriction endonuclease (tracks 2 to 6 are identical to tracks 11 to 
15). Tracks 1 and 10 contained radiolabelled 1 kb DNA molecular weight 
markers (GIBCO-BRL). Tracks 7 and 16 contained 0.5 /̂ g of a CYP2B2 
gene promoter sequence (purified by Dr A. Shervington) digested with Hind 
III and Eco RI restriction endonucleases. The samples were transfered to a 
nylon membrane which was then divided for hybridisation analysis. B) Hy
bridisation analysis using a CYP2B1 specific radiolabelled probe (figure 
4.10b). Tracks 1 to 7 correspond to tracks 1 to 7 of A. The arrow indicat ̂  
that CYP2B1 5' flanking sequences were present in the all of the clones. C) 
Hybridisation analysis using a CYP2B2 specific radiolabelled probe (figure 
4.10). Tracks 1 to 7 correspond to tracks 10 to 16 of A. The arrow indicated 
that CYP2B2 sequences were not present in the clones. Control CYP2B2 
sequence track 7.
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T  c  G  A

Figure 4.15: DNA sequence analysis of CYP2B1 5' flanking sequence. Tracks T, C, C 
and A contained sequence reactions as described in section 2.10.3. The DNA 
sequence indicates the bases from -201 to -180 (top to bottom) and the dif
ference with theequivalent region of the CYP2B2 gene prom oter are shown 
on the right hand side.
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-451

5  ' TCACATGTACCCAGGACACAAAAAACATACAGAGAAGCCCCAATAATTTAAGATTATACATGTAAATACACCCTAGAC 
5  ' TC AC ATGT AC C C AGO AC AC AAAAAAC AT AC AG AG AAGCC C C AATAATTT AAG ATT AT AC ATGT AAAC AC ACCCTAG AC

ATGCAAGAAAAGACCACCCAGTGCATCTAGACTCAGACAAAGAAATTTACATCGGTACGTTTATATCAGAAATGATCT 
ATGCAAGAATAGACCACCCAGTGCATCTAGACTCAGACAAAGAAAT ATACATCTGTACGTTTATATCAGAAATGATCT

TTC AC ATAGG AAAAGCATATAG A A --------------CACACACACACACACACACACACACACACACACACACAATCCCATGCT
TTC AC ATAG AAAAAGCATATAG CGTGCACGC ACACACACA ATCCCATGC C

CTAGTAAGTAAACAGAGCTGACAAAACTGAGTTGACAAGTGCACACCCATTTACATAAAACAAGAGGCCTAAGTCCCA
CTAGTAAGTAAACAGAGCTGACAAAACTGAGCTGACAAGTGCACACCCATCCCCATAAAACAAGAGGCCTAAGTCCCA

GTGCCCTTTTGTCCTGTGTATCTGTTTCGTGGTGTCCTTGCCAACATGTATGGTGTGGGTAAGGGAATGAGGAGTGAA
GTGCCCTTTTGTCCTGTGTATCTGTTTCGTGGTGTCCTTGCCAACATCTATGGTGTGGGTAAGGGAATGAGGAGTGAA

TAGCTAAAGCAGGAGGCGTGAACATCTGAAGTTGCATAACTGAGTGTAGGGGCAGATTCAGCATAAAAGATCCTGCTG
TAGCTAAAGCAGGAGGCGTGAACATCTGAAGTTGCATAACTGAGTGGAGGGGCGGATTCAGCATAAAAGATCCTGCTG

GAGAGCATG 3 '  C Y P 2B 2 5 '  f l a n k i n g  s e q u e n c e  
GATAGCATG 3 '  C Y P2B 1 5 '  f l a n k i n g  s e q u e n c e

-2

Figure 4.16: Nucleotide sequence comparison of CYP2B1 5' flanking sequence cloned 
(bottom sequence) with the equivalent region of the CYP2B2 5' flanking 
sequence (top sequence). The red and (-) nucleotides indicate differences in 
the sequence. The CYP2B2 5' flanking sequence sequence was taken from 
Shephard et a i, 1994.
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1 2 3 4 5 6 7 8

Figure 4.17: A garose gel electrophoresis of the digestion products o f the plasmid pA2B 1.
Tracks 1 and 8 contained 1 kb DNA m olecular weight m arkers (GIBCO- 
BRL). The sizes of which are indicated on the side in base pairs. Track 2 
contained pA2B 1 digested with Hind III, track 3 pA2B 1 digested with Stu I, 
track 4  pA 2B l digested with Xba I, track 5 pA 2B l digested with Hind III 
and Stu I, track 6 pA2B 1 digested with Stu I and Xba I and track 7 pA2B 1 
digested with Hind III and Xba I.
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of the CYP2B1 gene promoter. The DNA fragments for use as target sequences in the 

gel retardation assay were isolated, purified and radiolabelled as described in section 

2.31.

4.2.2.1 Gel retardation analysis o f  fragment -2 to -178 o f  the CYP2B1 gene 

promoter

The region from -2 to -178 of the CYP2B1 gene promoter was radiolabelled and used in 

gel retardation assays (figure 4.18). Tracks 2, 3 and 4 of figure 4.18 show the DNA- 

protein complexes formed when extracts from the livers of untreated, picrotoxin- and 

PB-treated rats were incubated with the radiolabelled -2 to -178 probe respectively. A 

number of DNA-protein complexes are formed with this region of the CYP2B1 

promoter. However, complexes formed do not show any quantitative or qualitative 

differences in the patterns obtained. To try to identify specific protein binding sites 

within this region competitive gel retardation assays were carried out. Computer 

analysis of this region showed that it contains a potential C/EBP binding site between 

nucleotides -31 and -72. Tracks 5 to 10 of figure 4.18 show a gel retardation 

competition experiment where the radiolabelled target sequence was competed with the 

non-radiolabelled C/EBP recognition sequence (used in section 4.1.2). Liver nuclear 

extracts from treated and untreated animals were used in the competition experiment 

(tracks 6-10). Arrow B of figure 4.18 indicates a protein complex or complexes that 

were released from the radiolabelled DNA fragment by the unlabelled competitor 

sequence. The competition of complex B was more apparent in the lighter exposure of 

the gel to X-ray film (figure 4.18a). Arrow A of figure 4.18 shows DNA-protein 

complexes which were not affected by the non-radiolabelled competitor DNA 

sequence. The above results show that one of the proteins that binds to the region -2 to 

-178 must be a member(s) of the C/EBP transcription factor family.

The C/EBP family of transcription factors contains four isomers. These proteins can 

bind to DNA as either homo- or hetero-dimers (described in section 1.3.1). To try to
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A)
T realmcnl U PCX PB U U PCX PCX PB PB

Molar excess of C/EBP ollgo - - - 50 1(X) 50 1(X) 50 100

Track 1 2 3 4 5 6 7 8 9 10

B)
T rcalmcnt U PCX PB U U PCX PCX PB PB

Molar excess of C/EBP oil go - - - 50 KX) 50 l(X> 50 KX)

Track 1 2 3 4 5 6 7 8 9 10

Figure 4.18: Gel retardation analysis of fragment -2 to -178 of the CYP2B1 gene pro
moter. Radiolabelled probe was incubated with liver nuclear extracts (10 
pig) from untreated (U), picrotoxin-treated (PCX) and phenobarbital-treated 
(PB) rats in the absence (-) or presence of a molar excess (50 or 100) of 
unlabelled C/EBP oligonucleotide (section 4,1.2) as a competitor. The two 
arrows indicate the DNA-protein complexes formed: A indicates two major 
complexes formed and B indicates a complex that is lost with the inclusion 
of competitor. A) and B) are autoradiographs of the same experiment vary
ing the exposure time of the X-ray film. A) overnight exposure and B) three 
days of exposure.
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identify which of the C/EBP protein(s) bind to the -2 to -178 region antibodies specific 

for three of the C/EBP proteins (a, p, and ô; Santa-Cruz Biotechnology) were used in 

gel supershift assays (figure 4.19). In this case the C/EBP specific antibodies were 

added to the binding assay prior to the addition of the radiolabelled probe thereby 

complexing with the desired nuclear protein. The antibodies do not interfere with the 

DNA binding domain of the C/EBP proteins and] so the antibody-antigen interaction will 

produce a much larger DNA-protein complex which would "shift" the original DNA- 

protein complex when separated on an acrylamide gel. Tracks 3 ,7  and 11 of figure 4.19 

shows the separation of DNA-protein complexes when the binding reation was 

incubated with the antibody specific for C/EBP a  prior to adding the radiolabelled -2 to 

-178 probe. Tracks 4, 8 and 12, and tracks 5, 9 and 13 of figure 4.19 were preincubated 

with antibodies specific to C/EBP p and ô respectively. The arrow in figure 4.19 

represents a small DNA-protein complex that is not present in tracks 3,7 and 11, and 

5,9 and 13 which correspond to assays where C/EBP a  and ô antibodies were added 

respectively. This DNA-protein complex may have been "shifted" to the region on the 

gel indicated by the black square box of figure 4.19. The DNA-protein complexes 

formed with liver nuclear extracts from PB-treated animals seemed to be in greater 

abundance than in the picrotoxin treated and untreated liver nuclear extracts. However, 

quantification of this difference is not possible due to the overlapping of the DNA- 

protein complexes. The results of the supershift assay show that C/EBP a  and ô bind to 

the -2 to -178 region of the CYP2B1 promoter. Whether they bind as homodimers or 

heterodimers to this sequence is not known.

To analyse the differences in available protein binding sites within the CYP2B1 

promoter in the liver and small intestine a gel retardation assay using the fragment -2 to 

-178 and nuclear protein extracts isolated from the small intestine was now carried out. 

Radiolabelled -2 to -178 probe was incubated with small intestinal nuclear extracts 

from treated and untreated animals (figure 4.20a and 4.20b). Tracks 2, 4 and 6 of figure 

4.20a show the separation of DNA-protein complexes when the radiolabelled probe was 

incubated with nuclear extracts from the jejunum of untreated, PB- and picrotoxin-
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Treatment - U PCX PB

C/EBP a  antibtxJy - - + - - - + - - - + - -

C/EBP p anti Ixidy - - - + - - - + - - - + -

C/EBP 6 antitxxly - - - - + - - - + - - - +

Track 1 2 3 4 5 6 7 8 9 10 11 12 13

I

Figure 4.19: Gel retardation assay of fragment -2 to -178 of the CYP2B1 gene promoter.
Radiolabelled probe was incubated with liver nuclear extracts (10 pig) from 
untreated (U), picrotoxin-treated (PCX) and phenobarbital-treated (PB) rats 
in the absence (-) or presence (+) of 1 pig C/EBP a, p or ô specific antibod
ies (Santa Cruz Biotechnology). The arrow represents a DNA-protein com
plex that has shifted with the addition of C/EBP a or ô antibodies and the 
black square represents differing DNA-protein complexes.
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Figure 4,20: Gel retardation analysis of fragment -2 to -178 of the CYP2B1 gene pro
moter. Radiolabelled probe was incubated with 10 pig of liver (L), 20 pig of 
jejunal (J) and 20 pig of ileal (I) nuclear extracts from untreated (U), picro
toxin-treated (PCX) and phenobarbital-treated (PB) rats. A) and B) are 
autorWiographs of the same experiment varying the exposure time of the 
X-ray film. A) two days of exposure andB) one wecx of exposure.
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A)

Treatment PB PCX U - PB

Tissue I J I J I J - L

Track I 2 3 4 5 6 7 8

B)

Treatment PB PCX U - PB

Tissue I J I J I J - L

Track 1 2 3 4 5 6 7 8
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treated rats. Tracks 1, 3 and 5 of figure 4.20a shows the separation of DNA-protein 

complexes using ileal nuclear extracts from treated and untreated rats. The size of the 

DNA-protein complexes obtained with the jejunal nuclear extracts were smaller than 

those obtained using liver nuclear extracts (figure 4.20b, track 8). No quantitative or 

qualitative differences were observed in the DNA-protein complexes between small 

intestinal nuclear extracts from treated and untreated rats.

To determine if C/EBP binds to the CYP2B1 promoter in the small intestine a 

competitive gel retardation experiment was carried out. No competition was observed 

of the intestinal DNA-protein complexes even in the presence of a 100 fold molar 

excess of unlabelled C/BBP oligonucleotides (data not shown). Therefore in this region 

of the promoter C/EBP binds only to the liver 5' flanking sequence and not the 

intestinal 5' flanking sequence.

4,2.2.2 Gel retardation analysis o f  fraement -179 to -347 o f  the CYP2B1 eene 

vromoter

Radiolabelled probe, CYP2B1 -179 to -347, was incubated with either liver or small 

intestinal nuclear extracts isolated from treated or untreated animals. Figure 4.21 shows 

the results of the DNA-protein complexes obtained. A number of complexes were 

formed with all three liver nuclear extracts (tracks 11-16). The overall pattern of DNA- 

protein complexes was very similar for untreated and treated animals. However, one 

DNA-protein complex indicated by arrow A in figure 4.21 was more abundant with 

liver nuclear extracts from PB-treated animals rather than with extracts from picrotoxin- 

treated or untreated rats.

Analysis of the DNA-protein complexes formed with nuclear extracts from the jejunum 

(tracks 3, 6 and 9) and ileum (tracks 1, 4 and 7) are shown in figure 4.21. Several 

complexes are formed with the jejunal extracts from treated or untreated animals. The 

pattern of complexes formed with each type of extract is very similar in control and
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T rcatmcnl PB PCX U PB PCX U -

Tissue 1 J J 1 J J 1 J J L L L 1. L L. L -

Molar excess of CYP2B2 ollgo - - - 100 - - ,00 - - ICO - - loo - -

Track 1 2 3 4 5 6 7 K 9 10 II 12 13 14 15 16 17

Figure 4.21: Gel retardation analysis of fragment -179 to -347 of the CYP2B1 gene pro
moter. Radiolabelled probe was incubated with 10 pig of liver (L), 20 pig 
jejunal (J) and 20 pig ileal (I) nuclear extracts from untreated (U), picro
toxin-treated (PCX) and phenobarbital-treated (PB) rats in the absence (-) 
or presence of a 100 molar excess of unlabelled -183 to -199 of the CYP2B2 
gene promoter as a competitor. In track 10 the nuclear protein was digested 
with proteinase K before the addition of the radiolabelled probe.
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Figure 4.22:: (Gel retardation analysis of fragment-348 to -451 of the CYP2B1 gene pro
moter Radiolabelled probe was incubated with varying concentrations of 
liver nuclear protein from untreated (U), picrotoxin-treated (PCX) and phe- 
mobarbital-treated (PB) rats. The arrow represents the DNA-protein com
plex analysed densitophotometrically
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treated rats. The DNA-protein complex, indicated by arrow B, is not formed with 

extracts from the liver. Computer analysis of this region revealed no obvious candidate 

binding sites for known transcription factors.

This second fragment of the CYP2B1 5' flanking sequence or "middle" sequence (-179 

to -347) encompasses the region from -183 to -199. In the CYP2B2 promoter this region 

has been shown to bind proteins in greater abundance from liver nuclear extracts from 

PB- and picrotoxin-treated rats (section 4.1.1). Within the region -183 to -199 the 

CYP2B1 gene promoter differs by three base pairs from that of the CYP2B2 sequence 

(figure 4.10a). To confirm that the protein that binds to the CŸP2B2 promoter in the 

region -183 to -199 does not bind to the CYP2B1 promoter a competitive gel retardation
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Treatment - U PC
X PB U PCX PB

Tissue - L L L L J I J I J I

Track 1 2 3 4 5 6 7 8 9 10 11

Figure 4.23: Gel retardation analysis of fragment -348 to -451 of the CYP2B1 gene pro
moter. Radiolabelled probe was incubated with 10 /<g of liver (L), 20 of 
jejunal (J) and 20 pig of ileal (I) nuclear extracts from untreated (U), picro- 
toxin-treated (PCX) and phénobarbital-treated (PB) rats. In track 5 the nu
clear protein was digested with proteinase K before the addition of the 
radiolabelled probe.
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was carried out. Intestinal and liver nuclear extracts were incubated in the presence of a 

100 fold molar excess of the double-stranded sequence specifying -183 to -199 of the 

CYP2B2 gene. No competition of DNA-protein complexes was observed (figure 4.21, 

tracks 2 ,5 ,8 ,11 ,13 and 15).

4,2.2.3 Gel retardation analysis o f fragment -348 to -451 o f  the CYP2B1 gene 

promoter

The third fragment (-348 to -451) contains many sequence differences with the 

equivalent region of the CYP2B2 5' flanking sequence (figure 4.16). Radiolabelled 

probe, CYP2B1 -348 to -451 fragment, was incubated with varying concentrations of 

liver nuclear extracts from treated and untreated rats (figure 4.22, tracks 2-10). Only a 

single DNA-protein complex was formed with this fragment which is indicated with an 

arrow in figure 4.22. The DNA-protein complex was analysed densitometrically and 

showed that the complex was in greater abundance with nuclear extracts from 

untreated than treated rats. The difference in abundance of the complex formed with the 

nuclear extracts from untreated and treated animals was greatest at a concentration of 

10 pig of nuclear protein (figure 4.22b), possibly suggesting that one of the proteins in 

this complex may be present in only small amounts and that either its activity or 

abundance increases with an increase in the amount of liver nuclear extracts from PB- 

treated and picrotoxin-treated rats and hence at higher amounts of nuclear protein its 

concentration is no longer limiting. Computer analysis of this sequence showed no 

obvious binding sites for known transcription factors and therefore no competitive gel 

retardation assays were carried out.

The radioactive probe, -348 to -451, was also incubated with small intestinal nuclear 

extracts (figure 4.23, tracks 6-11). Tracks 6, 8 and 10 of figure 4.23 show the DNA- 

protein complexes formed with jejunal nuclear extracts from treated and untreated 

animals. The complex formed with these extracts is in lower abundance than that
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formed with extracts from the liver. The DNA-protein complex obtained with liver 

nuclear extracts is indicated with an arrow (figure 4.23). No quantitative or qualitative 

difference was observed between jejunal nuclear extracts from treated and untreated 

animals. No DNA-protein complex was formed with the ileal nuclear proteins. Proteins 

that bind to the region -348 to -451 may play a role in the constitutive expression of the 

CYP2B1 gene in the jejunal region of the small intestine. Absence of this transcription 

factor(s) from the ileal region may explain the reduced amount of CYP2B1 protein and 

RNA in this region of the small intestine.
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As described in the introduction of this thesis and chapter 4, the molecular 

mechanism(s) by which PB induces the transcription of CYP2B genes is complex 

involving the interaction of various transcription factors with cfj-acting elements within 

the 5' flanking region. In this study, I have shown that CYP2B gene expression is 

subject to tissue-specific regulation. CYP2B mRNA and protein has been shown to be 

expressed, and induced by PB, in the rat small intestine (Bonkovsky et al., 1985; 

Traber et al., 1988). In chapter 3 the tissue specific expression of CYP2B genes was 

studied using both western blot and RNase protection analysis. The western blot 

analysis revealed, that unlike the liver, only CYP2B1 protein is expressed and induced 

within the small intestine. The protein is increased when either PB or picrotoxin is 

administered to the rat. In this investigation the small intestine was subdivided into five 

sections of approximately equal length (as described in chapter 3). The expression and 

induction within the small intestine of CYP2B1 protein was found to be only in the first 

four sections (see section 3.1) with no expression in the final and fifth section. The 

amount of CYP2B1 protein was found to be very similar in each of the first four 

sections. In previous studies expression of CYP2B1 was thought to gradually decrease 

along the small intestine from the maximal expression at the most proximal point 

decreasing the more distal the position (Traber et al., 1988). An explanation for the 

different result obtained in this thesis may be due to the way in which the small 

intestine was sectioned. Traber et al., 1988 divided this tissue into two sections where 

the ileum accounts for two thirds of the small intestine and so the CYP2B1 is diluted 

out in their investigation. The expression pattern within the small intestine might be 

reflective of the absorption of the drug along the small intestine. The induction of 

CYP2B1 protein within the rat small intestine upon the administration of picrotoxin is 

similar to that when phénobarbital was administered confirming the PB-like induction 

properties of picrotoxin.

RNase protection analysis of RNA samples showed that the CYP2B1 and CYP2B2 

mRNA are induced to a similar level in the livers of both PB- and picrotoxin-treated 

animals. An induction of CYP2B1 mRNA occurs in the small intestines of the same
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animals. As with the CYP2B1 protein induction of the mRNA occurs only in the first 

four sections when treated with either PB or picrotoxin. In situ hybridisation 

experiments of the small intestine of PB-treated rats shows that CYP2B1 mRNA is 

induced within the epithelial cells of the villi (Traber et at., 1992). These cells account 

for a very small number of the total cellular mass of the small intestine. Nevertheless 

CYP2B1 protein was easily detectable in the small intestine of untreated animals 

whereas in the liver it was undetectable. If microsomal proteins and total RNA had been 

isolated only from villi cells a more direct quantitative comparison of CYP2B1 and its 

mRNA with the liver could be made.

Clearly from the data obtained CYP2B gene expression is regulated in a tissue-specific 

manner. Previous studies suggest that a certain family of transcription factors, namely 

the hepatocyte nuclear factor family of transcription proteins are involved in the 

constitutive transcription of several CYP genes (described in section 1.3.1). Therefore 

HNF transcription factors might be involved in the expression, induction and/or tissue- 

specific expression of the CYP2B genes. The expression of various HNF transcription 

factors were investigated by western blot analysis. HNF-1 and HNF-3 were expressed 

in both liver and small intestine but were not induced by either PB or picrotoxin 

treatment. However, no experiments were carried out to show a direct involvement of 

HNF-1 and HNF-3 in the transcription of CYP2B1 and CYP2B2 genes. An RNase 

protection assay was used to investigate the expression of HNF-4 mRNA. A control 

experiment confirmed the induction of the HNF-4 mRNA in the livers of PB-treated 

rats. The studies were extended to include RNA from the livers of picrotoxin-treated 

rats. The fold induction of HNF-4 mRNA within the small intestine was similar to the 

fold induction of the CYP2B1 mRNA by both these compounds. Expression and 

induction of HNF-4 mRNA was found only in the first three sections of the small 

intestine whereas that of the CYP2B1 mRNA was present in the first four sections.

Although the expression of HNF-4 mRNA was increased by PB no direct evidence for 

its involvement in the induction of CYP2B gene expression was obtained in the work
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carried out in this thesis. Computer analysis revealed no obvious binding sites for the 

HNF factors in the regions of the 5' flanking sequence used in these investigations. 

However, HNF binding sites may well lie further upstream of the CYP2B1 and CYP2B2 

promoters.

HNF-4, as described in section 1.3.1, is thought to be involved in a hierarchy of 

transcription factors (Kuo et al., 1992). A possible scenario for a signal pathway for PB 

or picrotoxin is that they induce the expression of HNF-4 which in turn activates the 

transcription of other transcription factor(s) thereby activating the expression of 

CYP2B1 (figure 5. la). Alternatively, HNF-4 may not activate the expression of other 

transcription factors, but HNF-4 may complex with an endogenous ligand which has 

been elevated due to the administration of either PB or picrotoxin or with these 

compounds themselves. HNF-4 is an orphan receptor and a member of the superfamily 

of steroid-thyroid hormone receptors. The HNF-4/ligand complex might act in a similar 

manner to the PPAR which activates the expression of CYP4A genes (figure 5.1b). The 

glucocorticoid-progesterone antagonist, RU486, inhibits PB-treated CYP2B1 and 

CYP2B2 gene expression in transfected rat hepatoma cells (Shaw et al., 1993). 

Therefore a possible endogenous ligand for HNF-4 may be a steroid hormone. 

However, it must be stressed that HNF-4 might not be acting directly on the CYP2B1 or 

CYP2B2 5' flanking sequence. A number of genes that bind HNF-4 are not inducible by 

PB (Chen et al., 1994). An experiment designed to show the direct effect of HNF-4 on 

the CYP2B1 and CYP2B2 promoters would be to co-transfect a CYP2B1 or CYP2B2 

promoter-reporter construct together with a plasmid expressing HNF-4 protein and to 

examine the expression of the reporter gene following treatment of the recipient cells 

with PB. Similar experiments were used to characterise the PPAR function (Issemann 

and Green, 1990).

Another hepatocyte enriched transcription factor, namely C/EBPa has been shown to 

bind to the CYP2B1 and CYP2B2 promoters in the region -48 to -60 (Luc et al., 1996). 

The sequence from -48 to -66 of the CYP2B2 promoter had been shown by computer
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A) Inducer

^ S i g n a l  pathway

Increased expression of 
transcription factors

+ 1

Increased expression of CYP2B genes

B)
Inducer

Inducer- 
HNF-4 complex

Increased expression of 
transcription factors

+ 1

Increased expression of CYP2B genes

Figure 5.1: Schematic representation of two possible pathways (A and B) whereby PB- 
like inducers act through HNF-4 proteins to increase the expression of CYP2B 
genes.
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analysis to have sequence similarity to the bind/ng site of C/EBP transcription factors 

(Shephard et al., 1994). Gel retardation experiments of this region showed that it bound 

nuclear proteins from the livers of PB-treated and picrotoxin-treated animals that were 

either in greater abundance or increased activity following treatment with these 

chemicals, which suggests that C/EBP might have a role in CYP2B1 gene induction 

following the administration of PB or picrotoxin to the rat. The sequence -48 to -66 of 

the CYP2B2 promoter competed out a DNA-protein complex formed with liver nuclear 

extracts and fragment -2 to -178 of the CYP2B1 promoter. However, no difference in 

abundance of any DNA-protein complex was observed between extracts from treated 

and untreated animals. This may be due to the size of the fragment and the "masking" 

effect of other transcription factors.

Interestingly when antibodies to three forms of the transcription factor C/EBP, 

C/EBPa, p, or Ô, were used in a gel "supershift" assay DNA-protein complexes were 

shifted only with antibodies that recognised C/EBPa and C/EBPÔ. C/EBPa was shown 

by cell transfection experiments to play a role in the transcriptional control of the 

CYP2B1 and CYP2B2 genes (Luc et at., 1996). The importance of C/EBP transcription 

factors in the basal transcription of CYP2B genes is evident, however, the importance of 

these factors with regard to either PB or picrotoxin induction is not clear cut. An 

interesting point raised by Luc et al. (1996) is that C/EBPp when activated might 

dimerise with the C/EBPa thereby inhibiting PB-induction of CYP2B genes. Interleukin 

6 has been shown to induce the acute phase response via C/EBPp but does not affect 

the amounts of C/EBPa (reviewed in Poli and Ciliberto, 1994). Interleukin 6 and other 

cytokines have been shown to inhibit the PB-induction of CYP2B enzyme activity 

(Abdel-Razzak, 1993; 1995; Clark et al., 1995). This might be an explanation why the 

antibody that recognises C/EBPp did not inhibit or shift any complexes in the gel 

"supershift" assay. Therefore if C/EBPp is bound to the CYP2B1 or CYP2B2 promoters 

their expression may be reduced. However, in the presence of PB C/EBPa could 

occupy the C/EBP binding site and activate transcription.
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Previous investigations have shown that the region -183 to -199 within the CYP2B2 5' 

flanking sequence binds proteins that are in greater abundance in liver nuclear extracts 

from PB-treated animals (Shephard et al., 1994). In this thesis this region, of the 

CYP2B2 promoter, was confirmed to bind nuclear proteins whose abundance or activity 

was increased in PB-treated rats. Additional analysis showed that the abundance or 

activation of this nuclear protein(s) also occurred in the livers of picrotoxin-treated rats. 

This region of CYP2B2 promoter sequence has a three base pair difference to the 

equivalent sequence in the CYP2B1 gene and is reported to contain an octamer 

sequence that is similar to a consensus binding site for POU domain regulatory proteins 

(Shephard et at., 1994). Previous work in our laboratory has shown that this sequence 

of the CYP2B1 gene promoter does not compete the binding of the CYP2B2 -183 to 

-199 sequence (Shephard et at., 1994). The protein that binds to this sequence was 

found to be absent in nuclear extracts from the small intestine. Therefore this might be 

one of the factors that contributes to the liver-specific regulation of the CYP2B2 gene. 

When gel retardation analysis was carried out using the fragment -179 to -347 of the 

CYP2B1 gene promoter, containing the sequence -183 to -199 and nuclear extracts from 

the liver or small intestine, no DNA-protein complexes were competed with the 

CYP2B2 sequence.

Interestingly, not much work has been carried out on the region -348 to -451 which 

contains the most nucleotide differences between the CYP2B1 and CYP2B2 promoters. 

Gel retardation analysis of the CYP2B1 promoter in this region produced a single DNA- 

protein complex which binds protein(s) present in greater abundance or activity in the 

extracts of untreated rats. A more detailed investigation such as DNase footprint assay 

will give the recognition sequence of this DNA-binding protein. The amount of DNA- 

protein complexes formed with untreated extracts as with treated rats does not warrant a 

"repressor" label for this protein. The greatest difference between the CYP2B1 and 

CYP2B2 sequences in this region are in the length of a CA repeat which is postulated to 

form Z-DNA (Suwa et al., 1985). The significance of Z-DNA formation in the 

regulation of gene transcription is not very well understood but it may play a role in the
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bending of DNA. This phenomenon is known to occur on the binding of certain 

transcription factors eg. AP I (Becker et al., 1995). Shephard et al. (1994) found no 

[evidence of binding to the CA repeat of the CYP2B2 promoter.

The small intestinal nuclear extracts, unlike the liver, produced smaller and fewer 

DNA-protein complexes when the fragment -2 to -178 of the CYP2B1 gene promoter 

was analysed by gel retardation. No DNA-protein complexes were observed with 

extracts isolated from the ileal sections and no competition was observed with the 

C/EBP oligonucleotide (section 4.1.2). Gel retardation analysis of the fragment -179 to 

-348 with small intestinal nuclear protein produced DNA-protein complexes with 

jejunal extracts that were not competed with -183 to -199 region of CYP2B2 promoter. 

The failure of this sequence to compete for binding confirmed the result that no DNA- 

protein complexes are formed with of this CYP2B2 promoter fragment and intestinal 

nuclear proteins. Further gel retardation assays with the -349 to -451 of the CYP2B1 

promoter and small intestinal nuclear protein produced DNA-protein complexes only 

with jejunal nuclear extracts. These findings suggest that a different series of DNA- 

protein complexes are formed in the intestine. Because no other gene promoter studies 

have been published in which nuclear extracts from the intestine were used it is hard to 

compare the results obtained in this thesis to other work. The lack of published papers 

may be due to the difficulties in obtaining sufficient nuclear protein from this tissue. 

Nuclear extracts from the small intestine must be isolated at a greater concentration for 

a more comprehensive characterisation of CYP2B1 gene regulation.

It has been postulated that the mechanism for the induction of glutathione 5-transferase 

(GST) genes and CYP genes by PB involves the transcription factor AP-1 (Pinkus etal., 

1993). Induction of expression of GSTs upon the administration of PB has been shown 

in the liver and small intestine (Depierre et al., 1984). In this investigation western blot 

analysis using an antibody that recognise GST subunit 7 showed that this isoform is 

expressed in greater amounts in the jejunum compared with the ileum. This isoform 

was also found to be induced in the jejunum upon the administration of PB or
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picrotoxin to the rat. However, it should be noted that the small intestine was divided 

simply into jejunum and ileum for this experiment.

In conclusion, I have extended expression studies to show that in the rat CYP2B1 

mRNA and protein are expressed and induced, by PB and picrotoxin, in the jejunum 

and the proximal two thirds of the ileum to the same extent. The expression studies 

were further extended to show that the transcription factor HNF-4 is induced by PB and 

picrotoxin in the small intestine and the liver, the significance of this is not known. 

Having cloned the region -1 to -451 of the CYP2B1 promoter I have shown by gel 

retardation analysis that a C/EBPa binding domain may play a role in the regulation of 

CYP2B1 gene expression. Further investigation revealed that the region -183 to -199 of 

the CYP2B1 and CYP2B2 promoters might play a role in the differential tissue-specific 

regulation of these genes. Picrotoxin, a convulsant, induces CYP2B gene expression in 

a similar manner to PB. Although several DNA-protein complexes were observed with 

experiments using the CYP2B1 promoter the actual mechanism(s) whereby PB and 

picrotoxin act to increase the expression of this gene remains to be elucidated.
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