Regulation of expression of the
rat CYP2B1 and CYP2B2 genes

Siew Cheng Wong

A dissertation submitted to the Faculty of Life Sciences in
partial fulfiiment of the requirements for the degree of
Doctor of Philosophy in the University of London

Department of Biochemistry and Molecular Biology
University College London

May 1999



ProQuest Number: U642016

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

Pro(Quest.
/ \

ProQuest U642016
Published by ProQuest LLC(2015). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.
Microform Edition © ProQuest LLC.

ProQuest LLC
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, Ml 48106-1346



Abstract

CYP2B1 and CYP2B2 proteins are highly induced in rat liver by
phenobarbital (PB). CYP2B1 promoter sequences from -179 to -347 bp and
-348 to -451 bp were observed in gel shift assays to bind liver nuclear
protein that was either more abundant or activated from PB-treated than
untreated rats.

The DNA-binding activity of the protein bound to the sequence
between -348 and -451 bp was enhanced when liver nuclear extracts from
both untreated and PB-treated rats were treated with ATP prior to gel shift
assays. While pre-treatment with either calf intestinal alkaline phosphatase
(CIP) or 2-aminopurine (2-AP), a general protein kinase inhibitor inhibited
complex formation. Thus, phosphorylation of this protein increases its
binding to DNA and dephosphorylation inhibits binding. When primary
hepatocytes or whole animals were treated with 2-aminopurine, it could
totally suppress both basal and PB-induced CYP2B mRNAs expression in
vitro but only partially suppress PB-induction of CYP2B mRNAs in vivo.

A PB-responsive element (PBRE) has been identified in the distal
region of the CYP2B2 promoter. The homologous region in the CYP2B1
promoter between -2142 and -2301 bp was cloned into a reporter gene
construct and was shown to confer PB-responsiveness to the luciferase
gene when transfected either into primary rat hepatocytes or directly into rat
liver tissues. A higher fold induction was observed with in vivo DNA

transfection. The PBRE sequence could activate gene expression better



when the -348 to -451 bp sequence was included in the promoter region of
the reporter construct.

The CYP2B2 promoter, between -183 and -199 bp, also bound more
liver nuclear protein from PB-treated rats in gel shift assay. An octamer
consensus oligonucleotide competed for protein binding to this region. An
antibody which recognised the DNA-binding domain of Oct-1 and Oct-2
inhibited complex formation and an Oct-1 specific antibody supershifted the

protein-DNA complex.
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1.1 Overview of xenobiotic metabolism

Each living organism, from microorganisms, plants to animals are
under constant exposure to many different kinds of foreign compounds.
These are both naturally occurring and synthetic chemicals. Mgst of the
xenobiotics, being lipophilic in nature, are easily absorbed by an or\gianism.
The.very property, i.e. lipophilicity, which facilitates the absorption of these
chemicals also makes them difficult to eliminate. If they are continually
absorbed and not excreted from the organism fast ehough, they would
accumulate to eventually overwhelm and kill the organism. To prevent these
chemicals from accumulating to toxic levels, organisms have evolved
defense mechanisms to eliminate these chemicals. There are two main
detoxification systems: one is a non-catalytic multidrug resistance system,
where harmful compounds bind to P-glycoprotein and are then transported
out of the cell (Endicott and Ling, 1989); the other is a metabolic process
involving several enzyme systems. These enzymes are generally known as
drug-metabolising enzymes and they eliminate foreign compounds
basically by making them more water-soluble. The latter system is the major
detoxification mechanism utilised by an organism and is the most complex
one too.

‘Drug-metabolising enzymes are generally divided into two broad
categories, ‘Phase I' and ‘Phase II' (Wiliams, 1971). Phase |
(functionalisation) reactions involve hydrolysis, reduction and oxidation. They
expose or introduce a functional group, such as a hydroxyl, to the parent

compound rendering it more hydrophilic. The increase in hydrophilicity is

21



usually small and further Phase II (conjugation) reactions, whereby a
conjugate such as glutathione is added to the functional group, are usually
required to generate a product relatively hydrophilic that is readily excreted
(Testa and Jenner, 1976, Nebert, 1994). Unfortunately, the detoxication
process can sometimes produce intermediate or final products that are
more toxic and/or carcinogenic than the parent compound. E)?éimples of
some drug-metabolisingV'enzymes involve in Phase | or Il reactions are

listed in Table 1.1.

1.2 Cytochrome P450-dependent mixed function oxygenase

system

Among the Phase | enzymes, cytochrome P450 is one of the most
versatile biological catalysts because of the number of xenobiotics it
detoxifies and activates to reactive intermediates (Guengerich, 1987,
Waterman and Johnson, 1991). Cytochrome P450 is widely distributed in
ﬁature and has been found to be present in virtually all mammalian tissues
examined, with the greatest abundance in the liver. With the exception of
some soluble bacterial proteins, all known cytochrome P450s are
membrane-bound and located predominantly in the endoplasmic reticulum.
However, some cytochrome P450s have also been found in mitochondria
(Hollié, 1990).

Cytochrome P450 is a monooxygenase and catalyses the

incorporation of a single atom of molecular oxygen into a substrate with the
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Phase | enzymes
Cytochrome P450

Flavin-containing monooxygenase

Aldehyde dehydrogenase

Epoxide hydrolase
NADPH-cytochrome P450 reductase
Monoamine oxidase
Carboxylesterase

Phase Il enzymes

UDP glucuronosyltransferase
Glutathione-S-transferase
Acetyltransferase
Methyltransferase
B-glucuronidase

Sulfotransferase

Table 1.1 Examples of drug-metabolising enzymes involved in Phase | and
Phase Il reactions. (adapted from (Nebert, 1994))
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concomitant reduction of the other oxygen atom to water as represented in

the VfoIIowing equation, where RH refers to the substrate:-

RH + O, + NAD(P)H + H* Sytochrome P45 pAH + H,0 + NAD(P)*

Cytochrome P450 cannot- carry out the above reaction alone bu’;\fequires
other components in the cytochrome P450-dependent mixed function
oxygenase system (Lu and Coon, 1968). The mammalian microsomal
system is made up of cytochrome P450, NADPH-cytochrome P450
reductase and phospholipid. NADPH is the reducing co-factor that donates
electrons to mammalian cytochrome P450 for oxidative reaction to occur,
while NADH is the electron donor in bacterial systems. However, NAD(P)H
is a two-electron donor and cytochrome P450 accepts one electron at a
time. Cytochrome P450, therefore cannot interact directly with the co-factor.
Instead, it receives the electrons via an accessory enzyme. In microsomal
systems, the accessory enzyme is NADPH-cytochrome P450 reductase.
This is a flavoprotein and possesses two flavin prosthetic groups. This
enables it to accept the two electrons donated by NAD(P)H simultaneously
and transfer one electron to each of two different cytochrome P450s.
Because NADPH-cytochrome P450 reductase transfers electrons much
faster than cytochrome P450 can use them, one NADPH-cytochrome P450
reductase provides electrons for more than one cytochrome P450. This may
account for the low ratio of NADPH-cytochrome P450 reductase to

cytochrome P450 in liver microsomes (e.g. one molecule of NADPH-
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cytochrome P450 reductase to every 10 to 20 molecules of cytochrome
P450) (Shephard, et al., 1983, Parkinson, 1996, Josephy, et al., 1997).

Another constituent of the cytochrome P450-dependent system is
phospholipid. It is not required for soluble forms of cytochrome P450 but is
particularly important for membrane-bound forms because it facilitates
interactions between NADPH-cytochrome P450 reductase and cytochrome
P450 in the endoplasmic reticulum. However, the actions by which
phospholipid facilitates this interaction is not very clear (Parkinson, 1996,
Josephy, et al., 1997).

Hepatic microsomes also contain another haemoprotein, cytochrome
bs. Although NADPH-cytochrome P450 reductase is absolutely required for
cytochrome P450 activity, cytochrome bs can transfer the second of the two
electrons required by cytochrome P450. Cytochrome P450 catalysed
turnover of some substrates can be increased synergistically by electron
transfer from cytochrome bs. This is not always simply due to an increase in
the rate of catalysis by cytochrome P450, cytochrome bs can also increase
the apparent affinity with which certain cytochrome P450s bind their
substrates.* Some cytochrome P450s, including CYP3A, CYP2E1 and
CYP2C9 have been demonstrated to require cytochrome bs for maximal
catalytic activities in reconstituted monooxygenase systems (Shet, et al,
1995, Yamazaki, et al, 1996, Shimada and Yamazaki, 1998). A more
detailed description of the oxygenation of a substrate by cytochrome P450 is

presented in Fig. 1.1.

\ * (Parkinson, 1996)
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Product (ROH) Substrate (RH)
Fe3+ \<
(7) P450 (1)

Fed+ : Fex+
ROH (RH)
o
/’ (6) (2)\§ )
(F90)3+ Fe2+
RH (RH)
Hzoﬂs, @) o
H+
Fe2+ OOH Fe2+ 0,
RH RH
(4)
H+,e”

NADPH-cytochrome J
l : P450 reductase
Cytochrome by

Fig. 1.1 Catalytic cycle of cytochrome P450. (1) binding of substrate (RH),
(2) reduction of ferric, substrate-bound enzyme to the ferrous form, (3)
binding of oxygen, (4), (56) and (6) addition of second electron, released
water and oxidized substrate and (7) releasing of oxidized substrate (ROH).

(modified from (Parkinson, 1996))
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Apart from hydroxylation reaction, cytochrome P450 also catalyses a
range of other reactions such as N-, O-, S-dealkylation, sulfoxidation,

deamination and N-oxide reduction as shown in Fig. 1.2.

1.3 Discovery of cytochrome P450

In 1958, Garfinkel and Klingenberg while studying microsomal haem
proteins by optical spectroscopy, observed a strong absorption band at 450
nm (Soret band) when pig and rat liver microsomes were treated with a
reducing agent in the presence of carbon monoxide (Garfinkel, 1958,
Klingenberg, 1958). This was a unique characteristic because many other
haemoproteins that form a complex with carbon monoxide absorb light
maximally at ~420 nm. The protein was later purified by Omura and Sato,
who confirmed that the unique absorption spectra was indeed due to a new
class of haem-binding protein and named it cytochrome P450, based on its
atypical absorption maximum at 450 nm (Omura and Sato, 1964). With time,
this terminology was found to be unsuitable since cytochrome P450 acts as
an oxygenase rather than just an electron carrier. The term ‘haem-thiolate
protein’ was suggested in replacement of ‘cytochrome’, however it did not
gain favour and the name cytochrome P450 is still universally recognised

(Nelson, et al., 1993).
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R— CHg - R— CHZ‘DH
Aliphatic Oxidation

A Yo | a Y |- Hoom

Aromatic Hydroxylation

R—NH-CH3 —» [R—NH—CH,0H] = R—NH, + HCHO
N-Dealkylation

R~ Q—CHz = [R—0—CH,0H| — R—OH + HCHO
O-Dealkylation

R—S-CHy = [R—S5—~CHyOH] — R—SH + HCHO
S-Dealkylation

I
H—*CH—-CH3-+ R—(I:—CH3 ->R_—-C—CH3 + NHj
NHZ NHZ

Oxidative Deamination

H* o 1° 0
RT —S—'Rz wep i X ‘
[R}'—S"RZ] e R-l*' S“‘"’Hz + H+
Sulfoxide Formation
H+ “+
(CHa}zN —b[lCH3’3N—"0H] —p (CH3}3N+——°— + H+

N-Oxidation
. (IJH
RT—NH—RZ g Rg—-N—RZ
N-Hydroxylation

Fig. 1.2 Examples of diverse activities catalysed by cytochrome P450s.
(adapted from (Nebert and Gonzalez, 1987))
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1.4 The cytochrome P450 gene superfamily

When cDNA and cloning techniques were introduced in the 1980s,
more new forms of cytochrome P450 were isolated. Each laboratory involved
in cytochrome P450 isolation began developing its own nomenclature
system according to electrophoretic mobility, substrate specificity or
maximal absorption wavelength making the situation very complex. There
were cases where an enzyme was designated several different names. The
fact that cytochrome P450s have a broad substrate specificity and catalyse
different reactions make the classical method of naming an enzyme
according to its function very difficult.

When amino acid sequence data was derived from DNA sequences,
it made possible a naming system based on the amino acid sequence
similarities. Table 1.2 lists a few examples of cytochrome P450s to illustrate
the diversity of the previous nomenclature and how the new classification
helped to overcome this complexity. Since it was first recommended in 1987
(Nebert, et al., 1987), there have been a few revisions (Nebert, ef al,, 1989,
Nebert, et al., 1991, Nelson, et al., 1993, Nelson, et al., 1996). A cytochrome
P450 gene is named by the italicised root symbol ‘CYP (‘Cyp’ for mouse
and Drosophila) to denote Cyfochrome P450, followed by an Arabic number
for the family, a letter for the subfamily and another Arabic number for the
individual gene, i.e. CYP2B1 (‘Cyp2b1 in mouse). A pseudogene will have
a ‘P (‘ps’ in mouse and Drosophila) after the gene number. The non-
italicised form and all capital letters should be used for mMRNA, cDNA and

protein in all species including mouse and Drosophila (Nelson, et al.,

29



Trivial name

Rat
(name according to the laboratories of)

Gene Symbol Ryan Guengerich Waxman Rabbit Mouse Human
CYP1A1 c BNF-B B-NF-B  LM6 P1450 P,
CYP1A2 d BNF/ISF-G  ISF-G LMm4 P1450 P,
CYP2A1 a UT-F 3 - - -
CYP2B1 b PB-B PB-4 LM2 - -
CYP2B2 e PB-D PB-5 LM2 - -
CYP2C6 k PB-C PB-1 - - -

CYP2C11 h UT-A 2c - P450 160. -

CYP2C12 i uT-l 2d - P450 158 -
CYP2D1 - UT-H - - - db,
CYP2E1 j - - LM3a - j
CYP3A1 p - - LM3 - P450nf
CYP4A1 - PB/PCN-E  PB-2a - - -

Table 1.2 Diversity of nomenclature of some mammalian CYPs. (adapted

from (Paine, 1991, Soucek and Gut, 1992) and references therein for

sources of nomenclature)
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1996). Members within the same family are defined as usually having >40%
amino acid sequence identity and mammalian sequences within the same
subfamily are always >55% identical. Although these definitions were made
arbitrarily, they turned out to be very useful despite a few exceptions
(reviewed in (Nelson, et al., 1993, Nelson, 1998)).

By 1996, 481 CYP genes were identified in 85 eukafydte.\and 20
prokaryote species, the ndmber is still increasing (Nelson, et al., 1996). But
how did CYP evolve to become such a superfamily of proteins? This
svuperfamily is ancient and believed to have begun with only a few genes
coding for CYP forms that were engaged in the metabolism of endogenous
substrates important for cellular functions (Nebert, 1991, Soucek and Gut,
1992). The increase in the number of CYP genes, according to the
evolutionary tree, arose during the past 400 million years. And ‘animal-plant
war-fare’ is believed to be the driving force for the recent burst in new CYP
genes, particularly in the CYP2 family (Nebert and Gonzalez, 1987, Gonzalez
and Nebert, 1990). New genes encoding for new forms of CYP appear
through increased frequency of gene duplications and conversions as the
animal continues to encounter new types of foreign compounds, including
drugs and pesticides of the present days.

The diversity of genes has evolved mainly in the CYP families 1 to 4.
Hence, it is not surprising to find these four families more important in
xenobiotic metabolism than the other CYP families which are involved
mainly in the metabolism of endogenous substrates such as steroids, fatty
acids and hormones (Table 1.3). Apparently, most of the CYPs involved in

endogenous substrate metabolism are highly specific, while those involved
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Gene families

Occurrence and functions

CYP1

CYP2

CYP3

CYP4

CYPS5
CYP6
CYP7A
CYP7B
CYP8
CYP9
CYP10
CYP11

CYP12
CYP13
CYP14
CYP15
CYP16
CYP17
CYP18
CYP19
CYP21
CYP24

CYP27

CYPS51

CYP52

CYP53 to CYP62
CYP71 to CYP92
CYP73

CYP101 to CYP118

Vertebrates; dioxin-inducible; metabolism of polycyclic
hydrocarbon, halogenated and heterocyclic
hydrocarbon, and aromatic amines

Vertebrates and invertebrates; metabolism of drugs
and environmental chemicals

Vertebrates; metabolism of drugs and environmental
chemicals

Vertebrates, fatty acid hydroxylases; invertebrates,
unknown function(s)

Vertebrates; thromboxane synthase

Insects; metabolism of plant products and pesticides

Vertebrates; cholesterol 7a-hydroxylase

Vertebrates; unknown function(s)

Vertebrates; prostacyclin synthase

Insects

Molluscs (mitochondrial enzyme)

Vertebrates; cholesterol side-chain cleavage, steroid
11B-hydroxylase, and aldosterone synthase
(mitochondrial enzyme)

Insects (mitochondrial enzyme)
Nematodes

Nematodes

Insects

Nematodes

Vertebrates; steroid 17o-hydroxylase
Insects

Vertebrates; aromatization of androgens
Vertebrates; steroid 21-hydroxylase

Vertebrates; steroid 24-hydroxylase
(mitochondrial enzyme)

Vertebrates; steroid 27-hydroxylase
(mitochondrial enzyme)

Animals, filamentous fungi, yeast and plants;
sterol biosynthesis

Yeast; alkane hydroxylase

Fungi

Plants

Plants, cinnamic acid hydroxylase
Bacteria

Table 1.3 Overview of CYP families and enzymes functions in various

species. (reproduced from (Nelson, et al., 1996))
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in xenobiotic metabolism exhibit broad and overlapping substrate

specificities allowing them to deal with a wide range of foreign compounds.

1.5 Molecular mechanisms of CYP gene expression

The regulation of CYP gene expression is complex and governed by
several different mechanisms. CYP expression can be tissue, strain and
sex-specific and/or regulated at the level of development. Certain families of
CYP, particularly those involved in xenobiotic metabolism, can also be
induced in response to many foreign compounds (reviewed in (Bernhardt, et
al.,1995; Gonzalez, et al., 1989). And more than one mechanism is usually
involved in the regulation of any particular CYP.

Although the most common means of regulating CYP expression is
at the level of transcription, some forms of CYP have been found to be
regulated via post-transcriptional mechanisms, at the level of mMRNA (Song,
et al., 1987) or protein (Eliasson, et al., 1990) stabilisation as shown in Fig.

1.3 (reviewed in (Gonzalez, 1989, Okey, 1990)).

1.5.1 Xenobiotic inducible CYPs

It was recognised more than 20 years ago that many xenobiotics can
induce their own metabolism and the metabolism of other compounds of
similar structure (Conney, 1967). This happens because they induce the
expression of one or more CYPs that are responsible for their metabolism.

These CYPs are generally present in low amounts and are substantially
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induced only in response to the xenobiotics that they metabolised.
Mammalian CYP inducers can be categorised into four distinct classes as
shown in Table 1.4. Although each class of inducer is capable of inducing a
number of CYP genes, a particuylar subfamily of CYP genes, most efficient in
metabolising the inducers, are predominantly induced.

For instant, polyc;yclic aromatic hydrocarbons (PAHSs) | \such as
benzopyrenes and anthrenes induce CYPs belonging to the CYP1A
subfamily (Whitlock, et al., 1996), chloripated pesticides such as DDT and
drugs like PB greatly induce proteins of the CYP2B subfamily (Waxman and
Azaroff, 1992). While peroxisome proliferators and glucocorticoids such as
dexamethasone predominantly induce members of the CYP4A (Reddy and
Mannaerts, 1994) and CYP3A (Okey, 1990) subfamily respectively. The
increase in the amount of these four families of CYPs is achieved mainly by
transcriptional activation and a simplified model of the molecular

mechanisms known so far is presented in Fig. 1.4 (Dogra, et al., 1998).

1.5.1.1 Steroid inducible CYP genes

Glucocorticoids, such as dexamethasone, activate the transcription of
numerous genes in the liver, such as the rat CYP3A1 gene, via the classical
glucocorticoid receptor-dependent mechanism. Members of the CYP3A
subfémily are the most induced by these molecules. However, the
involvement of the glucocorticoid receptor in the transcriptional activation of
CYP3A genes is controversial (Fig. 1.4). In humans, CYP3AS5 induction

appears to require the glucocorticoid receptor (Schuetz, et al., 1996) while in
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Inducer CYP gene

Some PAHs, HAHs, and CYP1A1
PCBs CYP1A2

CYP1B1
CYP2A3

Barbiturates, DDT, dieldrin, CYP2A1
some PCBs CYP2B1/2

Cyp2b10
CYP2H1/2
CYP2C1/6/7/11
CYP3A1/2
CYP6A1

Peroxisome proliferators CYP2B1
CYP4A1/2/3/6/7

Dexamethasone, PCN, AGs CYP3A1
CYP2B1/2
CYP2C6

Table 1.4 Specific CYP genes, whose expression is increased, by distinct
classes of inducers. PAHs, polycyclic aromatic hydrocarbons; HAHs,
halogenated aromatic hydrocarbons; PCBs, polychlorinated biphenyls; DDT,
1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane; PCN, pregnenolone-16o-
carbonitrile; AGs, anti-glucocorticoids. (reproduced and modified from
(Denison and Whitlock, 1995))
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Ci) Nucleus

PAH AhR hsp90
i > DArnt hsp30 Ah:.:R Amt \
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O_\_. —» =8 CYP2B
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Y : !
.,
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Fig. 1.4 Simplified general model for the transcription activation of various
xenobiotic inducible CYP genes by their respective prototype inducers.
PAH, polycyclic aromatic hydrocarbon; PP, peroxisome proliferator; PB,
phenobarbital; Dex, dexamethasone; AhR, arylhydrocarbon receptor; hsp90,

heat-shock protein 90; PPARa, peroxisome proliferator-activated receptor;
CAR, constitutively activated receptor; GR, glucocorticoid receptor; Amt, AhR
nuclear translocator protein; RXRa, retinoid X receptor; XRE, xenobiotic-

responsive element; PPRE, peroxisome proliferator response element;
GRE, glucocorticoid-responsive element. (adapted and modified from
(Dogra, et al., 1998))
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rat, CYP3A23 induction is not mediated through the classical mechanism.
Instead, Schuetz et al (1998) (Schuetz, et al., 1998) and Lehmann et a/
(1998) (Lehmann, et al., 1998) have recently reported the activation of a
novel orphan receptor, PXR (pregnane X receptor) by glucocorticoids,
pregnanes and other compounds that induce CYP3A. These compounds
also activate another nuclear receptor termed hPAR (human peroxisome
proliferator activator receptor) which apparently regulates only human and
not mouse CYP3A expression (Bertilsson, et al., 1998). It is possible that
PXR and hPAR represent orthologous proteins from different species.

In rats, PXR heterodimerises with RXR (retinoid X receptor) and binds
to a dexamethasone-responsive element in the promoter sequence of the
CYP3A23 gene and is able to activate reporter gene transcription

(Quattrochi, et al., 1998).

1.5.1.2 Peroxisome proliferator inducible CYP genes

Peroxisome proliferators comprise a variety of structurally dissimilar
compounds including hypolipidemic drugs, industrial solvents and
herbicides. As the name implies, they induce peroxisome proliferation and

also lead to an increase in the oxidation of fatty acids through peroxisomal
B-oxidation and microsomal -oxidation pathways (Lock, et al., 1989,
Johnson, et al., 1996). The microsomal w-oxidation reaction is catalysed by

the CYP4A subfamily.
Specific members of the CYP4A subfamily are induced by

peroxisome proliferators in different species (Kimura, ef al., 1989, Bell, et al.,
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1993, Roman, et al., 1993). The rat CYP4A1 and rabbit CYP4A6 are the most
highly induced in the liver (Johnson, et al., 1996). A member of the nuclear

receptor superfamily known as peroxisome proliferator activator receptor
(PPARa) is involved in the transcriptional activation of CYP4A genes
(Issemann and Green, 1990). However, its ability to activate transcription

requires the binding of ligand. A number of exogenous peroxisome

proliferators (Devchand, et al., 1996) as well as fatty acids (Keller, et al.,

1993) have been observed to bind and activate PPARo. Because of the

structural diversity of exogenous peroxisome proliferators, the idea of fatty

acids being the true ligand for PPARa is more favourable. There is a

possibility that peroxisome proliferators may lead to an accumulation of
endogenous fatty acids which then activate PPARo resulting in
transcriptional activation (Dogra, et al, 1998). The general molecular
mechanism for the activation of CYP4A gene expression is shown in Fig.
1.4. A peroxisome proliferator responsive element (PPRE) has been

identified in the promoter of genes responsive to this class of inducers.

Apparently, PPARa has to heterodimerise with RXRa in order to bind to the

PPRE and inducers activate transcription by enhancing the dimerisation

between PPARa and RXRa (Palmer, et al., 1994).

1.5.1.3 Polycyclic aromatic hydrocarbon inducible CYP genes

Unlike chemicals that induce CYP4Aor CYP2B subfamilymembers, high

. affinity ligands that greatly increase CYP1Asubfamily members possess very
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similar structures, i.e. uniformly planar and aromatic, which include dioxins,
3-methylcholanthrene and benzo(a)pyrene. Of all the xenobiotic inducible
CYP subfamilies, the molecular mechanism regulating CYP1A71 gene
expression is the most well-characterised to-date.

The inducer on entering the cell interacts with a protein known as
arylhydrocarbon receptor (AhR) and dissociates the AhR from heat-shock
protein 90 (hsp90) in the cytosol. The liganded AhR then translocates into
the nucleus and heterodimerises with a nuclear protein called AhR nuclear
translocator protein (Arnt) through the Helix-Loop-Helix (bHLH) and the PAS
domains. The heterodimer then binds to specific DNA sequences known as
xenobiotic-responsive elements (XRE) and activates transcription. Protein
phosphorylation may be required for heterodimerisation (Chen and Tukey,
1996), XRE-binding (Pongratz, et al., 1991) and/or transcriptional activation
(Li and Dougherty, 1997) to occur. The chromatin structure of the enhancer
(XRE) and the promoter region of the CYP1A1 gene assumes a
nucleosomal configuration in the uninduced state. Upon induction, the
AhR/Arnt heterodimer binding to the XRE can disrupt a nucleosome. It then
recruits general transcription factors, somehow disrupts the nucleosomal
structure at the promoter region, and finally stabilises the binding of the
general transcription factors to the promoter (reviewed (Whitlock, et al.,
1996)). Fig. 1.5 shows the molecular mechanism in more detail than Fig.

1.4.
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1.5.1.4 Phenobarbital (PB) inducible CYP genes

PB, an anti-epileptic drug, causes pleiotropic effects which include
induction of numerous drug-metabolising enzymes and various cellular
processes (Fig. 1.6 and (Honkakoski and Negishi, 19¢8b)). A wide variety of
structurally dissimilar compounds such as pesticides, chlorinated
biphenyls, organic solvents and drugs also induce a similar set of enzymes
as PB and are generally known as ‘PB-like’ inducers (Fig. 1.7).

The mechanism whereby PB induces gene exyression was thought
to be highly conserved when it was found to inluce genes in both
prokaryotes (bacteria) and eukaryotes (birds and mammals). However, this
does not appear to be the case. PB regulation of certain genes such as
CYP2B1, CYP2B2 and CYP102 is blocked by cycloheximide signifying that
ongoing protein synthesis is required for their increased transcription (Bhat,
et al., 1987, Waxman and Azaroff, 1992). For CYP3A, CYP2H1 and CYP2H2
genes, cycloheximide is observed to synergise with PB leading to
‘superinduction’ (Burger, et al, 1990, Hamilton, ef al, 1992). The
phenomenon seen in the latter case is deduced to be due to the loss of a
labile repressor protein (Dogra, et al, 1993). Furthermore, the inductive
response of different proteins to PB can differ enormously (e.g. 50- to 100-
fold with CYP2B1 and CYP2B2 and 2- to 4-fold with CYP2A1 and CYP2C6). It
therefore seems that PB might induce CYPs by more than one mechanism.

So far, the molecular mechanism of gene activation by steroids,
peroxisome proliferators and polycyclic aromatic hydrocarbon has been

shown to involve the binding of specific liganded receptors to specific DNA
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regulatory elements. Thus, the idea of a retweptor involved in PB mediated
transcriptional activation is highly probable.

Recently, Honkakoski and co-workes (1998) (Honkakoski, et al.,
1998b) have identified an orphan nuclear receptor known as constitutively
activated receptor (CAR) that is involved in PB induction of the mouse
Cyp2b10 and the human CYP2B6. CAR acivates Cyp2b10 and CYP2B6
gene transcription by binding to nuclear receptor binding sites, i.e. NR1
and/or NR2 (see section 1.6.2 for more detail) within the PB-responsive
enhancer module (PBREM, generally known as PB-responsive element
(PBRE)) as a heterodimer with RXRa. CAR 1as previously been shown to
dimerise with RXR and bind to a subset of retinoic acid response elements
(RAREs) (Baes, et al., 1994). However, CAR appears to function differently
from the conventional nuclear receptor pattway. Unlike classical nuclear
receptors which are activated by their cognate ligands, CAR is a constitutive
transcriptional activator (Choi, et al, 1997). Recently, androstane

metabolites have been identified, in the mouse, as ligands for an isoform of
CAR called CARp. Instead of activating the receptor, these metabolites
inhibit the constitutive activity of CARB (Forman, ef al, 1998). These

androstane ligands are found to be examples of naturally occurring inverse
agonists that can reverse the transcriptional activation by nuclear receptors

(Klein, et al., 1996).

For the activation of classical receptors, ligand binding induces a

conformational change in the receptor which promotes the recruitment of
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transcriptional co-activators like steroid receptor coactivator-1 (SRC-1) for
transcriptional activation (Onate, et al., 1995). On the other hand, CAR has
been shown to act in an opposite manner and is speculated to adopt an
active conformation in the absence of ligand. The binding of ligand to CAR
has been shown to directly dissociate the interaction between CAR and
SRC-1 by shifting the receptor to an inactive conformation (Forman, et al.,
1998). However, the micromolar concentration of androstenol needed to
inhibit CAR in in vitro studies is higher than that reported in the circulation of
adult man (Gower and Ruparelia, 1993). Hence, it is still not entirely clear as
to how CAR is repressed in the liver.

Sueyoshi et al (1999) (Sueyoshi, et al., 1999) demonstrated that the
cotransfection of CAR with a reporter construct containing either the mouse
or human PBREM sequence into HepG2 cells gave high levels of luciferase
activity. The endogenous CYP2B6 mRNA, normally not expressed in HepG2
cells, were also detected upon transfection with CAR. Both the luciferase
activity and the endogenous CYP2B6 mRNA expression were suppressed
when CAR transfected cells were treated with androstenol. The subsequent
addition of PB to androstenol-treated CAR-transfected cells overcomes the
suppressive effect of androstenol and was observed to induce luciferase
activity and endogenous CYP2B6 mRNA expression. Sueyoshi et al (1999)
(Sueyoshi, et al., 1999) believe the transfection results suggested that PB
induces CAR probably by displacing androstenol. However, there is no
evidence at present indicating that CAR does bind PB. Furthermore,
CYP2Bs can also be induced by many other structurally dissimilar ‘PB-like’

compounds. And so the mechanism whereby PB activates CAR is still not
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clear. It is not known if PB and PB-like inducers act like peroxisome
proliferators, leading to the accumulation of an endogenous substrate which
then derepressed CAR resulting in transcriptional activation. An indication
that this might be the case had been proposed by Shaw et al (1993) (Shaw,
et al., 1993) when they observed that the antiprogestin-antiglucocorticoid,
RU486 could block the increased expression of reporter constructs
containing either the CYP2B1 or CYP2B2 5'-flanking sequences by PB. They
proposed that PB acts indirectly to cause the accumulation of an

endogenous steroid, which is the direct inducer of CYP2B genes.

1.6 PB-responsive regulatory elements in PB-inducible CYP

genes

1.6.1 Elements proximal to the transcription start site

An element known as the ‘Barbie Box' located within the promoter
region of the CYP102 and CYP106 genes in Bacillus megaterium was
initially identified and reported to be important for PB induction (He and
Fulco, 1991, Liang, et al., 1995, Liang and Fulco, 1995). However recently,
this sequence is found to be responsive to PB only in the more PB-inducible
CYP102 and not the less PB-inducible CYP106 gene (Shaw, et al., 1998).
But the ‘Barbie Box’ sequence is important in the negative regulation of both
CYP102 and CYP106 genes in uninduced bacteria (Shaw, et al., 1998).

Liang et al (1995) (Liang, et al., 1995) has reported the presence of a
Barbie-box like DNA sequence within many mammalian PB-inducible CYP

genes such as the rat CYP2B1, CYP2B2, CYP3A2 and rabbit CYP2C1 and
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even in Drosophila CYP6A1. He and Fulco (1991) (He and Fulco, 1991)
observed an increased binding of liver nuclear protein from PB-treated rats
to the ‘Barbie Box’ sequence between -73 and -89 bp of the CYP2B1
promoter suggesting the presence of a positive PB-dependent factor. A
positive element (PE) between -69 and -98 bp of the rat CYP2B2 promoter
which includes the ‘Barbie Box’ sequence is also reported by Upadhya and
co-workers (1992) (Upadhya, et al, 1992) to bind a nuclear protein in
response to PB and activate the transcription of the CYP2B2 gene in in vitro
transcription assays. Apparently, the same nuclear protein binds to a
negative element (NE) between -126 and -160 bp of the CYP2B2 promoter
when not induced (Ram, ef al, 1995) and the protein is in the
dephosphorylated form. It becomes phosphorylated in response to PB and
binds preferentially to PE (Prabhu, ef al., 1995, Nirodi, et al., 1996).

Apart from the ‘Barbie Box', liver nuclear protein from PB-treated rats
has also been observed to bind more to CYP2B2 promoter sequences from
-31to -72 bp and -183 to -199 bp (Shephard, et al., 1994). Using an in vitro
transcription system, Shervington (1998) (Shervington, 1998) recently
reported that the sequence between -178 and -368 bp of the CYP2B2
promoter enhances transcription in response to PB but also reported a
negative regulatory region, between -2880 and -5600 bp that inhibits
transcription.

There are also many reports indicating that the ‘Barbie Box’ sequence
in CYP2B genes plays no role in gene regulation by PB. First of all, many
laboratories did not detect any protein binding to the ‘Barbie Box’' or the PE

sequences of CYP2B1, CYP2B2 or Cyp2b10 genes (Ramsden, et al., 1993,
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Shephard, et al., 1994, Honkakoski, et al., 1996, Luc, et al., 1996, Park and
Kemper, 1996, Sommer, et al., 1996). Mutations in the ‘Barbie Box
sequence of either CYP2B2 or Cyp2b10 have no effect on the transcription
of reporter gene constructs transfected into hepatic cells (Honkakoski, et al.,
1996, Park, et al., 1996). Furthermore, the ‘Barbie Box’ sequence of the
mouse Cyp2b10 is disrupted by a 42 bp insertion (Honkakoski, et al., 1996).
In fact, Ramsden et al/ (1993) (Ramsden, et al., 1993) showed that a
CYP2B2 transgene containing the first 800 bp promoter sequence could not
confer PB responsiveness while another transgene containing promoter
sequences up to 19 kb could confer PB responsiveness in transgenic mice
indicating that a PB regulatory element lies between -0.8 and -19 kb. The
proposed proximal PB regulatory elements of the CYP2B genes are

schematically represented in Fig. 1.8.

1.6.2 Elements distal to the transcription start site

A sequence between -2155 and -2318 bp of the CYP2B2 promoter
region was observed to mediate PB induction in rat primary hepatocyte
cultures (Trottier, et al., 1995) and in in situ transfection assays in rat liver
(Park, et al., 1996) when attached to two different heterologous promoters.
The equivalent region in the mouse Cyp2b10 5'-flanking sequence located
between -2250 and -2426 bp can also induce gene transcription in PB-
treated mouse primary hepatocytes (Honkakoski and Negishi, 1997). This
region that confers PB-responsiveness is highly conserved in PB-inducible

genes in both rat and mouse. It has been intensively dissected, and studied,
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and found to be a multicomponent enhancer whereby multiple recognition
sites bound by different regulatory proteins are essential for maximal PB
inducibility. This region, previously known as a PB-responsive element
(Trottier, et al., 1995) has now been redesignated as the PB response unit
(PBRU) in the rat (Liu, et al., 1998, Stoltz, et al.,, 1998) and PB-responsive
enhancer module (PBREM) in the mouse (Honkakoski, ef al., 1998a).

A central core element containing a NF-1 motif is determined to be
required for PB induction but not sufficient on its own for PB responsiveness
and sequences flanking either upstream or downstream of this core
element are necessary. In both rat and mouse, mutations of the NF-1 motif
or sequences flanking either upstream or downstream of the NF-1 motif
independently of one another were observed to reduce but do not completely
abolish PB responsiveness (Honkakoski, et al., 1998b, Liu, et al., 1998,
Stoltz, et al., 1998).

In the rat CYP2B2 promoter, a glucocorticoid-like response element
upstream of the NF-1 motif and a downstream region known as AF1 are
reported to contribute to PB responsiveness (Stoltz, et al., 1998). However,
Liu et al (Liu, et al., 1998) observed that a region within the AF1 is involved in
repressing basal expression. Two putative nuclear receptor binding sites,
designated NR1 and NR2, are found in the flanking region on each side of
the NF-1 core element of the mouse Cyp2b10 (Honkakoski, et al., 1998b). A
region highly homologous to the mouse NF-1, NR1 and NR2 region is also
found within the PBRU of the rat CYP2B1 and CYP2B2 and the human
CYP2B6 genes. A CAR/RXR heterodimer has been reported to bind to the

NR1 of the mouse Cyp2b710 (Honkakoski, et al., 1998b) as well as both
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NR1 and NR2 of the human CYP2B6 (Sueyoshi, et al., 1999) (see section
1.5.5). In PB-treated mice, binding of both CAR and RXR increases rapidly
and occurs before the increase of Cyp2b10 mRNA (Honkakoski, et al.,
1998b). The fact that the PBREM of a PB-noninducible mouse Cyp2b9 gene,
is mutated and non-functional, further indicates that this region is important
for PB inducibility (Honkakoski and Negishi, 1997).

The binding of liver nuclear protein from PB-treated rats to an AP-1
site located at -1441 bp of the CYP2B2 gene is also found to be increased
(Roe, et al.,, 1996). Sequences that confer PB responsiveness have also
been reported in the distal region between -1.1 and -5.9 kb of the chicken
CYP2H1 promoter (Hahn, et al., 1991). However, reporter constructs
containing this domain fused with its own proximal promoter sequences
showed only a weak induction response when transfected into PB-treated
chick embryo hepatocytes (Hahn, et al., 1991). This, according to May and
co-workers, is due to the high basal expression of the CYP2H1 proximal
promoter sequences in in vifro systems as compared to an almost
undetectable basal expression of CYP2H1 in vivo (Dogra and May, 1997).
They deduce a mechanism similar to CYP71A1 gene expression for the
repressed basal expression of the CYP2H1 gene. They suggested that in
the native CYP2H1 gene, the promoter is normally not accessible due to the
nucleosomal configuration but PB activation of a receptor complex leads to
loss of nucleosomes from the enhancer which in turn initiates the removal
of nucleosomes from the promoter region resulting in transcription (Dogra,
et al., 1998). The importance of chromatin structure in the activation of the rat

CYP2B genes has also been reported (Liu, et al., 1998). The possible distal
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PB regulatory elements of the CYP2B genes are schematically represented

in Fig. 1.8.

1.7 CYP2B1 and CYP2B2

Rat CYP2B1 and CYP2B2 are the most highly induced by PB of all the
PB-inducible CYPs (Phillips, ef al., 1981, Thomas, et al., 1981, Phillips, et
al., 1983b) and are therefore the most extensively studied (Gonzalez, 1990).
Their gene sequences have been deduced using recombinant DNA
methods specifically by sequence analysis of cloned cDNA and genomic

DNAs (Fujii-Kuriyama, et al., 1982). CYP2B1 and CYP2B2 gene sequences

are >97% similar. Although they are so similar in sequence, analysis of

genetic cross-experiments have indicated that they are non-allelic and are
closely linked on chromosome 1 (Rampersaud and Walz, 1983,
Rampersaud and Walz, 1987). Both genes have nine exons and eight
intervening sequences. The overall molecular sizes of CYP2B1 and
CYP2B2 are 23 kb and 14 kb respectively and the difference in size lies in
intron 1, i.e. 12 kb in CYP2B1 and 3.2 kb in CYP2B2 (Suwa, et al., 1985). Of
the forty base substitutions found in the exon sequences between the two
genes, 15 of them result in 14 amino acid replacements. These
replacements occur in relatively limited regions of the gene sequences.
Most of them are found in exons 6, 7, 8 and 9, but most frequently in exon 7

(Mizukami, et al., 1983).
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1.8 CYP2B1 and CYP2B2 5’-flanking sequences

The close sequence identity between the two genes is also found to
be extended to the promoter region up to 2.3 kb (Shaw, et al., 1996).
However, within the homologous region, there is a notable exception
whereby an alternating purine-pyrimidine (-CA-) sequence is repeated a
different number of times in the two genes: 5 times in CYP2B1, (CA)s and 19
times in CYP2B2, (CA)e. This -CA- repeat sequence is located upstream
from the CAP site beginning at about -255 bp and has been suggested to
play a role in the regulation of gene expression due to its potential to form Z-
helical DNA structure (Suwa, ef al., 1985). The transcription initiation site is
putatively about 30 bp upstream from the ATG translation initiation site. Both
genes have the same modified TATA sequence, CATAAA, 20 bp upstream

from the transcription initiation site (Mizukami, et al., 1983).

1.9 Other regulatory elements

In addition to the PB regulatory elements discussed in section 1.6,
other regulatory sequences not pertaining to PB-inducibility have also been
reported. Many laboratories have confirmed, using transient transfection
assays and mutational studies, that a sequence between -45 and -65 bp in
both CYP2B1 and CYP2B2 promoters binds members of the C/EBP
(CCAAT/ Enhancer Binding Protein) transcription factor family (Shephard, et
al., 1994) and is essential for basal promoter activity (Luc, et al., 1996, Park
and Kemper, 1996, Dell, 1997). Honkakoski et al (1996) (Honkakoski, et al.,

1996) also made similar observations with the corresponding C/EBP region
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in the mouse Cyp2b10. There are also reports of a region involved in
repressing CYP2B high basal level of expression further upstream
(Ramsden, et al., 1993, Honkakoski, et al., 1996). A putative glucocorticoid
receptor element (GRE) found between -1349 and -1335 bp has been
shown to be functional and hence capable of conferring dexamethasone
inducibility on a heterologous promoter (Jaiswal, et al., 1987, Shephard, et

al., 1994).

1.10 Regulation of CYP2B gene expression

1.10.1 Tissue-specific expression

Liver is the major organ involved in detoxification and a large number
of CYPs are expressed in this tissue. However, CYPs have also been found
in many extrahepatic tissues and virtually all tissues examined so far
contain one or more forms of CYP.

The rat CYP2B1 and CYP2B2 may be 97% identical in their amino
acid sequences but their expression profiles in hepatic and extrahepatic
tissues are very different. CYP2B1 mRNA is barely detectable in the liver
while CYP2B2 mRNA is constitutively expressed. Both mRNAs are highly
induced upon PB treatment from 20- up to >100-fold in the liver (Christou, et
al., 1987, Yamazoe, ef al., 1987). In extrahepatic tissues, CYP2B1 is
constitutively expressed but not inducible by PB in lung and testis while
CYP2B2 is absent from these tissues regardless of PB treatment
(Omiecinski, 1986, Christou, ef al., 1987). In small intestine, only CYP2B1 is

PB-inducible (Gonzalez, 1989, Traber, et al, 1990, Elia, 1996). Using
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antibodies against both CYP2B1 and CYP2B2, these two proteins were
detected in the brain, particularly in the Bergmann glial cells of the
cerebellum (Warner, et al., 1988). PB is also able to induce both CYP2B1
and CYP2B2 in the adrenal glands (Christou, et al., 1987). Another member
of the CYP2B subfamily, CYP2B3 is constitutively expressed in the liver and
not inducible by PB (Labbe, et al., 1988). However, CYP2B3 is not detectable
in other tissues such as lung, kidney and prostate. In breast tissue, CYP2Bs
have been detected in pregnant rats. Apparently, a decrease was observed
during lactation which then greatly increased in 3-week post-lactating rats
(Hellmold, et al., 1995).

Even within a single organ, distinct regions or cell-types may be
differentially responsive to PB. The PB induction of CYP2B1 occurs
predominantly in the enterocytes of the small intestines (Traber, et al., 1988)
and induction is found to be greater in the proximal region than the distal
region of the small intestines (Traber, et al., 1990). There is also zonal
distribution of CYP2B inducible expression by PB in the liver. Both CYP2B1
and CYP2B2 mRNA were observed to be expressed uniformly across the
centrilobular and mid-zonal regions of the hepatic lobule in PB-induced liver
except for a small band of cells immediately surrounding the periportal tract
that is refractory to PB-induction (Chianale, et al., 1986, Hassett, et al., 1989,
Traber, et al., 1989). Therefore, it seems that the genes encoding for the rat
CYP2B subfamily contain tissue-specific regulatory and inducer control

elements. However, very little is known about these regulatory mechanisms.
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1.10.2 Developmental-specific expression

When utilising standard blotting and solution hybridisation assays,
PB-inducible CYP2B mRNAs were not detectable in foetal rat liver before
gestational day 21 (Giachelli and Omiecinski, 1987). These CYP mRNAs
were found to be PB-inducible in foetal rat liver from day 15 of gestation with
the use of the Polymerase Chain Reaction (PCR) technique (Omiecinski, et
al.,, 1990). And the induction levels increase with increasing developmental
age, reaching maximal levels approximately 3 weeks postpartum (Giachelli

and Omiecinski, 1986). Studies done by Agrawal et al (1996) showed that

animals of younger age exert a more inhibitory effect than mature animals
(Agrawal and Shapiro, 1996). It was observed that CYP2B1 and CYP2B2
expression was suppressed more in young adults (65 days of age) than
mature adults (150 days of age). And young rats tend to show the greatest
suppression because they produce a more elevated growth hormone pulse
amplitude that results in greater inhibition of PB induction of CYP2B1 and
CYP2B2 (Agrawal and Shapiro, 1996). The effects of growth hormone on

CYP2B expression are given in more detail in section 1.10.3 that follows.

1.10.3 Gender-specific expression

Several CYPs are expressed in rat liver in a sex-specific manner,
where they are subjected to complex developmental regulation and
endocrine control (Zaphiropoulos, et al., 1989). However, gonadal

hormones do not directly regulate the sex-specific pattern of CYP expression
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in the liver but mediate their effects via the gonadal-hypothalamic-pituitary
axis and its sex-dependent regulation of pituitary growth hormone secretory
patterns (Waxman and Chang, 1995). Growth hormone is secreted by the
pituitary gland and its secretory profile is sexually differentiated in many
species but the difference between the sexes are most prominent in rodents
(Eden, 1979). Male rats have an intermittent plasma growth hormone pulse
while females show a more continuous profile. The sexual dimorphism in
the plasma growth hormone profile not only regulates the constitutive sex-
specific CYPs but also the xenobiotic-inducible CYPs.

Growth hormones and thyroid hormones have been shown to
suppress both the basal and PB-inducible expression of CYP2B1 and
CYP2B2 in vivo as well as in hepatocyte culture in vitro and this regulation is
at the level of transcription (Yamazoe, et al., 1987, Yamazoe, et al., 1989a,
Murayama, et al., 1991, Shapiro, et al., 1994, Shimada, et al., 1997). Studies
done by Agrawal et al (Agrawal and Shapiro, 1996) indicated that the female
gender was associated with the greatest PB-induction inhibition, i.e. both
CYP2B1 and CYP2B2 expression were suppressed more in females as
compared to their male counterparts. It is the continuous secretion
characteristic of the females that is more suppressive to CYP2B induction
than the pulse secretion characteristic found in males (Agrawal and
Shapiro, 1996). And in the males, it is the height of the growth hormone
pulse during each episodic burst that signals the extent of suppression
(Shapiro, et al., 1994). In addition, Agrawal and Shapiro (1996) (Agrawal and
Shapiro, 1996) observed that PB-induced CYP2B1 and CYP2B2 expression

are differentially regulated between the sexes. The effect of gender on
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CYP2B1 was at the mRNA level and CYP2B2 at the protein level, suggesting
the effect to be pre-transcriptional or transcriptional for the former and post-
transcriptional for the latter.

Although growth hormone has been shown to be the primary pituitary
hormone in suppressing PB induction of CYP2Bs, the removal of growth
hormone by hypophysectomy does not eliminate the difference in response
of CYP2Bs to PB between the sexes. This leads to the suggestion of the
possible involvement of a growth hormone-independent but sex-dependent
regulatory factor (Shapiro, et al., 1994) or neonatal androgenic imprinting
effects (Einarsson, et al.,, 1973). Also the findings that hypophysectomised
rats showed more enhanced PB induction of CYP2Bs than monosodium
glutamate- or methimazole-induced growth hormone-deficient rats
indicating that other anterior pituitary hormones, adrenal and thyroid
hormones may also be involved in altering PB induction (Yamazoe, et al.,
1987, Yamazoe, et al., 1989a, Murayama, et al., 1991, Shapiro, et al., 1994,
Shimada, et al., 1997).

The suppression of PB-induced CYP2B expression by growth
hormone was shown to be a direct antagonising effect and not PB
interfering with the normal secretory profiles of growth hormone that leads to
altered expression of CYP2B1 and CYP2B2 (Schuetz, et al., 1990, Waxman,
et al., 1990, Agrawal and Shapiro, 1996). Growth hormone is involved in
many different cellular functions and apparently exerts its effects through the
activation of various different signal transduction pathways (Maharajan and
Maharajan, 1993). For example, the expression of the female-specific

CYP2C12 may involve a phospholipase A,-dependent pathway (Tollet, et al.,
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1995) while the male-specific CYP2C11 expression involves tyrosine
phosphorylation-dependent nuclear translocation of a hepatic signal
transducer and activator of transcription 5 (Stat-5)-related DNA binding
protein (Waxman, et al., 1995). Therefore, Agrawal and Shapiro (1996)
(Agrawal and Shapiro, 1996) deduced that growth hormone suppresses PB-
induced CYP2B1 expression pre-transcriptionally and CYP2B2 expression

post-transcriptionally by activating different signal transduction pathways.

1.10.4 Strain-specific expression

A study carried out by Larsen et al (1994) (Larsen, et al., 1994)
indicated an obvious female-linked strain polymorphism in the induced
expression of a number of PB-responsive CYPs including CYP2B1 and
CYP2B2. As mentioned previously in section 110.3, CYP2Bs are less
inducible by PB in female than male rats. This sexual dimorphism in PB-
induction is found to be much more evident in some strains than in others
and extends to many structurally dissimilar chemicals that produce PB-like
effects (Lubet, ef al., 1992, Blouin, et al., 1993, Larsen, et al., 1994, Larsen
and Jefcoate, 1995). The suppression of growth hormone secretion from the
pituitary by suppressing the level of thyroxine and triiodothyronine via
hypophysectomy or methimazole treatment reduce the strain differences in
PB-induced CYP expressions not only among the females but between

males and females too (Larsen, et al., 1994, Larsen and Jefcoate, 1995).
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1.11 Factors affecting basal and/or PB-induced CYP2B gene

expression

1.11.1 Cytokines

During inflammation or infection, an acute phase response is
triggered to help maintain homeostasis (Schreiber, et al, 1989). The
response is characterised by alteration in the synthesis of a number of

hepatic proteins. But the principal homeostatic mediators of the acute phase

response are cytokines such as TNFa, IL-1 and IL-6, of which IL-6 is thought

to be the most important (Heinrich, et al., 1990). One of the effects mediated
by these cytokines is a decrease in total hepatic CYP enzymes (Morgan,
1989). Studies into the effects of each of these cytokines on specific forms of
CYPs have also been carried out both in vivo and in vitro. Although the
results obtained by different laboratories are not all in agreement, the
general observation is a decrease in many of the specific CYPs investigated
(Wright and Morgan, 1991, Fukuda, ef al., 1992, Abdel-Razzak, ef al., 1993).
There are reports suggesting that cytokines down-regulate CYPs by
affecting their synthesis (Stanley, et al., 1988, Renton and Kbnickle, 1990,
Wright and Morgan, 1990) while others indicated that cytokines might affect
the degradation of CYPs (Cantoni, et al, 1991, Moochhala and Renton,
1991).

The induction of CYP2B1 and CYP2B2 and their enzyme activities by

PB has been observed to be inhibited by IL-1B and in particular IL-6 in

primary rat hepatocyte cultures (Williams, et al.,, 1991, Clark, et al., 1995,

Clark, et al., 1996). Experiments carried out by Williams et al (1991)
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(Williams, et al., 1991) and Clark et al (1996) (Clark, et al., 1996) indicated
IL-6 to inhibit PB-induction of CYP2B1 and CYP2B2 mRNA expression.
There was suggestion that this inhibition is at the level of transcription
(Williams, et al.,, 1991). The ability of IL-6 to block CYP2B1 and CYP2B2
induction by PB is specific because the induction of NADPH Cytochrome

P450 reductase by PB is not affected (Clark, et al., 1996).

1.11.2 Insulin

The expression of members of certain CYP subfamilies such as
CYP2B, CYP2E, CYP3A and CYP4A has been shown to be enhanced in both
spontaneous and chemically-induced diabetic rats (Yamazoe, et al., 1989b,
Shimojo, et al.,, 1993). The basal as well as PB-induced CYP2B1 and
CYP2B2 expression are both higher in diabetic rats than normal rats
(Yamazoe, et al., 1989b, Yoshida, et al., 1996). The increase in the
expression of CYPs in diabetes was attributed to hyperketonemia (Barnett,
et al.,, 1990a, Barnett, et al, 1990b) or decreased growth hormone and
testosterone amounts (Yamazoe, et al.,, 1989b, Thummel and Schenkman,
1990) which are a few of the pathological events that normally occur in the
diabetic state. Although the administration of insulin to diabetic rats could
lower the amount of affected CYPs to that seen in normal animals, there
was no evidence for the direct action of insulin. However, the expression of
CYPs in a non-insulin-dependent diabetic rat was not affected (Barnett, et
al., 1992).

The ability of insulin to directly down-regulate CYP2B1 and CYP2B2

expression has recently been shown in a rat hepatoma cell line, Fao cells
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(De Waziers, et al., 1995) and in primary rat hepatocyte cultures (Yoshida, et
al., 1996, Woodcroft and Novak, 1997). Insulin has been reported to alter the
expression of a number of genes either at the transcriptional (O'Brien and
Granner, 1991) and/or post-transcriptional levels (Flores-Riveros, et al.,
1993). Although a number of insulin responsive sequences (IRS), shown to
mediate insulin response in the phosphoenolpyruvate carboxykinase
(PEPCK) gene, are found within the proximal promoter region of both
CYP2B1 and CYP2B2 genes, it is not known if these sequences are
functional (Yoshida, et al., 1996). Furthermore, there are indications that
insulin suppresses the expression of CYP2B1 and CYP2B2 by accelerating

mMRNA turnover rate (De Waziers, et al., 1995, Woodcroft and Novak, 1997).

1.11.3 Haem

Haem is known to regulate the levels of several haemoproteins and
enzymes of haem metabolism (Maines, 1984, Padmanaban, et al., 1989,
Ades, 1990). However, reports on the role of haem in regulating CYP
expression, in particular the rat CYP2Bs and chicken CYP2Hs have been
controversial.

On one hand, haem has been implicated as the positive modulator of
rat CYP2B1 and CYP2B2 gene transcription (Ravishankar and
Padmanaban, 1983, Ravishankar and Padmanaban, 1985, Dwarki, et al.,
1987, Venkateswar and Padmanaban, 1991). The inhibition of haem
synthesis by the administration of CoCl, or aminotriazole to PB-treated rats

could block PB-induced transcription of CYP2Bs as monitored by nuclear
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run-on transcription assays and RNase protection assays (Dwarki, et al.,
1987, Rangarajan and Padamanaban, 1989, Srivastava, et al., 1990,
Sultana, ef al.,, 1997). A similar result was obtained in an in vitro cell-free
transcription assay of a minigene construct containing exon | and the first
179 bp promoter region of the CYP2B2 gene using nuclei from rats treated
with PB and CoCl, (Rangarajan and Padamanaban, 1989, Sultana, et al.,
1997). Apparently, the inhibitory effect of CoCl, and aminotriazole could be
overcome by the addition of exogenous haemin (Dwarki, et al, 1987,
Rangarajan and Padamanaban, 1989, Sultana, et al., 1997). Other studies
using succinylacetone, a more specific haem biosynthesis inhibitor than
CoCl, and aminotriazole have reported no effect on PB-induced CYP2B1
and CYP2B2 mRNA expression both in primary rat hepatocyte cultures
(Sinclair, et al.,, 1990) and in rat liver in vivo (Srivastava, et al., 1989).

Furthermore, the addition of haem or 8-aminolaevulinate to cultured primary

rat hepatocytes has no effect on basal as well as PB-induced CYP2B1 and
CYP2B2 mRNA levels (Burger, ef al., 1990).

There are studies indicating that the basal CYP2H1 mRNA and
protein are increased by the administration of a haem biosynthesis inhibitor

into chick embryo liver in vivo (Rifkind, 1979, Brooker, et al, 1983). The

administration of 8-aminolaevulinate, to generate intracellular haem, to PB-

treated chick embryos in vivo also resulted in a further increased in CYP2H1
mMRNA levels (Ryan and Ades, 1989). On the contrary, Hamilton and co-
workers (1988 and 1992) (Hamilton, et al, 1988, Hamilton, et al., 1992)
showed that inhibitors of haem biosynthesis have no effect on both basal

and inducible CYP2H1 and CYP2H2 expression by PB and PB-like inducers
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in chick embryo hepatocytes in vivo as well as chick primary hepatocytes in
vitro. The introduction of haem to chick primary hepatocyte cultures in vitro
treated with PB in the presence or absence of inhibitors of haem
biosynthesis also has no effect on CYP2H mRNA expression (Hamilton, et

al., 1988, Ryan and Ades, 1989, Hamilton, et al., 1992).

1.12 Inhibitors of protein synthesis

The requirement for de novo protein synthesis in the induction of
CYPs by PB and PB-like compounds is also a subject that has been under
intensive investigations. Unfortunately, studies carried out on the various
PB-inducible CYPs have yielded contradicting results.

In the chicken model, cycloheximide generally enhances both
CYP2H1 and CYP2H2 expression in hepatocytes in vitro and in vivo.
However, cycloheximide was observed to affect only the basal expression in
some studies (Hamilton, et al., 1988, Hahn, et al.,, 1991, Hamilton, et al.,
1992) while affecting both basal and PB-induced expression in others (Ryan
and Ades, 1989, Dogra, et al., 1993). The action of cycloheximide was
shown to be at the level of transcription (Hansen and May, 1989, Hamilton,
et al., 1992, Dogra, et al., 1993). The ability of PB to induce gene expression
in the presence of cycloheximide as reported by some laboratories
suggested that de novo protein synthesis is not necessary for PB induction
of CYP2H mRNA. Instead, the enhanced CYP2H expression by
cycloheximide led to the suggestion of the presence of a labile repressor

protein.
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In contrast, many studies have shown that PB-induced rat CYP2B1
and CYP2B2 expression in vivo and in vitro could be blocked by
cycloheximide (Hardwick, et al., 1983, Bhat, et al., 1987, Chianale, et al.,
1988, Burger, et al, 1990, Schuetz, et al, 1990). It was thus generally
deduced that the regulation of CYP2B genes by PB or PB-like compounds
requires ongoing protein synthesis. However, a recent study carried out by
Sidhu and Omiecinski (1998) (Sidhu and Omiecinski, 1998) reported that
cycloheximide did not block PB induction of CYP2B gene expression
through inhibiting the synthesis of protein. They tested a range of protein
synthesis inhibitors and showed that the potency of a compound to inhibit
protein synthesis is not proportional to its ability to block PB-induction of
CYP2B mRNA expression. Furthermore, an analogue of the protein
synthesis inhibitor, puromycin, devoid of any protein synthesis inhibitory
activity produced results similar to its active counterpart. Honkakoski et a/
(1996) (Honkakoski, et al., 1996) reported that PB-induced Cyp2b10 mRNA
expression was not affected by cycloheximide in primary mouse hepatocyte
cultures. It does appear as though the effects exerted by compounds that
inhibit protein synthesis, in particular cycloheximide, on the regulation of PB-
inducible CYP genes are different in different species. Itis possible that in
certain species, protein synthesis is a prerequisite while in others,

alternative mechanism(s) may be utilised.
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1.13 Protein kinases

1.13.1 Protein kinase A (PKA)

PB induces many CYPs by increasing the rate of transcription of their
genes (Hardwick, et al., 1983, Pike, et al., 1985, Gonzalez, 1990). Unable to
" rule-out the need for de novo protein synthesis in PB-induction of CYP
expression as discussed in section 1.12 above, the PB-inductive response
may be mediated through post-translational modifications of pre-existing
proteins. The regulation of transcription factors binding to DNA or their
transactivation activity by phosphorylation has been described and it is one
of the most important regullatory mechanisms for controlling gene
expression (Hunter and Karin, 1992).

Further support was provided by Blankenship and Bresnick (1974)
(Blankenship and Bresnick, 1974) when they reported that PB could
stimulate the phoshorylation of acidic nuclear proteins in vivo. The
administration of a cAMP analogue, db-cAMP was also observed to
stimulate the phosphorylation of specific acidic nuclear proteins in rat liver
(Johnson and Allfrey, 1972). The involvement of a cAMP-dependent protein
kinase signalling pathway in PB-inducible gene expression has been
extensively investigated, most probably because studies in vivo showed a
stimulation of intracellular cAMP and PKA activity shortly after PB treatment
(Byus, et al., 1976, Costa, et al., 1976). But conflicting observations have
been reported.

A study done by Costa et al (1976) (Costa, et al., 1976) on total

microsomal CYP content in rats indicated that increasing intracellular cAMP
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by the administration of aminophylline and/or db-cAMP slightly decreased
CYP concentration. But the administration of aminophylline and/or db-cAMP
to rats treated with a PB-like inducer, Aroclor-1254, at a dose that on its own
has no effect on CYP concentration, could elevate the concentration of CYPs.
Using primary rat hepatocyte cultures, Brown et al (1997) (Brown, et
al., 1997) reported that specific inhibitors of PKA abolish the induction of
CYP2B1, CYP2B2 and CYP3A23 mRNA by PB while cAMP analogues and
PKA activator, (Sp)-cAMPS, only slight augment PB induction of these genes.
Opposing results were reported by Sidhu and Omiecinski (1996) (Sidhu and
Omiecinski, 1995) who also performed their study in primary rat hepatocytes
under similar treatment conditions. They found that cAMP analogues,
adenylate cyclase activators and PKA activator could all attenuate PB-
induced CYP2B1 and CYP2B2 mRNA expression. The fact the inhibitors of
phosphodiesterase (PDE) activity could potentiate the inhibitory effect of
cAMP on PB-induced CYP2Bs mRNA and that hydrolysis products of cAMP
have no effect, further indicated that cAMP itself is responsible for the
inhibition observed (Sidhu and Omiecinski, 1995). Dell (1997) (Dell, 1997)
found activators of PKA and cAMP analogues to inhibit both basal and PB-
induced CYP2B1 and CYP2B2 mRNA in rat primary hepatocytes.
Investigations into the effects of cAMP on PB-inducible CYP
expression in other species have shown that increased cAMP levels inhibit
PB-induced CYP1A1 expression in primary rainbow trout hepatocytes
(Sadar, et al, 1996) and CYP3A371 expression in primary hamster
hepatocytes (Bani, et al, 1998) but enhances PB-induced CYP2H1

expression in primary chick hepatocytes (Giger and Meyer, 1981) and both
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basal and PB-induced Cyp2a5 expression in primary mouse hepatocytes
(Salonpaa, et al, 1994). Furthermore, Honkakoski and Negishi (1998)
(Honkakoski and Negishi, 1998a) reported that TCPOBOP-induced
Cyp2b10 mRNA in primary mouse hepatocyte cultures was not affected by
inhibitors of PKA. At present, the involvement of cAMP signalling pathway in

mediating PB induction response is still questionable.

1.13.2 Other protein kinases

According to Jirtle and co-workers, PB reduction of EGF (epidermal
growth factor) receptor expression in primary rat hepatocytes was found to
be independent of protein kinase C (PKC) activation (Meyer, et al., 1989,
Meyer and Jirtle, 1989). Their studies into the translocalisation of PKC
activity in PB-treated rat hepatocytes further indicated that PB does not
activate PKC (Jirtle and Meyer, 1991). Not only does PB not activate PKC, it
was even reported to down-regulate PKC activity (Chauhan and Brockerhoff,
1987, Brockenbrough, et al, 1991). More recently, both inhibitors and
activators of PKC were observed to have no effect on PB-induced chicken
CYP2H1 (Dogra and May, 1996) and mouse Cyp2a5 mRNA (Salonpaa, et
al., 1994) and TCPOBOP-induced mouse Cyp2b10 mRNA but induces
basal Cyp2b10 (Honkakoski and Negishi, 1998a) in primary hepatocytes in
vitro. In contrast, PKC inhibitors were observed to attenuate PB-induction of

CYP1A1 in primary rainbow trout hepatocytes (Sadar, et al., 1996).
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Tyrosine kinases were reported not to be involved in PB mediated
induction in chicken CYP2H1 (Dogra and May, 1996) and mouse Cyp2a5
and Cyp2b10 (Salonpaa, et al., 1994, Honkakoski and Negishi, 1998a).

2-aminopurine (2-AP), a protein kinase inhibitor, could inhibit PB-
induction of chicken CYP2H1 mRNA (Dogra and May, 1996) and rat CYP2B1
and CYP2B2 mRNA (Nirodi, et al., 1996) in primary hepatocytes in vitro. 2-AP
appears to be a non-specific protein kinase inhibitor but it does show
preference for the interferon-inducible double-stranded RNA activated
protein kinase, PKR (Debenedetti and Baglioni, 1983) and seems to block
kinase activity by modifying serine and threonine residues (Tiwari, et al.,
1988). Preliminary results obtained by Dogra and May (1996) (Dogra and
May, 1996) indicated that the effect of 2-AP on PB-induced CYP gene
expression is most probably not via the inhibition of PKR.

Honkakoski and Negishi (1998) (Honkakoski and Negishi, 1998a)
also showed an inhibitor of Ca®*/Calmodulin-dependent protein kinase to
exert no effect on TCPOBOP-induced Cyp2b10 mRNA in mouse primary
hepatocytes. However, an inhibitor of Ca**/Calmodulin-dependent protein
kinase could abolish the inhibitory effect that okadaic acid (OK) has on
TCPOBOP-induced Cyp2b10 mRNA (see section 1.14 on the effect of OK).

It appears that one or more phosphorylation steps, sensitive to 2-AP,
are important events leading to the activation of CYP2H1, CYP2B1 and
CYP2B2 gene transcription by PB. However, the effect of 2-AP on PB-

induced mouse Cyp2b10 is not known.
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1.14 Protein phosphatases

More consensus observations were made in delineating which
protein phosphatase(s) is involved. Okadaic acid (OK), a phosphoserine/
threonine phosphatase inhibitor of PP1 and PP2A, is reported to inhibit PB-
induction of CYP2B1, CYP2B2 and Cyp2b10 mRNAs (Nirodi, et al., 1996,
Dell, 1997, Sidhu and Omiecinski, 1997, Honkakoski and Negishi, 1998a).
The use of other inhibitors of PP1 and PP2A also yielded similar
observations while inactive analogues of OK showed no inhibitory effect
(Sidhu and Omiecinski, 1997, Honkakoski and Negishi, 1998a).
Furthermore, inhibitors of tyrosine phosphatase were observed to have no
effect on mouse Cyp2b10 induction by TCPOBOP (Honkakoski and Negishi,
1998a). |

Sidhu and Omiecinski (1997) (Sidhu and Omiecinski, 1997) showed
that PP1 and PP2A inhibitors could potentiate PKA activators in repressing
PB-induction and is strongly supportive of a concerted PKA and PP1/2A
modulatory mechanism for PB-induction. While Honkakoski and Negishi
(1998) (Honkakoski and Negishi, 1998a) reported that the inhibitory effect of
OK could be overcome by inhibitors of Ca?*/Calmodulin-dependent protein
kinase, although the latter inhibitors have no effect on their own. In addition,
2-AP sensitive protein kinase(s) also have a role to play in PB-mediated
gene transcription (Dogra and May, 1996, Nirodi, et al., 1996) (see section
1.13.2).

The interpretation of results reported by different laboratories should
be handled with care because of the species used and the different cell

culturing conditions could dictate the phenotype of the cells, leading to one
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signalling pathway dominating over another. The actual mechanism of PB-
mediated induction may involve multiple kinases and/or phosphatases that
act in several signalling pathways which could cross-talk with each other

(Hunter, 1995).

1.15 Scope of this thesis

CYP2B1 and CYP2B2 are the CYPs most highly induced by PB in the
rat liver. The previous sections have shown that the expression and PB-
induction of both CYP2B1 and CYP2B2 are subjected to developmental,
gender and tissue-specific regulation. In addition, the constitutive as well as
PB-inducible expression of these two genes in the liver is also differentially
regulated, in that CYP2B1 (50 to 100-fold) is induced more than CYP2B2
(20-fold). It is known that PB induces CYP2B1 and CYP2B2 mRNA by
increasing the transcription of their genes (Pike, et al., 1985). Thus, to
elucidate the molecular mechanisms whereby PB-mediates transcriptional
activation, extensive studies have been carried out on the 5'-flanking
sequence of the CYP2B2 gene to identify any cis-acting elements and trans-
acting factors that are involved. Efforts were also put into dissecting the
signal transduction pathway(s) involved in mediating PB-inductive response.
Unlike the PAH induction of the CYP1A1 gene, relatively little is known about
the PB induction of CYP2B genes.

At the time, most of the promoter studies were carried out on the
CYP2B2 because the CYP2B1 promoter sequence was not available.

Recently Dr Andrew Elia (1995) (Elia, 1996) in our laboratory cloned the
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CYP2B1 promoter sequence up to 450 bp upstream and subsequently,
Shaw and co-workers (Shaw, et al., 1996) determined the CYP2B1 promoter
sequence up to 3.9 kb upstream.

The main aim of my research is to elucidate the mechanism(s)
regulating the basal and PB induced gene transcription of CYP2Bs, in
particular CYP2B1. | began by analysing the CYP2B1 promoter sequence
that was cloned in our laboratory using in vitro cell-free systems to identify
any cis-acting element(s) involved in PB-responsiveness and the
transcription factor(s) binding to the element(s). When the binding of liver
nuclear protein from PB-treated rats to specific regions of the CYP2B1
promoter was observed to be either in greater abundance or activated, | then
analysed if PB treatment affected the phosphorylation status of the
transcription factor(s) involved in binding since the DNA binding and/or
transactivation ability of many transcription factors are dependent on
phosphorylation status. Different methods used for transfecting reporter
gene constructs into primary rat hepatocytes cultured under conditions that
have been previously optimised in our laboratory was also performed to find
the best method. The transfection in primary cultures was also compared to
a new in vivo transfection method. During the course of this project, much
progress have been made by other and there are now reports on the
possible signalling pathways involved in PB-mediated transcriptional
activation. Very recently, a nuclear receptor involved in PB induction has also

been determined (Honkakoski, et al., 1998b).
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Chapter Two

Materials
And

Methods



2.1 DNA cloning and sub-cloning

2.1.1 DNA digestion with restriction endonucleases

Materials
DNA: Vector DNA or recombinant DNA.
Restriction Enzymes. Obtained from several sources, e.g. Pharmacia

Biotech Ltd (St. Albans, Herts, U.K.) and New England Biolab. (Beverly, MA,
U.S.A)). Stored at -20°C.

Enzyme buffers: Supplied with each restricion enzyme. Used at
manufacturers’ recommended working concentration for optimal activity of
each enzyme. If enzymes from two different manufacturers were used in the
same reaction, the Pharmacia’s One-Phor-All buffer plus (10X concentration

contained 100 mM Tris-acetate, pH 7.5, 100 mM magnesium acetate and

500 mM potassium acetate) was used. Stored at -20°C or 4°C if in constant

use.

Equipment. Grant water-bath.

Method

DNA, the appropriate restriction enzyme(s), enzyme buffer and sterile
distilled water to make up the total volume were mixed in a 1.5 ml Eppendorf
tube. The amount of restriction enzyme(s) added depended on the amount
of DNA to be digested. A unit of enzyme was added for every microgram of
DNA. However, the total volume of enzyme(s) should not constitute more

than 10% of the total reaction volume. The reaction mixture was then
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incubated at a temperature for optimal activity of the restriction enzyme(s)

(usually 37°C) for at least 2 hrs or up to 24 hrs. A small portion of the

digested DNA (approximately 0.1 to 0.5 pug) was electrophoresed on an

agarose gel to assess if DNA digestion was complete (see section 2.1.2).

2.1.2 Agarose gel electrophoresis

Materials
Agarose (Sigma Chemical Co., St Louis, MO, U.S.A.): Type |, Low EEO.

Stored at RT.

10X TBE buffer. 0.89 M Trizma® base, 0.89 M boric acid and 20 mM EDTA,

pH 8.0. Autoclaved and stored at RT.
Electrophoresis buffer. 1X TBE buffer.

10 mg/ml Ethidium Bromide (EtBr;, BDH Chemicals Ltd, Poole, England):
Used at a final concentration of 0.5 ug/ml in agarose gel or running buffer.
Stock solution was stored at 4°C.

6X DNA loading buffer I. 0.25% (w/v) bromophenol blue (Bio-Rad

Laboratory, Hercules, California, U.S.A.), 30% (vA) glycerol. Filter sterilised

through a Millex®-HA 0.45 pm filter unit (Millipore (U.K.) Ltd, Watford,

England) and stored in aliquots at -20°C. Used at 1X final concentration.

DNA marker. 1 kb DNA ladder (Gibco BRL, Life Technologies, Inc,,

Gaithersburg, U.S.A.)
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Equipment.  Mini-the-Gel Cicle™ submarine agarose gel unit,

electrophoresis power pack and CHROMATO-VUE® UV transilluminator

(Model TM-15).
Method

An agarose gel of the appropriate percentage for the separation of
particular DNA fragment sizes was prepared. A higher percentage was used
to separate smaller DNA size fragments. For example, to prepare a 1% (W)
agarose gel in 1X TBE buffer: 1 g of agarose was added to 100 ml of 1X TBE

buffer and the contents were boiled to dissolve the agarose. The solution

was then cooled to ~45°C before 2 pl EtBr was added to give a final

concentration of 0.5 ug/mil. The solution was mixed well, poured into a gel

casting tray and allowed to solidify for at least 30 mins. The gel was then
fully submerged in the gel electrophoresis tank containing 1X TBE buffer.
DNA loading buffer | was added to the DNA sample to 1X final concentration.
Samples were loaded into the wells of the gel, and electrophoresed at 100
to 120 V for a suitable length of time until the DNA fragments were well
separated. The separation of the DNA fragment(s) was visualised on a UV

transilluminator.

2.1.3 DNA purification from low melting point agarose

Materials

Agarose (Gibco BRL): y-s,PURE Low Melting Point Agarose. Stored at RT.
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50X TAE buffer. 2 M Trizma® base, 5.71% (v/v) glacial acetic acid and 0.05 M

EDTA, pH 8.0. Autoclaved and stored at RT. Used at 1X working
concentration.

Electrophoresing buffer. 1X TAE buffer.

10 mg/ml EtBr. see section 2.1.2.

6X DNA loading buffer I. see section 2.1.2.

Spin-X Column (Corning Costar Corporation, Cambridge, MA, U.S.A):

Costar 0.22 um cellulose acetate centrifuge tube filters. Stored at RT.

TE Buffer. 10 mM Tris-HCI, pH 8.0 and 1 mM EDTA, pH 8.0. Autoclaved and
stored at RT.

Sodium Acetate: 3 M aqueous solution, pH 5.2. Filter sterilised and stored at
RT.

Ethano!l. Absolute

Equipment.  Mini-the-Gel Cicle™ submarine agarose gel unit,

electrophoresis power pack, UV transilluminator and Eppendorf Centrifuge

54148S.

Method

According to the size of the DNA to be purified, an appropriate
percentage of low melting point agarose gel was prepared in 1X TAE buffer
(refer to method in section 2.1.2 for the preparation of gel). Digested DNA
was mixed with DNA loading buffer |, loaded onto the solidified agarose gel
and electrophoresed at 80 V until DNA fragments were well separated. The

DNA band(s) of interest was carefully excised from the gel taking the
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minimum amount of gel possible. The excised gel was then transferred to

the top compartment of the Spin-X column. Each column should not contain
more than 150 pl volume of gel. (If the volume of gel is more than 150 pl, it
should be divided into two columns for purification.) The gel in the tube was
allowed to freeze at -70°C and then centrifuged at ‘high’ speed (~13 000
rom) for 10 mins at RT in a microcentrifuge. This freeze/spin step was
repeated three times before 100 pl of TE buffer was added to the top
compartment and the tube re-centrifuged as above. The top compartment

was then discarded and 0.2 volumes of 3 M sodium acetate, pH 5.2 and 2

volumes of 100% ethanol was added to the filtrate to precipitate the DNA.

The DNA was precipitated from 1 hr to overnight (~16 hrs) at -70°C

depending on its size such that the DNA of larger size required a shorter

time to precipitate. The DNA was then pelleted by centrifugation at ~13 000
rpm for 20 to 30 mins at 4°C in a Eppendorf centrifuge. The supernatant was
carefully removed and the pellet dried briefly in vacuo. The DNA was

dissolved in 10 to 20 pl of sterile distilled water and stored at -20°C.

2.1.4 Dephosphorylation of linearised plasmid DNA

Materials
Tris-HCI: 10 mM aqueous solution, pH 7.9. Autoclaved and stored at RT.

10X One-Phor-All buffer plus. see section 2.1.1.
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Calf Intestinal Alkaline Phosphatase (CIP; Pharmacia Biotech): 1000
units/ml. Stored at -20°C.

Phenol (Fischer Scientific U.K. Ltd, Loughborough, England)/chloroform: 1:1

(v/v) ratio of Tris-equilibrated phenol and chloroform. Stored at 4°C wrapped

with aluminium foil.

Ethanol. Absolute.

Equipment. Grant water-bath and Eppendorf Centrifuge 5414S.
Method

The volume of the digested plasmid DNA (see section 2.1.1) was

increased to 300 pl. An equal volume of phenol/chloroform was added. The

tube was vortexed and then centrifuged at ~13 000 rpm for 3 mins at RT in a
microcentrifuge. The aqueous phase was transferred to a new Eppendorf

tube and 2 volumes of 100% ethanol was added to precipitate the DNA.
Since the size of plasmid DNA is large, 15 mins at -70°C is sufficient for
precipitation. The DNA was pelleted by centrifuging at ~13 000 rpm for 20
mins at RT in a microcentrifuge. The supernatant was removed and the DNA
dried briefly in vacuo. The DNA was resuspended in an appropriate volume
of 10 mM Tris-HCI buffer, pH 7.9. One-Phor-All buffer plus was added to a
final concentration of 1X and 1 unit of CIP was added for every 100 pmoles
of 5' ends. The total reaction volume should be such that the CIP does not

constitute more than 10% of the total reaction volume. The mixture was

incubated for 45 to 60 mins at 37°C. After which, the volume was increased

to 300 ul and the DNA was extracted with phenol/chloroform and precipitated
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with ethanol as described above. The dephosphorylated DNA was dissolved

in 10 to 20 pl of sterile distilled water and stored at -20°C.

2.1.5 Phosphorylation of synthetic oligonucleotide 5’ ends

Materials
10X One-Phor-All buffer plus: see section 2.1.1

100 mM ATP, sodium salt (Pharmacia Biotech): Diluted to 5 mM in aqueous

solution. Stored at -20°C.
T4 Polynucleotide kinase (PNK; Pharmacia Biotech), FPLCpure® Cloned:

9 500 units/ml. Stored at -20°C.

Method
The phosphorylation reaction containing 1X One-Phor-All buffer plus,
1 mM ATP and 1 unit of T, PNK for every nanomole of synthetic

oligonucleotide to be phosphorylated was set up in a sterile 1.5 ml

Eppendorf tube. The mixture was incubated for 30 to 45 mins at 37°C. The

total volume was increased to 300 ul and the DNA extracted with

phenol/chloroform and precipitated with ethanol as described in the method

of section 2.1.4. Due to the small size of the oligonucleotides, the

precipitation time was increased to 1 hr or even overnight at -70°C. The
phosphorylated oligonucleotides were dissolved in 10 to 20 pl of sterile

distilled water and stored at -20°C.
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2.1.6 Ligation reaction

Materials

Linearised plasmid DNA: pBluescript KS Il, pUC19 plasmid or pGL3 vector
series of plasmids were used.

DNA inserts: Either restriction enzyme digested DNA fragments (see section
2.1.1) or phosphorylated synthetic oligonucleotides (see section 2.1.5).

10X One-Phor-All buffer plus: see section 2.1.1.

T4 DNA Ligase (Pharmacia Biotech). 5 500 Weiss units/ml. Stored at -20°C.

100 mM ATP, sodium salt. see section 2.1.5.

Method

2.1.6.1 Ligation of DNA with sticky ends

Both the linearised plasmid vector and the DNA insert should
possess compatible ends for ligation to occur. The ligation mixture
contained 50 ng of linearised plasmid DNA, 500 ng of DNA insert, 1X One-

Phor-All buffer plus, 1 mM ATP, 10 Weiss units of T, DNA ligase and water to

a total volume of 20 ul. The contents were incubated for 4 hours to overnight

at 16°C.

2.1.6.2 Ligation of blunt-ended DNA

The ligation mixture contained equal molar amount of both linearised

plasmid DNA and DNA insert, 1X One-Phor-All buffer plus, 0.5 mM ATP, 10
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to 20 Weiss units of T, DNA ligase and water to a total volume of 20 pl. The

content was incubated overnight at 25°C.

2.1.7 Transformation of bacterial cells
Materials

Escherichia coli strains: DH50 (supE44supF58hsdS3(rg'mg )dapD8lacY1
ginVAa4A(gal-uvrB)47tyrT58gyrA29tonA53A(thyA57) or JM109 (recA1supE44
endA1hsdR17gyrA96relA1thiA(lac-proAB) when the pGL3 vector series

were used. Stored at -70°C.

50 mg/mi Ampicillin sodium BP (Beecham Research, Hertfordshire, U.K.):

Prepared using sterile distilled water. Filter sterilised and stored as small

aliquots at -20°C - enough to use one or two times. Used at 50 pug/ml final

concentration in LB medium and 100 pg/ml final concentration in LB agar.

LB-Agar Medium (Bio101, Inc., La Jolla, CA, U.S.A.). Add LB-Agar capsules
to distilled water according to the manufacturer's instruction. The mix was
autoclaved and stored at RT. Before use, the agar was melted completely in
a microwave oven. The molten agar was cooled to 40°C before pouring onto
Petri dishes (If necessary, antibiotic was added just before pouring). The
agar was then allowed to solidify. The plates could be kept for up to a week

at 4°C if sealed with Nesco film.
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LB medium (Bio101, Inc.). Add LB medium capsules to distilled water
according to the manufacturer’'s instruction. The mix was autoclaved and
stored at RT.

SOB medium (Bio101, Inc.): Add SOB medium capsules to distilled water
according to the manufacturer's instruction. The mix was autoclaved and
stored at RT.

FSB Transformation buffer, pH 6.4. 10 mM potassium acetate, pH 7.5, 45
mM manganese chloride, 10 mM calcium chloride 2-hydrate, 100 mM

potassium chloride, 3 mM hexamminocobalt chloride and 10% (vA) glycerol.
Filter sterilised through a 0.45 um filter unit. The container was wrapped in
foil and stored at 4°C.

Dimethylsulphoxide (DMSO; Sigma Chemical). Stored at RT.

Isopropyl B-D-thiogalactoside (IPTG; Gibco BRL): 0.1 M aqueous solution.

Filter sterilised, aliquoted and stored at -20°C.

5-bromo-4-chloro-3-indolyl--D-galactoside (X-gal; Melford Laboratories
Ltd, Suffork, England). 2% (w/v) solution in dimethylformamide. Filter
sterilised, aliquoted and stored at -20°C. Stored tubes wrapped in

aluminium foil.
90 mm Polystyrene Petri dish (Bibby Sterilin Ltd, Staffordshire, U.K.). Sterile
and disposable.

Equipment. UV/Visible spectrophotometer (CECIL 1000 Series; CECIL

Instruments, Cambridge, England), Water-bath shaker-incubator (Gyrotory®,
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Waterbath shaker Model G76; New Brunswick Scientific (U.K.) Ltd, Hatfield,

England), bench-top centrifuge (MSE Centaur 2), 37°C incubator.

Method

2.1.7.1 Preparation of fresh competent cells
A glycerol stock of Escherichia coli was streaked onto a LB-agar plate

and incubated for ~16 hrs at 37°C. A single colony was picked, inoculated

into 10 ml of LB medium and grown for ~16 hrs at 37°C with vigorous

shaking. When the optical density of the culture at 550 nm was between 0.6
and 0.8, it was transferred to a sterile 12 ml Falcon tube. The tube was
placed for 10 mins on ice before it was centrifuged at 600 x g for 10 mins at
RT to pellet the bacterial cells. The supernatant was swiftly decanted and
the pellet was resuspended in 8 ml of ice-cold FSB transformation buffer.
The suspension was placed on ice for another 10 mins and centrifuged

using similar conditions as above. After the supernatant was decanted, the

pellet was resuspended in 2 ml of FSB transformation buffer. 200 ul was

aliquoted into each Eppendorf tube for use in the transformation reaction.

2.1.7.2 Preparation of frozen competent cells

All steps were carried out as in section 2.1.7.1 till the step where the

bacterial pellet was resuspended in 2 ml of FSB transformation buffer. At

this stage, instead of aliquoting 200 pl, 70 ul of DMSO was added to the 2 mi
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of cell suspension. The cells were gently mixed by swirling and left for 15

mins on ice. Another 70 pl of DMSO was added, the cells were again gently
mixed by swirling and placed on ice. The cell suspension was immediately
dispensed into 200 ul aliquots and snap-frozen in liquid nitrogen. The
competent cells were stored at -70°C. When required, an aliquot of cells

was thawed slightly by holding it in the hand. The aliquot was transferred
into ice just as it started to thaw and then left for 10 mins. The cells were

then ready for transformation.

2.1.8 Transformation reaction
2ul and/or 4pl of the ligation reaction mix from section 2.1.6 was

added to a 1.5 ml Eppendorf tube containing 200 pl of competent cells from

either sections 2.1.7.1 or 2.1.7.2. Two additional tubes were set up: one
containing only the cells, to confirm for the susceptibility of the cells to the
antibiotic and another tube containing 50 ng of undigested plasmid vector to
evaluate the transformation efficiency. A fourth tube containing 50 ng of
linearised plasmid DNA can also be set up to confiim the

dephosphorylation efficiency. All tubes were placed, for 30 mins, on ice and

then heat shocked for exactly 90 secs at 42°C. 1 ml of SOB medium was

added to each tube which was then incubated for 1 hour at 37°C with

vigorous shaking. If the plasmid utilised in ligation supported the blue-white

assay, the LB-agar plates were pre-coated with a mixture of 50 ul of X-gal

and 10 w of IPTG and allowed to dry just prior to the plating of cultures. 200
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ul of cells with no added DNA was spread onto two LB agar plates - one
plate contained 100 ug/ml ampicilin and the other no antibiotic. For
transformed cells, 200 ul or 400 ul were spread onto LB agar plates
containing 100 ug/ml ampicillin. The plates were incubated for ~16 hrs in a

37°C incubator. For plasmids that support the blue-white assay,

transformed cells containing the recombinant plasmids were observed as

white colonies while non-recombinant ones were blue.

2.1.9 Confirmation of recombinants

Bacterial colonies (white colonies if blue/white selection was

possible) were picked at random and grown in 10 mi of LB medium

containing 50 pg/ml ampicillin for ~16 hrs at 37°C with vigorous shaking.

The plasmid DNA was isolated using the mini-scale preparation (section
2.2). The plasmid DNA isolated was digested with the appropriate restriction
endonucleases (section 2.1.1) and electrophoresed on an agarose gel

(section 2.1.2) to confirm clones.

2.1.10 Preparation of glycerol stocks

An equal volume of the bacterial culture containing the recombinant

plasmid and LB medium containing 30% to 40% (viv) glycerol were mixed
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together and quick frozen on dry ice. The glycerol stocks were stored at

-70°C.
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2.2 Mini-scale preparation of plasmid DNA

Materials

LB medium: see section 2.1.7.

50 mg/ml Ampicillin: see section 2.1.7.

Potassium Acetate: 5 M solution, autoclaved and stored at RT.

Solution I: 50 mM glucose; 10 mM EDTA, pH 8.0 and 25 mM Tris-HCI, pH
8.0. Filter sterilised and stored at 4°C.

Solution II: 0.2 N NaOH and 1% (w/v) SDS. Prepared fresh.

Solution IlI: Mix together 60 ml of 5 M potassium acetate, 11.5 ml of glacial
acetic acid and 28.5 ml of sterile distilled water. Stored at 4°C.
Phenol/chloroform: see section 2.1.4.

Ethanol : Absolute and 70% (v/v).

90 mm Polystyrene Petri dish (Bibby Sterilin Ltd, Staffordshire, U.K.): Sterile
and disposable.

Equipment. 37°C incubator, Waterbath shaker-incubator, Eppendorf

Centrifuge 54148S.

Method

The bacterial colony was inoculated into 10 ml of sterile LB medium
containing 10 ug/ml of ampicillin and was grown overnight in a 37°C
waterbath shaker-incubator with vigorous shaking.

1.5 ml of the bacterial culture was transferred to a 1.5 ml Eppendorf

tube and centrifuged for 1 min in an Eppendorf microcentrifuge to pellet the

bacterial cells. The supernatant was promptly removed, leaving the cell
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pellet as dry as possible. The pellet was fully resuspended in 100 pl of ice-

cold solution | and incubated for 5 mins at RT. Then 200 pl of solution Il was

added, the content were mixed by inverting the tube rapidly for a few times

and the tube was allowed to stand for 5 mins on ice. Finally, 150 ul of ice-

cold solution lll was added and the tube was gently inverted for 10 seconds
before being placed for 5 mins on ice. The tube was centrifuged for 10 mins
at RT in an Eppendorf microcentrifuge. The supernatant was carefully
transferred to a new 1.5 ml Eppendorf tube, leaving the white precipitate
behind. An equal volume of phenol/chloroform was added to the tube
containing the supernatant. The tube was vortexed and centrifuged for 2
mins at RT. The top aqueous phase was transferred to a new Eppendorf
tube and two volumes of 100% ethanol were added. The tube was vortexed
and allowed to stand for 2 to 10 mins on ice to allow the DNA to precipitate.
The precipitated DNA was recovered by centrifugation for 10 mins. The
supernatant was decanted, the DNA pellet was washed with 1 ml of 70%

ethanol and recentrifuged for 5 mins. The pellet was either air-dried or dried

briefly in vacuo. The DNA was dissolved in 10 to 15 pl of sterile distilled

water. The solvation of the DNA pellet was assisted by vortexing. The tubes

were then incubated at 65°C for 5 mins to inactivate any endogenous

nucleases present, and then placed at -20°C.
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2.3 Maxi-scale preparation of plasmid DNA (Maxi Qiagen®

plasmid kit, Cat. No. 12162/3)

Materials

Most solutions and Anion-exchange columns are provided in the Maxi

Qiagen® Plasmid Kit except isopropanol and 70% (v/v) ethanol.

LB-Agar Medium: see section 2.1.7.
LB medium: see section 2.1.7.

5. mg/ml Ampicillin: see section 2.1.7.
Equipment. Sorvall® Centrifuge, Rotor types: GSA and SS34, waterbath
shaker-incubator, Sorvall® Dry-Spin™ 250 ml Leakproof polypropylene

centrifuge bottle with canted neck (Kendro Laboratory Products Ltd.,

Hertsordshire, England), siliconised 30 ml Corex tubes, 50 ml

polypropylene centrifuge tubes with caps, 64 um nylon mesh and UV/visible

spectrophotometry.

Method

A loopful of recombinant cells from the glycerol stock was streaked

onto LB agar containing 100 pg/ml of ampicillin or the appropriate selective
antibiotic for the particular plasmid and allowed to incubate in the 37°C
incubator for ~16 hours. A single colony was then picked and inoculated into

10 mi of LB medium containing 10 pug/ml of ampicillin or the appropriate

selective antibiotic for the particular plasmid. The bacteria were cultured for
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8 hours at 37°C under vigorous shaking in a waterbath shaker-incubator.

Then, the 10 ml culture was transferred to 200 mi of LB medium containing

10 ug/ml of ampicillin or the appropriate selective antibiotic and was further
grown for 16 hrs at 37°C under vigorous shaking as before. The bacterial
cells were poured aseptically into Sorvall® Dry-Spin™ 250 ml Leakproof
polypropylene centrifuge bottle with canted neck and harvested in a Sorvall®

centrifuge at 6 000 x g for 10 mins at 4°C using the GSA rotor. The

supernatant was decanted leaving the cell pellet as dry as possible. The cell
pellet was resuspended in 10 ml of Buffer P1 and transferred to 50 ml
polypropylene tube. Then, 10 ml of Buffer P2 was added and the contents in
the tube gently mixed by inversion before being incubated for 5 mins at RT.

10 mi of pre-chilled Buffer P3 was added, the contents were gently mixed

and incubated for 20 mins cn ice. The tube was then centrifuged at >20 000

x g for 30 min at 4°C using the SS34 rotor. The supernatant containing the

plasmid DNA was quickly filtered through a prewetted nylon cloth mesh into
another fresh tube. This step was carried out to remove any suspended
particulates before loading the supernatant onto the Qiagen-tip 500. A
Qiagen-tip 500 was equilibrated with 10 ml of QBT buffer before the
supernatant recovered from above was loaded. Thereafter, the Qiagen-tip
500 was washed with QC buffer twice at 30 ml buffer each wash. The
plasmid DNA was then eluted with 15 ml of QF buffer and collected into a
siliconised, sterile 30 ml Corex tube. The plasmid DNA was precipitated

with the addition of 0.7 volumes of isopropanol. The contents of the tube
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were mixed by inversion for a few times and centrifuged at >15 000 x g for 30
to 60 mins at 4°C using the SS34 rotor. The DNA pellet was washed with 5
ml of 70% ethanol and centrifuged again at >15 000 x g for 10 to 15 mins at
4°C. The DNA pellet was air-dried before approximately 0.15 to 0.3 ml sterile

distilled water was added to dissolve the DNA which was stored at -20°C.

The yield of DNA could be determined by UV/visible spectrophotometry at

260 nm.
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2.4 Annealing of single-stranded DNA sequences
Materials
DNA: A pair of complementary synthetic oligonucleotide.

10X Annealing buffer. 0.1 M Tris-HCI, pH 8.0; 0.1 M MgCl,, 0.5 M NaCl. Filter

sterilised through a 0.22 pum filter unit (Sartorius AG, Goettingen, Germany)

and stored at -20°C. Use at 1X final concentration.

Method

An equimolar amount of each of the single-stranded complementary
DNA sequences was added to a 1.5 ml Eppendorf tube. Annealing buffer
was included at a 1X final concentration. The required volume was made up
with sterile distilled water and the annealing reaction carried out as follows

according to the melting temperature (T,,).

2.4.1 Calculation of melting temperature

The temperature at which the two oligonucleotides dissociate can be

determined using the following equation:-

Th=2A+T)+4(G+C) whereT, melting temperature (°C)

AIG purines

C/T = pyrimidines
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2.4.2 For T,, above 25°C:-

The mixture was heated to 65°C for 10 minutes and then allowed to

slowly cool to RT. The annealed DNA was stored at -20°C.

2.4.3 For T,, below 25°C:-

The mixture was placed at a temperature at least 5°C below the

calculated T, for 15 minutes and the temperature of the annealed DNA

sequences were not allowed to rise above its T, for subsequent usage. The

annealed DNA was stored at -20°C.
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2.5 Radioisotope-labelling of DNA

2.5.1 DNA with a 5’-overhang

Materials

DNA: Either restriction enzyme digested DNA fragment or annealed double-
stranded complementary synthetic oligonucleotides with at least one 5'-
overhang end.

Ultrapure dNTP set, 2’-deoxynucleoside 5’-triphosphate, sodium salt
(Pharmacia Biotech): 100 mM dATP, 100 mM dGTP, 100 mM dTTP and 100

mM dCTP solution in water, pH 7.5. Dilute each to 10 mM with sterile
distilled water. Stored at -20°C.

Easytides™ Radioactive Isotope (NEN Research Products, Boston, MA,
U.S.A): (0-2P)dCTP, 10.0 mCi/ml, 3000 Ci/mmol. Stored at 4°C.

10X One-Phor-All buffer plus: see section 2.1.1.

FPLCpure® DNA Polymerase I, Klenow Fragment, cloned (Pharmacia
Biotech): 6 435 units/ml. Stored at -20°C.

Equipments: Bench-top centrifuge (MSE Centaur 2), Geiger Counter mini

monitor g.m meter type 5.10 (Mini-instruments Ltd, Essex, England).

Method

The labelling reaction contained 1X One-Phor-All buffer plus, 20 uCi

of [0-*?P]dCTP, 1 mM each of dATP, dGTP and dTTP, 100-300 ng DNA, 6.4
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units DNA polymerase |, Klenow fragment and water to make the volume to
20 pl. The mixture was incubated for 45 mins at 37°C.
The use of radiolabeled [0-**P]dCTP is not always suitable. This is

because DNA polymerase |, Klenow fragment is not efficient at filling in the

two most outer bases of a 5-overhang. For example, filling-in a DNA

fragment with a 5-overhang (AJAGCTT) generated from Hind Il enzyme

digestion, will be more efficient with radiolabeled [oc-32P]dATP.

2.5.2 DNA with blunt ends

Materials
DNA: Generated from restriction enzyme digestion or annealed double-
stranded complementary synthetic oligonucleotides.

10X One-Phor-All buffer plus: see section 2.1.1.

Easytides™ Radioactive Isotope (NEN Research Products): (v >2P)ATP, 10.0
mCi/ml, 3000 Ci/mmol. Stored at 4°C.

T4 PNK, FPLCpure®, Cloned: see section 2.1.5.

Method

The reaction mix contained 1X One-Phor-All buffer plus, 100-200 ng

DNA, 20 uCi of (7-32P)ATP, 9.5 units T, PNK and sterile water to make up

volume to 20 ul. The mixture was incubated for 45 mins at 37°C.
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2.5.3 Purification of radiolabeled DNA probe

2.5.3.1 Chroma Spin™ Column

Materials
Chroma Spin™-10 Columns (Clontech Laboratories Inc, Palo Alto, Ca,

U.S.A.): Stored at RT.

Equipments: Bench-top centrifuge (MSE Centaur 2)

Method

The column was inverted numerous times to ensure that the resin
was fully resuspended. The top and bottom cover were removed and the
column was equilibrated by centrifugation at 600 x g for 5 mins at RT using

the MSE Centaur 2 centrifuge. The volume of the radiolabeled mix from

section 2.5.1 or 2.5.2 was increased to 50 ul before it was loaded onto the

column and centrifuged using the same conditions as for equilibration. The

labelled probe was collected in the eluate and stored at -20°C.

2.5.3.2 NucTrap® probe purification column

Materials

NucTrap® push column (Stratagene Ltd, Cambridge, England): Stored at
4°C

STE buffer. 100 mM NacCl, 20 mM Tris-HCI, pH 7.5, 10 mM EDTA, pH 8.0.

Autoclaved and stored at RT.
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Equipment. Push column beta shield device (Stratagene Ltd), 10 ml

disposable, sterile polypropylene syringe (Becton Dickenson and Co., NJ,

U.SA).

Method

The column was first washed by adding 70 ul of STE buffer and the
buffer was pushed through the column by attaching a 10 ml syringe to the
top of the column. The volume of the radiolabeled probe from sections 2.5.1

and 2.5.2 was increased to 70 pl before it was added and pushed through

the column again. An additional 70 ul of STE buffer was added, and pushed

through the column. The purified probe was collected at this stage. To
ensure that all the labelled probe are eluted, air was pushed once more

through the column.

2.5.4 Determination of radioactive counts of a radiolabeled probe

Materials

Chromatography Paper (Whatman International Ltd, Maidstone, England):
23 mm diam. DE81 (DEAE loaded) ion-exchange cellulose discs. Stored at
RT.

Na,HPQ,.2H,0 (di-Sodium hydrogen orthophosphate 2-hydrate): 0.5 M
aqueous solution, pH 7.0. Autoclaved and stored at RT.

Ethanol. 95% (v/v).
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Scintillation liquid: Ecoscint™ A (National Diagnostics, Atlanta, Georgia,

U.S.A). Stored at RT.
Equipment. Scintillation vial inserts & caps (Hughes & Hughes Ltd,
Somerset, England), Tri-Carb 1600TR Liquid Scintillation Analyzer

(Canberra Rackard)

Method

One microlitre of unpurified radiolabeled DNA probe was dotted onto
each of two pieces of DE81 ion-exchange paper. The procedure was
repeated after the probe was purified as in section 2.5.2. One piece each of
DE81 paper from before and after purification was washed in 0.5 M
Na,HPO,4.2H,0, pH 7.0 for 12 mins at RT changing the solution every 2
mins. The papers were then washed twice for 1 min each in sterile distilled
water and finally twice for 1 min in 95% ethanol. The four pieces of DE81

papers were dried and then placed into a scintillation vial containing 3 ml of

Ecoscint™ A Radioactivity was counted using the Tri-Carb 1600TR Liquid

Scintillation Analyzer.

2.5.4.1 Calculation of percentage of incorporation

Purified wash count X 100
% incorporation =

Total count
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2.6 Isolation and culturing of rat hepatocytes

2.6.1 Coating of tissue culture Permanox® plate

Materials

CDI (1-Cyclohexyl-3-(2-morpholinoethyl) carbodiimide metho-p-toluene

sulfonate; Aldrich Chemical Company, Dorset, England):. 130 ug/ml stock in
aqueous solution. Filter sterilised and stored at 4°C
Vitrogen 100°, purified bovine dermal collagen (98%, Type I; Imperial

Laboratories (Europe) Ltd, Hampshire, U.K.). Stored at 4°C. Concentration is

stated on each bottle.

0.9% (w/v) NaCl. Autoclaved and stored at RT.

60 X 15 mm tissue culture dish, Permanox®, sterile (Nunc, Inc., Naperville,

IL, US.A)

Method
Each Permanox® tissue culture plate was coated with 3 ml of solution
made up of 100 pg/ml Vitrogen 100® in 130 pug/ml CDI. The plate was gently

swirled to ensure that the solution covered the entire inner plate surface and

was incubated overnight at 37°C under 5% CO,. Unbound Vitrogen/CDI

solution was removed and the plate was washed twice with 3 ml of 0.9%

(w/v) NaCl. Coated plates were stored in an air-tight box for up to a week at

4°C.
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2.6.2 Isolation of primary rat hepatocytes

Materials

All solutions were prepared and used in a sterile class 2 biological hood.
Animal. Male Sprague-Dawley rats from UCL Biological Unit weighing
between 220 and 250 gm on the day of the procedure.

Pentobarbital sodium: Prepared fresh a 60 mg/ml solution in sterile 0.9%
(w/v) NaCl. Filter sterilised and use 60 pug/gm of rat body weight. Stored dry
powder at RT.

25,000 U/ml heparin sodium, injection B.P. (AAH Pharmaceutical Limited,

Middlesex, England): 5, 000 U/ml stock solution in sterile 0.9% (w/v) NaCl.

The working solution is prepared by further diluting the stock to 200 U/ml

using sterile 0.9% (w/v) NaCl. All solutions were stored at 4°C.
EGTA: 25 mM stock solution in 0.1 M NaOH. Autoclaved and stored at 4°C.
1 M CaCl,: Filter sterilised and stored at 4°C for 1 to 2 weeks.

7.5% (w/v) NaHCOg: Filter sterilised and stored at 4°C.

10X EBSS, without calcium and magnesium (Earle’s Balanced Salt Solution;
Gibco BRL): Store at 20°C. Prepared fresh a 1X concentration solution by
mixing 100 ml 10X EBSS with 30 ml 7.5% (w/v) NaHCO; and sterile distilled
water to make up to 2 L. Adjust pH to 7.5.

Perfusion Buffer I. Prepared fresh 1X EBSS containing 0.5 mM EGTA.
Perfusion Buffer II: 1X EBSS. For preparation, see the 10X EBSS solution

above.

102



Perfusion Buffer IIl: Prepared fresh 1X EBSS containing 5 mM CaCl,. Add
0.08 U/ml of collagenase H (from Clostridium histoylticum; Boehringer
Mannhein, Mannheim, Germany) and a spatula of trypsin inhibitor (Type 1-5;
from soybean) just prior to use.

Dispersal buffer. 10 mM HEPES, 142 mM NaCl and 7 mM KCI. Adjust pH to

7.5, autoclaved and stored at 4°C. Add 2.5% (w/v) BSA, fraction V just prior to

use.

L-15 Leibovitz medium with Glutamax™| and L-amino-acid. Stored at 4°C.

Add 2.5% (w/v) BSA, fraction V just prior to use and adjust pH to 7.5.

Trypan blue: 0.1% (w/v) in 0.9% (w/v) NaCl. Filter sterilised and stored at RT.
Surgical instruments (Scientific Laboratory Supplies, Nottingham, U.K.
unless otherwise stated). Deschamps ligature needle, Mayo’s scissor with
blunt tips and curved blades, 125 mm stainless steel Halstead's mosquito
artery clamps, 38 mm stainless steel Dieffenbach’s straight bulldog artery
clip, 26d gauge sterile needle, glass cannula, Mersilk* Black 3 ligature

thread (Ethicon Ltd, Edinburgh, U.K.), home-made vein-lifter by flattening a

19 gauge needle and making a 90° bent approximately 7.5 mm from the end

of the needle, spatula, 64 um nylon mesh, toothed forcep.

Method

This is a modified method of the two-step collagenase perfusion of
Seglen (Seglen, 1976). The rats were housed in the University College
London Biological Services on hardwood bedding in plastic cages. They

were fed with water and standard dried rat food diet ad lib. The animals’
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quarters had a 12 hrs of light and dark cycle. The animal was anaesthetised

by injecting 60 ug/gm rat body weight of sodium pentobarbital

intraperitoneally. The animal’'s state of unconsciousness was determined
by the pedal reflex. When the animal was completely unconscious, an
incision was made in the mid-ventral line of the abdomen through the skin
layer only. The skin layer was opened first by cutting vertically along the mid-
ventral line and then horizontally across the middle of the mid-ventral line
before the skin was reflected and the flaps of skin were pulled back to reveal
the abdominal musculature. The abdominal wall was swapped with 70%
(vAv) ethanol before it was cut in a similar manner as that to the skin layer.
The abdominal layer was lifted up using a toothed-forcep while dissecting to
avoid damage to any of the internal organs. The sternum was clamped away
using the 125 mm stainless steel Halstead’s mosquito artery clamps and
the liver was carefully flipped upward so that it rested against the
diaphragm. The stomach and intestines were all displaced outside of the
abdominal cavity to the right so as to reveal the portal vein and the vena
cava. Using the ligature needle and thread, two loose ligatures were tied
around the portal vein at a distance of approximately 10 mm apart from each
other. A third loose ligature was tied around the vena cava above the vena
suprarenal vein. At this point, 150 U of heparin was injected into the inferior
vena cava. Slight pressure was applied at the point of injection to minimise
the bleeding. The lower ligature around the portal vein was tightened by
making 2 knots. A flat cut was made on the portal vein just above the
tightened ligature. The cut was kept open using the home-made vein lifter

and the sterile glass cannula was inserted into the portal vein slowly and
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carefully, making sure that it did not pierce through the vein. The cannula
was kept in placed by tightening the upper ligature. The position of the
cannula was further secured by winding the remaining thread of the lower
ligature round the cannula and tightening it. Finally, the ligature around the
vena cava was tightened. At this stage, the liver should be removed from the
animal as quickly as possible. This can be achieved by cutting the rib-cage
and diaphragm. The connections underneath the diaphragm was then
severed using a Mayo’s scissor with blunt tips and curved blades. The liver
was then slowly lifted up using the index and the second finger while the
cannula was secured by gently pressing the thumb on it. The remaining
connections to the liver was swiftly but carefully severed until the liver was
entirely free from the animal. The liver was placed onto the platform of the
perfusion unit in a laminal hood. The bubble trap of the perfusion unit
should be 20 cm from the platform where the liver was placed. The unit was
run for a couple of mins with perfusion buffer | just before the liver was ready
for perfusion to ensure that there was no bubbles in the system. During
perfusion, all three perfusion buffers were gassed with 95% air and 5% CO,

and the heat exchanger unit ensured that the temperature of all the buffers

were 37°C when it reached the liver. The liver was perfused for 3 mins with

buffer I, 7 mins with buffer Il and between 20 to 25 mins with buffer lll. The
liver was lightly massaged initially to assist perfusion and to ensure that the
entire liver was perfused especially the major lobes. A properly perfused
liver should generally looked yellow colour with a shiny surface and yielded
when lightly pressed. When the perfusion procedure was completed, the

cannula was removed and the liver was carefully transferred to a sterile petri
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dish containing 30 to 40 ml of supplemented L-15 Leibovitz medium to
completely submerged the liver. The liver was kept in placed using a sterile
pointed forcep at a place on the liver that would not damage the hepatocytes,
the Glisson’s capsule enclosing each lobes of the liver was carefully peeled
off. Ina weli-perfused liver, the capsule peeled off relatively easily. The liver
was then gently shakened to release the hepatocytes which could be further
assisted by gently scraping the tissue with a curved-end forcep. When all the

hepatocytes were released, the cell suspension was filtered through a 64

um nylon mesh into a sterile receptacle to separate membranous debris.

The mesh was rinsed twice with 10 to 20 ml of L-15 medium to maximise
cell yield. The cell suspension was left undisturbed for 15 mins to allow
viable cells to settle to the bottom of the receptacle. The supernatant was
removed with minimal disturbance to the settled cells. The cells were gently

resuspended in dispersal buffer, transferred to sterile 50 ml Falcon tubes
and centrifuged at 50 x g for 2 mins at 4°C. The supernatant was quickly
decanted and the cells were finally resuspended in fully-supplemented
medium with 10% foetal bovine serum (see section 2.6.3). The viability of
the cells were assessed using trypan blue exclusion. Cells were plated

when more than 75% were viable.
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2.6.3 Culturing of hepatocyte

Materials

William’s E medium with NaHCQOs, without L-glutamine and phenol red

(Gibco BRL): Stored at 4°C.

GlutaMAX™| Supplement (Gibco BRL). Supplied as 200 mM solution in
0.85% (w/v) NaCl. Store at -20°C.

Antibiotics (Gibco BRL): 200 U/ml penicillin, 200 pg/ml streptomycin and 2.5

ug/ml amphotericin. Store at -20°C when reconstituted.

Insulin from bovine pancreas: To prepare a 10 mg/ml stock solution,

reconstitute 100 mg lyophilised powder in 10 ml sterile deionised distilled
water followed by 100 pl sterile glacial acetic acid. Mix gently until solution
becomes clear. Store powder at 0°C and at 4°C when reconstituted.

8 mM dexamethasone phosphate (DBL (David Bull Laboratories), Warwick,
U.K.): Prepare a working concentration of 0.1 pM in William's E medium.
Store all solutions at 4°C.

Foetal bovine serum (dialysed, 10, 000 MW cut-off; Gibco BRL): Store at -
20°C.

Fully supplemented culture medium: William's E medium containing 2 mM
GlutaMAX™-I, 200 U/ml penicillin, 200 ug/mi streptomycin, 2.5 pg/mi
amphotericin, 1.7 uM insulin, 0.1 uM dexamethasone and 10% foetal bovine

serum (FBS).
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Method
Once the viability of the hepatocyte cell population was determined to

be >75%, 2 ml of cells were dispensed into each Vitrogen-coated
Permanox® plate giving a plating density of 4 - 5 X 10° cells/plate. The plate
was swirled gently to ensure that the cell suspension covered the entire
surface of the plate. The plates were incubated for 3 hours at 37°C under
5% CO, for the cells to adhere to the plate. The culturing medium was then

discarded and the adhered cells were washed twice with 3 ml of William’s E

medium. Three ml of fully supplemented culturing medium was added to

each plate and cells were cultured for ~20 hours at 37°C under 5% CO,

before either treatment experiments (see section 2.7) or transfection

experiments (see section 2.17) were carried out.

108



2.7 Chemical treatment of primary rat hepatocytes

Materials

William’s E medium: see section 2.6.3.

Supplemented culture medium: Fully supplemented culture medium (see
section 2.6.3) without 10% FBS.

2-aminopurine, nitrate salt. 100 mM stock solution in plain William’s E
medium. Vortex to dissolve and stored at 4°C. If precipitate out of solution,
warm up slightly and vortex. Filter sterilised just prior to use.

Phenobarbital sodium: Prepared fresh a 3 mM stock solution and filter
sterilised. Stored dry powder at RT.

10X PBS: Diluted to 1X working concentration, autoclaved and stored at RT.

Equipment. Sterile cell scraper (Greiner Labortechnik Ltd, Gloucestershire,

U.K.), and refrigerated centrifuge.

Method

2.7.1 2-aminopurine treatment

The hepatocytes were washed twice with plain William’s E medium
before 3 ml of fresh supplemented culture medium were added. For cells

treated with 2-aminopurine, 10 mM final concentration was included in the

culture medium and incubated for an hour at 37°C under 5% CO,. 0.1 mM

final concentration of PB was added directly into the existing culture medium

and the cells were further incubated for 6 hrs at 37°C under 5% CO,. The

cells were washed twice with 1X PBS and then detached using a sterile cell
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scraper, pelleted by centrifuging at 1 800 x g for 5 mins and frozen at -70°C

for the isolation of RNA (see section 2.16.1).

2.7.2 PB treatment

After the cells were plated, fresh medium was changed every 24
hours. When the cells were to be treated with PB, they were washed twice
with 1X PBS and 3 ml of supplemented culture medium but containing 0.1
mM PB was added to each culture plate. The cells were further cultured for

24 hrs before they were harvested as in section 2.7.1.
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2.8 Nuclear protein extraction

2.8.1 From freshly isolated rat liver (Sierra, 1990).

Materials

Animal: Male Sprague-Dawley rats weighing between 180 and 200 gm.
Each group is made up of three animals.

0.9% (w/v) NaCl. see section 2.6.1.

PB: 0.1% (w/v) in ordinary tap water for consumption through oral route and
10 mg/kg animal body weight in 0.9% NaCl for IP injection.

Sodium dodecyl sulfate (SDS). 0.5% (w/v) solution. Autoclaved and stored at
RT.

(NH4)>,SO4 4 M saturated solution. Autoclaved and stored at RT. Chilled to
4°C just before use.
Phenylmethylsulfony! fluoride (PMSF). 0.2 M stock solution in absolute

ethanol. Stored at -20°C. Ensured that solution has no more crystal before

used.

Dithiothreitol (DTT;, BDH Chemicals Ltd): 1M stock solution. Filter sterilised

and stored at -20°C.

Homogenisation buffer. 10 mM HEPES, pH 7.6, 15 mM KCI, 0.15 mM
spermine, 0.5 mM spermidine, 1 mM EDTA, pH 8.0, 2 M sucrose, 10% (V)
glycerol. All stock solutions were sterilised before use to prepare this buffer

and once made up should be kept at -20°C. Just prior to use, 0.5 mM DTT,

0.5 mM PMSF, 10 pg/ml aprotinin, 1 ug/ml antipain, 1 pg/ml pepstatin, 1
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ug/ml leupeptin were added. The solution should be kept as cold as

possible throughout the preparation of the nuclear protein.

Nuclear lysis buffer. 10 mM HEPES, pH 7.6, 100 mM KCI, 0.1 mM EDTA, pH

8.0, 10% (vN) glycerol, 3 mM MgCl,. Autoclaved and stored at 4°C. 1 mM
DTT, 0.1 mM PMSF, 10 pug/ml aprotinin, 1 ng/ml antipain, 1 pg/ml pepstatin,

1 ug/mi leupeptin were added prior to use.

Dialysis buffer. 26 mM HEPES, pH 7.6, 0.1 mM EDTA, pH 8.0, 40 mM KCl,

10% (v/v) glycerol. Autoclaved and stored at 4°C. 1 mM DTT was added just

before use.

8/32” Dialysis tubing (Scientific Industries International Inc. (U.K.) Ltd,
Loughborough, U.K). 3 to 5 dialysis tubings of 1 cm width were cut to
approximately 15 cm in length. They were boiled twice for 5 mins in 2% (wh)
NaHCO; and 1 mM EDTA, with a change of fresh solution between boil. The
tubings were then rinsed at least 3 times in distilled water by boiling for 5
mins each rinse. The tubings were finally placed in distilled water,
autoclaved and stored at RT.

Beckman Tubes (Beckman Instruments, Inc., Palo Alto, CA, U.S.A.): 39 ml
Beckman polyallomer tubes; 25 X 89 mm Beckman polycarbonate
centrifuge bottle with cap assemblies.

Equipment. Citenco electric overhead homogeniser and matching rounded
teflon pestle; Beckman ultracentrifuge and SW28 or 70Ti rotors; Hand-held
Dounce homogeniser and matching pestle ‘A, UV/Nisible

spectrophotometer; dissecting scissors, spatula, disposable Pasteur
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pipettes, Denly Spiramix 10 (Denly Tech Ltd, Sussex, England) and MSE
microcentrifuge.

Method

2.8.1.1 Treatment of animals

Prior to sacrifice, the rats were kept in the University College London
Biological Services. They were housed on hardwood bedding in plastic
cages. They were fed water and standard rat dried food diet ad /ib. The
animals’ quarters had a 12 hrs of light and dark cycle. Untreated (i.e.
Control) rats were starved overnight before sacrificed. While PB-treated
animals were given 0.1% (w/v) PB water for four consecutive days, changing
fresh PB-water everyday. On the fifth day, 10 mg/kg rat body weight of PB in
0.9% NaCl was administered to the animals through IP injection. They were
then given ordinary drinking water and were starved overnight before

sacrificed. All rats were sacrificed using the cervical dislocation method.

2.8.1.2 Isolation of nuclei
The procedure was carried out as in Sierra (Sierra, 1990). Below
provides a basic methodology which is better described in Sierra. The

experiment should be carried at 4°C. After the animals were sacrificed, the

livers were immediately removed and pooled in a cold beaker on ice. The
livers were weighed and were minced as finely as possible with a sterile
dissecting scissor. Approximately 10 ml of homogenisation buffer was
added to per gram of liver tissue. This ratio can be reduced according to the

capacity of the centrifuge tubes. However, the amount of tissue should never
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constitute more than 15% of the total volume. Initially, a third of the
homogenisation buffer was added to the minced tissue. The minced tissue
was homogenised using a Citenco electric overhead homogeniser fixed
with a sterile rounded teflon pestle for 3 to 4 strokes at about 7 200 rpm. The
remaining homogenisation buffer was then added to the homogenate which
was layered onto 39 ml prechilled Beckman polyallomer tubes already

containing 10 ml of homogenisation buffer. The tubes were centrifuged at 24

000 rpm for 60 mins at 4°C in a Beckman ultracentrifuge using the SW28

rotor. The solid plug of whole cells and membranes at the top of each tube
was removed using a sterile spatula. The supernatant was decanted and
excess fluid was allowed to drain by placing the tubes slightly inverted on an
ice bucket. Ensure that the nuclei pellet was kept cold. Without disturbing the

pellet, the sides of the tube were washed with sterile distilled water using a

syringe with its needle tip bent at 90°. At this point, the nuclei could be frozen

directly on dry ice and kept at -70°C for several weeks or be used

immediately.

2.8.1.3 Preparation of nuclear extracts
The experiment was carried out at 4°C. Nuclei that had been frozen at
-70°C should be allowed to thaw on ice. Once thawed, the nuclei were then

resuspended in 5 ml of nuclear lysis buffer for per rat liver. The nuclei
suspension was homogenised for several strokes in a hand-held Dounce

homogeniser using an ‘A’ pestle. The DNA concentration was determined
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by measuring the optical density of the homogenate using a UV/visible
spectrophotometer at 260 nm. For measurement, a sample of the
homogenate was diluted 50-fold with 0.5% (w/) SDS by adding it dropwise
to the SDS solution and mixed by vortexing vigorously to obtain a
homogenous lysate. The homogenate was kept cold while the optical
density measurement mentioned above was being done. According to the
optical density measurement, nuclear lysis buffer was added to the
homogenate to achieve a final DNA concentration of 0.5 mg/ml. The
homogenate was then transferred to prechilled 39 ml Beckman

polycarbonate tubes with caps and one-tenth volume of 4 M (NH,).SO, was

added. The mixture was rolled on a Denly spiramix for 30 mins at 4°C before

the tubes were centrifuged in an ultracentrifuge at 35 000 rpm for 60 mins at

4°C using a 70Ti rotor. The supernatant was quickly transferred to fresh

Beckman polycarbonate tubes and 0.3 g per ml of supernatant of solid

(NH4)SO,4 was added. The tubes were rolled for another 30 mins before

being centrifuged at 35 000 rpm for 20 mins at 4°C in a Beckman

ultracentrifuge using the 70Ti rotor. The supernatant was discarded and the
pellet was either processed immediately or stored on ice overnight. Using
the optical density measurement carried out on the homogenate previously,
dialysis buffer was added to the pellet to achieve a final concentration of 10
mg/ml. When the pellet was totally dissolved, the solution was transferred to
sterile dialysis tubings and allowed to dialyse in 100 volume of dialysis
buffer for a total of 4 hrs changing to fresh dialysis buffer once. The dialysed

solution was then transferred to sterile Eppendorf tubes and centrifuged at
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~6 500 rpm for 5 mins at 4°C using a MSE microcentrifuge. The supernatant

was finally aliquoted in appropriate volume (usually in 50 pl) to prevent

repeatedly freezing and thawing. The aliquots were immediately frozen on

dry ice and then stored at -70°C. Aliquots of nuclear protein could be stored

up to a year.
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2.8.2 From primary rat hepatocyte culture (Rosette and Karin, 1995)

Materials
PB : 0.1 mM solution. Prepared fresh and filter sterilised.
Nonidet-P40 (NP-40). Stored at RT.

Hypotonic Buffer. 10 mM HEPES, pH 7.9, 10 mM KCI, 0.2 mM EDTA, 0.1 mM

EGTA. Add 1 mM DTT, 0.5 mM PMSF, 2.5 pg/ml aprotinin, 2.5 ug/ml
leupeptin and 1 ug/ml pepstatin just prior to use.

High Salt Buffer. 20 mM HEPES, pH 7.9, 0.4 M NaCl, 1 mM EDTA and 0.02%

(VW) NP-40. Add 1 mM DTT, 0.5 mM PMSF, 2.5 ug/mi aprotinin, 2.5 pug/ml

leupeptin and 1 pg/ml pepstatin just prior to use.

Trypan blue: see section 2.6.2.
10X PBS: see section 2.7.
Equipment. Sterile cell scraper, refrigerated microcentrifuge, Denly Spiramix

10.

Method

The hepatocytes were washed twice with 1X PBS and was manually
scraped using a cell scraper. The cells were pelleted by centrifugation at 1
800 x g for 5 mins in a refrigerated centrifuge. For every 2.5 X 10 cells, 1 ml
of hypotonic buffer was added. The cells were resuspended by vortexing and
allowed to swell on ice for 15 mins. Afterwhich, NP-40 was added to a final
concentration of 0.02% (vAv) before the cells were passed through a 25G

gauge needle for at least 6 times or more to lyse the cells. The lysis
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efficiency was assessed using trypan blue exclusion. The nuclei were then

pelleted at 10 000 x g for 3 min at 4°C using a refrigerated microcentrifuge.
The supernatant could be recovered as the cytoplasmic fraction. The pellet
was then resuspended in 500 pl high salt buffer and rolled on a Denly

spiramix for 30 mins at 4°C. Particulate material was removed by pelleting

the suspension at 10 000 x g for 5 mins at 4°C using a refrigerated

microcentrifuge. The supernatant containing the nuclear proteins was

aliquoted. The aliquots were quick freeze on dry ice before being stored at -

70°C.
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2.9 Protein quantitation (Lowry, et al., 1951)
Materials
Bovine Serum Albumin (BSA). Prepared stock solution by adding a

recommended volume of sterile distilled water. Aliquot and stored at -20°C.
CuS04.5H,0: 1% (wliv) solution. stored at 4°C.

Potassium sodium tartarate. 2% (w/v) solution. Stored at 4°C.

Na,COj: Prepared fresh a 2% (w/v) solution in 0.1N NaOH.

Lowry Reagent A: Prepared fresh a solution containing 1% CuS0,4.5H,0, 2%
potassium sodium tartarate and 2% Na,CO3; in NaOH in the ratio of 1:1:100
respectively.

Folin and Ciocalteau Reagent. Stored stock solution at RT. Prepared fresh a
1 in 1.5 dilution in sterile water.

Equipment. 1 cm path-length plastic disposable cuvettes No. 67.742

(Sarstedt Ltd, Leicester, England), UV/visible spectrophotometer.

Method

BSA standards usually ranging from 10 ug/ml to 90 ug/ml were set up

by diluting the stock solution with water. Samples can either be used neat or

diluted with water. The final volume of all standards and samples should be

200 pl. Both standards and samples should be performed in triplicate

whenever possible. A tube containing 200 ul of water was set up as the

sample blank and was processed as all other tubes.
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1 ml of Lowry Reagent A was added to each tube containing either

200 pl of standard or sample. The mixture was vortexed and incubated for

20 mins at RT. Then 100 pl of the diluted Folin and Ciocalteau Reagent was

added and each tube was vortexed immediately before they were incubated
for 45 mins at RT in the dark. The mixture was then transferred to plastic
disposable cuvettes and the optical density was determined at 700 nm
using the spectrophotometer which had been zeroed with the sample blank.

The concentration of the samples can then be determined by plotting
a graph of absorbance at 700 nm vs BSA concentration and the absorbance

readings of the samples interpolated.
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2.10 SDS-PAGE gel electrophoresis of protein

Materials

Protogel (National Dignostics). 30% (w/) acrylamide, 0.8% (wh)
bisacrylamide, gas stabilised. Stored at RT for up to a year.

Buffer 6.8: 0.5 M Trizma® base and 0.4% (wi) SDS. Adjust pH to 6.8.
Autoclaved and stored at RT.

Buffer 8.8: 1.5 M Trizma® base, pH 8.0 and 0.4% (w/v) SDS. Adjust pH to 8.8.

Autoclaved and stored at RT.

TEMED: Stored at 4°C.

10% (wA7) ammonium peroxodisulphate (BDH Chemicals Ltd). Prepared
fresh in sterile distilled water but can be stored up to a week at 4°C.

10% Separating gel: A 40 ml gel was prepared by mixing 13.3 ml of

Protogel, 10 ml buffer 8.8, 27.5 ml sterile water, 563 ul 10% ammonium

peroxodisulphate and 30.7 wl TEMED. The solution was mixed briefly and

poured into an already assembled gel apparatus up to 1 cm below the base
of the comb. 0.1% (w/v) SDS was immediately layered onto the gel. Allowed
to set for 15 to 20 mins before preparing the stacking gel.

3% Stacking gel. A 20 ml gel was prepared by mixing 2 ml Protogel, 56 mi

buffer 6.8, 12 ml sterile water, 225 yl ammonium peroxodisulphate and 20

wl TEMED. The 0.1% SDS on top of the separating gel was remove and the

stacking gel was quickly added above the separating gel. The gel was

allowed to completely polymerise for at least 2 hours at RT.
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Protein gel electrophoresis buffer. 0.025 M Trizma® base, 0.192 M glycine
and 10% (w/v) SDS. Freshly prepared.

2X Protein loading buffer. 1% (wiv) SDS, 10 mM EDTA, pH 8.0, 10 mM
sodium phosphate, pH 7.0, 1% (v/v) 2-mercaptoethanol, 15% (v/v) glycerol, 4

mM PMSF and 0.01% (w/v) bromophenol blue. Filter sterilised through a
0.45 um filter unit and stored as aliquots at -20°C. Use at 1X final
concentration.

2-mercaptoethanol (BDH Chemicals Ltd): Stored at 4°C.

Equipment: Vertical gel electrophoresis apparatus, LKB Bromma power-

pack.

Method
10 to 20 g of protein sample was diluted with water to an appropriate
volume, and protein loading dye was added to 1X final concentration. The

contents were mixed and boiled for 3 mins. Then, 2 ul of 2-mercaptoethanol

was added to every 10 pl of protein sample. The tube was centrifuged briefly

in a MSE microcentrifuge to bring all the contents to the bottom of the tube
before the sample was loaded on the gel which had been pre-run at a
constant current of 10 mA for 15 to 20 mins. A single gel should be
electrophoresed at a constant current of 24 mA for stacking and 34 mA for
separating. The gel was electrophoresed until the bromophenol blue dye

was approximately 2 cm from the end of the gel.
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2.11 Staining of SDS-PAGE gel

Materials

Coomassie brilliant blue stain. 0.2% (w/v) Brilliant blue 6, 45% (VA)
methanol and 10% (v/v) glacial acetic acid. Filtered through Whatman paper
No. 1 (Whatman International Ltd) and stored at RT. Stain can be reused
many times.

Coomassie brilliant blue destain solution: 45% (vi) methanol and 10% (Vi)
glacial acetic acid. Stored at RT.

7% (v/v) glacial acetic acid: Stored at RT.

Equipment. 3MM Whatman chromatography paper and Gel-dryer (Model

583; Bio-Rad Laboratory).

Method

The stacking gel was removed and the separating gel was placed in
a container containing Coomassie brilliant blue stain. The gel should be
stained for at least an hour or overnight at RT with gentle shaking on a
platform shaker. The stain solution was then decanted and the gel was
destained in Coomassie brilliant blue destain solution. The destain solution
was changed frequently until the background of the gel became clear. The
gel was placed in 7% acetic acid to allow it to swell gel back to its original

size before it was photographed or dried onto 3MM Whatman

chromatography paper using a gel dryer at 80°C.
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2.12 Gel retardation assay

Material

DNA: Can either be restriction digested DNA fragments or synthetic
oligonucleotides (double-stranded).

Nuclear protein: Can be from tissues or cells. For preparation, see section
2.8.1 for tissues and section 2.8.2 for cells.

Protogel: see section 2.10.

TEMED: see section 2.10.

10% (w/v) ammonium peroxodisulphate: see section 2.10.

10X TBE buffer. see section 2.1.1.

4% Polyacrylamide gel. To make a 50 ml gel, add 2.5 ml 10X TBE, 6.67 ml

Protogel, 40.5 ml distilled water, 300 wl 10% ammonium peroxodisulphate

and 50 ul TEMED. Mix briefly and add to already assembled gel apparatus.

Allowed to completely polymerised for at least 2 hours or overnight.
5X Gel-shift binding buffer. 60 mM HEPES, pH 7.9, 20 mM Tris-HCI, pH 7.9,

300 mM KCI, 150 mM NaCl, 25 mM MgCl,, 25 mM DTT, 62.5% (viv) glycerol.

Filter sterilised using a 0.22 um filter unit, aliquoted and stored at -20°C.

Used at 1X final concentration.

Poly(dl.dC).poly(dl.dC) DNA copolymer (Pharmacia Biotech): 5 pug/ul stock
solution in sterile 5 mM NaCl. Incubated for 5 mins at 45°C to ensure a

double-stranded configuration in solution. Stored as aliquots at -20°C.

Gel-shift electrophoresing buffer. 0.6X TBE.

6X DNA Loading Buffers:
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a) Buffer I 0.25% (w/v) bromophenol biue, 30% (v/v) glycerol.
b) Buffer ll: 0.25% (w/v) bromophenol blue, 0.25% (w/v) xylene cyanol

FF, 30% (v/v) glycerol.

Filter sterilised using a 0.22 um filter unit and stored as aliquots at -20°C.
Proteinase K (Boehringer Mannhein): 25 ng/ul stock solution in 50 mM Tris-
HCI, pH 8.0, 1 mM CacCl,. Incubated for 5 mins at 37°C. Stored as aliquoted

at -20°C. Diluted to 5 pg/ul final concentration.

Equipment. Vertical gel electrophoresis apparatus, Gel loading tips (Greiner
Labortechnik Ltd), power pack (Bio-Rad Model 3000/300), Gel-dryer, Model

583.

Method
The binding conditions were as described in Rosette et al (Rosette

and Karin, 1995) with minimum maodifications. In a sterile 1.5 ml Eppendorf

tube, 2.5 to 10.0 ug of nuclear protein, 1X gel-shift binding buffer, poly(dl.dC)
and 1-2 X 10* cpm/ul of radiolabeled DNA probe (see section 2.5 for

radiolabelling DNA) was added with sterile water to a total volum'e of 20 pl.

The content was gently mixed and incubated on ice for 30 mins. The amount
of poly(dl.dC) added should be optimised for different DNA probes. In most

cases, either equal or half the amount of poly(dl.dC) to nuclear protein was

used. The nuclear protein was diluted to 1 pg/ul with sterile water just prior

to use and the DNA probe was added last. A tube with no nuclear protein

added was also set up. To assess genuine protein-DNA complex, a
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standard binding reaction was set up and incubated as normal. Then, 5 ug

of proteinase K was added and the tube was further incubated at 37°C for

10 min. After the incubation, DNA loading buffer was added to 1X final
concentration before the entire content in each tube was loaded onto the
polyacrylamide gel using gel loading tips. DNA loading buffer | was used for
DNA fragment up to 80 bp long and DNA loading buffer Il was used for
fragment longer than 80 bp. The gel was electrophoresed in 0.5X TBE buffer
at 10 V/cm until the free probe was approximately 1 cm from the end of the
gel. For example, in a 4% gel, the bromophenol blue dye travels with the 80
bp fragment while the xylene cyanol co-migrates with the 350 bp fragment.
The gel was transferred to 3MM Whatman paper and dried using a gel-dryer.

The dried gel was autoradiographed for an appropriate length of time

(usually overnight) at -70°C with intensifying screens. However, sharper

image can be obtained by autoradiographing the gel for a few days at room

temperature.

2.12.1 Competitive gel retardation assays

These were usually performed concurrently with the standard binding
assays. Both radiolabeled probe and non-radiolabeled competitor DNA
were added to tube containing 1X gel-shift buffer and poly(dl.dC). The
nuclear protein was added last. Generally, 1 X 10* cpm is equivalent to 0.5

ng of DNA labelled at only one end. Subsequent steps were as section 2.12.
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2.12.2 Use of antibodies to identify DNA-binding proteins
1 to 2 pl of antibody was added to the mixture without DNA probe. The

tube was incubated on ice for 10 mins before the DNA probe was added

and processed as in section 2.12.

2.12.3 Chemical treatment of nuclear protein
The nuclear protein was diluted to 2 pug/ul with sterile water and 10 pg

was used per reaction. The appropriate chemicals was added to the diluted

nuclear protein in a total volume of 25 pul. The tube was incubated at 37°C for

20 mins and then on ice for 2 mins. Afterwhich, 1X gel-shift binding buffer,

poly(dl.dC), radiolabeled DNA probe and water to make up the total volume

to 35 ul. Subsequent steps were as in section 2.12.
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2.13. DNase | footprinting (SureTrack Footprinting Kit from
Pharmacia)

Materials

Supplied in the Kit:-

4% (v/v) Formic acid: Stored at -20°C.
1% (w/v) SDS: Stored at -20°C.

10 M Piperidine: Stored at -20°C. Freshly prepared 150 pl of a 1 M aqueous

solution for every reaction.

Loading dye: 10 mM EDTA, 0.3% (w/v) bromophenol blue, 0.3% (w/v) xylene
cyanol in deionised formamide. Stored at -20°C.

Calf Thymus DNA: 0.5 ug/ul in sterile water, sonicated. Stored at -20°C.
BSA: 10 pg/ul in sterile water. Stored at -20°C.

Ca®*/Mg** solution: 10 mM MgCl, and 5 mM CaCl,. Stored at -20°C.

10U/ul FPLCpure™ DNase I. Stored at -20°C.

4X DNase stop solution. 768 mM sodium acetate, 128 mM EDTA, 0.56%
(w/v) SDS and 256 pg/ml yeast RNA. Stored at -20°C. A 1X concentration
was prepared by heating the 4X DNase stop solution at 50°C with

occasional mixing until completely dissolved. Then 1.9 ml of the 4X DNase
stop solution was added to a 10 ml falcon tube containing 5.7 ml of sterile

distilled water. The 1X DNase stop solution could be stored for up to 6

months at 4°C. The 1X solution was warmed for 5 mins at 37°C to dissolve

the salts just prior to use and was kept at RT during the DNase | reaction.
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Other materials:-

5X Gel-shift binding buffer. see section 2.12.
Poly(dl-dC).Poly(dI-dC): see section 2.12.
Ethanol: absolute and 95% (v/v)
Phenol/chloroform: see section 2.1.4.

TE buffer. see section 2.1.3.

n-butanol: Stored at RT.

SequaGel® Concentrate (National Diagnostics): Stored at RT.
SequaGel® Diluent (National Diagnostics): Stored ar RT.

SequaGel® Buffer (National Diagnostics): Stored at RT.
10% (w/v) ammonium peroxodisulphate: see section 2.10.
TEMED: see section 2.10.

8% Sequencing gel: A 100 ml gel was prepared by mixing 32 ml SequaGel®
Concentrate, 58 ml SequaGel® Diluent, 10 ml SequaGel® Buffer, 400 pl 10%

(w/v) ammonium peroxodisulphate and 20 ul TEMED. The solution was
mixed briefly and poured into an already assembled gel apparatus. The gel
was allowed to completely polymerise for at least 2 hrs at RT or overnight at
4°C wrapped in Saran wrap.

10X TBE buffer. see section 2.1.1.

DNase 1 footprint electrophoresis buffer. 1X TBE buffer.

Equipment. Eppendorf microcentrifuge 5417R, Vertical gel apparatus,
electrophoresis power pack, temperature strip (Bio-Rad), 3MM Whatman

chromatography paper, gel dryer and Geiger counter.
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Method

2.13.1 Radiolabelling of DNA

The radiolabelling of DNA was described in section 2.5. However,
only one end of the double-stranded DNA should be radiolabeled for DNase
| footprinting. This could be easily achieved by using a DNA fragment with a

5’-overhang at one end and either a 3'-overhang or a blunt end at the other.

2.13.2 G + A reaction
A mixture containing 3 to 6 ng of radiolabeled DNA (~1 X 10° cpm), 1
ug of calf thymus DNA and TE buffer to 10 ul was set up in a 1.5 ml

Eppendorf tube. 1 ul of 4% formic acid was added and the mixture was

incubated for 25 mins at 37°C. The tube was then placed on ice, 150 ul of
freshly prepared 1 M piperidine was added and the tube was incubated for
30 mins at 90°C using a PCR machine. The tube was then placed on ice for
5 mins before 1 ml of n-butanol was added. The tube was vortexed and

centrifuged at 13 000 rpm for 2 mins at RT using an Eppendorf

microcentrifuge to pellet the DNA. The supernatant was carefully aspirated
before 150 ul of 1% SDS and 1 ml of n-butanol was added to the pellet. The
tube was vortexed and centrifuged using the conditions as above. The
supernatant was carefully removed and the pellet was washed with 500 pl of

n-butanol. The tube was centrifuged using the same centrifugation

conditions as above. The pellet was dried in vacuo for 10 mins, dissolved in

7.5 l of loading dye and could be stored at -20°C for up to 2 weeks. The
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presence of the DNA pellet after each centrifugation was monitored using a

Geiger counter.

2.13.3 DNase | titration
Five to six microlitres of the 10 U/ul DNase | stock solution was

diluted to 3 U/ul with Ca**/Mg®* solution and was labelled as tube ‘A’. Three

successive 1:9 dilutions using tube A were prepared as shown in table 2.1,

keeping the enzyme on ice at all times.

ca®*Mg* DNase | Final Concentration
8 ul 1 ul from Tube A 0.33U/ul (=Tube B)
8 1 ul from Tube B 0.037U/ul (=Tube C)
8 ul 1 ul from Tube C 0.0041U/ul (=Tube D)

Table 2.1 Preparation of successive dilution of DNase |.

A mock DNA-protein binding reaction was set up using BSA in place
of nuclear protein. A bulk reaction mix sufficient for 9 assays was prepared
as shown in Table 2.2.

Mock binding reaction mix

5X Gel-shift binding buffer 100 pl
Poly dI.dC (5 pg/ul) 5-20 ul
Radiolabeled target DNA (1-2 X 10° cpm) 10-30 pl
BSA (10 pg/ul) 10-50 pul
Sterile water 350-425 ul
Total Volume 500 ul

Table 2.2 DNase | mock binding reaction mix.
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The mock reaction mix was incubated for 30 mins on ice before 50 ul was

dispensed at RT into each of 9 Eppendorf tubes labelled 1 to 9. 5 ul of

Ca®*/Mg®* solution was then added to each tube, the contents were gently
mixed and incubated for 1 min at RT. An appropriate volume of DNase | was

added to each tube as indicated in Table 2.3.

Tube DNase | Final Enzyme Unit
1 3 wl of Tube A (3U/ul) 9u

2 1 wl of Tube A (3U/ul) 3U

3 3 wl of Tube B (0.33U/ul) 1U

4 1 pl of Tube B (0.33U/ul) 0.33U

5 3 pl of Tube C (0.037U/ul) 0.11U

6 1 ul of Tube C (0.037U/ul) 0.037U

7 3 ul of Tube D (0.0041U/ul) 0.012U

8 1 ul of Tube D (0.0041U/ul) 0.0041U

9 (Control) 3 ul of Ca®>*/Mg?* Solution 0

Table 2.3 Titration of DNase | in footprint assay.

The contents were gently mixed and incubated for exactly 1 min at RT. The

reaction was stopped by adding 140 ul of 1X DNase stop solution, vortexed

briefly and stored aside at RT until all the bther tubes were processed. Then,

200 pl of phenol/chloroform was added to each tube, vortexed and

centrifuged at 13 000 rpm for 4 mins in an Eppendorf microcentrifuge. The

aqueous phase was transferred to a new Eppendorf tube and 400 pl of
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absolute ethanol was added. The tube was vortexed and stored for 10 mins
on dry ice to precipitate the DNA. The DNA was pelleted by centrifuging at 13

000 rpm for 10 mins in an Eppendorf microcentrifuge. The supernatant was

carefully removed and the pellet was washed with 150 ul of 95% ethanol

before centrifuging for another 5 mins. The supernatant was carefully

removed and the pellet was dried in vacuo. The pellets could either be

stored overnight at -20°C or used immediately. 3 pl of loading dye was

added to resuspend each DNA pellet. At this stage, the gel was pre-run for

30 mins at constant power of 40W until the temperature of the gel was about
50°C as indicated by the temperature strip on the glass plate. The samples
were heated for 2 mins at 80°C and immediately placed on ice for 2 mins

before they were loaded onto the pre-heated gel. The gel was
electrophoresed at constant power, keeping the voltage at approximately

1250 V throughout the entire electrophoresis process (gel temperature at

50°C). The electrophoresis was stopped when the bromophenol blue dye

reached the end of the gel. The gel was transferred onto 3MM Whatman

paper and dried at 80°C for approximately 1 hr using a gel dryer. The dried

gel was autoradiographed for an appropriate time (usually 48 hrs) at -70°C

in a cassette with an intensifying screen.
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2.13.4 Binding and footprinting reaction

The binding reaction was set up as for the gel shift assay in section
2.12. A control tube containing BSA instead of nuclear protein was set up in
parallel. The amount of BSA added was equivalent to the amount of nuclear

extracts used in the other tubes. After the binding reaction was complete, the
tubes were placed at RT and 5 pl of Ca**/Mg? solution was added to each
tube. The samples were then processed as in the DNase | titration as in
section 2.13.3. The DNase | was diluted in Ca®*/Mg®* solution just before

used, to a concentration as determined in the titration assay to be optimal

and placed on ice. The gel was pre-run for 30 mins at a constant power of
40W until the temperature of the gel was about 50°C. Before loading the
samples and the G+A reaction tube were heated for 2 mins at 80°C and

immediately placed on ice. The gel was electrophoresed at constant power,
keeping the voltage at approximately 1250 V throughout the entire
electrophoresis process until the bromophenol blue dye reached the end of

the gel. The gel was transferred onto 3MM Whatman chromatography paper

and dried at 80°C for approximately 1 hr using a gel dryer. It was then

autoradiographed for 48 hrs or longer at -70°C in a cassette with intensifying

screen.
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2.14 Partial nuclear protein purification using cellulose

chromatography column

2.14.1 Pre-cycling of P11 phosphocellulose resins

Materials

P11 cellulose phosphate (Whatman International Ltd): Stored at RT.

NaOH: 0.5 N solution. Stored at RT.

HCI: 0.5 N solution. Stored at RT.

P11 Storage buffer. 25 mM HEPES, pH 7.6, 0.1 mM EDTA, pH 8.0, 40 mM
KCl, 10% (v/v) glycerol.

Equipment: Retort stand, filter funnel, Whatman paper No. 1.

Method

An appropriate amount of P11 cellulose phosphate was weighed. It
was stirred into 25 volumes of 0.5 N NaOH and was left for not more than 5
mins at RT. The supernatant was then filtered off through Whatman paper
No. 1 using a filter funnel and the resin washed with distilled water until the
pH of the filtrate was at or below 11. After which, 25 volumes of 0.5 N HCI
was added to the washed resin and left again for not more than 5 mins at
RT. The supernatant was filtered off and the resin washed with distilled

water until the pH was at or just above 3. The resin could be stored in

storage buffer for up to a week at 4°C.
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2.14.2 Equilibrating column and fractionation of nuclear proteins

Materials

Low salt buffer. 25 mM HEPES, pH 7.6, 0.1 mM EDTA, pH 8.0, 40 mM KClI,

10% (vAh) glycerol. Filtered through 0.45 pum filter unit. 1 mM DTT, 0.1 mM
PMSF, 10 pg/ml aprotinin, 1 pg/ml antipain, 1 pg/ml pepstatin, 1 ug/ml
leupeptin were added prior to use. Stored at 4°C.

High salt buffer. As low salt buffer except for 1 M KCI.

Equipment: Liquid chromatography column (Pharmacia Biotech), GradiFrac

System with HiLoad Pump P-50 and chart recorder and Microcon®-10

microconcentrator (Amicon, Inc., Beverly, MA, U.S.A)).

Method

A column (1 cm diameter by 2 cm height) was packed with resin. After
the pre-cycled phosphocellulose resin was gently dispersed in the storage
buffer, it was slowly poured into the column and left to settle. The eluent was
allowed to run to waste. The volume of resin added to the column could be
calculated using the diameter of the column and the height of the packed
resin. When a desirable volume of resin had been packed, ensuring no air-
bubbles are trapped in the resin, the top end of the column was inserted.
Low salt buffer was then run through the column at a flowrate of 0.3 ml/min
for 15 to 30 mins to equilibrate the column. The liver nuclear protein sample
(1 to 3 mg) was then loaded into the column at the same flow rate. Once all
the sample had been loaded, the column was washed with low salt buffer to

remove any proteins that did not bind to the column and were collected in 5
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ml fractions until the chart recording showed that all unbound proteins had
been washed out. The bound proteins were eluted from the column using
an increasing salt concentration gradient by mixing 0% up to 100% of the
high salt buffer with the low salt buffer. During the elution, 1 ml fractions

were collected until the chart recording showed that no more protein eluted.

The run was terminated and 250 to 500 ul of the fractions collected were

concentrated on Microcon-10 according to manufacturer’s instructions. All
eluates were stored at -70°C. It should be mentioned here that the column

for purification can be scale-up for the purification of larger amount of

nuclear proteins.
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2.15 Protein purification by magnetic DNA affinity

2.15.1 Preparation of DNA for coupling to Dynal® magnetic beads

Materials
Tether DNA: A short double-stranded DNA of length 6 to 10 bp with one of
the 5’-ends biotinylated and preferably a suitable 5-overhang at the other
end of the sequence. In this case, it is a 5-overhang that is compatible to
the ends created by Sall and Xho |.

Oligo 1: 5’ Bioteg - GGAGGG - 3

Oligo 2: 5’ - GATCCCCTCC - 3’
DNA containing binding site of interest. DNA should preferably by
concatamerised before use if the sequence is not longer than 50 bp. One
end of the DNA should have a compatible 5-overhang to the tether DNA for
subsequent ligation. The other end should be dephosphorylated to
minimised further uncontrolled concatamerisation occurring.
10X Annealing buffer. see section 2.4.

10X One-Phor-All buffer plus: see section 2.1.1.

(3/-32P)A TP, Easytides™ Radioactive Isofope: see section 2.5.2.
5 mM ATP: see section 2.1.5.

T4+ PNK, FPLCpure®, cloned. see section 2.1.5.

T4 DNA Ligase: see section 2.1.6.
Equipment. Grant water-bath (Type LTDG6; Instruments (Cambridge) Ltd,

Cambridge, England).
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Method

2.15.1.1 Phosphorylation of Oligo 2

Oligo 2 was phosphorylated at the 5’-end using T, PNK as described
in section 2.1.5. In order to assess subsequent ligation and coupling
events, a small amount of [y 2PJATP was included in the reaction. After the
phosphorylation reaction, the contents were extracted with phenol-
chloroform and precipitated with ethanol as described in method of section
2.1.4. Due to the short sequence of the oligonucleotide, it was precipitated
with ethanol on dry ice overnight and then recovered by centrifugation at 13
000 rpm for 20 mins. The presence of the DNA pellet was assessed using a
Geiger counter to detect radioactivity. The DNA was finally dissolved in

sterile distilled water.

2.15.1.2 Annealing of tether DNA
The annealing reaction was carried out essentially as described in

section 2.4.2 for temperatures below 25°C. Since, the T, of the

oligonucleotides were below 25°C due to their short sequences. The

contents should be added to the tube on ice and the annealing reaction

carried out at 16°C for 15 mins. After annealing, the temperature of the

annealed oligonucleotides should not be allowed to rise above 25°C.
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2.15.1.3 Preparation of DNA containing binding site of interest

The tether DNA when annealed gave one end with a 5’-overhang with
bases that were compatible with either a Sal | or Xho | cut. Therefore, the
DNA to be ligated should possess either a Sal | or Xho | cut at one end. The
DNA was usually cloned into a plasmid vector which should first be
linearised at the end that was not to be ligated to the tether DNA. The
linearised DNA was then dephosphorylated with calf intestinal alkaline
phosphatase as described in section 2.1.4. Finally, the DNA was digested
with Sal | and Xho |, electrophoresed on a low melt agarose gel and purified

on a Spin-X column as described in section 2.1.3.

2.15.1.4 Ligation of DNA to tether

The annealed tether was ligated to the DNA obtained in section
2.15.4 in a molar ratio of 2:3 respectively to ensure that all the annealed
tether was utilised. The ligation reaction was carried out as described in

section 2.1.6.1.

2.15.2 Preparation of DNA-coated magnetic beads

Materials

Dynabeads® M-280 Streptavidin (Dynal A.S., Oslo, Norway): Supplied as a

suspension containing 6.7 X 10® Dynabeads/ml (10 mg/ml) in PBS, pH 7.4

in 0.1% BSA and 0.02% NaNs. Stored at 4°C.

140



PBS Tablets: Prepared according to manufacturer’s instruction. Autoclaved

and stored at 2 to 8 °C.

1% (w/v) BSA in PBS: Stored at 4°C.

1 M NaCl in PBS: Stored at RT.

TE buffer. see section 2.1.3.

Equipment. Denly Spiramix 10, Dynal® MPC-E magnetic separator (Dynal
A.S)), siliconised pipette tips, Eppendorf tubes and Sorenson tubes with

screw caps.

Method

2.15.2.1 Preparation of M-280 Dynabeads® for coupling

Dynabeads were fully resuspended before an appropriate amount of

beads required for coupling were taken. The beads were placed in a
Sorenson tube with a screw cap. For every 1 ul of beads used, 1 pl of 1%
BSA in PBS solution was added. The beads were gently mixed and the tube
was placed in a Dynal® MPC-E magnetic separator for ~1 min to concentrate
the beads to one side of the tube. The supernatant was then carefully
removed ensuring that minimal beads were being taken. The tube was
removed from the magnetic separator and the beads were again

resuspended in 1% BSA in PBS. The beads were washed twice with 1%

BSA in PBS and then twice with 1 M NaCl in PBS and finally twice with TE

buffer. The beads were either stored at 4°C or used immediately for DNA

coupling.
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2.15.2.2 Coupling of biotinylated DNA to pre-washed M-280 Dynabeads®

Upon removal of the TE buffer in which the beads were stored, the
ligated DNA from section 2.15.5 was added to the beads. Approximately 50
to 100 pmole of buffer to a volume equivalent to the initial volume of the
beads used. The beads were gently resuspended and then rolled on the
Denly spiramix at RT for 30 to 45 mins. The unbound DNA was then

removed by washing the beads twice with TE buffer. The beads were finally
resuspended and stored in TE buffer at 4°C. The coupling of DNA to the

beads could be followed using a Geiger counter since the tether DNA was

weakly radioactive.

2.15.3 Binding, washing and elution conditions for protein purification

Materials
5X Gel-shift binding buffer. see section 2.12. Used at 1X final concentration.

1X Wash buffer. 12 mM HEPES, pH 7.9, 4 mM Tris-HCI, pH 7.9, 60 mM KCI,

100 mM NaCl 5 mM MgCl,, 5§ mM DTT, 12.5% (v/v) glycerol. Stored at -20°C.

1X Elution buffer. Prepare as a 1X wash buffer but a range of NaCl
concentrations from 1.0 M to 2.0 M are needed. Stored at -20°C.
Poly(dl.dC).poly(dl.dC) DNA copolymer. see section 2.12.

Dialysis buffer. 1X gel-shift binding buffer containing no NaCl and 10%

glycerol.

6X DNA Loading Buffer II: see section 2.12.
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Equipment. 0.1 to 0.5 ml Slide-A-Lyzer cassette (Pierce & Warreiner (U.K.)

Ltd, Chester, U.K.)

Method

An amount of nuclear protein was added to DNA-coated magnetic
beads such that binding occurred at saturating conditions. The binding
reaction was carried out in 1X gel-shift binding buffer containing 150 mM

NaCl as in gel-shift reactions. Binding was allowed to occur for 30 mins at

4°C on a Denly spiramix. After which, the unbound proteins were removed

as the supernatant fraction and the beads were washed twice with 1 pl of 1X

wash buffer containing 5X excess of poly(dl.dC) with respect to the amount
of DNA used for every pl of beads. These were then collected as wash
fractions. The bound nuclear proteins were eluted from the DNA by washing
the beads with a series of elution buffers each containing increasing
concentrations of NaCl, 1 pl of elution buffer was used for every 1 pul of
beads. Initially, the elution buffer containing 1.0 M NaCl was added to the
protein bound beads and elution was allowed to occur for 10 mins at 4°C on
a Spiramix. The elution buffer was then removing using a magnetic
separator, and placed in siliconised 1.5 ml Eppendorf tubes on ice. The

elution step was repeated with elution buffer containing 1.5 M NaCl and then

with buffer containing 2.0 M NaCl. The elution fractions were dialysed using

a Slide-A-Lyzer in an appropriate volume of dialysis buffer at 4°C for an hour

while the beads were regenerated as described in section 2.15.10. The

143



volume of dialysis buffer to use was calculated according to the following

formula:-

Volume of eluate

X Initial [NaCl] = Final [NaCl]
Volume of Dialysis buffer + Volume of eluate
The dialysed eluate was then used in gel shift assay to assess which NaCl

concentration was optimal for the elution of the bound protein from the DNA.

2.15.4 Determination of optimal elution conditions

The different fractions collected were used in gel shift assays (see
section 2.12) to assess the progress of the purification. A DNA sequence
identical to that coated onto the Dynabeads was radiolabeled and used as
the probe. The supernatant, wash and dialysed elution fractions were mixed
with the radiolabeled probe. The mixture was incubated for 30 mins on ice
before 1X DNA Loading buffer Il was added and the sample was

electrophoresed on a 4% polyacrylamide gel.

2.15.5 Regeneration of used DNA-coated magnetic beads

The used DNA-coated magnetic beads were washed 3 times in 1X

elution buffer containing 2.0 M NaCl and then washed 3 times with TE buffer.

The beads were resuspended in TE buffer, stored at 4°C and could be

reused up to 10 times.
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2.16 Northern blot hybridisation

2.16.1 Isolation of total RNA

Materials

Ultraspec™-II RNA Isolation System (Total RNA Isolation kit; Biotecx

Laboratories, Inc., Houston, U.S.A.). Stored in the dark at 4°C. The reagent

may partially crystallised at 4°C. If so, bring solution to RT and shake well

before use.

Chloroform: Stored at RT.

Isopropanol: Stored at RT.

Ethanol: 80% (v/v).

Equipment: Polytron homogeniser (The Northern media supply Ltd., Hull,
England), 2 ml safe-lock Eppendorf tubes, bench-top refrigerated

microcentrifuge 5417R and UV/visible spectrophotometer.

Method

For tissue samples, 10 to 100 mg were homogenised in 1 ml of
Ultraspec™ RNA reagent using a polytron homogeniser. For cell pellets, 5
to 10 X 10° cells were resuspended and lysed by vortexing in 1 ml of
Ultraspec™ RNA reagent. The lysate was immediately transferred to 2 mi
sterile Eppendorf tubes and left on ice for 5 mins. For every ml of
Ultraspec™ RNA reagent used, 0.2 ml of chloroform was then added. The

sample was shaken vigorously for 15 secs and left on ice for further 5 mins

before centrifugation at 12 000 x g for 15 mins at 4°C in a microcentrifuge.
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The top aqueous layer was transferred to a new Eppendorf tube, care was
taken not to disturb the interface. An equal volume of isopropanol was
added to the aqueous phase and the tube was vortexed. The sample was

left on ice for 10 mins to precipitate the RNA. The RNA was pelleted by

centrifuging at 12 000 x g for 15 mins at 4°C. The supernatant was removed

and the RNA pellet was washed twice with 80% ethanol. One ml of ethanol

was added for every ml of Ultraspec™ reagent used, the tube was vortexed

and centrifuged at 12 000 x g for 5 mins at 4°C. After the final wash, as much

ethanol was removed as possible and the pellet was air-dried briefly before
it was dissolved in 10 to 30 pl of sterile distilled water. The solvation of the
RNA was enhanced by vortexing the sample for 1 min. Samples were stored
at -20°C. The vyield and purity of RNA was determined by measuring the

optical density at 260 nm and 280 nm using a UV/visible spectrophotometer.

The integrity of RNA was observed by electrophoresing 1 ug on a 1% (wh)

agarose gel (see section 2.16.2).

2.16.2 Northern blotting

Materials
Agarose: see section 2.1.2.
Formaldehyde (Sigma Chemical). 37% solution (Formalin), ACS Reagent.

Stored at RT.
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10X MOPS/EDTA: 0.2 M MOPS (3-[N-Morpholino]Jpropane-sulfonic acid), 80
mM sodium acetate and 10 mM EDTA. Adjust pH to 7.0. Autoclaved and
stored at RT. The solution was kept in the dark by wrapping the container
with aluminium foil.

Deionised formamide: For deionisation, 5 g of mixed bed ion-exchange
resin (Bio-Rad AG501-X8 or X8(D) resin) was added to every 100 ml of
formamide. The contents were stirred for 1 hr at RT and filtered through

Whatman No. 1 filter paper twice. It was then filter sterilised through a 0.45
um filter unit and stored at -20°C.
RNA Loading buffer. 0.75 ml deionised formamide, 0.15 ml 10X

MOPS/EDTA, 0.24 ml 37% formaldehyde, 0.1 ml 100% (vAv) glycerol, 0.08 ml

10% (whv) bromophenol blue and 0.1 ml RNase-free deionised water. The
contents were thoroughly mixed, aliquoted and stored at -20°C.

RNA electrophoresis buffer. 1X MOPS/EDTA buffer. Prepared fresh.

10 mg/ml EtBr. see section 2.1.2.

20X SSPE (sodium salt phosphate EDTA): 3.6 M NaCl, 200 mM di-sodium
hydrogen orthophosphate and 20 mM EDTA. Adjust pH to 7.4. Autoclaved
and stored at RT.

Equipment. Blotting membrane - optimised nylon (BDH Electran®),
QuickDraw™, Extra Thick, Blotting paper (Sigma Chemical), Horizontal gel
electrophoresis system, Grant BT1 block thermostat (Grant Instruments
(Cambridge) Ltd, Cambridge, England), UV Stratalinker® 1800 (Stratagene

Ltd., Cambridge, England) and Heraeus Oven (Kendro Laboratory Products

Ltd.).

147



Method

2.16.2.1 Preparation of agarose gel for RNA electrophoresis

The apparatus for preparing and electrophoresing the gel was
thoroughly rinsed with 70% (viv) ethanol and then with sterile distilled water
prior to use. To prepare a 1% (w/v) gel, 1 g of agarose was added to 100 ml

of 1X MOPS/EDTA. The agarose was dissolved by boiling. When the solution

was cooled to 50°C, 5.1 ml of 37% formaldehyde was added. The mixture

was poured into the gel casting tray and allowed to solidify for at least 1 hr.

2.16.2.2 Preparation and electrophoresis of RNA
The isolation of RNA was described in section 2.16.1. Samples were

prepared by adding sterile distilled water to either 10 or 20 ug of RNA to 5 pul
total volume. Then, 25 ul of RNA electrophoresis dye was added to each

sample before the mixture was heated to 65°C for 15 mins in a block

thermostat. One microlitre of a 1 mg/ml of EtBr solution was added to each
sample. The contents were mixed and loaded on the gel. The gel was
electrophoresed at a constant voltage of 70 V until the bromophenol blue
dye was ~5 cm from the bottom of the gel. The RNA in the gel could be

visualised using a short wave UV transilluminator (302 or 254 nm).
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2.16.2.3 Blotting of RNA

After electrophoresis, the gel was washed briefly in 5X SSPE at RT. A
piece of optimised nylon membrane and several pieces of QuickDraw™
blotting paper of dimensions slightly larger than that of the gel were cut. The
membrane was pre-wetted in 10X SSPE. The RNA in the gel was

transferred to the optimised nylon membrane using capillary action for at

least 6 hrs, preferably overnight in 10X SSPE. The capillary action was
enhanced with the use of several sheets of QuickDraw™ blotting paper. The
RNA was fixed onto the membrane by UV auto-cross-linking in a

Stratalinker® with the RNA-side facing the UV source before it was baked dry

in a 80°C oven. The membrane could be kept wrapped in Saran wrap at RT.

2.16.3 Radiolabelling by random priming

Materials

DNA: Either restriction enzyme digested fragments purified in low melting
point agarose or synthetic oligonucleotides.

DTT: see section 2.8.1.

10X RP (Random prime) buffer. 600 mM Tris-HCI, pH 7.8, 100 mM MgCl,

and 100 mM 2-mercaptoethanol. Filter sterilised and stored at -20°C.
3.33 mg/ml Random primers (RP; hexanucleotide): Diluted to 75 ng/ul

concentration in sterile distilled water. Aliquoted and stored at -20°C.
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Ultrapure dNTP set, 2’-deoxynucleoside 5-triphosphate, sodium salt. see
section 2.5.1.

dNTPs mix: Dilute each deoxynucleoside 5'-triphosphate to 5 mM. An equal

amount of each dNTP was mixed together. Stored at -20°C.
(a-32P)dCTP Easytides™ Radioactive Isotope: see section 2.5.1.

FPLCpure® DNA Polymerase I, Klenow Fragment, cloned: see section 2.5.1.

Method

Two 1.5 ml Eppendorf tubes, labelled tube | and Il, were set up. Tube |
contained 20 mM DTT, 10 mM dNTPs mix, 1 X RP buffer and 60 uCi [o-
2P]dCTP. Tube Il contained 300 ng DNA, 112.5 ng RP and sterile distilled

water was added such that the total volume would be 90 ul when the two

tubes were mixed together. Tube Il was boiled for 5 mins and immediately
placed on ice for 3 mins before it was added to tube I. Then, 6.4 units of

Kienow fragment was added. The contents of the tube were mixed well and
incubated for 3 hrs at 37°C. The radiolabeled probe was purified as
described in section 2.5.3.1. The purified probe should have a specific

activity of 5 X 10° dpm/ug (calculation as shown below).

2.16.4 Calculation of percentage incorporation, probe yield and specific

activity of the radiolabeled probe

It is necessary to calculate the probe yield because during random

prime labelling, there is a net synthesis of radiolabeled DNA while the initial

150



DNA template remains non-radiolabeled. However, both populations of DNA

can participate in hybridisation.

For calculation of percentage incorporation, see section 2.5.4.

Probe yield = ng initial DNA + ng synthesised DNA

uCi incorporated X 309 X 4
and ng synthesised DNA =

3000

whereby 309 is the average molecular weight of a nucleoside
monophosphate in DNA, 4 denote the four nucleotides whereby only one is
radiolabeled and 3000 is Ci/mmole of the radiolabeled nucleotide.

Once the probe yield has been calculated, the specific activity could
be determined as follows:-

total activity incorporated (dpm)

Specific activity (dpm/ug) =
probe yield (1g)

Taking 1 pCi = 2.2 X 10° dpm

2.16.5 Hybridisation of RNA blot

Materials
100X Denhardt’s reagent. 2% (wiv) BSA, Fraction V, 2% (w/) Ficoll (MW 400

000) and 2% (w/v) polyvinylpyrrolidone (MW 400 000). Filter sterilised and

stored at -20°C.
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Salmon sperm DNA (ssDNA), denatured and sheared:. 10 mg/ml in aqueous
solution. Upon addition of water to the DNA, it was rotated on a spiramix
overnight at RT to completely dissolve the DNA. The DNA was then sheared

by passing it 20 times rapidly through a 17G gauge needle. It was then

aliquoted and stored at -20°C. Just prior to use, the DNA was boiled for 5

mins to denature the DNA and immediately cooled on ice for 5 mins to keep
the DNA in the denatured state.
Prehybridisation buffer. 5X SSPE, 50% (viv) formamide, 5X Denhardt’s

reagent, 0.1 - 0.5% (w/v) SDS. The solution was freshly prepared, filtered

sterilised through a 0.45 pum filter unit and 100 pug/ml of denatured ssDNA

was added just prior to use.
Hybridisation buffer. 5X SSPE, 50% (v/v) formamide, 5X Denhardt’'s reagent,

0.2% (w/iv) SDS and 10% (wh) dextran sulphate. The solution was freshly

prepared, filter sterilised through a 0.45 um filter unit and 100 - 200 pug/ml of

denatured ssDNA was added just prior to use.

RNA wash buffer A. 2X SSPE and 1% (w/v) SDS. Stored at RT.
RNA wash buffer B: 1X SSPE and 1% (w/v) SDS. Stored at RT.
RNA wash buffer C: 0.1X SSPE and 1% (w/v) SDS. Stored at RT.
RNA strip buffer. 0.1% (w/v) SDS. Stored at RT.

Equipment. Heat sealable bag, Audion Elektro Sealboy (Type 235A; A1

Packaging Ltd, London, U.K.)), platform shaker, Tracker tape™ (Amersham

International plc., Buckinghamshire, England), Fuji medical X-ray film (Fuji
Photo Film Co. Ltd., Tokyo, Japan), cassettes with intensifying screen and

water bath with shaking platform.
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Method
The membrane with the RNA as prepared in section 2.16.2.3 was
placed in a heat-sealable bag. For every square area of membrane, 0.25 ml

of prehybridisation buffer was added. The membrane was prehybridised for

at least 1 hr at 42°C. The radiolabeled probe was added to hybridisation

buffer (0.25 ml/cm?) such that the probe concentration was not more than 20
ng/ml and its activity should be 1 to 5 X 10° cpm/ml. The hybridisation buffer
containing the probe was boiled for 10 mins to denature the probe and
immediately chilled on ice for another 10 mins. After the prehybridisation
buffer was completely removed from the bag, the hybridisation buffer

containing the denatured probe was then added. The membrane was
hybridised for 16 to 24 hours at 42°C.

The membrane was washed once with RNA wash buffer A for 15
mins at RT on a platform shaker. It was further washed with RNA wash
buffer B for 30 mins at RT changing new buffer B after 15 mins. The

membrane was then washed with RNA wash buffer C for 15 mins at 50°C.

The hot wash step may be repeated a few more times if necessary until the

background radioactivity on the membrane is no longer detected. The

temperature of the hot wash step could also be increased up to 65°C if

required. For synthetic oligonucleotide probes, the hot wash step was
omitted. Finally, the membrane was wrapped with Saran wrap ensuring that
there was no air-bubbles trapped between the membrane and Saran wrap.
The membrane should not be allowed to dry if it is required for

rehybridisation. The membrane was exposed to X-ray film for an appropriate
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length of time, usually overnight to 3 days with the RNA-side contacting the
film. A small piece of tracker tape was stucked at the bottom left hand corner
of the membrane. This phosphoresces results in a permanent image on the
film which provides easy identification of the orientation of the film to the

membrane.

2.16.6 Stripping of hybridised membrane

The bound radiolabeled probe can be removed from the membrane
by washing it for 30 mins in boiling RNA strip buffer, changing the solution
after 15 mins. The membrane could be exposed to X-ray film after stripping
to ensure that all the probe had been stripped. The membrane can then be

stored dry in a heat-sealable bag ready for the next hybridisation.
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2.17 Transient Transfection of rat primary hepatocyte

Four different transfection protocols were assessed for their suitability
for used in primary hepatocyte culture. The firefly reporter plasmid and the
Renilla reporter plasmid were used in a ratio of 10:1 respectively in all the
transfection protocols. Plasmid DNA was prepared using the Maxi Qiagen
plasmid kit as described in section 2.3. The quality of the DNA was
assessed by agarose gel electrophoresis to ensure that at least 90% of the
DNA was supercoiled. Transfections were carried out on primary

hepatocytes that had been cultured for 24 hrs.

2.17.1 Transfection Using calcium phosphate (CaPO,)
Materials

250 mM CaCly,4H,O Suprapur® (Merck, Darmstadf, Germany). Filter

sterilised and stored at 4°C.

2X HeBS: 0.28 M NaCl, 10 mM KC|, 1.5 mM Na,HPO,, 42 mM HEPES, 2%
(w/v) glucose. Adjust pH to 7.1.

HeBS-glycerol: 10% (v/v) glycerol in 1X HeBS.

Hank’s solution: 137 mM NaCl, 5.4 mM KCI, 0.4 mM MgS0O,.7H,0, 0.5 mM
MgCl,.6H,0, 0.35 mM Na,HPO,.2H,0, 0.44 mM KH,PO, and 2 mM HEPES.
Adjust pH to 7.4.

William’s E medium: see section 2.6.3.

Fully supplemented culture medium: see section 2.6.3.

Supplemented culture medium: see section 2.6.4.
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Method

2.17.1.1 Preparation of CaPO,/DNA precipitate
The DNA for use in transfection can be diluted in 2560 mM CaCl, the

day before and stored at 4°C. The CaPO,/DNA precipitate should be

prepared 30 mins before addition to the cells. For every 60 mm diameter

culture dish, 343 ul of CaPO,/DNA precipitate containing 4.1 ug of total DNA
was required. This was prepare by adding dropwise 171.5 pl of 250 mM

CaCl; containing 4.1 pg of DNA to 171.5 ul of 2X HeBS in a Falcon tube

using a glass Pasteur pipette. During addition, the solution was mixed by
bubbling air from the bottom of the tube using another glass Pasteur pipette
and a mechanical pipettor. The addition of DNA should take 1 min. The
mixture was then vortexed at maximum speed for 2 to 3 secs and incubated

for 25 to 30 mins at RT.

2.17.1.2 Transfection

Just before transfection, existing medium was removed from the 60
mm diameter culture dish and 2.57 ml of supplemented medium was

added. The CaPO,/DNA precipitate was mixed again with a 1 ml Gilson
pipette just prior to the addition to the cells and 343 ul was added to the
fresh medium. The plate was swirled gently during addition of the

CaPO4/DNA mixture. It is essential that the cells are not left at RT for more

than 6 mins during the addition of the CaPO,/DNA precipitate. The

precipitate was left on the cells for 5 hrs in a 37°C incubator under 5% CO,.
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The cells were washed twice with Hank’s solution. Then, 860 ul of HeBS-

glycerol was added to each plate of cells and incubated for exactly 2 mins at
RT. The HeBS-glycerol was promptly removed, the cells washed twice with
Hank’s solution and washed once with William’s E medium. The cells were
further cultured in 3 ml of fully supplemented medium without FCS for 24
hrs. The cells were washed once with William's E medium and new fully-
supplemented medium without FCS was added. At this stage, cells that
were to be treated with PB, it was added to the medium at a final
concentration of 0.1 mM. The cells were cultured for an additional 24 hrs
before they were lysed for the dual luciferase reporter assay as described in

section 2.19.

2.17.2 Transfection using TransFast™ Transfection Reagent (Promega
Corporation)

Materials

Supplied in kit:-

TransFast™ Transfection Reagent. Stored at -20°C. Dried reagent was
stable for 6 months and hydrated reagent was stable up to 2 months.

Nuclease-free water. Stored at -20°C.

Other materials:-
William’s E medium: see section 2.6.3.
Fully supplemented culture medium: see section 2.6.3.

Supplemented culture medium: see section 2.6.4
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10X PBS: see section 2.7.

Method
The procedure was carried out according to the manufacturer's

instruction. The day before transfection, the TransFast™ reagent was

resuspended by adding 400ul of nuclease-free water at RT, vortexing for 10
secs. This was frozen at -20°C. The charge ratio of TransFast™ reagent to
DNA used was 2:1. That required 6 pl of TransFast™ reagent for every ug of

DNA. 4.1 ng of DNA was used to transfect every 60 mm culture dish. The

transfection of each dish required a total volume of DNA, medium and
TransFast™ reagent of 2 ml. The plasmid DNA was added to William's E
medium first before the TransFast™ reagent was added and the mixture
was vortexed immediately. The DNA mixture was incubated for 10 to 15
mins at RT. The existing culturing medium was removed from the cells and
the cells were washed once with William's E medium. The DNA mixture was

vortexed after incubation and added to the cells. The cells were incubated

with the DNA in a 37°C incubator with 5% CO,, for an hour before 4 ml of fully

supplemented culture medium was gently layered onto the cells which was
further incubated for 24 hrs. The cells were washed once with William’'s E
medium and new supplemented culture medium was added. At this stage,
cells that were to be treated with PB, it was added to the medium at a final
concentration of 0.1 mM. The cells were cultured for an additional 24 hrs
before they were lysed for the dual luciferase reporter assay as described in

section 2.19.
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2.17.3 Superfect™ Transfection Reagent (Qiagen Ltd)

Materials

Supplied in kit:-

3 mg/ml Superfect™ Transfection Reagent. Stored at -20°C.
Other materials:-

William’s E medium: see section 2.6.3.

Fully supplemented culture medium: see section 2.6.3.
Supplemented culture medium: see section 2.6.4

10X PBS: see section 2.7.

Method

The procedure was carried as described in the Qiagen Superfect™
Transfection Reagent Handbook. Briefly, to transfect a 60 mm culture dish,
4.1 ug plasmid DNA was diluted (the day before transfection) with William’s
E medium to a total volume of 150 ul (DNA concentration should not be less

than 0.1 ug/ul) and stored at 4°C. On the day of transfection, 30 wl of

Superfect™ transfection reagent was added to the DNA solution and mixed

by vortexing for 10 secs. The mixture was incubated for 5 to 10 mins at RT to
allow complex formation. At this point, the hepatocyte cells were washed
once with William’s E medium. Then, 1 ml of fully supplemented culture
medium was added to the DNA complexes after incubation. The content
was mixed by pipetting up and down for 2 times and the entire volume was

immediately dispensed onto the cells. The cells were incubated with the
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DNA complexes in a 37°C incubator with 5% CO, for 2 to 3 hrs. New culture

medium was added to the cells after the cells had been washed once with

William’s E medium and then left to incubate in the 37°C incubator with 5%

CO, for another 24 hrs. The cells were washed once with William's E
medium and new supplemented culture medium was added. At this stage,
cells that were to be treated with PB, it was added to the medium at a final
concentration of 0.1 mM. The cells were cultured for an additional 24 hrs
before they were lysed for the dual luciferase reporter assay (see section

2.19).

2.17.4 Effectene™ Transfection Reagent (Qiagen Ltd)
Materials
Supplied in kit:-

1 mg/ml Effectene™ Transfection Reagent. Stored at 4°C.
1 mg/ml Enhancer. Stored at 4°C.

Buffer EC: Stored at 4°C.

Other materials:-

William’s E medium: see section 2.6.3.

Fully supplemented culture medium: see section 2.6.3.
Supplemented culture medium: see section 2.6.4

10X PBS: see section 2.7.
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Method

The procedure was carried out as described in the Effectene™

Transfection Reagent Handbook. Briefly, to transfect a 60 mm culture plate,

1 ng of plasmid DNA was diluted in Buffer EC to a total volume of 150 ul
(DNA concentration should not be less than 0.1 ug/ul) the night before and
stored at 4°C. 8 ul Enhancer was added to the DNA, the tube was vortexed

briefly and incubated at RT for 2 to 5 mins. 25 ul Effectene™ Transfection

Reagent was added, the tube vortexed for 10 secs and incubated at RT for 5
to 10 mins. At this stage, the existing medium on the hepatocytes were
aspirated and the cells washed once in William’s E medium. 2 mi of fully
supplemented culture medium was added to the cells. One mil of fully
supplemented culture medium was added the DNA complex. The contents
were mixed by pipetting up and down two times before they were added

immediately drop-wise to the culture. The cells were incubated with the DNA
mixture for 24 hrs in the 37°C incubator with 5% CO, before the cells were
washed once with William's E medium. Supplemented culture medium was
then added either in the absence or presence of a final concentration of 0.1
mM PB and the cells were cultured for a further 24 hrs. The cells were then

lysed for the dual luciferase reporter assay (see section 2.19).
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2.18 In vivo gene transfer using the Helios™ Gene Gun
System (Bio-Rad)

The system includes the gene gun, the tubing prep station, tubing cutter, a

special helium regulator and hose assembly.

2.18.1 Cartridge Preparation

Materials

Spermidine: 0.05 M in aqueous solution. Filter sterilised and stored at -
20°C.

1.0 micron Gold microcarriers: Stored at RT.

DNA: Supercoiled plasmid DNA isolated using Qiagen Maxi kit (see section
2.2). Stored at -20°C.

Polyvinylpyrrolidone (PVP, MW 360,000): 20 mg/mi solution in absolute
ethanol. Stored at -20°C. Used at 0.05 mg/ml final concentration.

Ethanol. Absolute. A newly opened container was aliquoted to sterile 50 ml

tubes and stored desiccated. Use every aliquot only once after opening.

CaCl,: 1 Min aqueous solution. Filter sterilised, aliquoted and stored at -
20°C.
Equipment. Balance, sonicator (Model FS100B; Decon® Laboratory Ltd, East

Sussex, England), Tefzel tubing (1/8” OD X 2/32” ID), Tubing Prep Station,
Nitrogen tank and regulator, 10 ml syringe, tubing cutter, 1 ml Sorenson

tubes with screw caps, desiccant pellets, cartridge storage vials.
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Method

2.18.2 Precipitation of DNA onto gold microcarrier
The procedure was carried out according to the manufacturer's

instructions. Briefly, 25 mg of 1 um gold particles were weighed into a 1 ml

Sorenson tube with screw cap and 100 pl of 0.05 M spermidine was added.

The contents were vortexed and then sonicated for 3 to 5 secs. The plasmid

DNA, up to 100 ug (volume should not be more than 100 pl), was added and

the tube vortexed for 5 secs. Then, 100 pl of 1 M CaCl, was added dropwise

whilst the contents were vortexed on moderate speed. The tube was left for
10 mins at RT before it was centrifuged at ~13, 000 rpm for 156 secs at RT in

an Eppendorf microcentrifuge. The supernatant was removed and the pellet
was washed 3 times with 1 ml of 100% ethanol each wash. 10 ul of 20
mg/ml PVP was premixed with 4 ml of 100% ethanol in a 15 ml Falcon tube.
The washed DNA-coated gold microcarriers were resuspended initially in
200 pl of the PVP/ethanol mixture. The suspended gold microcarriers were
transferred to a new 15 ml Falcon tube. The gold remaining in the 1 ml
Sorenson tube was washed out with more PVP/ethanol mixture. Finally, the

PVP/ethanol mixture was added to the 15 ml tube containing the DNA-

coated gold microcarrier to a total volume of 3.5 ml. The suspension could

be stored at -20°C at this stage sealed with Nesco film.
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2.18.3 Loading DNA-coated gold microcarrier into tubing using the tubing

prep station

The procedure was carried out according to the manufacturer’s
instructions. Briefly, the entire Tefzel tubing was initially purged with nitrogen
gas via the tubing prep station for 15 mins to ensure that the tubing was
completely dry. A tubing of length ~75 cm was cut for every 3 ml of DNA-
coated suspension. The suspension was vortexed and then swiftly drawn
into the cut tubing using a 10 ml syringe with a rubber adapter tubing
attached to the other end of the Tefzel tubing. The tubing was immediately
placed into the tubing support cylinder of the prep station. The tubing was
left untouched for 3 to 5 mins to allow the DNA-coated gold microcarriers to
settle. The ethanol was removed from the tubing using a 10 ml syringe
attached to the free end of the tubing, drawing the fluid at a fairly constant

rate of 0.5 to 1.0 "/sec. which usually takes about 30 to 45 sec. The tubing

support cylinder holding the tubing was rotated 180° immediately upon the

withdrawal of ethanol and was left for 3 to 4 sec. Then, the prep station was
switched on to begin rotating the tubing support cylinder continuously to
allow the gold microcarrier to smear the inner lining of the tube. After rotating
for 20 to 30 sec, the valve on the flowmeter was opened to allow 0.35 to 0.4
LPM of nitrogen gas to flow into and dry the tubing while the cylinder
continue to rotate. This was left for 3 to 5 mins before the prep station was
switched off, followed by closing the valve on the flowmeter. The tubing could
now be removed from the tubing support cylinder, cut to 0.5” cartridges

using a tubing cutter and stored in a cartridge storage vial containing a
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desiccant pellet. The vial was further sealed with Nesco film and stored at

4°C.

2.18.4 Particle delivery using Helios™ gene gun

Materials

Animals: Male Sprague-Dawley rat weighing between 230 and 250 gm.

Ketamine (Sigma Chemical). Stored desiccated at 4°C.

Xylazine (Sigma Chemical): Stored desiccated at -20°C.

Anaesthetic solution: Mixture of 100 mg/kg body weight of ketamine and 10
mg/kg body weight xylazine in water. Prepared fresh.

Surgical instruments (Scientific Laboratory Supplies, unless otherwise
stated): Spatula, toothed forcep, scissors, 61/4” Gillies scissor/needle holder
(Rocket of London Ltd., Watford, U.K.), Surgical blades No. 23 (Swann-
Morton Ltd., Sheffield, England), Wella CONTURA Clipper (International
Market Supply, Cheshire, U.K.).

Sutures: Sterile black Mersilk braided silk (3/0) with round bodies 16 mm
1/2 ¢ (RB-1) needle and sterile blue polyamide 6 monofilament non-
absorbable suture (3/0) with 26 mm 3/8 c reverse cutting (FS) needle

(ETHICON Ltd.).
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Method

| The animals was injected with 0.25 ml of the anaesthetic solution. The
animal’s state of unconsciousness was checked by pedal reflex. It was then
laid on its back, and the fur on the abdominal area, just below the sternum,
was shaved using a CONTURA clipper. The skin layer was swabbed with
70% ethanol before a vertical slit, of 2 to 3 cm in length, was cut along the
mid-ventral line using a surgical blade. The muscle layer was lifted up using
a toothed forcep and a slit of similar length was cut carefully through this
layer with a dissecting scissor making sure that the internal organs
especially the liver were not damaged. Then, using a spatula, a lobe of the
liver, usually the middle lobe, was partially brought o-ut from the inner cavity
and carefully laid on a piece of paper towel. The lobe then was ready to be
shot. The Helios gene gun had to be calibrated and activated before used
according to manufacturer’s instruction. Briefly, the gun should first be
calibrated to the appropriate pressure for shooting. The loaded cartridge
holder was then positioned in the gun and the gun was activated by
pressing the cylinder advance lever. The gun could only be fired if both the
safety interlock switch and the firing trigger were pressed simultaneously.
To deliver the DNA-coated microcarriers, the spacer of the barrel liner was
touched onto the target area on the liver with the gun perpendicular to the
target. After firing the gun, there would be a 5 sec delay for charging before it
may be fired again. While charging, the cartridge holder was advanced by
squeezing the cylinder advance lever. The gun was now ready for the next
shot. A number of shots could be made on various regions of each exposed

liver depending on the size of the lobe being brought out. Usually, two shots
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were made using the helium gas pressure of 250 psi. The positions of the
shots were marked by making a cut at the edge of the liver lobe between the
area of the shots. When all the shots were made, the liver was very carefully
manoeuvred back into the abdominal cavity and the muscle layer was

closed up using the 61/4” Gillies scissor/needle holder with the sterile black

Mersilk® braided silk (3/0) with round bodies 16 mm 1/2 ¢ (RB-1) needle and

the skin layer was closed using sterile blue polyamide 6 monofilament non-
absorbable suture (3/0) with 26 mm 3/8 c reverse cutting (FS) needle. The
animal was allowed to recover for 24 hours before being sacrificed by
cervical dislocation. The targeted area on the liver could normally be
visualised as a yellow patch due to the gold particles and a fixed area was
excised using a steel punch. The section was quick frozen on dry ice. The

assay for luciferase activity was performed as described in section 2.19.
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2.19 Dual-Luciferase™ reporter assay system (Promega
Corporation)

Materials
Supplied in the kit:-

58X Passive lysis buffer (PLB). Diluted to 1X working concentration with

sterile distilled water. May be stored at 4°C for up to a month. Prepared
sufficient amount of working solution for each experiment. Stored 5X stock
solution at -20°C.

Luciferase assay buffer 1. 10 ml. Stored at -20°C.

Luciferase assay substrate. Resuspend lyophilised product with 10 ml of

Luciferase assay buffer Il. Stored as 1 ml aliquots at -20°C. Aliquots were

labelled as LAR Il (luciferase assay reagent Il). Before used, thawed the

reagent in a water bath at RT and mixed well by gentle vortexing.

Stop & Glo® substrate solvent. 250 ul and stored at -20°C.

Stop & Glo® substrate: Dissolved content in 200 pl of Stop & Glo® substrate
solvent to obtain a 50X concentrated stock solution. Stored at -20°C.

Stop & Glo® buffer.

Stop & Glo® Reagent. Dilute 5X Stop & Glo® substrate in Stop & Glo® buffer

to 1X final concentration in a siliconised glass tube. Prepared fresh.
Other materials:-

10X PBS: see section 2.7.

168



Equipment. sterile cell scraper, siliconised 30 ml Corex tube, Platform
shaker, TD-20/20 luminometer DLReady (Turner Design Instruments, CA,
U.S.A)) and luminometer tubes.

Method

2.19.1 Lysis of cultured cells
For every 60 mm diameter culture dish, 800 pl of 1X PLB was added

to the primary hepatocytes that was washed once with 1X PBS. The lysis of
the cells were assisted by placing the cultures on a orbital shaker with
moderate shaking. The cultures were shaked for 15 mins or longer at RT
depending on the extent of cell lysis visualised under the microscope. The
cells were further scraped from the culture plates and the lysate was

transferred to an Eppendorf tube. It was then centrifuged for 30 secs at top

speed in a refrigerated microcentrifuge. Lysate may be kept at -70°C for long

term storage.

2.19.2 Lysis of whole tissues

Tissue obtained was flash-frozen in liquid nitrogen immediately and
kept at -70°C. Without thawing the tissue, it was grinded using a pestle and
mortar. Then it was transferred to a hand-held homogeniser and
homogenised in 1X PLB. For every gram of tissue, 1 ml of 1X PLB was
added for homogenisation. The tissue was homogenised with at least 6

strokes or more clumps of tissue could still be seen. The homogenate was

transferred to an Eppendorf tube and centrifuged for 30 secs at top speed in
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a refrigerated microcentrifuge. Lysate could be kept at -70°C for long term

storage.

2.19.3 Dual-Luciferase Assay
100 pl of LAR Il was predispensed into luminometer tube. 20 pl of

lysate was added to the LAR Il and content was mixed by pipetting 2 or 3

times. The tube was placed in the luminometer for the first luminescence
reading. The tube was removed from the luminometer and 100 pl of 1X Stop
& Glo® Reagent was added. The content was mixed by pipetting 2 or 3 times

and the second luminescence reading was taken.

Note: All experiments were performed at least two times, usually three times
except for the in vivo 2-AP treatment experiment in section 3.2 and the in vivo

gene gun experiment as stated in the text of section 3.3.2 which were done

only once.
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Chapter Three

Results
And

Discussion
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Section I

Analysis of the 5’-flanking
sequence of CYP2B1 and CYP2B2
genes using in vitro systems
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3.1.1 Sub-cloning of the CYP2B1 proximal promoter region

The first 450 bp promoter sequence of the rat CYP2B7 gene was
previously isolated by Dr Andrew Elia of our laboratory (Elia, 1996) using the
PCR technique. Hind lll sites were introduced to both ends of the product
during amplification. The product was subsequently cloned into the Hind lli
site of the plasmid pUC19 and this recombinant was called Clone 27. Fig.
3.1.1, lane 2 shows the restriction digestion of Clone 27 with Hind Il to
generate a 450 bp insert and a 2686 bp linearised pUC19 plasmid.

To carry out gel shift studies in this promoter region, the 450 bp was
restriction digested to generate smaller fragments. Unique restriction
enzyme sites for Xba | and Stu | are located at positions -348 and -179 bp
respectively upstream of the transcription initiation site of CYP2B71 as
indicated in Fig. 3.1.2. Digestion of the 450 bp fragment with these two
enzymes generates three sub-fragments: -1 to -179 bp (Hind IlIl/Stu 1), -179
to -348 bp (Stu I/Xba |) and -348 to -451 bp (Xba I/Hind 1) of lengths 178 bp,
169 bp and 103 bp respectively. Each of these fragments was then sub-
cloned into pBluescript KSII plasmid and designated pBS(-179), pBS(-348)
and pBS(-451) according to the distal position of the clone fragment with
respect to the transcription initiation site. Fragments, -1 to -179 bp and -179
to -348 bp, that have a Stu | site at one end were cloned using the Sma | site
of pBluescript KSII as this plasmid has no Sfu | site. Thus, these two
fragments could only be released from the plasmid using enzymes whose
sites are either next to or close to the Sma | site on the plasmid, i.e. Bam HI

and Hind 11l for the clone containing fragment -1 to -179 bp and Pst | and Xba
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| for the clone containing fragment -179 to -348 bp. The correct clones were
identified by restriction enzyme digestion and subsequent agarose gel

electrophoresis as shown in Fig. 3.1.1, lanes 3 to 5.
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3.1.2 Multiple proteins including members of the C/EBP
transcription factor family bind to the CYP2B1 proximal
promoter sequence

Hoffmann et al (1992), using an in vitro transcription assay,
determined that the first 177 bp of the 5’-flanking sequence of the CYP2B2
gene is the minimal promoter region (Hoffmann, et al., 1992). Sommer et al
arrived at a similar conclusion for both the CYP2B71 and CYP2B2 genes
when they transfected HepG2 and COS-1 cells with CAT reporter constructs
containing progressive 5'-deletions of either CYP2B1 or CYP2B2 5'-flanking
sequences (Sommer, et al, 1996). Studies previously carried out in our
laboratory on the CYP2B2 promoter showed that the sequence between -31
and -177 bp could bind more protein from liver nuclear extracts of PB-treated
than untreated rats in gel shift assays. Competitive gel shift assays refined
the region responsible for the difference in abundance of protein binding to -
31 and -72 bp (Shephard, et al., 1994). Computer analysis of the shorter
fragment revealed a potential binding site for C/EBP at -44 to -67 bp
(Shephard, et al., 1994, Dell, 1997). Sequence comparison of this putative
binding site with the C/EBP consensus sequence showed that 6 out of 8
bases matches exactly (Fig. 3.1.3). Supershift assays with antibodies

specific to different members of the C/EBP protein family revealed that

C/EBPa and B were involved in binding to the putative site (Dell, 1997).

Initial studies were done mainly on the CYP2B2 promoter because

the CYP2B1 5'-flanking sequence was not available. As mentioned in
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section 3.1.1, our laboratory had obtained the first 450 bp 5'-flanking
sequences of the CYP2B1 gene. This was digested into three smaller
fragments which were subcloned into pBluescript plasmid. One of these
clones, pBS(-179), contains the CYP2B1 5'-flanking sequences from -1 to -
179 bp and gel shift analysis was carried out on this sequence. Although
sequence comparison on the first 177 bp 5'-flanking sequence of the
CYP2B1 and CYP2B2 showed that they are highly similar (see Fig. 3.1.2), it
was still interesting to see if results obtained with the CYP2B2 promoter
were also observed with the CYP2B1 promoter.

Fig. 3.1.4 shows the gel shift assay of the -1 to -179 bp sequence with
various amounts of liver nuclear protein from either untreated or PB-treated
rats. Several protein-DNA complexes were observed to bind to this
sequence. At least seven protein-DNA complexes, designated as complex
‘a’ to ‘g, were discernible. Complexes ‘a’, ‘b’, ‘c’ and ‘e’ appeared to bind
proteins that were either in greater abundance or activated in liver nuclear
extracts from PB-treated rats while the reverse seemed to apply for

complexes ‘g’ and ‘h’. These complexes were interactions of protein with

DNA because the addition of 5 ng of proteinase K to the binding reaction

abolished the formation of all the complexes (Fig. 3.1.4, lane 8). These
protein-DNA interactions were also specific because the addition of a 100-
fold molar excess of cold self probe could compete for all the complexes as
shown in Fig. 3.1.5, lane 3.

Competitive gel shift assay with a 100-fold molar excess of the
CYP2B2 -44 to -67 bp sequence as a competitor could compete for some of

the complexes as shown in Fig. 3.1.5, lane 4. However, a 100-fold molar
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excess of an oligonucleotide to the C/EBP consensus sequence did not
compete for protein binding as efficiently as the -44 to -67 bp sequence (Fig.
3.1.5, lane 5). The remaining complexes that were not competed by the
CYP2B2 -44 to -67 bp sequence could be proteins binding to other regions
on the -1 to -179 bp fragment. There are several indications that sequences
outside -44 to -67 bp do bind protein. A footprinting analysis of the -1 to -179
bp sequence showed a footprint not only at -44 to -72 bp but also at -117 to -
136 bp and -138 to -146 bp (Fig. 3.1.6). Shephard et al (1994) (Shephard, et
al., 1994) previously reported that three protein-DNA complexes were
observed when the CYP2B2 promoter sequence between -86 and -177 bp
was incubated with liver nuclear extracts. Since then, several laboratories
have also reported that regions between -116 and -143 bp (Park and
Kemper, 1996, Sommer, et al., 1996) and -153 to -158 bp (Sommer, et al.,
1996) of both the CYP2B1 and CYP2B2 promoters were protected in DNase
| footprinting assays.

Fig. 3.1.7 shows the supershift assay of -1 to -179 bp sequence and

liver nuclear extracts with specific antibodies to C/EBPa,  and &. Supershift
was observed with the antibody to C/EBPB only (lane 4). No obvious

supershift was observed with the antibody to C/EBPa«, apart from complex ‘b’
which appears to be slightly less visible. Subsequently, other laboratories
confirmed the binding of both C/EBPo and B to the proximal promoter

regions of both CYP2B1 and CYP2B2 genes with supershift assays (Park

and Kemper, 1996) and trans-activation assays whereby CYP2B promoter

constructs were co-transfected with either C/EBPa. or B expression vectors
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(Luc, et al., 1996, Park and Kemper, 1996). The supershift obtained with the

C/EBPo. antibody was observed not to be very clear even when the

sequence between -1 and -110 bp of the CYP2B1 promoter was utilised in

supershift assay. Hence, the inability to observe a supershift complex with

the antibody to C/EBPa in the -1 to -179 bp sequence could be due to the

presence of multiple protein-DNA complexes which might have obscured

the supershift signal. All other reports of a supershift with the C/EBPa

antibody used DNA fragments which encompassed the putative C/EBP
binding site that were shorter than 178 bp used in this study as the probe in
their supershift assays.

The results obtained using both gel shift and supershift analysis on
the -1 to -179 bp sequence agreed with the results reported by several
laboratories, including ours, indicating that members of the C/EBP
transcription factor family bind to the CYP2B71 and CYP2B2 proximal
promoter. While the identities and significance of proteins binding to the
other two regions of this sequence as observed in the footprint analysis will

require further investigations.
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3.1.3 CYP2B1 promoter sequence between -179 and -348 bp
binds more nuclear protein from rats treated with PB

The -179 to -348 bp fragment, of the CYP2B1 promoter, from Clone
27 was subcloned as described in section 3.1.1, and then analysed for
protein binding using gel shift assays.

When gel shift assays were performed on this sequence, using
nuclear extracts from either untreated or PB-treated rats, most of the DNA
probe was retained in the well of the gel except for a single complex of a
relatively high molecular weight as shown in Fig. 3.1.8. Nuclear extract from
the livers of PB-treated rats formed a complex which was of greater

abundance than that with extracts from untreated rats (see Fig. 3.1.8; lane 1

and 2). The treatment of the binding reaction with 5 pug proteinase K

abolished complex formation which indicated that the complex was a DNA-
protein interaction (lane 3). The complex formed was specific as it could be
completely competed by the addition of a 100-fold molar excess of cold self-
probe (Fig. 3.1.9; lane 3).

To refine the region within the -179 to -348 bp sequence which is
involved in this high molecular weight complex formation, competitive gel
shift assays were carried out using DNA fragments that spanned different
regions within this sequence (Fig. 3.1.9). Fragments -177 to -219 bp (lane

5), -179 to -245 bp (lane 7) and -207 to -272 bp (lane 4) were not able to

- compete completely at 100-fold molar excess while a similar fold molar excess

- of the fragments -179 to -318 bp (lane 8), -245 to -348 bp (lane 6) and -272 to
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