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 SUMMARY

This study describes:

(a) the isolation of ovine adrenal cytochrome P-450

reductase,
(b) the preparation ofiantibodies against this enzyme and

(<) comparltlve 1mmunochemlca1 studles with ovine liver and'f

ybov1ne adrenal cytochrome P-450 reductases'
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A

OPSOMMING

t

Hierdie studie beskryf:
(a) die isolering van skaap bynief sitochroom P-450 °
reduktase, ' '

~(b) die opwekking van antiliggame teen hiérdie'enSiem en
' N

(c) vergelykende 1mmunochem1ese studies met skaap lewer— en )
bees bynier 51tochroom P-450 reduktase.
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CHAPTER 1

INTRODUCTION

The biosynthesis of the glucocorticoids and the
mineralocorticoids take place in the adrenal cortex [1].
During the biosynthesis of these very important steroid
hormones cholesterol is converted to corticosterone,
cortisol, aldosterone as well as the éndrerné
- dehydroepiandrostenedione (DHEA) and androstenedione via a
number of hydroxylated steroid intermediates. Adrenal
steroidogenesis takes place in the mitochondria and
endoplasmatic reticulum of adrenocortical cells [1]. These
organelles contain a number of specialized steroid
hydroxYlatihg enzyme systems, collectiVely known as the
cytochrome P-450-dependent steroid hydroxylases. o

‘Cytochromes P-450 (cyt P-450) are a unique family of
hemoproteins which catalyze the incorporation of one atom of
molecular oxygen into the substrate and the other atom into
water. The electrons required for the reduction of molecular
oxygen is obtained via a short electron transport chain from
NADPH. Two types of adrenal cytochromes P-450 can be
distinguiéed; mitochondrial cyt P-450's and microsomal cyt
P-450's. The mitochondrial cyt P-450's, cytochrome P-45073g4
(cyt P-45031314) and cytochrome P-450gcc (cyt P-450g¢cc) have an
electron transport chain consisting of two electron carrying
proteins adrenodoxin reductase (ADXR) and adrenodoxin (ADX).
In contrast the microsomal enzymes, Cytochrbme P-450317q,1yase
(cyt P-450174,1yase) and cytochrome P-450¢c3) - (cyt P-450¢23)
are located in the endoplasmatic reticulum and has an
electron transport system consisting of only one protein,
namely cyt P-450 reductase [1]. Cyt P-450 reductase is a

membrane bound flavoprotein with a molecular weight of
80 000 [2]. This enzyme.is widely distributed in nature and

is found in mammalian and non-mammalian organisms [2, 3, 4,
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" .5]. The enzyme is responsible for the direct transfer of:
eléctrons from NADPH to cyt P-450, which . serves. as a’
‘terminal electron acceptor in different metabolic systenms
such as the metabolism of ‘ steroids,_ fatty acidé;,'
insecticides and drugs [6, 7, 8]. ‘ |

Cytochromes P-450 reductase was isolated for the first time
in 1950 from pig liver [9]. The enzyme is found in.a variety
of organs such as the'liver, adrenals, kidneys and lungs and -
. was previously isolated and characterized to a great extent:
[10, zj. 'The general properties of these c¢yt P-450
reductases from different sources are similar even though
_the'propertieS'and functions of the cyt P-450's which they
reduce may“ﬁary'considerably. In adrenal glands for instance
the cyt P-450 system is involved in steroid metabolism,
while in the liver it is primarily involved in xenobiotic

metabolism.

The aim of this study was to purify cyt P-450 reductase,
involved in  ovine adrenal - steroid biosynthesis, -and to
prepare  antibodies against this ‘enzyme for immunochemical
studiés.,ﬁs cyt:P-450 reductase has notvbeen7isolated‘from
‘ovine tissue before, different isolation procedures  were
evaluated for this purpose. The purified enzyme was
characterized with respect to molecular weight, pI, specific.
éctivity and ab;dlute absorption spectra. The purified cyt

P-450 reductase was used in an immunization procedure to

raise antibodies against the enzyme. These antibodies were
used ‘in immunochemical studies of ovine adrenal c§t P-450
reductase and in comparative studies with ovine liver cyt
-P-450 reductase and bovine adrenal cyt P-450 reductase.

An overview of adrenal steroidogenesis is given in chapter'
two. In chapter three the discovery of th P4450'reducta5e,
distrubution and general features of the protein is

discussed. This chapter also describes the proposed
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interaction for cyt P-450 binding to the cyt P-450
reductase. The mechanism of electron transport in microsomes
is also diécussed., In chapter four the' isolation of cyt’
P-450 reductase from ovine 1liver and ovine and bovine
adrenals is described. The chafacterization of purified
ovine adrenalldyt‘P—450 reductase is also presented in thiS‘
chapter and similarities to other purified reductases

investigated.

Conventional immunization methods require relatively 1large
amounts of protéin which was not aVailablé. The use of naked
bacteria as an antigen carrier is a relatively new technique
which was used previously to raise antibodies against
lipopolysaccharides, glycoproteins and proteins '[11, 12,
13]. Chapter‘five deals with the preparation of antibodies
against ovine adrenal cyt P-450 reductase. In this chapter
cross-reactivities between these antibodies ‘and ‘the ovine
liver cyt P-450 and bovine adrenal cyt P-450 reductase as
well as the mipochondrial ADXR are investigated. The results
obtained during'this investigation are discussed in chapter
six. In chapter seven the experimental proéedures used in

this study are discribed in detail. '
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CHAPTER 2

: - ‘ '
. THE ROLE OF CYT P-450 REDUCTASE IN ADRENAL STEROIDOGENESIS

- 2.1. The anatomy of the adrenal gland

The adrenal gland is surrounded by a sturdy capsule of
connective tissue. This capsule surrounds the two major
regions of the gland: the medulla and the cortex [14].

Underneath the surrounding capsule the three regions. of the
adrenal cortex are found. The outermost region is called the
zona glomerulosa. The cells of this region are arranged in
small clusters and arcades. The region is well supplied with
capillaries and is responsible for the secretion of

mineralocorticoids, which control_thevsodium balance of the

body. The zona fasciculata is continuous with the zona

glomerulosa and comprises columns of polyhedral cells
aligned at right angles tcbthe surface of the gland. The
cells are surrounded by straight capillaries oriented in the
same direction as the cells. The cells in the . zona
fasiculata are‘larger~than'the cells of the zona glomerglosa
and are normally .packed with >1ipid '~ droplets.
Glucocorticoids, cortisol and corticosterone are
biosynthesized and secreted in the zona fasiculata. These
hormones regulate carbohydrate, fat and protein metabolism.

Cortisol alSo plays a role in the last eight to ten days of

,gestation. The innermost region of the adrenal cortex
encircles the medulla and is called the zona reticularis.

The cells are dispersed in an anastomosing network and are
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' responsible for the bibsynthésis of eétrogen and- androgen
[14]. ' '

2.2. Biosynthesis of adrenal steroid hormones.

All steroids biosynthesized in the adrenal cortex are
derived from a common precursor, cholesterol. Cholestfbl is
stored as cholesterol esters in 1lipid droplets in the

adrenal glands after transfer from the blood [1].

The intermediates in the conversion of cholesterol to the
steroid hormones are subjected to many hydroxylation

reactions. These reactions take place in the mitochondria
and the endoplasmic reticulum by rcyﬁ P-450 catalyzed
reactions. The cyt P-450's in the mitochondria and the
microsomes differ not only in their protein structure but
also in their catalytic function. The electron transfer

systems of the mitochondia and the microsomes differ
considerably. The mitochondrial system consists of a
flavoproteih, an iron sulfur containing protein and cyt
. P-450 while the microsomal system consists of a flavoprotein
and cyt P-450. The cyt P-450 dependent reactions of stéroid
biosynthesis may be devided into two groéups, one’ groﬁpf
responsible for the cholesterol side chain cleavage reaction
and ilﬂ and 18-hydroxylation of'deoxycorticosterone,in the
mitochondria. The other group, which includes the cyt
P-450q,; and cyt P-450794,1yase reactions, are located in the
endoplasmic reticulum of the cells of the adrenal cortex.

The function of these . cytochromes 1is hydroxylation of

specific metabolites in the steroid metabolic pathway.

MY
\
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1

In the mitochondria cyt P-450gcc and cyt P-4503;5 are tightly
bound to the matrix side of the inner membrane. These
hemoproteins are synthesized as larger precursor molecules
on the cytoplasmic ribosomes. Cytochrome P-450(,; catalyzes
the hydroxylation in the C21 position of progesterone and
17a-hydroxyprogesterone while cyt P-45037,,1yase Catalyzes
the hydroxylation in the 17« position of progesterone, 17a-
progesterone and l1l7a-pregnenolone [1].

~ A schematic representatioh'of the conversion of cholesterol
to cortisol, aldosterone and androStenedionev in the
miéroéoﬂes and the‘mitochbndria of the adrenocortical cells
is given in Fig. 2.1 [1]. After the release of cholesterol
from cholesterol estersiby an esterase, it passes throdgh-
the membrane to the mitochondria where it is cleaved by cyt
P-450gcc at the C20-C22 bond to form pregnenolone;
Pregnenolone moves out of the mitochondria into the
endoplasmic reticulum where reactions catalyzed by  cyt
P=450374,1yase and cyt P—450C21 take place. Pregnenolone can
be converted by 3ﬂehydroxy-65—steroid—dehydrogéhase—a5-
isomerase (3sH5D) to progesterone. Cytochrome P-450374,1yase
hydroxylates pregnenolone as well as progesterone to yield
the 17o-hydroxylated derivates. The ratio of progesterone to
17a—hydroxypregnenolone, depend on which reaction is
@fasterthe 35D catalyzed reaction or the cyt P-450174, 1yase
catalyzed reaction. Progesterone is also hydroxylated at the
c21  position by eyt P~450031 to yield
11 deoxycorticosterone. In some animals a fraction of the
17a-hydroxyprogesterone is converted to andostenedione by
cyt P-450374,1yase While the rest is hydroxylated at the cC21
position to form 1ll-deoxycortisol.
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Figure 2.1:

Schematic representation of the biosynthesis

of adrenal

steroid hormones where the solid arrows indicate monooxygenase reaction
catalyzed by cyt P-450: (1) P-450gcc (2) P-450¢p3 (3) P-450374,1yase (4)

P-4507,

The" dotted arrows indicate reactions catalyzed by 3f-hydroxy

55—steroid dehydrogenase- 65-isomerase. The metabolic intermediates move
bask and forth between the two organelle and this is shown by the bold

arrows [1].
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- Further metabolism of \11-deochortisol and 11~

deoxycorticosterone occurs in the mitochondria where it is
11ﬂ—hydroxy16ted for = the biosynthesis of cortisol and
corticosterone respectivély. Corticosterone is converted to
aldosterone by 18-hydroxylation. These final steroid
products corticosterone, <cortisol, aldosterone and the
androgens; are transported from the mitochondria and

microsomes into the blood [15].

2.3. Electron transfer systems involved in adrenal
: steriodogenisis

Two electron transfer systens are involved in = the
biosynthesis of steroid hormones in the ‘'adrenals, " the
mitochéndrial electron transfer system and the microsomal
transfer'system. The mitochondfial-system is compOSed;of 3
components, ADXR,'ADX and cyt P-450. ADXR is a flavoprotein
containing( one mol of FAD per mol of protein while
adrenodoxin .is an iron-sulfur protein [16]. Electron
transfer procedes as follows: | .

NADPH -+ ADXR -+ - ADX i Cyt P-450

A ‘sqhematic ' representation of the . microsomal and
mitochondrial electron transfer systems are shown in
Fig. 2.2. '
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‘Figure 2.2: Scematic representation of the steriodogenic electron
transfer system of the mitochondria (a) and the microsomes (b)({1l].

The microsomal electron transfer system compfises a éyt
P-450 reductase and cyt P-450. The cyt P-450 reductase is a
flavoprotein containing FAD and FMN as prosthetic groups
[17]. The native substrate of this enzyme is cyt P-450 but
‘it can also reduce a number of artificial electron acceptors
such as cyt bg and‘cyt c. The electron donor of this system
is NADPH. The NADPH is oxidized to NADPT and the cyt P-450
reductasé is reduced. The reduced reductase donates the
electrons to cyt P-450 which in ‘turn transfer these
electrons to the substrate, cyt P-450.
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CHAPTER 3

CYT P-450 REDUCTASE

3.1. Introduction

Horecker [9] first reported a NADPH—medigted cyt c reductase
in animal tissue in 1948 and in 1950 he described the
purification' of this enzyme from whole pig liver using
trypsin digestion. The molecular weight (Mr) of the enzyme
was determined and it was established that it contained one
mol of FAD per one mol of cyt c reductase. Horecker‘[9] was,
however unable to locate the exact cellular or subcellular

origin of the cyt c reductase.

In 1955 Strittmatter and Velick .[18, 19] published their
studies on microsomal cyt bs‘and cyt b5-reductase. In their
experiments they observed a separate microsomal fraction
which catalyzed cyt c reduction 20 times faster with NADPH
as electrondonor than with NADH. It was subsequehtly
suggested that this enzyme was similar to the enzyme
previously isolated by Horecker [18, 19]. In the same year
De Duve et al. [20] published the results of their studies
regarding the intracellular distribution of wvarious enzymes
in rat liver. They found NADPH cyt c reductase activity in
two fractions, the mitochondria and the microsomes. The NADH

10

cyt ¢ activity was found only in the mitochondria and this

enzyme was partly dependent on a antimycin A sensitive
factor. The cyt c reductase in the microsomes was entirely
insensitive to antimycin A. It was suggested that the

distribution patterns observed for the two cyt c reductase

activities reflected the existance of two distinct enzyme

systems, located in the mitochondria and in the microsomes

respectively [20]. Omura et al. [21] later confirmed that'

two different electron transfer systems exist in the
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- mitochondria and the microsomes. The non-heme iron protein,-

ADX, was required in the mitochondria in addition to a
flavoprotein for the reduction of cyt c. In the microsomes
only a flavoprotein was required for cyt c reauction [21].
In addition it was found that cyt c is confined to the
mitochondria while the NADPH cyt c reductase is located in
the microsomes ([22]. It was then concluded that the
microsomal cyt c reductase participates in the microsomal
electron transport system that does not involve cyt c as an

electron acceptor [22].

Williams and Kamin [23] solubilized a microsomal cyt c¢

reductase by lipase digestion. The cyt ¢ reductase isolated

by Horecker [9] and later by Williams and Kamin [23] proved
to be identical. The two enzymes had similar prosthetic

groups. and molecular masses. Both apo-enzymes could be

reactivated by both FAD and FMN and the active enzymes had

comparible "pH optima. In addition, both enzymes were
competitively inhibited by NADH [23]. Phillips and Langdon
{24] 1isolated a cyt <c reductaée from microsomes by
solubilization ~with trypsin and suggested that it was
similar to the enzyme previously isolated by Horecker [9].

In 1955 Williams [25] made the first observation 6f a
carbonmonoxide~binding pigment in rat liver microsomes with
an intense absorbance in its reduced carbonmonoxide-bound
form at 450 nm. Omura and Sato [26] later proved;the pigment
to be a hemoprotein and concluded that the new cyt is of the
b-tipe. ' Estabrook [27] reported the participation of cyt
P-450 as terminal ongenase‘ in the €21 hydroxylation
reaction in adrenocortical microsomes. -In 1964 Omura and
Sato [28] published their studies on the basic properties of
this hemoprotein in its membrane bound (cyt P;450) and
solubilized (cyt P—420) forms. In the same year Orrenuis and
Ernster [29] reported the selective increase in cyt P-450

and cyt P-450 reductase in liver microsomes of drug-treated
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animals. The folloWing- year they réported the pafallel}

increase of cyt P-450 and cyt P-450 reductase by

phenobarbital administration to rats. They suggested that

the two microsomal components participated in NADPH-mediated’

drug oxidation [29]. Lu and Coon [30] solubilized, separated.

and purified the microsomal cyt c reductase, now called cyt
P-450 reductase, by treatment of microsomes with detergent
and for the first time the cyt P-450 mediated monoxygenase

system could be reconstituted in vitro.

In 1971 Masters et al. [31] showed, with immunochemical
studies, that the cyt P-450 reductase found in liver
microsomes and the enzymé found in the adrenal cortex were
similar. They also showed that the th P-450 reductase in
the adrenal cortex and liver microsomes  were

immunochemically distinct from the protein responsible for

cyt P-450 reduction found in the adrenocortical mitochondria
[31]. It is now generally accepted that the adrenocortical
and the hepatic microsomal cyt P-450 reductase are Similar
as the protein has been characterized to a gréat extent with
respect to prosthetic groups, different binding areas and Mr
[32, 33, 34]. |

The enzyme is identical to the cyt P-450 reductase found in
other tissues such as the 1iver,'1ung and kidney [10]. The
flavoprotein has been isolated from various types of tiSsue
from a variety of animals (2, 3, 35, 36, 37, 38], yeasts [4,
39] and plants species [5]. The microsomal cyt P-450
reductase 1is responsible for the direct transfer of
electrons from the NADPH to cyt P-450 in the endoplasmic
reticulum. Cytochrome P-450 serves as a terminal electron
acceptor for the metabolism of steroids, fatty acids,
insecticides, alkanes, drugs and carcinégens in a variety of
tissues [6, 7, 8]
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' Cytochrome'<?—4sov»reducéases‘ from differenf"orgens ‘in the
same'enimalvare thought to,be coded by a single gene. ‘This
jdea is supported by the fact that adrenal microsomal eyt
P-4§O reductase have properties similar to the’ hepatic

13 -

microsomal enzyme with regard to prosthetic groups, ' pH

optima, dependence of enzyme,activity on ionic strength of -

the solution and NADPH specificity [2, 31, 40]. X

13

3.2. Structural features of cyt P-450 reductase

] :
The cyt' P-450 reductase 1is an amphipatic molecule,

consisting of a hydrophobic domain (responsible for binding

the cyt P-450 to the membrane) and a hydrophilic catylitic
domain [41, 36]. The rat liver cyt P450 reductase contains
“a-helix, pg-sheet and random structures in the following

percentages 33,8%, 16,4% and 1,9% respectively [42]. The cyt.

P-450 reductase 1is not bound to any carbohydrate " and
contains no metals (2, 43]. It consists of 5 structural
domains, two substrate binding segments (NADPH and cyt
P-450), two flavin binding segments (FAD and ‘fMN) and  a
membrane binding  domain [32]. ' o

3.2.1. structure of the NADPH~binding domain

The secondary structure of the NADPH binding site of ovine

. liver cyt P-450 reductase was reported to be predominantly
p-sheet [17]. A cysteinyl residue has a functional role in

the NADPH binding‘domain'of the enzyme from several species

[44, 2]. The cysteinyl containing peptides of the porcine

liver enzyme shows a high degree of sequence homology to
other flavoproteins sueh as glutathione reductase, D-amino
acid oxidase, p-hydroxybenzoate hydroxylase and flavodoxin.
The functions.of-the cysteinyl residues are not the same in

all these enzymes .[17]. These residues are protected from S-
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‘alkylation in the presehce of NADPH which‘strongly suggests
its location to be very close to, or in the NADPH binding

14

site [17, 2]. An arginyl'residue and a histidyl residue are

reported to be essential for the enzymatic actiVity of the

cyt P-450 reductase (45, 2]. These positively charged groups
are able to form stabilizing salt bridges with the acidic

pyrophosphate group of the NADPH.

The catalytic activities of cyt P-450 reductase towards f

different substrates are sensitive to changes in the ionic
strength of the meduim [23, 2]. This phenomenon could be
related to the interference with the ionic binding of the
2'monophosphate ester group of the NADPH to the 'NADPH
bihding site '[24; 2]. The activity towards - different

substrates increased with an increase in ionic strength. The

metabolism of the different substrates were however ~not

influenced to the same extent [21.' NADPT inhibits the
oxidation of NADPH by competing for the same bindingsite

[2].

3.2.2. Structure of the cyt P-450 binding domain

The cyt ¢ and cyt P-450 binding domains are thought to be
located in close proximity to each other [32]. The detergent

solubilized cyt P-450 reductase is active in reducing cyt
P-450  [30, 46] and cyt bg [47] whereas the protease

solubilized enzyme is not functional in reducing either {34,
47, 48, 41]. Protease solubilized and detergent solubilized
cyt P-450 reductase can however reduce cyt c [34]. Chemical

modification studies with rat 1liver cyt P-450 reductase

showed that acidic amino acid residues on the enzyme are
involved in the interaction and electron transfer between
‘the cyt P-450 reductase and the cyt P-450 [49]. The carbox&l
groups on the cyt P-450 reductase interacts with the

positively charged cyt P-450. The modification of some of
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Atﬁese earboxyl groups of the cyt P-450 reductase caused a’
- dramatic decrease 1n the ablllty of the enzyme to 1nteract
:w1th_the cyt P- 450. These findings suggest that the two
- proteins are in a specific orientation relative to each

other as illustrated in Fig. 3.1 [49].

Figure 3.1: Schematic representation of the interaction of cyt P-450
reductase with cyt P~450 to ensure optimal electron transfer.

This orientation is necessary for maximal interaction and
electron transfer between the cyt P-450 and the cyt P-450
reductase. It is evident that electrostatic interactions
plays an important role in these charge-pair interactions
[50, 51]. |

Gut et al. [52] suggested the pqssibilitybof a hiXedAtype‘
electron transfer mechanism containing both stable binary
complexes‘ between cyt P-450 and cyt P-450 reductase and
lateral cel;ision controlled electron transport' between
‘independently diffusing components. In rat liver microsomes
only 5% of the cyt P-450's are as;ociated in complexes with
the cyt P-450 reductase [52]. Hydrophobic interactions
between the cyt P-450 and the cyt P-450 reductase are

“however not ruled out, because both these proteins contain

hydrophoblc regions. Compelling evidence for the free
association of the cyt P- 450 reductase and cyt P- 450 in
liposomal membranes was prov1ded by Taniguchi et al. [(53]. A
decreasing phOSphOllpld content results in an increase in
the cyt P-450 reduction rate [52]. The reactlon can be
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. decribed by a simple mass action model proposed by Miwa et
al. [54]. '

" Cyt P-450 + Cyt P-450 Reductase = Cyt P~450-Cyt P-450 reductase

The, dissociation constant for ‘the formation of this
transient complex in liposomes was found to be 0,1 pM [55].
Results suggest that the dissociation constant for this
complex is independent of the membrane or monomeric state of
the lipid [55].

3.2.3. structure of the FMN and FAD binding domains

Nisimoto and Shibata [44] demonstrated that the FMN may
associate with the cyt P-450 reductase by FMN-Trp
interactions. Chemical modification of a couple of Trp
residues can account for the inability of FMN to rebind to
FMN?depleted cyt P-450 reductase [44]. Cloning of the rat
liver cyt P-450 reductése in E. coli yieled an enzyme with
similar properties as the native enzyme. Replacement of Tyr
178 with Asp caused a loss in FMN binding ability and cyt c
reductase activity. A substitution of Tyr 140 with Asp
resulted in a 5 fold reduction in cyt c reductase activity,
but had no effect on FMN binding. This suggests that the FMN
bound in -a conformation which does not permit efficient
electron transfer. A total loss of FMN binding occured when
Tyr 178 alone or Tyr 178 and Tyr 140 were substituted with
Asp in mutants. A reduced incorporation of FAD into the
| newly synthesized mutant protein occured which suggests that
the FMN binding may help with FAD incorporation [33].

Porcine liver cyt P-450 reductase contains a flavin binding
domain near the C-terminus thought to be the FAD binding
domain [17]. This fragment contains a sequence Gly-X-Gly-Y-
'Gly which is an ‘invariant sequence for flavin' binding

16.

domains which is homologous to the flavin binding areas of
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- flavodoxin, lactate = hydrogenase, p-hydroxybenzoate
hydroxylase and D-amino acid oxidase. ’ o

The FAD and FMN moieties are non covalently associated with _
the protein since these groups were completely dissociated
under acidic conditions [(171. Crossover binding of the FMN
to the FAD binding site occured under certain conditions in
FAD depleted cyt P-450 reductase. Spectral ueVidence~v
‘indicates that FMN remains in its native state even after
FAD removal [56]. As FMN and FAD have different oxidation-
reduction potentials, it is evident that they will have
distinct roles during catalysis [57].

3.2.4. Structure of the membrane binding domain

The membrane binding segment is rich in hydrophobic residues
like Gln and Asn [34] and serves as an anchor for the[flévin
containing portion at the surface of the membrane [58]. The
membrane binding segment of rabbit liver cyt P-450 reductase
is suggested to be a 17-residue segment from Val 16 to Phe.
32 [41]. The residues in this segment are mostly Vval, Ile}
Tyr - and Trp which show a strong tendency for ‘ﬂ—shéet~
formation. This would permit the polipeptide segment to span
the lipid bilayer. On either side of the hydrophobic region
a considerable number of charged residues are found [36].
The hydrophobic segment may participate in binding the cyt =~ .
P-450 reductase to the membrane or iﬁ,oriéntating the enzyme
for maximal interaction with cyt P-450 [34]. A catalytic
‘role for this segment can, however, not be ruled out (59,
60]. "

The mode in which the hydrophobic domain is bound has nbt
been documented, but two conformations is - seen és
alternatives for the orientation of the 1liver and the
adrenal cyt P-450 reductase. membrane binding domain {36,
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40]. One model suggests the N- dnd C~-terminal on opposite

18
.

sides of the membrane'witthhé hydrophobic segment spanning '

the membrane.. A second model suggests both termini on the

same side of the'membraﬁe with the apolar region embedded in

a "U" or hairpin fashion as has been proposed’for’cyt bg

(Fig. 3.2 ) [36, 61]. -0

HEAD GROUP REGION

ACYL CRALX REGLON

Figure 3.2: Structural orientation of the membrane binding segmént of
cyt bs. ‘

- The carboxy and amino termini of the human liver cyt‘P—450

reductase is\accessible to each other during the catalytic

“action of the enzyme which could indicate, a hairpin fashion

i
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arrangement [62]. Cytochrdme P-450 reductase can only reduce

TF_ cyt bs if both proteins are detergent solubilized, which

indicates the requirement for the membrane binding segment
for efficient catalytic interaction ([47]. The hydrophobic
component is necessary for demethylation and hydroination‘
reactions [63].

3.2.5. Structure of the C-terminus and N-terminus

It was reported that the C-terminus of porcine 1liver cyt
' P-450 reductase contains a hydrophobic domain. In the last
48 residues 6 basic and no acidic residues are found. The
rest of the residues are neutral or hydrophobic. The segment
from residue number 21-48 contained the hydrophobic domain
with 9 aromatic residues. It is suggested that at neutral pH
the C-terminus may be charged [17]. The C-terminal seguence
of rat liver cyt P-450 reductase is Trp-(Leu, Val)-Asp-Ser-
COOH [41]. |

In the rabbit 1liver cyt P-450 reductase the N-terminal.
segment from Gly-1 to Ser-9 contdins only hydrophobic and
ionic residues. From Arg-33 to Lys-44 two anionic .and 5
cationic residues are fouhd'clustered at the beginning of

this segment. This segment is found at the endoplasmic

reticulum-cytosol interface [36]. The N-terminal sequence o

for porcine, rabbit and rat liver is highly conserved as can -
be seen from the amino acid sequences in Fig. 3.3 ([17]. '

1 s ' 10 15 20 25
pig I1[EJ]TTTsSS-VK[DSSFVEKMKKTGRNI
Robbit I QA P]T SS[EJVKESSFVEKMKKTGRNI

Rot 10T T[APPl-VKESSFVEKMKKTGR

Figure 3.3: N-terminal sequences of trypsin solubilized porcine, rabbit
and rat 'liver cyt' P-450 reductase. Substituted amino acids are boxed in.
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3.3. Models proposed for the association of cyt P-450 and"
cyt P-450 reductase with the microsomal membrane.

‘There are two proposed models for the association of cyt
P-450 and cyt P-450 reductase in the membrane, a "rigid" and
a "non-rigid" organization. The "rigid" model suggests that
there are several molecules of cyt P-450 associated rigidly
around each cyt P-450 reductase [64]. The "non-rigid" model
proposes that the cyt P-450 reductase can associate with all
cyt P-450 molecules and with cyt bg which can all be reduced
enzymatlcally [65]. In a "non rigid" system inter- complex

electron transfervis possible, but not in a "rigid" system

20

[64, 65]. Yang [65] supported the "non-rigid" model, while

French et al. [35] favoured the idea of complex formation.

Similar studies on the cyt bg system lent support to random
distribution and rapid lateral mobility of the cyt bg system
in the membrane [66]. Cytochrome P-450 and cyt  2-450

reductase however do not have translational movement as fast.

as have been reported for cyt bs and the cyt by reductase
(66, 67]. A single cyt P-450 reductase molecule can reduce
several molecules of cyt P-450 through 1lateral diffusion
[54]. If the cyt P-450 and cyt P-450 reductase were diluted
with 1lipid in a reconstituted system the activity of a
"rigid" association should not be affected. It was however
found that the reduction of cyt P-450 was limited. This
effect could not be explained by the cluster or "rigid®
model [53]. The stoicheometry of the catalytic active cyt
P-450 and cyt P-450 reductase has been shoWn to be 1:1 in a

non-membranous reconstituted system [35]. Maximum activity

was observed in a .liposome reconstituted\system when the
concentration of the two proteins reached equivalency.
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3.4. The role of the membrane binding segment in the
" biological function of the cyt P-450 reductase

3.4.1. The role of the. cyt P-450 reductase membrane binding segment in
microsomal membranes - '

. Detergent solubilized, affinity pﬁrified cyt P-450 reductase
interacts with microsomes illustrating the hydrophobic
natufe of cyt P-450 reductase. Detergent solubilized,bcyt
P-450 reductase is fully functional in reducing cyt c and
cyt P-450. Upon protease solubilization of the enzyme
however the membrane binding segment remains in the
membrane. The segment remaining in the membrane does not
prevent the binding of additional cyt P-450 reductase
molecules to the membrane [34].° '

The binding of detergent solubilized dytvP~450-reductase to
phoépholipid vesicles is spontaneous and rapid. This
indicates that no other membrane components are required for
binding. There appears to be some interaction between the
cyt P-450 reductase and hydrophobic portions of the 1lipid
bbilayer as high salt concentrations does not disrupt this
attachment [34].

3.4.2. The r;'ole of the cyt P-450 reductase membrane binding segment in '
binding cyt P=-450

Protease solubilized cyt P-450 reductasé can reduce
artificial electron acceptors but not its native substréte
cyt P-450 [46, 68]. This implies that the membrane binding
segment in ‘some way facilitates catalytic interaction
between the cyt P-450 and the cyt P-450 reductase [69, 36,
47). There are two possible ways in which the hydrophobic
portion of the cyt P-450 reductase could function; the cyt .
P-450 reductase could act as a hydrophobic anchor for the

21 . -
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oyt P-450 (Fig. 5.4A) or the two.préteins could interact

through specific interaction (Fig. 3.4B) ([69].

Figure 3.4: 0ytochfome P-450 reductase may‘ act as a hydrophobic anchor
for the cyt P-450 (A) or through specific protein-protein interactions
(B).

If specific proteih-protein interactions odcur'during‘the
binding of the cyt P-450 reductase to the cyt P-450,
purified membrane binding segments would compete with the _
functional cyt P-450 reductase for cyt P-450 binding, which
would result in an inhibition of hydroxylation [69].‘ The
hydrophobic segment of the cyt P-450 reductase isolated by
Black et al. [41] inhibited the monoxygenase reaction in
reconstituted sytems, while Gum and Strobel [69] found justﬁv 
the opposite. The reason for these totally different results
~are unclear. ' | | ‘ |

Similar interaction as proposed for the cyt P-450 and cyt-
P-450 reductase, might exist between cyt P-450 and cyt bs.
The simplest mechanism of interaction of the three membrane
proteins would be a reversible association. This association
would result in the formation of dimers (517. Eiectrbn

transfer from the cyt P-450 reductase to cyt P-450 or cyt bg
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~or from cyt bg to cyt P-450 would then occur durlng the

existance of these dimers.

N\

3.5. The effect of cyt P-450 reductase cleavage on its
biological function

3.5.1. Properties of uncleaved detergent solubilized cyt P-450 reductase

Based on its behaviour in solutions, in the preSence or
absence of detergents, phosphollpld vesicles and microsomal
membranes it may be deduced that detergent solubilized cyt
P-450 reductase is an .amphipathic molecule [34]. Protease-
solubilized cyt P-450 reductase is unable to reduce its
native electron acceptor th' P-450, although it reduces
artificial electron acceptors such as cyt c [47, 48, 41].
The detergent solubilized form however retains the ability
to reduce both types of electron acceptors (70, 34]
including cyt bg [47, 71, 41, 2]. This catalytic difference
is paralleled by a difference in subunit molecular weight.
The protease solubilized form has a Mr of 8 500 to. 13 000 Da
less than the detergent solubilized form [34, 72, 23, 20]

23

depending -on which protease is used for solubilization. The

membrane binding segment which is removed from the catalytic
portion of the cyt  P-450 - reductase upon . protease

solubilization 1is essential for the enzyme's blologlcal'

function [36, 47], which is the reduction of cyt P-450.

3.5.2. Properties of trypsin cleavaged cyt P-450 reductase

iy
<

It was indicated by Black' et al. [41] that tryptic cleavage
of cyt P-450 reductase separated the protein into two

functional domains. The larger fragment represents the
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catalytic domain and is more hydrophilic than the native
enzyme [36]. The smaller fragment is hydrophobic and'piays a
role in binding the native enzyme to the microsomal membrane
{34, 41]. In porcine 1liver cyt P-450 reductase the
hydrophobic portipn\accounts for 5 kDa of the protein [17].

It was reported that detergent solubilized cyt ~P-450
redﬁctase and trypsin solubilized cyt P-450 reductase have
the same C-terminus [30]. This indicates that the membrane
binding portion is located on the N-terminus of the native
enzyme. The membrane binding portion of the cyt ‘P-450
. reductase has a uniquely sensitive site for trypsin eleavage
between Lys 56 and Ile 57. This bond demarcates the membrane
binding domain from the catalytic portion ‘of the enzyme
[(30]. The treatment of cyt P-450 reductase with trypsih led
to a loss in cyt P-450 reduction activity, but the ability-
to reduce cyt c was retained [58]. The hydrdphobic broteim
portion removed by trypsin treatment is 10% of the total
protein contents of the enzyme [58]. Trypsin cleaved cyt
P-450 reductase contains one mole of FMN and one mole of FAD
indicating that the trypsin cleavage has no effect on the
4binding.of these flavins and that they are located in the
catalytic portion of the cyt P-450 reductase [63].

3.5.3. Properties of cyt P-450 reductase treated with steapsin

Steapsin'solubiliéed.ratlliver cyt P-450. reductase has a
membrane bindingf domain which is not esspecially apolar.
This could indicate that only a portion of the membrane
binding segment is embedded in the membrane, or that a small
fragment of the hydrophilic portion of the cyt P-450
" reductase is removed upon solubilization [69]. This cyt
P-450 reductase has a Mr of 78 000. When cyt P-450 reductase
was incorporated in deoxycholate micelles and treated with
steapsin a transient 74 500 Da species was formed [34]. This
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"spec1es gradually disapeared and a 68 000 ‘Da species was
formed which 1is thought to be cyt c reductase [34]. This
conversion of cyt P-450 " reductase to cyt 'c reductase 

| _ correlates with a decrease in NADPH-dependent benzphetamine-

demethylatlon but ‘had no effect 'on  the cyt c reductase
act1v1ty. ‘This decrease could be related to the inability of
the cyt c reductase to 1nteract with the substrate,
benzphetamine [34]. ’

3.5.4. The effect of alkaline phosphatase treatment on the properties of
cyt P-450 reductase

Phosphatases remoVe  phosphate groups . from proteins.
Treatment of microsomes with alkaline phosphatase resulted
in a time dependent decrease in the monooxygenése activity.
One or both of the main components (Cyt P-450 and Cyt P-450
reductase) of the monooxygenase system were effected by,
dephosphorylation. A decrease of cyt P-450 reductase
activity was found, which was in the same order of magnitude
as that of the decrease in monooxygenase activity [73, 74].
It was established that cyt P-450 was unaffected by the
phophatase treatment and that the decrease in the
monoxygenase activity was solely the effect of -a
dephosphorylation of the cyt P-450 reductase. The decrease
in isolated cyt P-450 reductase activity followed a time
course similar to that of the microsome bound cyt P-450
reductase [74]. These findings suggest that the native cyt
P-450 reductase is a phosphorylated ‘ protein | and
dephosphorylation causes an activity change iﬁ‘this enzyme
[73].

The mechanism of action of the phosphatase on the cyt P-450 .
reductase is not clear. Indications are that the prdstetic
group of the cyt P-450 reductase are attacked [73]. In the

phosphatase treated enzyme a flavin analysis showed  the
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- . appearance of riﬁoflavin/withfa concomitant decrease. in FMN
' [34].’About 80% of the FMN is converted to riboflavin, but
the FAD was unaffected because the = phosphatase lacks
pyrophosphatase activity [74]. Ferricyanide reduction.,wés
not affected by phosphatase treatment but a decrease in cyt
¢ reductase activity was found [74]. FMN—depléted»cyt P-450
reductase is unable .tb reduce cyt ¢ and cyt P-450 but‘
retains the ability to redﬁce ferricyanide [75, 76]. These
facts support the hypothesis that the phosphatase attacks
the cyt P-450 reductase by reacting with the FMN in the
enzyme ([74].

3.6. The mechanism of electron transport in liver microsomes

The electron transport in liver microsomes procedes from
NADPH to FAD, FMN and cyt P-450 [77, 78, 79, 80]. The

electron transport mechanism has been studied extensively
[81, 82]. The catalytic cycle consists of alternations of -
flavin between the fully reduced and the half reduced forms.

The fully oxidized flavin does not appear.to participate in

catalysis [43].

The air stable semiquinone form was reported to be a one-
electron-reduced species, which could be either FADH®-FMN or
FAD-FMNH®. The semiquinone derived from FMN depleted enzymes’
was unstable in 0,. Thus the air stable semigiunone was
identified as being FAD-FMNH®. When treated with NADPH a
decrease in the cyt P-450 reductase absorbance at 455 nm was
accompanied by a negligible change of absorbance at 585 nm.
The oxidized FAD accepts two electrons from NADPH. One is
transfered intramolecularly to FMNH°'. The concentration of
each redox state is governed by the NADPH concentration.‘At
higher molar ratios of NADPH to cyt P-450 reductase the
three-electron-reduced species FADH'-FMNH, is increased. The
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air stable semiquinone is inactive towards several electron
acceptors [76] and it is rapidly reduced by NADPH to the
three-electron-reduced state which can -donate two-electrons -
to cyt P-450. The proposed mechanism for this electron

transfer is summerized in reactions 1-5 [76].

FAD-FMN + NADPH + H* = NADP*-~FADH,~FMN
(h

NADP*-FADH,-FMN = NADP*-FADH-~-FMNH. =
FAD-FMNH, + NADP* (2)

FAD-FMNH, + RH-Fe’* (P-450) =
FAD-FMNH. + RH-Fe?* (P-450) + H* (3)

FAD-FMNH-. + NADPH + H* =
NADP*-FADH,-FMNH- (4)

NADP*-FADH;-FMNH. = NADP*-FADH--FMNH,
+ RH-Fe?*0, {P-450) = NADP*~-FADH-~-FMNH: =
FAD-FMNH, + NADP* + FeX* (P-450) + ROH +

OH~-(5)

The FAD-FMNH form is the air stable semiquinone and the RH-

'Fe3+(P-450) is the substrate bound oxidized form of the cyt
P-450 [76]. The three-electron-reduced form‘can supply the

first and the second electrons to the cyt P-450 (reaction 6

and 7). FAD is able to accept two reducing equivalents

whereas FMN appears to serve as a one electron carrier in

the process of electron transfer .from NADPH to cyt P-450

during the mixed fuhction oxidase catalytic cycle [76].

NADP"—FADHZ—FMNH- = NADP*-FADH.--FMNH;,
+ RH-Fe¥* (P-450) = NADP*-FADH.-FMNH. =
FAD-FMNH, + NADP* + RH~Fe?* (P-450) + H* (6)

FAD-FMNH, + RH-Fe?*0, (P-450) =
FAD-FMNH- + Fe’* (P-450) + ROH + OH- (7)
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3.7. The effects of adrenocortlcotropln (ACTH) on the cyt
P-450 reductase activity

28

ACTH regulates the adrenal steroidogenic pathway and adrenal

cells treated with this hormone showed- an increase in the
concentration of cyt P-450 [83, 84]. Dee et al. [10] showed

that the concentrations of cyt P-450 reductase in bovine:

adrenal cells are increased upon ACTH treatment. Within 24
hours the rate of cyt P-450 reductase synthesis of the
treated cells were twiceithat of the untreated controls. The
increase in cyt P-450 reductase synthesis voptimizedL at
approximately ﬁhe same time as that of cyt P-450 [83, 85].

The newly synthesized-cyt P-450 reductase had the'same Mr as

the mature purified enzyme. This agrees with reports
indicating that the rat 1liver cyt P-450 reductase is
-synthesized in its mature form [10, 86] and not as a larger

precursor molecule. The synthesis of the protein maximizes

24 hours after initiation of the treatment and the activity’

maximizes 12 hours later. This time diffefence could be.

- related to binding of the prosthetic groups FMN and FAD to
the inactive cyt P-450 reductase molecule [10].

ACTH regulates the cyt P-450 reductase in the adrenocortical
cells via cAMP. Reduction is however also induced by ACTH
and CAMP analogs but not by phenobarbital [10].
Phenobarbital induction of cyt P-450 reductase is limited to
the 1liver. The expression of this gene is regulated by

different factors in different tissues indicating a very

specific regulation of expression (10].

3.8. Characterizing of the cyt P-450 reductase gene

The rat liver cyt P-450 reductase has been characterized by
Gonzalez and Kasper [87] and Porter et al. [88]. The total
exon length is about 2 600 bp (base pairs) which corresponds

favourably with the size of the cyt P-450 reductase mRNA-
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(87). Porter et al. [88] confirmed that a single form of cyt
P-450 reductase exists in the rat liver. The gene structure
of this enzyme is represented in Fig. 3.5. On the gene,

basis +1 to -+238 represents a non-coding region as no AUG

codon is present ([87].

Amino \
" Acid 1 8 84 5 140 178 200220 2 X6 447 678

R O O O N I |1 | I

>O0H

FAD FAD
Pytophosphate

Anchor

FMH FMN Substrate
Phosphate Isoslioxezine Recognltion
Ribityt Ring

Figure 3.5: The gene and protein structure of rat liver cyt P-=450
reductase :

Oon the rat gene exon 2 represents the hydrophobic membrane
binding segment and the small exon 3 encodes the segment
which serves as a bridge between this segment and the FMN
binding domain. Exons 4, 5 and 6 encodes the FMN binding
domain where exon 4 encodes the phosphate binding residues
and exons 5 and 6 encodes the essential tyrosine residues
(Tyxr 140 and 178) involved in the binding of FMN. Exons 6
and 7 encode the acidic residues between 200 and 220 which
may be involved in the interaction between the cyt P-450
reductase andvcyt P-450 [32, 88]. The FMN and FAD domains
are Jjoined by a peptide encoded by exons 7 and 8. Exon 9
encodes the segment interacting with +the pyrophosphoryl.
portions of the FAD molecule. Exons 10-12 encode a peptide
whicﬁ'may be involved in the orientation of the FMN and FAD
domains so as to facilitate electron transfer between the

two flavins. Part of exon 13 encodes the beginning of the
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NADPH * binding domain including the pyrophosphate binding
residues. The rest of this domain is encoded by the exons

~ 14-16 [88].

The homology of the N-terminal portion of the rat cyt P-450
reductase with flavodoxin (containing FMN as prosthetic
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group) and the C-terminal homology with ferredoxin NADPT

reductase (a FAD containing protein) suggest that the P-450
reductase arose through a fusion of the ancesteral genes for
these two functionally linked flavoproteins [89]. It seems
reasonable to hypothesize that the genes for flavodoxin and

ferredoxin NADPT reductase were arranged in tandem in an

operon of an organism. At some point it fused to give a
P-450 reductase  precursor. In the present enzyme
approximately 40 amino acids separate the FMN and the FAD
binding domains as seen in Fig. 3.6. FMN binding domain
represents the region in the cyt P-450 reductase homologous
with ferrodoxin NADP' reductase. FNR represents a portion of
the cyt P-450 reductase homologous to residues 20-55 of the
ferredoxin-NADPT reductase molecule [891].

‘The origin of this short segment is unclear but it may have
been present in a precursor protein or evolved to enhance

the coupling of the two flavin domains. This stretch of

residues are almost entirely o-helix with the predominance

of negatively charged residues. The question that arises now

is how the electron transfer 1is effected between.the two_

domains havihg a negatively charged bridge between them
[89].
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Figure 3.6: Predicted secondary structure of cyt P-450 reductase. Loops
indicate « helix; zig zag, B-strand and straight lines, random coils.

3.9. The effects of lipids and cyt b; on the cyt P-450
reductase activity

The cyt P-450 reductase doeé not exhibit a lipid requirement
regarding artificial electron acceptors ([23, 46] but cyt
P-450 require lipids for enzymatic reduction. It was found
that the enzymatic activifyi decreased with a decrease in
lipid concentrations [90]. The enzymatic reaction is
biphasic, with a rapid and a slow phase. The rapid phase is
dependent on the presence of the lipid phase. In the absence

of lipid only the slow phase is detected [90].

Microsomal drug metabolism may involve cyt bg and NADH-cyt
bs reductase under certain conditions. It was however shown

that reduction of cyt P-450 in the liver microsomes occur in
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the absehce of cyt bg [48, 91]. Studies on NADPH-mediated
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reactions in hepatic preparations led to proposals that .cyt:

bs plays a fascilitory role in the transfer of the second
electron in substrate oxidations [91].

The addition of cyt bg to a NADPH-dependent micellar system
has led to varied effects on substrate metabolism [92].
Inhibitofy and stimulatory effects of c¢cyt by in
reconstituted micelles containing ‘the cyt .  P-450
hydroxylation systems were reported by different
laboratories [93, 94, 92]. The effect of cyt bg on the cyt
P-450 reduction'system was tested in artificial membranes
such as micelles and vesicles. The effects of cyt bg on the
cft P-450 reduction” depended greatly on the 1lipid to cyt bg
to cyt P-450 to cyt P-450 reductase ratio [92].

Disruption of vesicular membranes with detergent caused a

slight activation in the activity of the cyt P-450

reductase. This suggested that only a small fraction of the
cyt P-450 reductase was not accesable to either the NADPH or
cyt c or both. In reconstituted systems, which lacked NADH
and NADH cyt bg reductase activity, cyt bg reduction is
dependend only on its interaction with cyt P-450 reductase,
cyt P-450 or both proteins [92]. Increases in reaction rate
could involve a direct participation of cyt bg in electron
transfer or alternatively, allosteric interactions with the
two other protein components to facilitate electron flow
between them. Evidénce for a direct role in electron
transfer includes reduction ‘of cyt bg by cyt P-450 reductase
[47, 63]. In rat liver, immunochemical studies supported the

theory that cyt bg directly interacts with the cyt P-450"

electron transfer sYstem (see Fig. 3.7).
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NADPH ———— e CYT. P—450 REDUCTASE——— CYT P—450
: : R 'y

NADH ——————— == CYT bg REDUCTASE ~———» CYT !:>5

Figure 3.7: Interaction of the cyt P-450 electron tranfer system with
the cyt bg electron transfer system in rat liver microsomes [95].

It was, however, suggested that cyt bg is not an obligatory
component of these hydroxylations, but does play a rolé in
régulating the hydroxylation pathways involving the cyt
P-450 hydroxylaﬁion system [94]. The dependence of activity
on the molar ratio of components of the endoplasmic
reticulum also illustrates the potential for modulation of
metabolic activity by changes in the lateral organizatioﬁ
within the membrane [92].

N

3.10. The presence of cyt P-450 reductase in non mammalian
organisms

3.10.1. The presence of cyt P-450 reductase activity in yeast

Growth of Candida tropicalis on hydrocarbons induces a cyt
P-450 system. This system hydroxylates'a.variety of fatty .
écids, hydrocarbons and druggs [4, 39]. A'growth source of
tetradecane induces the cyt P-450 more than a growth source
of glucose. An_incfease in the hydroxylation components d§~
well as hydroxylation activity is found in Candida
tropicalis [39]. Spectral evidence for the conversion of the
low spin to the high spin states of yeast cyt P-450 was
similar to mammalian microsomal cyt P-450 (4, 39].

Saccharomyces cerevisiae cyt P-450 reductase has a Mr of
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- Saccharomyces cerevisiae .cyt P-450 reductase has a Mr of
78 000 and absorbtion maxima at 385 and 455 nm. Both these
features cdmpare well with the results found for the liver
and adrenal cyt P-450 reductases [2, 42]. It was reported
earlier .[91] that mixed function oxidation reactions in
liver microsomes are stimulated to different degrees by<the
addition of NADPH and NADH.' The yeast cyt P-450 reductase
has the same pyridine specificity as the microsomal enzymé
and the system is more active with NADPH than NADH as a’
electron donor [39, 4]. A combination of both cofaétors had
a synergistic effect on the biological activity of the

.

enzyme.

3.10.2. The presence of cyt P-450 reductase activity in plants

'Cytochrome.P-450 reductase was isolated from Cathatanthus
roseus and had Mr's of 78 000 and 63 000. Like the mammalian
enzyme the activity was dependent on ionic strength (3, 81].
Isoelectric focussing showed the pI of this enzyme to be 5;3
which is in close accordance with values of 5,1 and 5,2
previously reported for the rabbit liver cyt P-450 reductase
(96, 5]. In the plant Helianthus tuberosus the cyt P-450
reductase activity was very low. When the plant waé wounded,
however, the monoongenase system was induced. The induced
cyt P-450 reductases had Mr's of 80 000, 82 000 and 84 000
which are higher than that found for the mammalian enzyme
(2, 71].'Immﬁnological studies showed no . cross reactivity .
between the plant cyt P-450 reductase and the mammalian cyt
P-450 reductase antibodies and vice versa. The three forms
of cyt P-450 reductase found in the plant is not so unusual
since Dee et.al.v[lo] discovered multiple forms of cyt P-450
reductase in animal systems. A steep increase 2 hours after
wounding occured pointing to the activation of an inactive
pro-enzyme. It is however not clear whether this effect of
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sudden increase 1is due to enhanced transcription,

translational modification or pre~formed m-RNA [71].

post
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CHAPTER 4

THE ISOLATION OF ADRENAL AND tIVER CYT P-450 REDUCTASE

}

4.1. Introduction

Cyt P-450 reductase was previously isolated from a variety
of sources (animals, plants and yeast) and different.animal
organs [2, 9, 71, 63, 4]. The enzyme has, however, not been
purified from ovine tissue. A variety of methods have been
published for the isolation and purification of liver and
»adrenal cyt P-450 reductase [97, 98, 2, 99]. The enzyme has
previously been isolated by two different procedures, a
‘pfotease solubilizing method and a detergent solubilizing
method [17, 43, 99].

The protease solubilized cyt P-450 reductase has a lower Mr
than the detergent solubilized enzyme due to the loss of the
membrane binding segment. This method of isolation only
~yields the catalytic domain. The role of the membrane
binding domainvis to maintain the correct orientation of the
cyt P-450 reductase during electron transfer. As a result of
the 1loss of the hydrophobic segment, the protease
solubilized cyt P-450 reductase is unable to interact with
cyt P-450. The enzyme is however able to transfer electrons
to artificial electron acceptors such as cyt c [17, 43].

The detergent solubilized cyt P-450 reductase contains both
the catalytic and the hydrophobic domains. The enzyme is
able to reduce its native electron acceptor cyt P-450 and
artificial electron acceptors such as cyt c and cyt bg (2,
99, 98]. Several methods for the isolation of cyt P-450"
reductase have been published in which Emulgen 913 is used
as detergent [97, 98]. The mnmicrosomal electron transfer

components from various organs in various animals have been
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.- successfully purified and characterized [31, 56, 40, 2, 37].

The. cyt P-450 reductase from bovine adrenal glands - for
instahce, was solubilized with a non-ionic detergent and
purified with affinity chromotography . [2]. The isolated
enzyme has a Mr of 80 000 and contains one mol of FAD and
FMN per mol protein [2]. '

Three detergent solubilization methods were used in this
study for the isolation of ovine adrenal cyt P-450 reductase
[99, 98, 97]. The procedure used by Estabrook [97] for the
isolation of rat 1liver cyt P-450 reductase consists . of
solubilization of microsomes in a detergent containing Tris
buffer, followed by ionexchange. The ion exchange gel
(DE-52) is -an anion exchange gel which removes most of the
impurities from the microsomal preparation. The cyt P-450
reductase is subsequently purified using affinity
chromotography (2'5'ADP-Sepharose 4B), gel fitration and ion
exchange on hydroxylapatite. The .affinity chromotbgraphy
step is the major(purification step in the isolation. The
two subsequent chromotography steps are required to obtain
the enzyme in a buffer without 2'AMP or NADP+,(removed by
gelfiltration on Sephadex G-200 gel) and detergent (removed
by anion exchange on hydroxylapatite). The method described
by Yasukochi et al. [98] 1is similar to that of Estabrook
[97] -except that different buffers are used during
purification by this method. Both these methods were used in
this study in order to determine which one 6f the isolation
procedures were the more suitable for ovine adrenal cyt

P-450 reductase purification.

The previously described isolation methods entails, four
chromotography steps while a method described by Shephard et
al. [99] for the isolation of rat liver cyt P-450 reductase:
contained only one chromotography step. In this method the
detergent solubilized preparation is loaded directly onto an
affinity chromotography column (agarose-hexane-ADP) without
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partially purifying”the'enzyme first. The application of the

‘above mentioned three methods for the isolation of ovine
adrenal cyt P-450 reductase will subsequently be discussed.

4.2. Preparation of microsomes

Microsomes are used in all the previously described methods
as a primary source of cyt P-450 reductase. Therefore
microsomes was prepared from the ovine adrenal, ovine liver

and bovine adrenal.

4.2.1. The prepération of ovine adremnal microsomes

Microsomes were prepared from adrenal glands éollected from
freshly slaughtered sheep. After removal of the capsﬁle, the
glands were homogenized in a Warring blendor in sucrose
solution. This suspension was further homogenized with a
motor-driven homogenizer and the homogenate centrifuged at
low speed to remove cell debris and mitochondria. The
supernant was ultra-centrifuged and the resulting pellet
resuspended 1in a KCl solution and subjected. to ultra-
centrifugation to remove traces of contaminating hembglobin
(100]. The final microsomal pellet was resuspended in a
Tris-sucrose buffer and stored inl aliquots in 1liquid
nitrogen.

4.2.2. The preparation of ovine liver microsomes

The liver of a freshly slaﬁghtered sheep was removed and
perfused with ice cold saline solution. The 1liver capsule
was subsequently removed and the tissue cut into small
pieces which were stored at -70°C. For the preparation of
microsomes the frozen perfused liver pieces were treated in

the same way as described for ovine adrenal glands.
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4.2.3. The preparation of bovine adrenal microsomes

Bovine adrenal microsomes were prepared using the  same
procedure described for o¥ine adrenal microsomes. In_ this
preparation however only the cortex was used for the

preparation.

'

4.3. The isolation of cyt P-450 reductase form ovine adrenal
microsomes : :

The fractions containing the cyt P-450 reductase were
identified by assaying for cyt c reductase activity in.all
the fractions and only pooling the most active fractions.
Cytochrome P-450 reductase Qaé assayed aé follows: ‘an
‘aliquot’of the cyt P-450 reductase preparation was diluted
'in phosphate buffer. Cytochrome ¢ was added to this
solution and this mixture was used as a reference  for the
spectophotometer. Cytochrome c¢c reduction was .initiated by
the addition of NADPH and the progress of the.reaction was
~followed by monitoring the increase in absorbance at 550 nnm.
An example of a typical cyt c reductase assay is shown in
Fig. 4.1. A'cyt c millimolar absorption coefficient of 29,5
was used in the calculations to determine the initial
~velocity of the reduction [101].
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Figure 4.1: Example of aAtyp'ical cyt ¢ reductase assay.
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~An increase in cyt c reductase<activity_corfespbnded\with an

increase in the yellow colour of the cyt P-450 reducfase
[97]; The purity of the isolated protéins weré'determined by "
’Soduim_dédeCyl sulphate poliacrylamide gel electrophdresis,
(SDS-PAGE) .

4.3.1. Procedure 1

This method.is a modified version of.a procedure'debribed by
Estabrook [97] for the isolation of rat liver cyt P-450
reductase. Microsomes were diluted 5 fold in a Tris-buffer.
containing deoxycholate and Triton N101, which solubilized
the membrane bound enzymes. 'Thé membrané fragments were ' -
removed by ultra—centrifugation;ﬂA schematic‘fepresentation,‘

of this method is given.in Fig. 4.2. '

MICROSOMES

VY

ULTRACENTRIFUGATION

y

DE-52

v

2'5' ADP—SEPHAROSE

\

SEPHADEX G—200

HYDROXYLAPATITE

Y

CYT P—450 REDUCTASE

Figure 4.2: Schematic representation of procedure 1
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Anion exchange

The supernatant wes poured through-cheeée cloth) to reﬁove.
insolubles, and the suspension loaded onto an ahion.exchahge
gel (DE-52) packed in a Buchner funnel. The gel was washed
twice, first with a Tris-buffer and then with a Tris—bufferf

containing 0,13 M KCl. The cyt P-450 reductase was
subseqgquently eluted with a Trls-buffer containing 0,3 M KCL.

Affinity chromotography’

This fraction was loaded onto a 2'5'ADP—SepharOse 4B colunn
equilibrated with a phosphate buffer. After washing the
_-column with'phosphete buffer to remove inactivated proteinev
the cyt P-450 reductase was eluted with a phosphete'buffer'
containing NADPf. A dilute yellow fraction was obtained
which contained the cyt P-450 - reductase ‘activity. .This

solution was concentrated by ultrafiltration.
Gelfiltration

The enzyme preparation was reoxidized with K3;Fe(CN)g and
subsequently subjected to gelfiltration to remove NADPT. The
cyt P-450 reductase eluted as a yellow coloured solution
from the Sephadex G-200 column. The preparation was again’
concentrated by ultrafiltration and loaded onto a

_ hydroxYlapetite column.
Anion exchange

This eolumn removes the detergent from the enzyme
preparation. The hydroxylapatite column was equilibrated and
washed with a 20 mM phosphate buffer. The loaded sample was
washed until the absorbance of the eluate at 276 mn was less
than O, 05 The cyt P-450 reductase was eluted from the
hydroxylapatlte with a 150 mM phosphate buffer. The purlfled
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- enzyme was subsequently dialyzed ovefnight against 100 mM:

phosphate buffer.

This method of isolation was not very sﬁccessful ‘as_ the
protein yield at the end of the isolation was very low. The
'prdtein concentrations of the isolated enzyme preparati@hs
were also low and the purity of the enzyme preparations
could not be determined by SDS-PAGE. These results could

indicate that .vast differences between rat Iiver'cyt P-450

reductase and ovine adrenal cyt P-450 reductase exist as the
procedure was ofiginally described for rat 1liver cyt P-450

reductase isolations.

4.3.1.1. The preparation of hydroxylapatite

The hydroxylapatite used for the removal of deterent was

prepared by a method which was reported to yield a

hydroxylapatite with a high flow rate. The crystalls were
prepared by .running solutions of CaCl, and Na,HPO, into a
beaker ‘at equal rates. The resulting crystalls‘were washed
several times with water. The precipitate was sﬁbsequehtly
diluted with NaOH' solution and heated to 100°C. . The
precipitate was washed several times with water followed by
phosphate,buffef.

The resulting hydroxylapatite had a very low flow rate which
resultedwin diffusion of the enzyme preparation on the
column. The diffusion of the protein band occurred to such
an extent that ~only ‘a small fraction of the cyt P-450
reductase éould be retrieved. The dilution of the enzyme
made it difficult to trace the most . active fractions
resultlng in a loss of enzyme. The use of hydroxylapatlte
proved to be unsuitable for the removal of detergent from
this cyt P-450 reductase preparatlon and other methods for

detergent removal were subsequently investigated.

e

\
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‘4.3.2.‘P}oqédu£e 2

In pfocedure 1 the final step in the purification of the cyt
P-450”reductase,‘the removal of detergent presente@Qproblems\
which led to a loss of protein and a dilute enzyme
preparation. In a method of Hiwatashi and Ichikawa [2) DEAE-
Sepharose CL 6B was used in a final column inﬁ the
purification of bovine adrenal cyt P-450 reductase. Itiwas'
decided to use only this last step in the purification of
ovine adrenal cytiP-450 reductase in an attempt to remove .
the detergent from the protein preparatioﬁs. A schematic:
representation of this method is given in Fig. 4.3. ‘

MICROSOMES

ULTRACENTRIFUGATION
DE-52

‘L

2'5' ADP-SEPHAROSE

¢

SEPHADEX G—200

|

DEAE--SEPHAROSE

|

"CYT P—450 REDUCTASE

Figure 4.3: Schematic representation of Procedure 2

The hydroxylapatite and the DEAE-Sepharose CL 6B (also an

anion exchange gel) column were equilibrated and washed wifh
phosphate buffers. Thg’ hydroxylapatite column was eluted
with a phosphate buffer having a higher molarity than the
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r'washing buffer. The DEAE-Sepharose CL 6B was eluted with a
' phosphate buffer containing deoxycholate and 0,5 M KCl.

The same isolation procedure as described‘in‘procedure 1 was
followed up to the gelfiltration step which was used to
remove the NADP'Y. The eluate from the gelfiltration was
loaded onto a DEAE-Sephérose CL 6B column which was
equilibrated with 10 mM phosphate buffer. The column was
washed with 50 mM phosphate buffer and the cyt P-450
reductase eluted with the same buffer containing KCL and
deoxycholate [2].

The phosphate buffer used to elute the DEAE-Sepharose column
contained 0,5 M KCL and 0,1 mM deoxycholate. When both these
reagents were solubilized in the phosphate buffer, the
viscocity of the buffer was high and could not flow through
the column even when pumped with a  peristaltic pump. The
high viscocity of the buffer caused the protein bahd to
diffuse. In an attempt to elute the enzyme the elution.
procedure was performed at .room temperature where the buffer

was less viscose. The yellow coloured cyt P-450 reductase

band turned lightbrown after 24 hours at room temperature .

and it was necessary to transfer the gel to a Buchner funnel
and to elute the cyt P-450 reductase with phosphate buffer
containing 0,5 M KCl.

It was later found that if the deoxycholate.waS-solubilized
completely in distilled water in a sonic .bath before mixing
with the rest of the reagents this effect did not occur. A
SDS-PAGE of the isolated cyt P-450 reductase preparafion
contained one major band thought to be the cyt P-4$0
reductase, and at least 4 minor bands (Fig. 4.4). V
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Figure 4.4: SDS-PAGE gel of the cyt P-450 reductase preparation isolated
with procedure 2. '

4.3.3. Procedure 3

The previously  described , methods entailed ~four
chromotography steps; anion . exchange chromotography,
affinity chromotography, gelfiltration and finally ion
exchange chromotography. Shephard et al. [99] described the
isolation of cyt P-450 reductase from pig liver using only
one column, an affinity chromotography column. In the
original procedure an agarose-hexane-ADP column was used. In
this étudy only 2'5'ADP-Sepharose 4B gel was available and
was therefore used in the isolation according to the method
published by Shephard et al. '

Microsomes were suspended to a concentration of 1,9 mg/ml in
a potassuim phosphate buffer containing an antioxidant and a

protease inhibitor. Cholate was added to the preparation to l
yield a final cholate concentration of 0,7% (¥/,). After
stirring on ice the preparation was centrifuged and the
supernatant diluted with a phosphate buffer to a protein
concentration of 1,5 mg/ml. This solution was loaded onto a
'2'5'ADP-Sepharose 4B column. The column was washed twiée
with phosphate buffers containing 300 mM and 30 mM phosphate



Stellenbosch University https://scholar.sun.ac.za

46

respectively. The cyt P-450 reductase was finally eluted
with a 30 mM phosphate buffer containing 1,3 mM NaDpt.

- In the method published by Shephard et ai; fractions With a
BAys5iB3gp ratio of more than one were collected from the
" agarose-hexane-ADP column. All fractions collected from the
2'5'ADP-Sepharose, however, had absorption ratios of 1 or
below. Eventually all fractions containing a yellow coloured
solution was pooled. AThree major and one minor band was
observed on a SDS-PAGE-gel (Fig. 4.5) of the final
preparation and it was concluded that the affinity gel
reqiured for this isolation was agarose-hexane-ADP and that
the 2'5'ADP-Sepharose could not be used as a substitute.

Figure 4.5: SDS-PAGE gel of the cyt P-450 reductase preparation isolated
with procedure 3.

4.3.4. Procedure 4

This method is a modified version of a procedure described
by Yasukochi et al. [98] for the isolation of pig liver cyt
P-450 reductase, and was found to most suitable for the
isolation of ovine adrenal cyt P-450 reductase. For this
method the same chromotography columns as procedure 1 was
used. In\these two methods, procedure 1 and procedure 4 the
sequence of the columns were the same but different buffers
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"were used. Microsomes were suspended in ,a Triton N101
containing Tris—Hclxbuffer-and'ultrafcentrifuged]tb rgmoyé.
membrane ffagments. DE-52 was poured in é Buchner funnel and
equilibrated with a Tris-HCl buffer. The supernatant was
loaded onto the'gel and the gel was washed with phosphate
buffer followed by phosphate buffer contéining\o,lz M KCl in
fractions of . 250 ml. The‘ cyt P-450 reductase wés
subsequently eluted with a phosphate buffer contalnlng 0, 3 M
KCL in fractions of 250 ml. An elution profile for cyt P- 450
reductase from DE-52 is shown in Fig. 4.6. Fractions 1-4 was
eluted with the buffer containing 0,12 M KCL and fractions
5-8 was eluted with the buffer containing 0,3 M KCL. '

'

14
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Total cyt ¢ reductase activity (umol ¢yt c/min)
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Figure 4. 6-’Act1v1ty prof:.le of cyt P-450 reductase from DE-52 batch
exchange column. , »

The cyt P-450 reductase containing preparation was diluted
with an equal volume of glycerine (20%) and applied to a
2'5'ADP-Sepharose © column previously equilibrated with

phosphate buffer. The column was washed with phosphate -

buffer and the cyt P-450 reductase finally eluted with a -
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‘phosphate buffer containing 1,2 M NADP*. The cyt P-450
reducfase containing fractions were'pooled'and concentrated.
'Subsequently the enzyme prepération was reoxidized with
KjFe(CN)g and loaded onto a Sephadex ‘Gf200 column. The
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enzyme was eluted with pﬁosphate buffer as a yellow coloured

fraction. This fraction was applied to a hydroxylapatite
column. The column was washed with a phosphate buffer until
the absbrbance of the eluate at 280 nm was less than 0,02.

The enzyme was eluted with a phosphate buffer with a higher -

molarity than the washing buffer. The resulting cyt P-450
reductase preparation‘(Red 1) was concentrated and dialyzed
overnight against the elution buffer containing EDTA.
SDS-PAGE analysis of Red 1 showed that the preparation

consisted of two fractions; a major band corresponding to a

Mr of 78 000 and a minor band corresponding to a Mr of

73 500 (Fig. 4.7).. This preparation was, howéver; the purest

obtained thusfar.

'

M

Figure 4.7: SDS-PAGE gel of Red 1

In order to obtain a pure cyt P-450 reductase preparation,
procedure 4 was slightly modified as follows. It was found
that NADP', used in ‘the elution buffer inhibited cyt c
reduction by Red 1. When 2'AMP was used instead of NADP' in
the elution buffer, no further interference was observed.
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"Emulgen 913, ,preViouély unaVailable,, subsequently became
JaVailable, and was used as detergent in the. place of Triton:
N10l1. The 1solatlon procedure was followed exactly as
decribed above up . to tHe elution step from the '2'5'ADP-
Sepharose. An elution proflle of cyt P- 450 reductase from
2'5'ADP—Sepharose is shown ln Fig. 4.8. The cyt P- 450
‘reductase containing fractions were pooled and cohcentrated.

'

by ultrafiltration.
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Figure 4.8: Elution profile of cyt P-450 reductese (Red 2) from;Z'S'ADP-'
Sepharose column. Cytochrome P-450 reductase absorbs maximally at 455 nm
(102]. ' '
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The resulting isolated enzyme preparation, refered to as
Red 2, showed a single band on a SDS-PAGE gel corresponding
to a Mr of 78 000 (Fig. 4.9).
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Figure 4.9: SDS-PRAGE gel of Mr markers (lane 1) and Red 2 (lane 2).
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4.4. Characterization of Red 1 and Red 2

4.4.1. Isoelectric focussing of the cyt P-450 reductase preparat\ions

Isoelectric focussing showed two bands for both the ovine
adrenal cyt P-450 reductases, Red 1 and Red 2. A major band
at pH 5,3 and a minor band at pH 5 was observed on the gel

(Fig. 4.10). -

&%5‘ !
-
'j

N 2"-‘3‘-_, - 9.3

Figure 4.10: Isoelectric focussihg of Red 1 (lane 1), Red 2 (lane 2) and

pH markers (lane 3).

4.4.2. Spectral properties

of Red 2 1is shown 1in

An optical absorpsion spectrum
spectra of pure ovine-

Fig. 4.11. Red 2 as well as all
adrenal cyt P-450 reductase isolated later showed identical
absorption maxima at 380 nm and 455 nm with shoulders at

360 nm and 480 nm. Identical spectral results were reported
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 for the bovine adrenal cyt P-450 reductése\isoiated earlier

(2].

0.124

0.11 -

0.091

-0.08

ABSORBANCE

0.074

0.064

0.051

- I 1 1 ]
0.041—504.0 454.0 404.0 354.0

- WAVELENGTH (nm)

Figure 4.11: Absorption spectrum of Red 2 (protein\ concentration
1,32 mg/ml).

4.4.3. Cytochrome c reductase activity of Red 1 and Red 2
The cyt c reductase activity of Red 1, Red 2 and Red 2a are
shown in Table 1 in comparison to.bovine cyt P-450 reductase

vpreviously isblated [2]. Red 2 was found to be the most
active of the 1solated cyt P-450 reductases.l

4.4.4. Temperature stability

After storage of Red 2 at -20°C and thawing and fréezing a
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minor band appeared in the same region as the minor band

found -in Red 1 (Fig. 4.12).'This second band is likely to be
a dégradation product of the pure enzyme due to temperature

Bl
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,1abili£y  of - the pfbtein or because of the” freezing and
thawing: To discriminate between the two’ forms of Red 2, the

minor form will be fefered to as Red 2a.

78‘ 000 — I
73 500 -

Figure 4.12: SDS-PAGE gel of Red 2a (lane 1) and Red 1 (lane 2).

Red 1 and Red 2 was subsequently used as antigens in the

immunization of rabbits.

' 4.5. The isolation of cyt P-450 reductase from ovine liver

Ovine liver cyt P-450 reductase was partially purified and
used in comparitive immunochemical studies. Ovine *}iver
microsomes, prepared as described earlier, were used for the
isolation of the cyt P-450 reductase. The; method of
Yasukochi et al. ([98] was used as described for the
isolation of Red 2a (procedure 4).

The cyt P-450 reductase preparation from ovine liver was_ﬁot.
pure as a SDS-PAGE gel showed one pfotein»band with a'Mr.i
corresponding with fhe that of the ovine adrenal cyt P-450
reduqtasé (78 000), and at 1least 3 other contaminating
protein bands (Fig. 4.13). It was not attempted to purify’
these preparations any furthgr as the immunochemical studies

!
i



Stellenbosch University https:/scholar.sun.ac.za
- 1 v / / . R
\

i i

'

it was intende for did not require ‘a purified liver cyt.
P-450 reductase as they were only used ‘in- comparitive
experiments. o 3 \

/

i
200 000 - fows
97 400 -» < .'
69 000 +f ; == | = 78 000 -

46 000 -+ |

30 000 =

21 500 = o
T 2

Figure 4.13: SDS gel of Mr markers (lane 1) and the enzyme preparation
of ovine liver cyt P-450 reductase isolated by procedure 4 (lane 2).

’-

The cyt c reductase activity of the ovine liver cyt P-450
reductase preparation is shown in Table 1 in comparison to-
the activities of the other isolated cyt P-450 reductases. °

4.6. The isolation of cyt P-450 reductase from bovine
: adrenals '

Microsomes, prepared as described earlier, were used for the
isolation of cyt P-450 reductase from bovine adrenals. The
modified method of Yasukochi et al. was used for this
isolation as described earlier for ovine adrenal cyt P-450 _
reductase. The resulting purified enzyme showed one major .
protein band on SDS-PAGE gel corresponding to a Mr of 78 000
and two minor bands (Fig. 4.14). |
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Figure 4.14: SDS gel of bovine adrenal cyt P-450 reductase isolated with
procedure 4 (lane 1) and Mr markers (lane 2). g

All cyt P-450 reductases isplated wére assayed'fdr Cyt”c
‘reductase activity. In Table 1 the cyt ¢ reductasefacti?ity
of Red 1, Red 2, Red 2a, the ovine liver (Red OL) and bovine
adrenal cyt P-450 reductase (Red BA) is shown and compared\?
to résults reported earlier for bovine adrenal cyt P-450

reductase [2]

Table 1l: Cyt c reductase activities of the isolated cyt P~-450
reductases.

Cyt P-450 reductase Specific activity
(pmol/min/mg protein)

Red 1 1,98

Red 2 } 11,77

Red 2a ‘ 2,5

Red OL } 1,25

Red BAZ ' 1,0

Red BAP 29,5 \

a i

Bovxne adrenal cyt P-450 reductase isolated
Bovine,adrenal cyt P-450 reductase isolated by Hiwatashi and Ichlkawa;

(2]

b

/

The cyt ¢ reductase activity of the pure cyt P-450

reductases were noticably lower than that‘reported earlier

’
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for bovine adrenal cyt P-450 reductase. These lower values

of the bovine adrenal and ovine 1liver enzymes can be
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attributed to impurities in the enzyme preparations. There

was a 5 fold decrease in the cyt c reductase activity of the
degraded Red 2a preparation.

—

4.7. Discussion

Microsomes were prepared using a method developed by
Estabrook [97]. The protein concentration of the microsomes
varied between 25-40 mg/ml depending on how much Tris-
sucrose was used in the final step of the ‘preparation.
Microsomesﬂprepared from 100 g of adrenal glands or liver
tissue had an approximate protein content of 1 g.

Three detergent solubiliZing isolation methods were used of

which only one was successful for the purification of ovine '

adrenal cyt P-450 reductase. It was not possible to use the .

" methods -described by Shephard et al. [99] and Estabrook [97]
for the purification of the ovine adrenal cyt P-450
reductase. The reason for this ineffective isolations may be
related to the detergent used and problems encountered with
the hydroxylapatite column. In both of the origihal methods
Emulgen 913 was used but was unavailable at that time; it
was subtituted with Triton N101. With the use of Emulgen 913
in the method of Yasukochi et al. the cyt P-450 reductase
yield,increased ahd‘the purity of the protein preparations
increased. These results indicate that Triton N101 cannot
substitute Emulgen 913 for the isolation of cyt P-450

reductase from ovine adrenals.

The ovine adrenal cyt P-450 reductase was purified to

apparent homogenity. The Mr of the cyt P-450 reductases was.

78 000, which corresponded well with the Mr of bovine



étellenbosch University https://scholar.sun.ac.za

56

1 . A

adrenal cyt P-450 reductase previously estimated at 80 000
[2]. The Mr of the minor protein band in Red 1 was 73 500.

This minor band is a degradation product of the pure cyt

P-450 reductase due to the temperature 1lability of the

enzyme. This idea was supported by the fact that the
homogeneous Red 2 degraded and formed Red 2a, which
consisted of two proteins identical to those found in Red 1.
The newly formed protein had a Mr of 73 500, which
corresponded with the Mr found for the minor protein band in
Red 1. : : '

The activities of‘yhe.isolated proteins Red 1, Red 2 and
Red 2a were respectively 1,98, 11,77 and 2,5 umol <cyt
c/min/mg protein. These‘ values are much lower than that
repbrtéd earlier for the bovine adrenal cyt P-450 reductase.
' The reason for this could be the degradation of the protein
or the isolation method used for the purification. Red 1,
Red 2a, Red OL and Red BA showed partial degradation in

different proportions as they all contained a fragment

corresponding to the Mr 73 500 of the degradation product.
The protein fragment lost during the degradation process had
an Mr of 4 500. Cytochrome c reductase activity decreased
with the formation of this fragment. Protease treated cyt
- P-450 reductase produced an enzyme which contained no
membrane binding segment but retained the ability to reduce
cyt c¢. It 1is clear that the fragment removed during
degradation is not the membfane binding segmént of the cyt

P-450 reductase molecule, but a protein fragment essential -

for enzymatic activity (17, 43]

Upon isoelectric focussing Red 1 and Red 2 both showed a
ma’jor band‘at pPH 5 and a minor band at pH 5,3. These results
correspond well with the results found by Guengerich [96]
for homogeneous species of rabbit and  rat cyt P-450
'reductases. The rabbit lung and 1liver cyt P-450 reductase

\
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gave two major bands at pI 5}1 and 5,2 while the rat liver
enzyme gave. a number of bands in the range of 4,7-5,4.

The absorptioh spectrumlof Red 2 indicates that the protein‘
~isolated was indeed a flavoprotein, having characteristic
absorption maxima at 380 nm and 455 nm. This tybiCal'
absorption maxima was previously found-for adrenal {[2] aﬁd‘
liver [20] cyt P-450 reductases. From these results and the
comparison to other cyt P-450 reductase characteristics it
is concluded that the ovine adrenal enzyme purified in this
study-was cyt P-450 reductase. '
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"CHAPTER 5

- . s

THE PREPARATION OF ANTIBODIES AGAINST OVINE ADRENAL CYT
' P-450 REDUCTASE

5.1. Introduction

The ‘productioﬁ of antibodies to protein antigens using
conventional immunization protocols usually requires
relatively-large amounts of proteins which‘are not .always
available. For this reason a method of antigen preparatiQn
which fequires less protein, but still results in an immune :
response with high antibody 1levels was developed [13j.-In
this methéd'the.protein to which antibodies are required is
adsorbed to so-called naked bacteria (NB) and such complexes '

are then used to immunize experimental animals.

The bacterial 'strain used for the production of naked
bacteria is Salmonella minnesota R595 [13]. The natural
antigenic determinants of the bacterial cell wall of these
bacteria is removed by mild acid treatment. This resulted in
a hydrophobic outer surface to‘ which antigens such as-
pfoteins\céuld:be adsorbed. The resulting complexes are then
used to raise antibodies against these grafted éntigenic ,
determinants. This method of antigen preparation has been
used _previoﬁsly' to raise antibodies against;
lipopolysaccharides, glycoproteins and proteins [11, 12,
13].

In this study ovine adrenal cyt P-450 reductase was isolated
with a yield of approximately 1 mg protein. It was ‘thus
decided to use NB as antigen carriers for the preparation of
antibodies against this enzyme. The isolated ovine adrenal
cyt P-450 reductase was adsorbed to NB and these complexes
were used to immunize rabbits according to the method
described by Bellstedt et al [13]. '
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' Modern immunodetection- procedures such as the enzyme-linked
immunosorbent assay (ELISA) [1033 and‘ﬁestern blots [104]
are much more sensitive and more specific than conventional
detection methods such as SDS-PAGE. ELISA is 'an enzyme
immunodetection system in which the antibbdy'or the antigen
is immobilized on a solid phase. In this study the antigen
(cyt P-450 reductase) was adsorbed to the surface of ELISA
plates. . The primary antibody  binds to the immobilized
antigen. The primary antibody in turn is recognized by a.

bridge antibody, which amplifies the system as several .-

bridge antibodies can bind to a single primary‘antibody. The‘b
bridge antibody is recognized by an antibédy complexed with
enzyme molecules, which form the recognition system of the -
ELISA. vThis complexed enzyméx reacts with a substrate to
produce aﬂsolublevproduct the concentratidn of which can be
.measured'spectrophotometrically; The detectability of this
system is increased, due to the amplification with bridge
antibodies and due to the presence of the antibody enzyme
complex [103]. i

Western blotting, also called immunoblotting is performed on
nitrocellulose. membranes [104]. The antigen (cyt -P-450
reductase) is  first separated by SDS-PAGE and
electrotransferred to +the nitrocellulose membfane. ‘The
immunobldtting steps used in this study were the same as
described for the ELISA. The substrate used 1in the
immunoblotting procedure produces a precipitating product.
Immunoblots can be used to detect very small amounts of *
proteins, as well as a specific protein in a ‘crude
preparation.. In this study, immunoblots were used  to
indicate the presence of <cyt P-450 reductase in certain
cellular fractions as well as the structural relationship of
ovine and bovine cyt P-450 reductase. The ovine adrenal cyt
P-450 reductasé was subjected to temperature lability tests ™
and the antibodies were used to detect the degradation
fragments. In this study immunoblotting was also used to
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'.défermine‘the'relationShip betweén-the'microsbmal cyt P-450
reductase isolated from ovine and boviné( adrenalé, ovine '
liver as well as the mitochondrial ADXR from ovine adrenals.

5.2. The adsorption of cyt P-450 reductase to NB.
. 7 . o )

Two preparations of cyt P-450 reductase (Red 1 and Red 2,
. see - Chapter 4) were adsorbed to NB respeétively and the
resulting complexes were used to elicit immune résponseé in
rabbits [13]. To this end a suspension of NB in distilléd
water was prepared by homogenization with a loosely fitting
Teflon homogenizer. Subsequently the NB suspension and’the

protein solution'(Red 1 and Red 2, respectively) weré,mixed 3*

so that the ratio,by dry mass of protein to NB was 1:5.:The!‘
suspension was dried with rotary evaporation and the
resulting éomplexes resuspended. by brief sonication .in PBS

to the desired concentration.

5.3. The preparation of antibodies against cyt P-450
. reductase

Rabbits were immunized over a period of 39 days. The first
two injections were given on day 1 and 4 with 0,25 and
0,5 ml respectively of a 120 x,g protein~NB complex/0,5 ml

suspensidn.-Further injections were given on days 7, 11, 18,

21, 25, 32, 35 and 39 with 0,5 ml of a 240 ug protein-NB

complex/0,5 ml suspension, A small volume' of blood (2 ml)
was drawn on days O, ii,~18, 25, 32 and 35 and. a large
volume (20 ml) _on.‘day 46. The antisera were prepared by
allowing the blood to clot and serum was .subsequently>v
isolated by centrifugation and stored at -20°C for further
studies. ' |
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S.4. Enzyme-linked immunosorbent assay for cyt P-450 . -
\ reductase antibodies

!

The levels of the antibodies against cyt P—450‘reductase"

during the . immunization . of rabbits were determined with
ELISA. ELISA plates were coated with cyt P-450 reductase

diluted (1 pg/ml) in bicarbonate buffer overnight at 4°c.

The coating solution was then decanted and non-specific
binding was blocked by incubation with casein-bicarbonate

buffer after which the plates were washed 3 times with PBS~

Tween. This washing step was included after each of the -

subsequent . steps. A dilution series of antiserum was made in

casein buffer, startlng w1th a dilution of 1 in 20 (wells 2-
11). Well 1 was coated with the cyt P450 reductase but was

not incubated with anti-cyt P-450 reductase antibodies. ;n 

its place only casein buffer was used. Well 12 was"not

coated with the cyt P-450 reductase but was incubated with a

1 in 20 dilution of anti-cyt P-450 reductase antibodies. An
incubation period of 1 hour at 37°C followed. These two

wells (1 and 12) were used as controls to determine whether

- the casein buffer (well 1) or the anti cyt P—450ventibodies' 

_(well 12) showed any non-specific binding to the ELISA
plate. The rest of the steps were the same’ for all the
wells. To this end diluted sheep -anti-rabbit antlbodles (1

in 400) .were plpetted into all wells and the plates were

incubated at 37°C. for 1 hour. Suitably diluted rabbit-

peroxidase-antiperoxidase complex (1 in 10 000) vWas‘

subsequently added and the plates incubated at 3790 for 1

hour. After a final washing step the substrate sdlution'was

,added and the absorbance at 405 nm recorded after 10.

minutes. The substrate solution contained ABTS (2,2'azino~-
di[3 ethylbenzthiazoline-sulfonic acid (6)]) and H,0, in
citrate buffer (0,1 M, pH 5).
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The immune response patterns'of the two rabbits immunized
with Red 1 (rabbit 1) and Red 2 (rabbit 2) are shown in
Fig. 5.1. |
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Figure 5.1: The immune response patterns of rabbit 1 (immunized with
Red 1) and rabbit 2 (immunized with Red 2) as determined with an ELISA.

5.5. Electroblotting

The antibodies\raised in this study against Red 17andJRed 2
were employed in immunoblotting experiments to determine
whether they could be used to detect isolated cyt P-450
reductases purified from ovine 1liver, ovine and bovine
adrenals and in crude preparations (microsomes) from these

sources.

The isolated cyt P-450 reductases (bovine and ovine) and the
microsomes were first separated on a SDS-PAGE gel as
described in the previous chapter. The proteins were then
transferred from the SDS-PAGE-gel to a nitrocellulose
membrane using an electro-transfer  procedure. — The
immunoblotting procedure was sﬁbsequently performed on this
membranei[104].
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5.5.1. Electro-transfer
The separated proteins were transferred from the SDS-PAGE-
gel to a nitrocellulose membrane by electro-transfer ([104].
A water saturated nitrocellulose membrane was placed on one
side of the gel. The gel and membrane was sandwiched between

scouring pads and blotting paper,>A perspex grid was placed

on either sides of the sandwich, which was inserted into a

tank of Tris-buffer. A constant current was abplied across

the gel overnight. This resulted in an electrophoretic
transfer of ©proteins from the SDS-PAGE-gel to the

nitrocellulose membrane.

5.5.2. Immunodetection procedures

Following the transfer of the proteins to the nitrocellulose:

membrane, it was blotted dry and non-specific binding was
blocked by incubation with casein buffer. Two membranes were

prepared in this way (with Red 1, Red 2 and ovine adrenal

‘microsomes) and subsequently incubated at 37°C for 2 hours .

with an optimel‘»dilution of the ,rabbit—anti-CYt P-450
reductase antiserum (anti-Red 1 and anti-Red 2 respectively
both at 1 in 4 000 dilution). The membranes were washed 4
times after this step and after all subsequent incubation

steps with PBS-Tween. Therefore the membranes were incubated

at 37°C for 1 hour with sheep-anti-rabbit antibodies (1 in
200). Subsequently the membranes were 1ncubated with rabblt-
PAP complex (1 in 5 000) at 37°C for 1 hour. After a final

washing step the membranes were incubated with substrate. '

The substrate solution was prepared by dissdlving 4-ch10rd-ﬁ o

naphtol in methanol .after which thls solution was added to
PBS and H,0,. The membrane was washed with dlStllled water
and blotted dry. At the p051t10n on the nitrocellulose
membrane where anti-cyt P-450 reductase antibodies detected
a protein the substrate formed a blue prec1p1tate.
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The antibodies against Red 1 and Red 2 detected Red 2 and
both the bands of Red 1 and the reductase -in ovine adrenal

microsomes respectively (Fig. 5.2 and Fig. 5.3).

| 12 3

Figure 5.2: Immunoblot of Red 1 (lané_l, 1,5 pg), Red 2 (lane 2, 1,5 ug)
and ovine adrenal microsomes (lane 3, 18 pug) detected with anti-Red 1-
antibodies. '

Figure 5.3: Immunoblot of Red 1 (lane 1, 1,5 ug), Red 2 (lane 2, l[S\ng.
and ovine adrenal microsomes (lane 3, 18 ug) detected with anti-Red 2-
antibodies.

Antibodies to Red 2 were unable to detect the ADXR found in

"ovine adrenal mitochondria (Fig. 5.4). Antibodies agéinSt



1 L R . i : . .

xStéIIenb_osgh/U_niversity https://scholar.sun.ac.za

. A Kn' .”’ ) ' . _ \

/ C ‘o \ - 65
S

the ADXR [105] did not recognize the microsomalvreddCtase
~ (Fig. 5.5). ‘ ' ‘

\ ‘ A

Figure 5.4: Immuncblot of ovine _adfena-l mitochondrial ADXR l(lane 1,
3 pg) and the ovine adrenal microsomal Red 1 (lane 2, 1 ug) detectedv
with anti Red l-antibodies. ’ C

EE)

Figure 5.5: Immunoblot of ovine mitochondrial ADXR (lane 1, 1 ug) and
the ovine adrenal microsomal Red 1 (lane 2, 3 ug) detected with anti
adrenodoxin reductase-antibodies. '

A\

Immunoblotting of Red 2, partially purified ovine liver and
bovine adrenal cyt P-450 reductase with the antibodies

against Red 2 is shown in Fig. 5.6. The antiserum showed a
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strong band with its homologous antigen Red 2 (Fig. 5.6,
lane 1) and showed weaker bands with ovine liver reductase
(lane 2) and bovine adrenal reductase (lane 3).  These
‘proteins were applied at identical concentrations to Red 2.
In lane 4 bovine adrenal feductase was applied at double the
concentration of Red 2: These results show that anti-Red 2
antibodies crossreact weakly with ovine liver and even more

weakly with bovine adrenal reductase.

Figure 5.6: Immunoblot of Red 2 (lane 1, 0,5 ug), ovine liver cyt P-450
reductase (lane 2, 0,5 ug) and bovine adrenal cyt P-450 reductase (lane,
0,5 ug) and bovine adrenal cyt P~450 reductase (lane 4, 1 xg) detected
with anti-Red 2-antibodies.

Anti-Red 2 antibodies were able to detect the cyt P=450
reductase in microsomal preparations of ovine liver but not
in bovine adrenal microsomes (Fig. 5.7) even when . the

preparations were applied at higher concentrations.
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Figure 5.7: Immunoblot of microsomal preparations of ovine adrenals,
ovine liver and bovine adrenals (lanes 1-3, 30 ug) and bovine adrenals
(lane 4, 60 ug) detected with anti-Red 2 antibodies.

Red 2 showed a single protein band on a SDS-PAGE gel (see
chapter 4) as well as on a immunoblot (Fig. 5.3.). After
thawing and freezing the protein it was found to contain a
second band in the same region as the smaller fragment of
Red 1 (Fig. 5.8.).

]
]

Figure 5.8: Immunoblot of Red 1 (lane 1) and Red 2 (lane 2) detected
with anti-Red l-antibodies after thawing and freezing of Red 2.

67
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It therefore became apparent that this enzyme was sensitive
to higher temperatures The heat lability of the cyt P-450
reductase was therefore investigéted further by’incubation_
of the purified enzyme at room temperature (25°C), 37°C and
50°C for 24 hours and 1 week respectively. Thé Wresults

obtained are shown in Fig. 5.9.

1 2 -3 V4 5 6 7.

Figure 5.9: Immunoblot of Red 2 after incubation for 24 hours at room
temperature (lane 1), 37°% (lane 2) and 50° (lane 3) and after 1 week
at room temperature (lane S), 37°% (lane 6) and 50°c (lane 7)
illustrating the heat lability of Red 2. A control was included in lane
4 and the proteins were detected with anti-Red 2-antibodies.

After 24 hours the enzyme incubated at room temperature
showed no degradation (lane 1) while the enzyme at 37°C
showed the initiation of the degradation process (iane 2).
The enzyme incubated at 50°C denatured completely and showed .
no bands on the immunoblot (lane 3). After incubation of 1
week the enzyme incubated at 37°C .and 50°C denatured
completely (lane 6 and 7). Surprisingly ‘the redﬁctaéé
incubated at 25°C showed only slight degradation with thé
appearance of a second band (lane 5) with a Mr smaller than
that of the purified cyt P-450 reductase (lane 4).
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5.6. Discussion

An immune response was elicited in rabbits  after:
immunization w1th cyt P-450 reductase-NB complexes: The

maximum antlbody 1evels were found on day 46 with a titer of

1:10 240 1n pboth rabbits. It was thought at first that Red 1

' was not pure as a second protein band was observed on the

SDS-PAGE-gels. This second protein band was, however,valso

recognized by antisera against pure cyt P-=450 reductaee‘
(Red 2). These results indicate that Red 1 does not contain 
a contaminating smaller band, but that this protein band

derives from the purified reductase itself. It is thus

suggested that this second band, with Mr 73 000, is a

degradation fragment.

This hypothesis is confirmed by the results obtained in the
heat lability study performed on Red 2 using immunoblotting
studies. Here it was also found that the incubation at
higher temperatures appeared to result in the production of
the above mentioned breakdown product of Red 2. It was found -
that Red 2 was stable . for i week at 25%. Higher
temperatures however resulted in total degradation of Red 2.
As mentioned in chapter 4 the degradation of Red 2 to Red 2a
resulted in a 5 fold decrease in cyt c reductase activity of
the enzyme. It can be concluded that the degradatiqn bf'the,
cyt P-450 reductase with a Mr of 78 000 to a product with a
Mr of 73 500 leads to a decrease in cyt c reductase
activity of the enzYme. | .

The anti-Red 2 antiserum could detect both ovine liver arici'~-'L
adrenal cyt P-450 reductases equally well. It ,thefefore,
appears that ovine liver and adrenal cyt P-450 reddctaéée\
are strongly related and possibly iderntical. The bov;ne

adrenal cyt P-450 reductase was recognized by the anti-Red 2 .

to a lesser extent indicating a certain amount of cross-
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reactivity with this enzyme. These results indicate that the

bovine and ovine enzymes are immunochemically related.

Cross-reactivity between antibodies against the .ojine
adrenal cyt P-450,redﬁctase, and the bovine adrenal enzyme
is expected to be weak as the two species are totally
different.- The  fact that .cross-reactivity does ‘exist‘
indicates that the two species may share similar or néarly-

similar antigenic determinants.

,,An,immunoblot‘with microsomal preparations with ovine liver
and ovine and bovine adrenals showed that cyt P-450
reductase éduld only be detected in the two ovine
preparations. The'reason for this phenomenon could be that
the concentration of the bovine enzyme is much lower in the
microsomes than the ovine adrenal cyt P-450 reductase. These
results with the microsomes correspond with those found with-
the isolated enzymes. These results could also indicate fhat_
the ovine adrenal and ovine liver cyt P-450 reductases are
not synthesized as larger precursor molecules ahd have the
same Mr as the isolated enzyme. It was earlier reportéd that
the rat 1liver cyt P-450 reductase is synthesized in a_

matured form and not as a precursor [10].

De Duve et al. [20] indicated that the electron transport
system of the microéomes_ differs from that in the
“mitochondria. These conclusions was confirmed by results
obtained in this study. Antibodies against the ovine adrenal
cyt P-450 reductase did not detect the ovine adrenal
mitochondrial reductase, ADXR. Masters et al. [31] showed in
their studies that the flavoproteins' involved in 'the
electron transfer systems of the mitochondria and microsomesri‘5
of the adrenocortical cells differ immunochemically. Anti-
adrenodoxin antibodies had no effect on the electron'

transport rate of the microsomal system. The lmicrosomal-

7
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flavoprotein was unable to substitute for the mitodhondrial

' flavoprotein in recbnstitutéd‘systems_[31].

Results obtained in these immunochemical studies'_suggést‘
that the'antibodies raised against ovine adrenal cyt P-450
reductase can be used in comparitive studies With other
ovine organs. Cross-reactivity with bovine adrenal cyt P-450
reductase was weak and indicates a high specificity of the
antibody towardé the .antigen (ovine adrenal Cyt' P-450

reductase) .
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CHAPTER 6
DISCUSSION

Cytochrome. P- 450 reductase is a membrane bound flavoproteln
found in anlmals, yeasts and plants spec1es [21, 25, 27, 3].

In animals the enzyme is found in various organs such as
kidneys, adrenals, lungs and 1liver [2,» 3, 19,‘,20].
‘ Cytochrone P-450 reductase forms an integral part of the cyt
P-450 hydroxylation systen. These cyt P-450 systems are
involved in numerous -metabolic pa@}hways such Aasr the
metabolism of steroids, drugs, and carcinogens [28} 29, 30].
In the adrenal gland the cyt P-450 hydroxylation system is
involved in the metabolism of steroid hormones [(1]. .
Cytochrome P-450 reductase has previously been isolated ffom
various mammalian organs. It was, however, never before
isolated from ovine tissue. The procedures investigated'ferJ
the isolation of this enzyme was modified"slightly for the
isolation of the ovine adrenal cyt P-450 reductase. Three
different methods, were used previouslyb described by
Estabrook [99], Shephard et al. [101] and Yasukochi et al.
[iOO], were used in this study. A modified version of the
method described by Yasukochi et al. [100] for the isolation
of pig liver cyt P- 450 reductase was found to be most
suitable for - the 1solat10n of ovine adrenal cyt P-450

reductaSe.

This method of isolation resulted in the purification of two .
cyt P-450 reductases; Red 1 and Red 2. Red 1 showed ﬁwoz
protein bands (a major and a minor band) on SDS~PAGE while
‘Red 2 showed only one band "The Mr of Red 2 and the major\/
band of Red 1 was 78 000 and the minor band of Red 1 |
73 500.
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Thé‘specific actiﬁity’of Redlz is'sixitimes'higher than‘tpat
found for’ Red 1. When the single protein  band of Red 2
partially degraded to two protein bands, Red 2a, a 5 fold
’ decreasevin cyt - ¢ reductase activity was  found. It cén bé
concluded that the minor band in both these preparations

(Red 1 and Red 2a) is énzymatically inactive.

The preparation of antibodies against ovine adrenal cyt
P-450 reductase for the use in immunochemical studies was
one of the aims of this study. A relativély new technique
for the eliciting of an immune response in rabbits was
investigated. The adsorption of antigens to NB to form
antigen-NB-complexes was performéd earlier with

lipopolisaccharides, proteins and glucoproteins as antigens.
[104, 105, 106]1 This method uses only 480 ug of protein for.:
one immunization schedule of 39 days.

Red 1 and Red 2 were both used for the production of
antibodies in rabbits. The titers of the antibodies were as
high as 2560 (anti-Red 1) after only 25 days while after 46
days the antibody titers were 10240 (both antisera)‘. This

serum was used in immunoblotting procedures.

The antibodiés to both Red 1 and Red 2 could detect Red 1,
Red 2 and cyt P-450 reductase in microsomes. This indicates
that the antibodies are identical. Anti-Red 2 . also
recognized the minor band of Red 1. The_result suggests that .
the minor band in Red 1 has to be a degradation product asb
Red 2 was not contaminated when used for immunization
purposes. S

Immunochemical studies on the cyt P-450 reductase
preparatiOns of another organ of the same animal (ovine) was -
(investigatéd to determine if the enzymes were related
immunochemically. Immunoblotting studies on a partially

purified ovine liver cyt P-450 reductase preparation showed

1
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that the liver enzyme could be detected by the antibodies

74

against the  adrenal 'enzyme. The ovine liver éyt P-450

reductase has the same Mr as the ovine adrenal enzyme, as
judged by the pbsifion of the bands on the immunoblot. This
result corresponds with the hypothesis‘vsuggested earlier
:that'the cyt P-450 reductase from different organs within

the same animal is coded by the same gene [3, 8, 13]. »

The investigation of the immunochemical relatibnship between

the cyt- P-450 reductase of two different species was

“undertaken. Bovine adrenal cyt P-450 reductase was detécted

by the antibodies against ovine adrenal cyt P-450 reductase,

but to a much lesser extent. This indicates that there is a .

definite immunochgmical relationship between the  ovine

adrenal and the bovine adrenal enzymes, which is not 'as

strong as between the two ovine (liver and adrenal) enzymeé;

It is clear from the results obtained with immunoblotting

studies that the antibodies prepared in this study are only

suitable to detect ovine cyt P-450 reductases and not cyt

P-450 reductases from other species. It was also found withv

immunoblotting that adrenocortical mitochondrial ADXR and ..

adrenocortical ,microsomal cyt P-450 reductase are . not

immunochemically related.

Immunoassays are very specific and require relatively low

concentrations ‘of protein. This feature of immunoassays

makes them ideal for the detection of small quantities bf.f

protein. The antibodies raised against ovine adrenal cyt
P-450 reductase will in future be used in immunoassays to

determine the levels of cyt P-450 reductase in ovine fetal

development. The cloning of the ovine cyt P-450 reductase

gene in cos-1 cells is a future prospect. and the

identification of the cloning product will be determined by,

immunological techniques.
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'CHAPTER 7
| -

EXPERIMENTAL -

7.1. Preparation of microsomes

o . i
The liver and adrenal glands of freshly slaughtered sheep
and cattle were removed and kept on ice to minimize protein

denaturing and to inhibit protease activity.

7.1.1, Preparation of ovine adrenal microsomes

All glassware used for the preparation of microsomes weye
rinsed with sucrose solution (0.25 M, pH 7,4-7,8). All ~
procedures were,performed\at 4°c and all buffers were ére-
cooled to 4°C before use. Adrenal glands were frozén' at
-20°Cin aliquots of 70 g.after removal of the fat. When used
. for microsome préparation the capsules were removed from thé
frozen glands which were cut into small pieces. The glands
‘were homogenized ‘in a Warring Blendor to a verY’ fine
suspension in sucrose solution (250 ml per 50 g' adrenal
glands). The suspension was  subsequently homogenized at  4°c
with a motor-driven homogenizer and the homogenate
centrifuged at 860 x g for 10 minutes at 4°C to remove cell
debris. The supernatant was centrifuged at 10 000 x g for 10
minutes and then at 12 500 x g for another 10 minutes to
remove the mitgphondria. The resulting - supernatant was

subsequently ultracentrifuged for 60 minutes at 70 000 x g-

and the pellet, which contained the microsomes, resuspended
by homogenization in enough KCl-solution (0,15 M) to form a
thin paste. The resuspended microsomal preparation was .
centrifuged again at 70 000 x g for 30 minutes. The
resulting pellet was resuspendéd by homogenization in the

smallest possible volume of Tris-sucrose-buffer (Tris 50 mM,
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- sucrose 0.25 M, pH 7,4~7 8) and stored in 0,5 or 1 ml
allquots 1n Eppendorf-tubes in liquid nltrogen [(100].

7.1.2. Preparation of bovine adrenal microsomes

‘The adrenal glands were frozen at -20°C in aliquots of 80 g
after removal of the fat. The cortex was separated from\the

rest of the frozen adrenal gland and used for microsomal

preparation. The same preparation procedure as described for

ovine adrenal microsomes was used.

7.1.3. Preparation of ovine liver microsomes

An ovine liver was removed from the animal and perfused w1th
ice cold saline-solution (NacCl 0,9% w/v) to remove blood
The liver tissue was cut into small pieces and stored  in

aligouts of 70 g as described for ovine adrenal glands. For

the preparation of microsomes the pieces of liver were cut

into yet smaller pieces with a scalple and the microsbmes

prepared as -described earlier for ovine adrenal microsomes.

7.2. Purification of cyt P-450 reductase from ovine liver
’ and adrenals and bovine adrenals

All operations were performed at 4°C and all buffers were

pre-cooled to 4°C before use.

~

7.2.1. Reductase Assay

A solution of cyt ¢ (0,5 mM) and NADPH (0,04 M) was prepa:eq;*

in - potassium phosphate buffer (150 mM, pH 7,7). The

reductase solution was diluted to a final volume of 0.9 ml

in potassium phosphate buffer (150 mM, pH 7;7). Thérsolution' .
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~was mixed with cyt c \(0,5 mM, 200 pxl) and used‘ as"a-‘
reference for fhe;spectophotometer. Reduction was initiatedi
with NADPH (0,04 M, 10 ul). The progress of the reaction was |

followed by monitoring the increase in absorbance at 550 nnm
for 2-3 minutes [101].

7.2.2. Procedure 1

This procedure is a slightly modified version of a procedure
used by Estabrook [97] to purify rat 1liver cyt P-450
reductase,

Ovine adrenal microsomes (0,9-1,8 g protein) were diluted 5
fold with buffer 1 (Tris 27,5 mM, pH 7,7, ethylenediamine
tetra-acetic acid (EDTA) 1,1 mM, glycerine 22%, deoxycholate

0,44% and Triton N101 0,88%), -ultracentrifuged for 60

minutes at 100 000 X g and the supernatant poured through.a
cheese cloth.

Anion exchange.

DE-52 (300—400 ml swollen gel) was packed in a Buchner
funnel (5 cm x 8 cm) and equilibrated with 600 ml of buffer

2 (Tris 0,1 M, pH'7,7, Triton N101 0,5%, deoxycholate 0,1% .

and EDTA 1 mM). The supernatant. was loaded onto the gel

which was then washed, first with 1 1 of buffer 1, followed
by 1 1 of buffer 1 containing 0,13 M KCl. The reductaée was

eluted by washing with 1 1 of buffer 1 containing‘O,B M KC1.

Affinity chromotography

A 2'5'ADP-Sepharose column 4B (1,9 cm x 1,5 cm) was packed

in buffer 1 and equilibrated with buffer 3 (potassium

77
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EDTA 1 mM). The eluate from the DE-52 column was loaded- onto

phosphate'lo mM pH 7,7, glycerlne 200; Triton‘NlOl 0.1% and '

‘the 2'5'ADP- Sepharose column and washed with- buffer eg

(potassium phosphate 150 mM, pH 7,7, glycerine 20%, Trlton
N101 0,1% and EDTA 1 nmM). The enzyme was subsequently eluted
with 1,2 mM NADP+ dlssolved in buffer 3. The yellow fraction!
was collected and concentrated by ultraflltratlon to an

approximate volume of 5 ml using an Amicon concentraton

equlpped with PM30 membrane filter. (molecular mass cut off’

of 30 000). A few crystals KgFe(CN)g were added to ‘the
preparation to reoxidized the reductase.

Gel filtration

Sephadex G-200 was swollen in buffer 3 and equilibrated with

the same buffer. The reoxidized enzyme was loaded onto the

column (1,9 cm x 35 cm) and eluted with the same buffer.tTwo.

fractions were obtained. The first which contalned the

'reductase, was concentrated to a final volume of 2-3 ml by -

ultrafiltration as described earlier and the second fraction
contained the unused KgFe(CN)g.

Anion exchange
A hydroxylapatite -column (1,9 cm x 7 cm) was equilibrated

with buffer 5. (potassium phosphate 20 mM, pH, 7,7 and
glycerine 20 %). After applying the sample, the column was

washed with buffer 5 until the absorbance at 276 nm was less -

than 0,05. The enzyme was subsequently eluted with buffer 6

(potassium phosphate 150 mM, pH 7,7 and glycerine 20/); The
solution containing the purified enzyme was dialyzed

overnight against buffer 7 (potassium phosphate 100 mM, pH:

7,7 and glycerine 20%) at 4°C and stored in vails at -70°c.
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7.2.3. Procedure 2

This procedure is the same as ' procedure 1 except that the

hydroxylapatite column was' ' replaced with a 40 ml DEAE-

79

Sepharose CL 6B column (2,5 cm X 20 cm) equilibrated with

buffer V (potassium phosphate 10 mM, pH 7,7). After loaéing

the sample the column was washed with buffer VI (potassium

phosphate SO.mM, pPH 7,7) and the reductase eluted with,

buffer VII (potassium phosphate 50 mM, pH 7,7, KCL 0,5 M and

deoxycholate 0,1 mM). The resulting énzyme was concentrated -

and dialyzed overnight against buffer VIII (potassium
phosphate 50 mM , pH 7,7,) at 4°C and stored at -20°C [2].

7.2.4. Procedure 3

ovine microsomes (1,8-2 g) were suspended in bdffer A

(potassium phosphate buffer 100 mM, pH 7,25, glycerine 20%,
dithiotreitol (DTT) 1mM, EDTA 1 mM, Flavin adenine

mononucleotide (FMN) 2 uM, buthylated hydroxytoluene (BHT)’

23 uM and phenylmethansulfonylfluoride (PMSF) (0,4 mM) to a
final protein concentration of 1,9 mg/ml. Dithiotreitol is a
reducing agent, PMSF is a protease inhibitor and BHT is an
antioxidant. Cholate (20%) was added to the preparation to

yeald a final concentration of 0,7% (w/v). The preparétion -

was stirred for 15 minutes on ice. After the preparation was
centrifuged at 100 000 x g for 60 minutes it was diluted
with buffer A to a final protein concentration of 1,5 mg/ml.

A 2'5'ADP-Sepharose 4B column (1,9‘cm X 1 cm) was

equilibrated with buffer B (potassium phosphate buffer

10 mM, 'pH 7,25, glycerine 20% and EDTA 1 mM). After the

sample was loaded, the column was washed with buffer ¢
(potassium phosphate 300 mM, pH 7,25, EDTA 0,1 mM, glycerine

20% and Triton N101 0,1%). The column was subsequently:

washed with buffer D ‘(potassium phosphate 30 mM, pH 7,25,
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EDTA 1 mM, glycérinevzo% and deoxycholate 0,15%) and the
reductase -eluted with buffer E (potassium phosphate .30 mM,
pH 7,7, EDTA 1 mM, glycerine 20%, deoxycholate 0,15%, NADP

80

1,3 mM and PMSF 0;4 mM) . Only fractions with an .A455‘A38'o '

ratio of more than one were collected. The enzyme solution
was dialyzed overnight against buffer F (potassium phosphate
buffer 30 mM, pH 7,7, EDTA 0,1 mM and glycerine 20%).and
stored at -209C [99].

7.2.5. Procedure ¢

This method was used to isolate cyt P-450 reductase from

dvine \ adreﬁals, ovine . _liver/ and bovine adrenals
respectively. Microsomes (1,8 g protein) were suspended in
buffer i (Tris-HCl 25 mM, pH 7,7, Triton N101 or Emulgen 913
0,8%, deoxycholate 0,4%, glyceriné‘zo% and EDTA 1 mM) to
give a protein concentration of 10-13 mg/ml. The preparation

was subsequently ultracentrifuged -at 100 000 x g for 60

minutes at 4°c.

Anion -exchange

DE-52 (300-400 ml swollen gel) was poured onto a Buchner

funnel (5 cm x 8.cm) and equilibrated with buffer ii (Tris-

HCl 25 mM, pH 7,7, deoxycholate 0,2% and EDTA 1 mM). The

supernatant was loadéd onto the gel_and washed with 1 1l of

buffer ii, followed by 1 1 of a KCl solution (0,12 M) in
buffer ii. The enzyme>was eluted with 0,3 M KC1l in buffer'ii

as .a yellow solution which was then diluted with an equal

volume of 20% glycerine.

Affinity chromotography

A ‘2'5'ADPéSepharose 4B column (1,9 cm- x/'I,S cm) was

‘equilibrated with buffer iii (potassium phosphate 10 mM, pH
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'7,7, lecerine 20% Triton N101 or Emulgen 913 0 1% and EDTA'
1 mM). The enzyme solution was applled to the column and .

washed with buffer,lv (pota551um phosphate 150 mM, pH 7,7,

‘Triton N101 or Emulgen 913 0,1%,  EDTA 1 mM and ' glycerine
20%) and eluted with buffer v (1,2 mM NADP or 2,5 mM 2'AMP

solubilized in buffer iii). When 2'AMP was used the pH of

the buffer -was adjusted to 7,4. The enzyme solution was

concentrated by ultrafiltration as described earlier to a

final volume of 3 ml and a few crystalls of K3Fe(CNg) added

to the solution to reoxidize enzyme.

Gel filtration

The sample was subsequently'loaded onto a Sephadex_G—200 

column (1,9 cm x 35 cm) equilibrated with buffer iii and

‘eluted with the same buffer. Two yellow coloured fractiqns’

appeared of which the first contained the reductase. This
fraction was concentrated by ultrafiltration to a volume of

3-5 ml as described previously.

.Anioh‘exchange

A hydroxylapatite column (1,9 cm x 1,5 cm) was equilibrated
. with buffer vi (potassium phosphate 20 mM, pH 7,7, glycerine
20% and EDTA 1 mM). The sample was loadea onto the column
and washed with the same buffer until thevabéorbahce‘of'the
eluate at 280 nm was less than 0,02. The enzyme was eluted
with buffer wvii (potass1um phosphate buffer 100 mM, pH 7, 7
,and glycerlne 20%) . '

The enzyme was concentrated by ultrafiltration asﬂdescribé&

previously and dialyzed overnight against buffer viii

(potassium phosphate buffer 100 mM, pH 7,7, glycerine 20%

and EDTA 0,2 mM) and stored at -20°C [98].
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7.3. Sodium Dodecyl Sulphate Polyacrylamlde gel
electrophore81s (SDS PAGE) '

7

7.3;1. Pr_eéaration of Running gel (10%) and Stacking gel (3_25) ‘

The SDS-PAGE-cell was assembled and the lower - part of the
gel compartment 'sealed off with melted agarosé solution
(0,1%). Running gel buffer (Tris-HCl 0,375 M, pH 8,8 and SDS
0,1%), (10 ml) was mixed with running gel monomer stock
(5 ml) (acrylamide 30%, N,N-bismethylacrylamide 0,8%
solubilized in running gel buffer). Freshly prepared
’ammoniumpefoxodisulphate solution (10%) (100 wl) was added to
the running gel mixture. = N, N, N, N-
tetramethylethylenediamine (TEMED) (10 pl) was added to this
mixture énd directly thereafter the gel was ppured.;After
the running gel had polimerized stacking gel buffer (Tris-
HC1l 0,125 M, pH 6,8 and SDS 0;1%)(4,5 ml) and stacking gel
monomere (aCrylamide 30%, N,N,-bismethylacrylamide 0,8%
solubilized in stackinggel buffer) (0,5 ml) were mixed,
fréshly" prepared ammoniumperoxodisulphate = (50 wxl) and
TEMED (5 ul). added and the gel poured. A combvwas inserted
into the stackinggel to form wells for sample application.

7.3.2. Preparation of samples

Protein solutlons (1-5 ug proteln) ‘were loaded onto the gel
All samples were diluted with an equal volume of treatment.
buffer (Tris-Cl buffer 67,5 mM, pH 6,8, SDS 2%, glycerine :

10% and 2-mercaptoethanol 5%) and bromophenol blue-solution .-

(1 pl) as a frontmarker' and boiled for 1,5 minutes. The
samples were allowed to .cool to roomtemperature before
loading it onto the gel. '
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7.3.3 .. Electrophoresis'

- The dpper and lower buffer chambers of the electrophoresis‘ |
cell were filled with tankbuffer (Tris puffer 25 mM, pH 8,3,
-glycine 192 mM aﬁd SDS 0,1%). After loading-of the proteins,

a constaﬁt current of 20 mA was applied until the
Bromophenol Blue reached the end of the running gel The gel
was subsequently’ removed to be stained or wused in -

immunoblotting experiments.

7.3.4. Staining and Destaining procedures

The gel was stained'for.l hour in a Coomassie blue solution
(Coomassie blue R-250 0,125%, methanol 50% and acetic acid
10%) The staining solution was removed and the gel destained o
first in solution 1 (methanol 50% and acetic acid 10%) for .
an hour and then in solution 2 (acetic acid 7% and methanol

5%) overnight.

7.4. Isoelectric focussing

7.4.1, Preparation and the electrophoresis

The plate of the isocelectric focussing apparatus was pre-
cooled to 4°c. Paraffin liquid was distributed evenly Onto_
the plate as a heat exchange. fluid. The Precoat (pH 3 toipH'
10, 300 um thick) was placed onto the cooling plate avoiding
" the trappingrof-bubbles and the cover sheet was removed from
gel carefully. Two wicks were ‘saturated with respectively
0,02 M acetlc a01d and 0,02 M sod1umhydrox1de and the excess -
fluid was blotted. The w1ck saturated with acid was placed
at the anode and the w1ck saturated w1th hydroxide was
' placed at the cathode. _Thev electrodes were placed into

position making complete contact over the whole wick area.

R - .
/ [N !
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An applicator. strip was placed in the’m\iddi_l.e of ‘the gel
parallel with the electrodes and ‘the samples {10'pg)‘Were_
applied into the slots of the applicator 'Strips.';Tﬁé
pfoteins were separated with constantb-power for 2 to 3

hours. ‘ . . -

\

7.4.2. Staining and destaining procedures

y |
The gel was removed and the protein bands were fixed with a
10

was then rinsed with <distilled water and stained with

trichloroacetic acid solution for 10 minutes. The gel

o

Coomassie blue stain ,used in SDS gel staining, for 15
minutes. The gel was destained first with destain solution 1
for 15 minutes ‘and then with destain solution 2 for 15

minutes. The gel was allowed to airdry.

7.5. Optical absorption spectra

Optical absorption spectra were measured with a Beckman DU=-
65 spectophotometer at roomtemperature (25°C).'Quarts.mini
cuvetts were used with a capacity of 1 ml. The spectra were

measured over a wavelength range of 320 nm to 550nm.

7.6.~Prepération.of hydroxylapatite

cacl, (0,5 M)(2 1) and NaHPO, (0,5 M) (2 1) were allowed to
run at equal rates (12-15 ml/min) into a beaker while
stirring continuously at a constant rate. The precipitqte"
was allowed to settle, the supernatant sucked off with a
vacume pump and the precipitate washed 4 times with watér
(3 1), &llowing complete settling of the crystalls after
each wash. The precipitate was diluted to 3 1 with distilled
water and freshly prepared NaOH solution (40%) (100 ml) addéd’

while stirring. The mixture was heated to 100°Cc within 45
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minutes and boiled gehtly“fer 60 minutes whilexStirring _The

supernatant was removed after the pre01p1tate was allowed to
settle for 5 nunutee, ‘The pre01p1tate was washed 4 tlmes
with water (3 1);"allow1ng 5 minutes settling time between
each wash. The pre01p1tate was suspended  in sodlumphosphate
buffer (0,01 M , PH 6,8) (4 1) and heated to 100°C while
stlrrlng This procedure was repeated twice with 0,01 M and
twice wlth 0,001 M sodlumphosphate buffer (pH 6,8) allowing

‘5 .

15 minutes boiling each time. The final suspension was

resuspended in the sodiumphosphate buffer (0,001 M) (107).

7.7. Purification of Cholate

Cholate was solubilized in ethanol (50%) in a sonic bath and
the solution poured through a Buchner funnél coﬁtaining
equal quantities of activated -charcoal and celite. The
filtrate was dried under vacuum and resuspended in ethanol
(50%); The process was repeated and the final‘crystalls”are

dried further in a vacume ovenquernight [(87].
7.8. Protein determinations

7.8.1. Bradford nethod

Coomassie brilliant blue G-250 (500 mg) was dissolved in
ethanol (95%, 50 ml) and phosphoric acid (85%, 100 ml) added
to the mixture . The resulting solution was diluted to\a
final volume of 1 1 with distilled water and the solution

filtered. The protein standard_used was bovine serum albumin

(BSA) with a concentration of 1 mg/ml in basal buffer’

(potassium phosphate 50 mM, pH 7,4, EDTA 0,1 mM, DTT O, 1'mM
and glycerine 109) Proteln standards ranging from O pg—
100 ug proteln/loo pl with 20 ug intervals were prepared in-
basal buffer. Bradford-reagent (5 ml) was added to egery

A

3
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tube and the absorbance at.\”595 nm’ -determ’i'ne‘dlt immediately.
~using the 0 b9 proteln standard solutlon as the reference. A
standard curve was plotted from . which’ unknowns could - be

determined.
N

7.8.2 . ‘Folin-Lowry method

A fresh'alkaline solution was prepared on the day of use by :
mixing an alkaline sodium carbonate solution (2% NaCO; in
0,1 M NaOH, 50_ml) and a oopper sulphate sodium potassium :
tartrate solution (0,5% CuSO4.5H,0 in 1% NaKtartrate, 1 ml).
The commercial Folin Ciocalteau-solution was diluted with an
equal volume of distilled water. Protein standards ranging
from 1-100 pg;ml with 20 pg intervals were prepared usiné
basal buffer as diluent and a BSA solution (1 mg/ml).
Alkaline solution (5 ml) was added to each tube. The tubes
were subsequently incubated at room temperature for 10
minutes, Folin Ciocalteau reagent (0,5 ml) was added to each
tube and the resulting mixtures were incubated at room
temperature for 30 minutes. . The»absorbance at 750 nm was
jdetermlned ‘using the 0 pg/ml solution as a reference. A

standard curve was constructed to determine unknowns.

7.8.3. VPierce method

Protein standards .ranging':fronl 0 to 120 pg/ml with 20 g
intervals were prepared using a BSA solution (2 mg/ml)
provided in the Pierce—kiti(Pierce chemical company). The.
working reagent (1 part reagent B and 50 parts reagent_A;
2 ml) was added to every tube which was incubated for 30
minutes. at 37°C. The .contents was allowed to cool to room-
temperature and the absorbance at 562 nm determined w1th’
water as a reference. A standard curve .was plotted from

which unknowns were determined. .

-
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7.9, Preparation/of'antibodies against cyt P-450 reductase

7.9.1. Preparation of naked 'b‘actei‘ia-prote'in—complexves
A suspension of naked bacteria (NB) (1 mg/ml) was prepared in

a small homogenizer. Subsequently the NB suspension ‘and

87

solution of protein cht P-450 reductase) was mixed in a -

small pear-shaped flask, at a ratio of NB:protein (m/m) of

5:1. This mixture was dried on a rotary evaporator and the. -

resulting precipitate resuspended by brief sonication in_PBS

to a final concentration of 240 pug of protein—NB
complex/0,5 ml PBS. For the first two immunizations 1 ml of
a 120 pg protein-NB- complex/o 5 ml suspens1on was prepared
by dllutlon w1th PBS.

7.9.2. Immunization schedule

Rabbits were immunized with this suspension over a period of
39 dayS‘I13]» A day O control blood sample was drawn before
the flrst 1njectlon. The . flrst two injections given on day 1
;and day 4, were 0, 25 ml and 0,5 ml respectively of a 120 ug

‘proteln—NB complex/o 5 ml suspen51on. Further 1nject10ns on’

days 7, ,11, 18 ;21 25, 32, 35 and 39 were 0,5 ml of a
240 ug protein#Néécomplex/o 5 ml suspension. On days 11, 18,
25, 32 and 35 a 2 ml volume of blood was drawn while 20 ml
was drawn on day 46

b

7.9.3. Antiserum prep_arat}{on

'The blood samples were allowed to clot by incubation at 37°C
for 30 minutes and the clot ‘was subsequently removed by

centrlfugatlon in a bench top centrifuge at maximum speed

# (800 X g). The supernatant, i.e. serum, was stored at -20°c
in Eppendorf tubes. '
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7.10. Enzyme Llnked Immunosorbent Assay (ELISA) for cyt P-'

450 reductase antlbodles.

The protein (cyt P-450 reductase) was diluted to 1 wpg/ml
with bicarbonate buffer (NaHCO;, 50 mM, PpH 9,6) and ELISA
plateé (Nunc .maxisorp withvvcertificate) were coated with
this splutioh (100 ul/well overnight at 4°cC in wells 1-11).
The solution was decanted and non-specific binding ‘was
blocked with 0,1% casein in carbonate: buffer (200 pl) in
wells 1-12 for 1 hour at 37°C. The plates were then washed
~ three times with PBS-Tween (PBS containing 0,1% Tween 20).

This washing procedure was repeated after each of the.

subsequent incubation steps. A dilution series of antiserum

(100 ul/well) was made in wells 2-11. Casein buffer  and
antiserum (diluted 1 in 20) were used as controles in wells

1 and 12 respectively. The plates were then incubated for 1 -

hour at 37°c. Sheep-anti-rabbit antiserum (diluted 1 in 400
in casein buffer) (100 pl/well) was pipetted into all wells
and incubated at 37°C for 1 hour. Rabbit-peroxidase-anti-
pefoxidase' (rabbit-PAP) (diluted 1 in 10 000 in casein
bgffer} 100 pl) was then -pipetfed into all wells and
incubated'at 37°C-for 1 hour. The substrate was prepared

" just gbeforek usé by dissolving 0,01 g 2,2'azino-di ([3

ethylbenzthiaz6lihe—sulfonic acid (6)] (ABTS) in citrate
buffer 0,1 M, pH 5 and finally adding 10 gl H,0,. This

solution '(150’p1)i was'Apipetted into all wells and the. .

- absorbance at 405 nm was recorded after 10 minutes. )

N

7;11. Electroblotting

7.11.1. Electro-transfer

Proteins (cyt P-450-reductase) were separated on a 10% SDS-
PAGE (as described previously in Section 7.3) and transfered

to a-nitrocellulosé3membranéﬁas described by Strott (104].. T
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The nitrocellulose membrane. was saturated 1with :Eranefer
buffer (Tris buffer 0,05 M, pH 8,3, glycine dAQS M. and
methanol.zo%) and placed on one side of the gel.  Care was
taken to ensure complete contact over the entire area'of the
gel._' The p051tlon of’ the gel was marked on .the
nitrocellulose membrane with a ballpoint pen. The gel and
'membrane was sandw1ched between scouring pads ("Scotch
Brite") and blotting paper, saturated with transfer'buffer.
A perspex grid was placed on both sides of the sandwich
which was then inserted into a tank of transfer buffer with
the nitrocellulose membrane facing the anode and the SDS-gel
facing the cathode. A constant current of 40 mA was applied

across the gel overnight.

7.11.2. Immunoblotting

Following = transfer from the SDS-PAGE gel to the
nitrocellulose membrane, the membrane was blotted dry with
blotting paper and the non-specific binding on the membrane
blocked “by - incubation for 20 mlnutes with casein buffer
(NacCl - 154 mM N casein 0,5%, Tris-HCl1 10 mM, thiomersal
o, 020,'all reagents are dlssolved and the pH adjusted to 7,6
before casein was added and stlrred slowly overnight at
4°C). The membrane was. subsequently incubated for 2 hours
with an optlmalbdllutlon of the rabbit antiserum against cyt
P-450 reductase;‘f(All‘-antisera were diluted in .casein
buffer.) The membrane was washed 4 times for 4 mlnutes with
PBS~Tween. Subsequently a 1 hour incubation period with
sheep-anti-rabbit antibodies (1 in 200 dilution) was:
followed by washingiwitthBS?Tween as described before. The'
‘membrane was then incubated.for 1 hour with rabbit-PAP (1 in
5000 dilution), followed by washing with PBS-Tween. The
membrane was finally incubated (usually 5 to 10 minutes)
with the substrate until blue coloured bands appeared on the
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nitrocellulose membrane. The membrane. was washed with =~ |

distilled water, blotted dry and stored in aluminium foil.

The substraté sOlution was prepared just ‘befbre use by
dlssolv1ng 30 mg 4-chloro-naphtol in 15 ml 95% methanol and
then mixed with 50 ml PBS and 15 ul Hy0,.
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