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ADstract
Cytochrome bg reductase exists in soluble and membrane bound forms. The
membrane bound form is predominant in most tissues. It is anchored to the membranes by

an N-terminal membrane binding domain. The membrane bound enzyme is involved in the

desaturation and elongation of fatty acids and in some cytochrome P450 mediated reactions.
The soluble form of bg reductase is present mainly in the erythrocytes and is involved in

the reduction of methaemoglobin. This form of the enzyme has an identical primary amino
acid structure to the membrane bound form apart from the fact that it lacks the

N-terminal binding domain. ~ The long term aim of this investigation is to establish the
relationship between the membrane bound and soluble forms of bg reductase. An
oligonucleotide of 43bp in length, made on the basis of a previously published partial cONA
sequence of human liver bg reductase was used as a starting point in a cloning procedure
that led to the isolation of a cDNA of 1905 bp in length, whose sequence encodes the entire

length of the membrane bound form of the enzyme . Southern blot hybridization analysis
of DNA isolated from a panel of 11 somatic cell hybrids provided evidence supporting the

hypothesis that one gene, present on chromosome 22, encodes both forms of human bg

reductase. Overlapping genomic clones of the human gene were isolated and characterised
by cos end mapping, restriction endonuclease mapping and Southern blot hybridization
analysis. The clones, together spanning 26kb, contained 8 exons that together encode all
but the N-terminal 6 amino acids of the membrane bound form of the enzyme. The 5' most
exon isolated (called exon A) was found to encode the putative N-terminus of the soluble
form of bg reductase. Analysis of 300bp of the sequence immediately upstream of this exon

revealed two motifs that are similar to protein binding sites within the erythroid specific
alternative promotor of the porphobilinogen deaminase gene. RNAse protection analysis of
RNAs isolated from erythroid and non erythroid tissue, however, did not provide any
evidence to support the proposal that this sequence acts as an erythroid specific promotor

for the soluble form of b reductase . However, the possibility that an mRNA species

encoding the soluble form could be generated by the splicing of the 5' end of exon A to an
alternative splice donor site could not be excluded by the results of these experiments.
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1. Introduction
NADH-cytochrome bg reductase (bs reductase) and cytochrome by (Cyt bg) together

mediate the passage of electrons from NADH into several diverse metabolic pathways that are
located in different cellular compartments. Of particular interest is the fact that both these

proteins exist in membrane bound and soluble forms. This thesis describes work that

focuses on the relationship between the two forms of bg reductase.

1.1. Early research on the cytochrome bs reductase
Before its relationship with cyt bg was recognised, bs reductase was referred to as

an NADH-cytochrome ¢ (cyt ¢) reductase because of it's ability, in crude preparations, to
catalyse the NADH-dependent reduction of cytochrome ¢ in vitro. The NADH-cyt. ¢ reductase

assay was rather misleading because, in crude cell extracts, it could not distinguish the
activity of the respiratory chain from the activity of bs reductase. In 1949, however,

Hogeboom separated microsomal and mitochondrial membrane fractions and demonstrated
the presence of NADH-cyt ¢ reductase activity in both. Because cyt ¢ was only known to be
associated with mitochondria, it was concluded that the microsomal enzyme could not be
associated with

cyt ¢ in vivo.

Strittmatter and Velick (1956) proposed an explanation for microsomal NADH-Cyt ¢
reductase activity. They solubilized a cytochrome from microsomes whose reduction by an
NADH-dependent enzyme, had been previously studied by several workers. They then made a
soluble preparation of an NADH-dependent enzyme from microsomal membranes that
reduced this purified cytochrome. More importantly, the enzyme also readily reduced cyt C,
but only in the presence of the microsomal cytochrome. The in vitro NADH-cyt ¢ reductase
activity of microsomes was therefore explained in terms of the following electron transfer

sequence.



NADH —» microsomal cytochrome reductase ->»microsomal cytochrome —=>cytochrome ¢

This work was the first demonstration of a specific interaction between an enzyme
and a cytochrome and was of great general interest, because such interactions were implicit

in the current concepts of cytochrome action. The microsomal cytochrome was later named

cytochrome bg (cyt bs) and, appropriately, its reductase was named NADH-cytochrome bg

reductase (bs reductase ).

1.2. The isolation of cyt bg and bg reductase from erythrocytes

Between 1967 and 1970 Passon and Hultquist(1972), whilst studying erythrocyte
redox proteins, purified two proteins that they identified as a cyt bg and a bg reductase.

This was surprising because both proteins were isolated from the soluble fraction of the

cells. They had previously only been known as membrane bound proteins . The discovery of
these soluble erythroid proteins was very interesting to those researching the hereditary
blood disorder methaemoglobinaemia. The following section gives a brief review of early
research into the causes of this condition in order to put the discovery made by Passon and

Hultquist into its historical context.

1.2.1. Hereditary methaemoglobinaemia (for a review see Schwartz et al.1979)

The ability of the blood to act as an oxygen carrier relies on the efficient association
of oxygen with haemoglobin. Oxygen binds to haemoglobin by chelating to the ferrous ion
within its haem group. Partial transfer of an electron from the ferrous ion to oxygen,
however, leaves a small population in the ferric state and converts the oxygen atom into a
superoxide ion which is subsequently slowly liberated. The resulting oxidised form of

haemoglobin cannot bind to oxygen. It is called methaemoglobin. Its accumulation within



erythrocytes is called methaemoglobinaemia, a condition characterised by blue colouration
or ‘cyanosis' of the skin that has been associated for a long time with the toxic effects of
exposure to certain chemicals. Recently, high levels of nitrites in drinking water has been
identified as the cause of methaemoglobinaemia in children, the so called 'blue baby'
syndrome. However, there also exists a rare hereditary form of methaemoglobinaemia.

Francois (1845) published what appears to be the first reported case of hereditary
methaemoglobinaemia. He describes a case of congenital cyanosis in the absence of obvious
pulmonary or cardiac diseases that was associated with increased concentrations of
methaemoglobin in the circulating erythrocytes.

Forty six years later, Dittrich (1891) administered nitroglycerine and acetanilid to
dogs in order to induce toxic methaemoglobinaemia. He noted that the blood methaemoglobin
level, after its initial rise, quickly returned to normal without haemolysis suggesting that
erythrocytes had an intrinsic ability to reduce methaemoglobin. Warburg et a/. (1930) and
Wendel (1933) made further studies on the methaemogiobin reducing activity of blood .
They demonstrated that reduction was stimulated by glucose and lactate. Cox and Wendel
(1942) showed that, in dogs made methaemoglobinaemic with toxic chemicals, the reduction
of methaemoglobin in vivo and in shed blood continued at the same speed. The rate of
reduction in vivo was not affected by elevated or lowered blood glucose levels or by
starvation. They took these observations to support their proposal that the reducing system
was located solely within the erythrocytes.

The following explanations for the cause of hereditary methaemoglobinaemia are
consistent with the above observations. It could be is caused by:

1) the production in the body of substances that increase the rate of haemoglobin oxidation,
(Dieckmann, 1932);

2) the occurrence of an atypical methaemoglobin that is resistant to reduction (Lian et al.
1939), or a form of haemoglobin that is prone to oxidation,;

3) a defective system for the reduction of methaemoglobin due to an enzyme deficiency




(Gibson,1948).

Hypothesis 1 was ruled out by Sievers and Ryon (1946), who found that plasma from their
patients did not affect the rate of reduction of methaemoglobin in normal blood suggesting

that if these substances were produced, they were not present in the plasma. As regards
hypothesis 2 , methaemoglobinaemias due to defects in globin chains have been described and
have come to be known as haemoglobin-M disorders. They are beyond the scope of this
introduction. .

The first extensive study of the reduction of methaemoglobin in the red blood cells of
normal individuals and individuals with idiopathic methaemoglobinaemia were carried out
by Gibson in 1948. He found that methaemoglobin produced by the action of nitrite on
normal red cells was reduced slowly when the cells were suspended in saline. On the addition
of glucose or lactate, however, the rate of reduction increased considerably. Glucose and
lactate did not have additive effects, suggesting that some stage of the reaction was common to
both substrates. Furthermore, the stochiometry of amount of methaemoglobin reduced to the
amount of pyruvate produced with each substrate was consistent with the glycolytic pathway
being involved. In blood cells from methaemoglobinaemic patients, no accumulation of
pyruvate occurred on the addition of either glucose or lactate. These and other observations
led Gibson to suggest that hereditary methaemoglobinaemia might be caused by the deficiency
in an NADH-dependent methaemoglobin reductase.

The first direct evidence for the absence of such an enzyme in methaemoglobinaemic
erythrocytes was provide in 1959 by Scott and Griffith. The enzyme they showed to be
deficient was one that, in healthy individuals, had NADH-cyt ¢ reductase activity in vitro
and acted as an NADH-diaphorase that catalysed the reduction of 2,6 dichlorobenzene-
indophenol. it was therefore called erythrocyte diaphorase. Scott (1960) used the
diaphorase assay to study the inheritance of methaemoglobinaemia in Alaskan families and
found that the parents of methaemoglobinaemic children had about half the normal activity of

red cell diaphorase, indicating that the condition was inherited as a simple Mendelian trait.



Kaplan et al. (1967), published a method for staining red cell diaphorase after starch gel
electrophoresis, and demonstrated the absence of specific bands in tracks corresponding to
blood samples from methaemoglobinaemic patients. There have since been at least 150
reported cases of methaemoglobinaemia due to deficiency in this NADH-dependent enzyme.
Another 150 patients are presumed to have the disorder from the patterns of its

inheritance.

The bg reductase isolated from erythrocytes by Passon and Hultquist (1972) had

identical properties to red cell NADH-diaphorase, suggesting that this enzyme was in fact bg
reductase. If this was the case it would explain the observation made by &‘fru@cmi el

al.(1959) that a soluble preparation of pig liver microsomal bs reductase catalysed the’

reduction of methaemoglobin in the presence of cyt bs isolated from the same source. Passon

and Hultquist suggested the following pathway for the reduction of methaemoglobin:

NADH — Cytochrome bg reductase —> cytochrome bs —> methaemoglobin
To test their hypothesis they successfully made a reconstituted NADH-methaemoglobin

reductase system using purified erythroid cyt bg and bg reductase.

1.3. Soluble and membrane associated bs reductase appear to be encoded by the same gene

In 1953, Worster-Drought et al. drew attention to the frequent association of
hereditary methaemoglobinaemia with broadly based symptoms reflecting severe
neurological dysfunction. Taken together with the knowledge that hereditary
methaemoglobinaemia is caused by an enzyme deficiency, this obsevation indicated that two

very different diseases might be caused by different types of mutation within a single gene
and prompted studies designed to demonstrate the similarity between bg reductases isolated
from erythroid and non-erythroid cells. Leroux and Kaplan (1972) found that preparations

of the bg reductase made from erythrocytes, leukocytes, platelets, brain, placenta, muscle



and liver, were immunochemically and electrophoretically indistinguishable. Furthermore,
in 1975, Leroux et al. showed that the enzyme was absent from extracts of erythrocytes,

leukocytes, muscle and liver in a patient who had methaemoglobinaemia with associated

mental retardation. These results showed that the bs reductases in erythrocytes and other

tissues were not only structurally similar, but at least partially encoded by the same gene.
How could two forms of bg reductase deficiency arise if the enzyme was encoded by a

single gene? Leroux et al. (1975) put forward an explanation that took into consideration

the fact that erythrocytes contain no ribosomes. They suggested that a mutation which
lowered the stability of an otherwise fully functional enzyme would tend to be preferentially
expressed in the erythrocytes because they do not carry out protein tunover, and therefore
have no means of maintaining the level of unstable proteins. A mutation that severely altered
the enzyme structure, on the other hand, would be expressed in all tissues. An alternative
explanation they put forward for a deficiency in the erythroid enzyme, was based on the fact
that this protein is soluble whereas the somatic cell protein is membrane bound. If the
soluble form was derived from the membrane bound form by some post translational process
that occurred during erythroid maturation, then a mutation preventing the formation of the
soluble protein from its precursor would not affect the integrity of the membrane bound

form, and a deficiency would only be found in the erythrocytes.

A third possible explanation put forward by Leroux et al. for the occurrence of two

different forms of bg reductase deficiency, allowed for the possibility that erythroid and

somatic cell bs reductase might be partially encoded by separate genes but share a common

subunit encoded by a single gene. They suggested that , if this was the case, the erythrocyte
deficiency could be caused by a mutation within the erythroid specific gene, whereas the
generalised deficiency could be caused by a mutation in the DNA sequence encoding the
common subunit.

The situation has since been further complicated, however, by the report of



Tanishima et al. (1985) of a case of hereditary methaemoglobinaemia that was not
associated with neurologic or mental disorders, but was none the less associated with bg

reductase deficiency in platelets and leukocytes as well as erythrocytes. This form of

methaemoglobinaemia was classified as type Ill methaemoglobinaemia.

1.4. The function of membrane bound bs reductase

The reduction of microsomal cyt bg is catalysed by the two enzymes NADH-bg
reductase (bg reductase) and NADPH-cyt P450 reductase, respectively (for a review see
Schenkman et al., 1976). None of the cyt bs mediated reactions of the microsomal

membranes have an absolute requirement for NADH over NADPH. That bs reductase plays an
essential metabolic role, however, is clearly demonstrated by the severe condition of

patients suffering from generalised bs reductase deficiency (see section 1.3). The

symptoms reflect a progressive neurological abnormality that becomes apparent before the
age of one year and develops into a syndrome characterised by severe mental retardation,
microcephaly, retarded growth and generalised hypertonia. Pathological examination of the
brains of three siblings with this disorder has revealed a reduced number of nerve elements

and retarded myelinization (Worster-Drought et al.,1953).
Three microsomal systems could potentially be disrupted by a deficiency of bg

reductase. These are the cytochrome P450 (cyt P450) mediated mono-oxygenase system,

the fatty acyl Co A desaturase system and the fatty acyl Co A elongation system.

1.4.1. Cytochrome P450 mediated mono-oxygenase system

Cyt P450s play a role in a large number of diverse reactions involved in the
metabolism of steroids and fatty acids and in the detoxification of drugs and xenobiotics (for

a review, see Peterson and Prough, 1986). Their function is in electron transport.



Reducing equivalents are derived mainly from the oxidation of NADPH and reconstituted
systems that include cyt P450s, NADPH-cyt P450 reductase and phospholipids are capable
of supporting a large number of cyt P450 mediated reactions. However, the requirements
for full activity vary for different substrates, a reflection of the fact that the term cyt

P450 describes a very large family of proteins each with a different specificity. The role of
cyt bg in many of these reactions was reviewed by Schenkman et al. (1976).

One of the early demonstrations of the complexity of the electron transport to
cyt P450s was made by Cohen and Estabrook (1971). They showed that the
NADPH-dependent N-methylation of aminopyrine can be stimulated by the addition of
NADH, and that the degree of stimulation produced was much greater than would be expected
from simple addition of reducing activity, suggesting a synergistic relationship between
NADH and NADPH. The reconstitution of purified components of the microsomal membranes
and the raising of antibodies to these components has allowed more detailed analysis to be
carried out. Mannering et al. (1974), for example, used anti-cyt bg serum to block the
synergism between NADH and NADPH in the NADPH-dependent demethylation of
ethylmorphine and showed that cyt bs appeared to be involved only in the passage of
electrons from NADH. The results from many such experiments led Prough and Burke

(1975) to suggest that in some cyt P450 mediated reactions, an electron from NADPH is

donated from cyt P450 reductase, either directly to the cyt P450 or via cyt bg, and an

electron from NADH is donated by bs reductase via cyt bs. Fig 1.1 summarises the different

pathways that can be taken for the passage of electrons from pyridine dinucleotides to cyt

P450s.



NADH—=P5 —— bs ——— 0,

reductase \
\ Oz P-450

P45
NADPH— P25 o p-450-X

Fig 1.1 : A scheme for microsomal electron transport reactions of
cyt P450; X, hydroxylatable substrate.(Peterson and Prough, 1986)

1.4.2. Fatty acid elongation and desaturation (for a review, see Jeffcoat, 1979)

Fatty acids are synthesised in the cytosol by the multienzyme complex, fatty acid
synthetase. The major product of this enzyme complex is palmitoyl-Co A. Further
processing is carried out by two membrane bound systems which can together elongate and
desaturate the fatty acid chains. For example, the fatty acyl-Co A desaturase catalyses the
introduction of a double bond at the A9 position of stearyl-Co A, converting it into oleoyl-Co
A and the fatty acyl-Co A elongation system catalyses the addition of two carbon units to the
carboxy-terminus of palmitoyl-Co A, converting it to stearyl-Co A. In microsomes,
reducing equivalents are transported into these metabolic systems as shown in fig 1.1.

NADPH———p NADPH-cyt P450
reductase

microsomal

cytb
yibg systems

NADH——— NADH-cytb 5

reductase

Fig 1.2: A scheme for electron transport to the microsomal fatty acyl Co A
desaturase and elongation systems.
( modified from Schenkman et al.,1976.)

1.4.2.1. Fatty acyl-Co A desaturation

Cyt bg has been shown to play a role in the desaturation of fatty acids primarily at



the A9 and A6 positions. The first evidence that linked cyt bs to the A9 and A6 desaturase
pathway was provided by Oshino and Sato (1971), who showed that when stearyl-Co A was

added to microsomes that had been reduced by NADPH, the level of reduced cyt bs dropped

rapidly, suggesting that bs had donated reducing equivalents to a stearyl-Co A dependent
metabolic system. The pathway for the passage of electrons from NADH to the desaturase was
later shown, through the use of reconstituted systems, to be dependent on the presence of bg

reductase (Shimakata et al., 1972 and Holloway and Katz, 1972). This work was followed
up by immunochemical experiments (Oshio and Omura,1973) which showed that both

NADH- and NADPH- supported stearyl-Co A desaturation are equally sensitive to inhibition
by anti-cyt bg serum.

A similar system may catalyse the conversion of cholest-7-en-3p-ol to

cholest-5,7-dien-383-0l during cholesterol biosynthesis. This step is inhibited by anti-cyt
bg serum and is catalysed by a desaturase enzyme that has similar properties to fatty acyl

Co A desaturase (Reddy et al., 1977).

1.4.2.2. Fatty acyl-Co A chain elongation

The role of cyt bs in the elongation of hepatic microsomal fatty acids was first

demonstrated by Keyes and Cinty (1980). Anti-cyt bg serum was shown to inhibit

malonyl-Co A incorporation into microsomal fatty acids in the presence of either NADH and

NADPH. Takeshita et al. (1983) applied similar immunochemical techniques to demonstrate

the role of bg reductase in transferring electrons to the elongation system in rat brain and

proposed that the symptoms of generalised bs reductase deficiency might be caused by the

disruption of fatty acid elongation in nerve tissue. The rationale for this proposal can be
stated as follows.

During the development of the nervous system of higher animals, the axons of many



nerve cells become surrounded by a multilayered sheath , each layer consisting of a lipid
bilayer membrane. The presence of myelin provides the electrical insulation essential to the
rapid propagation of nerve impuises through these axons. Long chain fatty acids are essential
constituents of galactosphingolipids which are important constituents of myelin and

accumulate during myelination. The retarded myelination observed in the brains of patients
with bg reductase deficiency could therefore be the result of disrupted fatty acid elongation
during development. By measuring the incorporation of [214C] malonyi-Co A into
palmitoyl-Co A, Takeshita et al. (1987) demonstrated that fatty acid elongation in platelets
and leukocytes of a patient with generalised bs reductase deficiency was reduced. This

indirectly supported their earlier proposal.

1.4.3. Bg_reductase in other cellular compartments

An NADH-cyt ¢ reductase activity that is insensitive to respiratory chain inhibitors,
has for a long time been known to be associated with the mitochondria (for example, see
de Duve et al., 1955). This activity was localised more specifically to the outer

mitochondrial membrane by Sottocasa et al., (1967). The intracellular distribution of bg

reductase was studied in detail by Borgese and Meldolesi in 1980. These workers assayed the
levels of enzyme activity in microsomes, outer membrane of the mitochondria and heavy
and light Golgi fractions. They found that the microsomes and heavy Golgi fractions contained

equal amounts of enzyme activity and that the light Golgi fractions and the outer membrane
of the mitochondria contained 60% and 30% of this activity respectively. An anti-bg

reductase serum inhibited the activity of each fraction with similar dose response
relationships. The reductases were isolated from each fraction by immunoadsorbtion and
each had identical mobilities on SDS polyacrylamide gels. The corresponding bands were
eluted from the gel and fragmented with pepsin and CNBr. Identical fragments were

generated. This provided strong evidence for the broad distribution of a single enzyme.



The function of bs reductase in the outer membrane of mitochondria and in the Golgi
has not been studied, although the broad distribution of the enzyme is, at least to some

extent, shared with cyt bg (Fukushima and Sato, 1973).

1.5. Studies on the binding of of bs reductase to membranes.

Borgese and Pietrini (1986) carried out a further study of the intracellular

distribution of bg reductase that employed a quantitative immunoblotting assay. The resuits
of the study showed that the bg reductase:phospholipid ratios between different organelles

actually differs enormously. There was five times more bg reductase per milligram of

phospholipid in the outer membrane of mitochondria than in the microsomes. Both Golgi

fractions, plasma membranes and lysosomes were found to have very low concentrations of
bg reductase. The differences could not be accounted for by the known bsg reductase
turnover rates in the different organelles.

From a biogenic point of view, the uneven distribution of bs reductase within

different organelles is very interesting. Many integral membrane proteins are synthesised
on rough endoplasmic reticulum (ER) where they are co-transiationally inserted into the

membranes. The specific transport of each protein from the ER to other organelles is
controlied by a complex trafficking system (for a review, see Klausner, 1989). Bg

reductase is unusual in that it is synthesised mainly on free polysomes and appears to be

post translationally inserted into the organelles (Borgese and Gaetani, 1980). Pulse
labelling experiments showed that labelled bs reductase appears simuitaneously in each
membrane fraction after synthesis. Similar results have been obtained by Okada et al.
(1982). One possible explanation for the specific targeting of bs reductase would be that it

is synthesised as a precursor that might subsequently interact with a recognition particle in



the membranes. To test whether or not bs reductase was synthesised as a precursor,
Borgese and Gaetani, (1983) extracted RNA from the free polysome fraction of rat liver and

translated it in a reticulocyte cell free system. Bg reductase was immunoprecipitated using

anti-bg reductase serum . SDS PAGE, non equilibrium pH gradient electrophoresis and one

dimensional peptide mapping failed to reveal any differences between the in vitro translated

reductase and the endogenous rat liver microsomal enzyme.

Another way in which the distribution of bs reductase could be controlled, would be
through its association with cyt bs. This explanation unfortunately begs a similar question.

Cyt. bs is also post translationally inserted into membranes from free polysomes ( Okada et
al., 1982) and does not interact with a signal recognition particle (Anderson et al., 1983).

The reason for the uneven distribution of bg reductase remains unclear.
What features of bg reductase enable it to bind to membranes? In 1973, Spatz and

strittmatter used detergents to isolate an intact form of bs reductase that contained both the

catalytic site and an additional hydrophobic membrane-binding segment. Previous
purification methods had used limited digestion with lysozyme (called lysosomal

extraction) to liberate a soluble catalytic domain from membranes (Takesue and Omura,
1968). The detergent-extracted bg reductase had a greater monomeric molecular weight

than that obtained by lysosomal extraction. Chymotryptic cleavage yielded a core enzyme

chromatographically indistinguishable from the lysosomally extracted enzyme in addition to
a peptide that had a tendancy to form polymers in aqueous solution. This suggested that bg

reductase is amphipathic, having two domains, one being hydrophilic and the other
hydrophobic. The finding was consistent with the current views on how proteins associate

with lipid bilayers and was the second recorded example of an amphipathic membrane

protein, the other being cyt bs. Similar findings were made by Mihara and Sato (1975). In



order to show that cyt bs and bs reductase could associate with membranes independently of
other proteins, Rogers and Strittmatter (1973) carried out reconstitution studies that
demonstrated not only that the association of intact cyt.bg and bs reductase with lipids (in

the form of artificial liposomes) was essential for the transfer of electrons from NADH to

cyt bs, but that the association of these proteins with intact microsomes and artificial

liposomes was similar with respect to binding affinity, the rates of reduction of cyt bs and
exogenous cyt c in the presence of NADH, and the phospholipid : protein ratio.

To locate the hydrophobic domain of bg reductase within the primary structure,
Read-Kensil et al., (1983) used controlled subtilisin digestion to cut the steer liver enzyme
into its membrane bound and catalytic domains. They showed that both undigested bs
reductase and the domain that remained membrane associated after digestion were blocked to
amino acid sequencing from the N-terminus, suggesting the presence of a modification that
was common 1o the N-terminus of both peptides. Furthermore, they found that a soluble
fragment of steer liver enzyme, generated this time by partially digesting it with
chymotrypsin, liberated the same amino acids as the intact enzyme when they were
partially digested with carboxypeptidase Y. This strongly suggested that the enzyme is bound
by its N terminus. The N terminal group responsible for blocking sequencing was later
identified as myristic (n tetradecanoyl) acid by Ozols et al., (1984) (see section 1.7.2.4.).

The complete amino acid sequence of steer liver microsomal bs reductase was subsequently
determined by the same group (Ozols et a/.,1985) and shown to be 300 residues long with a
molecular weight (MW) of 34,110 kDa. The N-terminal 20-30 amino acids are

predominantly hydrophobic. In order to determine the extent to which this end was inserted
into the membrane, Read-Kensil and Strittmatter (1986) digested cholate-solubilized bs

reductase with trypsin and isolated a peptide of 28 amino acid residues, which could be

readily reconstituted with liposomes. Trp 16 was used as a fluorescent marker. The



fluorescence of Trp16 was shown to be highly sensitive to the polarity of the
microenvironment. A technique called fluorescence energy transfer was used, that employed
chromophoric acceptor groups whose absorption spectra overlapped the emission spectrum
of Trp. The acceptor groups were attached to dodecylamine so that, when added to membrane
vesicles, they would partition themselves specifically within the bilayer near the

phoshpate head group region. The distance between the tryptophan residue and the acceptor
molecules was determined using a previously established mathematical expression of energy
transfer between donor and acceptor. The residue was in this way located at a depth of

20-30 A within the bilayer. The relative positions of Arg 28 and Lys 24 with respect to

the bilayer were studied by finding out the extent to which these residues were protected

from trypsin and the small, membrane-impermeant reagent trinitrobenzenesulphonic acid.
Vesicle-bound bg reductase was cleaved by trypsin at Arg 28 suggesting that it forms part

of the flexible region which links the catalytic site to the membrane binding domain. In
contrast, the bond between Lys 24 and Lys 25 was completely resistant to trypsin cleavage.

However, Lys 24 was reactive with trinitrobenzenesulphonic acid. This result suggested
that the membrane binding domain of bg reductase extends up to Lys 24. The measured depth

of Trp 16 was consistent with this proposal.

1.6. The structure of erythroid bs reductase

How does the structure of soluble erythroid bg reductase differ from the structure

of the membrane-bound form? The answer to this question might lead to a better
understanding of how membrane binding is mediated in vivo, but perhaps more importantly,
it would lead to a better understanding of the relationship between the soluble and
membrane-bound forms of the enzyme.

In 1986, Yubisui et al. (1986) published what was assumed to be the complete

amino acid sequence of b reductase purified from human erythrocytes. The protein was 275



amino acids in length and had a very similar sequence to amino acids 26-300 of the steer
liver microsomal bg reductase (Ozols et al., 1975; see section 1.5.), suggesting that the

soluble form of the enzyme is truncated at the N-terminus. The proposed structure of the
erythrocyte protein was consistent with the idea that it could be derived from the
membrane-bound form by proteolytic processing during erythroid maturation (Passon and
Hultquist, 1972). However, there is some doubt as to whether or not the N-terminus of this
published sequence is complete. The authors comment on the fact that, when the apoprotein
was directly sequenced by automated Edman degradation, every cycle yielded 2-3 amino
acids, indicating that the preparation contained modified proteins which had lost residues at
the N-terminus. They suggested that this result was probably due to limited proteolysis of
the enzyme during preparation. Furthermore, Tamura et a/ (1987) analysed bg reductase
isolated from bovine erythrocytes with an automated sequencer, and could not detect the
N-terminal end, suggesting that it was either masked or very heterogeneous. The most
N-terminal residue detected corresponded to Leu 25 of the steer liver enzyme. The

structure of the N-terminus of the erythroid form of the enzyme remains to be fully

established.

1.7. How and when does soluble bs reductase arise during erythroid differentiation?

Erythroid cells are derived originally from pluripotent stem cells (for review see
Weatherall and Clegg, 1981). The earliest recognisable cells of the erythroid lineage
present in the bone marrow are called pronormoblasts. When these cells start to synthesise
globin, they are said to be undergoing terminal differentiation and are called erythroblasts
or normoblasts. During the course of development, normoblasts become smailer and change
their staining characteristics with Romanovsky stains. These stains contain the red anionic
dye eosin which binds haemoglobin and the blue cationic dyes, methylene blue and azure

which bind RNA. Early normoblasts stain blue because they contain many ribosomes and



little haemoglobin. As the cells divide, their staining characteristics change as the number
of ribosomes diminishes, and haemoglobin accumulates. Late nsrmoblasts stain red. They
contain no Golgi or endoplasmic reticulum, few ribosomes and mitochondria, but much
haemoglobin. It is normally at the late normoblast stage that the nuclei are lost from the
cells. Cells that have lost their nuclei are called reticulocytes becaues they contain
ribonucleoprotein (RNP) which has a mesh-like appearance under the microscope.
Reticulocytes can still undergo protein synthesis. Their maturation into erythrocytes.
however, involves the complete loss of RNP from the cytoplasm to form clear biconcave
disks. Clearly, the removal of proteins and membranes from erythroid cells that takes place

as they develop, particularly during the final steps of maturation, is very specific. Many
workers believe that soluble cyt bs and b reductase are liberated from the membranes by

proteases during these final stages.

1.7.1. The possible role of proteolytic cleavage in the generation of soluble bg reductase

The idea that membrane bound bs reductase might be proteolytically cleaved from
intra-cellular membranes during erythroid maturation to release soluble enzyme is
supported by much circumstantial evidence. Firstly, active b reductase can be released
from microsomal membranes by the lysosomal fraction of rat liver (Takesue and Omura,
1968), a-chymotrypsin (Spatz and Strittmatter, 1973), and purified cathepsin D
(Kuwahara et al.,1978). The molecular weight of the lysosomally digested enzyme made by
Takesue and Omura, (1970) was found to be 28 000 Da. Leroux et al. (1977) showed that
the molecular weight of the erythrocyte protein as measured by SDS PAGE was 30 000 Da.
They proposed that, given the similarity between the molecular weights of the erythroid
enzyme and the lysosomally digested enzyme, lysosomal proteases might be the enzymes

responsible for releasing bs reductase from the membranes during erythrocyte maturation.

In order to test this proposal, Borgese et al., (1982) made a direct comparison by SDS PAGE



of microsomal bs reductase digested with cathepsin D (a major lysosomal protease) and

erythroid bg reductase. The erythroid form travelled at a similar but not identical rate to
the cathepsin D generated form. Subsequent work by Read-Kensil et a/ (1983) looked at the
amino acid sequences of the N-termini of peptides generated from microsomal bs reductase

by various proteolytic enzymes. The results revealed a region of the enzyme that was highly
suceptible to digestion. It was suggested that this region corresponded to a relatively
disordered, exposed part of the enzyme structure that might act as a linking region between
the membrane binding and catalytic domains. in relation to the complete amino acid sequence
of the steer liver enzyme (Ozols et al., 1985), the cleavage sites described are located at
positions between Pro 31 and Ala 32 for cathepsin D, between Arg 28 and Ser 29 for

trypsin and between Leu 35 and Glu 36 for subtilisin. All these bonds lie within the

sequence of the erythroid enzyme and are therefore unsuitable as cleavage sites for the

generation of soluble enzyme during erythrocyte maturation. Another good candidate for an
enzyme system that could release soluble bg reductase is the ubiquitin mediated proteolytic
system. This system is thought to play a major role in the maturation of reticulocytes into
erythrocytes (for a review see Ciechanover and Schwartz, 1989). Raw and Difini (1983)
isolated this system from reticulocytes, and showed that it could release active cyt bs and bg

reductase from liver microsomes. Unfortunately the authors presented no data showing how

the proteolytically derived fragments related in size to the known size of the erythroid

protein. This is an experiment which therefore needs to be followed up in more detail.
Consistent with the proteolytic cleavage hypothesis is the fact that erythrocyte

ghosts contain small amounts of bg reductase. Which could represent that which has been

left undigested during erythrocyte maturation. Borgese et a/.(1982) used an - -

|

| immunoblotting assay to obtain quantitative data on the intra-cellular distribution of
1‘
| erythroid bg reductase. The results indicated that 2-3% of the protein is associated with the

ghost fraction and 97 -98% with



the cytosol. In order to establish that this ghost associated bg reductase was not due to

contaminating white blood cell microsomes, the preparations were repeated using a 20-fold
increase in leukocyte concentration in the blood cell preparations. No increase in the
ghost-associated protein was found. The ghost-associated fraction and the cytosolic fraction
showed different mobilities during gel filtration in Sephadex G100 in the presence of Triton

X100 detergent, but not during SDS PAGE.

Inconsistent with the hypothesis that solubilization of membrane bound bg reductase
occurs only during a specific developmental step, is the finding that non-erythroid celis
contain small amounts of soluble bs reductase. Kaplan's group isolated soluble bs reductase
from human placenta (Leroux et al., 1977) and rabbit liver (Lostanlen et al. , 1978).

Repeated washing of the liver microsomal pellet did not release further soluble bg

reductase, suggesting that microsomal bg reductase is firmly bound to the membranes and
not susceptible to solubilisation during the course of extraction. In comparison to the level

of soluble bg reductase in erythrocytes, the levels in the cytosol would appear to be very

low. The bg reductase activity per mg of protein from hemolysates measured by Leroux et a/

.(1977), is 200 times greater than the activity per mg of protein in crude liver cytosol

measured by Lostanlen et al. (1978). However, no direct comparison has been made.

1.7.2. Alternatives to proteolytic cleavage

It is becoming clear that the flexibility inherent in the process of DNA
transcription, the subsequent translation of processed mRNA into a polypeptide, and the

production of a mature protein, is such that there are many realistic alternative
mechanisms that could generate soluble bg reductase. These alternatives seem particularly
worth considering in the light of indirect evidence that the soluble and membrane bound

forms of cyt bs are encoded by different but closely related mRNAs (Abe et al., 1985).



Cyt bg is 133 amino acids in length and is bound to membranes by a C-terminal

hydrophobic domain. The soluble erythroid protein terminates at amino acid 97. What is
interesting is that in many organisms, the amino acid sequence 97 of the soluble and
membrane-bound forms of the protein differ, but only at amino acid 97. This finding is
inconsistent with 2 mechanism that involves simple proteolytic cleavage.

The following sections briefly review some of the possible alternative mechanisms

that could generate soluble and membrane bound forms of bg reductase, assuming that they

are both derived from a single gene.

1.7.2.1. Alternative splicing of a single transcript

The discontinuity of coding sequence within RNA transcripts is a fundamental
characteristic of eukaryotic gene expression. Alternative splicing of exons is a common way
of generating protein structural diversity post transcriptionally (for a review, see

Breitban et al.,1987). One of the first examples of alternative splicing was
immunoglobulin p. This protein is similar to bg reductase in that it exists in soluble and

membrane bound forms. These two forms are the products of alternative splicing of a single

RNA transcript (Early et al. 1980).

1.7.2.2. The use of alternative promotors

Transcription from alternative promotors is a common way of generating muitiple

mRNA species that encode proteins that differ at the N terminus. Porphobilinogen deaminase
(PBGD) is an example of a protein that, like bg reductase, exists in erythroid specific and

housekeeping forms that differ at the N-terminus. The two isoforms of PBGD are encoded by
separate mRNAs that differ only at their 5' ends. These two mRNAs are transcribed from
separate promotors (Chretien et al.,1988). The promotor of the erythroid-specific mRNA

contains sequence motifs common to other erythroid specific promotors, for example that of



the B globin gene (de Boer et al.,1988).

1.7.2.3. The use of alternative translational start sites (for a review, see Herman, 1989)
At least four examples or mRNAs that have two in-frame translational start sites

have been found in eukaryotic cells. These mMRNAs encode two protein isoforms that, like the
two forms of bg reductase, differ only at the N-terminus. One example is the class ||

antigen associated invariant chain. This protein exists in two major related forms p33 and
p35 that are structurally identical apart from the presence of a 16 amino acid arginine rich
N-terminal segment in the latter ( Strubin et a/, 1986). Another example is the nuclear
phosphoprotein c-myc. Cells from a wide variety of species produce two c-myc isoforms

that differ by 14b or 15 amino acids at the N-terminus (Hann et a/, 1988).

1.7.2.4. Alternative post translational mechanisms

In the absense of direct information regarding the structure of the N-terminus of the
soluble form of bg reductase, it is worth considering other ways in which partitioning of bg

reductase between the membranes and the cytosol could be controlled. An interesting feature
of the membrane bound enzyme is the presence of a myristyl group at it's N-terminus (see
section 1.5). N-myristylation is a particularly well studied form of post-transiational

processing, because a number of retroviral structural proteins and oncogene products such
asp60 andp V-S'C are modified in this way (for a review, see Towler et a/, 1988).

The exact function of the myristoyl group in these proteins is unclear aithough

myristoylation of p60V-S'C is known to be required for stable membrane association and
correct targeting. Protein kinase C is an example of a protein that, like bg reductase exists

in membrane bound and soluble forms. These two forms appear to be interchangeable and the
protein can translocate from the cytosol to the plasma membrane upon cellular activation

(Kraft and Anderson, 1983). Aderem et al.(1986) have suggested that myristoylation of the



cytosolic protein might promote its translocation . It is possible that the myristoyl group
might have a similar role in the partitioning of b5 reductase between the cytosol and the

membranes.

1.7.3. Studies using murine friend erythroleukemia (MEL) cells

MEL cells are erythroid cells that were transformed by a virus originally isolated
from erythroleukemic mice by Charlotte Friend (1957; for a review see Marks and
Rifkind, 1978). In their un-differentiated state, these cells are similar to pronormoblasts
(see section 1.7.). After treatment with DMSO, however, they enter terminal
differentiation that bears a considerable resemblance to that seen in normal erythroid cells.
After about 5 days of treatment the cells reach a stage similar to the late normoblast stage.
Slaughter and Hultquist (1979), measured the NADH-cyt ¢ reductase activity and the level

of cyt bg in differentiated and undifferentiated MEL cells. Cyt bg and NADH-cyt ¢ reductase

activity were found in the membrane-bound fraction of both samples. This was significant

because it was the first time that anyone had demonstrated the presence of the membrane
bound proteins in cells of the erythroid lineage. No cyt bs was detectable in the soluble
fraction of either cell type, indicating that DMSO induced differentiation of MEL cells does

not result in the solubilization of cyt bs. This is perhaps because induced cells do not reach a
late enough stage in development. The MEL cell system therefore appears to be unsuitable

for studying the mechanism by which soluble cyt bg arises.

Studies on the specific distribution of bg reductase within MEL cells were carried

out by Gietani et a/ (1988). They used immunochemical methods to show that the soluble
reductase prevails in the induced MEL cells and membrane bound reductase prevails in the
uninduced cells. However, they made the point that if the amounts of enzyme are expressed
relative to the total amount of protein in the fraction, no decrease in the membrane enzyme

could be evidenced with differentiation. In order to test the hypothesis proposed by Passon



and Hultquist, (1972) that soluble bs reductase is released from the membranes during
differentiation, induced and uninduced cell proteins were pulse labelled for one hour with
[35S] methionine and the proteins extracted. In both cell types, labelled bg reductase was

found in similar amounts in the soluble and membrane fractions, suggesting that the two
forms of the enzyme are made at similar rates. This is surprising considering the fact that
the soluble form is known to be present only at very low levels in both uninduced MEL cells
(as found by these workers) and in erythrocytes (Borgese et a/ ,1982. See section 1.7.1.).
The result is inconsistent with the hypothesis that the soluble enzyme is derived from the
membrane bound form at a late stage in maturation of erythroid cells. However, it does not
rule out the possibility that one is rapidly generated from the other by a post translational

process, or indeed, that the two forms are interchangable.

1.7.4. Natural History of erythroid bs reductase
In considering the origin of soluble bg reductase it is important to consider some
interesting aspects of its evolution. It appears that the soluble enzyme is unique to

mammalian erythrocytes. In the erythrocytes of birds, amphibians and reptiles, cyt bs and

bsg reductase, as determined by an NADH-methaemoglobin reductase assay, are found only in
the membrane bound fraction (Toshiharu et a/, 1984 and Board et a/.,1977). In addition,

bs reductase has been purified from the erythrocytes of the marine invertebrate
Phascolopsis gouldii and appears to be very similar to the membrane bound bs reductase
found in mammalian somatic cells (Bonomi et a/.,1989). In contrast, it is interesting to

note that P. gouldii cyt bs is soluble. Within the erythrocytes of this organism bg reductase
and cyt bg are involved in the reduction of the non haem iron oxygen carrier haemerythrin.

This is a further illustration of the versatility of cyt bs mediated electron transport. What

is important to note about all the non-mammalian erythrocytes, however, is the fact that

they are nucleated and contain membranes. The question regarding the origin of the soluble



form of bg reductase can therefore be asked from an evolutionary point of view. Is the

solubilisation of bg reductase in erythrocytes during evolution a consequence of the loss of

the membranes from the cells, or does it represent an independent adaptive step? Further
understanding of the mechanism of generation of the soluble erythroid enzyme in mammalian

celis might help to answer this question.

1.8. Aims

The work described in this thesis was carried out with a long term view to

understanding the relationship between the membrane bound and soluble forms of bg

reductase. The approach taken has been to isolate CDNA clones encoding human bg reductase

and to use them as molecular probes for the isolation and characterisation of genomic

sequences encoding the enzyme. These studies have led to the design of experiments that test
two hypotheses for pretransiational mechanisms that might generate the soluble form of bg

reductase.



2. Materials and Methods
The methods for which no reference has been given have been described previously
by Maniatis et al. (1982)

2.1Frequently used stock solutions
Listed below are the stock solutions that are frequently mentioned throughout this section.
a) A diluent:10mM Tris, (pH 8.0), 10mM MgCl,
b) 20 x SSC buffer: 3M NaCl, 0.3M Na Citrate, (pH 7.0).
¢) Saran wrap: plastic film suitable for wrapping up filters. It has the advantage over
other plastic films of being transparent to UV light.
d) 20 x SSPE buffer:3.6 M NaCl , 0.2M NaH,PO4.2H50, 20mM EDTA, (pH 7.4).
e) Hybridization / prehybridization buffer: 6 X SSC, 10 X Denhardts, 0.1% sodium
dodecyl sulphate (SDS), 100ug/mi denatured salmon sperm DNA. The following stocks were
used:

i)50 x Denhardts solution (Denhardt, 1966):1% Ficoll, 1% Polyvinylpyrrolidone,

1% pentax fraction V bovine serum albumin.

ii) 10mg/ml saimon sperm DNA: Prepared by dissolving the disodium salt

(Sigma type I1I) in water overnight, shearing in a sonicator and boiling for10

minutes.

DNA was stored frozen. Before adding to hybridization medium, the DNA was boiled
for 5 minutes and immediately plunged into ice to ensure complete denaturation.
f) Chloroform: 1AA: A mixture containing 24 parts chloroform to 1 part isoamy! alcohol.
g) Buffered Phenol: Phenol was meited at 68°C and a few crystals of hydroxyquinoline
added. An equal volume of 1M Tris pH 8.0 was added to the molten phenol and the mixture
vortexed. The aqueous and organic phases were allowed to settle and the aqueous phase was
removed. This process was repeated twice with 0.1M Tris, (pH 8.0).
h) T.E buffer: 10mM Tris,(pH 8.0), tmM EDTA,(pH 8.0)
i) 10 x TBE buffer: 0.9M Tris, 0.9M boric acid, 25mM EDTA, (pH8.3)

2.2.Bacteria and bacteriophage
2.2.1.Bacterial strains

a) E.coli strain Y1090

AlacU169, A(fon, ara D)139, strA, supF, (trpC::Tn10), (pPMC9)

b)E.coli strain Y1088

A lacU169, supE, supF, hsdR-, metB, trpR, tonA21, proC::Tn5(pMC9)

C)E.coli strain JM101

SupE, thi, A(lac-proAB)[F',traD36, proAB, /acld, ZAM15]

d) E.coli strain JM107

endA1, gyrA96, thi, hsdR17, supE44, relA1l- A(lac-proAB)[F',traD36, proAB, /aclq,
ZAM15]

e) Stratagene XL1 blue cells: Competent E. coli cells purchased from Stratagene.



2.2.2 DNA libraries made in recombinant bacteriophage

a)Human liver cDNA library constructed in Agt11, kindly donated by Savio Woo (Kwok et a/
1985)

b)Human 34 week placental library constructed in Agt11 from Clontech Ltd. cat.HI1008b
c)rat liver cDNA library constructed in Agt11 made in this laboratory.

d)Human genomic library constructed in AL47 (Loenen and Brammer, 1980), a gift from S.
Humphreys.

2.2.3. Culture media

a) L Broth: 0.2% NaCl, 1%(w/v) bactotryptone, 0.5% (w/v) yeast extract.
b) TY Broth: 0.1% NaCl, 1.6%(w/v) bactotryptone, 1% (w/v) yeast extract.
c) Bottom agar: 1.5% agar in L broth or TY broth.

d) Top agar:0.7% agar in L broth or TY broth.

e) Agar plates: 80mm or 132mm petri dishes containing bottom agar.

2.3 The screening of DNA libraries
2.3.1 Titration of libraries

Librarieswere assumed to have an initial titre of 109-1010 plaque forming units
(pfu)/ml. They were diluted to concentrations of aproximately 107,102 and 103 pfu/ml in
A diluent . A 25ml universal bottle containing 10mi L broth,10mM MgS04, 0.2%maltose
and 100ug/mi ampicillin was inoculated with E.Coli Y1088 cells and left shaking at 37°C
overnight. 100 pl of diluted library was mixed with 200ul of the overnight culture and
incubated at 37°C for15 minutes in a 5ml Falcon (2054) tube. 3ml of molten top agar was
added and the mixture plated out onto a prewarmed 80mm agar plate containing S0ug/mi
ampicillin 10mM MgSO4 and 0.2% maltose. The top agar was allowed to set, the plates were
incubated at 37°C overnight. The following morning the number of plaques on each plate was
counted and used to calculate the titre of the library.

2.3.2 Plating out of DNA libraries
Libraries were plated out for a first round of screening essentially as described in

section 2.3.1. Libraries were plated on a 132mm agar plate at a density of 50,000 pfu per
plate. 100ul of diluted phage was added to 0.6ml of overnight cuiture of E, coli Y1088 cells
and incubated at 37°C for 15 minutes in a 15mi Falcon (1006) tube. 7.5 ml of top agar

was added and the mixture poured onto a warm 132mm petri dish containing 50mi 1.5%
agar. Plates were incubated at 37°C overnight.

2.3.3 Transfer of bacteriophage DNA onto nitrocellulose and nylon filters

a) Denaturing solution:1.5M NaCl, 0.5M NaOH.

b) Neutralizing buffer:1.5M NaCl, 0.5M Tris, (pH 8.0).

c) Filters: Two types of filter were routinely used: Nitrocellulose filters ( obtained from




Amersham and Millipore) and nylon filters ( obtained from Amersham). Nylon filters were
found to be most convenient because of their durability and higher DNA binding capacity.
d) Prewash solution : 50mM Tris, (pH 8.0),1M NaCl, 1mM EDTA, 0.1% SDS.

Duplicate lifts were taken from each plate of phage. The first lift was taken by
placing a filter onto the plate for 1 minute. The relative position of the filter with respect to
the plate was marked with 3 assymetrically distributed pinpricks. The filter was removed
from the plate, placed DNA side up on a 5 ml pool of denaturing solution for one minute and
then transferred to a 5 ml pool of neutralizing buffer for 5 minutes before being rinsed
briefly in 2 x SSC solution and air dried. The second lift was carried out in the same way
except that 2 minutes was allowed for the transfer of phage from the agar plate onto the
filter.

DNA was fixed onto nitrocellulose filters by baking at 80°C for two hours in a
vacuum oven. DNA was covalenly crosslinked onto nylon filters by drying the filters in air,
wrapping them in a single layer of Saran Wrap. and placing them DNA side down on a UV
transilluminator for 2.5 minutes. Treatment of both types of filter was essentially the same
from this point onwards. Priqr to hybridization filters were washed in prewash solution
for 90 minutes at 42°C, to remove extraneous matter.

2.3.4. Hybridization of filter-bound, recombinant phage DNA to radioactive DNA probes
Deionized formamide: 100ml was prepared by adding 5g of ion exchange resin (Biorad

AG 501-X8(D)), stirring for 30 minutes, and filtering. Deionized formamide was stored
frozen at -20°C in aliquots.
2.3.4.1. Hybridization of filters to cDNA probes

Filters were first prehybridized in order to saturate any non-specific DNA binding

sites. Duplicate filters were placed back to back (DNA side outwards) in sealable plastic
bags and enough hybridization/prehybridization buffer was added to completely cover the
filters. The bags were placed in a 65°C waterbath for at least 2 hours. The buffer was then
removed from the bags and replaced with fresh buffer containing about 1x108cpm/mi of
probe that had a specific activity of at least 1x108cpm/ug. See section 2.12. The bags were
resealed, replaced inthe 65°C waterbath and incubated for 12 hours. Filters were then
removed from the bags. The majority of unbound probe was removed from the filters by a
single 15 minute room temperature wash in 2 x SSPE followed by a similar wash in 0.1 x
SSPE. The filters were then washed for a further 15 minutes at 65°C in 0.1 x SSPE.
2.3.4.2Hybridization of filters to oligonucieotide probes

Two different oligonucleotide probes were used during the course of the work
described in this thesis. These were, a 43 mer(O43) and an 18 mer(O4g). Methods for their
synthesis, purification, and labelling are described in section 2.13. Prior to use, the
optimal conditions for hybridization of each probe were estimated. The conditions used for
hybridization, and subsequent washing of the filters took into account the estimated melting
temperature (Tm) of the probes. The conditions used, and the way they were determined for
each probe is described below.



a)Probe O3
Empirically determined relationships between the melting temperature of an

oligonucloetide in a specified salt concentration, its length and guanine and cytosine content
are described by Lathe (1985):

Tm =16.6 LogM +0.41(%G+C) +81.5 -(820/L),
where M is the monovalent cation concentration (molarity), (%G+C ) is the percentage of
guanine and cytosine nucleotides within the sequence and L is the total number of nucleotides.

In 6 x SSC (that is under the conditions of hybridization),
logM =-0.05.
For this oligonucleotide,
(%G+C) =61.
Therefore,

Tm =86°C.

Because of the high estimated Tm, filters were hybridized to the probe in the
presence of 50% deionised formamide. Formamide lowers the melting temperature of a DNA
duplex by 0.7°C for every 1% increase in it's concentration. The estimated Tm of the
oligonucleotide in 50% formamide was 51°C. A hybridization temperature of 42°C was
chosen. Filters were prehybridized overnight at 42°C in hybridization buffer containing
50% formamide. Filters were hybridized overnight at 42°C in a similar solution containing
about 108 cpm/ml or 10ng/mi probe of specific activity 1x108 cpm/ug. Prehybridization
and hybridization steps were carried out in sealable plastic bags, as describe in section
2.3.4.1. The filters were then removed from the hybridization bags and washed twice for 5
minutes at room temperature in 6x SSC and once for 2 minutes at 65°C in 6xSSC. That is, at
21°C below the estimated Tm.
b)Probe Oqg
The following equation for the melting temperature of an oligonucleotde in 6 X SSC was taken
from Maniatis et al.(1982):

Td =2°(A+T)+4°,(G+C)

=64°C

Prehybridization and hybridization were carried out essentially as described for
Probe O,43 with the following changes. Filters were prehybridized at 60°C overnight in
hybridization buffer. Filters were hybridized overnight at 60°C in hybridization buffer.

Both steps were carried out in the absense of formamide. The filters were then removed
from the hybridization bags and washed twice for 5 minutes at room temperatue in 6x SSC
and once for 1minutes at 60°C in 6xSSC. That is, at 4°C below the estimated Tm.

2.3.5_Autoradiography of filters
a) X ray diagnostic film : obtained from Kodak and Fuiji. Fuiji film gave cleaner resulits,

but Kodak film was more than twice as sensitive.
b) Developer: obtained from Champion photochemistry



c) Fixer: obtained from liford

After the final wash, filters were air dried wrapped in Saran Wrap and placed on a
piece of X ray film with an intensifying screen, in a light sealed cassette and left overnight
at -70°C. The cassette was then allowed to return to room temperature. Kodak film was
developed for not more than 5 minutes. Fuji film was developed for not more than 10
minutes. The film was then fixed for 1 minute, rinsed under tap water, and allowed to dry.

2.3.6 Selection of positively hybridizing phage and their further purification
Plugs of agar representing about 1cm3 of bacterial lawn, were cut from the piates

using a sterile scalpel, at the positions of positively hybridizing plaques. Phage were eluted
from the agar plug by gentie agitation in A diluent for 2 hours at room temperature. The
titre of the resulting phage suspension was estimated by assuming that every individual
plaque picked contained about 106-107 pfu. This estimate was used as a guide in
determining the titre by the method described in section 2.3.1. In order to purify the
selected phage further, two further rounds of screening were generally carried out. Second
and third screens were plated onto 80mm agar plates containing 100ug/ml Ampicillin, at
densities of 1000 pfu per plate and 100 pfu per plate respectively, essentially as described
in section 2.3.1. Plaques were transferred onto 80mm nylon or nitrocellulose filters as
described in section 2.3.3 and hybridized to radioactively labelied probes as described for
the first screen.

2.4 Preparation of DNA from phage

silicone anti foaming agent: 30% aqueous emuision of silicone from BDH.

2.4.1 Amplification of bacteriophage
A lawn of E. coli Y1088 cells was prepared by the same method as that described in

section 2.3.1 except that in this case phage were not added to the cells prior to plating.
Instead, single plaques were amplified by transferring phage directly from the plaques onto
the freshly poured lawn with a sterile tooth-pick. After incubation overnight at 37°C, the
resulting large plaques were picked with a sterile scalpel and the phage eluted in A diluent.
4ul of the resulting suspension was dotted onto a fresh lawn of cells and the plate incubated
overnight. The resulting plaque was titred assuming an initial concentration of 109-1010
pfu/ml.(see section 2.3.1).

2.4.2 Large scale preparation of A DNA

A single colony of E. Coli Y1088 was used to inoculate 10 mi L broth containing
10mM MgS0,4 and 0.2% maltose . The culture was shaken overnight at 30°C. 5ml of cell
were then mixed with 1.25 x 108 phage, incubated at room temperature for 5 minutes and
added to a 1 litre flask containing 250m! prewarmed L-broth containing 10mM MgSO,4 and
0.2% maitose. The flask was shaken at 37°C on an orbital shaker. Cell lysis was assumed to
have occured when large clumps of cellular debris were observed in the culture. This was




usually observed after 3-5 hours. NaCl (7.25g) and 1ml of chloroform was then added to
complete lysis. The flask was shaken for a further 5 minutes and the lysate centrifuged at
6, 000g for 10 minutes in two 250m! bottles to remove cell debris. The supernatant was
decanted and stored with 1 ml chloroform, at 4°C in a 500ml glass bottle.

Chloroform and remaining debris were removed from the supernatant by additional
centrifugation at 6,000g for 10 minutes in two 250ml bottles. The supernatant was
decanted back into a clean 500ml glass bottle. 250ul of 1mg/mi DNase and 125ul of
10mg/ml RNase were added and the bottle was placed at 37 °C for 1hour. 20g of
polyethylene glycol (PEG 6,000) was then dissolved in the culture and the bottle was placed
for 1 hour at 0°C . The sample was centrifuged at 6,000g for 10 minutes at 4°C in 250ml
bottles, and as much of the supernatant discarded as possible. The peliet was resuspended in
5ml A diluent and 10ul of silicone anti-foaming agent was added. The suspension was
extracted once with one volume of chloroform:(IAA) and the upper aqueous phase
transferred to a fresh tube. The organic phase was then re-extracted with one ml of A
diluent. Aqueous phases were pooled . 60ul of 10% SDS and 60ul 0.5M EDTA, (pH 8.0)
were added and the sample was incubated at 68°C for 15 minutes and extracted with 1 vol.
buffered phenol (pH8.0), for 20 seconds. The aqueous phase was re-extracted by vortexing
for 20 seconds with 1 vol. of a 50: 50 mixture of buffered phenol and chloroform:1AA.
Extraction of the aqueous phase was repeated with 1 vol. chloroform: IAA. One vol. of
isopropanol was then added to the final aqueous phase and the mixture left for 20 minutes at
-70°C. Precipitated phage DNA was pelleted by centrifugation at 10,000g for 15 minutes.
The pellet was washed in 1 mi 70% ethanol, dried under vacuum and resuspended in 300ul
TE. Avyield of 100ug was usually obtained.

2.4.3 Small scale preparation of A DNA

Bacteriophage were amplified and titred as described in section 2.4.1. They were
then plated out on an 80mm plate at a density of 1 x 105 pfu per plate essentially as
described in section 2.3.1. The plates were inverted and incubated overnight at 37°C. Sml of
A diluent was added directly onto the plate and the bacteriophage were allowed to elute for 2
hours at room temperature, with constant shaking. The A diluent was then transferred into a
12ml polypropylene centrifuge tube, and bacterial debris was removed by centrifugation at
8,000g for 10 minutes at 4°C. The supernatant was decanted into corex tubes. Both RNase A
and DNase | were added te a final concentration of 1ug/ml. The tube was incubated at 37°C
for 30 minutes. An equal volume of a solution containing 20% (w/v) PEG 6,000 and 2M
NaCl in A diluent was added and the mixture incubated for 1 hour at 0°C. The precipitated
bacteriophage particles were recovered by centrifugation at 10,000g for 20 minutes at
4°C. The supernatant was removed and the tube inverted and allowed to drain. Any
remaining supernatant was removed with a tissue. 0.5ml of A diluent was then added and the

phage resuspended by vortexing. The suspension was transferred into 1.5mi Eppendort
tubes. 5ul of 10% SDS and 5pl of 0.5M EDTA , (pH8.0) was added and the tube was
incubated at 68°C for 15 minutes. The sample was extracted once with phenol , once with



phenol chloroform, and once with chloroform. The aqueous phase was transferred to a fresh

tube and an equal volume of isopropanol was added. The DNA was allowed to precipitate for
20 minutes at -70°C. The pellet was washed with 70% ethanol and the pellet resuspended in
50ul of TE buffer.

2.5. Subcloning of DNA into plasmid vectors

2.5.1 Plasmid vectors used

a) pUC 18 and pUC19 vectors (Yanisch-Perron et al., 1985): These vectors contain

the pBR322 p-lactamase gene, an origin of replication and a portion of the /ac Z gene of

E.coli. A multiple cloning site has been inserted into the /ac Z region. These vectors were
used for routine subcloning and sequencing. pUC18 and pUC19 are identical apart from the
orientation of their multiple cloning sites.The sequences of the molecular cloning sites of
these two vectors are shown in fig. 2.1.

b)Stratagene KS and SK 'Bluescript' vectors: These vectors are derived from pUC
vectors. In addition to a more extensive multiple cloning site, they also contain
bacteriophage T3 and T7 promotors at either end of the cloning site. KS and SK vectors are
identical apart from the orientation of their multiple cloning sites. The sequences of the
molecular cloning sites of these two vectors are shown in fig. 2.2.

2.5.2. Preparation of DNA

1ug of purified bacteriophage DNA was digested for 1 hour with the appropriate
combination of restriction endonucleases, under the buffer conditions recommended by the
distributor, in a 10u! total volume. The solution was extracted once by vortexing for 20
seconds with 1 volume of a 50:50 mixture of buffered phenol and chloroform : IAA. 1 volume
4M ammonium acetate and 4 volumes of ethanol were then added and DNA was allowed to
precipitate for 10 minutes at -20°C. The tube was centrifuged at 10,0009 for 10 minutes
and the pellet washed in 70% ethanol, dried under vacuum and resuspended in 10pl of TE
buffer. 1ug of vector DNA was prepared in similar way using appropriate restriction

endonucleases.

2.5.3. Ligation of the DNA into plasmid vectors
This method is modified from Maniatis et af. (1982). Ligation reactions were

carried out in general for 1 hour at room temperature in a volume of 10ul, using 10 units
of T4 DNA ligase, 10-50ng of vector DNA, 50-100ng insert DNA, in a solution containing
S0mM Tris,(pH7.4),10mM MgCl,,10mM DTT, 1mM spermidine,imM ATP, 100ug/ml
BSA.

2.5.4. Transformation methods

a) Standard transformation buffer (STB): 45mM MnCl,, 10mM CaCly, 3mM
[Co(NH3)4Cl3] (hexaaminecobalt (lif) chloride), 100mM KCI, potassium
2-(N-Morpholino)ethane sulphate (K Mes) (pH6.4).
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b)Freeze thaw buffer (FTB): 10mM potassium acetate, (pH6.4), 45mM MnCl,, 10mM
CaCly, 3mM [Co(NH3)gCl4] (hexaaminecobalt (Ill) chloride), 10mM KCI, 10% glycerot.
¢)DnD solution: 1M Dithiothreitol(DTT), 90% dimethylsulphoxide (DMSO0), 10mM
potassium acetate, (pH 7.5)

d)SOB medium: 2%(w/v)Bactotryptone, 0.5%(w/v) yeast extract, 10mM NaCl, 2.5mM
KCI, 10mMMgCl,, 10mM Mg, SO,

€)SOC medium: SOB medium containing 20mM glucose.

f)M9 thiamine plates: contain 1.5% agar, 40mM NaH,PO,4, 20mM KH,PO,4, 10mM
NaCl, 20mM NH,4Cl, 30mM thiamine.

Four methods were used. For routine subcloning of restriction fragments, method 1
was found to be the most convenient. All methods, unless otherwise stated, are essentially as
described by Hanahan (1985)

Method1

E.Coli JM107 was streaked onto a 2 x TY agar plate containing 15mM MgSO4. The
plate was incubated overnight at 37°C. 2 to 4 colonies of 3 to 5 mm in diameter were picked
from the plate and were dispersed in 200ul STB in a 15ml falcon (2006/2059) tube. 14ul
of DnD was added and mixed by swirling. The tube was left for ten minutes on ice. 1pul of
ligation reaction was added and the sample incubated on ice for 30 minutes. Cells were heat
shocked by placing the tube in a 42°C waterbath for 90 seconds. The tube was then chilled on
ice for 2 minutes. 800ul SOC medium was added and the tube was placed in a shaking 37°C
waterbath for 1 hour. The tube was then centrifuged for 10 minutes at 1,000g and the cells
were resuspended in 200u1 SOC ready for plating out. Efficiencies of at least 105 colonies
/ug supercoiled DNA were obtained using this method.

Method 2(Okayama et al., 1987)

E.Coli JM101 cells were grown overnight on an M9 thiamine plate. A single colony
was used to inoculate Smi of L broth in a 20 ml universal bottle. The bottle was shaken at
37°C for 1 hour and the culture was transferred to 500ml SOB and grown to a cell density
corresponding to an ODggq of 0.5. The culture was then centrifuged at 5,000g at 4°C in
three 250ml centrifuge buckets. Cells were resuspended in 165 ml FTB, recentrifuged and
resuspended in 40ml FTB. Freshly opened DMSO (3ml) was mixed in and the entire volume
frozen in 200u1 aliquots in a mixture of dry ice and ethanol. Aliquots were kept at -70°c
until used. Storage under these conditions maintained the viability of the cells for not more
than 6 months. When needed, stored cells were thawed on ice and transferred to a falcon
(2006/2059 ) tube. A 10:1 dilution of B-mercaptoethanol (1.7ul) was added. The tube was
placed on ice for 10 minutes and the cells mixed every 2 minutes by gentle agitation.
Ligation reaction (1ul) was added and the tube left on ice for 30 minutes. The cells were
heat shocked by placing the tube in a 42°C waterbath for 45 seconds and then cooled on ice.
From this point on the cells were treated in the same way as described in method 1.
Efficiencies of about 107colonies /ug supercoiled DNA were obtained using this method.
Method 3: Simple transformation method

E.Coli IM107 cells were grown overnight on an M9 thiamine plate. A single colony




was used to inoculate 40ml of SOB in a 500ml flask. Cells were grown to a cell density
corresponding to an ODggq of 0.4. They were then harvested by centrifugation at 3,000g
for15 minutes and resuspended in 10ml STB. The cells were left on ice for 10 minutes ,
re-centrifuged, and resuspended in 3ml STB. After a further 10 minute incubation on ice, .
100ul DMSO was added and the cells incubated on ice for 10 minutes. A further 100ul of
DMSO was then added. From this point on the procedure followed was the same as method 2.
Transformation efficiencies were comparable to method 2
Method 4 : The use of Stratagene XL1 Blue competent cells

XL1 blue competent cells were transformed essentially in the same way as the
competent cells made according to the simple transformation method, except that the DMSO
step was omitted. 100ul were used for each transformation. Prior to use the cells were
thawed on ice and § mercaptoethanol was added to a concentration of 25mM. The cells were
left on ice with periodic swirling, for 10 minutes. Transformation efficiency was at least as
efficient as that obtained by using method 2.

2.5.5. Selection of recombinant bacterial colonies

2.5.5.1. Blue/ white colony assay
4% X-gal: 4% 5-bromo 4-chloro 3-indoyl-B-D-galactoside in dimethyl formamide.
Transformed cells were spread, onto partially dried L broth agar plate containing

100pg/ml ampicillin which had previously been spread with 20ul of 0.25M
isopropyl-p-D thiogalactoside (IPTG) and 40ul of 4% X-gal. Plates were inverted and left
overnight at 37°C. White colonies were picked with a sterile toothpick and used to inoculate
3ml L broth containing 50ug/mi ampiciflin . The cultures were incubated at 37°C
overnight and used directly for rapid plasmid preparations (section 2.6.1), for direct
plasmid sequencing (section 2.7) and restriction endonuclease digestion analysis (section
2.9).
2.5.5.2. Colony screening using DNA probes

An 80mm diameter nylon filter was placed on the plate of colonies. Its position was
marked with 3 assymetrically distributed pinpricks. The filter was immediately
transferred colony-side-up onto a fresh L-broth plate containing 100ug/ml ampicillin.
This plate was stored at 2-4 °C and will be referred to as the 'master piate'. The original
plate was incubated at 37°C overnight and colonies transferred to a second filter as
described above , which was then placed colony-side-up on a fresh L-broth plate. This will
be referred to as the 'replica plate’. A third filter was placed on the original plate and its
orientation marked as described for the other two filters. The original plate and the replica
plate were incubated at 37°C for 5 hours. The filters were then removed and placed for 3
minutes, colony-side-up on a piece of filter paper soaked in 10% SDS. They were then
transferred to a 4ml pool of 0.5M NaOH for 3 minutes. This step was repeated. The filters
were then transferred onto a 4mil pool of 1M Tris, (pH7.4) for three minutes. This step

was repeated. Finally, the filters were transferred to a 4ml pool of 0.5M Tris,
(pH8.0),1.5M NaCl for three minutes. They were then washed in 0.5M Tris (pH8), 1.5M




NacCl for 1 hour, rinsed briefly in 2 x SSC, 0.1% SDS, and extraneous matter removed by
gently wiping the filter with a tissue. After a further 5 minute wash in 2 x SSC, the filters

were dried at room temperature. DNA was bound to the filters and prewashed as described in
section 2.3.3 and hybridized to probe O43 as described in section 2.3.4.2 . The relative
positions of positively hybridizing spots of DNA on the filters with respect to the position of

the pinpricks, was used to locate the corresponding colonies on the master plate. Colonies
were then cultured as described in section 2.5.5.1.

2.5.6. Storage of recombinant bacteria
Bacteria were stored both as pellets at -20°C for direct DNA isolation and as viable

cells frozen at -70°C, in L-Broth containing15% glycerol.

2.6. Preparation or plasmid DNA from bacterial cells
a) Solution 1: 50mM glucose, 10mM EDTA, 25 mM Tris HCI, (pH 8.0).

b) Solution 2: of 0.2N NaOH, 1% SDS.
c) Solution3: Potassium acetate, (pH 4.8), 3M with respect to potassium and 5M with
respect to acetate.

2.6.1._Small scale rapid plasmid preparation
5mi L broth containing 50ug/ml ampicillin was inoculated with bacterial cells taken

either from an agar plate or from a frozen glycerol stock. The culture was shaken at 37°C
overnight. A 1.5mi aliquot of the culture was centrifuged in a microcentrifuge tube at
15,0009 for 1 minute. The supernatant was removed and the pellet resuspended in 100ui of
ice cold solution 1. After incubation for 5 minutes at room temperature, 200ul of freshly
prepared solution 2 was added and the tube inverted several times to mix the two solutions.
The sample was incubated for 5 minutes at 0°C. Ice cold solution 3 (150ul) was added and
mixed by inversion for 10 seconds. The tube was incubated on ice for 5 minutes and
centrifuged at 10,0009 for 5 minutes. The supernatant was transferred to a fresh tube. '
One volume of phenol/ chloroform was added and the tube was vortexed for 20 seconds. The
aqueous phase was transferred to a fresh tube and 1ml of ethanol added. Nucleic acid was
allowed to precipitate for 1 minute at room temperature and the tube was centrifuged at
10,000q for 5 minutes. The resulting pellet was washed once with 70% ethanol and dried in
a 65°C waterbath for 3 minutes. The pellet was resuspended in 10ul TE (pH8.0). DNA was
stored at -20°C.

2.6.2 Large scale rapid plasmid preparation
A 250mi flask containing 100m! L broth , 50mg/ml ampicillin was inoculated with

a single bacterial colony, and the culture incubated at 37°C overnight in an orbital shaker.
The cells were harvested at 4°C by centrifugation at 4,000g for 10 minutes in 250ml
centrifugation bottles . The pellets were resuspended in 5ml of an ice cold solution of 10mM
Tris, (pH8.0), 100mM NaCl and 1mM EDTA (pH 8.0) and the samples were re-centrifuged.



The pellets were resuspended in 4ml of ice cold solution 1. Following a 1 minute incubation
at room temperature, the cells were transferred to a 50ml centrifuge tube. Eight mi of
solution 2 was added and mixed in gently, and the sample incubated on ice for one minute.
Four mi of solution 3 was then added, mixed in by shaking and the mixture left on ice for 10
minutes. The tube was centrifuged for 10 minutes at 10,000g at 4°C and the supernatant
split between two 30mi corex tubes. Isopropanol (0.6 vol) was added to each and the tubes
were vortexed and left at room temperature for 15 minutes. Nucleic acid was pelleted by
centrifugation at 9,000g for 30 minutes at room temperature. The pellets were rinsed in

70% ethanol, dried under vacuum, resuspended in 1.25ml TE, and transferred into sterile
1.5mt eppendorf tubes. A total of 39ul of 5SM NaCl and 25ul of 10mg/mi RNase A were
added per culture and the tubes were incubated at 37°C for 1.5 hours. The solution was then
extracted by adding 1.3ml buffered phenol and vortexing for 1 minute. Chloroform:1AA
(1.3ml) was added and the sample vortexed'again for 1 minute. After briefly spinning at
1,700g, the aqueous phase was transferred to a fresh tube and re-extracted as above. The
resulting aqueous phase was extracted with 1 volume chloroform and the supernatant
transferred to a corex tube. Two volumes of ethanol was added and the tubes left at -20°C
for 1 hour to allow the DNA to precipitate. Nucleic acid was pelleted by centrifugation at
9,000g for 30 minutes at 4°C. The pellets were rinsed with 2ml 70% ethanol, Dried under
vacuum and resuspended in 100ul of TE. The DNA solution was heated at 65°C for 5 minutes
to remove any endogenous nucleases, and stored at -20°C.

2.7. DNA sequencing

DNA sequencing was carried out using the Sanger dideoxynucleotide chain termination
method (Sanger et al.,1977). Both single stranded M13 phage DNA and double stranded
plasmid DNA were used as templates

2.7.1Preparation of single stranded DNA for sequencing
2.7.1.1.The transfection of recombinant M13 RF DNA into bacterial cells(Amersham
protocol)

The DNA fragment of interest was ligated into one of the double stranded M13
replicative form (RF) vectors, M13mp18 or M13mp19 (Norrander et a/., 1983)
essentially as described in section 2.5.3. M13 RF vectors mp 18 and mp 19 have an
identical multiple cloning site as pUC18 and pUC19. The cloning sites are shown in fig 2.1

The following method was shown to be consistently efficient enough for the
transfection of recombinant M13 RF DNA into E. coli JM101 cells. E.Coli JM101 cells were
streaked onto M9 thiamine plates and stored at 4°C for several weeks. A single colony was
used to inoculate 10ml 2 x TY medium and the culture was grown at 37°C overnight. 2mi of
the culture was used to inoculate 40ml of 2 x TY. At the same time 1l of culture was used
to inoculate 20ml of 2 x TY . Both cultures were incubated in a 37°C shaking waterbath. The
40 mi culture was grown to a cell density corresponding to an ODggq of 0.65. Cells were
pelleted by a 2 minute centrifugation at 7,000g and resuspended in 20ml 50mM CaCly.



After 10 minutes incubation on ice, the cells were re-centrifuged and resuspended in 4ml|
50mM CaCl,. The celis were transferred to 15ml falcon (2006/2059) tubes, in 0.3ml
aliquots. One ul of ligation reaction was added to an aliquot of competent celis and the cells
were left on ice for 40 minutes. The cells were then heat shocked by placing the tube at 42°C
for 3.5 minutes and left for 5 minutes on ice.
2.7.1.2. The selection of recombinant M13 phage plaques

2004l of fresh E.coli JM101 and 40ul 100mM IPTG was added to the competent cells
together with 40ul 2% X gal (in dimethyl formamide). Three ml of 0.7% molten 1 x TY
agar was added and the mixture poured onto a 1 x TY agar plate. The plate was incubated at

37°C overnight. Transformation efficiencies of >109 plaques /ug of supercoiled RF vector
were usually obtained using this method . White plaques were picked using a sterile
toothpick and used to inoculate 1.5ml 2 x TY to which had been added 15ul ovenight culture
of E.coli JM101. The bacteriophage culture was grown for 5 hours at 37°C. Cells were
removed by centrifuging the culture for 10 minutes at 10,000g and the supernatant was
used in the preparation of single stranded M13 DNA for sequencing. Sul of supernatant was
set aside and stored frozen for re-infection. The cell pellets were stored at -20°C and used
for M13 RF DNA isolation as described in section 2.6.1.
2.7.1.3. Preparation of single stranded M13 DNA

800u! of supernatant was taken and mixed with 200ul of a solution of 20% poly
ethylene (PEG)6,000, 2.5M NaCl. The mixture was left for 30 minutes at room
temperature. Phage particles were pelleted by centrifugation at 10,000g for 10 minutes.

All the supernatant was carefully removed using a drawn-out pasteur pipette and the pellet
resuspended in 100ul TE. Protein was removed by phenol extraction using 50ul of buffered
phenol (pH8). The tube was vortexed for 15 seconds, left at room temperature for 15

minutes and re-vortexed . The aqueous phase was resolved by brief centrifugation and
transferred into a fresh tube containing 10ul 3M sodium acetate and 250yl ethanol. The
solutions were mixed and the tube left at -20°C for 1 hour to allow DNA to precipitate. DNA
was pelleted by centrifugation, washed in 1M cold 70% ethanol and dried under vacuum. The
pellet was dissolved in 35ul TE buffer.

2.7.2. Preparation of double stranded DNA for sequencing (Mierendorf and Pfeffer,1987)
When sequencing double stranded DNA it is important to remove all impurities,

particlarly RNA. The method used was essentially the same as the standard small scale rapid
plasmid preparation (section 2.6.1.) up to the phenol/chloroform extraction step, before

which RNase A was added to a final concentration of 20ug/mi and the tube incubated at 37°C
for 20 minutes. DNA was then phenol extracted, ethanol precipitated, washed and dried as
described in section 2.6.1. The pellet was resuspended in 16ul deionized water. 4ul of 4M
NaCl was added followed by 20ul 13% PEG 8,000. The tube was vortexed and incubated on
ice for 20 minutes, centrifuged at 10,0009 for 15 minutes and the supernatant discarded.

To the pellet was added 1.5 ml 70% ethanol and the tube was re-centrifuged for 10 minutes.
Ethanol was removed and the pellet dried under vacuum and dissolved in 20 ul of deionized



water. A yield of 1-2 ug of DNA was usually obtained. 2 ul of a solution of 2N NaOH, 2mM
EDTA was added to a sterile microcentrifuge tube containing 20 ul plasmid DNA. The tube
was incubated for 5 minutes at room temperature. The DNA was neutralised by adding 3ul
sodium acetate (pH 5.2) and 7ul deionized water was added. The contents of the tube were
mixed and 75ul ethanol added. The tube was then vortexed, chilled for 5 minutes at -70°C
and centrifuged at 10,000g for 5 minutes. The supernatant was removed, and the pellet
rinsed with 200ul prechilled 70% ethanol, dried under vacuum and dissolved in 7ul water.

2.7.3 Sequencing reactions

Two methods were used that employed Klenow polymerase and modified T7 polymerase
respectively. The modified T7 polymerase method was eventually adopted as a standard
procedure because it gave much better resuits when used for plasmid sequencing.
Primers used: (see figs 2.1 and 2.2)

a)Primers used in single stranded sequencing in M13 (see fig 2.1):

i) (-20)forward sequencing primer (New England Biolabs [NEB] #1211)

i) (-40)forward sequencing primer(NEB #1212)
b)Primers for double stranded sequencing in pUC (see fig 2.1):

The same primers were used as for single stranded sequencing in M13. However,
because the template was double stranded it was possible to sequence in the opposite
direction using a reverse sequencing primer (NEB #1201)
c)Primers for double stranded sequencing in bluescript (see fig 2.2):

i) T7 primer (Stratagene)

ii) T3 primer (Stratagene)
2.7.3.1. Sequencing with Klenow polymerase
All reaction mixes were obtained in kit form from Stratagene
[a35S ] dATP: label with a specific activity of 1200-1300 Ci/mM was used.

To 7ul of DNA template was added 2.5ul deionized water, 1.5ul 100mM Tris (pH
8.5), 100mM MgCl, and 1ul of 2.5ng/ul primer. The mixture was heated for 1 hour at
55-60°C and 0.5u [«35S | ATP was added. 1ul of 10U/ul Klenow polymerase was added
and mixed by gentle agitation. 3ul of the mixture was added to each of four tubes labelled’ T,
'C', 'G' and 'A' to which had previously been added 2ul of Stratagene 'T", 'C', 'G' and ‘A’ deoxy
nucleotide mixes respectively. The samples were mixed by brief centrifugation and left at
room temperature for 20 minutes. 1ul of cold chase solution of 0.5M ATP, 1u/ul Klenow
was added to each tube. The tubes were then incubated for 15 minutes at room temperature.
4yl of stratagene termination buffer was then added (95% formamide, 20mM EDTA, 0.05%
bromophenol blue, 0.05% Xylene Cyanol FT) and 2-5 ul from each tube run on a 7%
acrylamide denaturing gel (see section 2.7.4.).
2.7.3.2. Sequencing with Modified T7 Polymerase
Reaction mixes were were obtained in kit form from United States Biochemical Corporation
(USB)

To 7ul of template DNA, 2ul sequencing buffer and 1ul 2.5ng/ul primer was added.



The mixture was annealed by incubation for 20 minutes at 60°C followed by a further10
minute incubation at room temperature. To the primed template was added 1ul 0.1M DTT,
2ul of a solution containing 1.5uM dGTP, 1.5uM d CTP, 1.5uM dTTP, 0.5yl [o35S] dATP,
and 2ul T7 Polymerase diluted to a concentration of 1.5u/ul in 10mM Tris, (pH 7.5), 5mM
DTT, 0.5mg/ml BSA. The solutions were mixed, incubated at room temperature for not more
than 5 minutes and split in 3.5ul aliquots between four prewarmed tubes labelled 'T", 'C', ‘G’
and 'A’ containing 2.5ul of dideoxy 'T', 'C', 'G' and 'A’ termination mixes respectively . The
tubes were incubated at 37°C for 5 minutes and the reaction then stopped by the addition of
4l of a solution containing 95% formamide, 20mM EDTA, 0.05% bromophenol blue,

0.05% Xylene Cyanol FT.

2.7.3.3. The use of deoxy/dideoxynucleotide mixtures containing 7-deaza dGTP

The substitution of 7-deaza dGTP for dGTP, when using a double stranded template
was found to help a great deal in minimising ambiguities in the sequencing ladder that are
due to the formation of secondary structures in the gel. Reagents for sequencing were
obtained from Pharmacia. The protocol followed was very similar to method 2. To 7ul
template was added 3ul water and 2ul Pharmacia annealing buffer and 2 pl of 2.5ng/pl
primer. Annealing conditions were the same as in method 2. To the primed template was
added 3 pul of Pharmacia labelling mix and 1ul of [a35$] dATP. 2ul of T7 DNA polymerase
diluted as in method 2 was added. The remainder of the procedure was identical to method 2
except that 4.5ul of labelling reaction was added this time to each of 4 tubes labelled 'T", 'C’,
'‘G' and 'A' to which had been added 2.5u! of the appropriate Pharmacia dideoxy termination
mixes.
2.7.3.4 The use of single stranded binding protein(SSB)

Stop sites caused by secondary structure formation during strand elongation with T7

polymerase were found to be successfully removed by adding 0.5ug/ml of SSB protein
(USB #70032) during the labelling reaction. When using SSB it was necessary to
inactivate it prior to running the gel by adding 0.1ug of proteinase K and incubating for 20
minutes at 65°C.

2.7.4. Polyacrylamide gel electrophoresis

a) 40% Acrylamide solution: Made by dissolving 38g acrylamide and 2g bisacrylamide
in 100ml deionized water . The solution was deionized by stirring for 1/2hour with 5g of
Amberlite MB1 beads and filtered through a sintered glass filter to remove resin. The
acrylamide stock was stored for up to 1 month at 4°C in the dark.

b) Gel cassette: The following size electrophoresis plates were used: small plate, 20cm x
36cm; large plate, 20cm x 40cm. The plates were washed throughly with soap and distilled
water and the small plate siliconized by wiping on a layer of 2% dimethyl dichlorosilane in
1,1,1 trichloroethane, leaving to dry for 10 minutes and washing with distilled water. Both
plates were polished with ethanol. The polished surfaces of the plates were placed face to
face on two 0.4mm thick plastic spacers and the cassette sealed with waterproof adhesive
tape.



A volume of 7.5 ml 40% stock acrylamide was mixed with 21g urea and 5ml 10 x
TBE pH 8.3 and made up to 50ml with deionized water. The mixture was stirred to dissolve
the urea. 400ul of freshly prepared 10% ammonium persulphate and 40ul TEMED (NNN'N'
tetramethylethylene -diamine) were added. The acrylamide solution was immediately poured
between the two clean electrophoresis plates and a flat surface formed at the top using the
back edge of a BRL 0.4mm thick sharkstooth comb. The cassette was clamped at the top with
metal clips and allowed to set for 1 hour. The comb was removed and re-inserted into the top
of the cassette so that the teeth just touced the surface of the gel. The cassette was placed
upright in a gel electrophoresis apparatus and enough 1xTBE buffer added to cover both ends
of the gel.

Two sizes of gel comb were used , one with 2.9mm point to point spacing and one with
5.7mm point to point spacing. 2-5pl of sample was heated at 80°C for 2 minutes,
depending on the comb size used. Immediately before loading the appropriate well was
washed out with a pasteur pipette to remove urea. Samples were loaded in the order T, 'C',
'G', ‘A"

A current of 30 mA was run through the gel for 1.5 -7 hours with the anode at the
bottom. After electrophoresis, the smalier plate was removed and the gel was transferred
onto a piece of Whatman 3MM paper, covered with Saran-wrap plastic film, placed face
upwards in a pre-heated 80°C gel dryer under vacuum, and dried for 30 minutes. The ge!
was then autoradiographed at room temperature overnight. The film was developed as
described in section 2.3.5.

2.8 Restriction mapping of AL47 recombinants
a) ON-R probe: 12mer oligonucleotide probe complementary to the right cohesive ADNA

terminus. (NEB#1602).

b) Gel loading buffer: 36mM Tris, (pH 7.7), 30mM NaHoPO4, 60mM EDTA, 50%
glycerol, 0.1%bromophenol blue.

c) Cos gel running buffer: 36mM Tris (pH7.7), 30mM NaHoPO4, 1mM EDTA

d) A ¢1857 DNA: used as a marker. A restriction map is shown in fig 2.3.
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Fig 2.3. Restriction map of Ac1857 DNA with respect to Bam HI(B) and £coRl (E) sites.

Preliminary restriction mapping of genomic clones of human bg reductase was
carried out using a method based on that of Rackwitz et al.(1984). For each of five enzymes
and four different incubation times, 0.5ug of A DNA was used. The A DNA was cut in 10ul of a



solution containing 100mM NaCl, 1mM DTT, 1mg/ml RNase A, 100ug/ml BSA, 4mM
spermidine and one of the following amounts of enzyme: 0.5U Eco RI, 0.2U Bam HI, 1U Hind
HI, 1U Xho I, 1U Pst 1. For each enzyme used, four digest mixes were set up and incubated
for 1, 5, 10, and 30 minutes respectively before being cooled on dry ice and the reaction
terminated by the addition 0.5ul 500mM EDTA. These four digests were then pooled. 0.5ug
of A c1857 DNA was used as a marker and cut as above with Eco RI and Bam HI.

20ng of ON-R probe was end labelled with polynucleoctide kinase (10U) in the
presence of 20u Ci [y32P] ATP (specific activity of 800 Ci/mM) in 10ul of a buffer
containing 70mM Tris, (pH 7.6), 10 mM Mg Clp, and SmM DTT, for 1hour at 37°C. The
reaction was stopped by heating for 1 minute at 100°C. The volume was made up to 40ul
with water and 1ul added to 2ul of each of the five A DNA partial digests. 1ul of 1M NaCl
was added to each sample, and the volume made up to 10ul. The samples were heated for 2
minutes at 75 °C and placed in a 45°C waterbath for a further 30 minutes. Sul of gel
loading buffer was added and the samples were loaded onto a 0.5% agarose gel (see section
2.9). Electrophoresis was carried out at 1.5V/cm for 24 hours in Cos gel running buffer.
The gel was dried onto Whatman DE81 filter paper and autoradiographed overnight.

2.9. Restriction endonuclease analysis of DNA
6 x loading buffer: 0.25% bromophenol blue, 0.25% Xylene cyanol, 30% glycerol.

DNA was digested with the appropriate combination of restriction endonucleases
under the buffer conditions recommended by the supplier. 0.2 volumes of 6 x loading buffer
was added to samples containing 0.3 to 1.0 ug of DNA and loaded directly onto and agarose gel.
The samples were fractionated by passsing through the gel at a voitage of 10V/cm for about
90 minutes. The samples migrated towards the anode. Gels of different sizes were prepared
according to the number of samples being fractionated, and the degree of resolution required.
50ml (10 x 10cm) agarose gels were used in routine characterisation of subcloned DNA.
150-200ml (20 x 15cm) agarose gels were used in the restriction mapping of cloned
fragments of genomic DNA and in Southern blot hybridization analysis of human genomic
DNA. The gels were prepared in TBE buffer using the method described by Maniatis et a/
(1982). DNA was stained by incorporating 0.5ug/ml ethidium bromide into the gel and the
running buffer. DNA was visualised and photographed over a UV transilluminator.

2.10 Southern biot hybridization analysis of DNA (Southern,1975)

a)Denaturing solution: 1.5M NaCl, 0.5N NaOH

b)Neutralising solution: 1M Tris (pH8), 1.5M NaCl

DNA was digested with the appropriate restriction enzymes under conditions specified by the
supplier. Digested DNA was fractionated by electrophoresis through an agarose gel as

described in section 2.9. and the gel was photographed. The gel was then placed in a
denaturing solution and left for 15 minutes at room temperature . The solution was removed
and replaced with fresh solution for a further 15minutes. Denaturing solution was removed
and the gel neutralized by washing twice for 15 minutes in neutralising solution. The gel



was then placed well side down on a piece of Whatman 3MM paper and supported by a glass
plate over a resevoir of 20 x SSC solution. Buffer was drawn up to the gel by way of filter
paper wicks. A piece of nylon filter paper was placed on top of the inverted gel and buffer
drawn through the gel using the capillary action of a pile of paper towels on which was
placed a small weight. Transfer of DNA onto the nylon filter was allowed to occur over a
period of 12 hours. The nylon filter was marked with a pencil to show the position of the

well slots, and rinsed briefly in 6 x SSC. DNA was covalently cross linked to the filter as
described in section 2.3.3. Hybridization of DNA on the filter with radioactively labelled

probe was carried out under the same conditions as those described in section 2.3.4.

For the Southern biot hybridization analysis of genomic DNA, at least 10ug of DNA
was digested and then fractionated in each track of the agarose gel. About 10ng/ml of cDNA
probe with a specific activity of at least 108 cpm/ug was used in the analysis.

Probe was removed from fiiters for subsequent re-probing by immersing the filter
in boiling 0.1% SDS and allowing to cool for 30 minutes whilst shaking.

2.11. Chromosome mapping

Human rodent somatic cell hybrids.
Chromosomal assignment of human bg reductase was carried out by Southern blot

hybridization analysis (section 2.10. ) of 11 independent human rodent somatic cell
hybrids, using the cDNA insert of pBSR 1 (see section 3.2.) as the hybridization probe. All
hybrids were kindly donated by

S. Povey. They have all been described previously:

a)FST 9/10. (Kielty et al., 1982); b)FST 7. (Kielty et al., 1982); ¢)MOG 2ES5. (Solomon
etal., 1979); dMOG 2C2. (Solomon et al., 1979); e)HORP 9.5. (Van Heyningen et al.,
1975); f)SIF 4A31. (Edwards et al,. 1985); g)SIF15P5. (Edwards et al,. 1985);
h)FG10.(Kielty et al., 1982); i)1WILA 4. (Nabholtz et al., 1969); j)CTP 34B4. (Jones
etal., 1976); k)3W4 C110. (Nabhoitz et al., 1969).

The human chromosome content of these hybrids was assessed by analysis of marker
enzymes and in most cases also by karotyping. In some cases the hybrids have been recloned
and recharacterised since being first described.

Genomic DNA was isolated from hybrids and rodent cells using the method described
by Edwards et al., (1985). DNA samples were digested with Eco RI and fractionated by
electrophoresis through a 0.8% agarose gel (see section 2.9.). DNA fragments were
transferred to nylon membranes and hybridized to the cDNA insert of pBSR 1 using the
method described in section 2.10.

DNA isolated from RAG (mouse) and FAZA (rat) cells were used as negative controls.
DNA isolated from human placenta was used as a positive control. DNA from RAG, FAZA and
placental DNA was kindly donated by S.Povey.



2.12. Preparation and labelling of cDNA probes

2.12.1. DNA Preparation
Two methods were used to purify individual fragments of DNA.

2.12.1.1.The use of low melting temperature agarose gels
Tris /acetate buffer: 2mM CH3COONa, 1mM EDTA (pH8)

One pg of digested recombinant plasmid DNA containing the sequence of interest was

run on a 1% Seaplaque low melting temperature agarose gel, at 3V/cm for 1.5 hours in
40mM Tris /acetate buffer, essentially as described in section 2.9. The band of interest was
cut out and three volumes of water added. The sample was heated for 5 minutes at 60°C to
melt the agarose, and stored in aliquots containing 50ng DNA. Before use, agarose was melted
by heating for 2 minutes at 70°C.
2.12.1.2. Electro adsorbtion of DNA onto NA45 Paper
a) NA45 paper: DEAE membrane purchased from Schieicher and Schuell
b) Elution buffer: 1M NaCl , 50mM arginine
1ug of digested DNA was run on a 1% agarose gel in TBE buffer at 3V/cm for 1.5

hours (see section 2.9.). Two slits were cut in the gel, one just above and one just below

the band of interest, and a piece of NA45 paper inserted into each. The voltage was

re-applied for 10 -15 minutes. Complete transfer of DNA onto the lower piece of NA45

paper was confirmed under UV light. The paper was rinsed briefly in TE and put in an
Eppendorf microcentrifuge tube with 400yl elution buffer. The DNA was eluted for 2 hours

at 70°C and the supernatant transferred to a fresh tube. One ml of ethanol was added and the
DNA precipitated for 2 hours at room temperature and collected by centrifugation at

10,000g for 10 minutes . The pellet was washed in 70% ethanol and resuspended in 25ul

TE buffer. DNA was extracted once with 1volume of phenol /chloroform and the organic

phase re-extracted with a further 10ul of TE buffer. One volume of 4M ammonium acetate
and 4 volumes of ethanol was added to the aqueous phase. The DNA was allowed to precipitate
for 15 minutes at -20°C and pelleted by centrifugation for 10 minutes at room

temperature. The final pellet was resuspended in 10ul TE buffer. This solution was diluted

to a final concentration of Sug/ul and stored in 10u! aliquots.

2.12.2. Labelling of cDNA fragments with {o«32P]dCTP and the removal of unincorporated

nucleotides:Feinberg and Vogelstein (1984)
a) Random hexanucleotide primers: Purchased from Amersham
b) Sephadex G50 : Purchased from Pharmacia. The beads were swollen by autoclaving in
5 x SSPE
¢) Phillips P4700 liquid scintillation counter
d) Aquasol: Liquid scintillation fluid (Dupont)
50ng of DNA was denatured by boiling for 2 minutes. Strand extension was carried
outby E.Coli Klenow polymerase (2U) in 50ul of a solution containing 50 uCi [a32P]
dCTP (800-3000 ci/mM), 50mM Tris (pH8), 5SmM MgCl,, 1mM B-mercaptoethanol,



20uM dATP, 20 uM dTTP, 20uM dGTP, 0.2 M Hepes (pH 6.6) and 2 OD»g units /ml

random hexanucleotide primers. Polymerization was allowed to continue for 12 hours at
room temperature.The specific activity of the probe was estimated as described in section
2.12.3. . Unincorporated label was removed from the probe by passing it through a 3ml
Sephadex G50 DNA exclusion column that had been saturated with 100ug denatured salmon
sperm DNA. Probe was washed through with 5 x SSPE and collected in sixteen 100l
aliquots. The aliquots were counted on channel 1 of the scintillation counter. Aliquots
representing the first peak of radioactivity were pooled. 32P counts of the final probe were
counted in Aquasol on channel 3 of the scintillation counter.

2.12.3. Estimation of specific activity of probes
DE81 paper: DEAE paper purchased from Whatman.

Before separation of incorporated label from labelled probe, the specific activity of
the probe was estimated by dotting 1ul of reaction mix onto a piece of Whatman DEB81
paper. Unincorporated label was removed by 5 x 5 minute washes in 0.5M Na HyPO4
followed by a rinse in distilled water, a rinse in ethanol and 2 minutes drying under an infra
red lamp. 32P activity was counted in Aquasol, on programme 3 of a Phillips P4700
scintiliation counter.

2.13. Preparation and labelling of oligonucleotide probes
2.13.1. Oligonucleotide preparation
The following oligonucleotides were synthesised using a 'Cyclone’ DNA synthesizer
(Bio Search Inc.)
a) Probe O35 : 5' TGG GAC TAT GGC CAG GGC TTT GTG AAT GAG GAG ATGAT 3
b) Probe O;:5' TCTACTA 3
c) Probe O3 : 5 TGG GAC TAC GGC CAG GGC TTC GTG AAT GAG GAG ATGATCCGG G 3
d) Probe 04, .5'C CCG GAT CATCT &
Apparatus and solutions:

a)NAP 10 columns: Prepacked columns containing Sephadex G-25 purchased from
Pharmacia

b)NEN presorb cartridge:

c)TEAA/ acetonitrile solution: 10 parts acetonitrile to 90 parts Triethylamine acetate
(TEAA)

Oligonucleotides were removed from the synthesis column by heating the matrix in
ammonia for 5 hours at 55°C. Ammonia was removed by lyophilization and the residue
resuspended in 1ml water and run through a NAP 10 column pre-equilibriated with 20mi
ethanol. The sample was then lyophilized and resuspended in 200ul water.

The foliowing oligonucleotides were synthesized using a 'Cruachem' DNA synthesizer:
Probe O4g : 5 GCGCTCGCTCTGTCGCCG 3
The terminal trityl group was left on the oligonucleotides. Oligonucieotides were released
from the synthesis column and the ammonia removed as above. Ta ensuse that only full



length oligonucieotides were obtained, the residue was dissolved in 4ml 0.1M TEAA,

(pH7.0) and pumped through a NEN presorb cartridge which had previously been activated
by washing with 10ml methanol and equilibrated with Smi 0.1M TEAA (pH 7.0). Unbound
oligonucleotides were washed off with 10mi TEAA/ acetonitrile solution, 25mi 0.5%

trifluoro acetic acid and a further 10mi 0.1M TEAA. 10ml 35% methanol was then pumped
through and the eluate collected in 1ml fractions. DNA was detected by measuring the ODg(
of each aliguot. DNA appeared in fractions 5 or 6.

2.13.2 Labelling of oligonucleotides with [a32P]dCTP (Studencki and Wallace,1984).
Oligonucleotide Oy, was used as a primer for chain extension on oligonucleotide O43

by Klenow DNA polymerase. The melting temperature of the primer (Tm ) was first
calculated using the empirical observation that in a solution with a cation concentration of
1.17M ( 6 X SSC buffer), the Tm rises by 4°C for every G = C bond and 2°C forevery A=T
bond within a hybrid (Maniatis, 1982). For the hybridization between oligo 04, and oligo
042 Tm=38°C. However the cation concentration in the Klenow reaction buffer is 0.06M .
The following equation (see Lathe et al., 1985 )was used to find the Tm under these
conditions:

Tm (uo) = 18.5 Log us/uq +Tm (uy)

where uo and pq are the cation concentrations in the reaction buffer and 6X SSC
respectively. According to this equation, Tm under the reaction conditions =14°C.

The oligonucleotides were hybridized by placing them at a concentration of 20ng/ul
in 10ul of a solution containing 600mM NaCl and 300mM Tris (pH 7.5). The mixture was
warmed to 37°C in a beaker of water. The water was then allowed to cool slowly to 4°C.
Primer extension was carried out in 100ul of a solution containing 60mM NaCl, 30mM
Tris pH7.5, 100uCi [o32P] dCTP(800Ci/mM), 25uM dGTP, 25uM dATP, 25uM dTTP.
Kienow DNA polymerase (5U)were added and the mixture incubated at 4°C. A further SU of
polymerase was added every hour for three hours. Specific activities of 1-4 x108cpm/ug
were obtained and estimated as described in section 2.12.3.

2.13.3.Labelling of oligonucleotides with [y32P]ATP
100-200ng oligonucleotide were 5' end labelled with 10U polynucleotide kinase for
30 minutes in 10ul of a solution containing 50mM Tris, (pH 7.6), 10mM MgCl,, 5SmM
DTT, 100uM spermidine, 100uM EDTA and 10-20 pCi [y32P] ATP. The specific activity
was estimated as described in section 2.12.3. and was usually found to be about 108cpmipg.

2.13.4.Removal of unincorporated nucleotides
a) Wash buffer:0.1M NaCl in TE (pHS8).
b) Elution buffer: 1M NaCl in TE (pH8).

Labelled oligonucleotides were purified by binding them to a Whatman DES2 ion
exchange column in the presence of wash buffer. Unincorporated label was washed off the
column with 10-15ml of wash buffer. The sample was eluted with elution buffer and the




eluate collected in 100ul aliquots. Aliquots containing the labelled probe were pooled and
stored frozen. The specific activity of the probe was estimated as described in section
2.12.3.

2.14. Chacterisation of RNA
2.14.1. Northern blot hybridization analysis
Two methods were used. The formamide gel method was found to be the most convenient. Both
methods are essentially as described by Sambrook et al (1989).
2.14.1.1. Electrophoresis of RNA following denaturation with glyoxal
Loading buffer: 50% glycerol, 10mM NaH;PO4(pH7), 0.4% bromophenol blue
20ug of human total RNA was incubated at 50°C for 1hour in 17ul of 16% glyoxal,
10mM NaH,PO4. The sample was cooled to room temperature and 4ul of loading buffer added.

The sample was loaded on a 1% agarose gel containig 10mM NaH>PO4 (pH 7).

Electrophoresis was carried out at 4V/cm for 5 hours in 10mM NaH,PO4 (pH 7). Whilst

the gel was running, the buffer was recycled with a peristatic pump. 10ug of total rat,

yeast and E.Coli RNA were used as markers. The section used as markers was stained for ten

minutes, at room temperature, in a solution containing 10mM NaH,PO4 (pH 7) and

33ug/ml acridine orange, destained in water for 30 minutes to 1 hour and photographed on

a UV transilluminator. The gel was blotted directly onto nitrocellulose or nylon filters

essentially as described in section 2.10. Hybridization to the filters was carried out

essentially as described in sections 2.3.4.

2.14.1.2. Elelctrophoresis of RNA through gels containing formamide

a) 5 x formaldehyde gel running buffer:0.1M 3-(N-morpholino)propanesulphonic

acid (MOPS), 40mM sodium acetate, 5SmM EDTA (pH8). Sterilized by filtration through a

0.2um Millipore filter.

b) Loading buffer: 50% glycerol, 1mM EDTA, 0.25% bromophenol blue, 0.25% xylene

cyanol FF.

c¢) Formamide gel: A 1%, 50 mi gel was prepared by meiting 0.5 g of agarose in 31.3ml

of water. The molten agarose was allowed to cool to about 60°C. A volume of 8.9ml 12.3M

formaldehyde and 9.8ml of 5 x running buffer was added. Preparation of the gel was done in

a chemical hood. The gel was cast on a glass plate and allowed to set for at least 30 minutes.
RNA was concentrated by adding 0.1 volumes of sodium acetate and 3 volumes of

ethanol. RNA was allowed to precipitate for 1hour at -70°C. The samples were then

centrifuged at 10,0009 for 10 minutes. The supernatant was removed and the pellets air

dried. RNA was resuspended in 4.5ui water. Two ui of 5 x gel running buffer, 3.5ul

formaldehyde and 10ul formamide was added to each sample, and the samples incubated at

65°C for 15 minutes. The samples were then chilled on ice. Two pl of gel loading buffer

was then added. Before loading the the samples, the gel was prerun at 5V/cm. The gel was

run submerged in 1 x gel running buffer at 3-4-V/cm. BRL RNA ladder was used for

markers. When the bromophenol blue had run 8cm through the gel, the current was

switched off and the well containing the markers was cut off and stained by immersing itin a



solution of 0.5ug/mi ethidium bromide in 0.1M ammonium acetate. The markers were
visualised and photographed over a UV transilluminator. Before blotting , excess
formaldehyde was removed through several washes in water. The gel was blotted and
hybridized as described in sections 2.10 and 2.3.4.

2.14.2. RNAse protection analysis
2.14.2.1. Template preparation
This method is based on those reviewed by Little and Jackson(1987).

DNA sequences of interest were subcloned into Bluescript vectors. These vectors
contain the T7 and T3 phage promotors from which one can transcribe antisense probes that
contain sequence complementary to the inserted fragment of DNA.

Large scale preparations of the recombinant Bluescript template were carried out
essentially as described in section 2.6.2. except that a PEG precipitation step was included
to remove all traces of RNA, as described in section 2.7.2. 10ug of the resuiting plasmid
was linearised by restriction digestion for 1 hour at 37°C with 50U of an appropriate
restriction endonuclease in a total volume of 100ul of the enzyme reaction buffer
recommended by the distributor. The linearisation step was included so that the transcript
was of a specific length and had a defined 3' terminus. 2ul of 10ug/ul proteinase K and 10ul
of 10% SDS was added and the sample incubated at 37°C for 30 minutes. DNA was extracted
twice with 1 volume phenol/chloroform and precipitated by adding 2 volumes ethanol and
0.5 volumes 3M sodium acetate and incubating at -70°C for 5 minutes. DNA was pelleted by
centrifugation at 1,000g for 1 minute. The pellet was washed in 70% ethanol, dried under
vacuum and dissolved in 100ul water.
2.14.2.2. RNA probe preparation
All reagents, apart from the following, were obtained in kit form from Stratagene.

a) Gel loading buffer: 95% formamide, 20mM EDTA, 0.05% bromophenol blue, 0.05%
xylene cyanol

b) Hybridization solution : 80% formamide, 40mM PIPES, 0.4M NaCl, 1mM EDTA.

c) RNAse solution: A 40ug/ml solution was made up in a buffer containing 10mM Tris
(pH7.5), 1mM EDTA, 200mM NacCl, 100mM LiCl.

d) Phenol pH5.5./choloroform: a 50:50 mixture of Phenol buffered in

100mM Tris (pH 5.5)(essentially as described in section 2.1) and chloroform.

RNA was transcribed from 500ug DNA template by 10U of T3 or T7 DNA polymerase
in 25ul of a solution containing 40mM Tris (pH8), 8mM MgCl,, 2mM spermidine, 50mM
NaCl, 400uM rATP, 400uM rCTP, 400uM rGTP, 40uM rUTP, 30mM DTT,1U RNase block
I, 50uCi [y32P] rUTP (specific activity 400 Ci/mM). The reaction was carried out for
30 minutes at 37°C and the DNA template then digested with 10U RNase free DNase for 15
minutes at 37°C. RNA was precipitated by making the volume up to 100ul with DEPC treated
water and adding 0.1 volume 3M sodium acetate and 3 volumes of ethanol. The sample was
left on dry ice for 30 minutes and centrifuged at 10,0009 for 10 minutes. The resulting
discrete, white pellet was resuspended in 4ul of gel loading buffer, denatured by heating for



2 minutes at 80°C, and electrophoresed on a 42% urea, 7% acrylamide gel in 1 x TBE
buffer (essentially as described in section 2.7.4., except that a Biorad model 220 dual
vertical slab gel electrophoresis cell was used). The gel was run for for 20-30 minutes at
15 V/cm and then autoradiographed for 30 seconds. A hole was cut in the film where the
band appeared. This was used as a guide for cutting the labelled probe out of the gel with a
sterile scalpel blade. The probe was then eluted from the gel by placing it in 1ml of 1mM
EDTA, 0.5M ammonium acetate and shaking for 2 hours at 37°C. 30ug of carrier tRNA was
then added, the sample split into 3 equal aliquots and 3 volumes of ethanol added to each. RNA
was precipitated at -70°C for 1hour and collected by centrifugation at 10,000g for 10
minutes. The resulting pellets were resuspended in 100ul of hybridization solution.
2.14.2.3 Hybridization and digestion of the RNA probe.

30ug of total RNA was lyophilized and 1.5x10° cpm of probe added. The volume was
made up to 30ul with hybridization buffer. The mixture was incubated at 42°C overnight.
350ul of 40pg/mi RNase A was then added and the sample was digested for 1 hour at 30°C.
RNase A was digested by adding 38ul of 10% SDS and 10ul 5ug/ml proteinase K and
incubating at 37°C for 30 minutes. The sample was then extracted twice with 1 volume
phenol (pHS5.5) / chloroform and precipitated by adding 0.5 volumes sodium acetate and 3
volumes of ethanol. 50ug of tRNA was used as a carrier in the precipitation.

After centrifugation and removal of ethanol, the sample was resuspended in 4ul of gel
loading buffer and run on a 7% acrylamide sequencing gel (see section 2.7.4.). A 100 x
dilution of the probe was run at the same time in order to check its integrity.

2.14.3. Primer extension analysis of RNA :

This method is essentially as described by Sambrook et al. (1989), but the
conditions for hybridization were determined empirically.
a) Hybridization buffer: 40mM PIPES (pH 6.4), imM EDTA (pH 8.0), 0.4M NaCl
containing 80% formamide.
b) Reverse transcriptase buffer: 50mM Tris (pH7.6), 60mM KCI, 10mM MgCl,,
1mM each of the nucleotides dATP, dTTP, dGTP, dCTP, 1mM dithiothreitol, 1U/ul placental
RNAse inhibitor
c) Loading buffer: The loading buffer supplied with the USB Sequenase kit was used.
d) Oligonucleotides: Probe 045 : 5' GCG CTC GCT CTG TCG CCG 3'

Oligonucleotides were 5' end labelled as described in section 2.13.4. except that the

probe was not purified from unincorporated nucieotides. 1 x 102 cpm of probe with a
specific activity of 108 cpm/ug was added to 30ug of total liver RNA. 0.1 vol of 3M sodium
acetate (pH 5.2 ) and 2.5 volumes of ethanol were added. The solution was placed at -20°C
for 30 minutes and RNA recovered by centrifugation at 10,000 g for 10 minutes. The pellet
was washed in 70% ethanol and dried in air. It was then redissolved in 30ul of
hybridization buffer and heated at 85°C for 10 minutes. The mixture was then incubated at
2-4 °C overnight. 170u) of water and 400ul of ethanol was then added. The mixture was
stored at 0°C for1 hour and the nucleic acids precipitated by centrifugation ay 10,000 g for



15 minutes. The pellet was rinsed with 70% ethanol and dried in air. The pellet was
redissolved in 20ul of reverse transcriptase buffer and 50U of murine reverse
transcriptase added. The mixture was incubated for two hours at 37°C. DNA was
precipitated by adding 0.1 volume of sodium acetate and 2.5 volumes of ethanol and
incubating for thour at -20°C. The resuiting pellet was resuspended in 3ul of loading
buffer. The reverse transcripts were fractionated on a 7% acrylamide sequencing gel as
described in section 2.7.4.

2.15. Western blot analysis of recombinant bacteriophage proteins

2.15.1. Plating out of recombinant bacteriophage

A putative cDNA clone of rat b reductase had previously been isolated by the method
of Young and Davis (1981)in this laboratory using an antibody raised to rat liver bg
reductase (E. Shephard, unpublished). The was characterised further using the method
described by Saul and Yeganeh (1986).

Phage were grown up on a lawn of E.coli Y1090 cells essentially in the same way as
described in section 2.3.1. but with some modifications. A 5ml overnight culture of a single
colony of cells was grown in L-broth containing 0.2% maltose at 37°C. Phage were plated at
a density of 10-100 plaques on an 80mm plate. 60ul of 100mM IPTG was added to the cells
just before plating. The plates were incubated at 42°C for 3-4 hours and placed directly in
the fridge to minimise protease digestion.

2.15.2. SDS polyacrylamide gel electrophoresis (Phillips et al. 1981)
2.15.2.1. Gel preparation
a) 30% acrylamide stock:29.2% acrylamide, 0.8% N,N' methylenebis acrylamide
b) Stacking gel: For 10ml stacking gel, 1ml stock acrylamide was added to 2.5ml of a
solution containing 0.4% SDS, 0.5M Tris (pH 6.8) and 6m! water. The gel was polymerised
by adding 0.5ml 0.1% ammonium persulphate, and 10ul of TEMED.
c)Separating gel: for 22.5ml, 7.5mi of stock acrylamide was added to 5.65 ml of a
solution containing 0.4% SDS, 1.5M Tris (pH 8.8), 8.25ml of water. The gel was
polymerised by adding 1.15ml 0.1% ammonium persulphate and 17ul of TEMED.
d) Electrophoresis plates: Two glass plates of 17.5cm x 12cm and 17.5 x 14 cm were
used.
e) 2 x loading buffer: 0.125M Tris (pH6.8),10% SDS,10% f-mercaptoethanol, 20%
glycerol, 0.002% BPB.

The separating gel was poured to a depth of 8cm and overlayed with a small layer of
0.1% SDS. The gel was allowed to set . A comb was inserted between the plates and 1cm of
stacking gel poured and allowed to set.
2.15.2.2. Sample preparation
a) Microsomal membrane samples (prepared as described by Shephard, 1982): were
diluted to a protein concentration of 1mg /ml in 1%(w/v) SDS, 10mM sodium phosphate
buffer (pH 7.0), 1% (v/v) B-mercaptoethanol, 15% (v/v) glycerol, 0.01% (w/v) BPB.



The sample was boiled for three minutes and 1ul of f-mercaptoethanol added.

b) Recombinant phage protein: Individual plaques were picked using a clean 1mm

diameter capillary. Plagues were pushed directly into wells using a drawn out capillary
inserted into the 1mm capillary. Each plug was overlayed with 2 x loading buffer.

2.15.2.3. Fractionation of samples

Samples were run through the stacking gel by passing a current of 15mA through the gel

with the anode at the bottom. When the bromophenol blue had reached the separating gel, the
current was increased to 30mA.

2.15.3. Western blotting
a)Running Buffer:25mM Tris (pH8.3), 192mM glycine, 20% methanol.

The gel was removed from the apparatus and placed on a piece of Schleicher and
Schuell membrane filter. Transfer of proteins to the filter was carried out by placing the
gel and the filter in a Biorad electroblotting apparatus, immersing them in running buffer
and passing a current of 0.1A through them overnight (the gel was orientated towards the
anode).The current was then turned up to 0.6 A for 1.5 hours.

2.15.4. Analysis of immobilised proteins using an antibody raised to rat microsomal bg
reductase

The Protoblot immunoscreening system purchased from Promega Biotec was found to
give good results.
a) TBS :10mM Tris (pH8.0), 150mM NacCl
b) Blocking solution: 3% gelatin in TBS
c) TTBS: TBS +0.05% tween
d) Anti bs reductase antibody solution : antiserum that had previously been adsorbed
with Agt11 lysate was diluted by a factor of 1:100 in TTBS, 1% gelatin.
e) Alkaline phosphatase (AP) buffer:100mM Tris (pH9.5), 100mM NaCl, 5mM
MgCl,
f) Reaction stop buffer:20mM Tris (pH 8.0), 5mM EDTA.
g) Second antibody: Anti-rabbit IgG (Fc) alkaline phoshatase conjugate, at a
concentration of 100ng/mi in TTBS.
h) Colour development substrate solution: made up just before use. 66ul of
50mg/mi NTB (nitro blue tetrazolium) substrate, was added to 10ml of AP buffer. 33ul of
BCIP (5-bromo-4-chloro-3-indoyl-phosphate ) substrate was mixed with this solution.

The filter was immersed in TBS for 10 minutes. It was then immersed in blocking
solution for 45 minutes. The blocking solution was discarded and the filter was covered in
1st antibody solution for 2 hours. The filter was then rinsed briefly in double distilled
water, and rinsed twice in TTBS. 15ml of second antibody was added the filter incubated for
30 minutes at room temperature. The second antibody was then removed and the filter was
washed twice for 5 minutes with TTBS. The filter was blotted dry on a piece of tissue paper
and immersed in colour development solution. The colour was allowed to develop for 30



minutes. The filter was then immersed in stop solution and stored between two pieces of
filter paper.



3. Results Chapter | : Characterisation of cDNA clones encoding bg reductase

3.1. Characterisation of a putative cDNA clone encoding rat liver bg reductase

The purification of rat microsomal bg reductase and its use in the raising of an

anti-bg reductase serum in rabbits was carried out in this laboratory and has been

described previously (E. Shephard, 1982). The antibody was subsequently used to screen a
rat liver cDNA library using the methods of Young and Davis (1983). At the commencement

of the work described in this thesis, two cDNA clones, AK2,1,1,1 and AK2,3,1,1 had been
isolated that, when used to infect E.coli Y1090 cells, expressed protein that bound to the bg

reductase antibody. The proteins expressed by these two clones were further characterised
by western blot analysis (see section 2.15. ). The results of this experiment are shown in
fig 3.1. AK2,1,1,1 expressed a high molecular weight protein of about 67kDa that bound
strongly to the antibody. This is of a size expected of a p-galactosidase fusion protein.

A large scale A DNA preparation was carried out on AK2,1,1,1 as described in section
2.4.2. Digestion of the DNA with Eco R1 generated 2 fragments, one of 724 bp and the other

of 412 bp. These two fragments were ligated into M13mp 19 RF vector (fig 2.1). None of
the DNA sequence obtained coded for the published amino acid sequence of bg reductase.

Analysis of sequence obtained from the 412bp fragment , however, identified it as belonging
to the rat mitochondrial genome (data not shown). The explanation for this is not known.

Further characterisation of clone AK2,1,1,1 has not been carried out.

3.2 Isolation of a 700bp fragment of a cDNA clone encoding human liver bg reductase

The initial strategy used to isolate a human cDNA encoding bs reductase was to
construct an oligonucleotide based on the previously published amino acid sequence of human
erythrocyte bs reductase (Yubisui et a/, 1986). The problem of the degeneracy of the

genetic code was overcome by referring to the work of Lathe (1985). Despite the fact that

most amino acids can be encoded by more than one codon, different codons are utilised at



> #

/

TI#*17179!

0

B

9

7T1#*1+101

1

47 # # #B

/0

N2> %

2 2

M 6#$<)96

TI#*1T7171]
6

4 9 G47 > # #B

9 47 > # #! 1
5 4 |

5
7TV#*1>191 1

9 G47 # # B 9
5

*0



different frequencies. Lathe carried out a statistical analysis of the frequencies of codon

usage within a large sample of human sequences. On the basis of this work, the following bg

reductase sequence, located between amino acids 232 and 245 of the sequence published by

Yubisui et al.(1986) was selected because it contained a large proportion of amino acids for
which the degeneracy of the genetic code is low. This sequence is shown below.

N Trp Asp Tyr Gly Gin Gly Phe Val Asn Glu Glu Met lle C

It corresponds to amino acids 244 to 256 of the complete amino acid Sequence of steer liver
b5 reductase (Ozols et al., 1985). The following oligonucleotide called O35 was made on the

basis of the sequence:
5 TGG GAC TAT GGC CAG GGC TTT GTG AAT GAG GAG ATG AT 3

Table 3.1 summarises how the sequence of the oligo was chosen.

Amino acid sequence Trp Asp Tyr Gly GIn Gly Phe Val Asn Glu Glu Met
Possible codons TGG GAG TAT GGI CAA GGT TTT GTT AAT GAA GAA ATG
. GAC TAC G&C CAG G TTC GIC AAC GAG GAG
Jaa JaaG GG
GGA GGA GTA
Codons chosen TGG GAC TAT GGC CAG GGC TTT GTG AAT GAG GAG ATG
% Occurance 100 62 53 44 74 44 65 50 66 60 60 100

Table 3.1: The design of probe 033 using codon usage data.

The table shows the amino acid sequence of human bg reductase between

amino acids 232 and 245 (Yubisui et al.,1986). Underneath are all
the possible codons that could code for this peptide. The codons chosen
for the construction of probe O3g are then listed. Finally, the estimated

percentage probability that the chosen codon encodes the specified
amino acid in the bg reductase cDNA is given ( see Lathe, 1985).

To label the oligonucleotide to a high specific activity, the method of labelling

described by Studencki and Wallace (1984) was used (see section 2.13.2.). A 7mer
oligonucleotide called O; with sequence 5' TC TAC TA 3' was used as a primer from which to

extend a labelled DNA strand using Klenow DNA polymerase. Labelling was unsuccessful

lte

ATT
ATC
ATA

AT

100



probably because the priming oligo was too short to allow stable hybridization to the
template under the buffer conditions used.

While the work described above was being carried out, the sequences of partial
human liver and placental cDNAs encoding bg reductase were published (Yubisui et a/,

1987). These sequences are shown in fig (3.2). The amino acid sequence encoded by these
cDNAs corresponded exactly to the known amino acid sequence of the soluble erythrocyte

form of the enzyme (Yubisui et al.,1986). This further supported the hypothesis that the
soluble and membrane bound forms of bg reductase are encoded by a single gene.

A probe was made directly from the published nucleotide sequence. The nucleotide
sequence encoding amino acids 244-256 of the human liver enzyme was :
5 TGG GAC TAC GGC CAG GGC TTC GTG AAT GAG GAG ATG AT 3
The only two differences from the predicted sequence are shown in bold type. The published

sequence of the human liver cDNA clone was used to make the following oligonucleotides;

Oligo. 0435 TGGGACTACGGCCAGGGCTTCGTGAATGAGGAGATGATCCGGG 3

Oligo. 0125 CCCGGATCATCT 3

The relative position of 043 with repect to the published human liver cDNA sequence is
indicated in fig 3.2. Oligonucleotide O, was used as a primer from which to extend a strand
on Oyg3, using Klenow DNA polymerase in the presence of [32P] labelled dCTP. The
priming site in oligo O43 is underlined. There are 13 places where labelled C residues can
be incorporated (bold type) into the extended strand. Oligo Oy, was calculated to be

sufficiently long to remain hybridized to oligo O43 under the salt conditions used for the

elongation reaction (see section 2.13.2).

The specificity of the probe was tested by northern blot hybridization analysis of 10
of 20 ug of total human and 10 or 20 pg of total rat RNA (section 2.14.1.1. ). The probe
hybridized to one broad band of about 1.9kb in the human RNA tracks (fig 3.3). No

hybridization to rat RNA was detected. The low intensity of the signal was consistent with



Fig 3.2:

The nucleotide sequences of human bg reductase cDNAs isolated by
Yubisui et al.,(1986).

The sequences of the cDNAs, and their translated amino acid sequences are
labelled as follows. pbgR-P: human placental cDNA. pbgR141 :human liver cDNA.

H.P.bs R: amino acid sequence obtained by the transiation of pbgR-P. H.L.bgR:
amino acid sequence obtained by the translation of pbsR141. Features of the

sequence are indicated as follows. The underlined sequence was used to make
probe O43 Pst 1 sites are boxed with solid lines. Eco RI linker sequences are

bracketed. The sequence boxed with dashed lines does not code for any known bg
reductase sequence.
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previous immunoprecipitation assays carried out on in vitro transiated rat liver mRNA
which indicated that bg reductase represents less than 0.01% of the total message ( E.

Shephard, unpublished). The size of the RNA to which the oligonucleotide probe hybridized
was similar in length to the truncated cDNA previously published by Yubisui et a/.(1987)
suggesting that this clone was in fact very nearly full length.

Having established the specificity of the probe, 300,000 plagues from a human liver
Agt11 library were screened at a density of 40,000 to 50,000 plaques per 180mm
diameter plate ( see section 2.3. ). Seven plugs were picked corresponding to the positions
of positive signals. A second round of screening was carried out on 80mm agar plates at
plaque densities of 1,000 plaques per plate. Only one of the samples contained phage that
hybridized to the probe at the second round of screening. This positively hybridizing clone
was purified by one further round of screening on an 80mm plate at a plaque density of 100
plaques per plate. The third round of screening was carried out using a probe made by end
labelling oligo O43 with T4 polynucleotide kinase (see section 2.13.3). The specific
activity of this probe was sufficiently high to detect the third screen positives. The purified
clone was named ABSR1. Examples of positively hybridizing plaques using a primer
extended probe for the 1st and 2nd screens and an end labelled probe for the third screen are
shown in fig3.4.ato .

3.2.1 Restriction endonuclease analysis of ABSR1

AB5R1 was digested with Eco RI to liberate the insert from the cloning site of the
vector. However, despite the fact that the DNA sample hybridized strongly to the oligo O43,

no insert was liberated. To determine whether one or both of the Eco RI sites had not been
regenerated after transfection, the DNA was further digested with Bam HI. This generated
five fragments of 5.5; 6.5; 7.9; 11.2; 14.1kb. The expected fragments from digestion of

Agt 11 with Bam HI and Eco RI are 5.5; 6.5; 6.4, 11.2; 14.1 kb. The only difference
between the fragments generated by Agt11 and ABSR1 is that the latter liberates a 7.9kb

fragment instead of a 6.4 kb fragment. Southern blot hybridization analysis (see section



Fig 3.4:

The isolation and characterisation of clone AB5R1

Figs a) to ¢) show photographs of autoradiographs obtained from the first (a),
second(b) and third (c) screens of a human liver cDNA library. Bacteriophage
were plated out as described in section 2.3.2. The phage were transferred to
nitrocellulose filters and denatured as described in section 2.3.3. The filters
were hybridized with 5 x108cpm/m! of probe O43 and washed as described in

section 2.3.4.2. They were then autoradiographed for 48 hours. The positions of
positively hybridizing piaques that contain ABgR1 are indicated by arrows.

a)The first screen. 300,000 plaques from the cDNA library were plated out
at a density of 100 plagues/cm2. The plaques were screened with probe O3 that

had been labelled with [o32P] labelied dCTP to a specific activity of 2 x 108
-cpm/ug as described in section 2.13.3. b) The second screen. The positvely
hybridizing plaque shown in a) was picked and phage were eluted and plated out at
a density of 20 plaques/cm?2 on an 80mm agar plate as described in section 2.3.6.
The plaques were screened with Probe O43 that had been labelled with [ax32P])

labelled dCTP to a specific activity of 1 x 108 cpm/ug. ¢)The third screen.
The positvely hybridizing plaque shown in b) was picked and phage were eluted
and plated out at a density of 2 plaques/cm2 on an 80mm agar plate. The plaques
were screened with Probe O45 that had been labelled with [y32P] labeiled ATP to

a specific activity of 1 x 108 cpm/ug as described in section 2.13.4. d)
Southern blot hybridization analysis of AB5R1 DNA. DNA was double
digested with Bam HI and Eco RI and fractionated on an agarose gel as described in
section 2.9. The DNA was transferred onto a nitroceliulose filter as described in
section 2.10.The filter was hybridized with 1x 108cpm/ml of probe 043 that

had been labelled with [y32P] to a specific activity of 1 x 108 cpm/ug. The
length of the hybridizing band is shown in kilobases. e). Restriction maps of
i) Agt11 and li) ABsR1, with respect to Bam HI and Eco RI sites. The two
maps differ only in the sizes of the fragments whose lengths are shown (in

kilobases). The vertical arrow shows the expected position of an Eco RI site that
is thought not to have been regenerated after transfection.




¥

#HNVVVV
010



2.10. ) of the fragments generated by digestion of ABSR1, using oligo O43 revealed that the

insert was contained within this 7.9 kb fragment (fig 3.4. d). A comparison between the
restriction maps of ABSR1 and Agt11 is shown in fig 3.4.e . From the restriction map of
ABSR1, it is evident that the insert length is about 1,500bp and that the Eco R I site
orientated towards the right arm of the phage was not regenerated after transfection .

To generate a fragment of the cDNA insert that could be used in further analysis,
AB5R1 was digested with Pst 1. Agarose gel electrophoresis of the digested DNA revealed that
many fragments had been generated. This was due to the large number of Pst I sites that are

present in the Agt11 arms. However, Southern blot hybridization analysis of the gel with

oligo O43, revealed a single hybridizing fragment of 700 bp in length. The size of this

fragment was consistent with the published sequence of bg reductase (fig 3.2. ). The total

Pst I digested DNA was Ligated into Bluescript and transfected into Stratagene XL1 Blue cells
(see section 2.5.). 100 white colonies were obtained which were then screened using the

043. (section 2.5.5.1.). Six positively hybridizing colonies were picked and plasmid DNA
isolated from them as described in section 2.6.1(see fig 3.5.a.). Restriction endonuclease

digestion of the DNA with Pst I revealed that one of these clones contains a double insert. One

of the inserts was of 0.7 kb in length. The other was of about 1.2 Kb in length. Southern blot
hybridization analysis using O43 identified the 0.7kb insert as that belonging to the cDNA
insert of ABSR1 (fig 3.5.b track c). This clone was named pBSR1. lts 0.7kb insert was

ligated into M13 mp19 and transfected into JM101 Celis as described in section 2.7.1.1.

The DNA sequence of the insert was determined and was found to be 100 % homologous to a
Pst I flanked sequence within the published bg reductase cCDNA (Yubisui et al. 1986). An
example of a sequencing ladder obtained by sequencing single stranded M13 DNA is shown in
fig 3.6. This sequence was 737 bp in length. The relative positions of the Pst I sites with

which the insert of pBSR1 was generated with respect to the published cDNA sequence is

shown in fig 3.2.
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3.3 Isolation of an 1,800 bp cDNA encoding human liver bs reductase

Because a full length cDNA had not been isolated, it was necessary to rescreen the
human liver library, using the same general techniques as those used in section 3.2. The
737bp cDNA fragment described in the previous section was used as a hybridization probe.
To prepare this fragment for use as a probe, plasmid pBSR1 was prepared from 100ml of

cell culture (see section 2.6.2.) and its Pst I generated insert isolated using the method
described in section 2.12.1.2. This will be referred to as probe C737. The probe was

labelled by extension from random hexanucleotide primers as described in section 2.12.2.

Specific activities of the probe were generally in the order of 5x108 cpm/ug. Hybridization
was carried out with .3ng/ml probe (about 108cpm/ml). 450,000 plaques were screened

at a density of 40,000- 50,000 plaques per 180mm diameter plate. Twenty two plugs were
taken from the plates corresponding to the positions of positively hybridizing plaques. in
order to select samples containing the longest possible inserts so that the number of phage
carried through to the second and third screens could be minimised, phage were eluted from
the plugs, amplified, titred, and DNA prepared from plate lysates of each sample (see section
2.4.3)). 1ug of DNA isolated from each phage sample was digested with Eco RI and
fractionated on a 0.6% agarose gel. Individual inserts were at too low a concentration to be

seen on the ethidium bromide stained gel. Southern blot hybridization analysis of this gel
using probe C737 was carried out in order to select for phage samples containing

hybridizing DNA insert of approximately 1.9kb in length (see section 2.10.). Bands were
visible after an overnight exposure of the blot (fig 3.7). One sample contained a hybridizing
insert of approximately 1.8kb in length (fig 3.7.track a.). A pure hybridizing phage clone

was isolated from the corresponding phage sample through two further rounds of screening.
This clone was called ABSR2. A large scale DNA preparation of ABSR2 DNA was carried out
(see section 2.4.2.). The DNA was digested with Eco RI and the insert was ligated into
pUC19 and transfected into E.coli JIM101 cells (see section 2.5.) . The resulting plasmid

was called pB5R2. At the same time, the insert was ligated into M13 mp19 and transfected
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into E.coli JM101cells (see section 2.7.1.1.). Sequencing of the 5' and 3’ ends of pBSR2 in

M13 (see section 2.7.) gave identical sequence to the 5' and 3' ends of the cDNA named

pbsR141 isolated from the same human liver library by Yubisui et al.(1987)(see fig3.2.)

The cDNA starts at the 5' end with a 24 bp sequence that does not encode the known bg

reductase amino acid sequence. This sequence is followed by sequence coding for amino acids
Leucine 35 onwards. Sequencing from the 3' end revealed a poly-A tail leading into

non-coding region of exact homology to the sequence of pbSR141 ( Yubisui et al.,1987).

3.3.1. Restriction endonuclease digestion of pBSR2

To generate DNA fragments that could be used as cDNA probes representing the 3' and
5' end of the bg reductase transcript, pB5R2 was digested with Eco RI and Pst 1. This

generated 3 fragments of 0.7kb, 0.6kb and 0.5kb respectively. These correspond to the sizes
predicted from the published sequence of clone pbSR141(Yubisui et al., 1987). The
predicted sizes are 737bp, 588bp and 486bp respectively. The 737 bp fragment has been
discussed in section 3.2.1. The 588bp and 486bp fragments are Eco RI-Pst I generated

fragments that represent the 3' and 5' ends of clone pBSR2 respectively. These two

fragments were purified from an agarose gel and will be referred to as probes Csgg and

C4gg - Their relative positions with respect to clone pB5SR2 are shown in fig 3.10.

3.4. |solation of a cDNA that encodes the entire length of human placental b reductase

As we were unable to isolate a full length cDNA clone encoding bs reductase from the
liver library, a 34 week human placental library ( Clontech) was screened with probe
Cy4gs - The library contains 1 x108 independent clones and has a mean insert length of
1.8kb. 200,000 plaques were screened at a density of 40,000-50,000 plaques per

180mm plate. The C4gg probe was used in order to select for CONA clones containing

sequence representing the 5' end of the bg reductase transcript. Thirty six plugs were taken



from the first round of screening. Five of the most strongly hybridizing plaques were
selected for further purification. DNA isolated from four of the clones called A3,2;
A21,1,1; 224,1,1and A28,1,1 were digested with Pst I and Eco RI and the fragments

fractionated on an agarose gel. Southern blot hybridization analysis of the gel was carried

out using probe C4gg , in order to map the 5' ends of the clones in relation to the position to

which probe C4gs was known to map (fig 3.10.). Clone A24,1,1 liberated the longest

hybridizing fragment. This was 617bp in length (fig 3.8 track c). This clone also contained

two fragments that did not hybridize. These were a 0.7kb fragment that was assumed to be

the Pst 1 generated fragment corresponding to probe C737 (see section 3.1.2.), and a 550

bp fragment assumed to be the Pst I-Eco RI generated fragment that overlaps probe Cggg

(see fig 3.10.).

3.4.1 Subcloning and sequencing of the human placental cDNA

in order to subcione the cDNA for further analysis, A24,1,1 DNA was digested with
Eco RI and its insert ligated into pUC19 and transfected into E. coli JM101 cells. The
resulting plasmid was called pBSR3. The 617bp and 550bp Pst1-EcoR1 generated
fragments of A24,1,1 were ligated into pUC19 and transfected into E.coli JM107 to make
plasmids pBSR4 and pB5SR5 respectively (fig 3. 10). To make a subclone of DNA
representing only the 5' end of the cDNA, A24,1,1 DNA was digested with Xho1 and EcoR1.
This generated a 146bp fragment that was ligated into Bluescript SK vector (fig 2.2) and
transfected into E.coli JM101 cells to make plasmid pB5R6 (fig 3.10).

The cDNA insert of plasmid pB5R5 that represents the 3' terminal 550bp of
224,1,1 (pBSR3) was completely sequenced from forward and reverse sequencing primers
(fig 2.1.), using the method for sequencing double stranded DNA that is described in section
2.7. An example of a sequencing ladder obtained using this method is shown in fig 3.9. The
sequence was almost identical to the corresponding region of pp5SR141 isolated by Yubisui et

al. (1987) and showed that the 3' terminus of the cDNA insert of clone pBS5R3 is at a
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position that maps 24bp upstream of the polyadenylation site. A combination of sequencing
of plasmids pB5R3 and pB5R4, as shown in fig 3.10, enabled the complete nucleotide
sequence of the 5'terminal 617bp of pBSR3 to be determined. The cDNA starts at its 5' end
with a 35bp leader sequence that contains a consensus CCACC ribosome binding site (Kozak,

1984)) situated immediately upstream of an ATG initiation codon. This is followed by codons
encoding the N-terminal 6 amino acids of human liver bg reductase (Murakami et al.,

1989) for which cDNA sequence had not been previously determined. This is followed by
sequence that is almost identical to the corresponding region of pbsR-P (Yubisui et al.,

1987, see fig3.2). The full cDNA sequence of b5 reductase (as constructed from the
sequencing data derived from DNA fragments represented by plasmids pBSR1, pB5R3 and
pB5SR4), is shown in fig 3.11. Differences from the previously published cDNA sequences

are indicated in this figure.

3.5. Primer extention analysis of RNA isolated from human liver

- To map the 5' end of the mRNA encoding  bg reductase in human liver, an 18 mer

oligo called 045 was constructed on the basis of the 5' non coding, leader sequence of CDNA
clone pB5R3. The sequence of this primer is shown in section 2.14.3. It is complementary

to nucleotides 17 to 34 upstream of the translational start site of cCDONA clone pBSR3. The
position to which it was designed to hybridize is indicated in fig 3.11. Probe Oyg was 5' end
labelled and hybridized to 30ug of total RNA extracted from human liver. Different

conditions were used in order to ensure that the probe hybridized specifically ( see the
legend to fig 3.12. for details). A DNA strand was then extended from the probe with reverse
transcriptase. The size of the DNA product was determined by electrophoresis on an

acrylamide sequencing gel. The result is shown in fig 3.12. A single 77nt extention product
was detected. This result suggests that bg reductase mRNA is transcribed from a single

transcriptional start site that maps 93nt upstream of the ATG initation codon and 57nt from

the 5' end of cDNA clone pB5R3.

































































































































































































































