iron-sulphur bond has been shown by NMR and ~pectroscopic
measurements to be sensgitive to pH, temperature, the presence
of alcohols, anions and cations, and chemical modification of
nearby residues.

The NMR resonances of the methionine ligand have been
studied by various authors (e.g. Moore et al., 19562,
Characteristic methyl signals are present only when the ferric
methionine-iron bond is intact. Large perturbations to chemical
shifts are seen due to delocalisation of the unpaired electron
of the low-spin ferric iron. Optical studies have concentrated
on the charge transfer absorption band in the near infra-red,
at 695 nm. This bond is observed only when the ferric
iron-sulphur bond is intact (it is a highly sensitive indicator
of the integrity of this bond) and is weak
810 mM~)
the haem plane; and is probably due to charge-transfer of one

(e ca.
-1 695
em ). The 695 nm bond is polarized perpendicular to

electron from a non-porphyrin ligand, such as the -§- of
methionine, to a d-crbital on the iron (Eaton and Hochstrasser,
1966) .

The charge transfer absorption band is affected by a

variety of conditions:

(1) increasing temperature causes a diminution of the band (no
mention is made ol a peak maximum shift) but the magnetic
susceptibility remains that of a low-spin ferric iron, and
the methionine remains bound to the iron (in.ltrom et al.,
1982). NMR spectra confirm that the bond is intact between
15 and 60 °C and that there is a continuous change in the
iron=sulphur interaction. Kaminsky et al. (1%73) obtained
biphasic Arrhenius plots in the presence of denaturants.
Transition temperatures for a variety of species cof
cytochrome ¢, reflecting stability of the haem crevice,
have been determined (Osheroff et al., 1980).

(ii) Theorell and xkellon (1941) first defined five
spectroscopic species of ferric cytochrome ¢ within the pH

range O - 14, which changed reversibly into one another by
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ot A L
SN,

(111)

(iv)

(v)

altering the pH e.g. for horse-heart cytochrome ¢:

pK 0.7% pK 3.8 pK 9.0% pK 12
TYPE I s> TYPE 1] i TYPE II] =2 TYPE IV == TYPE V,

The transition between types III and IV (the ‘'alkaliine
isomerisation') occurs with a pK of 8.8 - 9.3 (depending
on the cytochrome ¢ species d the ionic strength). The
transition is accompanied b, .oss of the 695 nm absorption
band due to replacement of methionine by a strung field
ligand which may be lysine 72, lysine 79 or even water
(Bosshard, 1981; Takano and Dickerson, 198la; 1981b), and
results in a more open haem cruvice.

Formylation of tryptophan 59 of cytochrome ¢ causes
complete loss of the 695 nm absorption band, which is
reversed by alkali treatment (Aviram and Schejter, 1971).
Modification of tyrosine 67 by mutation also affects the
band (Schejter et al., 1970).

Denaturation of the crevice and a loss of the 695 nm band
is effected by alcohols and other denaturants in order of
their hydrophobicity (Greenwood and Wilson, 1971); pH was
found to have a ~ooperative effect with alcohols in the
disruption of the crevice structure (Greenwood and
Wilson, 1971). Alcohols were found to decrease the pK. of
the alkaline l(somerisation (Ilan and Shafferman, 1978).

Anions such as phosphate and citrate appear to bind neur
the haem crevice of cytochrome ¢, stabilising the closed
form of the crevice at low concentrations (Osheroff et
al., 1980). Other anions such as chloride and cacodylate
do not interact with this site, but bind to cytochrome ¢
with similar affinity (K.pp is ca., 70 uM (Nicholls, 1974))
but do not stabilise the crevice at low concentrations. A
small loes in the 695 nm bond is observed in the presence
of chloride ions and the pKa is decreased by 0.3 at 0.3 M
chloride (Greenwnod and Wilson, 1971).
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The integrity of the iron-meinionine bond is vital to
the in vivo functioning . cytocirome c. Where the bond is
broken (e.g. in the alkaline isomerisation) cytochrome c
is unable to accept electrons from the reductase molecule.
The alkaline isomerisation is thought to have a regulatory
role in vivo (where the pK. is expected to be lower than
its value in aqueous solution) due to the effect of the
conformational change on the oxidation-reduction potential
(which falls from 260 to 120 mV) (Davis et al., 1974),
When the iron .- methionine bond is intact, the closed
structure of the haem crevice is present; the pK8 for the
alkaline isomerisation reflects the stability of the
crevice, Osheroff et al, (1980) found a wide variation for
pl(a values in various mammals (8.3 to 9.5) which, when
correlated with amino acid sequences, suggested the
presence of upper and lower haem c<revice bonds (see
Chapter S).

1.3.2 Microperoxidase-8

(a) History and Structure

The first studies on the digestion of ecytochrome ¢ with
prote-lytic enzymes pepsin, trypsin, chromotrypsin and papain,
were carried out by Tsou (1949; 195la; 1951b). Since then, much
attention has bee.. directed at the isolation of peptide
fragments of varying sizes containing the covalently linked
haem ¢ (sce Chapter 6).

One such haem-peptide produced by the consecutive digestion
of cytochrome ¢ with pepsin and trypsin enzymes is
microperoxidase-8 (MP-8), shown in Figure 1.9, The peptide chain
comprises residues 14 to 21 of cytochrome ¢ and is linked to a
high spin haem c by thioether linkages from cysteines 14 and
17. Analogous to cytochrome ¢, histidine 18 is the fifth ligand
to the haem irun. The sixth haem ligand is most likely water
(Aron et al.,, 1986). Unlike cytochrome ¢, MP-8 (and other
haem-peptides) are capable of peroxidatic ctivity (e.g.
Baldwin et al., 1985b) a property reflected in the name

'microperoxidase’ .
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A comparison of the reactivity and other properties of a

series of haem-peptides with cytochrome ¢, 1is expected to

Cys
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Fig 1.9 The structure of microperoxidase-8.

clarify the effect of the protein on the active site. However
the chemistry of the haem-peptides is not necessarily a
simplified version of related haemoproteins (Tuppy and Paleus,
1955). The peptides lack cytochrome ¢ activity in the
succinoxidase system, but can act as peroxidases, and are
active oxidases of cytochrome c¢ (Babu et al., 1969; Tu et al.,
1968). They are autoxidisable and combine with carbon monoxide.
In contrast to cytochrome c¢ they contain high spin iron (III)

but react with histidine to give low=-spin complexes (Ehrenberg
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(b)

and Theorell, 1955b). In comparison to a redox potential of 260
+ 20 mV for cytochrome c, the redox potential of MP-8 is ca.
~207 mV, and that of the undecapeptide, microperoxidase-~11
(MP=11), is ca. =195 mV (Wilgus et al., 1978; Harbury and
Loach, 19%9).

Haem-peptide complexes have provided valuable insight into
the structure of cytochrome ¢. The amino acid sequences of
several species of cytochrome ¢ in the region close to the
linked haem, have been confirmed using peptides. Harbury et al.
(1965) solved a long controversy concerning the identity of the
giv.h ligand of cytochrome ¢ (see Lemberg and Barrett (1973))
by showing that N-acetyl-D,L -methionine, its methyl ester,
diethylsulphide, and other thiocethers formed haemochromes with
tvhe haem - octapeptide of cytochrome ¢, and haemin. The
N-acetyl-D,L -~methionine complex with MP-11, but not the
imidazole complex, was shown to give the absorbance band at
695 nm, now known to be characteristic of the iron-methicnine
sulphur bond in cytochrome ¢ (Shechter and Saludjian, 1967). As
haem-peptides do not contain any aromatic residues, part of the
absorbance at 280 nm ascribed to aromatic residues in
cytochrome ¢ was found to be a property of the haem itself
(Urry, 1967a; 1967b). In addition, part of the absorbance
between 240 and 250 nm, ascribed previously to the a<helix, was
due to haem (Urrv, 1967a; 1967b); thus the a-helix percentage
in cytochrome ¢ was shown to have been overestimated (Urry,
1967a). The extent of haem exposure to solvent in cytochrome ¢
(small) was assessed by ‘omparison to the chromotryptic
hexadecapeptide (Stellwagen, 1967),

Aside from the structural clarification afforded to
cytochrsme ¢ by haem-peptides, they have considerable potential

as models for the haemoproteins.

Models for haemoproteins

The complexity and size of haemoproteins and enzymes argues for
the development of good model systems, of well=defined
structure and state, to lend insight into their function and
properties in solution, Until recently, models for

haemoproteins have comprised haemin (e.g. Adams et al., 1979;
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(b)

and Theorell, 1955b). In comparison to a redox potential of 260
+ 20 mV for cytochrome c, the redox potential of MP-8 is ca.
=207 mV, and that of the undecapeotide, microperoxidase-11
(MP-11), is ca. =195 mV (Wilgus et al., 1978; Harbury and
Loach, 195%9).

Haem-peptide complexes have provided valuable insight into
the structure of cytochrome c¢. The amino acid sequences of
several species of cytochrome ¢ in the region close to the
linked haem, have been confirmed using peptides. Harbury et al.
(1965) solved a long controversy concerning the identity of the
sixth ligand of cytochrome ¢ (see Lemberg and Barrett (1973))
by showing that N-acetyl-D,L -methionine, its methyl ester,
diethylsulphide, and other thicethers formed haemochromes with
the haem - octapeptide of eytochrome ¢, and haemin. The
N-acetyl-D,L =methionine complex with MP-11, but not the
imidazole complex, was shown to give the absorbance band at
695 nm, now known to be characteristic of the iron-methionine
sulptur bond in cytochrome ¢ (Shechter and Saludiian, 1967). As
haem-peptides do not contain any aromatic residues, part of the
absorbance at 280 nm ascribed to aromatic res.dues in
cytochrome ¢ was found to be a property of the haem itself
(Urry, 1967a; 1967b). In addition, part of the absorbance
between 240 and 250 nm, ascribed previously to the a<helix, was
due to haem (Urry, 1967a; 1967b); thus the a-helix percentage
in cytochrome c¢ was shown to have been overestimated (Urry.
1967a). The extent of haem exposure to solvent in cytochrome ¢
(small) was assessed by comparison ¢to the chromotryptic
hexadecapeptide (Stellwagen, 1967).

Aside from the structural clarification afforded to
cytochrome ¢ by haem-peptides, they have considerable potential

as models for the haemoproteins,

Models for haemoproteins

The complexity and size of haemoproteins and enzymes argues for
the development of good model systems, of well=defined
structure and state, to lend insight into their function and
properties in solution, Until recently, models for

haemopro eirs have comprised haemin (e.g. Adams et al., 1979;
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Baldwin et al., 1985b) and synthetic analogues of varying
complexity (e.g. Budd et al., 1979; Spiro and Burke, 1976).

MP-8 has some advantages over these models in aqueous or
aqueous-methanol solution. The haem-peptide is water soluble
over almost the entire pH range; it may be studied as a monomer
in aqueous solution below 2 x 10'7 M and in 20% methanol:water
(v/v) below 2 x 10-6 M (Aron et ai1., 1986). The coordineztion of
histidine 18 of the peptide chain as fifth axial ligand, and of
an easily removed ligand (probably water in aqueous solution
(Aron et al., 1986)) as sixth ligand, facilitates the modelling
of mono-imidazole haemoproteins (e.g. myoglobin, horse-radish
peroxidase and cytochrome c).

In contrast, haemin dissolves only in alkaline solution
where it exists as a dimer (Shack and Clark, 1947). Moncmeric
haemin in detergent micelles (Simplicio and Schwenzer, 1973;
Hambright and Chock, 1975) and a monomeric haemin-caffeine
adduct (Campbell, 1980) have been reported; but clearly an
artificiality is introduced in these systems, which would
affect ligand binding and other reactions (Simplicio, 1972).
Both haemin and synthetic models present difficulties in the
modelling of mono-imidazole haemoproteins, as the low-spin
bis-imidazole adduct is greatly favoured over the
mono-imidazole product (Walker et al., 1976). However, complex
synthetic work hns resulted in mono-~imidazonle porphyrin models
by means of steric interaction (e.g. the picket fence porphyrin
of Jameson et al. (1978)).

MP-8 has been used as a model for the cytochromes (e.g.
Yang and Sauer, 1982; Kimura et al., 1981; Harbury and Loach,
1960a; 1960b), the activation of hydrogen peroxide by the
peroxidases (Baldwin et al., 1985b) and anion binding in
haemoproteins (e.g. Blumenthal and Kassner 1979; 1980). The
reactions of cytochrome P-450 have up till now been modelled
using haemin (e.g. Adams et al., 1979; Adams and Adams, 1986)
and synthetic thiolate~based iron porphyrin complexes (see Coon
and White (1979)). Although model studies and EXAFS evidence
(Cramer et al., 1978) strongly suggest that the fifth ligand to
haem is sulphur, the identity of the sixth ligand remains

controversial: evidence for water (Philson et al., 1979) and
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Baldwin et al., 1985b) and synthetic analogues of varying
complexity (e.g. Budd et al., 1979; Spiro and Burke, 1976).

MP-8 has some advantages over these models in aqueous or
aqueous-methanol solution. The haem-peptide is water soluble
over almost the entire pH range; it may be studied as a monomer
in aqueous solution below 2 x 10'7 M and in 20% methanol:water
(v/v) below 2 x 10'6 M (Aron et al., 1986). The coordination of
histidine 18 of the peptide chain as fifth axial ligand, and of
an easily removed ligand (probably water in aqueous solution
(Aron ot al., 1986)) as sixth ligand, facilitates the modelling
of mono-imidazole haemoproteins (e.g. myoglobin, horse-radish
peroxidase and cytochrome c).

In contrast, haemin dissolves conly in alkaline solution
where it exists as a dimer (Shack and Clark, 1947). Monomeric
haemin in dztergent micelles (Simplicio and Schwenzer, 1973;
Hambright and Chock, 1975) and a monomeric haemin-caffeine
adduct (Campbell, 1980) have been reported; but clearly an
artificiality is introduced in these systems, which would
affect ligand binding and other reactions (Simplicio, 1972).
Both haemin and synthetic models present difficulties in the
modelling of mono-imidazole haemoproteins, as the low-spin
bis-imidazole adduct is greatly favoured over the
meno=-imidazole product (Walker et al., 1376). However, complex
synthetic work has resulted in mono-imidazole porphyrin models
by means of steric interaction (e.g. the picket fence porphyrin
of Jameson et al. (1978)).

MP-8 has been used as a model for the cytochromes (e.g.
Yang and Saver, 1982; Kimura et al., 1981; Harbury and Loach,
1960a; 1960b), the activation of hydrogen peroxide by the
peroxidases (Baldvin et al.,, 1985b) and anion binding in
haemoprcteins (e.g. Blumenthal and Kassner 1979; 1980). The
reactions of cytochrome P-450 have up till now been modelled
using haemin (e.g. Adams et al., 1979; Adams and Adams, 1986)
and synthetic thiolate-based iron porphyrin complexes (see Coon
and White (1979)), Although model atudies and EXAFS evidence
(Cramer et al., 1978) strongly suggest that the fifth ligand to
haem is sulphur, the identity of the sixth ligand remains

controversial: evideace for water (Philson et al., 1979) and
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1.4
The

imidazole ligation (Chevion et al., 1977) has been presented.
Sulphur adducts of the mono-imidazole MP-8 (see Chapter 7)
could thus prove useful as models for cytochrome P=-450,

The aims of this dissertation

aim of this work was to investigate the role of conformational

change in the protein's control of the active site in haemoproteins

and

(1)

(11)

(114

enzymes, by studying:

cobalt corrinoid cofactors for the B _-dependent isomerase

12
reactions,

the reactivity of the iron-methionine bond in cytochrome c,
and

) the usefulness of MP-8 as a model for cytochrome c.

This was done by:

1.

3.

using methyl, ethyl and cyclobutylcobalamins and their
corresponding cobinamides (prepared in this study) and
adenosylcobalamin, in kinetic studies, both to support a
proposed mechanism for isomerase enzymes (Pratt, 1984), and to
estimate the half-life of decomposition for the isomerase
cofactor, adenosylcobalamin, at room temperature, and hence the
labilisation energy necessary for the protein to activate the
metal complex (Chapters 3 and 4);

confirming the literature pK. value for the alkaline
isomerisation of cytochrome ¢, and investigating the reactivity
of the haem iron-methionine bond in the region of this px.
through binding studies of the haem ivon with various drugs and
anions (Chapter 5);

developing an improved procedure for the preparation and
purification of MP-8, and a rapid test of purity (Chapter 6);
using prepared MP-8 in its monomeric form in aqueous-methanol
solution to study the binding of D,L-nethionine and
N-acetyl=D,L-methionine to ferric MP-8, and to bind drugs for

direct comparison with cytochrome ¢ (Chapter 7).
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CHAPTER 2 ~ MATERIALS AND METHODS

2.1 Materials

- [P % Cobalt corrinoids

(a) Cobalamins and cobinamides

12 "9 B,

Domleo of Glaxo-Allenbury (Pty)

Samples of vitamin B

were supplied by Mr. A.P.

Limited.

Adenosylcobalamin

was  purchased from Sigma. The organocobalamins and

organocobinamides used in this work were prepared as described

in Chapter 3.

(b) Alkyl halides

Methyl iodide (Merck, 99%), ethyl bromide (Hopkin and Williams,
GPR) and cyclobutyl bromide (Fluka, purum,

received.

(c) Buffers

98%) were used as

Phosphate buffers pH 6, 7 and 8 with ionic strength: u = 0.1,

were prepared according to Long (1971), using sodium dihydrogen
phosphate (Merck) and disodium hydrogen phosphate (Merck).

(d) Other reagents

The materials used in the preparutive work were: ceric nitrate

(Schuchardt), phenol (BDH, AnalaR),

potassium cyanide (BDH),

sodium hydroxide (Sigma), 1,1,l=trichloroethane (BDH, AnalaR),

diethylether (Hopkin and Williams),

perchloric acid (Merck),

sec-=butanol (BDH, AnalaR), sodium borohydride (Merck, GR), DES2
and CM32 cellulose (Whatman) and glacial acetic acid (Merck,

GR).

2.1.2 Cytochrome ¢ studies

(a) Cytochrome ¢

Horse<heart cytochrome ¢ (Sigma,

Type VII)

was used without
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further purification.

(b) Buffers
Tris-hydrochloric acid buffers in the range pH 8.6 to 9.5 with
ionic strength: u = 0.1, were prepared according to Long (1971)
using tris (BDH, AnalaR) and hydrochloric acid (Merck).

(c) Other reagents

The feollowing reagents were used without further purification:
caffeine (Merck), tryptophol (Sigma), scdium barbitone (BDH),
sodium perchlorate (Merck, GR), ephedrine (S.A. Druggists Ltd),
salicylic acid (Heyden Chemical Corporation) and benzoic acid
(BDH, AnalaR). Chlorpromazine was donated by Maybaker (SA)
(Pty) Limited.

2:1.9 Ilcrggoroxtdaoooe studies

(a) Porphyrins
Microperoxidase-8, microperoxidase~11 and horse-heart

cytochrome ¢ (Type VII) were ottained from Sigma.

(b) Buffers
In the preparative work 9.1 M ammonium bicarbonate (BDH,
AnalaR), pH 8.0, was used. For ecuilibrium studies, phosphate
buffers in the range pH 6.0 « 7.4, with jonic strength: u =
0.1 were prepared according to Long (1271), using potassium
dihydrogen phosphate (Merck) and dipotassium hydrogen phosphate
(Merck) .

(e¢) Other reagents

Materials used in the preparative work were hydrochloric acid
(Merck), Biogel P6 (200-400 mesh) (Biorad), Sephadex G=50
Superfine (Pharmacia), sec~buvanol (BDH, AnalaR), potassium
cyanide (BDH), bovine trypsin (Sigma, Type II1) and twice
recrystallized porcine pepsin (Sigma). Materials used in the
equilibrium studies were methanol (Merck, GR), phosphoric acid
(Merck, GR) D,L-methionine (Hopkin and Williams),
N-acetyl«D,L-methionine (Sigma) and sodium dithionite (Hopkin
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and Williams); tryptophol, caffeine, sodium barbital, sodium
perchlorate and chlorpromazine, were used as described above.

In all cases, the water used was twice distilled in a Blchi
Fontavapor 285 still anc further purified by a Millipore<(
system (18 Macm).

2.2 Methods

The theoretical principles underlying the application of various
methods are elucidated in this section. The context in which they
are used in this study is made apparent in later chapters. These
methods have for the most part been used previously, but have been
adapted to suit the reguirements of this work.

2.2.1 Phenol=-chloroform extraction

Cobalt ceorrinoids are endowed with a large number of amide side
chains which can participate in hydrogen bonding with phenol.
Corrincids are therefore soluble in mixtures of phenol and
chleroform and ‘'phenol-chloroform' extraction can be uged to
puriry them (Friedrich et al., 1954b). In this work, the
non-carcinogenic solvent 1,1,l-trichloroethane was substituted for
chloroform. The purification process serves to remove both
inorganic and organic impurities. An aqueous solution of the
corrinoid is extracted with portions of phensl/1,1,1=-
trichloroethane in the ratio 1:2 (weight:volume). The corrinoid
dissolves in the phenol/l1,1,l=-trichlorcethane phase, while
inorganic impurities remain in the aqueous phase. The phase
containing the corrinoid is then washea twice with water and the
corrinoid displaced back into water by the addition of two volumes
of ether. Organic impurities remain in the organic phase. To remove
traces of phenol and 1,1,l-trichloroethane, the aqueous extract is

washed twice with ether.

2.2:2 Column chromatography

(a) Cobalt corrinoid studies

In the purification of organocorrinoids, two ion-exchange
celluloses were utilised to separate mixtures of

organocobalamins or organocobinamides, on the basis of charge.
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Carboxymethvlcellulose (C™m) contains negatively charged
R-O-CHZCOO' (R = cellulose) groups and acts as a weakly acidic
cation exchanger. Diethylaminoethylcellulose (DE) is a weakly
basic anion exchanger containing positively charged groups:
R-O-CH2CH2-§HBt2. The grades of ion=-exchangers used were
microgranular forms CM32 and DE32 (Whatman). For part of the
work, MNES52 and CM52 (Whatman) preswollen microgranular
celluloses were employed.

Precycling of DE32 and CM32 and the methods of
equilibration and degassing of ion-exchange celluloses,
outlined in the Whatman information leaflet, were followed. The
activation of CM and DE ion-exchange celluloses is nccessary as
they are supplied in the hydrogen and free base forms,
respectively. Once activated, the ion exchange cellulose was
dispersed in water to yield a slurry of consistency 30 “‘-1 of
dry cellulose. The slurry was stirred and allowed to settle in
a measuring cylinder, in an environment free from draughts, for
thirty minutes. The 'fines', which slow the flow rate of the
column, were removed by decanting the supernatant solution.
Water was then added to the cellulose (20% of the wet settled
volume of the cellulose). Columns were packed by carefully
pouring the stirred, degassed slurry down a glass rod into a
vertical, glass column, plugged at its base with glass wool.
The effluent was allowed to run to waste. When all the slurry
had been added, a reservoir was attached to the top of the
column and water allowed to run through the column, under the
influence of gravity, unti! the bed height was constant. The
dimensions of the columns used varied with the scale of the
preparation. For a large scale preparation, a 2.% x 30 cm
column was used for DE cellulose and approximately a quarter of
this length of column for CM cellulose, Concentrated solutions
were applied to the top of the column using a Pasteur pipette,
taking care not to disturb the surface of the column.

Separation of corrinoids is very efficient but the flow
rate of eluant is slow. The separation depends both on the
overall charge of the molecules and spe:ific charges at local

sites:
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(1)

(2)

(3)

(4)

(b)

812.. which on elution by water has a positive charge, is
retained by CM cellulose but passes through DE cellulose;
Organocobalamins, uncharged when water is the eluant, are
unretarded by DE cellulose, but select.vely retained by CM
cellulose. These organocobalamins are eluted at a rate
qualitatively dependent on their pK.: thosie with high DK.’l are
eluted more slowly (Firth, 1967).

Organocobinamides, aquocyanocobinamide and diaquocobinamide
(overall charge +1) all pass through DE cellulose on elution
with water, but are rotained to varying degrees on CM
cellulose., Dicyanocobinamide is rutained by DE cellulose.
Hydrolysis products of organocobinamides, usually possessing
zero overall charge, are retained by DE cellulose, presumably
due to specific interactions with the carboxylate groups
(Thorpe, 1967).

Porphyrin studies

(1) The preparation of microperoxidase-8 (MP-8)

Gel permeation chromatography comprised three essential
steps in the preparation of MP-8 from cytochrome ¢ (by
peptic and tryptic digestion) and its subseqguent
purification. Two different gels were utilised: Biogel P6
(200-400 mesh), a gel consisting of polyacrylonitrile
beads with exclusion limit NENO 000, was used in the
preparative steps; Sephadex G-50 Superfine, a bead formed
cross~-linked dextran gel fractionating in the range
Mr~1 500 - 30 000 with extremely high resolution, in the
purification step. Moleculos are eluted through these gels
in order of decreasing molecular size. Molecules larger
than the largest pores in the swollen gel beads (i.e,
above the exclusion limit) are not able to enter the gel
and are eluted first; the passage of smaller molecules
through the gel i{s retarded to varying degrees, depending
on their size and shape.

Both gel-types were swollen for one hour on a boiling
water bath, prior to packing: Biogel P6 in ammonium

bicarbonate buffer; Sephadex G=50 1n deionized water.
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After standing tor one hour, the 'fines' and excess eluant
were removed from the gel mixture to form a fairly thick
slurry, which was degassed under vacuum.

The column sizes emnloyed were 4 x 100 ¢m for the
Biogel separation, and 1.5 x 30 em for the Sephadex
column. The vertically mounted column was filled to 15% of
its total volume with buffer, and the slurry poured
carefully into the column down a glass rod. When all the
slurry had been added and buffer used to fill the column
completely, the top extension was fastened to the cclumn
and the flow begun.

A constant flow was maintained using the Pharmacia
Peristaltic Pump P-1, a one-channel laboratory pump, with
a range of flow rates from 0.6 to 500 mecm 2hr~t.  The
flow rate used for packing the column was alsc used to
elute the product. It was calculated using Darcy's Law
where the resin beads are assumed to be rigid spheres:

U= kdpl-l =

where U is t“e linear flow rate (m¢ co >

het);
Ap, the pressure drop over the gel bed, expressed in
cm water;
¢, the bed height in cm; and
k, a constant of proportionalit, dependent on the
proparties of the bed material and eluant.
Employing the assumption that the viscosity of the eluant
is 1 cp, the expression is simplified tn: U = koApc-l.
where ko is the specific permeability. For Sephadex G=50
Superfine, ko is 13.5; for Biogel P6, ko is about 25
(Sephadex pamphlet, 1972): the flow rates employed were

epe=1 end 20 méem

4 méem™ hr-l. 1 *spectively. The
peristalic pump was calibrated against each column and gel
to obtain the correct setting for the appropriate flow
rate, Two to three column volumes of eluant were passed
through the column to stabilise and equilibra:- t!.. gel
bed.

Great care was required in sample application, for a
sharp zone of sample is necessary where proteins of

similar molecular mass are to be separated. The eluant
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(11)

2.2.3

aoove the gel bed was allowed to drain away and the sample
carefully layered on top of the bed. After the sample had
drained into the bed, the gel surface and column wall in
contact with the sample were washed witnh a small amount of
eluant.

A completely uncharged substance can be satisfactorily
eluted with distilled water. As MP-8 carries a positive
charge, an eluant with a small ionic strength would be
expected to give improved results., As the final product of
both preparative and purification steps in this study was
to be lyophilised, a volatile buffer was chosen in each
case to avoid lengthy lyophilisation times and desalting
procedurex. For Biogel P6, ammonium bicarbonate buffer,
pH 8. was ured; in the case of Sephadex G-50 Superfine,
the sampie was dissolved in ammonia and eluted with
deionized water.

Fractions were collected using an ISCO Model 1850
fraction collector.

vetails of the separation can be found in Chapter 6.

The purificetion of cytochrome ¢

Cytochrome ¢ was purifiea by eluting a sample dissolved in
deion: 2ed water through n Sephadex G-50 Superfine column
(1.5 x 30 em), equilibrated with 0.5 ammonium

bicarbonate buffer, at a flow rate of 4 mten ohrt.

Thin layer chromatography (TLC)

(a) Cobalt corrinonid studies

TLC was used to identify products and assess the purity of

prepared products. Corrinoid are intensely coloured and can be

cetected visually. Where yellow spots are present e.g.

orgsnocorrinoids, not easily detectable on white plates,

photolysis yields red B or diaquocobinamide. TLC |is

12a

sensitive to changes in the organoligand of organocorrinoids,

making it a useful technique for identifying particular

organocorrinoids. The technique is very sensitive: impurities

of the order of 1 per cent of the total sample can be detected.
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Cellulosc coated TLC plates of 0.5 mm layer thickness
(Merck, cellulose precoated, 20 x 20 c¢m) were used in solvent
systems based on sec-butanol/water. A glass cutter was used

to give fragments 5 x 20 em. The four solvent systems employed

were:
I  sec-butanol/water (95:40)
IT sec-butanol/water/glacial acetic acid (100:50:1)
II1 sec-butanol/water/0.86 M ammonis [95:40:6.75)

IV sec-butanol/water/0.88 M ammonia/IM KON [250:100:7,4:0,3)

Concantrated agueous solutions of the corrinoid sample re
applied to the TLC plate using a capillary ginss tube dra v O
a point, and the spots dried using an electric drier.

The plates were developed for four hours in glass tanks
(approximately <5 x 2% x 10 cm in dimension) lined with filter
paper and containing astout 150 mé¢ of the appropriate solvent.
The sealed tanks were allowed to stand for at least one hour
prior to the chromatography to saturate the vapour i. the tank
with solvent vapour.

Rf values (distance travelled by the spot divided by
distance travelled by the solvent front) fur TLC in cellulose
are sensitive to small changes in experimertal conditions such
as temperature, solvent composition, cellulose thickness and
development time. The Rf value of cyanocobalamin is used as a
gtan” ard in the TLC of cobalt corrinoids (Firth et al., 1968):
812 is spotted next to, or on the same position as the
corrinoid spot. It would appear that the ability of the
organoligand t< form strong hydrogen bonds is a determining
factor for the R812 value (Rr value of corrincid divided by the
Rf value of cyanocobalamin): the stronger the hydrogen bonding
potential, the highar the resultant RBIZ value (Chemaly, 1980).

The resvlts are quoted as RB12 values which are more
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Cellulose coated TLC plates of 0.5 mm layer thickness
(Merck, cellulose precoated, 20 x 20 cm) were used in solvent
systems based on sec-butanol/water. A glass cutter was used

to give fragments 5 x 20 cm. The four solvent systems employed

were:
I  sec-butanol/water {95:40]
II sec-butanul/water/glacial acetic acid [100:50:1)
III sec-butanol/water/0.88 M wmenia [95:40:6.75)

IV sec-butanol/water/0.88 M ammonia/1M KCN [250:100:0.4:0,3)

Concentrated aqueous solutions of the corrinoid sample were
applied to the TLC plate using a capillary glass tube drawn to
a point, aand the spcts dried using an electric drier.

The plates were developed for four hcurs in glass tanks
(approximately 25 x 25 x 10 cm in dimensior) lined with filter
paper and containing about 150 mé¢ of the appropriate solvent.
The sealed tanks were allowed to ctand for at least one hour
prior to the chromatography to saturate the vapour in the tank
with solvent vapour.

Rr values (distance travelled by the spot divided by
distance travelled by the solvent front) for 1LC in cellulose
are sensitive to smal! changes in experimental conditions such
as temperature, solvent composition, cellulose thickness and
development time. The Rr value of cyanocobalamin is used as a
standard in the TLC of ccbalt corrinoids (Firth et al., 1968):
812 is spotted next to, or on the same position as the
corrinoid epot. It would appear that the ability of the
organoligand to form strong hydrogen bonds is a determining
factor for the RB12 value (Rr value of corrinoid divided by the
Rr value of cyanocobalamin): the stronger the hydrogen bonding

potential, the higher the resultant R value (Chemaly, 1980).

Bl2

The results are quoted as RB12 values which are more
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re roducible than R alues
A list of RE c alues for some cobalt eorrinoids is 1 en

in Cha ter

b Por hyrin studies
A ne TLC sol ent system as de elo ed to detect the resence
of im urities in MP formed by the di estion of horse heart
cytochrome ¢ Silica el lates ere used ith the follo in
sol ent
m ater mf sec butanc m Mammonia O CN

The plate was developed for 1.5 hours.
Further details car be found in Chapter 6.

2.2.4 Rotary evaporation and freeze—-drying

A BUchi Rotavapo RE rotary evaporator connected to an oil vacuum
pump was used to remove water (at about 40 #C) during the
preparation of aquocyanocobinamide

The freeze—-drying apparatus used was from the Virtris company

The solution to be lyophilised (freeze-dried) was placed in a
round-bottomed flask and frozen in stages in liquid nitrogen such
that the entire surface of the flask was coated in a homogeneous
layer. This serves to expose the maximum surface fcr sublimation
under vacuum, and to reduce considerably the time for
lyophi lisat ion. The flasks were insuinted, and protected from light
in the cane of light—-sensitive cobalt eorrinoids. Non-crystalline,

very dry solids were obtained

2.2.5 Photolys is
A tungsten lamp of 200 W wao used to photolyse samples placed at a
distance of 20 cm, and immert».r| m cool water. Photolysis was usel

to determine the end ©point of slow thermal reactions  of

organocobalamins and organocnbinamid*>s, In some cases (see
Chapter 4).
2.2.6 The measurement of pH and pK  values

The pH of solutions was measured using a Metrohm Herisau Eb32

digital pH-meter. Metrohm series EA 6.02J3 combination glass













































