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ABSTRACT

The r6le of conformationa change in the protein's control of the 

active metal site in haemoproteins and enzymes is examined with

(i) cobalt corrinoid cofacvors for the B -dependent isomerases,

(ii) cytochrome c, and (iii) a model for cytochrome c, 

microperoxidase-8.

The half-lives (t/$) of homolytic fission of the cobalt carbon 

bond ir the B coenzyme, adenosylcobalamin, and in methyl, ethyl 

and cyclobutylcobalamins have been determined in aqueous solution 

at 96 °C. The t!£ values increase (rates decrease) in the following 

ligand order: ethyl (ca. 9 min) < cyclobutyl (ca. 75 min) 

< adeno^yl (c*». '80 min) < methy) (ca. 80 hrs). These values have 

been used to provide an estimation of ca. 10 years for the rate 

in the protein-free coenzyme at room temperature. Comparison with 

published data on the B -isomer^ses shows that the Co-C bond in 

the coenzyme is lat^jlisea by ^ 10' when bound by the apoenzymo and 

by a further ^ 10 in the presence of substrate to achieve the 

overall labilisation of >,10 (i.e. t’>} ■v 2.5 ms) required for the 

enzymatic reaction.

The pK for the alkaline i somerisation of hor?*e-heart 

cytochrome c (from Type III to Type IV, with cleavage of the 

iron-methionine (Fe-S) bond) has been confirmed to be 9.05 at 25°C, 

and extinction coefficients for Type III and Type IV at 695 nm are 

867 and 83 M cm respectively. Binding studies with cytochrome 

c in aqueous solution at 25 °C monitored the 695 nm charge-transfer 

absorbance band, present when the Fe(III/-S bond is intact. The 

specific binding of the ^perchlorate anion to cytochrome c occurs 

with K( ca. 5 x 10 M (1:1 complex) and coulombic and 

chaotropic effects are implicated. Donor-acceptor complexes of 

caffeine and tryptophol with cytochrome c are formed where 

^  is ca. 6 x 10 M (1:1 complex) and K is ca. 9 x 10~£ M- 

(?*?2 complex), respectively. Other drugs, including chlorpromazine, 

procaine and indole acetic acid, demonstrate thes»* »- * interactions 

with cytochror c and induce Fe-S bond cleavage.

An impro ithod for the preparation and purification of

microperoxida^ (MP-8) and a TLC method as a rapid test of 

purity, have been developed. The binding of thioethers to MP-8 

(possible models for the Fe-S bond in cytochrome c) ana of drugs to 

MP-8 has been studied in 20* Me0H:H,0 (v/v> solution at 25 °C, 

where 2 x 10 M MP-8 is > ^7% monomeric at pH 7.4. 

N-acetyl-D, L-m*thionin«* binds to MP-8 with K ca. 1.9 M~ at pH

7.4 and K ca. 2.1 M at pH 6.7 (1:1 compleSPs): the 695 nm band 

characteristic of th" cytochrome c Fe-S bnnci is exhibited 

D,L-methionine binds to MP-8 with K ca. 155 M at pH 7.4 (1:1 

complex). Doth caffein*- and tryptojSRol form 1:1 donor-acceptor 

complexes with MP-8: K is ca. 151 M~ at pH 7.4 and ca. 240 M 

at pH 6.7, for caffeinP? and K is ca. 60 M at pH 7.4, for 

tryptophol. Other drug molecfi?es, including chlorpromazine, 

demonstrate these n - ti interactions with MP-8. Donor-acceptor 

complexes are formed with greater ease with these mode) complexes 

than with cytochrome c.
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CHAPTER 1 - INTRODUCTION

1.1 Metallo-enzywes

Enzymes are biological catalysts found throughout the plant and 

animal kingdoms which catalyse a diversity of reactions essential 

to life. The metabolic rates of hundreds of pathways ire controlled 

by enz/mes; they usually display high specificity, both chemical 

and steric, for one or a small number of cloaely related 

substrates. Metallo-enzymes form a sub-group of the enzymes, and 

represent a partnernhip between a metal ion (e.g. copper(II)) or a 

metal complex with one or more ligands (e.g. iron porphyrins, 

cobalt corrinoids) providing the active cata *ite, and a

protein which controls and enhances the activity metal. The

protein is termed the 'apoenzyme* and, together w. ie rr,e*al ion 

or complex (‘prosthetic group', 'co-factor* or 'coenzyme'), forms 

the enzyme. Metallo-enzymes are important in many areas of 

metabolism such as the enzymatic fixation of nitrogen (by 

nitrogenase enzyme*), energy production or interconversion (e.g. by 

cytochromes) ana detoxification mechanisms in the body (e.g. by 

p**roxliases, catalases and cytochrome P-450). Some of the enzymatic 

reactions do not have analogues among protein-free complexes, such 

as carbon (tkMeton isomerisation b/ the isomeras** enzymes (which 

incorporate cobalt corrlnoid co-factors).

The enhanced catalytic activity of metallo-^nzymes Is due to a 

modification of the properties of the prosthetic group by the 

protein. The prosthetic group is tightly bound by the protein the 

binding constant can be as high as 10*1 (e.g. iron(III) in 

transferrin (Raymond et al., 1982)). The valency of the metal, the 

ligands nd stereocnemistry are fixf»d by the protein, sometimes 

inducing strain in the metal complex (e.g. copper(II) is forced to 

adopt a tetrahedral rather than its usual square planar 

conf igurntior., In plastocyanin). Some pathways may be blocked by 

the protein, usually by Bterlc means, while others may be 

introduced by the suitable positioning of groups such as thiols. 

The protein controls and modifies possible pathways to give the 

desired rate enhancement and specificity by varying one or more of:



(a) the kinetics of individual steps, (b) the thermodynamics of 

individual steps or (c) the thermodynamics of the overall reaction. 

A variation of thermodynamic properties coupled with changes in 

protein conformation, is the predominant mode for enhancing the 

catalytic activity of metallo-enzymes (Pratt, 1975). Thus the 

protein may

(i) alter the equilibrium constant for the coordination of a 

particular ligand by electronic or steric means (e.g. the 

coordination of oxygen by irun(IT ) in haemoglobin);

(ii) stabilise s ligand coordination number unusual in the 

protein-free species by steric means (e.g. the 

five-coordinate mono-imidazole iron(II) porphyrin in 

peroxidases, catalases and cytochromes);

(ili) vary the redox potential of the metal, for example by 

changing the hydrophobicity of its environment (e.g. in 

cytochrome c);

(iv) couple changes in the thermodynamic properties cf the metal 

Site with the binding of the substrate (e.g. induction of the 

normally unfavourable homolytic fission of the cobalt-carbon 

bond in the cobalt corrinoid cofactors of isomerase enzymes);

(v) couple changes involving sites distant from the metal with 

equilibria involving the metal (e.g. in haemoglobin).

For a more extensive review of the r81e of the protein in 

metallo-enzymes, see Pratt (1975).

The prosthetic group iron protoporphyrin IX (see Figure 1.1) 

provides an excellent example to show how the propert s of the 

prosthetic group are altered in consequence of the at ichment of 

different proteins. Different haemoproteins containing iron 

protoporphyrin TX display great versatility and diversity of 

function. Thus, haemoglobin and myoglobin are respiratory carriers 

which reversibly bind oxygen for transport o storage (Antonint and 

Brunori, 1971); the cytochromes have as principal function, 

electron transport in the mitochondrial respiratory chain (Lemberg 

and Barrett, 1973); mono-oxygenases, such as cytochrome P-450, 

hydroxylate hydrocarbons through the activation of oxygen 

(Hayaishi, 1962); catalases catalyse the decomposition of hydrogen
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c h 2*c h

CH]

CHjCM^OOH CHjCHjCOOH

Fig. 1.1 Haemin chloride (Fe(III) protoporphyrin IX chloride).

peroxide, wnile peroxidases use hydrogen peroxide to oxidise a wide 

range of substances (catalyses, which do not oxidise most of the 

substrates of peroxidases, may be regarded as peroxidanes with a 

different specificity (Dixon and Webb, 1971)) (Frew and Jones, 

1984); and terminal oxidases like cytochrome c oxidase, reduce 

oxygen to water (Caughey et a l ., 1976).

In this dissertation, the rflle of the protein in two types of 

metallo-enzymes has been studied: (I) the cobalt 

corrinoid-dependent isomerase enzymes using protein-free cobalt 

corrinoid models, and (ii) the haemoprotein cytochrome c, and a 

model for cytochrome c, the haem-octapeptide, microperoxidnse-8.

1.2 Cobit It corrinoi<H uned in this work

(a ) History

Vitamin B 1 , is not synthesized >y the i'.uman body. Yet a 

derivative of adenosylcobalamin, is the essential

cobalt-cofactor for the in vivo interconversion of 

methyl-malonic and succinic acids by the enzyme 

methylmalony1-coenzyme A mutase (the only known reaction in 

mammals requiring this B ( , coenzyme) e.g.,

0



A deficiency of vitamin , in the diet, or its maladsorption, 

causes pernicious anaemia. Minot and Murphy (1926) first 

reported the alleviation of this condition by feeding patients 

raw liver; two decades later vitamin B ̂ ̂  (cyanocobalamin) (see 

Figure 1.2) was isolated by Folkers and co-workers (Rickes et 

a l ., 1948) in the same year as Smith and Parker (1948). Vitamin 

Bj j is today prepared by bacterial fermentation rather than by 

isolation from liver.

The crystallographic work of Hodgkin (Hodgkin et al., 1956) 

aided by the chemical studies of Todd end Johnson (see Bonnet 

et al., 1957) established that B^ , contains

5,6-dimethylben2imidazole and cyanide anion as fifth and sixth 

ligands to a cobalt(III) ion. The cobalt ion resides in a 

corrin ring (which provides four planar nitrogen donors) akin 

to the porphyrin ring in haemoproteins (see tne structure in 

Figure 1.2).

A biologically active form of vitamin B^? (vitamin B, 

coenzyme) was discovered by Barker et al. (1958). The 

crystallographic studies of Lenhert and Hodgkin (1961) 

established that the macrocyclic structure and peripheral

. 1.2 The molecular structure of B ( , (source: Pratt (1975)).
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spocies (Avirtn and Schejter, 1972). �����'�������"�� X-rav structures 
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������ X-raj studies has been proposed the conformatio-.al
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�����"�� ����P data (Moore et al., 1980) agr* t h -  major nge
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