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ABSTRACT 

The oxidative modification of low density lipoprotein (LDL) isa requirement for 

the development of atherosclerosis. Heinecke's group has shown 

immunologically that myeloperoxidase (MPO) is present in human 

atherosclerotic lesions, both extracellularly and intracellularly (Daugherty et a/., 

1994). The enzyme MPO has a potent oxidising potential and is responsible for 

a large number of the reactants produced during the immune response (Weiss, 
I 

1989). Therefore, the neutrophil enzyme MPO has recently been implicated in 

in vivo LDL oxidation. 

A few studies exist which suggest that MPO is capable of peroxidising lipids and 

free fatty acids directly via its peroxidase cycle (Hazell ef a/., 1994; 

Stelmaszynska st a/., 1992). However, these studies only contain a small 

reference to this activity. Thus, it is not yet conclusively established whether 

MPO alone is capable of initiating lipid peroxidation, the primary objective of this 

study. 

The present study has demonstrated that myeloperoxidase and its model 

peroxidase, horseradish peroxidase, are capable of initiating lipid peroxidation 

of linoleic acid micelles. This raises the possibility that MPO has a physiological 

role in the oxidation of LDL and consequently atherosclerosis. It also has 

implications for other inflammatory diseases where it is a possibility that MPO 

induced lipid peroxidation may mediate tissue injury. 
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INTRODUCTION 

1.1 Radicals And lipid Peroxidation 

Free Radicals 

Free radical participation in many diseases is now widely accepted 

(Gutteridge, 1993). It is unclear at present whether free radicals are involved as 

the cause or the consequence of many of these diseases. In ~any cases they 

may be secondary to the primary disease process. The reason for this 

uncertainty lies in the chemical nature of free radicals. A free radical can be 

defined as 'any species capable of independent existence that contains one or 

more unpaired electrons' (Halliwell and Gutteridge, 1989). Free radicals are 

extremely reactive and short-lived, with half-lives having rate constants in the 

order of 105 to 1010 M" 1s-1. This means they exist at very low concentrations in 

vivo and thus are difficult to detect (Lunec, 1990). The methods used to assay 

free radicals therefore involve the measurement of intermediates and/or end 

products of their reactions within cells. 

The generation of free radicals in vivo is due mainly to free electrons that 

escape from the electron transport chain reacting with molecular oxygen, itself a 

diradical having two unpaired electrons (Porter et aI., 1995). The oxygen 

molecule is thereby reduced, forming various oxygen-containing species. 

These are collectively known as reactive oxygen species (ROS) rather than 

oxygen free radicals, as many of the biologically important molecules are not 

free radicals. The formation of several major ROS is summarised in Figure 

1.1 and discussed below. 

Superoxide (02 .... ) is likely to be the first free radical formed and is generated by 

a one electron reduction of oxygen (Figure 1.1: reaction 1). It is a free radical 

but reacts relatively slowly with biological molecules. However it has a relatively 

long half-life which allows it to diffuse to other parts of the cell and react with 

other cellular components (Barber and Harris, 1994). Superoxide in turn may 
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generate hydrogen peroxide (H202) in vivo or by the enzyme superoxide 

dismutase (SOD) (Figure 1.1: reaction 2) or by spontaneous mutation 

(Figure 1.1: reaction 3). 

"NO 
(7) .... "OH + N02 

(2) SOD + 2H+ 

(5) MPO + cr 

HOCI 

Figure 1.1: Oxygen reactions that form the major reactive oxygen species. 

H202 has no unpaired electrons and thus is not a free radical. Its potency lies in 

its ability to cross cellular membranes and react with a wide range of cellular 

components (Benzie, 1996). Perhaps the most significant property of H202 is 

its ability to participate in other free radical and ROS forming reactions. 

The hydroxyl radical ("OH) is the most reactive chemical species known 

(Chapple. 1997). It is formed when H202 reacts with O2<>- in the presence of iron 

(Fe2+) or copper (Cu+) ions in what is known as Fenton reactions (Figure 1.1: 

reaction 4). It has a very short half·life and reacts with the first bio-molecule it 

encounters (Halliwell, 1989). "OH can react with membrane lipids initiating the 
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lipid peroxidation process and with DNA causing double and single stranded 

breaks and DNA-protein cross-links (Halliwell and Gutteridge, 1989). 

H202 and chloride (Cr) ion in the presence of myeloperoxidase (MPO). an 

enzyme contained within neutrophils, generates hypochlorous add (HOCI) 

(Kettle, 1996) (Figure 1.1: reaction 5). HOCI is short-lived and highly reactive 

(Domigan et al., 1995). Cellular constituents such as proteins, sugars and lipids 

are easily damaged by HOCI but chloramines, derivatives of HOCI, are longer 

lived and less damaging (Domigan et al., 1995). 

Peroxynitrite (ONOO-), an unstable compound implicated as a potential toxic 

agent (Ischiropoulos and AI~Mehdi" 1995), is formed from the reaction of 02 .... 

with nitric oxide ("NO) (Figure 1.1 : reaction 6) and takes place at near diffusion 

limited rates (Chapple. 1997). In addition, ONOO- is thought to spontaneously 

decompose to form nitrogen dioxide (N02) and ·OH (Gross. 1995) (Figure 1.1: 

reaction 7). 

An array of defences against free radicals has evolved in order to combat 

cellular stress caused by free radical damage. These defence mechanisms are 

known as 'antioxidants' and can significantly delay or inhibit oxidation of a 

substrate at low concentrations (Halliwell and Gutteridge, 1989). The cell's 

main defences are enzymes and spedalised antioxidant molecules. 

SOD functions by converting two molecules of O2 .... into one molecule of H202 

(Equation 1). The H202 formed is removed by catalase and/or glutathione 

peroxidase (GPx). which prevents H202 from partidpating in the Fenton 

reaction. Catalase acts by reducing H202 to water (Equation 2) whereas GPx 

acts by redudng H20 2 to water via catalysing the oxidation of reduced 

glutathione (GSH) to it's oxidised form GSSG (Equation 3). 

SOD 
(1 ) 
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catalase 
(2) 

GPx (3) 

The cell possesses many specialised antioxidant molecules in addition to the 

enzymatic defences. a-Tocopherol is arguably the most important antioxidant 

in vivo as it serves to break the lipid peroxidation cycle by reactipg with the lipid 

radicals (Halliwell and Gutteridge, 1989). The lipid peroxyl and alkoxyl radicals 

are able to abstract the hydrogen atom from the a-Tocopherol -OH group 

(Equations 4 and 5). This produces a relatively stable molecule as the unpaired 

electron is delocalised into a-Tocopherol's aromatic ring. This molecule is 

insufficiently reactive to initiate lipid peroxidation itself (Barber and Harris, 1994) 

and is regenerated to a-Tocopherol by ascorbic acid thus restoring it's 

antioxidant activity (Benzie, 1996). Other chain breaking antioxidants of note 

include glutathionine, uric acid and ubiquinol (Cheeseman and Slater, 1993; 

Halliwell and Gutteridge, 1989). 

LOO" + a-Toc-OH LOOH + a-Toc-O" (4) 

LO" + a-Toc-OH LOH + a-Toc-O" (5) 

Lipid Peroxidation 

Polyunsaturated fatty acids (PUFAs) are a major component of cellular 

membranes and are very susceptible to free radical attack (Halliwell and 

Gutteridge, 1989). This is because their characteristic methylene interrupted 

double bond structure is particularly vulnerable to hydrogen abstraction by"OH 

attack (Lunec, 1990). This produces a lipid radical (L") which undergoes a 

stabilising intramolecular rearrangement forming a conjugated diene (Figure 

1.5). The subsequent reaction with oxygen is the dominant pathway in aerobic 
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cells, and a peroxyl radical results (LOO"). Peroxyl radicals may react with each 

other or with membrane proteins (termination reactions) but more commonly 

they abstract hydrogen from an adjacent PUFA. The end product is a stable 

lipid hydroperoxide (LOOH) but the lipid peroxidation chain reaction is 

propagated (Figure 1.2). Thus from a single initiation event many lipid 

hydroperoxides may result, the number depending on the length of the lipid 

peroxidation chain reaction which itself may depend on many factors. These 

include the lipid/protein ratio of the membrane, antioxidant level of the 

membrane, fatty acid composition and oxygen concentration (Gutteridge and 

Halliwell, 1990). 

"OH 
I 

LH L" Propagation L" 
Initiation 

LOOH 

LH 

Termination 

non~radical products 

Figure 1.2: The lipid peroxidation cycle. 

LOOH is relatively stable at physiological temperatures but in the presence of 

transition metal complexes (iron and copper), its breakdown is hastened. Both 

alkoxyl and peroxyl radicals are generated by this breakdown reaction and are 

able to abstract hydrogen and further propagate the chain reaction of lipid 

peroxidation (Thomas, 1995) (Equations 6 and 7). 
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Fe or Cu ions 
LOOH LO" alkoxyl radical (6) 

Fe or Cu ions 
LOOH peroxyl radical (7) 

Cellular membranes that have been extensively damaged have decreased 

fluidity, a reduction in membrane potential and an increase in permeability to H+ 

and other ions (Halliwell and Gutteridge, 1989). With increased oxidative 

damage the membrane will eventually rupture and release the cell contents. 

As mentioned earlier, antioxidant mechanisms have evolved to combat free 

radical attack. SOD, catalase and GPx are all enzymes that can protect cellular 

membranes from continual lipid peroxidation as well as the synergistic 

relationship between a·Tocopherol and ascorbic acid. 

1.2 Neutrophils 

The primary function of neutrophils is the phagocytosis and destruction of 

invading microorganisms and damaged cells (Klebanoff, 1991). Neutrophils are 

phagocytes, meaning they engulf these invading microorganisms and damaged 

cells in a phagocytic vacuole before releasing a barrage of cytotoxins to destroy 

them (Halliwell and Gutteridge, 1989). They provide a first line of defence in the 

immune response, illustrated by individuals with deficiencies in neutrophil 

activity suffering from recurrent infections. 

Neutrophils are particularly important in inflammatory responses that commonly . 

occur at the site of a local infection or injury. Various chemotactic factors are 

released from these sites which are sensed by the circulating neutrophlls 
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(Klebanoff, 1991). The neutrophils adhere to the endothelial lining of the small 

venules and penetrate between then into the extracellular tissue (Winrow et al., 

1993). They then migrate along an increasing concentration gradient of the 

chemotactic factors to the site of inflammation (Klebanoff, 1991). Here the 

neutrophils become activated by proinflammatory stimuli interacting with their 

surface receptors (Lunec, 1990). These trigger the neutrophil to extend 

pseudopods that engulf the invading/damaged particle and fuse at their ends, 

thereby surrounding the particle in a phagocytic vacuole (Klebanoff, 1991). 

Activation also triggers the respiratory burst, a sudden increase in the 

neutrophil's oxygen consumption - up to twenty times their resting oxygen 

consumption (Halliwell and Gutteridge, 1989). This leads to the activation of 

NADPH oxidase,. an enzyme cornplex bound to the neutrophil's plasma 

membrane (Segal and Abo, 1993). NADPH oxidase then converts large 

amounts of oxygen and NADPH into superoxide, which dismutates to hydrogen 

peroxide (Kleban off, 1991). Almost simultaneously, cytoplasmic granules fuse 

with the plasma membrane and discharge their contents into the extracellular 

medium and the phagocytic vacuole (Lunec, 1990). These granules contain 

microbicidal peptides, proteins, and enzymes that are activated by the vacuoles 

alkaline environment (Segal and Abo, 1993). These convert superoxide and 

hydrogen peroxide into more reactive secondary oxidants. 

Through the combined actions of the granule enzymes, an example being 

myeloperoxidase (MPO), and the more reactive secondary oxidants, the 

engulfed particle is destroyed. More important to this study, the phagocytic 

vacuole contents may inflict damage on adjacent cells. This can happen when 

the vacuoles are unsealed or if their contents leak from improperly sealed 

vacuoles. Neutrophils are therefore considered to be a major effector cell in the 

tissue damage that occurs in inflammatory diseases such as rheumatoid 

arthritis, reperfusion injury, and inflammatory bowel disease (Weiss, 1989). 
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1.3 Myeloperoxidase 

The enzyme myeloperoxidase (MPO) was first purified by Agner in 1941 who 

originally named it verdoperoxidase because of its intense green colour (Agner, 

1941). When lactoperoxidase was purified and also found to be green, 

verdoperoxidase was renamed to myeloperoxidase to indicate its myeloid 

ong'". MPO is found within the' cytoplasmic granules of monocytes and 

neutrophils, two types of human white blood cells (Thomas and Learn, 1991). It 

is a heme-containing enzyme which acts as a non specific peroxidase in 

addition to several other activities (Halliwell and Gutteridge, 1989). 

MPO is a tetramer comprised of, two dimers joined by a disulfide bridge 

(Nauseef and Malech, 1986). Each dimer is made up of a heavy (60 kDa) and 

a light (15 kDa) subunit giving MPO a molecular weight of 150 kDa (Ikeda-Saito, 

1986). The heavy subunits contain an iron bound by a protoporphyrin IX 

derivative (Taylor et al., 1996) and are highly glycosylated. The two heme 

groups are functionally equivalent and act independently in the enzymes 

bactericidal activity (Andrews et al., 1984). Three distinct isozymes of MPO 

have been identified using cation exchange chromatography, all with seemingly 

identical catalytic activity (Johnson et al., 1991). 

MPO exhibits at least two distinct activities, halogenation and peroxidation 

(Figure 1.3). The ferric or native form of MPO (Mp3+) reacts rapidly with 

hydrogen peroxide to form the redox intermediate, compound I (Figure 1.3: 

reaction 1). Compound I is a ferryl it-cation radical that can oxidise halides to 

hypohalous acids (Figure 1.3: reaction 2). This is only MPO redox intermediate 

that can do this. Hypochlorous acid is generally assumed to be the oxidation 

product of chloride and is thought to be the major product of this pathway due to 

the far higher concentrations of chloride at physiological conditions than iodide, 

bromide, or the pseudo-halide thiocyanate (Weiss, 1989). MPO can also 

oxidise a multitude of organic substrates by the classical peroxidase cycle. This 

involves two one-electron oxidations of the substrate by compound I and 
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compound IT (Figure 1.3: reactions 3 and 4). Physiological substrates include 

tyrosine (Heinecke at al., 1993), estradiol (Klebanoff, 1977). serotonin 

(Svensson, 1989), norepinephrine (Metodiewa and Dunford, 1990), ascorbate 

(Marquez at aI., 1990), and urate (Maehly, 1955). Numerous xenobiotics such 

as phenols (Kettle and Winterbourn, 1992) and anilines (Kettle at al., 1992) are 

also oxidised via this cycle. The rate of oxidation via this pathway is dependent 

on the turnover of compound IT because substrates react with it at least ten 

times slower than with compound I. Superoxide is also undoubtedly a 

physiological substrate for MPO. One of its fastest reactions is with the ferric 

enzyme to form compound III (Figure 1.3: reaction 5). Given the high 

concentrations of MPO in phagosomes (Hampton at al., 1996): this reaction 

must have a profound influence on the way MPO acts within the confined 

space. It is not a dead end intermediate but is turned over during the 

production of HOCI (Kettle and Winterbourn, 1988). Spectral evidence favours 

a reaction with H202 to form compound IT (Figure 1.3: reaction 6), although the 

rate constant for this reaction has yet to be determined. 

HOCI cr 

(2) 

Compound I 

(3) 

Compound III Compound IT 

Figure 1.3: Reactions of myeloperoxidase. 
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1.4 Horseradish Peroxidase 

The heme containing protein, horseradish peroxidase (HRP), has a molecular 

weight of 44 kDa and was discovered by Bach in 1903 (Dunford, 1991). It is 

derived from the root of the horseradish plant and exists in several different 

isoforms (Halliwell and Gutteridge, 1989). It is a glycoprotein containing two 

calcium ions and eight carbohydrate side chains (Dunford, 1991). HRP is a 

non-specific peroxidase whose substrates include guaiacol, indole-acetic acid, 

NADH thiol compounds, pyrollgallol, phenols, thiocyanate, and tyrosine 

(Halliwell and Gutteridge, 1989). It was used in this study because it has the 

same peroxidase cycle as MPO thus making it a good model enzyme to use in 

preli mi nary expe ri ments. 

1.5 Atherosclerosis 

Coronary heart disease (CHD) is a clinical consequence of atherosclerosis and 

has fast become one of the most common killers in the western world (Halliwell 

and Gutteridge, 1989). Atherosclerosis is a disease characterised by the 

formation of fatty deposits within the lumen wall of arteries (Steinberg et al., 

1989). These deposits decrease the diameter of the arteries'restricting the flow 

of fresh oxygenated blood to the heart muscle and consequently elevate blood 

pressure. Over time, the fatty deposits grow in size and harden (Steinberg et 

al., 1989). This could potentially kill part of the heart due to oxygen depletion 

and can result in heart failure. Another possibility is that the fatty deposits could 

rupture with the resulting blood clot causing a cardiac infarct or stroke. 

The earliest recognised gross lesion in atherosclerosis is the fatty streak, 

characterised by a collection of cells (foam cells) just beneath the vascular 

endothelium (Aqel et al., 1984). These cells are thought to be derived from 

macrophages and are predominately filled with cholesterol esters (Steinberg et 

al., 1989). As the number of foam cells increase, the fatty streak becomes 
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more complex and may progress through a number of different processes to 

eventually form a fibrous plaque {Steinberg et al., 1989} {Figure 1.4}. 

Macrophage with scavenger 
receptOfS receive C & C.E. from 

oxidatively modified LDL. 

Increase in macrophage r 
uptake of C & C.E. due 

to oxidise<! LDL 

o 
Oxidised LDL 

MPO? r 
o 

Native LDL 

Rapidly increasing 
uptake of C & C.E. 

Foam cell 

Increase in loam 
cell nUJllbers. 

Fatty streak 
develops 

Number of 
different 

processes 

FibroulS 
plaque 

Figure 1.4: Summary of the atherosclerotic process. 

C represents cholesterol and C.E. represents cholesterol esters. 

Recent evidence has firmly established that elevated levels of low density 

lipoprotein (LDL), the principle cholesterol carrier in the blood, is an important 

factor in atherosclerosis (Goldstein and Brown, 1977; Tyroler, 1987). There 

now exists an oxidative hypothesis to substantiate this (Brown and Goldstein, 

1984). The hypothesis is that foam cells are the result of monocyte derived 

macrophages taking up large quantities of lipids from oxidatively modified LDL. 
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It is thought that the modified LDL enters the macrophage by binding to 

scavenger receptors on the cell surface (Figure 1.4). These scavenger 

receptors are unable to bind native LDL and may only internalise oxidatively 

modified LDL In addition, high concentrations of native LDL fail to convert 

macrophages into foam cells whereas the oxidatively modified LDL does so 

rapidly (Heinecke, 1994). 

LDL has a central core of cholesterol esters and triglycerides, surrounded by a 

single layer of phospholipids and free cholesterol (Esterbauer et al., 1992). 

Embedded in the outer layer of the LDL molecule is a large protein, apoprotein 

B (apoB), which surrounds LDL Lipid peroxidation of LDL is' proposed to 

originate in the polyunsaturated fatty acids of the LDL surface phospholipids, 

and spread to the core lipids (Witztum, 1994). Mbdification and degradation of 

apoB also occurs. It is these changes which are recognised by the scavenger 

receptor and allow the uptake of oxidised LDL only. 

Endothelial, smooth muscle, and monocyte/macrophage cells can oxidatively 

modify LDL in vitro (Steinbrecher et al., 1984; Morel et al .• 1984; Berliner et al., 

1990). However. for this to occur. uM concentrations of iron or copper must be 

present (Heinecke et al .• 1984) inferring oxidation may be directly mediated by 

the metal ions or at least significantly enhanced. Several mechanisms of LDL 

oxidation exist that occur in the absence of transition metal ions. These include 

peroxynitrite (Leeuwenburgh et al .• 1997), HOCI (Panasenko et al .• 1994; Hazell 

and Stocker, 1993; Evinga et al .• 1992), and lipoxygenase (Parthasarathy et al., 

1989) mediated oxidation. 

The neutrophil enzyme MPO has recently been implicated in in vivo LDL 

oxidation. Initially MPO was implicated due to its ability to generate HOCI which 

was shown to alter the apoB construct of LDL (Hazell and Stocker, 1993; Hazell 

et al., 1994). Heinecke et al. has shown immunologically that MPO is present in 

. human atherosclerotic lesions, both extracellularly and intracellularly (Daugherty 

et al., 1994). They have suggested that L-Tyrosine is modified by MPO to a 

tyrosyl radical which itself initiates lipid peroxidation of the LDL molecule 
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(Savenkova et al., 1994). Others also suggest different products of MPO 

activity (HOCI and a-Tocopherol) can initiate lipid peroxidation of LDL 

(Santanam et al., 1995). However, Heinecke et al. propose that MPO itself 

cannot directly induce lipid peroxidation via interaction of the lipid substrate and 

the MPO active site. 

A few studies exist which suggest ttiat MPO is capable of peroxidising lipids and 

free fatty acids directly via its peroxidase cycle (Hazell et aL, 1994; 

Stelmaszynska et al., 1992). However, these studies only contain a small 

reference to this activity. Thus, it is not yet conclusively established whether 

MPO alone is capable of initiating lipid peroxidation. 

1.6 Likely Role of MPO In Atherosclerosis And Thesis Objectives 

Activated neutrophils produce a variety of redox reactive compounds designed 

to destroy invading microorganisms and damaged cells. The neutrophil-based 

enzyme myeloperoxidase has a potent oxidising potential and could therefore 

be responsible for a large number of these reactants (Weiss, 1989). With the 

detection of MPO in atherosclerotic lesions (Daugherty et aI., 1994). this raises 

the question of whether MPO can oxidise LDL to its atherosClerotic form. If so, 

then MPO would be implicated in what has become one of the biggest killers of ' 

the western world. 

There is evidence for the products of certain MPO catalysed reactions having 

the ability to induce lipid peroxidation (Santanam et al., 1995). However there is 

controversy over the ability of MPO alone to do this. Thus the primary objective 

of this study was to determine whether MPO alone could induce lipid 

peroxidation. 

To answer this question, model systems were investigated utilising linoleic acid 

micelles as the mimic of native LDL. Various radical initiators were used to 

induce lipid peroxidation of the linoleic acid micelles. These were the chemical 
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radical initiator MPH, the model enzyme radical initiator HRP, and MPO, the 

enzyme of interest. Lipid peroxidation was determined by measuring the 

formation of conjugated dienes and utilising the FOX 2 assay. 

The oxidation of PUFAs is accompanied by the formation of conjugated diene 

structures that have a peak absorbance at 234 nm. These structures are 

relatively stable thus allowing lipid peroxidation to be monitored as a 

measurement of the generation of lipid hydroperoxides (Figure 1.5). 

Peroxyl radical 

Conjugated diene 
structure. Absorbs 

at 234 nm. 

LH 

~ Radical initiated lipid peroxidation 

~ 
C=C C=C 

Intramolecular rearrangement 

c-c 
"'" c= c 

~ 
LOOH 

Figure 1.5: Conjugated diene formation via lipid peroxidation. 

To confirm lipid peroxidation was being monitored at 234 nm the FOX 2 assay 

was employed. It indirectly measures the amount of lipid hydroperoxides, the 

end product of lipid peroxidation. Lipid hydroperoxides oxidise ferrous ion to 
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ferric ion selectively in dilute acid. The resultant ferric ion can be determined 

using a ferric sensitive dye (xylenol orange) thus an indirect measure of 

hydroperoxide concentration can be attained (Wolff, 1994) (Figure 1.6). It 

should be noted discrepancies in peroxidation values would occur when 

comparing the two methods. This is because lipid hydroperoxides breakdown 

during the reaction. Since the FOX 2 assay was only employed to confirm 

conjugated diene formation was the direct result' of lipid peroxidation, these 

discrepancies were acceptable. 

LOOH LO· + HO-

XO Orange 

Fe-OX 
Blue-purple complex that 

absorbs at 560 nm 

Figure 1.6: Detection of lipid peroxidatlon by the FOX :2 assay. 
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MATERI_,,-_ AND METHODS 

2.1 Materials 

Linoleic Acid Micelles 

Linoleic acid was purchased from the Sigma Chemical Company, U.S.A.; 

Chloroform from J. T. Baker Incorporated, U.S.A.; Argon gas (oxygen free) from 

B.O.C. Gases, New Zealand; Ethylenediaminetetraacetic ac\d (EDTA) from 

Boehringer Mannheim, Germany; and Diethylenetriaminepentaacetic acid 

(DTPA), Sodium dodecyl sulphate (SDS), and Sodium borohydride (NaBH4) 

from the Sigma Chemical Company, U.S.A. 

Myeloperoxidase Isolation and Purification 

Con A Sepharose, Phenyl Sepharose (high performance), CM 

Sepharose, and CM Sephadex were purchased from Pharmacia Biotech, 

Sweden; Complete protease inhibitor from Boehringer Mannheim, Germany; 

Methyl a-D-mannoside, L-ascorbic acid, and 5,5'-dithiobis (2-nitrobenzoic acid) 

(DTNB) from the Sigma Chemical Company, U.S.A.; 

3,3',5,5'-tetramethylbenzidine (TMB) from Fluka, Switzerland; and Ammonium 

sulphate, Dimethylformarnide, and Sodium bromide from' B.D.H. Chemicals 

Limited, England. 

Oxidation Radical Initiators 

2,2'-azobis (2-methyl-propionamidine) dihydrochloride (AAPH) was 

purchased from the Aldrich Chemical Company Incorporated, U.S.A.; 

Peroxidase (from horseradish) type VI (HRP) from the Sigma Chemical 

Company, U.S.A.; Human neutrophil myeloperoxidase (MPO) was kindly gifted 

by Dr. Tony Kettle from the Christchurch School of Medicine, New Zealand (see 

Section 4.2); and Bovine spleen myeloperoxidase (MPO) from the local abattoir 

(see Section 4.3) 
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Experimental Conditions Investigated 

Potassium cyanide was purchased from May and Baker Limited, 

England; Hydrogen peroxide from B.D.H. Chemicals Limited, England; Catalase 

(from bovine liver) from the Sigma Chemical Company, U.S.A.; cr (from sodium 

chloride) from B.D.H. Chemicals Limited, England; and L-methionine and 

L-tyrosine from the Sigma Chemical Company, U.S.A. 

FOX 2 Assay 

Ammonium ferrous sulphate was purchased from Hopkin and Williams 

Limited, England; and Xylenol orange and Butylated hydroxytoluene (BHT) from 

the Sigma Chemical Company, U.S.A. 

All other chemicals used were purchased from B.D.H. Chemicals Limited, 

England; Ajax Laboratory Chemicals, Australia; or B.O.C. Gases, New Zealand 

and were of analytical grade or better. All water used was nanopure being 

deionised and ultrafiltered using a Milli-Q purification system. 

2.2 linoleic Acid Micelle Preparation 

Linoleic acid was made into micelles for all incubations to increase the surface 

area and solubility of the lipid. Throughout the course of this research linoleic 

acid micelles were prepared in one of three ways. Each method followed a 

general template with modifications made in accordance to the specific 

requirements of each experiment. During the day the micelles were kept on ice, 

in the dark, and flushed with oxygen free argon gas at all times. A new linoleic 

acid micelle preparation was made each day to reduce the variability between 

days. 

Linoleic Acid Stock 

Linoleic acid was allowed to warm to room temperature so it became a 

liquid. Under a blanket of oxygen free argon gas, a glass pasteur pipette was 
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used to transfer 500 ul of linoleic acid into a 10 ml glass screw top test tube (the 

test tube was weighed before and after to measure the amount of linoleic acid 

transferred, 500 ul being approximately 400 mg). To this, the required amount 

of chloroform was added to give a 100 mg/mlsolution of linoleic acid. The tube 

was flushed with more oxygen free argon gas and stored at -20 C. 

Linoleic Acid Micelle Preparation Template 

Using a Gilsen, 25 ul of linoleic acid stock was transferred into an empty 

argon gassed (oxygen free), foiled wrapped, 10 ml glass screw top test tube. 

The chloroform was evaporated using a stream of oxygen free nitrogen gas, 

aided by standing the test tube in a flask of warm water, then immediately 

flushed with oxygen free argon ga$. To this, 986 ul of the desired buffer (see 

Section 2.2.1) and 14 ul of 10 % SDS were added. The test tube was gassed 

once more with oxygen free argon then vortexed at maximum speed for 7 min, 

stopping at intervals to shake for 5 sec (Table 2.1). The foil was removed and 

the test tube sonicated for 15 min. When finished the foil was replaced and the 

linoleic acid micelle preparation, which appeared slightly cloudy but transparent, 

was left on ice for at least 15 min before use. 

Time period (min) Shaken every 

0-2 5 sec 

2-4 10 sec 

4-6 25 sec 

6-7 55 sec 

Table 2.1: Linoleic acid micelle preparation shaking times. 

The preparation of linoleic acid micelles required vortexing at maximum speed for 7 min. The 

vortexing was stopped periodically to shake the test tube for 5 sec so the linoleic acid micelles 

did not solidify around the top. 
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10 %SDS 

10 % SOS was made by dissolving 1 g of SDS in 10 ml of water to give a 

final concentration of 10 % w/v• 

2.2. 1 Linoleic Acid Micelle Preparation Buffers 

All buffers were stored at 4 C but before use the desired amount was warmed to 

room temperature. Buffers were made fresh each week to avoid contamination. 

I. Phosphate Buffered Saline (PBS) containing 1 mM EDTA • 

130mM sodi.um chloride (NaCI), 10 mM sodium dihydrogen 

orthophosphate anhydrous (NaH2P04), and 186 mg EDTA were 

combined with 400 ml of water. The pH was checked and adjusted to 

7.4 with concentrated orthophosphoric acid and the solution made to a 

final volume of 500 ml with water. 

II. Sodium Phosphate Buffer (NaP) containing 50 uM DTPA 

50 mM NaH2P04 and 9.8 mg OTPA were combined with 400 ml of 

water. The pH was checked and adjusted to 7.4 with concentrated 

orthophosphoric acid and the solution made to a final volume of 500 ml 

with water. 

III. PBS containing 1 mM EDTA Treated with NaBH4 

PBS was made as above (see Section 2.2.1 I.) and used as the 

desired buffer. The method for preparing these linoleic acid micelles 

. followed the template until 10 % SOS was added. At this stage a small 

spatula of NaBH4 was added instead and the test tube capped loosely 

and left to stand for 5 min. To this, 1 ml of chloroform was added and the 

test tube inverted five times. Half ml of the chloroform layer was 

extracted and transferred into a new argon gassed (oxygen free), foiled 
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wrapped, 10 ml glass screw top test tube. This test tube was worked up 

as usual using PBS as the desired buffer. 

2.3 Myeloperoxldase Isolation and Purification 

The fundamental procedure used'in the recover." of myeloperoxidase was 

adsorption chromatography. Adsorption chromatography depends on different 

types of interactions between solute molecules and ligands immobilised on a 

chromatography matrix. The first type of interaction to be successfully 

employed for the separation of macromolecules was that between charged 

solute molecules and oppositely charged moieties covalently linked to a 

chromatography matrix. The technique of ion exchange chromatography is 

based on this interaction and is one of the techniques utilised here. The other is 

affinity chromatography in which the molecule to be purified is specifically and 

reversibly adsorbed by a complementary ligand immobilised on a 

chromatography matrix. These two techniques were chosen for their high 

resolving power, high capacity, and the simplicity and controllability of their 

method. 

Human Neutrophil Myeloperoxidase 

See Section 4.2. 

Bovine Spleen Myeloperoxidase 

See Section 4.3. 

Taurine Chloramine Assay 

See Section 4.4. 

Tetramethylbenzidine Assay 

See Section 4.5. 



Chapter 2: Materials and Methods Page 21 

2.4 Oxidation Radical Initiators 

AAPH Radical Initiator 

A 50 mM solution of MPH radical initiator was made fresh each day by 

dissolving 135.6 mg of MPH in 10 ml of water. This was kept on ice. 

HRP Radical Initiator 

An 11.4 uM solution of HRP radical initiator was made fresh each week 

by dissolving 1 mg of HRP in 2 ml of the desired buffer. This was either P8S or 

NaP buffer. Both solutions were kept on ice. 

MPO Radical Initiator 

A 1 uM solution of MPO radical initiator was made fresh each week by 

diluting either of the MPO stocks with NaP buffer. The human neutrophil MPO 

was diluted 1 ml in 9.7 ml and the bovine spleen MPO was diluted 1 ml in 12ml. 

80th dilutions were kept on ice~ 

Experimental Conditions Investigated 

Potassium Cyanide (KCN) Inhibitor 

A 1 M solution of KCN was made fresh each week by dissolving 0.658 g 

of KCN in 10 ml of water. This was stored at 4 C. 

Hydrogen Peroxide (H£h) 

A 3.25 mM solution of H202 was made fresh each day by diluting 10 ul of 

13 M stock in 10 ml of water. This was kept on ice. 

Catalase (from bovine liver) 

1 mg of catalase was dissolved in 1 ml of NaP buffer to give a 1 mg/ml 

solution of catalase. This was stored at 4 C. 
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100mMcr 

5.844 9 of sodium chloride (NaCI) was dissolved in 100 ml of NaP buffer 

making a stock solution of 1 M Cr. This was stored at 4 C and made fresh each 

week. 

1 mM L -Methionine 

149 mg of L-Methionine was 'dissolved in 100 ml of NaP buffer making a 

stock solution of 10 mM L-Methionine. This was stored at 4 C and made fresh 

each week. 

100 mM cr and 1 mM L-Methionine 

5.844 g of NaCI and 149 mg of L-Methionine were dissolved in 100 ml of 

NaP buffer making a 1 M cr I 10 mM L-Methionine stock solution. This was 

stored at 4 C and made fresh each week. 

200 uM L-Tyrosine 

18.1 mg of L-Tyrosine was dissolved in 100 ml of NaP buffer making a 

stock solution of 1 mM L-Tyrosine. This was stored at 4 C and made fresh each 

week. 

2.6 FOX 2 Assay 

The FOX 2 assay, as described by Wolff (1994), measures hydroperoxides by 

their ability to oxidise Fe2
+ to Fe3

+. Xylenol orange binds Fe3
+ to form a blue

purple complex that can be spectrophotometrically measured at 560 nm thus 

allowing hydroperoxides to be indirectly assayed. Catalase is added prior to the 

analysis to remove any H202 so that only lipid hydroperoxides are measured. It 

should be noted that this method was adapted from Wolff's (1994). In his 

method 50 ul of sample was added to 950 ul of reagent but proved insufficiently 

sensitive for the purposes of this study. It was found that 200 ul of sample to 

800 ul of reagent could be used to increase the sensitivity of this method. 
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FOX 2 Reagent 

The FOX 2 assay reagent consists of 100 uM xylenol orange, 250 uM 

ammonium ferrous sulphate, 4 mM butylated hydroxytoluene, 25 mM sulphuric 

acid, and 90 % methanol (HPLC grade). The reagent was prepared by first 

mixing 133 ul of concentrated sulphuric acid and 9.804 mg of ammonium 

ferrous sulphate to 9.867 ml of water. Once dissolved, 7.606 mg of xylenol 

orange, 88.16 mg of butylated hydroxytoluene, and 90 ml of methanol were 

added. This was made fresh on a weekly basis and kept at 4 C. 

Butylated Hydroxytoluene (BHT) in Methanol 

A 20 ug/ml solution of BHT was made fresh each week by mixing 2 mg of 

BHT in 1 00 ml of methanol. This was stored at 4 C. 

Experiments 

All experiments were carried out in quartz curvettes and inCUbated at 37 C. 

Total experimental volumes were and 3.5 ml for FOX 2 assay oxidations and 

1 ml for the rest. Each experiment was performed in a Shimadzu UV-160 1 PC 

spectrophotometer and all data was monitored by Shimadzu's UVPC Optional 

Kinetics Software package for Microsoft Windows. Experinients were carried 

out in triplicate and all appropriate controls monitored. 

MPH Induced LAM Oxidation 

Linoleic acid micelles were prepared using PBS containing 1 mM EDTA 

as the desired buffer. 20 ul samples of this micelle preparation were mixed with 

PBS buffer containing 1 mM EDTA Each sample was placed in the UV 

spectrophotometer and allowed to warm to 37 C. Samples were then subjected 

to 0 mM, 0.243 mM, 0.483 mM, 0.721 mM, 0.957 mM, 1.191 mM, 1.422 mM, 

1.651 mM, and 1.878 mM AAPH. Experiments ran for 15 min and the linoleic 

acid micelle oxidation was monitored via the formation of conjugated dienes at 

234 nm. 
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FOX 2 Assay Confirmation of MPH Induced LAM Oxidation 

linoleic acid micelles were prepared using NaP containing 50 uM DTPA 

as the desired buffer. 70 ul samples of this micelle preparation were mixed with 

NaP containing 50 uM DTPA. Each sample was placed in the UV 

spectrophotometer and allowed to warm to 37 C. Samples were then subjected 

to 1.878 mM MPH. Experiments ran for 2 h and the linoleic acid micelle 

oxidation was monitored via the formation of conjugated dienes at 234 nm. 

During the experiment, 200 ul samples were taken from each curvette and 

prepared for the FOX 2 assay. This happened at times 0, 5, 10,15, 30, 60, and 

120 min. Immediately, 4 ul of 1 mg/ml catalase was added to each sample then 

vortexed briefly and left to stand for 1 min. To this, 5 ul of a 20 mg/ml solution 

of BHT was added. This was vortexed briefly and stored on ice until ready for 

the FOX 2 assay. At the completion of the experiment all FOX 2 samples were 

warmed to room temperature and 800 ul of FOX 2 reagent added to each. 

These were vortexed and left to develop at room temperature for 30 min. 

Samples were then analysed for absorbance at 560 nm. 

HRP Induced LAM Oxidation 

linoleic acid micelles were prepared using PBS containing 1 mM EDTA 

as the desired buffer. 20 ul samples of this micelle preparation were mixed with 

PBS buffer containing 1 mM EDTA. Each sample was 'placed in the UV 

spectrophotometer and allowed to warm to 37 C. Samples were then subjected 

to 0 nM, 55.4 riM, 110.3 nM, 164.7 nM, 218.5 riM, 271.9 nM, 324.7 nM, 377 nM, 

and 428.8 nM HRP. Experiments ran for 15 min and the linoleic acid micelle 

oxidation was monitored via the formation of conjugated dienes at 234 nm. 

HRP Induced NaBH4 Treated LAM Oxidation 

linoleic acid micelles and NaBH$ treated linoleic acid micelles were 

prepared using PBS containing 1 mM EDTA as the desired buffer. 20 ul 

samples of each micelle preparation were mixed with PBS buffer containing 

1 mM EDTA. Each sample was placed in the UV spectrophotometer and 

allowed to warm to 37 C. Samples were then subjected to 0 nM, 110.3 nM, 
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218.5 nM, 324.7 nM, and 428.8 nM HRP. Experiments ran for 30 min and the 

linoleic acid micelle oxidation of each preparation was monitored via the 

formation of conjugated dienes at 234 nm. 

HRP Induced LAM Oxidation (fresh LA stock) 

linoleic acid micelles were prepared using PBS containing 1 mM EDTA 

as the desired buffer. 20 ul samples of this micelle preparation were mixed with 

PBS buffer containing 1 mM EDTA. Each sample was placed in the UV 

spectrophotometer and allowed to warm to 37 C. Samples were then subjected 

to 0 nM, 110.3 nM, 218.5 nM, 324.7 nM, and 428.8 nM HRP. Experiments ran 

for 30 min and the linoleic acid micelle oxidation was monitored via the 

formation of conjugated dienes at 234 nm. 

FOX 2 Assay Confirmation of HRP Induced LAM Oxidation 

linoleic acid micelles were prepared using NaP containing 50 uM DTPA 

as the desired buffer. 70 ul samples of this micelle preparation were mixed with 

NaP containing 50 uM DTPA. Each sample was placed in the UV 

spectrophotometer and allowed to warm to 37 C. Samples were then subjected 

to 428.8 nM HRP. Experiments ran for 2 h and the linoleic acid micelle 

oxidation was monitored via the formation of conjugated dienes at 234 nm. 

During the experiment, 200 ul samples were taken from each curvette and 

prepared for the FOX 2 assay. This happened at times 0, 5, 10, 15, 30, 60, and 

120 min. Immediately, 4 ul of 1 mg/ml catalase was added to each sample then 

vortexed briefly and left to stand for 1 min. To this, 5 ul of a 20 mg/ml solution 

of BHT was added. This was vortexed briefly and stored on ice until ready for 

the FOX 2 assay. At the completion of the experiment all FOX 2 samples were 

warmed to room temperature and 800 ul of FOX 2 reagent added to each. 

These were vortexed and left to develop at room temperature for 30 min. 

Samples were then analysed for absorbance at 560 nm. 
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KCN Inhibition of HRP Induced LAM Oxidation 

Linoleic acid micelles were prepared using PBS containing 1 mM EDTA 

as the desired buffer. 20 ul samples of this micelle preparation were mixed with 

PBS buffer containing 1 mM EDTA. Each sample was placed in the UV 

spectrophotometer and allowed to warm to 37 C. Samples were then subjected 

to 218.5 nM HRP followed by 1 mM, 10 mM, and 100 mM KCN. Experiments 

ran for 30 min and the linoleic acid micelle oxidation was monitored via the 

formation of conjugated dienes at 234 nm. 

Human Neutrophil MPO Isolation and Purification 

See Section 4.2. 

Bovine Spleen MPO Isolation and Purification 

See Section 4.3. 

MPO Induced LAM Oxidation 

Linoleic acid micelles were prepared using NaP containing 50 uM DTPA 

as the desired buffer. 20 ul samples of this micelle preparation were mixed with 

NaP buffer containing 50 uM DTPA. Each sample was placed in the UV 

spectrophotometer and allowed to warm to 37 C. Samples were then subjected 

to 0 nM, 10 nM, 25 nM, 50 nM, 75 nM, 100 nM, 200 nM, and 400 nM MPO. 

Experiments ran for 1 h and the linoleic acid micelle oxidation was monitored 

via the formation of conjugated dienes at 234 nm. 

FOX 2 Assay Confirmation of MPO Induced LAM Oxidation 

Linoleic acid micelles were prepared using NaP containing 50 uM DTPA 

as the desired buffer. 70 ul samples of this micelle preparation were mixed with 

NaP containing 50 uM DTPA. Each sample was placed in the UV 

spectrophotometer and allowed to warm to 37 C. Samples were then subjected 

to 400 nM MPO. Experiments ran for 1 h and the linoleic acid micelle oxidation 

was monitored via the formation of conjugated dienes at 234 nm. During the 

experiment, 200 ul samples were taken from each curvette and prepared for the 
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FOX 2 assay. This happened at times 0, 5, 10, 15, 30, 45, and 60 min. 

Immediately, 4 ul of 1 mg/ml catalase was added to each sample then vortexed 

briefly and left to stand for 1 min. To this, 5 ul of a 20 mg/ml solution of BHT 

was added. This was vortexed briefly and stored on ice until ready for the FOX 

2 assay. At the completion of the experiment all FOX 2 samples were warmed 

to room temperature and 800 ul of FOX 2 reagent added to each. These were 

vortexed and left to develop at room temperature for 30 min. Samples were 

then analysed for absorbance at 560 nm. 

KCN Inhibition of MPO Induced LAM Oxidation 

Linoleic acid micelles were prepared using NaP containing 50 uM DTPA 

as the desired buffer. 20 Lli samples of this micelle preparation were mixed with 

NaP buffer containing 50 uM DTPA. Each sample was placed in the UV 

spectrophotometer and allowed to warm to 37 C. Samples were then subjected 

to 50 nM MPO followed by 1 mM, 5 mM, and 10 mM KCN. Experiments ran for 

1 h and the linoleic acid micelle oxidation was monitored via the formation of 

conjugated dienes at 234 nm. 

Effect of Hz02 Concentration on MPO Induced LAM Oxidation 

Linoleic acid micelles were prepared using NaP containing 50 uM DTPA 

as the desired buffer. 20 ul samples of this micelle preparation were mixed with 

NaP buffer containing 50 uM DTPA. Each sample was placed in the UV 

spectrophotometer and allowed to warm to 37 C. Samples were then subjected 

to 50 nM MPO followed by 10 uM, 25 uM, 50 uM, 75 uM, 100 uM, and 200 uM 

H202. Experiments ran for 1 h and the linoleic acid micelle oxidation was 

monitored via the formation of conjugated dienes at 234 nm. 

Experimental Conditions Investigated during MPO Induced LAM Oxidation 

Linoleic acid micelles were prepared using NaP containing 50 uM DTPA 

as the desired buffer. 20 ul samples of this micelle preparation were mixed with 

NaP buffer containing 50 uM DTPA. Each sample was placed in the UV 
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spectrophotometer and allowed to warm to 37 C. Samples were then subjected 

to 50 nM MPO and the following experimental conditions investigated: 

20 ug/ml Catalase 

100 mM cr 
1 mM L-Methionine 

100 mM cr / 1 mM L-Methionine 

200 uM L-Tyrosine 

Experiments ran for 1 h and the linoleic acid micelle oxidation was monitored 

via the formation of conjugated dienes at 234 nm. 

2.8 Data Analysis 

All experiments were carried out in triplicate with appropriate controls being 

monitored. All data was recorded using Shimadzu's UVPC Optional Kinetics 

Software package for Microsoft Windows. Data was analysed in MS Excel and 

displayed using GraphPad Prism. The following equations were used to work 

out the concentration of oxidised linoleic acid: 

From conjugated diene formation (uM) = 

From lipid hydroperoxide formation (uM) = 

absorbanoe x 105 

26100 

absorbance x 1 05 

44600 
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HORSERADISH PEROXI....., ............. MODEL SYSTEM 

3.1 Introduction 

To investigate the possibility of MPO induced lipid peroxidation it was necessary 

to have an existing model system in place. The main reason for this is the high 
. , 

cost of MPO. It would be wasteful to use such an enzyme when trying to 

correctly establish experimental conditions for the assays required to do this 

research. A chemical radical initiator was employed to establish a basic 

working model system. A model enzyme initiator was utilised to refine the . 
already functioning system to that better suited for enzymatically induced lipid 

peroxidation. 

The chemical radical initiator of choice was MPH. At 37 C (optimum 

temperature for MPO activity) MPH undergoes auto-oxidation to produce two 

peroxyl radicals. These radicals are capable of inducing linoleic acid micelle 

peroxidation by abstracting hydrogen from the weak C-H bond. This bond is 

flanked by two C:::C double bonds which pull electrons away, thus making it 

weak. Linoleic acid micelles therefore act a lot like LOL as the weak C-H bond 

mimics LOL's vulnerable methylene group. 

HRP was the enzymatic model initiator chosen as it exhibits the same 

peroxidase cycle as MPO (Figure 3.1). Thus the native enzyme is converted to 

compound I on addition of H202. The peroxidase cycle continues until the 

enzyme is regenerated and two oxidised substrates have been produced. 

Notably, there is evidence suggesting that lipid hydroperoxides can replace 

H202 in this reaction mechanism (Halliwell and Gutteridge, 1989). 
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HRP Compound I 

Compound P 

Figure 3.1: Reactions of horseradish peroxidase similar to MPO. 

3.2 

, 3.2.1 MPH Induced LAM Oxidation 

MPH induced linoleic acid micelle (LAM) peroxidation was performed to 

become familiar with recognising conjugated diene formation, and thus lipid 

peroxidation. under the reaction conditions of this model system. 0 mM to 

1.878 mM MPH was used to determine if there was a relationship between the 

radical initiator and the level of conjugated diene formation. A near linear 

relationship. as expected based on previous findings (Pullar. 1995), was 

observed (Figure 3.2). The next step was to confirm the conjugated dienes 

formed were the result of lipid peroxidation. This was achieved by the FOX 2 

assay analysis of the same experimental conditions as it measures lipid 

hydroperoxides, the end product of lipid peroxidation. 
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Figure 3.2: MPH Induced lipid peroxidation of LAM. 

A near linear relationship between the concentration of MPH and the level of oxidised micelles 

was observed. 0 mM to 1.878 mM MPH was used to induce linoleic acid micelle (LAM) 

peroxidation. 180 uM LAM reacted in PBS buffer with 1 mM EDTA for 15 min at 37 C, pH 7.4. 

Lipid peroxidation was monitored by the formation of conjugated dienes at 234 nm (data not 

shown). The data shown is an average value of four replicates and is the concentration of 

oxidised micelles at the completion of the experiment. 

3.2.2 FOX 2 Assay Confirmation of AAPH Induced LAM Oxidation 

The confirmation of conjugated diene formation being a result of lipid 

peroxidation was analysed using the FOX 2 assay. Unoleic acid micelle (LAM) 

peroxidation was induced by 1.878 mM AAPH and throughout the 2 h 

experiment, 200 ul FOX 2 assay samples were taken. Upon analysis, the 

presence of lipid hydroperoxides was observed thus indicating that lipid 

peroxidation had occurred. When compared to the levels of lipid peroxidation 

observed from the formation of conjugated dienes, discrepancies where noted 

(13.2 uM at 560 nm versus 40.9 uM at 234 nm) (Figure 3.3). This was due to 
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lipid hydroperoxides breaking down during the course of the experiment. This 

was expected but the rate at which they did so was not known. It appears that 

approximately 66 % broke down over the course of the reaction given that all 

conjugated diene formation resulted in lipid hydroperoxide formation. 
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figure 3.3: Confirmation of AAPH induced lipid peroxidation by the FOX: 2 

assay. 

The formation of conjugated dienes reflecting lipid peroxidation was confirmed by the detection 

of lipid hydroperoxides from FOX 2 assay analysis. FOX 2 assay samples were analysed and 

the data shown (560 nm analysis) is the accumulation of lipid hydroperoxides (thus lipid 

peroxidation) during the course of the experiment. Discrepancies arose upon the comparison of 

linofeic acid micelle (LAM) oxidation levels between the two assays performed. This was 

accounted for by the break down of lipid hydroperoxides during the experiment, which was 

expected. This observation appeared to be happening at a break down rate of 66 % over the 

course of the experiment. LAM peroxidation was induced by 1.878 mM MPH. 180 uM LAM 

reacted in NaP buffer with 50 uM DTPA for 2 h at 37 C, pH 7.4. Lipid peroxidation was 

monitored at 234 nm (data not shown) and the FOX 2 assay samples were taken over the 

course of the experiment. 
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It should be noted that the level of lipid peroxidation via the formation of 

conjugated dienes was equivalent to that in the previous experiment after 

15 min runtime (not shown). After recognising the basic model system was 

working reliably and that lipid peroxidation could be measured by two 

independent assays, the use of an enzyme to induce lipid peroxidation was then 

investigated. 

3.2.3 HRP Induced LAM Oxidation 

After refining the methodology for preparing the linoleic acid mi.celles (LAM), 

HRP induced LAM peroxidation was performed to recognise enzyme mediated 

conjugated diene formation under the reaction conditions of this model. 0 nM to 

428.8 nM HRP was used to determine if there was a relationship between the 

enzyme initiator and the level of conjugated diene formation and thus lipid 

peroxidation. A sloping curve, as expected based on previous findings (Pullar, 

1995), was observed (Figure 3.4). An additional observation was the 

appearance of a peroxidation lag phase at the beginning of each experiment 

(data not shown). To show that this was a real effect of lipid peroxidation, the 

next set of experiments were designed to compare the lag phases of standard 

LAM (as here) against micelles treated with NaBH4. The~e treated micelles 

would have had any pre-existing peroxides removed and should therefore show 

an increased lag phase. 
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Figure 3.4: HRP Induced lipid peroxidatlon of LAM. 
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A sloping curve relationship between the concentration of HRP and the level of oxidised 

micelles was observed. 0 nM to 428.8 nM HRP was used to induce linoleic acid micelle (LAM) 

peroxidation. 180 uM LAM reacted in PBS buffer with 1 mM EDTA for 15 min at 37 C, pH 7.4. 

Lipid peroxidation was monitored by the fonnation of conjugated dienes at 234 nm (data not 

shown). The data shown is an average value of four replicates and is the concentration of 

oxidised micelles at the completion of the experiment. 

3.2.4 HRP Induced NaBH4 Treated LAM Oxidation 

To show that the appearance of a peroxidation lag phase was a real effect of 

lipid peroxidation, this experiment was designed to compare the lag phases of 

standard linoleic acid micelles (LAM) to those treated with NaBH4. Two linoleic 

acid micelle emulsions were prepared, one standard (see Section 2.2.1 ~ and 

the other treated with NaBH4 (see Section 2.2.1 II~. a nM to 428.8 nM HRP 

was used to induce LAM peroxidation of both emulsions. On comparison of the 

two emulsions, an increased lipid peroxidation lag phase was observed in the 

NaBH4 treated emulsion (Figure 3.5). This consequently effected the rate of 

lipid peroxidation, which is shown in Figure 3.6. 

-
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Figure 3.5: Standard NaSH", treated micelle emulsions .. comparison of 

HRP induced LAM peroxidation lag phases. 

An increased lipid peroxidation lag phase was observed in NaBH4 treated linoleic acid micelle 

(LAM) emulsion experiments. This shows that the lag phase was a real effect of lipid 

peroxidation. 0 nM to 428.8 nM HRP was used to induce (LAM) peroxidation of both emulsions. 

180 uM LAM reacted in PBS buffer with 1 mM EDTA for 30 min at 37 C, pH 7.4. Lipid 

peroxidation was monitored by the formation of conjugated dienes at 234 nm. This data is 

representative of the three experiments performed. 

The above graph (Figure 3.5) clearly shows an extended peroxidation lag phase 

in NaBH4 treated micelle experiments and is therefore a real effect of lipid 

peroxidation. This indicates that the presence of pre-existing peroxides in my 

model system helps attain quicker maximal peroxidation rates (depicted by 

straight lines). The next experiments tried used fresh linoleic acid stock. As 

pre-existing peroxides break down over time, this new stock would hopefully 

contain pre-existing peroxides. Therefore lipid peroxidation should occur at 

maximal rates right from the start with no peroxidation lag phase being 

observed. 
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Figure 3.6: Standard and NaBH4 treated micelle emulsions - comparison of 

HRP induced rates of lipid peroxidation. 

A sloping curve relationship for both emulsions was observed between the concentration of 

HRP and the level of oxidised micelles. As expected the emulsion treated wi1h NaBH4, to 

remove all pre-existing peroxides, oxidised the lincleic acid micelles (LAM) at a slower overall 

rate. This was because time was required for a threshold level of peroxides to be attained such 

that maximal peroxidation could occur. 180 uM LAM reacted in PBS buffer with 1 mM EDTA for 

30 min at 37 C, pH 7.4. Lipid peroxidation was monitored by the formation of conjugated dienes 

at 234 nm (Figure 3.5). The data shown is an average value of three replicates and is the 

concentration of oxidised micelles at the completion of the experiment. 

3.2.5 HRP Induced LAM Oxidation from Fresh Linoleic Acid Stock 

To rid my experiments of the peroxidation lag phase, linoleic acid micelles 

(LAM) were made from fresh linoleic acid stock. 0 nm to 428.8 nM HRP was 

used to induce LAM peroxidation. A decrease in the lipid peroxidation lag 

phase was observed (data not shown). Thus when compared to experiments 

using LAM made from old linoleic acid stock, the rate of lipid peroxidation had 

increased (Figure 3.7). 
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Figure 3.7: New and old linoleic acid stock comparison of HRP induced 

LAM peroxidation. 

An observed difference was seen in the rates of lipid peroxidation between experiments carried 

out with linoleic acid micelle (LAM) made from old (pre-existing peroxides degraded) and new 

linoleic acid stock. This meant that a threshold level of pre-existing peroxides was needed for 

attaining maximal lipid peroxidation rates at the beginning of my experiments. Future 

experiments were to be carried out with LAM made from new stock. 180 uM LAM reacted in 

PBS buffer with 1 mM EDTA for 30 min at 37 C, pH 7.4. Lipid peroxidation was monitored by 

the formation of conjugated dienes at 234 nm (data not shown). The data shown is an average 

value of three replicates and is the concentration of oxidised micelles at the completion of the 

experiment. 

Therefore over time, the initial levels of pre-existing peroxides in the linoleic acid 

stock broke down, leading to an observed peroxidation lag phase. It is 

therefore necessary to replace the linoleic acid stock on a regular basis to keep 

these levels above the threshold such that no, or little, peroxidation lag phase is 

observed. The next step was to confirm the conjugated dienes formed were the 

result of lipid peroxidation. This was achieved by the FOX 2 assay analysis of 
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the same experimental conditions as it measures lipid hydroperoxides, the end 

product of lipid peroxidation. 

3.2.6 FOX 2 Assay Confirmation of HRP Induced LAM Oxidation 

The confirmation of conjugated ,diene formation being a result of lipid 

peroxidation was analysed using the FOX 2 assay. Linoleic acid micelle 

peroxidation was induced by 428.8 nM HRP and throughout the 2 h experiment, 

200 ul FOX 2 assay samples were taken. Upon analysis, the presence of lipid 

hydroperoxides was observed thus indicating that lipid per~xidation had 

occurred. When compared to the levels of lipid peroxidation observed from the 

formation of conjugated dienes disc'repancies where noted (11.2 uM at 560 nm 

versus 3S.S uM at 234 nm) (Figure 3.8). This was due to lipid hydroperoxides 

breaking down during the course of the experiment. This was expected but the 

rate at which they did so is not known. It appears that approximately 71 % 

broke down over the course of the reaction given that all conjugated diene 

formation resulted in lipid hydroperoxide formation. To make sure that HRP 

was responsible for inducing this lipid peroxidation, the next set of experiments 

incorporated potassium cyanide (KCN). KCN is an inhibitor of heme proteins 

and should therefore inhibit the peroxidation of LAM induced py HRP, as HRP is 

a heme protein. 
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Figure 3.8: Confirmation of HRP induced lipid peroxldation by the FOX 2 

assay. 

The formation of conjugated dienes reflecting lipid peroxidation was confirmed by the detection 

of lipid hydroperoxides from FOX 2 assay analysis. FOX 2 assay samples were analysed and 

the data shown (560 nm analysis) is the accumulation of lipid hydroperoxides and thus lipid 

peroxidation. during the course of the experiment. Discrepancies arose upon the comparison of 

linoleic acid micelle (LAM) peroxidation levels between the two assays performed. This was 

accounted for by the break down of lipid hydroperoxides during the experiment, which was 

expected. This observation appeared to be happening at a break down rate of 71 % over the 

course of the experiment. LAM peroxidation was induced by 428.8 nM HRP. 180 uM LAM 

reacted in NaP buffer with 50 uM DTPA for 2 h at 37 C, pH 7.4. Lipid peroxidation was 

monitored at 234 nm (data not shown) and the FOX 2 assay samples were taken over the 

course of the experiment. 

3.2.7 KeN Inhibition of HRP Induced LAM Oxidation 

With HRP being the only reagent in the model system capable of inducing 

linoleic acid micelle (LAM) peroxidation, the addition of KeN should lead to an 

observed inhibition in this process. LAM peroxidation was induced by 218.5 nM 

HRP and inhibited by the addition of 0 mM to 100 mM KeN. Decreased lipid 
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peroxidation rates were observed with increasing KeN concentration such that 

a concentration of 10 mM KeN or higher gave 100 % inhibition of lipid 

peroxidation (Figure 3.9). This means that HRP is responsible for inducing LAM 

peroxidation in this model system. 
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Figure 3.9: KeN inhibition of HRP Induced LAM peroxidation. 

To investigate if HRP was responsible for inducing linoleic acid micelle (LAM) peroxidation, the 

addition of the heme protein inhibitor KeN to the model system was observed. 218.5 nM HRP 

was used to induce LAM peroxidation and potential inhibition was triggered by the addition of 

o mM to 100mM KeN. An observed decrease in the rate of lipid peroxidation occurred with 

increasing concentrations of KeN. 180 uM LAM reacted in PBS buffer with 1 mM EDTA for 30 

min at 37 e, pH 7.4. Lipid peroxidation was monitored by the formation of conjugated dienes at 

234 nm (data not shown). This data is representative of the three experiments performed and is 

the concentration of oxidised micelles at the com~etion of the experiment. 

After recognising the preliminary enzymatic model system was working reliably 

and that HRP was responsible for causing this lipid peroxidation, the next set of ' 

experiments were investigated. This was using the model system with lipid 

peroxidation induced by the enzyme of interest, MPO. 

-
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3.3 Discussion 

In this series of experiments, I have demonstrated that MPH and HRP induce 

lipid peroxidation. I have also used the HRP model system to establish that 

MPO may cause lipid peroxidation. 

The MPH induced linoleic acid mi.celle (LAM) peroxidation experiments were 

used to simply establish that lipid peroxidation of these micelles was occurring. 

Figure 3.2 depicts lipid peroxidation as a measure of conjugated diene 

formation at 234 nm while Figure 3.3 depicts it as a measure of lipid 

hydroperoxide formation at 560 rim. From this I concluded that ~ basic model 

system for lipid peroxidation was working and that it could be measured by two 

independent assays. 

Because of the close mechanistic resemblance of the peroxidase enzymes, 

HRP and MPO (Figures 3.1 and 1.3 respectively), it may be assumed they 

induce lipid peroxidation by a similar mechanism. 

There are two possible mechanisms explaining peroxidase induced lipid 

peroxidation via the degradation of the heme ring and subsequent release of 

iron (Halliwell and Gutteridge, 1989). They occur in the pre~ence of equimolar 

or excess concentrations of hydrogen peroxide (H20 2). Pullar (1995) found that 

HRP induced lipid peroxidation was unlikely to be due to the effects of free iron 

released from the protein because the metal chelator DTPA had little effect on 

the level of conjugated diene formation. This study also used DTPA, as well as 

the metal chelator EDTA, in the HRP induced LAM peroxidation model systems. 

Therefore the reaction conditions of my model system suggest that HRP 

initiated LAM peroxidation is not due to the H202 mediated release of heme iron 

from the protein. 

Previous studies with MPO have suggested that lipid peroxidation is due to the 

enzymes ability to generate hypochlorous acid via its halogenation activity 

(Evinga et al., 1992; Panasenko et aI., 1994; Stelmaszynska et al., 1992). HRP 
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lacks halogenation activity despite its mechanistic resemblance to MPO, yet in 

the absence or presence of chloride (Cr) it induces LAM peroxidation with little 

effect on levels of conjugated dienes formed. This suggests that MPO may be 

able to induce LAM peroxidation in the absence of cr despite recent studies to 

the contrary (Evinga et al., 1992; Panasenko et al., 1994). 

The appearance of a peroxidation lag phase with .LAM made from old linoleic 

acid stock was shown to be a real effect of HRP induced LAM peroxidation as 

an increased lag phase was observed in LAM treated with sodium borohydride 

(NaBH4). As NaBH4 removes lipid hydroperoxides this suggests the presence 

of lipid hydroperoxides is not essential for HRP induced LAM peroxidation but 

when present, they serve to increase the rate at which it occurs. Halliwell and 

Gutteridge (1989) state that 'commercially available lipids are generally 

contaminated with traces of lipid hydroperoxides', thus the LAM used in these 

experiments are likely to have low levels of endogenous lipid hydroperoxides. 

This was the case as when repeating this experiment with LAM made from new 

linoleic acid stock, there was no observed lag phase. This provides evidence 

suggesting that the presence of lipid hydroperoxides enhances the rate of lipid 

peroxidation. 

The addition of potassium cyanide (KCN), an inhibitor Of heme proteins, 

resulted in decreased HRP induced LAM peroxidation. Therefore HRP is 

primarily responsible for the initiation of the LAM peroxidation observed as 

concentrations of 10 mM or higher of KCN totally inhibited the initiation of LAM 

peroxidation. 
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DASE ISOLATION AN RIFICATION 

4.1 Introduction 

The enzyme myeloperoxidase (MPO) was first purified by Agner in 1941 who 

originally named it verdoperoxidase because of its intense green colour (Agner, 

1941). It has since been shown that MPO is a major component in the 

antimicrobial system of polymorphonuclear neutrophils (Klebanoff and Clark, 

1978). MPO is stored in the azurophilic granules of these neutrophils and 

accounts for up to five % of their dry weight (Schultz and Kaminker, 1962). 

When the neutrophil undergoes· phagocytosis MPO is released into the 

phagosome. There it catalyses the peroxidation of chloride ion (Cn to 

hypochlorous acid (HOCI), a unique function of MPO (Harrison and Schultz, 

1976). HOCI has the ability to cause rapid degradation of various biological 

compounds and is the strongest oxidant produced by neutrophils in appreciable 

amounts (Kettle and Winterbourn, 1997). This is significant as neutrophils 

accumulate at sites of inflammation where they generate an array of destructive 

oxidants (Weiss, 1989). It is therefore theorised that neutrophil oxidants, in 

particular HOCI, are strong contenders for contributing to t~e oxidative tissue 

injury of inflammatory diseases. The factors that control HOCI production could 

therefore be important in the development of an explanation for this oxidative 

tissue injury. Thus, there is a need to understand the structure, function, and 

activity of MPO. 

There are many sources from which to isolate and purify MPO. MPO has been 

isolated from canine pus, rat tumour tissue, leukaemic leukocytes, and human 

sputum (Bakkenist et a/., 1978). All of these sources have their disadvantages 

in that they are difficult to obtain in large quantities and the MPO prepared from 

these activated, degraded or abnormal cells might be modified in structure 

and/or activity. However, in 1978 Bakkenist et a/. developed a rapid isolation 
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procedure from normal human leukocytes that produced sufficient purified 

enzyme for a study of the physical properties of MPO (Bakkenist et al., 1978). 

A similar procedure has been developed for normal human monocytes (Bos et 

al., 1978). However, these two methods still pose the problem of availability of 

human leukocytes and monocytes. For this study it was therefore necessary to 

find an alternative source of MPO that was more readily available. 

In recent years, unusual green heme proteins have been isolated from a variety 

of sources including Neurospora crassa (Jacob and Orme-Johnson, 1979) and 

bovine erythrocytes (DeFilippi and Hultquist, 1978). In 1981, Davis and Averill . 
reported the presence of a green peroxidase in bovine spleen with optical 

absorption properties somewhat similar to those of MPO isolated from human 

granulocytes (Davis and Averill, 1981). They named this enzyme 'green heme 

peroxidase' but it was also known as 'spleen green hemeprotein' (Babcock et 

aI., 1985) and 'spleen myeloperoxidase' (Ikeda-Saito, 1987). Studies indicated 

that the spleen enzyme consisted of two heavy subunits (60 kiioDaltons (kDa)) 

with a single prosthetic group per subunit, and two light (15 kDa) subunits 

which formed a tetramer (150 kDa) that was indistinguishable from human MPO 

(Ikeda-Saito, 1986). Optical absorption, ligand binding affinity, resonance 

Raman spectroscopy, and magnetic and natural circular. dichroism studies 

(Ikeda-Saito, 1985; Babcock et al., 1985; Sono et al., 1986) indicated that the 

prosthetic group, its environment, and the endogenous ligand to the central 

iron ion were similar to human MPO. Electron paramagnetic resonance (EPR) 

spectra of the spleen enzyme and its derivatives were similar to those of human 

MPO (Ikeda-Saito and Prince, 1985), and furthermore, the spleen enzyme 

exhibited catalytic activities similar to those of human MPO (Ikeda-Saito, 1985). 

Thus, there was the possibility that bovine spleen green hemeprotein was 

actually identical to human granulocyte MPO. 

To definitively establish the identity of the bovine spleen enzyme, it was 

necessary to compare its properties with those of MPO purified from bovine 
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granulocytes rather than with those from human granulocytes. Biochemical, 

spectroscopic, enzymatic, and redox properties of the bovine spleen enzyme 

were compared to those of the bovine blood enzyme (Ikeda-Saito at al., 1989). 

In addition, more definitive biochemical methods, such as amino-terminal amino 

acid sequences of the isolated subunits and antibody cross-reactivity, were 

compared (Ikeda-Saito et al., 1989). The data showed that the bovine spleen 

enzyme was indistinguishable from bovine granufocyte MPO. These studies 

have established that the 'spleen green hemeprotein' can be used as a more 

readily obtainable model to investigate the active centre and its environment in 

human granulocyte MPO. 

In this project I. have isolated and' purified MPO from both human neutrophil 

granules and bovine spleens as outlined below. 

Human Neutrophil Myeloperoxidase 

MPO was isolated and puri'lied 'from human neutrophil granules kindly donated 

by the Christchurch School of Medicine. The following method was adapted 

'from Rakita at a/. (1990) and Matheson at al. (1981). 

Isolation 

Two human neutrophil granule extracts, which had been stored for 

several months at -80 C, were washed with 35 ml of 4 C 100 mM sodium 

phosphate buffer (NaP) containing 1 % cetyltrimethylammonium bromide 

(CTAB) and 0.32 % complete protease inhibitor at pH 7.0. Each extract was 

sonicated for three 30 sec periods using an Ultrasonic ltd Rapidis 600 and 

then centrifuged at 15000 rpm for 30 min using a Kubota KR-20000T. 

Supernatants were combined and the ionic composition adjusted to 1 mM 

calcium chloride (CaCI2), magnesium chloride (MgCI2), and manganese 

chloride (MnCI2). This required stirring and, once dissolved, the solution 
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became slightly cloudy. Concanavalin A (Con A) bound to Sepharose gel was 

added (10 ml of gel per 100 ml of solution) and the mixture rotated overnight at 

4 C to allow binding of IVIPO to the immobilised lectin. The green gel was 

allowed to settle and the supernatant was then decanted and discarded. 

Purification 

The gel was resuspended in 50 ml of 4 C column wash buffer (0.1 M 

sodium acetate (NaAc), 0.1 M sodium chloride (NaCI), 0.05 % CTAB, pH 6.0) 

and poured into a glass wool bottom column (2 x 11 cm). The column was 

washed with 600 ml of 4 C wash buffer at 3 ml/min causing the protein . 
absorbance (A280) of the elute to fall from 0.986 to 0.009. MPO was eluted by 

the addition of 0.5 M methyla-D-mannoside to the wash buffer with an elution 

rate of 2 ml/min. Elutes were collected in 3 ml fractions until the MPO 

absorbance (Am) fell below 0.05 using a Gilson FC 203B Fraction Collector. 

Residual MPO was eluted by the addition of 1.5 M methyl a-D-mannoside to 

50 ml of wash buffer with an elution rate of 2 ml/min. Again elutes were 

collected in 3 ml fractions until the Am fell below 0.05 and then all were pooled 

to give a total volume of approximately 200 ml. 

The combined fractions were brought to 85 % saturation with solid ammonium 

sulphate ((NH4)2S04) and then centrifuged at 15000 rpm for 30 min. The 

supernatant was decanted and the preCipitated MPO was dissolved in 30 ml of 

50 mM NaP containing 1.7 M (NH4)2S04 and dialysed twice overnight at 4 C 

against the start buffer for the Phenyl Sepharose column (50 mlVl NaP, 1.7 M 

(NH4hS04, pH 7.0). The dialysed solution was centrifuged at 15000 rpm for 30 

min and the supernatant loaded overnight onto a 4 C Phenyl Sepharose 

column (1.5 x 20 cm). MPO was fractionated off via a gradient of 200 ml start 

buffer versus 200 ml start buffer plus 0.4 M (NH4hS04 and fractions with a 

percentage MPO (~A280) ~ 0.55 were combined and dialysed overnight at 

4 C against the start buffer for the CM Sepharose column (50 mM NaP, 

100 mM NaCl, pH 6.0). 
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The dialysed solution was centrifuged at 17500 rpm for 30 min and then loaded 

overnight onto a 4 C CM Sepharose column (1.5 x 20 cm). MPO was 

fractionated off via a gradient of 200 ml start buffer versus 200 ml start buffer 

plus 1 M NaCI and fractions with a ~A280 ~ 0.65 were combined and brought 

to 85 % saturation with solid (NH4)2S04' This was centrifuged at 15000 rpm for 

30 min then the supernatant decanted off and the precipitated MPO dissolved 
. , 

in 30 ml of 50 mM NaP buffer. This was dialysed overnight at 4 C against 50 

mM NaP at pH 7.4, yielding 80 ml of 1.7 uM per heme green solution with a 

Am/A280 of 0.7. This was again brought to 85 % saturation with 'solid (NH4)2S04 

and centrifuged at 15000 rpm for 30 min. The supernatant was decanted off . 
and the precipitated MPO dissolved in 30 ml of 50 mM NaP buffer and dialysed 

overnight at 4 C against 50mM NaP at pH 7.4, yielding 15.5 ml of 9.7 uM per 

heme green solution with a ~A280 of 0.71. This was divided into 1 ml 

fractions and stored at -80 C. 

Bovine Spleen Myeloperoxldase 

MPO was isolated and purified from bovine spleens obtained from the local 

abattoir. The following method was adapted from Davis and Averill (1981). 

Isolation 

Thinly sliced bovine spleens were suspended in 0.25 M potassium 

chloride (KCI), 2 mllg of spleen. at 4 C and homogenised in a Kenwood blender 

at maximum speed for 3 min. The homogenate was sieved through a wire 

mesh and adjusted to pH 3.5 with 6 M hydrochloric acid (HCI) after the addition 

of 0.1 % CTAB. After being stirred overnight at 4 C, the homogenate was 

sonicated for four 30 sec periods using an Ultrasonic Ltd Rapidis 600 and then 

centrifuged at 8000 rpm for 10 min using a Kubota KR-20000T. The clarified 

supernatant was centrifuged at 8000 rpm for 30 min and then rapid filtered 

through a glass wool bed to remove waxy particles with the resulting filtrate 
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being made to 0.1 M ascorbic acid and adjusted to pH 5.5 with 10M sodium 

hydroxide (NaOH). This solution was treated with 1 giL of CM Sephadex and 

rotated for 30 min, followed by centri'fugation at 8000 rpm for 30 min. The 

pellet was resuspended in 200 ml (total volume) of 4 C 0.25 M KCI at pH 5.5 

and made to 0.1 % CTAB and 0.1 M ascorbic acid. This solution was 

centrifuged at 8000 rpm for 15 min and the pellet resuspended in 100 ml of 2 M 

KCI and rotated for 1 hr at 4 C. This was centrifuged at 17500 rpm for 15 min 

and the pellet resuspended in another 100 ml of 2 M KCI and rotated for one 

further hr at 4 C. Again this was centrifuged at 17500 rpm for 15 min and both 

100 ml supernatants were combined to give a final volume of 200 ml. 

Purification 

The 200 ml solution was dialysed twice overnight at 4 C against the start 

buffer for the CM Sepharose column (50 mM NaP, 100 mM NaCI, pH 6.0). The 

dialysed solution was centrifuged at 17500 rpm for 30 min and the supernatant 

tested for HOCI production, indicating the presence of MPO, via the taurine 

chloramine assay (Section 4.4). The supernatant was then loaded overnight 

onto a 4 C CM Sepharose column (1.5 x 20 cm) and fractionated off via a 

gradient of 200 ml start buffer versus 200 ml start buffer plus 1 M NaCI using a 

Gilson FC 203B Fraction Collector. The green fractions were tested for 

peroxidase activity via the tetramethylbenzidine assay (Section 4.5) and 

~A280. Fractions with a peroxidase activity ~ 0.195 absorbance Abs/min and 

with a ~A280 ~ 0.25 were combined and dialysed overnight at 4 C against the 

start buffer for the Con A Sepharose column (0.1 M NaAc. 0.1 M NaCI, 0.05 % 

CTAB, pH 6.0). 

The dialysed solution was adjusted to 1 rnM CaCI2, MgCI2 , and MnCI2, then Con 

A bound to Sepharose gel was added (10 ml of gel per 100 ml of solution) and 

the mixture rotated overnight at 4 C to allow binding of MPO to the immobilised 

lectin. The green gel was allowed to settle and the supernatant was then 

decanted and discarded. The gel was resuspended in 50 ml of 4 C column 
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wash buffer (0.1 M NaAc, 0.1 M NaCI, 0.05 % CTAB, pH 6.0) and poured into a 

glass wool bottom column (2 x 11 cm). The column was washed with 600 ml of 

4 C wash buffer at 3 mllrnin, causing the A200 of the elute to fall to 0.013. MPO 

was eluted by the addition of 0.5 M methyl a-D-mannoside to the wash buffer 

with an elution rate of 2 ml/min. Elutes were collected in 3 ml fractions until the 

~ fell below 0.05. Elutes with a ~A200 ~ 0.65 were combined and 

concentrated down to 5 ml in a stirring concentrator. This was dialysed twice 

overnight at 4 C against 50 mM NaP, pH 7.4 and then made to a total volume of 

10 ml with 50 mM NaP, pH 7.4. The final solution, which had a MPO 

concentration of 12 uM per heme and a ~A200 of 0.74, was divided into 1 ml 
• 

fractions and stored at -80°C. 

4.4 Taurine Chloramine Assay 

The presence of MPO in the partially purified supernatant was confirmed using 

the taurine chloramine assay (Kettle and Winterbourn, 1994). This assay is 

based on the reaction of HOCI with taurine (TauNH2) to produce taurine 

chloramine (TauNHCI) (Weiss et al., 1982). TauNHCI is subsequently reacted 

with yellow 5-thio-2-nitrobenzoic acid (TNB) which oxidises· to colourless 5,5'· 

dithiobis(2-nitrobenzoic acid) (DTNB) (Figure 4.1). A change in ~12 is used to 

quantify HOCI (TNB £412 14100 M-1cm-1
) (Riddles et al., 1983). This 

spectrophotometric assay is extremely sensitive and can accurately measure 

concentrations of HOCI as low as 5 uM. 

A 4 mM solution of TNB was prepared by dissolving 2 mM of DTNB in 50 mM 

phosphate buffered saline (PBS) , pH 7.4. The solution of DTNB was titrated to 

pH 12 with NaOH to promote its hydrolysis. After 5 min the pH was brought 

back to 7.4 with HC!. TNB is light sensitive and undergoes slow oxidation in 

air, so it was prepared weekly and kept under oxygen free nitrogen at 4 C in a 

brown glass bottle containing 1 mM ethylenediaminetetraacetic acid (EDTA). 
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MPO/H+ 
H20 2 + cr !ill HOCI + H2O 

(1 ) 

(2) 1 + TauNH, 

(3) 
DTNB + cr + TauNrb TauNHCI + H2O 

(colourless) +2TNB 
(yellow) 

Figure 4.1: The taurine chloramine assay reactions. 

The peroxidation of chloride ion (Cr) to hypochlorous acid (HOC I) is a unique function of . 
myeloperoxidase (MPO) (reaction 1). Therefore the presence of MPO can be tested for via the 

taurine chloramine assay as it is based on the reaction of HOCI with taurine (TauNH2) to 

produce taurine chloramine (TauNHCI) (reaction 2). This reaction is allowed to·· go to 

completion at which time the TauNHCI is measured by reacting it with yellow 

5-thio-2-nitrobenzoic acid (TNB) which oxidises to colourless 5,5'-dithiobis(2-nitrobenzoic acid) 

(OTNB) (reaction 3). This colour change is measured by spectrometry at 412 nm (TNB £412 

14100 M-1cm-1
). H20 2 == hydrogen peroxide. 

Duplicate experiments of a control, 9 uM MPO, and the partially purified 

supernatant were carried out in 50 mM PBS containing 15 mM hydrogen 

peroxide (H20 2) and 10 mM TauNH2• After running to completion (20 min) each 

was made to 0.4 mM TNB and left in the dark to develop for 5 min. 

Experiments were then read at 412 nm against a blank of 50 mM PBS 

containing 0.4 mM TNB. 

4.5 Tetramethylbenzidine Assay 

CM Sepharose column fractions were tested for peroxidase activity using the 

tetramethylbenzidine assay (Kettle and Winterbourn, 1994). It is based on the 

oxidation of 3,3',5,5'-tetramethylbenzidine (TMB) by MPO to produce a blue 
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product (TMBox) with an absorbance maximum at 652 nm (TMBox E6s2 35000 M-

1cm-1) (Bozeman et al., 1990). There is two pathways by which MPO can 

catalyse the oxidation of TMB (Andrews and Krinsky, 1982). The first is a 

direct oxidation by MPO (Figure 4.2: reactions 1a and 1 b) and the second, an 

indirect pathway, involves the generation of HOCI with the subsequent 

spontaneous production of TMBox (Figure 4.2: reaction 2). This is an extremely 

sensitive method for determining the activity of the enzyme. 

(2) 
TMB ------+~ TMBox 

HOCI (blue) 

MP03+ 

~~u~) ~(1b) 

TMB J 

'" 

cr 

MP05+ 
(Compound I) 

C 
TMB 

(1a) 

TMBox 

MP04+" 
(blue) 

(Compound n) 

Figure 4.2: The tetramethylbenzidine assay reactions. 

The presence of peroxidase activity, an indication of myeJoperoxidase (MPO) concentration, 

can be tested for via the tetramethylbenzidine assay as it is based on the oxidation of 

3,3',5.5'-tetramethylbenzidine (TMB) by MPO to produce a blue product (TMBox). There is two 

pathways by which MPO can catalyse the oxidation of TMB. The first is a direct oxidation by 

MPO (reactions 1a and 1b) and the second, an indirect pathway, involves the generation of 

hypochlorous acid (HOCI) with the subsequent spontaneous production of TMBox (reaction 2). 

Absorbance is measured in the assay by spectrometry at 652 nm (TMBox fes2 35000 M-1cm-1
) 

and allows for the comparison of TMB oxidation rates of unknown solutions against known 

MPO concentrations. so that an estimate of the MPO concentration for the unknowns can be 

made. H20 2 = hydrogen peroxide. 
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A 15 mM solution of TMB was prepared by dissolving 36.5 mg in 10 ml of 

dimethylformamide. An indication of MPO concentration was obtained by 

measuring the peroxidase activity of the CM Sepharose column fractions. 

Comparing the rate at which the fractions oxidised TMB to the rate obtained 

with a known MPO concentration did this. Experiments were carried out in 

TMB buffer (300 mM NaAc, 6 mM sodium bromide (NaBr), pH 5.4) containing 

1.5 mM TMB and 0.5 % Y/y of MPO solution. This was used to zero the 

Beckman DU~ 7000 spectrophotometer at 652 nm. 236 uM H20 2 was added to 

the blank to start the reaction and the rate of TMB oxidation followed at 652 nm 

over the first min. Unknown fraction rates were then compared to the known . 
rate and a MPO concentration for the unknown fractions calculated. From this, 

an estimate of the amount of MPO that has been purified could be made using 

a MW of 91000 per heme for MPO. 

4.6 Results 

Human Neutrophil MPO 

The recovery of human neutrophil granulocyte MPO at each stage of the 

purification process is given in Table 4.1. The initial purification step of a Con 

A Sepharose column utilises affinity chromatography (see Section 2.3) and 

obtained 38.8 mg of MPO with a Aw:/A280 of 0.42. The Phenyl Sepharose 

column run proved costly, as a 61 % loss in MPO levels occurred (only 15 mg of 

MPO recovered). A poor result was also obtained after employing ion 

exchange chromatography with a CM Sepharose column run (see Section 2.3), 

as there was only an increase in Aw:/A280 of 0.07. Overall, this method wasn't 

as effective when compared to other MPO recovery methods (Matheson et al., 

1981) even though 15.5 ml of 9.7 uM per heme green solution with a Aw:/A280 

of 0.71 was obtained. 
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Purification step Total protein MPOprotein MPO recovery 
~I A280 (mg) iii (mg) b (%) 

Con A Sepharose column 92.4 38.8 100 0.42 

Phenyl Sepharose column 23.8 15.0 39 0.63 

CM Sepharose column 21.1 14.7 38 0.70 

After (NH4)~04 precipitations 19.3 13.7 35 0.71 

Table : Recovery of human neutrophil granulocyte myeloperoxldase. 

The recovery of human neutrophil granulocyte myeloperoxidase (MPO) was 15.5 ml of 9.7 uM 

per heme green solution with an ~oIA280 of 0.71. This method was less effective when 

compared to other MPO recovery results (Matheson et al .• 1981) as there was a 61 % loss of 

MPO between the Con A Sepharose and the Phenyl Sepharose column runs and only a slight 

improvement in the Aw/A280 after the CM Sepharose column run. 

iii Estimated by assuming an absorption of 1.0 at 280 nm is equivalent to 1.0 mg of proteinlml. 

b Estimated by assuming an absorption of 1.0 at 430 nm is equivalent to 1.0 mg of MPO/ml. 

Bovine Spleen MPO 

As this was the first attempt to recover bovine spleen MPO by this 

laboratory, the partially purified supernatant was tested for HOCI production. 

After establishing the presence of MPO via the taurine chloramine assay (Table 

4.2) the CM Sepharose column was run. This technique employs ion exchange 

chromatography (see Section 2.3) and obtained 3.79 mg of MPO with a 

At.3o/A280 of 0.29. The recovery of bovine spleen MPO at each stage of the 

purification process is given in Table 4.3. With an increase of 0.44 in At.3o/A280 

and only a 39 % loss in MPO levels, the affinity chromatography (see Section 

2.3) based Con A Sepharose column elution was extremely effective. Overall, 

this purification compared favourably with other bovine spleen MPO recovery 

methods (Davis and Averill, 1981) as 10 ml of 12 uM per heme green solution 

with a At.3o/A280 of 0.74 was obtained. The actual (3.79 mg) and ·estimated 

(3.25 mg) MPO amounts at the completion of the CM Sepharose column 
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fractionation (Table 4.4) also compared favourably. This result validates the 

TMB assay as a method of determining the MPO concentration of an unknown 

solution. 

Absorbance at 412 nm 

Set 1 Set 2 

Blank 1.7047 1.7076 

Control 1.5939 1.5830 

9uM Myeloperoxidase 0.8901 0.8710 

Partially purified supematant 1.3709 1.3603 

Table Myeloperoxidase presence via the taurine chloramine assay. 

The presence of myeloperoxidase (MPO) in the partially purified supematant was established 

by the taurine chloramine assay. This assay relies on the production of hypochlorous acid 

which oxidises yellow 5-thio-2-nitrobenzoic acid (TNB) to colourless 

5,5'-dithiobis(2-nitrobenzoic acid) (DTNB) (Figure 4.1). The values for the partially purified 

supematant fell between those of the control and 9 uM MPO showing that HOCI production had 

occurred and therefore indicating the presence of MPO. 

Purification step Total protein MPO protein MPO recovery A.sol A200 (mg) B (mg) b (%) 

CM Sepharose column 13.07 3.79 100 0.29 

Con A Sepharose column 3.18 2.31 61 0.73 

Final10ml volume 2.95 2.18 58 0.74 

Table 4.3: Recovery of bovine spleen myeloperoxidase. 

This purification of bovine spleen myeloperoxidase (MPO) recovered 10 ml of 12 uM per heme 

green solution with a ~A200 of 0.74. This compares favourably to other MPO recovery 

results (Davis and Averill, 1981). This favourable result was due to the 0.44 increase in 

~oIA200 with only a 39% loss in MPO levels during the Con A Sepharose. 

B Estimated by assuming an absorption of 1.0 at 280 nm is equivalent to 1.0 mg of proteinlmJ. 

b Estimated by assuming an absorption of 1.0 at 430 nm is equivalent to 1.0 mg of MPO/ml. 
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Purification step 
MPO actual M PO concentration MPO estimated 

(mg) 8 equivalence (uM) b (mg) C 

CM Sepharose column 3.79 0.65 3.25 

Table 4.4: Myeloperoxldase concentration estimation of unknowns via the 

TMB assay. 
The TMB assay was used to determine the myelaperoxidase (MPO) concentration of the CM 

Sepharose column elute (Figure 4.2). This is performed by comparing the rate at which the 

elute oxidised TMB to that of a 9 uM MPO solution. Once calculated, an estimate of the 

amount of MPO in the elute could be obtained. The actual and estimated amounts of MPO are 

very similar which suggests the use of the TMB assay for calculating such values is valid. 

a Estimated by assuming an absorption of ,1.0 at 430 nm is equivalent to 1.0 mg of MPO/ml. 

b Calculated by comparing the oxidation rates of TMB over the first min at 652 nm (9 uM MPO 

= 0.2965 and elute = 0.4283). 

C Calculated using MPO with a molecular weight of 91000 per heme. 

4.1 Discussion 

The isolation and purification of human neutrophil granulocyte MPO (see 

Section 4.2) relies on a simple three step process involving affinity and ion 

exchange chromatography. This method was adapted from Rakita et al. (1990) 

except for the CM Sepharose ion exchange chromatography that was from 

Matheson et al. (1981). Comparing this method to others (Bakkenist et al., 

1978; Matheson et al., 1981; Rakita et al., 1990) has been difficult because of 

the criteria used by these researchers when assessing their results. The only 

common measurement was the ~A200 ratio. This ratio ranged from 0.71 

(Matheson et al., 1981) to 0.80 (Bakkenist et al., 1978; Rakita et al., 1990), a 

value only slightly less than the ratio of 0.83 quoted for the crystalline enzyme 

(Schultz and Shmukler, 1964). A ratio of 0.71 was achieved from this method 

which, while low, does fall into the above range. This probably indicates a high 

absorbance A200 due to the presence of contaminating proteins. 
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The isolation and purification of bovine spleen MPO, as described in Section 

4.3, is a simple three step process involving ion exchange and affinity 

chromatography. This method was adapted from Davis and Averill (1981) and 

followed their basic purification steps. The only difference was the Con A 

Sepharose affinity chromatography which replaced Davis and Averill's final two 

purification steps (Sephadex G-75 filtration and rechromatography on CM 

cellulose). Comparison of the ~A280 ratio of 0.74 achieved in the method 

described here to the Pv.aJA280 ratio of 0.80 obtained by Davis and Averill 

(1981), suggests that contaminating proteins may have been· responsible for 

the lower value obtained here. 

The results described have indicated that bovine spleens are the preferred 

starting material for the isolation and purification of MPO. This is not only due 

to the higher Pv.aoIA280 ratio obtained (0.74 compared with 0.71), but also 

because bovine spleen gave a higher MPO recovery (58% compared with 

35%). In addition, bovine spleens are more plentiful than human neutrophil 

granules making the bovine spleen method a cheaper option. 
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MYElOPEROXIDASE MODEL SYSTEM 

5.1 Introduction 

The oxidative modification of low density lipoprotein (LDL) is a requirement for 

the development of atherosclerosis. Heinecke et al. has shown immunologically 

that myeloperoxidase (MPO) is present in human atherosclerotic lesions, both 

extracellular1y and i ntracellular1y (Daugherty et aI., 1994). The enzyme MPO 

has a potent oxidising potential and is responsible for a large number of the 

reactants produced during the immune response. Therefore, the neutrophil 

enzyme MPO has recently been implicated in in vivo LDL oxidation. 

Initially MPO was implicated due to its ability to generate HOCI which was 

shown to alter the apoS construct of LDL (Hazell and Stocker, 1993; Hazell et 

al., 1994). Savenkova et al. (1994) has suggested that L-Tyrosine is modified 

by MPO to a tyrosyl radical, which itself initiates lipid peroxidation of the LDL 

molecule. Others also suggest different products of MPO activity (HOCI and a

Tocopherol) can initiate lipid peroxidation of LDL (Santanam et aI., 1995). 

However, Heinecke's group proposes that MPO itself cannot directly induce 

lipid peroxidation via interaction of the lipid substrate and the MPO active site. 

A few studies exist which suggest that MPO is capable of peroxidising lipids and 

free fatty acids directly via its peroxidase cycle (Hazell et al., 1994; 

Stelmaszynska et aI., 1992). However, these studies only contain a small 

reference to this activity. Thus, it is not yet conclusively established whether 

M~O alone is capable of initiating lipid peroxidation, the primary objective of this 

study. 
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5.2 Results 

5.2.1 MPO Induced LAM Oxidation 

Upon refining the reaction conditions of the model system, MPO was used to 

induce LAM peroxidation. 0 nM to 400 nM MPO was used to determine if there 

was a relationship between the er:tzyme initiator ~nd the level of conjugated 

dienes formed. A sloping curve relationship was observed with increasing MPO 

concentration equating to increased lipid peroxidation (Figure 5.1). To confirm 

the conjugated diene formation was a result of lipid peroxidation, the FOX 2 

assay was utilised. This assay measures lipid hydroperoxides, th;end product 

of lipid peroxidation. 
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Figure 5.1: MPO Induced lipid peroxidation of LAM. 

A sloping curve relationship between the concentration of MPO and the level of oxidised 

micelles was observed. 0 nM to 400 nM MPO was used to induce linoleic acid micelle (LAM) 

peroxidation. 180 uM LAM reacted in NaP buffer with 50 uM DTPA for 1 hat 37 C, pH 7.4. 

Lipid peroxidation was monitored by the formation of conjugated dienes at 234 nm (data not 

shown). The data shown is an average value of four replicates and is the concentration of 

oxidised micelles at the completion of the experiment. 
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5.2.2 FOX 2 Assay Confirmation of MPO Induced LAM Oxidation 

The confirmation of conjugated diene formation being the result of lipid 

peroxidation was analysed using the FOX 2 assay. Unoleic add micelle 

peroxidation was induced by 400 nM MPO and throughout the 1 h experiment, 

200 ul FOX 2 assay samples were taken. Upon analysis, the presence of lipid 

hydroperoxides was observed thus indicating that lipid peroxidation had 

occurred. 
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Figure 5.2: Confirmation of MPO induced lipid peroxldation by the FOX 2 

assay. 

The fonnation of conjugated dienes reflecting lipid peroxidation was confinned by the detection 

of lipid hydroperoxides from FOX 2 assay analysis. FOX 2 assay samples were analysed and 

the data shown (560 nrn analysis) is the accumulation of lipid hydroperoxides and thus lipid 

peroxidation, during the course of the experiment. Discrepancies arose upon the comparison of 

linoleic acid micelle (LAM) peroxidation levels between the tvyo assays performed. This was 

accounted for by the break down of lipid hydroperoxides during the experiment. This 

observation appeared to be happening at a break down rate of 70 % over the course of the 

experiment. LAM peroxidation was induced by 400 nM MPO. 180 uM LAM reacted in NaP 

buffer with 50 uM DTPA for 1 hat 37 C, pH 7.4. Lipid peroxidation was monitored at 234 nm 

(data not shown) and the FOX 2 assay samples were taken over the course of the experiment. 
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When compared to the levels of lipid peroxidation observed from the formation 

of conjugated dienes, discrepancies where noted (8.7 uM at 560 nm versus 

29.2 uM at 234 nm) (Figure 5.2). This was due to lipid hydroperoxides breaking 

down during the course of the experiment. It appears that approximately 70 % 

broke down over the course of the reaction given that all conjugated diene 

formation resulted in lipid hydroperoxide formation. To make sure that MPO 

was responsible for inducing thi~ lipid peroxidation, the next experiments 

incorporated potassium cyanide (KCN). KCN is an inhibitor of heme proteins 

and should therefore inhibit the peroxidation of LAM induced by MPO, as MPO 

is a heme protein. 

5.2.3 KCN Inhibition of MPO Induced LAM Oxidation 

With MPO being the only reagent in the model system capable of inducing 

linoleic acid micelle (LAM) peroxidation, the addition of KCN should lead to an 

observed inhibition of this process. LAM peroxidation was induced by 50 nM 

MPO and inhibited by the addition of 0 mM to 10 mM KCN. Decreased lipid 

peroxidation rates were observed with increasingKCN concentration such that 

a concentration of 10 mM KCN gave 100 % inhibition of lipid peroxidation 

(Figure 5.3). This means that MPO is responsible !or inducing LAM 

peroxidation in this model system. Having established this basic knowledge, 

the remaining experiments were carried out to investigate specific effects on 

this model system. 
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Figure 5.3: KeN Inhibition of MPOlnduced LAM peroxidatlon. 

To investigate if MPO was responsible for inducing linoleic acid micelle (LAM) peroxidation, the 

addition of the heme protein inhibitor KeN to the model system was observed. 50 nM MPO was 

used to induce LAM peroxidation and potential inhibition was triggered by the addition of 0 mM 

to 10 mM KeN. An observed decrease in the rate of lipid peroxidation occurred with increasing 

concentrations of KeN. 180 uM LAM reacted in NaP buffer with 50 uM DTPA for 1 hat 37 e, 

pH 7.4. Lipid peroxidation was monitored by the formation of conjugated dienes at 234 nm 

(data not shown). This data is representative of the three experiments, performed and is the 

concentration of the oxidised micelles at the completion of the experiment. 

5.2.4 Effect of H~2 Concentration on MPO Induced LAM Oxidation 

The effect of hydrogen peroxide (H202) on MPO induced linoleic acid micelle 

(LAM) peroxidation was established by incorporating 0 uM to 200 uM H202 into 

the model system. Little difference in the levels of conjugated diene formation 

was observed (data not shown). With no H202 in the system, 9.16 uM oxidised 

micelles was observed. Only slight variations of this value were seen with -

increasing concentrations of H20 2. Thus the rate of lipid peroxidation at each 

H202 concentration was insignificantly different (Figure 5.4). 
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o uM to 200 uM H20 2 had an insignificant effect on the rate of MPO induced linoleic acid micelle 

(LAM) peroxidation. 50 nM MPO was used to induce LAM peroxidation that was monitored by 

the formation of conjugated dienes at 234 nm (data not shown). 180 uM LAM reacted in NaP 

buffer with 50 uM DTPA for 1 h at 37 C, pH 7.4. This data is representative of the three 

experiments performed. 

5.2.5 Effect of 20 ug/ml Catalase on MPO Induced LAM Oxidation 

The effect of catalase on MPO induced linoleic acid micelle (LAM) peroxidation 

was established by the addition of 20 ug/ml catalase to the model system. Little 

difference in the levels of conjugated dienes formed was observed (data not 

shown). In the absence of catalase, 9.48 uM oxidised micelles were measured. 

In its presence, 9.23 uM oxidised micelles were attained. Thus the addition of 

20 ug/ml catalase to the model system had no little effect (Figure 5.5). 
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Figure 5.5: 20 ug/ml catalase effect on MPO induced LAM peroxidation. 

The addition of 20 uglml catalase to the model system had no effect on the rate of MPO induced 

linoleic acid micelle (LAM) peroxidation. 50 nM MPO was used to induce LAM peroxidation that 

was monitored by the formation of conjugated dienes at 234 nm (data not shown). 180 uM LAM 

reacted in NaP buffer with 50 uM DTPA for 1 h at 37 C, pH 7.4. The data shown is an average 

value of the three replicates and is the concentration of oxidised micelles at the completion of 

the experiment. 

5.2.6 Effect of 100 mM cr on MPO Induced LAM Oxidation 

The effect of chloride (Cn on MPO induced linoleic acid micelle (LAM) 

peroxidation was established by the addition of 100 mM cr to the model 

~ystem. There was an appreciable difference in the levels of conjugated dienes 

formed (data not shown). This was most evident during the initiation of lipid 

peroxidation, therefore rates were calculated over the first 15 min of the 

experiment. In the absence of chloride, 7.28 uM oxidised micelles were 

measured but in its presence, 30.64 uM were measured. This is a 421 % 

increase in the rate of initiation (Figure 5.6). This suggests MPO utilises 

chloride to produce hypochlorous acid (HOCI), which then accelerates the lipid 
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peroxidation process. To confirm this, experiments using L-Methionine were 

conducted as this compound scavenges HOC!. A decrease in the rate of 

initiation of lipid peroxidation should therefore be observed. 
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Figure 5.6: 100 mM chloride effect on MPO Induced LAM peroxldation. 

The addition of 100 mM chloride to the model system had a significant effect on the rate of M PO 

induced linoleic acid micelle (LAM) peroxidation. 50 nM MPO was used to induce LAM 

peroxidation that was monitored by the formation of conjugated dienes at 234 nm (data not 

shown). 180 uM LAM reacted in NaP buffer with 50 uM OTPA for 1 hat 37 C, pH 7.4. The data 

shown is an average value of the three replicates and is the concentration of oxidised micelles 

after 15 min. 

5.2.7 Effect of 1 mM L-Methionine on MPO Induced LAM Oxidation 

The effect of L-Methionine on MPO induced linoleic acid micelle (LAM) 

peroxidation was established by the addition of 1 mM L-Methionine to the model 

system. Little difference in the levels of conjugated dienes formed was 

observed (data not shown). In the absence of L-Methionine, 7.62 uM oxidised 

micelles were measured. In its presence, 7.69 uM oxidised micelles were 
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attained. Thus the addition of 1 mM L-Methionine to the model system had no 

little effect (Figure 5.7). 

0.0...4.---
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1 niVI L-Methionine 

Figure 5.7: 1 mM l-Methionine effect on MPO Induced LAM peroxidation. 

The addition of 1 mM L-Methionine to the model system had no effect on the rate of M PO 

induced linoleic acid micelle (LAM) peroxidation. 50 nM MPO was used to induce LAM 

peroxidation that was monitored by the formation of conjugated dienes at 234 nm (data not 

shown). 180 uM LAM reacted in NaP buffer with 50 uM OTPA for 1 hat 37 C, pH 7.4. The data 

shown is an average value of the three replicates and is the concentration of oxidised micelles 

after 15 min. 

5.2.8 Effect of 100 mM cr 11 mM L-Methionine on MPO Induced LAM 

Oxidation 

The effect of chloride (Cn and L-Methionine on MPO induced linoleic acid 

micelle (LAM) peroxidation was established by the addition of 100 mM cr and 

1 mM L-Methionine to the model system. There was an appreciable difference 

in the levels of conjugated dienes formed (data not shown). This was most 

evident during the initiation of lipid peroxidation, therefore rates were calculated 
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over the first 15 min of the experiment. In the absence of 100 mM cr and 1 mM 

L-Methionine, 7.08 uM oxidised micelles were measured. In their presence, 

23.53 uM oxidised micelles were measured, an increase of 332 % in the rate of 

initiation (Figure 5.8). When comparing to the 100 mM chloride experiment this 

lipid peroxidation rate is lower (Figure 5.9). This was expected due to L

methionine scavenging of hypochlorous acid. This provides further evidence 

suggesting that MPO utilises chlorid,e to produce hypochlorous which then aides 

with the initiation of lipid peroxidation. 
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Figure 5.8: 100 mM chloride and 1 mM L-Methionlne effect on MPO 

Induced LAM peroxldation. 

The addition of 100 mM chloride and 1 mM l-Methionine to the model system had a significant 

effect on the rate of MPO induced linoleic acid micelle (lAM) peroxidation. 50 nM MPO was 

used to induce LAM peroxidation that was monitored by the formation of conjugated dienes at 

234 nm (data not shown). 180 uM LAM reacted in NaP buffer with 50 uM DTPA for 1 hat 37 C, 

pH 7.4. The data shown is an average value of the three replicates and is the concentration of 

oxidised micelles after 15 min. 
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Figure 5.9: Comparison of 100 mM chloride /1 mM L .. Methionine and 

100 mM chloride effect on MPO induced LAM peroxidation. 

The comparison of the two experiments shows a decrease in the rate of lipid peroxidation with 

the inclusion of 1 mM L-Methionine to the model system. This is likely due to the scavenging 

effects of L-Methionine such that there is less hypochlorous acid available to aid in lipid 

peroxidation. 50 nM M PO was used to induce LAM peroxidation that was monitored by the 

formation of conjugated dienes at 234 nm (data not shown). 180 uM LAM reacted in NaP buffer 

with 50 uM DTPA for 1 h at 37 C, pH 7.4. The data shown is an aver~ge value of the three 

replicates and is the concentration of oxidised micelles after 15 min. 

5.2.9 Effect of 200 uM L-Tyrosine on MPO Induced LAM Oxidation 

The effect of L-Tyrosine on MPO induced linoleic acid micelle (LAM) 

peroxidation was established by the addition of 200 uM L-Tyrosine to the model 

system. There was a noticeable difference in the levels of conjugated dienes 

formed (data not shown). This was most evident during 'the initiation of lipid 

peroxidation, therefore rates were calculated over the first 15 min of the 

experiment. In the absence of L-Tyrosine, 7.93 uM oxidised micelles were 

measured. In its presence, 12.36 uM were attained, an increase of 156 % in 
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the rate of initiation (Figure 5.10). This suggests MPO can catalyse L-Tyrosine 

to produce tyrosyl radicals, which then accelerate the lipid peroxidation process. 

15 

0 ......... ----'-
- tyrosine + tyrosine 

200 uM l-Tyrosine 

figure 5.10: 200 LIM L-Tyroslne effect on MPO Induced LAM peroxldation. 

The addition of 200 uM L-Tyrosine to the model system had a significant effect on the rate of 

MPO induced linoleic acid micelle (LAM) peroxidation. 50 nM MPO was used to induce LAM 

peroxidation that was monitored by the formation of conjugated dienes at 234 nm (data not 

shown). 180 uM LAM reacted in NaP buffer with 50 uM DTPA for 1 hat 37 C, pH 7.4. The data 

shown is an average value of the three replicates and is the concentration of oxidised micelles 

after 15 min. 

5.3 Discussion 

In this series of experiments, I have demonstrated that myeloperoxidase (MPO) 

can initiate lipid peroxidation and that the addition of chloride and l-Tyrosine to 

my model system, enhances the rate at which initiation occurs. 

The initial experiments established that MPO induced lipid peroxidation of the 

linoleic acid micelles (LAM) was occurring. Figure 5.1 depicts lipid peroxidation 
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as a measure of conjugated diene formation at 234 nm, while Figure 5.2 depicts 

it as a measure of lipid hydroperoxide formation at 560 nm. The addition of 

potassium cyanide (KCN) to the model system resulted in decreased lipid 

peroxidation (Figure 5.3). This further implicates MPO in the initiation of lipid 

peroxidation as KCN inhibits heme proteins, of which MPO is one. From this I 

concluded that the basic MPO induced model system for linoleic acid micelle 

peroxidation was working and that, it could be m~asured by two independent 

assays. 

There are two possible mechanisms explaining peroxidase induced lipid 

peroxidation via the degradation of the heme ring and subsequen~ release of iron 

(Halliwell and Gutteridge, 1989). They occur in the presence of equimolar or 

excess concentrations of hydrogen peroxide (H202)' The absence or presence of 

H202 to the rates of lipid peroxidation, as with catalase, had no effect in my model 

system. Therefore the reaction conditions of my model system suggest that MPO 

initiated LAM peroxidation is not due to the H202 mediated release of heme iron 

from the protein. This is further backed up by Pullar (1995) who found MPO 

induced lipid peroxidation was unlikely to be due to the effects of free iron 

released from the protein because the metal chelator DTPA had little effect on 

the level of conjugated diene formation. This study also used DTPA in the MPO 

induced LAM peroxidation model systems. 

Previous studies with MPO have suggested that lipid peroxidation is due to the 

enzymes ability to generate hypochlorous acid (HOCI) via its halogenation 

activity (Evinga ef al., 1992; Panasenko ef al., 1994; Stelmaszynska ef al., 

1992). MPO induces lipid peroxidation in the absence of chloride which 

suggests it is due to a mechanism other than HOCI mediated oxidation. This 

conclusion is supported by the ability of HRP to induce lipid peroxidation despite 

its lacking a halogenation activity. Thus these results directly conflict a number 

of previous studies which implicate HOCI in MPO initiated lipid peroxidation and 

which suggest that peroxidation of lipids by MPO is unable to occur in the 

absence of chloride (Evinga sf al., 1992; Panasenko st el., 1994). 
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The ability of MPO to generate HOCI, which was shown to alter the apoS 

construct of LDL (Hazell and Stocker, 1993; Hazell etal., 1994), induces lipid 

peroxidation. The enhancement of lipid peroxidation was seen in the presence 

of chloride (Figures 5.6). This was due to the halogenation activity of MPO 

producing HOCI, which increased the rate of lipid peroxidation. With the 

addition of L-Methionine, a scavenger of HOCI, a decreased rate of lipid 

peroxidation was seen (Figure 5.9) .. This further supports evidence that chloride 

is not essential for MPO induced lipid peroxidation but serves to enhance the 

rate at which it occurs when present. 

Savenkova et al. (1994) has suggested that L-Tyrosine is modified by MPO to a . 
tyrosyl radical, which itself initiates lipid peroxidation of the LDL molecule. The 

addition of L-Tyrosine to the model 'system also saw an increase in the rate of 

lipid peroxidation (Figure 5.10). This provides further evidence that tyrosyl 

radicals can aid in stimulating the rate at which lipid peroxidation but are not 

necessary for initiation. 
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DISCUSSION 

This study has demonstrated that the peroxidase enzymes, myeloperoxidase 

(MPO) and horseradish peroxidase (HRP) are able to initiate lipid peroxidation 

of linoleic acid in the reaction conditions used. Further investigations are 

needed to determine the physio.logical relevance of this in vitro effect, 

particularly in respect to atherosclerosis and other inflammatory pathologies. 

6.1 Possible Mechanisms of Peroxidase Initiated LIpid Peroxldation. 

There are a number of possible mechanisms explaining peroxidase induced 

lipid peroxidation. The heme containing enzymes haemoglobin and myoglobin 

are capable of stimulating lipid peroxidation via two mechanisms (Halliwell and 

Gutteridge, 1989). The first involves reaction of the heme ring with equimolar 

concentration of hydrogen peroxide (Halliwell sf al., 1990). This is thought to 

produce an oxo-iron species which can stimulate lipid peroxidation (Galaris sf 

al., i 988). This mechanism occurs by the direct interaction of peroxides with 

the protein. The second mechanism occurs when excess hydrogen peroxide 

promotes degradation of the heme ring and subseque~t release of iron 

(Gutteridge, 1986). This iron can then go on to react via the Fenton reaction to 

form hydroxyl radicals, which can induce lipid peroxidation. Alternatively the 

released iron can stimulate the breakdown of lipid hydroperoxides to alkoxyl 

and peroxyl radicals. These radicals can abstract hydrogen atoms from 

adjacent polyunsaturated fatty acids (PUFA), and so promote the lipid 

peroxidation chain reaction. There is also evidence suggesting that isolated 

heme groups are capable of promoting lipid peroxidation (Halliwell and 

Gutteridge, i 989). MPO and HRP may be able to promote lipid peroxidation in 

a manner analogous or similar to one of these mechanisms. 
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Another possible mechanism involves the peroxidase cycle of the two enzymes. 

Both enzymes are able to oxidise various substrates using their peroxidase 

activity. The native or resting state of the enzymes (Fe3+) reacts with hydrogen 

peroxide to form compound I. Compound I removes an electron from the 

substrate thereby generating a substrate-radical and the compound IT form of 

the enzyme. Compound IT is also able to oxidise a substrate by removing an 

electron. This allows regeneration of the native state of the enzyme. Thus, it is 

quite possible that MPO and HRP can catalyse lipid peroxidation directly by 

using a PUFA as a substrate in their peroxidase cycle. This would cause the 

formation of a carbon-centered lipid radical and thereby initiate the lipid 

peroxidation chain reaction. Or possibly the enzyme may .react via its 

peroxidase cycle, with a lipid hydroperoxide. The lipid hydroperoxide would be 
. . . 

converted to a peroxyl radical with the removal of a hydrogen atom. The 

peroxyl radical could then act to promote the lipid peroxidation chain reaction by 

abstracting hydrogen from neighbouring lipid molecules. 

Previous studies with MPO have suggested that peroxidation of PUFA's by 

MPO is due to the enzymes ability to generate hypochlorous acid 

(Stelmaszynska et al., 1992; Evinga et al., 1992; Panasenka et al., 1994). A 

number of these studies have shown that peroxidation does not occur in the 

absence of chloride (Evinga et al., 1992; Panasenko et al., 1994). This would 

provide a further mechanism by which MPO could induce lipid peroxidation. 

6.2 Interpretation of Results. 

In this stUdy, I have demonstrated that HRP and MPO induce lipid peroxidation. 

I have also used the MPO model system to establish that the addition of 

chloride and L-Tyrosine to my model system, enhances the rate at which 

initiation occurs. 
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The initial experiments established that peroxidase induced lipid peroxidation of 

the linoleic acid micelles (LAM) was occurring. Lipid peroxidation was observed 

as a measure of conjugated diene formation at 234 nm and as a measure of 

lipid hydroperoxide formation at 560 nm. Because the substrate was linoleic 

acid, and the only other incubation components were the enzymes, there was 

unlikely to be any problems with contaminating conjugated diene double bonds 

absorbing UV light at 234 nm. From this I concluded that a basic MPO induced 

model system for linoleic acid micelle peroxidation was working and that it could 

be measured by two independent assays. 

The addition of potassium cyanide (KCN) resulted in depreased lipid 

peroxidation in both model systems. Upon the addition of 100 mM KCN for 

HRP and 10 mM KCN for MPO,total inhibition was observed. As HRP and 

MPO are heme proteins, this further implicates them in the initiation of lipid 

peroxidation as KCN inhibits heme proteins. 

Because of the close mechanistic resemblance of the peroxidase enzymes, 

HRP and MPO (Figures 3.1 and 1.3 respectively), it may be assumed they 

induce lipid peroxidation by a similar mechanism. 

There are two possible mechanisms explaining peroxidase induced lipid 

peroxidation via the degradation of the heme ring and subsequent release of 

iron (Halliwell and Gutteridge, 1989). They occur in the presence of equimolar 

or excess concentrations of hydrogen peroxide (H202). Pullar (1995) found that 

peroxidase induced lipid peroxidation was unlikely to be due to the effects of 

free iron released from the protein because the metal chelators EDTA and 

DTPA had little effect on the level of conjugated diene formation. This study 

also used these metal chelators in the peroxidase induced LAM peroxidation 

model systems. The absence or presence of H202 to the rates of lipid 

peroxidation (Figure 5.4), as with catalase (figure 5.5), had no effect in my MPO 

model system. Therefore the reaction conditions of my model system suggest 

that peroxidase initiated LAM peroxidation is not due to the H202 mediated 

release of heme iron from the protein. 
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Previous studies with MPO have suggested that lipid peroxidation is due to the 

enzymes ability to generate hypochlorous acid (HOCI) via its halogenation 

activity (Evinga et al., 1992; Panasenko et al., 1994; Stelmaszynska et al., 

1992). HRP lacks halogenation activity despite its mechanistic resemblance to 

MPO, yet in the absence or presence of chloride (Cr) it induces LAM 

peroxidation with little effect on levels of conjugated dienes formed. This 

suggested that MPO could induce LAM peroxidation in the absence of cr. 
MPO does induce lipid peroxidation in the absence of chloride which suggests it 

is due to a mechanism other than HOCI mediated oxidation .. These results 

directly conflict a number of previous studies which implicate HOCI in MPO 

initiated lipid peroxidation and suggests that peroxidation of IipiQs by MPO is 

unable to occur in the absence of chloride (Evinga et al., 1992; Panasenko et 

el., 1994). 

The ability of MPO to generate HOCI, which was shown to alter the apoS 

construct of LDL (Hazell and Stocker, 1993; Hazell et al., 1994), induces lipid 

peroxidation. The enhancement of lipid peroxidation was seen in the presence 

of chloride (Figures 5.6). This was due to the halogenation activity of MPO 

producing HOCI, which increased the rate of lipid peroxidation. With the 

addition of L-Methionine, a scavenger of HOCI, a decreased rate of lipid 

peroxidation was seen (Figure 5.9). This further supports evidence that chloride 

is not essential for MPO induced lipid peroxidation but serves to enhance the 

rate at which it occurs when present. 

Savenkova et al. (1994) has suggested that L-Tyrosine is modified by MPO to a 

tyrosyl radical, which itself initiates lipid peroxidation of the LDL molecule. The 

addition of L-Tyrosine to the model system also saw an increase in the rate of 

lipid peroxidation (Figure 5.10). This provides further evidence that tyrosyl 

radicals can aid in stimulating the rate at which lipid peroxidation but are not 

necessary for initiation. 
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6.3 Implications. 

Myeloperoxidase (MPO) does initiate lipid peroxidation of linoleic acid. It is a 

possible mechanism for oxidising LDL in vivo. LDL must be oxidised to be 

taken up by macrophages, which then form foam cells and consequently the 

development of atherosclerosis. Significantly, MPO has been found in 

atherosclerotic lesions. MPO induced lipid peroxidation can also occur in the 

absence or presence of hydrogen peroxide and physiological chloride 

concentration. These factors suggest that further studies are needed to 

investigate whether this mechanism of lipid peroxidation is physiologically 

relevant. In particular, LDL peroxidation could be investigated further, and also 

the effects of the LDL antioxidants on this mechanism. 
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