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ABSTRACT

Proteins are susceptible to oxidation by reactky@en species, where the type of
damage induced is characteristic of the denatwregies. The induction of protein carbonyls is
a widely applied biomarker, arising from primaryiadetive insult. However, when applied to
complex biological and pathological conditionsahde subject to interference from lipid,
carbohydrate and DNA oxidation products.

More recently, interest has focused on the anatfsspecific protein bound oxidised
amino acids. Of the 22 amino acids, aromatic ammghydryl containing residues have been
regarded as being particularly susceptible to dridanodification, with L-DOPA from tyrosine,
ortho-tyrosine from phenylalanine; sulphoxides drsailphides from methionine and cysteine
respectively; and kynurenines from tryptophan. iyt the identification of valine and leucine
hydroxides, reduced from hydroperoxide intermedigtas been described and applied.

In order to examine the nature of oxidative danmageprotective efficacy of antioxidants
the markers must be thoroughly evaluated for dasyne vitro following damage by specific
radical species. Antioxidant protection againsirfation of the biomarker should be
demonstratedh vitro. Quantification of biomarkers in proteins from mai subjects should be
within the limits of detection of any analyticalgmedure. Further to this, the techniques for
isolation and hydrolysis of specific proteins slitbdémonstrate that vitro oxidation is
minimised. There is a need for the developmestaridards for quality assurance material to
standardise procedures between laboratories.

At present, antioxidant effects on protein oxidaiiovivo are limited, and include animal
studies, where dietary antioxidants have been tegpdo reduce dityrosine formation during rat
exercise training. Two studies on humans have beggorted this year. The further application of
these methods to human studies is indicated, vthergquality of the determinations will be

enhanced through inter-laboratory validation.



INTRODUCTION

Proteins constitute more than 50% of the dry weidluells, and as such can be
considered important targets for the effects oflising species. The rate of reaction of amino
acids with radiolytically generatedH, is of the same order of magnitude as PUFA aNé D
bases [1], indicating that proximity to site of dant generation and the presence of bound metal
ions are the major determinants of intracellulagets for oxidation.

The earliest work on the oxidation of a biologigathportant protein was on the effects
of selected radicals generated by radiolysis orettayme, lysozyme [2]. Both the thiocyanate
radical (a selective modifier of tryptophan) a@H were found to inactivate the enzyme,
implying that tryptophan residues are essentiabfological activity, now well established from
classical enzymology. Similarly, far-1-antitrypsin, it was found that modification ofmgle
methionine residue at position 358 rendered theepranactive [3]. Subsequent hydrolysis and
amino acid analysis revealed the presence of metiesulphoxide. This was one of the first
pieces of evidence linking amino acid oxidatiordématuration of proteins and loss of function.

The process of protein oxidation frequently introelsinew functional groups, such as
hydroxyls and carbonyl, which contribute to altefedction and turnover. Improved
characterisation of the effects of protein oxidatias identified a spectrum of secondary effects
including fragmentation, crosslinking and unfoldimdhich may accelerate or hinder proteolytic
and proteasome-mediated turnover, according tedlerity of oxidative damage [4].

The effects of reactive oxygen species are notyswlaleterious; collagenase can be
released from its latent form following oxidation bypochlorous acid, and also by a metal ion
dependent product of O[5,6]. Furthermore, the DNA binding of the tranption factor, AP-1,
is modulated via intracellular redox status; thetuction of a single cystine in the DNA binding
domain is necessary for the binding of the AP-Eiwatimer [7]. Many modified amino acids
have the capacity to exert distant effects, awamfthe initial site of oxidative attack, and as
such, are likely to play an important role in sigimansduction processes. The differential
induction of MAP-kinases elicited in epithelial Iseby peroxynitrite is associated with
nitrotyrosine formation, where selenium supplemgoeattenuated both formation of the

nitrated protein and signalling [8].



As the role of ROS as intracellular signalling nwolles becomes further elucidated, the
importance of oxidised protein moieties as effectrthese pathways can be characterised. The
stability of certain oxidised proteins may convegmory in the cells of previous oxidative
attack, thereby facilitating a more rapid respawstirther oxidative insult. From our increasing
power to resolve and characterise oxidised prat@irsssociation with significant advances in

cell biology the importance of protein oxidationMaegin to be realised.

PROTEIN OXIDATION IN PATHOLOGY

Within the literature, there are many publisherepof the presence of elevated protein
oxidation products in the “ageing-related” disea3é®se include; (1) cataractogenesis, where
the opacity of the lens may be due to UV oxidisgdtbphan residue accumulation within lens
crystallin proteins[9]. These proteins are remolbgdeticulocytic processes and proteosomes;
(2) Atherosclerosis, where oxidation of the apgbifmiein B moiety on LDL alters receptor
recognition[10]. The resultant non-regulated pdth@L_ uptake is implicated in foam cell
formation;

(3) Diabetes, where elevated plasma glucose lewvelbelieved to contribute to protein bound
glucose derived oxidising species[11]. These mayripertant in basement membrane damage to
proteins such as collagen, thereby contributindjabetic complications;

(4) Rheumatoid arthritis, where oxidative modifioatto IgG has been suggested to lead to a
self-perpetuating inflammatory lesion within théeated joint[12]; and

(5) Neurodegenerative diseases, such as Alzheimiseésse, where altered amyloid precursor
protein processing result in a peptide capablesoeating oxidants, and elevated levels of
oxidised protein are reported[13].

Each pathology differs in both the source of csiitty species and the target protein,
indicating the random nature of radical attack,eyoed only by protein size and concentration in
the local region of oxidative stress.

An observable increase in reported levels of bitera of protein oxidation may arise
from either enhanced oxidative stress and/or deerkantioxidant status. Many studies have
undertaken analysis of antioxidant capacity inakge These are summarised in Table 1. This
evidence lends credence to the hypothesis thabaaint insufficiency may accelerate the onset

ageing-related diseases. Whilst clinical and epidimical studies have indicated that



antioxidant nutrients may be effective in diseas@agement, the analysis of their capacity to
reducen vivo oxidative damage has barely been touched [14.€Btablishment of appropriate

biomarkers of protein oxidation will aid analysisamtioxidant efficacyn vivo.

BIOLOGICAL SOURCES OF OXIDANT STRESS RELEVANT TO RREIN OXIDATION

The superoxide anion radical is considered thagmy oxygen radical species formed
from a single electron reduction of molecular oxyga physiological and pathophysiological
systems it can be generated from a variety of iffesources. The energy emitted by UV light is
insufficient to cause photolysis of water. Rath&f tdediates its oxidative damage through direct
excitation of susceptible amino acids, such agapfpan, in the presence of molecular oxygen.
Subsequent charge transfer to dissolved oxygdmeiadqueous environment results in elevated
H,O, concentrations in the immediate environment ofpitcgein.

The mitochondrial respiratory chain carries pairseducing equivalents to molecular
oxygen, however, leakage of single electrons oc¢eungh is accentuated during physiological
stress and increases during ageing [33]. Mitocharate implicated in generation of oxidative
stress within ageing neurones [34].

The initial bactericidal defence launched agaiostign material and invading pathogens
is the respiratory burst. First identified in polyrphs but now widely reported in other cell types,
a membrane bound NADPH oxidase catalyses the ptioduaf O, from molecular oxygen, at
the expense of NADPH. Azurophilic granules withidIRs, enriched in myeloperoxidase,
catalyse the formation of hypochlorous acid frordriegen peroxide and chloride. Eosinophils
generate a related hypohalous acid from bromide F8NLs may generate up to 3@@ol
H,O, per minute at an inflammatory site, and have legicated in both the pathophysiology
of rheumatoid arthritis and atherosclerosis[10,\8hilst these species are not radigesse,
they are oxidising species, whose biological effean be limited by antioxidants and are
therefore worthy of study.

Protein bound glucose can undergo autoxidativeoglylation, whereby the autoxidation
of sugar via dicarbonyl residues generates supdeasdicals adjacent to the protein backbone.
Free sugars may also undergo autoxidation in teggmce of catalytic metal ions. Elevated

plasma concentrations of glucose in diabetes dievied to contribute to enhanced oxidative



stress through these processes although the eelatportance of the two pathways remains to be
elucidated [11].

The production of nitric oxide (NO) by endothelkéadd neuronal cells is determined by
the activity of distinct isoforms of nitric oxidgrsthase. The effects of NO in the nervous system
and within the vasculature are attenuated py Ohe product of this interaction, peroxynitrii,

a potent oxidising species [36].

Biologically important transition metal ions such@pper and iron redox cycle in the
presence of superoxide anion angDklto generate the short lived highly reactive hygtox
radical through Fenton Chemistry. The spectrumxadised products formed froeOH damage

is broad, and encompasses both aromatic and atigmino acid modifications [4].

CHEMISTRY OF AMINO ACID OXIDATION

Generally, those amino acids capable of delocglisivarge are more susceptible to
oxidant attack, such as amino acids containing aticrand sulphur side chains. However,
carbonyls are ubiquitous products of oxidationiaggrom many amino acids in addition to
sugars and lipids [37]. Both oxo-acids and aldebyate formed following oxidative attack,
having either the same number or one carbon atssitiean the original amino acid [38].

Any study of the formation of carbonyls in a physgcal system cannot differentiate
between those formed through addition of otheriged products (e.g. glucose, malondialdehyde
[39]) and protein oxidation itself, and thus shobkdconsidered as a broad marker of oxidation
[37]. Cao and Cutler have extensively investigdbeddetermination of protein carbonyls in
tissue, and conclude that the method of DNPH desathon is valid only for the study of
purified proteins [40].

In contrast, formation of hydroperoxides and hydtteg by the addition of hydroxyl
radical in the presence of oxygen, across thedidas of amino acids is relatively specific to
aliphatic amino acid side chains. Extensive charaztion of the three isomeric forms of valine
and leucine hydroxides has been undertaken by &u[41,42].

The postulated reactions mediating formation ofgro(Pr) hydroperoxides and
hydroxides following OH attack are shown in equations 1-6.

1. PrH+OH — R+ HO



2.Pr+0, — Pro®

3.ProG +e — Proo

4. PrOoO+H" —— PrOOH (hydroperoxide)

5.PrOOH+RH —  PrO+ H, O + R with possibility of further reaction
6. PrO + RH —— PrOH (hydroxide) +eRwith possibility of further reaction

Histidine is frequently involved in the co-ordirati of metal ions, and thus is a target for
metal catalysed oxidation [38]. Generation of 2{ugtidine is observed during in vitro LDL
oxidation, which is inhibitable by vitamin C [43].

The free thiol group of cysteine readily undergameersible oxidation to form a
disulphide, which can be “repaired “ in the pregeata thiol donor such as glutathione. Further
oxidation leads to an irreversible oxidation toteysacid [44].

The biological significance of methionine oxidatisrexemplified by the existence of a
specific repair enzyme present in many cell typgsthionine sulphoxide reductase. Repair of the
initial sulphur radical formed byOH attack, can also be achieveditro, through aqueous
antioxidants. Whilst methionine sulphoxide was ohthe first biologically relevant products of
oxidative attack, there is no simple analyticalggadure and hence it has not been widely
examined. In vitro studies of HDL oxidation havenfiomed the early formation of methionine
sulphoxide, and furthermore, this is protectedIppa@tocopherol [45].

The light energy emitted by UV radiation can bedily absorbed by tryptophan,
producing an excited intermediate. The radicallmadissipated though transfer to dissolved
oxygen (to yield @) by antioxidants or through charge transfer; tlevement of an unpaired
electron along a peptide or protein backbone tasaeptible amino acid of lower redox potential.

Thus, in any given protein, the target of attack mat be the ultimate site of damage. In
the absence of charge transfer or repair, tryptopimalergoes a ring opening followin@H
attack to yield predominantly N-formyl kynureninedskynurenine[46].

Tyrosine dimerisation has been proposed to cart&ito the aggregation of proteins
frequently observed on oxidation. However, sincggex and antioxidants rapidly repair the
phenoxyl radical intermediate, it is only likelylbe a significant product in metalloproteins,

where the intermediate is stabilised through chamgedox status of the associated transition



metal [47]. There are a number of reports demotiistyghe generation of protein bound L-
DOPA from tyrosine in a dose dependent fashiomfalhg e OH attack [48,49]. L-DOPA is a
relatively long-lived species which can confer r@dg activity in its environment. The
nucleophilic non-radical oxidant, HOCI, is partiatly reactive with tyrosine, inducing the
characteristic chlorotyrosine. A further ring adufit product of tyrosine, nitrotyrosine, is formed
from attack by nitrating species including nitridae, peroxynitrite and reactions between
hypochlorite and nitrogen containing species [rereie in 4].

Hydroxylation of phenylalanine is a typical reaatiof hydroxyl radicals, where the
resultant tyrosine is hydroxylated at the orth@rap or meta- position, and is therefore distinct
from native tyrosine.

It is evident from the body of evidence presentedt a “fingerprint” of the oxidising
species presein vivo, should be attainable by adopting a broad spectfusiomarkers. Several
groups have undertaken studies examining the megalof some of the protein oxidation
products described above, in disease, and theseiamarised in Table 3.

For an oxidised amino acid to be presented as kemaf biological oxidationn vivo, it
must meet several criteria. Firstly, the biomastsvuld be generated vitro in a dose dependent
manner following exposure to oxidative stress.dditon, it should be a stable product that is
not destroyed during sample processing.

Ideally, the formation of the biomarker should ltermuated in vitro by antioxidants. For
example, the myoglobin peroxyl radical can be soged effectively by ascorbate and vitamin E
[57]. However, Stadtman and Berlett [58] demonsttdhat Fenton chemistry induced amino
acid oxidation could not be protected by antioxtdamdicating a localised site-specific
generation of ROS, not available for scavenginthieybulk phase. Recent data from our
laboratory investigating the protective effect@anfioxidants C and E against formation of L-
DOPA and kynurenine induced by metal catalysedatiod of IgG have shown the effects of
ascorbate to be dose dependent (unpublished olisaes)a At concentrations of 1AM, both
antioxidants afforded protection against inducodh-DOPA by metal catalysed oxidation.
However, a significant induction of L-DOPA occurrecthe presence of ascorbic acid (3M)
either alone or in the presence of copper and lggar@eroxide. This suggests that ascorbate is

behaving as a pro-oxidant. However, ascorbate aidnauce formation of kynurenine, nor was



any significant protection against kynurenine fotioraafforded by either vitamin C or E
between 30 and 3Q®/1. This suggests that either the intermediate(shénpathway to the
formation of kynurenine are “caged” and inaccessiblprotective factors, or that the
intermediates have higher redox potentials tharsthgenging species.

Finally, the biomarker should be detectable in radrmpiasma within the limits of
detection of the assay, where the presence ofxildésed product can arise only from non-
enzymatic, oxidative processes. Normally, the mesmsant of oxidised amino acids within
protein backbones suffices, as modified amino aardsot incorporated into newly synthesised
proteins, whereas products such as L-DOPA may asseeely from enzymatic degradation of

tyrosine.

EFFECTS OF DIETARY ANTIOXIDANTS ON IN VIVO PROTEINDXIDATION

The use of protein biomarkers as indices of biclgrotection afforded by dietary
antioxidants is in its infancy. We have recentlynpdeted a study where, for the first time, a
protective effect against protein oxidation follogilong term supplementation with 400mg
vitamin C per day is observed [59]. In a dual phstady, 40 normal subjects initially received
400mg/day vitamin C for 15 weeks following a 5-wgadicebo period. This was followed by a
randomised double blind phase for a further 10 wekkmunoglobulin carbonyl content was
measured at five weekly intervals and vitamin Cpdeimentation was found to significantly
reduce the degree of oxidation after 10 weeks (@9Qwith an overall negative correlation
being observed between IgG carbonyl content anorlaate concentration (r=-0.1452,
p=0.0187). However, after five weeks supplementatim reduction in carbonyl content was
observed and a positive correlation was observegdesm ascorbate concentration and 1gG
carbonyl content (p=0.0275). These results areistamt with the hypothesis that dietary
antioxidants can modulate the extent of plasmaepraixidation. In a smaller study, where 5
subjects received weekly increasing doses of juige over 4 weeks to investigate quercetin
antioxidant activity, an increase in plasma le#l8-amino-adipic semialdehyde was observed
[60]. However, erythrocyte levels remained una#ddby dietary quercetin in fruit juice over the

duration of the study. Both of these studies in#i¢hat protein biomarkers are sensitive to
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antioxidant intervention, where dose and duratibsupplementation and protein target may

yield further information.

NON-ANTIOXIDANT EFFECTS OF ANTIOXIDANTS

The dietary vitamin C is well known for its Jarfase; behaving on the one hand as an
antioxidant, and on the other as a pro-oxidants hiais been demonstraieditro, where
ascorbic acid is an effector of oxidative damagesdyving as a reducing agent [61]. Similarly,
the formation of the alpha-tocopheryl radical hasrbsuggested to contribute to damaged
proteins within atherosclerotic plaques [53]. THeacy of an antioxidant in scavenging radical
intermediates is likely to depend on the absolotecentration of antioxidant at the site of stress
and the species of radical generated [62]. Su@tisfitan be more closely analysed through the

evaluation of several biomarkers within differendteins.

CURRENT ANALYTICAL PROCEDURES

The methodology applied to the measurement ofiploggcal protein oxidation varies
from immunodetection by ELISA or Western blot, taabtical HPLC, capillary electrophoresis
and GC-MS. Several antibodies are available fodttection of nitrated tyrosine and the
dinitrophenyl hydrazine carbonyl product. Theseehagen recently reviewed by the author [63].

The measurement of protein carbonyls has tradilypdapended on the derivatisation of
carbonyl groups by dintrophenylhydrazine, with spgzhotometric determination at 360nm of
the resultant phenylhydrazone. Partial charact&isaf the spectrum of oxidised proteins has
been achieved by gel filtration HPLC of the derisadl product. More recent analyses have
focused on the use of a monoclonal antibody raiséke hydrazone, with qualitative analysis by
Western blot [64]. We have developed an ELISA pdoce for quantitative analysis of carbonyl
content on specific proteins, which has identiieprotective effect of long term
supplementation with 400mg vitamin C per day [59,65

The determination of oxidised amino acids withiatpins requires an initial hydrolysis
step, to cleave the proteins of interest. The neetifdydrolysis is dependent on the endpoint
analysis; for example tryptophan and related mesedre destroyed by acid hydrolysis (Table 4).

The hydrolysis step is an area of concern withneetiathe possibility of artefactual

induction in vitro of oxidised amino acids. Stepsuld be undertaken to minimise oxidation,
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such as through the addition of mannitol. In additithe presence of lipids in plasma samples
can contribute to significant secondary modificatisuch that delipidation should be undertaken
in the early stages of sample preparation.

Protein hydroperoxides are degraded by eitherreatig or acid hydrolysis, and can only
be successfully measured in low MW plasma filtratdsere the quenching effect of larger
proteins is removed [42]. In addition, they areidgpbroken down in the presence of metal ions
[66]. Hydroperoxides can be effectively repairedabyioxidants in vitro, which makes them
attractive potential biomarkers. However, for teasons stated above it is not possible to detect
hydroperoxides by chemiluminescence within a quirgcénvironment. Instead, hydroperoxides
can be effectively reduced to hydroxides post-ekiwa, which are stable, long-lived
intermediates in protein oxidation. Subsequentysmabf hydroxides has largely been restricted
to measurement of leucine, valine and more recéméiynydrophilic surface amino acid, lysine
[41,67]. HPLC analysis requires a two step procedunitially samples are fractionated on an
amino column, followed by further chromatographyO#A derivatised products using a Zorbax
ODS column, with fluorescence detection.

Several groups have undertaken the measuremertdi$ed tryptophan metabolites over
the past ten years [52,53]. All have utilised reegoshased chromatography, eluting the oxidised
residues with increasing acetonitrile concentratiéloent is monitored with native UV
absorption and autofluorescence. Peak identitypkas confirmed by spiking with authentic
standard, UV and fluorescence spectra. Elevatedd@f N-formyl kynurenine have been
observed in cataractous lenses, IgG from patieittsriveumatoid arthritis and in LDL from
atherosclerosis patients [52,53,9].

Detection of the oxidised tyrosine moiety, L-DOR@&lJowing HPLC also relies on native
UV absorption (280nm) and autofluorescence (Ex28@m 320nm). The formation of o and m
tyrosine from phenylalanine can be observed uridesame analytical conditions. In contrast,
dityrosine is followed using longer wavelength flescence emission at 410nm. The debate as to
the physiological relevance of bityrosine, is setage with a number of contradictory reports in
the literature [13,68]. However, as alluded tohia previous section, the propensity to form bi-
tyrosine is likely to be dependent on the structiréhe protein under attack.

3-nitrotyrosine can be quantified by ELISA or HPLEIng either UV/fluorescence or

electrochemical detection [69]. The extra-virgiiveloil antioxidant, hydroxytyrosol inhibits in
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vitro generation of nitrotyrosine by peroxynitr[i€0]. However, Whiteman and Halliwell have
demonstrated the reduction of nitrotyrosine by lnglous acid, thus questioning the validity of
nitrotyrosine as a biomarker [71]. This possibifity destruction by other oxidants may account
for some of the ambiguities existing in the deteration of nitrotyrosine in atherosclerotic
plagues. The significance of tyrosine modificatias been extensively reviewed by Crow [72].

Based on these criteria, and the observationsejfuivocal elevation in disease,
the likely candidates are isolated protein carlb®(gtcepting that these may arise from
secondary processes), hydroxides, kynurenines, EA@rtho-tyrosine and chlorotyrosine,
whilst the validity of nitro-tyrosine has been quesed [71].

STANDARDISATION

There is a significant requirement for standatgsan the many protocols currently
adopted in different laboratories world-wide. Tb@ be provided through the preparation of a
guality assurance material containing the nativee@ndised amino acids of interest, of at least
10kDa, which can be isolated by acid precipitat®uach a material could be processed through
protein extraction procedures and used to confitmmal in vitro oxidation. In addition,
different protein hydrolysis methods must be exadijrio assess efficiency, yield and potential
for artefactual induction of oxidised residues. M&we demonstrated the stability of protein
carbonyls on storage for 3 months at °@0Furthermore, we and others [44,45,48] have
confirmed that the protein hydrolysis and extrat{wocedures used do not induce oxidative
damage by incorporating tyrosine and tryptopham ryidrolytic procedures. Such validations are
vital before analysis of large numbers of sampies supplementation trial, or indeed, in any
clinical study. There is also a need for appropriaternal standard material, which is not subject

to oxidative variation. Again, this may be addrelsgeough the quality assurance procedures.

CONCLUSION

Analysis of protein oxidation has finally comeaafe. Together with the advances in
proteomics, our understanding of the differentisceptibility of proteins to oxidative insult,
will be further enhanced. This paper has highligtitee advantages of adopting several

biomarkers for studyingn vivo oxidation of proteins and these methods should lbewarefully
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applied using quality assurance material, to cdleticstudies of antioxidant intake, to evaluate

the significance of dietary antioxidants in prevegtphysiological oxidative changes.
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TABLE 1; Antioxidant status in diseases associatiél increased protein oxidation
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Antioxidant

Cataractous lenses Atherosclerosis b&ies mellitus

Rheumatoid arthritié\lzheimer’s disease

Ascorbic acid

Alpha — tocopherol

Glutathione and

related enzymes

Catalase

Superoxide

dismutase

Mild cataract have Reduction in plasmaReduced plasma
88umol/100mg vitamin C vitamin C in
tissue compared to hypertensives with diabetes [reviewed
Advanced cataracts elevated LDL in 25].

— 5Qumol/100g [15] oxidation [20]

4.4umol/kg lens Decrease in red cell

tissue compared  but not plasma

with 33umol/ml of ~ Vvitamin E [21]

plasma [16].

Reductions in GSH GSH peroxidase Significantly lower
and GSH synthetasereduced to 65% of GSH compared to
[17,18]. normals. Loss of  controls [26]

Increase in GSSG GSH reductase
[18]. activity [22].

No loss of catalase Reduction in
[19] neutrophil catalase

in hyperlipo-

proteinemics [23]

Loss of SOD with  MnSOD reduced to SOD increased [27]

increasing opacity 25% of control [24]
of lens [19]. CuZn not affected

Loss of ascorbate,

majority of plasma

ascorbate found as
dehydroascorbate

[28]

Low levels in

synovial fluid [29]

Low activity in
synovial fluid and
plasma [29,30]

Significantly
reduced in AD brain
p<0.001 [31]

Significantly
reduced in AD brain
p<0.01 [31]

Pathogenesis




TABLE 2; Biologically important redox couples.

Redox couple Bv
RS H'/RSH 1.0
Trpe H/ Trp 0.98

Tyro H/ TyrOH 0.65
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TABLE 3; The presence of potential biomarkers aftgin oxidation in disease

Potential biomarker of proteir) Evidence for accumulation in disease Selectederbtms
oxidation
Carbonyls Ageing, Werner’'s syndrome 50
Diabetes (eye) 51
Hydroxides Leucine (2) OH in cataractous lens 41
Valine (1) OH and Leucine (2) OH in
atherosclerotic plaques 48
N-formyl kynurenine and Rheumatoid arthritis 52
kynurenine LDL from atherosclerosis 53
Dityrosine Aged brain 13
Atherosclerotic plaque 48
L-DOPA Atherosclerotic plague 48
Cataract 49
O and M tyrosine Atherosclerotic plaque 48
Nitro-tyrosine Colon cancer 54
Coeliac disease 55
Chloro-tyrosine LDL from atherosclerotic intima 56

TABLE 4; Hydrolysis of proteins for amino acid aysik

Hydrolysis Procedure

Analyte

Gas phase hydrolysis; 5% mercaptoacetic a

1% w/v phenol in 6M HCI

cideucine and valine hydroxide [41]

Pronase E, 24 hours

Tryptophan metabolites [52,53]




