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Abstract — Regularities of the peroxide fragmantation of human serum albumin, initiated by an iron(ll) salt
and hydrogen peroxide, are considered. A chain mechanism is proposed for this process, leading to generation
of carbonyl fragments of the protein molecule.

Whereas protein peroxidation processes at variousllowed by aggregation of the resulting species.
pathological states [H10] and effects of chemical
substances on living bodies [215] have been widely
studied, no serious systematic attempts to characteri
the fragmentation of the polypeptide chain as such an
to propose a mechanism of this reaction have bee
undertaken.

The process can be chemically initiated by a mix-
re of hydrogen peroxide with copper(l) and iron(ll)
Its, organic peroxides capable of homolytic cleavage,
ixtures of organic hydroperoxides with copper(l)
nd iron(ll) salts, a mixture of nitrite ion with hydro-
gen peroxide or organic hydroperoxides, mixtures of
Initiated protein peroxidation can arbitrary bevarious thiols with hydrogen peroxide, and some other
divided into two steps: generation of the main speciesompositions. The most frequently used initiator is a
initiating damage of the polypeptide chainOH); mixture of iron(ll) salts with hydrogen peroxide,
attack of the OH radical on the polypeptide chain andwhich has become a classical system -24j.
development of the process in two directions: cle-
avage of the polypeptide chain (fragmentation) amfln
generation of smaller fragments containing carbonyl
groups {it is these carbonyl fragments which are We suggest that the most vulnerable fragment of
determined in medical and biological practice as théhe polypeptide chain is an-methine group of the
products of peroxide protein damage (as adducts withrotein molecule, which is in the periphery of the
2,4-dinitrophenylhydrazine [149]}; formation of protein helix [2527]. The most probable initial
RO radicals from hydroxyamino acids (primarily fragmentation steps are represented below
tyrosine) and of RSradicals from thioamino acids, [schemes (1)(3)].

It the present work we made an attempt to examine
detail the fragmentation of the polypeptide chain.
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Regeneration of the CR- radical and hydroper- fate of the resulting hydroperoxide. The latter can
oxide formation are the most probable steps of thisindergo homolytic cleavage [reaction (4)] followed
process. by decomposition of the hydroxyl radical by reactions

(5) and (6) and generation of carbonyl fragments
Particular attention should further be paid to thewhich are final products of the peroxidation process.
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However, the hydroxyl radical can also actively The hydroxy derivatives thus formed can decom-

react with the native protein [scheme (7)]. pose to give carbonyl fragments [scheme (8)].
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It should be noted that the most probable infragments of the protein molecule, such aS—,
agueous medium in a nucleophilic attack on the result-O™—, and -NH-CR-CO'.
ing peroxide [scheme (9)].

The resulting hydroxyl radical and alkoxide anion
The role of nucleophiles can be played by ionizedare unstable and can decompose to give carbonyl
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compounds, as described above. iron(ll) salt initiation of protein peroxidation, the
probability of heterolytic cleavage of the hydroper-
In the case of the classical hydrogen peroxide oxide formed is especially high [scheme (10)].
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Thus, in view of the aforesaid, peroxide protein

. . . : 12r

fragmentation can be considered as a radical chain

process. Therewith, the question of the stage of chain 10k .e

termination remains open. It can be proposed that .

chain termination is effected by recombination of  — gt

hydroxyl radicals, but this is questionable. g R
Another possible way to chain termination is re- = 6r 5

combination of two hydroxyl radicals or of one 4L %

hydroxyl radical and the primary polypeptide radical.

Such reactions give rise to protein aggregates. This is oL

not inconsistent with published data, since it is well

known that peroxide protein damage is accompanied . ! . ! ! . |

0.001 0.0020.0030.004 0.005 0.006 0.007
(C|)1/2 M1/2

by aggregation processes [A].

To elucidate the mechanism of chain termination,

one should find out relation between the accumulation  ,antity of carbonyl protein fragments determined as

of peroxidation products and the protein concentration.

We found that the intensity of initiated peroxide
damage of human serum albumih) {s proportional
to the square root of the protein concentration (see
figure).

In terms of the classical theory of chain processe
with chain initiation by reaction (11), the dependenc
of the accumulation of carbonyl compounds on the

2,4-dinitrophenylhydrazoneg,(, uM) vs. square root of

albumin concentration c{, Ml/z). Aqueous phosphate
2

buffer, pH 7.4,y o, 4.21x 1072 M, cpez+ 1.84x 1074 M,

Calbumin 3.85-34.62 },LM.

18), where stage (11) is chain initiation, stages {12)
'L7) are chain propagation, and stage (18) is chain
ermination.

albumin concentration (see figure) can be related to As seen from the schemes, the limiting stage of the
chain unbranched processes with cross chain terminperoxide damage does not involve two or more
ion. This process can be described by schemes-(12¢harged species. This is indirectly supported by the
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experimental data which show that in a phosphatdependent of the pH of the medium (in the range
buffer (pH 7.4) and in physiological solution the 5.8-8.0).
intensities of peroxidation are similar, whereas the
ionic strengths of the solutions are different: 0.52 and By the theory of chain processes, the ratef a
0.17 M, respectively [32]. process with cross chain termination is determined
by expressions (19) and (20) [E37]:
Furthermore, the reaction involves no protolytically

active species, which agrees with the fact that the v = a(vp)?, (19)
intensity of accumuation of the reaction products
determined as 2,4-dinitrophenylhydrazonésis in- Vo = KiChy0,Cre* (20)
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Here v is the reaction ratey, is the initiation rate,
ais the proportionality coefficient, arkj is the initia-

tion rate constant. 1.

The ratev is proportional to the square root of

the concentrations of reactants that react with radicals?:

participating in chain termination. In this case, with
the limiting stages (13) and (16), the most probable is

expression (21): 3.

1) 4

v = b(c co) .

Here b is the proportionality coefficient. The oc-

currence of such dependence with albumin we con-5-

firmed experimentally (see figure). Elucidation of the
relation between the intensity of the process and the

concentration of oxygen is an intricate problem, since 6.

the latter concentration is difficult to maintain
constant and to measure. 7

EXPERIMENTAL

A phosphate buffer (pH 7.4) was added to a freshly

prepared 1% solution of freeze-dried human serum®

albumin in twice distilled water so that the volume

of the solution was 0.8 ml, after which a fresly 10.

prepared mixture of 0.1 ml of 0.06 % aqueous iron(ll)

sulfate and 0.06% aqueous EDTA (1:1) and 0.1 ml of.1.

15% hydrogen peroxide was added. Incubation was
performed on a water bath at € for 15 min.

The process of albumin peroxide oxidation was

terminated with 1 ml of 20% trichloroacetic acid. The 13.

mixture was treated with 1 ml of a 0.2% solution of
2,4-dinitrophenylhydrazine in 2 N HCI to convert the
resulting carbonyl fragments to the colored 2,4-dinitro-

phenylhydrazones. The reaction mixture was left ta4.

stand at room temperature for 1 h.

The precipitate that formed was separated by centri->-

fugation (15 min at 3000 rpm), treated with 3 ml of a

freshly prepared mixture of ethanol and ethyl acetate6.

(1:1, by volume) to remove excess 2,4-dinitrophenyl-

hydrazine, separated by centrifugation (15 min af7

3000 rpm), and dried. The dry precipitate was treated
with 5 ml of 8 M aqueous urea, and the mixture, after.
addition of 12 drops of 2 N HCI (for better dissolu-
tion), was heated on a water bath at’G7until the
precipitate dissolved completely.

The intensity of the polypeptide chain damage was
followed spectrophotometrically on an SF-46 specrto-

photometer at a wavelength of 363 nm by the acyq

cumulation of colored hydrazones.

The concentrations of the hydrazones were estil.

mated with an extinction coefficiene of 2.2x
10" I moltcm? [18].

8.

12.

19.

22.
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