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Abstract

Objectives: This study aimed to explore the effect of exogenous free radicals and ultraviolet
C (UVC) radiation on the protein and peptides of cytoskeleton membranes isolated from
human red blood cells

Methods: Cytoskeleton membranes protein of human red blood cells were isolated and
incubated with different concentrations of exogenous free radicals notably peroxynitrite
(ONOQO"), hydrogen peroxide (H,0,) or hydrochlorate (HOCI) for 5 minutes. In another series
of experiments, the cytoskeleton membranes protein were subjected to UVC radiation (A 254
nm) up to 30 minutes. The total protein was measured spectrophotometrically by Bradford
method and the peptides levels were also measured spectrophotometrically.

Results : All the exogenous free radicals completely destroyed the protein of cytoskeleton
membranes of human red cells and this effect is associated with increase peptides level in a
dose dependent manner with ONOO"™ (65.86-329.34 uM), H,O, (14.7-73.52 uM), but not with
HOCI (9.52-47.62 uM). Variable damaging effects of UVC radiation were observed on both
total protein and peptides. The effect of UVC radiation was not related to the exposure period.
Conclusions : Protein cytoskeleton membrane of human red cells is directly damaged by
exogenous free radicals and while the effect of UVC radiation is resulted from both direct

radiation effect, and indirect via releasing free radicals in aqueous solution.
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Introduction

The topography of red cell membrane is regulated by several proteins including spectrin,
actin, ankyrin, band 4.1, band 4.9, tropomyosin and others which are arranged in network 1
Any alteration in these structural proteins led to loss the function of red cells particularly the
deformability, which is needed for the passages of red cells in small blood vessels 21 Free
radicals resulted from several health problems play a role in destruction the cytoskeleton of
red cell but not any antioxidant can protect the cell membrane from such damage. Quercetin,
but not other polyphenols enhances the resistance of membrane to destruction by free radicals
and this effect of quercetin is not directly mediated through antioxidative "*!. Recently,
Sénchez-Gallego et al (2010) found that cholesterol depletion reduced the protection provided
by both antioxidants against erythrophagocytosis and hemolysis, which is in accordance with
the lower degree of preservation against lipid peroxidation observed in oxidized cholesterol-
depleted erythrocytes I On the other hand, protein or DNA photo-damage was observed
with ultraviolet-C irradiation ', partly due to the release of free radicals notably nitric oxide
161 Therefore, it is worth trial to utilize the red blood membrane ghosts which offer a good
model for studying protein damage "' . The objective of this study is to compare the effects of
UVC and exogenous free radicals related to different groups (peroxynitrite, hydrogen
peroxide and hypochlorate) on the cytoskeleton membrane protein of human red cells in an

attempt to understand, partly, the mechanism protein damage.

Materials And Methods

This study was conducted in Department of Physiology/Medical Physics, College of
Medicine, Al-Mustansiriya University in Baghdad, in cooperation with Department of
Physiology / Medical Physics, College of Medicine, Diyala University in Diyala, Iraq during
September 2010.
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Preparation Of Red Blood Cell Ghosts

Human blood was freshly obtained from healthy subjects and collected into ACD
anticoagulant (75 mM trisodium citrate, 42 mM citric acid, and 139 mM glucose). The
plasma was separated by centrifugation (4000rpm) for 5 minutes, then the remaining
leucocytes and blood platelets were removed by repeated washing with phosphate-buffered
saline. Erythrocytes ghosts were prepared by adding 25 volumes of lysis solution (10 mM
ethylenediaminetetraacetate disodium, 0.15M NH4CI, 0.1M NaHCOs). After After lysis, the
ghosts were sedimented at 4500 rpm g for 30 minutes and the pellet was washed in lysis

buffer until hemoglobin was eliminated **'.

Synthesis Of Peroxynitrite (ONOQO")
Peroxynitrite was synthesized as described by Whiteman and Halliwell (1996) 101 In brief; 1

volume cooled sodium nitrite (1M) was mixed with 1 volume cooled hydrogen peroxide (1M)
in dark room, then the reaction was quenched by adding 2 volume sodium hydroxide (1.5M).
The upper layer was collected and quantified spectrophotometrically at A302 nm wavelength
(e :1670M.cm'1) . The yield was 5.269 mM. The stock solution was diluted with 0.1N NaOH

when the desired concentration was prepared.

Preparation Of H,O, And HOCI
Hydrogen peroxide (6%, Emirates hydrogen peroxide, Private Clean LLC, UAE) and

hypochlorite (6.02%, Fas, Iraq) were obtained from local market and diluted with distilled
water when the desired concentration was prepared.

Exposure Of The Membrane Cytoskeleton To ONOO’, H,O,, HOCI

The yield of cytoskeleton membrane total protein was 160 pg/mL and the peptide
concentration was 19.35 pg/mL and they considered as stock samples.

The membrane cytoskeleton was incubated with ONOO™ (65.86 uM-329.34 uM), H,0, (14.7
uM-73.52 uM), and HOCI (9.52 uM-47.62 uM) for 5 minutes, then the sample was diluted
four times with 0.9% sodium chloride just prior to quantify the peptides
spectrophotometrically at A205 nm wavelength. Control sample of membrane cytoskeleton
not exposed to any of the above solutions was also included as a reference. Moreover, total

protein was quantified in each sample using Bradford assay method [,
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The concentration of peptide is calculated according to the following equation:

Absorbance at A205 nm = 31 (mL/cm.mg) x [concentration in mg/mL) x 1 cm.

And the concentration of total protein was calculated from the following equation:

The concentration of total protein in sample = ( Absorbance of sample/absorbance of standard

human albumin) x concentration of standard human albumin in pg/mL

Exposure Of The Membrane Cytoskeleton To Ultraviolet Radiation

Samples of aqueous solution of membrane cytoskeleton were subjected to the ultraviolet
radiation (UVC; A254 nm wavelength. A ImL of sample in 4 ml test tubes subjected to the
UVC radiation from above in closed box. The distance between the UVC lamp to the upper
surface of aqueous sample was 14 cm and the samples were subjected to UVC radiation for 5-
30 minutes. Control sample of membrane cytoskeleton not exposed to radiation was also
included as a reference. Then the peptides were quantified spectrophotometrically at A205 nm
wavelength. Moreover, total protein was quantified in each sample using Bradford assay

method "', The concentrations of peptides and total protein were calculated as above.

Results

The protein-damage induced by exogenous free radicals; ONOO", H,O,, and HOCI was
well observed. The pre exposure total protein that measured by Bradford method was
10pg/mL and completely destroyed by these free radical to be zero values after exposure. On
the other hand the effects of free radicals on the peptides were related to the nature and the
concentration of free radical as well as the pre-exposure peptides level. Fig. 1A shows that
peroxynitrite, in a concentration dependent manner, increased the peptides level and its effect
is augmented as the initial peptides level is decreased. The effect of HO, showed similar
pattern to that observed with peroxynitrite [Fig.1 B] and it seems to be more potent than
peroxynitrite. Peroxynitrite in a concentration of 329.34 pMol induced an increase of peptides
level from 3.628ug/mL to 35.16pg/mL while hydrogen peroxide in a concentration of
73.5uMol (i.e. about 4.5 times less than corresponding concentration of peroxynitrite)
increased the peptides level from 3.628ug/mL to 30.064 ng/dL. Fig. 1C shows that the pattern

of hypochlorate effect is differed from those peroxynitrite and hydrogen peroxide i.e. bimodal
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rather than concentration dependent manner. Also the effect of hypochlorate on the peptides
was inferior to that observed with peroxynitrite or hydrogen peroxide.

The effects of ultraviolet-C on the total protein and peptides were not identical to that
observed with exogenous free radicals (Fig.2 and Fig.3). The photo-damage effect on the total
protein was not related to the period of exposure as shown in Fig. 2. Moreover, the effect of
ultraviolet-C on peptides was the net of combined effects; the first increase peptides level as a
result of protein destruction as observed in samples exposed to 5, 15 and 30 minutes and the
second effect reduction of peptides level as a result of direct damaging effect of UVC on

peptides in samples exposed to 10, 20 and 25 minutes.

Discussion

The results reported herein revealed that the effect of ultraviolet radiation is differed from
that observed with exogenous free radical and its damaging effect is extended beyond the
protein photo-damage to peptides degradation.

Previous studies showed that peroxynitrite at physiological pH can be protonated and
decomposed to an intermediate with reactivity similar to that of hydroxyl radical and nitrogen

11231 and it interacts with cellular proteinm] . The results of this study indicated that

dioxide
peroxynitrite selectively damaged the cytoskeleton protein and released the intermediate
substances i.e. peptides which increased in a peroxynitrite concentration dependent manner.
These results are in agreement with Di Mascio et al (2000) who found that the cytoskeleton
membrane protein of red cells, particularly spectrins, is sensitive to the peroxynitrite 51 Asa
result of protein oxidation with hydrogen peroxide, the cytoskeleton membrane protein is
damaged and its intermediate substances including peptides are released 161" And this
explained the higher peptides concentration that is observed when the cytoskeleton membrane
protein incubated with hydrogen peroxide. The results reported with hypochlorate are similar
to that obtained with peroxynitrite and hydrogen peroxide. Recently Wasim Khan et al
(2010) reported that HOCI significantly damage the antiprotolytic activity of macroglobulin
7] Therefore, the differences in the concentration of peptides release as a result of protein
degradation is related to the selective action of the free radicals on the protein sites.

In vitro aqueous solution, UV radiation exerts its direct and indirect effects via generation

of free radicals whether reactive oxygen or reactive nitrogen species depending on the
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constituents of that solution '®

. In this study the photo-damaging effect of UVC against total
protein and peptides is not related solely to the generation of free radicals and the possibility
of direct damaging effect should be considered. As early as 1998, Menter et al found that
UVC (0-2.6 x 10* J/m?) generated reactive oxygen species is likely to be present in sufficient

[19]

concentration to cause collagen damage . Accordingly, the use of free radical scavengers

or antioxidants as protective agents in sunscreen can obviated the indirect effect of ultraviolet

t 12921221 1t concludes that the protein cytoskeleton

radiation but not the direct effec
membrane of human red cells is easily damaged by different sources of free radicals and the
effect of UVC radiation is resulted from both direct protein and its intermediates damage, and

indirect via releasing free radicals in aqueous solution.
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Figure 1. Shows the effect of peroxynitrite (ONOO-) [A], hydrogen peroxide (H202) [B] and
perchlorate (HOCI) [C] on the cytoskeleton membrane protein of human red blood cells.
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Figure 2. Concentration of total protein (ug/mL) after variable periods of UVC
exposure
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Figure 3. Concentration of peptides (ug/mL) after variable periods of UVC exposure
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