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Negativni stranky pusobeni ROS a RNS

Poskozovani struktury proteint
— fragmentace, cross-linking, hydroxylace, nitrace a nebo oxidace aminokyselin

Poskozovani struktury DNA a RNA

— oxida¢ni poSkozeni bazi, hydrolyza Fetézcl, zmény struktury, ovlivnéni
biologické aktivity

Poskozovani struktury lipidu

Programovana smrt bunky - apoptosa
— vliv volnych radikald na indukci apoptosy



Poskozovani struktury proteinit ROS a RNS — poskozeni polypeptidového retézce
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Fig, 1. Free radical-mediated oxidation of the protein polypeptide
backbone

Lit.: Stadtmann E.R. et al. Amino Acids 25, 207-218 (2003).



Poskozovani struktury proteinit ROS a RNS — poskozeni polypeptidového retézce

Oxidative cleavage of the polypeptide chain
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Lit.: Stadtmann E.R. et al. Amino Acids 25, 207-218 (2003).



Poskozovani struktury proteind ROS a RNS —
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Lit.: Stadtmann E.R. et al. Amino Acids 25, 207-218 (2003).

poskozeni polypeptidového retezce
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Poskozovani struktury proteinit ROS a RNS — poskozeni polypeptidového retézce
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Lit.: Stadtmann E.R. et al. Amino Acids 25, 207-218 (2003).



Poskozovani struktury protein ROS a RNS — poSkozeni postrannich retézcu
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Fig. |. Structures of methionine and its oxidation products.
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Lit.: Stadtmann E.R. et al. Amino Acids 25, 207-218 (2003); Vogt W. Free Radic. Biol. Med. 18(1), 93-105 (1995).



Poskozovani struktury protein ROS a RNS — vytvareni proteinovych karbonylu,
Amadoriho produkty
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Lit.: Stadtmann E.R. et al. Amino Acids 25, 207-218 (2003).



Poskozovani struktury protein ROS a RNS — oxidace aromatickych postrannich retézcu
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Poskozovani struktury proteinit ROS a RNS — cross-links
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Poskozovani struktury proteinit ROS a RNS — dalsi reakce

Methionineg + HOCT —= Mey(0) + HCI

Tyrogine + HOC] —2 J-chlorotyrasine + HCI
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RCH,NH, + HOC! —> RCHO + MH, +HCL
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Lit.: Stadtmann E.R. et al. Amino Acids 25, 207-218 (2003).



Markery poSkozeni proteint

Product

Physiological levels

Pathological levels

Source

Dopa

o and mtyrosine

MN-Formylkynurenine; kynurenine
Dityrosine

Dimers of hydroxylated
aromatic amino acids

2-0xohistidine

85 pmai/mg of LDL protein
{6/10000 tyrosines)

62 and 35 pmol/mg of LDL protein
(5 and 3/10000 phenylalanines)
respectively

510000 phenylalanines
in human lenses of any age

ND

0.2 pmol/mg of LDL protein
{0.02/10000 tyrosines)

0.01/10000 tyrosines in human
lens proteins from young people

ND

NE

Lit.: Dean R.T. et al. Biochem. J. 324, 1-18 (1997).

410 pmol/mg of protein {14/10000 tyrosines)
in advanced human atherosclerotic plaques

105 and 175 pmel/mg of protein
(3.5 and 6/10000 phenylalanines)
respectively in plagues

Mo increase in atherosclerotic aorta samples
compared with normal

Unchanged with age

ND

150 pmol/mq of protein (5/10000 tyrosines)
in plagues
10-fold elevated in acrtic lesions in comparison
with normal aortic samples; 0.03/10000
tyrosines in lens proteins from old people

ND

ND

Unpublished work

Unpublished work

[310]

[242]

Unpublished work

[310]

[247]



Hydro(pera)xyleucing
Hydro(pero)xyvalines

3-Chlorotyrosing
3-Nitrotyrosing

p-Hydroxyphenylacetaldehyde
Aminomalonic acid

S-Hydroxy-2-aminovaleric acid
Protein carbonyls

* Below UV-HPLC detection limit.

Markery poSkozeni proteint

f-Hydraxyleucine 2: 5 pmol/mg of
LDL protein (0.1/10000 leucines)

J-Hydroxyvaling 1: 5 pmol/mg of
LOL protein (0.1/10000 valines)

Normal aorta: 0.8/10000 tyrosines
< 10 pmol/mg of LDL prolein

{ = 1/10000 tyrosines)

ND

0.040.3/1000 total amino acids
in two E colf strains

0.15 nmol/mg of protein in 100000 g
supernatants of young mouse livers

~ 1 nmol/mg of protein in many
physiological tissue samples

A-Hydroxyleucing 2: 20 pmal/mg of
protein (0.2/10000 leucines)

f-Hydroxyvaline 1: 10 pmol/mg of protein
(0.1/10000 valines) in plagues

Atherosclerotic aorta: 4.2/10000 tyrosines
< 10 pmal/mg of protein

{ < 0.3/10000 tyrosines) in plagues
100-fold elevated in aortic lesion LDL
compared with normal plasma LDL

ND

0.2/1000 glycines in post-mortem
human plague

Unchanged in old mouse livers;
elevated by hyperoxic exposure

= B nmol/mg of protein in
diseased brain samples

Unpublished work
Unpublished work
[310]

Unpubfished
wark”

[310]

[311]

[312]

[190,191]

Lit.: Dean R.T. et al. Biochem. J. 324, 1-18 (1997).



Poskozovani struktury DNA — soucasti DNA a RNA
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Poskozovani struktury DNA — obvykla mista ataku volnych radikalti




Poskozovani struktury DNA — reakce hydroxylového radikalu s pyrimidiny
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Lit.: von Sonntag C. (1987) The Chemical Basis of Radiation Biology. Taylor & Francis London, NY.
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Poskozovani struktury DNA — reakce hydroxyloveho radikalu s puriny
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Lit.: von Sonntag C. (1987) The Chemical Basis of Radiation Biology. Taylor & Francis London, NY.



Poskozovani struktury DNA — priklady produkta oxidace bazi
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Lit.: Dizdaroglu M. Free Radic Biol Med. 10, 225-242 (1992); Dizdaroglu M. Free Radic Biol Med. 32, 1102-1115 (2002).



Poskozovani struktury DNA — mutace a bodové zmeény parovani bazi
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Poskozovani struktury DNA — mutace a bodové zmeény parovani bazi
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Lit.: Zuo S. Nucl. Acids Res. 23, 3239-3243 (1995).



Poskozovani struktury DNA — cukerné slozky a bazi

oxidacni poskozeni deoxyribosy v pozici 1°
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Lit.: Dedon P.C. Chem. Res. Toxicol. 21, 206-219 (2008).



Poskozovani struktury DNA — cukerné slozky a bazi

oxidacni poskozeni deoxyribosy v pozici 2°
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Lit.: Dedon P.C. Chem. Res. Toxicol. 21, 206-219 (2008).



Poskozovani struktury DNA — cukerné slozky a bazi

oxidaCni poskozeni deoxyribosy v pozici 3°
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Lit.: Dedon P.C. Chem. Res. Toxicol. 21, 206-219 (2008).



Poskozovani struktury DNA — cukerné slozky a bazi

konsekvence oxidaCcniho poskozeni deoxyribosy v pozici 3°
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Lit.: Dedon P.C. Chem. Res. Toxicol. 21, 206-219 (2008).



Poskozovani struktury DNA — cukerné slozky a bazi

oxidacni poskozeni deoxyribosy v pozici 4°
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Lit.: Dedon P.C. Chem. Res. Toxicol. 21, 206-219 (2008).
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Poskozovani struktury DNA — cukerné slozky a bazi

oxidaCni posSkozeni deoxyribosy v pozici 5°
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Lit.: Dedon P.C. Chem. Res. Toxicol. 21, 206-219 (2008).



Poskozovani struktury DNA — cukerné slozky a bazi

konsekvence oxidaCcniho poskozeni deoxyribosy v pozici 5°
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Lit.: Dedon P.C. Chem. Res. Toxicol. 21, 206-219 (2008).



Poskozovani struktury DNA — oxidace RNS

‘NO + O, - ONOO- + H* - ONOOH — “*NO, + HO™

B | H
/
H\ /NZO H/l O
0—0 —> | o N=0| — > N-O
\O/ 0. ’
]
N
I)—]NE \>\ .
X OH t+ NO;
HN~ N7 N

H
8-Hydroxy-2'-guanine

Lit.: Spencer P.E. Chem. Res. Toxicol. 9, 1152-1158 (1996).



Poskozovani struktury DNA — oxidace a nitrace RNS
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Lit.: Douki T. et al. Chem. Res. Toxicol. 9, 3-7 (1996).



Poskozovani struktury DNA — UV zareni, vytvareni dimert a cross-links
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Lit.: Halliwell B, Gutteridge JM. (1989) Free Radicals in Biology and Medicine, Clarendon Press Oxford 2nd Ed.



Poskozovani struktury DNA — singletovy kyslik, oxidace dG
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Lit.: Devasagayam T.P.A. et al. Biochemistry 30, 6283-6289 (1991).



fosfolipid R, :r”‘\:/”&g:\_—_fﬁz

odeimutl vediku ‘e

(elaktron + protar)

R LH
alkylovy radikal R,= A AN L
prauspofadént malekuly [
konjugovany dien =N NN N
alkylového radikalu P4 %
Oy I

PHjem kysliku

peroxylovy radikal  R,= =" = LoO®
P ? _Re
. T
7 0 . R
4 cyklizace aﬂ‘c;rn:ﬂj T
Ry o~ — R =
1 : P Nk
m R, Mﬂﬁ LCOH
0—0 ¢
o hydroperoxid
-~ I

~
komplex Femg/"

¥ *f’

H
Nﬁla Feflll}

O o L=
|k)| LD' R1 MRZ R1 _ . __ A LGO.
ot . .
Ik 0 o
malandialdehyd alkoxylovy radikal [, peroxylovy radikal
-Etépen( l l
) o, ~ R.. alkanaly
alkenylowy H,ﬂf : 9/_ =N alkenaly
(nebo alkanylovy) | - RH H ﬂ'kﬁfl (4-HNE, MDA)
radikal -
\\\ ff
_'_'__.-""

- &~

-

alkeny
—— = plice
alkany

modifikace biomaolekul

Poskozovani struktury lipidu



Lokalizace enzymu zpusobujicich peroxidaci lipidt ve svalu

LOX: lipoxygenasa
PGHS: prostaglandin

Hladka

svalovina:
12-LOX
Monocyty: Destigky: 'I;l(e;lﬁrsoleyzr
Endotel PGHS-1,2 PGHS-1 1,
PGHS-1 5, 15-LOX 12-LOX 5,12-LOX




Schéma oxidace lipidd lipoxygenasami
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