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A rede de oxidantes

derivados do nitrogéenio
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Reatividade do peroxinitrito (ONOO")
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Reatividade do peroxinitrito (ONOO")

« Reacoes com centros Fe-heme.

$PFe(III) + H,0, — P**Fe(IV) = 0 (15)
P**Fe(IV) = O + C1~ — PFe(III) + C10~ (18) Agente clorinante

P**Fe(IV) = O + NO,” — PFe(III) + ONOO~ (19) Peroxinitrito
$PFe(Ill) + ONOO™ — PFe(IV) = O + 'NO,  (20) Agente nitrante
P*"Fe(IV) =0+ "O — N = 0 —->PFe(IV) =0 + 'NO, (16) Agente nitrante

PFe(IV) =0 + "O — N = O - PFe(Ill) + '"NO, (17) Agente nitrante

Augusto et al, FRBM, 2002



A Direct reactions Radical reactions

Metalloproteins Protein tyrosine nitration
Fe/Cu/Mn complexes Protein oxidation

Se-GPx DNA oxidation and nitration
A (in aqueous

phase)

a COZ d

*NO + O, —> ONOO- #' "NO, + CO;~
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Reatividade do

peroxinitrito (ONOO")
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Hemin Lipid oxidation

(in agqueous Lipid nitration

and/or Protein tyrosine nitration

hydrophobic (in hydrophobic phase)

phases)

B

RS~ + ONOOH — RSOH + NO,- (1]
RSOH +R’S™ — RSSR’ 2]
Me™X + ONOO~ — O = Mel™¥X + *NO, (3]
ONOOH — NO, (isomerization, 70% yield) 4]
ONOOH — *NO, +*OH (homolysis, 30% yield) (5]
ONOOCO,” — NO, + CO, (isomerization, 65% yield) [6]
ONOOCO,~ — *NO, + CO,~ (homolysis, 35% yield)  [7]

Szab¢ et al, Nat Rev Drug Discov, 2007



Reatividade do

peroxinitrito (ONOO")

« Reacoes de seus radicais derivados.
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A reatividade do NO,°

Table 1. Rate Constant and Probable Mechanism of Nitrogen Dioxide Reactions with Some
Organic and Inorganic Compound

Rate constant

Reactant Reaction mechanism M~! . s™hH (pH) Reference
2 i Radical recombination 456 10797 [44]
"NO, Radical recombination A5 50 10 [32.,33]
Gly-Tyr-O° Radical recombination 3.0 X 10° (9.3) [41]
1-Butene? Addition to double bond 10:X10 ™~ [56]
1,3-Butadiene?® Addition to double bond 190 [56]
=% Linoleate Addition to double bond 2.0 X 10° (9.5) [41]
- Arachidonate Addition to double bond ~1.0 X 10°(9.0) [41]
—p Gly-Tyr-OH Hydrogen abstraction 3.2 X 10° (7.5) [41]
= Gly-Trp-H Hydrogen abstraction ~1.0 X 10°(6.5) [41]
Gly-Met No reaction No reaction (6.2) [41]
= Gly-Tyr-O Electron transfer 20X 107 (113) [41]
—> Cys-S~ Electron transfer 24 10°(9.2) [41]
Ascorbate Electron transfer 3.5 X 107 (6.7) 571
Urate Electron transfer 1810 (71.0) [58]
Fe(CN)*~ Electron transfer 4.3 X 10° (7.0 [59]

Augusto et al, FRBM, 2002



NO,* na peroxidacao lipidica
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NO,* na nitracao de proteinas

Augusto et al, FRBM, 2002



Assim como hidroxilacoes para o OH®, as
nitracoes deixam um rastro molecular da
producao do NO,°.



Reatividade do peroxinitrito (ONOO")
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Table 1. Relative reactivity of selected radical and non-radical oxidants

Oxidant Reduction potential kosu M s7h)°
E®, V)

Radicals (one electron)®

NO°*/NO™ -0.80 non detectable

RS*/RS™ (Cys) 0.92 8.0x10®

0,*, 2H'/H,0, 0.94 ~10 to 10°

HO,*", H'/H,0, 1.06 n.d.

ROO*, H/ROOH 1.00 nd.

NO,*/NO,” 1.04 3.0x 107

RO®, H/ROH 1.60 n.d.

CO,*", H'/HCO;™ 1.78 46x107

05", 2H/H,0, 0, 1.80 7.0x 10’

HO®, H'/H,0O 2.31 1.0x 10"

Non-radicals (two electron)”

ONOOH, H/NO,", H,0 1.40 6.6 x 10

HOCL, H'/CI", H,O 1.28 3.0x 10’

H,0,, 2H'/2 H,0 1855, 0.9




A reatividade do CO,*-

Table 2. Rate Constant and Proposed Mechanism of Carbonate Radical Anion Reactions with
Some Organic and Inorganic Compounds

Rate constant

Reactant Reaction mechanism M~ s7hH (pH) Reference
‘NO, O~ transfer 1.0 X 10° (11) [89]
"NH, O~ transfer 1.5 X 10° (7.8) [90]
Ascorbate Intermediate addition complex 11 %107 al) [91]
Trp-H Intermediate addition complex 7.0 X 103 (7.0) [94]
Tyr-O- Intermediate addition complex 1.4 X 10%(11.0) [95]
Met Intermediate addition complex 3.6 X 107 (7.0) [94]
CH,NO, ™ Addition to carbon atom 1.5 X 107 (12.0) [95]
= Cys-SH Hydrogen abstraction 46 X107 (7.0) [94]
—p Tyr-OH Hydrogen abstraction 4.5 X 107 (7.0) [94]
CH,;OH Hydrogen abstraction 6.0 X 10° (alkaline) [93]
CH;(CH,);NH, Hydrogen abstraction 4.0 X 10° (11.5) [92]
(C,H);N Electron transfer 9.8 X 10°(13.0) [91]
—p His Electron transfer 5.6 X 10°(7.0) [94]
—_— GS— Electron transfer 7.1 X 108 (alkaline) [96]
—  CysS™ Electron transfer 1.8 X 10%(114) [96]
8-0x0-dGuo Electron transfer 7.9 X 108 (7.5) [97]
Fe(CN)*~ Electron transfer 3.6 X 10% (11.5) [91]

Augusto et al, FRBM, 2002



Além do ONOO- e seus radicais derivados

. . . Redox proteome of Cys modifications
A presenca de nitrosotiois derivados do

oxido nitrico.

* Proteinas mitocondrias e envolvidas no
controle metabodlico estao enriquecidas
dentre proteinas S-nitrosadas.

 Metade depende de eNOS.

 Geralmente localizada em residuos de
cisteina expostos ao solvente, na
vizinhanca de aminoacidos carregados
e em hélices a.

 S-transnitrosacao envolvendo glutationa
e tioredoxina pode prover um
mecanismo para especificidade desta
modificacao.

Gould et al, JBC, 2013



Questoes e Exercicios

Sabendo que a concentragcao da enzima superéxido dismutase atinge niveis de 10 uM, use a
reacdo de dismutacdo do anion radical superoxido catalisada pela SOD (k; =1,6 x10° M-'s') e a
reacdo de formacao do peroxinitrito (k; =1,2 x 10'% M-'s-1) para avaliar a formacao de peroxinitrito
quando a concentracao de estado estacionario do NO* é de 15 uM, 150nM e 15nM. a) Escreva as
reacoes e as equacgoes de velocidade para cada condi¢ao); b) Qual reacao sera prevalente em
cada caso? Justifique.

Explique as possiveis rotas de formacgao do radical NO,* e CO,*".
Esquematize reacoes em que o peroxinitrito atue como oxidante de 2 e-.
Como o peroxinitrito pode contribuir para a peroxidacao lipidica?

Cite alguns fatores relacionados com a dificuldade de provar a existéncia do radical carbonato
em células e organismos.

Qual a diferenca entre nitracao e nitrosacao? Explique mencionando as espécies oxidantes
envolvidas, as biomoléculas alvo e modificacoes introduzidas com os mecanismos de reacao
associados.
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