Syntazy oxidu dusnateho
(NO synthases - NOSSs)



Oxid dusnaty (NO)

e Zlozenie: atom kysliku a dusiku viazané dvojnou vazbou

e Atom kysliku nesie 2 pary (nevazebnych) elekténov

e Atom dusiku ma 1 par nevazebnych elektronov a jeden
neparovy elektron

H
I
N -

\]/ OH (o)

\I/ \\\[/
5\1 .0 NADPH \ g\ 0.5 NADPH \ g\

*H:N
L-Arginin N®-Hydroxy-L- Argmin L-Citrulin

NH;

e \ savCich bunkach je NO tvoren oxidaci terminalniho guanidino
dusiku L-argininu molekularnim kyslikem; kromé NO vznika L-
citrulin.

e Celou komplexni reakci katalyzuje jediny enzym, NO syntaza,
ktera existuje 3 isoformach.

L-arg + O, — NO + L-cit

Oxid dusnaty



Furchgottuv sandwich

Furchgott prokazal, ze relaxace cév indukovana
acetylcholinem je zavisla na endoteliu. Pouzil
dva kousky aorty, u jednoho odstranil epitelium
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Ignarrova spektralni analyza

Ignarro pomoci spektralni analyzy prokazal, Ze
EDRF je totozny s NO.

Hemoglobin (zZluty) exponovany endotelialnim
bunkam produkujicim EDRF (konverze

oxyhemoglobinu na methemoglobin).

Hemoglobin (Zluty) exponovany pfimo NO.
Posun v absorb¢éni kfivce je identicky (EDRF =
NO).

Louis J Ignarro,
1941
Dept. of Molecular and
Medical Pharmacology
UCLA School of
Medicine
Los Angeles



Muradova enzymaticka aktivace

Murad védél, Ze nitroglycerin pasobi relaxaci
hladké svaloviny.

Enzym guanylat cyklasa byla aktivovana a
indukovala zvySeni cGMP s naslednou ralaxaci
svalu.

Pusobi nitroglycerin cestou uvolnovani NO 777
Probublaval NO pres tkan obsahujici enzym —

cGMP se zvySoval. Ferid Murad
1936

Dept. of Integrative Biology
Pharmacology and
Physiology
University of Texas Medical
School, Houston

Phosphate cGMP

. Mymsin_
(relaxation)

GTP
®

Guanylyl cyclase (GC) activated GC




Néco malo chemie o NO

NO je radikal (lichy pocet valen&nich elektrond, konkrétné 11 - o 1 vic nez N, 0 1 mifi nez Oy,)
to, Ze je to radikal, se nékdy zduraznuje teCkou (‘(NO), to ale neni nutné, "radikalovost" je implicitni v
oznaceni NO

z N, a O se tvofi jen za specifickych podminek pfi vysokych teplotach, napr. pfi blesku; taky vznika
ve spalovacich motorech a tepelnych elektrarnach

samovolné se nerozklada, jen za vyssiho tlaku - pfi ném pozvolna vznika 2-3 % toxického NO, za
meésic (pozor na skladovani v bombach!)

pomérné malo rozpustny ve vodé (~1.7 mmol/l pfi 25°C), t.j. Fadové podobné jako O, &i N,
Atmospheric Nitrogen Oxides
© .




v pfitomnosti kysliku podiéha autooxidaci za vzniku NO,: 2 NO + O, — 2 NO,
autooxidace je asi 200x rychlejSi v roztoku nez v plynné fazi
autooxidace je rychla (neékolik sec), je-li NO i O, hodné, ale celkem pomala, je-li NO
malo - jako je tomu vétSinou v tkanich, kde je NO méné nez 10 uM (poloCas NO tam
muZze byt az 500 sec)
ve vodném roztoku jsou produktem autooxidace nitrity (NO,’), pouze v pfitomnosti
hemoproteint probéhne oxidace az na nitraty (NO3’)
v pfitomnosti superoxidu vznika extrémné rychle peroxynitrit:

NO + O, — 'OQNO
"OONO neni radikal, ale je velmi reaktivni a cytotoxicky
NO je velmi rychle inaktivovan oxidaci s Zelezem oxyhemoglobinu za vzniku NO3
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Za fyziologickych podmienok sa oxid dusnaty tvorl v organizme v nizkych koncentraciach (pM). Je rozpustny vo vode a v lipidoch, a preto velmi rychlo a ochotne
difunduje cez cytoplazmatické aj plazmatické membrany. V' takomto pripade previada jeho regulaéné pdsobenie:

cGMP-dependentné uéinky — NO aktivuje enzym guanylat cyklazu, &im sa zvySuje koncentracia cyklického guanozin-3,5-monofosfatu (cGMP) v ciefovjch bunkéch.
cGMP potom priamo reguluje mnohé bunkové funkcie. Riadi niektoré bunkové kanaly, znifuje intracelularnu koncentraciu Ca® idnov a inhibuje kontraktiing aparat
v hladkom svalstve. Okrem toho reguluje vazodilataciu ciev, moduluje srdcovld kontraktilitu a zniZuje zraZanlivost krvi. Nemenej doleZity je jeho funkény podiel na
neurotransmisii a tvorbe pamatovej stopy.

cGMP-indepedentng ucinky - V lomto pripade sa oxid dusnaty uplathuje pr inhibicii syntézy DNA a aj celkového energetického metabolizmu bunky. Reguluje
metabolizmus feleza.

Pri zapalovych procesoch sa jeho koncentracia v organizme mnohunas-nbne zvysr.ue (UM). Viedy sa NO a aj jeho reaktwne metabolity uéastnia na protlzapalowch
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Syntasy oxidu dusnatého

neuronalni syntasa oxidu dusnatého (NOS1 = nNOS)

o inducibilni syntasa oxidu dusnatého (NOS2 = iINOS)
o endothelialni syntasa oxidu dusnatého (NOS3 = eNOS)

Kazda z techto syntaz:
e ma rozdilnou tkanovou distribuci
e lokalizovana na ruznych chromozomech

ame ] presentin ] simui 1 oeserpion

Produces NO in neuronal tissue in both the central and peripheral nervous system. Neuronal

Central and peripheral neurons, . :
M;‘g;"“';‘g; platelets, pancreatic B cells, NMtEAI 'T:‘_*“"m NOS also performs a role in cell communication and is associated with plasma membranes.
(n - epithelial cells il nNOS action can be inhibited by NPA (N-propyl-L-arginine),

Macrophages, endothelial cells, ; Can be found in the immune system but is also found in the cardiovascular system. It uses the
';’g-‘g'h':‘ggg chondrocytes, hepatocyles, E”ff‘:”‘];‘r:’::':”""- oxidative stress of NO (a free radical) to be used by macrophages in immune defence against
L o ) smooth muscle celis iR eSS pathogens.
Endothelial NOS : ; ADE"'S"‘“““"”F- Generates NO in blood vessels and is involved with regulating vascular function, A constifutive
(eNOS or NOS3 or Endothelial cells, neurons, cardiac A[:‘P- Ihr::mhm. Ca2+ dependent NOS provides a basal release of NO, eNOS is associated with plasma
ocytes h ¢ : + PR
constitutive/ cNOS) i ¥ E..;.:EEGLESE membranes surrounding cells and the membranes of Golgi bodies within cells.



Vsetky 3 isoformy NO syntazy

Su aktivne jako homodimeéry
Obsahuju v aktivnom centre hem

O, + Arginine

*.
e FAD FMN NADP

e kalmodulin (ten se k NOS typu | a lll vaze po navazani
Ca na kalmodulin, NOS Il vaZe kalmodulin trvale)

FMNH nygeﬁ
Electrons (e) are donated by NADPH to the reductase domain of the /

enzyme and proceed via FAD and FMN redox carriers to the oxygenase | . .
domain. There they interact with the heme iron and BH, at the active site NO + Citrulline
to catalyse the reaction of oxygen with L-Arginine, generating citrulline

and NO as products. Electron flow throught the reductase domain

requires the presence of bound Ca®*'/CaM.

Flavin adenine dinucleotide (FAD) is the precursor malecule 1o FADH, Upon binding 1o two hydrogen
atoms, FAD is than changed to FADH; and is turmed into an energy-Cammying molaculg. FAD is a coanzyme
darived from gbgfayin, or vitamin B;. Many gridoreductases, called flavoanzymes or flayoproteing, require
FAD as a prosthetic group which functions in electron transfers.

Flavin mongnucleotide (FMN), or riboflavin-5'-phosphate, is alss dermeed from boflavin (vitamin B;)
and serves as a ¢ofpcior of various gxidoreductases including NADH dehvdrogenase.

Su stereoSpecifické (D-arginin nie je substratom) )
Jako kofaktory vyzaduju: e
« NADPH l
e 6(R)-5,6,7,8-tetrahydrobiopterin (BH,)

'NO + Citrulline

FMNH

NADPH

O, + Arginine



Neuronal Nitric Oxide Svynthase (nNOS, Tvpe |

Homodimers with 2 subunits (130-160 kDa)

NNOS have binding sites for NADPH, FAD, and FMN near the
carboxyl terminus (the reductase domain), and binding sites for
tetrahydrobiopterin (BH,4) and heme near the amino terminus (the
oxygenase domain). The reductase and oxygenase domains are
linked by a calmodulin (CaM) binding site. Occupation of this site
facilitates electron transfer from the cofactors in the reductase
domain to heme during nitric oxide production.

NNQOS is associated with the post-synaptic density protein
(PSD-95) in the neuronal membrane. In response to increased
intracellular Ca®, nNOS interacts with CaM. The Ca**-CaM
complex, in combination with BH4, binds to nNOS and induces its

translocation from the plasma membrane to the cytoplasm.
O
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The dephosphorylation of nNNOS by calcineurin initiates the
production NO. NO activates guanylyl cyclase (GC) and
activates the various cGMP-requlated signaling pathways.
NNQOS is inactivated by phosphorylation by protein kinase A
(PKA) or protein kinase C (PKC).

Neuronal nitric oxide synthase (nNOS) has been implicated
In a wide variety of physiological and pathological
processes. These include neurotransmission, neurotoxicity,
skeletal muscle contraction, sexual function, body fluid
homeostasis and atherosclerosis, among others.




Endothelial nitric oxide synthase (eNOS or NOS3 or constitutive/ cNOS)

localised to caveolae

e eNOS is a lipid raft/caveolar protein apparently regulated by caveolin

e Agonist stimulation induces calcium dependent association of protein cofactors and kinases
ultimately resulting in generation of nitric oxide from Arginine

VEGF, insulin
receptors
Caveolae
Extracellular
¥ & Bradykinin
‘@ receptor

Intracellular

Inactive eNOS

W:aveuiin

Calcium pump



Caveolae

small invaginations (vesicles) of the plasma membrang with a well-defined size (50-
100 nm) and a particular lipid content
localised in plasma membrane (lipid rafts-rich in glycosphingolipids and cholesterol)
Invoived in transcytosis, lipid trafficking and more recently signal transduction
W namic organelles that can pinch off the plasma membrane in a process that
requires the hydrolysis of GTP
mediate trans-epithelial transport of small molecules across the cell by fusing together
to form trans-cellular channels
mediate the uptake of particular molecules and ions from the exterior and then

istribute th m nds in intracellular compartment through a process called
potocytosis
cycle between the plasma membrane and the ER for delivery of molecules inside the
cell
many receptors and cytosolic signaling proteins that do not require lipid modifications
o associate with membranes, such as PKCa, are reportedly found in caveolae
number of viruses, parasites and bacteria utilize caveolae (or caveolae-like domains)
as an alternative route to enter cells.

Proteins called caveolins

+ represent major components of the caveolar coat

+ important for the structure of caveclae, thanks to their ability to oligomerize and

bind chalesterol
+« caveolin-1 and 2 have a similar tissue distribution, being mainly expressed in
endothelial, epithelial and muscle cells

+« caveolin-3 expression is imited to muscle cells

caveolin-1 adaptor molecule or scaffolding protein in signal transduction Caveolin-

1 functions as a tumor suppressor in human colon carcinoma cells

Bender ol al., Biol Res 35 (2002) 138150, Caveolss and caveclae-lioe memisane domans in celluiar
sigraing and disesse Merificaton of downsruam largets
Toof This 1UMEE SUBERREST ProbNn Cirasclin- |

Lipid rafts

In arfificial membranes, different lipids separate from each other based on their
ph\,.'slcal prl:rperlles fc:rmlng srnall |5Iands called lipid rafts. These rafts have a higher

rol than do non-r . Rafts ana also dlEllngUlShﬂd by a
different assortment of proteins. Certain t;.rpes af pmle:ns cluster together in rafts, while
others remain mostly outside of rafis,

Although the existence of lipid rafts in cellular membranes remains controversial, many
scientists believe they serve as communication hubs by recruiting proteins that need to

come together in order to transmit a 5|gna| Thgg a g imggggn; signal transduction

mﬂu.ﬁ.nmﬂmmm_ﬂmg Researchers are beglnnmg to link lipid rafts

with a variety of diseases, including AIDS, Alzheimer's, anthrax, and atherosclerosis.
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Regulation of Endothelial Nitric Oxide Synthase
Classical requlation by calcium

All NO-synthases required for its activation to be bound to a calcium regulatory
protein: calmodulin.

INOS tightly binds calmodulin even at resting calcium concentrations, and then it is
active once it is synthetized.

Constitutive enzymes, eNOS and nNOS, only bind calmodulin when the intracellular
calcium concentration increase up to a certain value. Agents that increase intracellular
calcium concentration, either by allowing calcium entrance from the outside or by
stimulating calcium mobilization from intracellular stores, can activate these
constitutive enzymes.

In endothelial cells various substances increase intracellular calcium and in
consequence NO synthesis: bradykinin, histamine, serotonin.




Calcium-independent requlation

Activity of eNOS is acutely dependent on_intracellular localization and
also dependent on phosphorylation at specific aminoacids.

Intracellular localization
+« 2N i rminantly locali in lag (specialized

invaginations of the plasma membrane), where it is closely
regulated by interaction with caveolin-1. Modifications
preventing membrane localization of eNOS also result in the
absence of NO synthetic activity in the intact cells. Membrane
distribution is probably needed by the presence in the same
localization of other proteins important for eNOS activity: the
cationic amino acid transporter CAT-1 (involved in the uptake
of L-arginine, substrate for NO synthesis), calcium pump and
the bradykinin receptor are also present in caveolae.

» Although membrane distribution is an essential requirement
for eMOS activity, at plasma membrane the enzyme activity is

closel}.f regulated by caveolin-1. Thus mj_mﬁ_c_p_m_tm_a;mggm

Intraaellular calcium increase or shear SU‘E’SS dlsnlace

caveolin-1 and allow eNOS activation.
+ Membrane localization of eNOS is modulated by certain post-
translational modifications:
« Myristoylation distinguish eNOS from nNOS and
iNOS, that are predominantly cytosolic proteins
= Palmitoylation is also required for a proper
localization of eNOS in the membrane

Phosphorylation: Tyr-Phosphorylation, Ser/Thr-Phosphorylation

Oxvyagen free radicals

« In addition to direct regulation of NO-synthases, NO
availability is also dependent on the quantity of oxygen free
radicals generated by cells surrounding NO-producer cell. In
fact, eNOS may generate superoxide instead of NO in certain
conditions (e.g. low L-arginine levels). Whatever the origin of
superoxide (eNOS, xanthine oxidase,...) this compound
rapidly reacts with NO to form peroxynitrite. In certain
pathological circunstances an increase in superoxide
formation can be determinant in reducing NO availability.
[Based on Govers and Rabelink, Am J Physiol 2001, 280:F1593]
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Regulation of eNOS

factors that requlate the transcription of eNOS gene (shear stress, estrogen and
hypoxia)

factors that modulate the stability of its mRNA (tumor necrosis factor alfa or TNF-alfa,
lipopolysacharide or LPS, and vascular endothelial group factor or VEGF)

permanent changes of the eNOS protein e.g. myristoylation, palmitoylation,
myristoylation seems a critical factor to allow the final location of the enzyme at certain

specific domains of the membrane.

non-permanent changes of eNOS protein e.q. phosphorylation and specific
interactions with another proteins. After those modifications the eNOS protein is active
and synthetizes NO or® some cases superoxide ion (this later circunstance can take
place when the substrate, L-arginine, or tetrahydrobiopterin are deficient and has
pathophysiological consequences). Then, all these non-permanent modifications of eNOS
revert and eNOS is deactivated. A cycle of activation-deactivation occurs in parallel with a

cycle of association and dissociation from the caveoale at the plasma membrane. [Based
on Govers and Rabelink, Am J Physiol 2001, 280:F193]
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Inducible nitric oxide synthase
(INOS, NOS 1)

generates NO independently of intracellular calcium concentrations

induced by immunostimulatory cytokines, bacterial products or infection in a
number of cells e.g. endothelium, hepatocytes. monocytes., mast cells,
macrophages and smooth muscle cells (function in host defense against
microbial and viral pathogens)

responsible for formation of NO radicals or S-nitrosothiols or ONOO- in the
host cell or in the microbe itself

participate in the pathology of inflammatory diseases including
atherosclerosis, rheumatoid arthritis, diabetes, septic shock, transplant

rejection, and multiple sclerosis, leading to cell death (F. Aktan, Life Sciences 75
(2004) 639-653)




Indukcia a regulacia iNOS expresie
Indukcia iINOS:

nespecificka (oxidativny stres, UV-Ziarenie)

Pomocou Specifickych receptorov (ligandy TNF-a, IL-1, CD-40L, LPS)
Requlacia iINOS sa uskutodnuje na BUNECNEJ a MOLEKULARNEJ urovni

Kluéovym faktor pre syntézu NO je zvySenie expresie génu pre iNOS a requlacia transkripcie
tohoto génu (vazobné miesta pre transkripéné faktory, ktoré sa nachadzaju na iINOS promatore)
—Miesta urCené pre Specifické transkripéné faktory: jadrové faktory-kappaB (NF-kB),

aktivaCny protein-1 (AP-1), CCAAT/enhancer-binding protein C/EBP a cyklicky-AMP-
responzivny element viazuci protein (CREB)

Makrofagy (tkanivova forma monocytov) - velmi délezitu ulohu v zapalovych procesoch (LPS,

IFN-y, TNF... ). Odpoved ne stimulaciu — produkcia prozapalovych mediatorov (IL-1, IL-2, TNF-
a, NO...)

TNF IL-4
®
IL-4 {at low IFN-y / STAT1)

= T
IFN-y //__\\i
SJ LZRS ®

SBE ®

HSW="2TNF NG
\ \//,..-—----._.—-‘IL-IE- (at high IFN-y | STAT1) IFN-y ~—
IFMN-y
INOS  ~—& NO - Anti-viral effekt
SBE kB ISRE KB °
Regulation of iINOS induction at the molecular level. Regulation of iNOS induction at the cellular level

e . . . . Cytokines controlling the iNOS induction in macrophages during early HSV
Transcription factors controlling induction of the iINOS gene. Activated STAT1 infection. IFN-y, produced mainly by NK cells, stimulates iNOS production. This
induces transcription of the |IRF-1 and iINOS genes, an effect which is competed by . . : }

IFN-y-induced production of INOS can be inhibited by IL-4. Upon HSV (herpes
simlex virus) infection of macrophages they produce TNF which synergizes with
the IFMN-y-induced pathways and inhibits the inhibitory signals of IL-4. Thus, the
virus overrules the restrictive signals and opens up for an otherwise closed
pathway. Stimulatory pathways are indicated by green arrows (—), and inhibitory
pathways are drawn in red (Ellermann-Erksen Virclogy Journal 2005).

activated STATG. IRF-1 interacts physically with NF-kB, binds to the distal kKB-
binding site of the iINOS promoter region, and s®nulates transcription. Only when
MNF-kB is absent, IRF-2 can bind to the ISRE site and block transcription.
Stimulatory pathways are indicated by green arrows (—), and inhibitory pathways
are drawn in red (Ellermann-Eriksen Virology Journal 2005).
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Regulacia iNOS sprostredkovana NF-kB
Strukturalne a evoluCne konzervovana rodina proteinov pozostava z piatich Clenov: NF-kB1

(p105/p50), NF-kB2 (p100/p52), RelA (p65), RelB a c-Rel

Transkripéné faktory NF-kB sa v nestimulovanych bunkach nachadzaju v inaktivnej forme
(diméry) a nevyznacuju sa Zziadnym ucinkom na transkripciu prislusnych génov

Ich aktivacia je kontrolovavana inhibi¢nou podjednotkou zo skupiny inhibitorov kappaB (IkB)

K aktivacii NF-kB dochadza pod vplyvom réznych faktorov:
Nespecificky ¢
Specificky pomocou ligandov TNF-a. IL-1, CD-40L a LPS — aktivuju transkripéné faktory NF-
KB prostrednictvom Specifickych receptorov
aktivacia IkB kinaz (IKK) (fosforyluju IkB zlozku inaktivneho komlexu NFkB-IkB)
Uvolnenim inhibitoru sa NF-kB stavaju aktivnymi a su translokované do jadra
Vazba na svoj responzivny element a spustenie expresie ciefovych génov

NF-kB reguluje expresiu génov, ktoré hraju velmi ddélezitu ulohu v neSpecificke;
imunite: cytokiny (IL-1, IL-2, IL-6, IL-12, TNF-q, Lta, Lt a GM-CSF), adhezivne
molekuly (ICAM, VCAM)gproteiny akutnej fazy (SAA) a inducibilné enzymy (iNOS a
COX-2). Vazbou NF-kB na DNA dochadza zaroven k spatnej indukcii transkripcie
IKB. Inhibitor sa znova viaze na aktivne proteiny NF-kB.

Aktivacia NF-kB je nevyhnutna pre LPS indukovanu expresiu iNOS. a
pouzivanim NF-kB inhibitorov dochadza k blokovaniu iNOS expresie a
produkcie oxidu dusnatého v makrofagoch.
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Regulacia iNOS sprostredkovana MAP kinazami

ERK (extracelularnymi signalmi regulované kinazy),
p38 MAPK
JNK (c-Jun amino-terminalne kinazy)
Sprostredkuvaju fosforylaciu dalsich proteinov (protein kinazy,
fosfolipazy, transkricné faktory a proteiny cytoskeletu)
V bunkach maju r6zne funkcie
ERK regululuju bunkovu proliferaciu a diferenciaciu
p38 MAPK a JNK sprostredkovavaju apoptozu
p38 MAPK a ERK su zapojené aj do regulacie expresie
niektorych prozapalovych genov (iNOS, IL-6)
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Inhibitors of NOS

widely used in experimental research

still in under investigation for clinical application

Treatment with NOS inhibitors (chronic inflammatory diseases, e.g.
rheumatoid arthritis)

Some such drugs are derivatives of arginine

alkyl derivatives of isothiourea are very potent inhibitors of NOS

Some experimental inhibitors that indeed do show some preference for
INOS and nNOS

selective inhibition of IN@QS should be advantageous in septic shock and
in chronic inflammatory Mseases
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Detekce NO

Priame stanovenie NO:

Gas-phase chemiluminescence assay

Electron paramagnetic resonance (EPR)

Electrochemical detection

cell-permeabilni fluorescencni indikatory (4,5-
diaminofluorescein diacetate (DAF-2 DA)



Gas-phase chemiluminescence assay

NO Detection by Gas Phase
Chemiluminescence

Detection Principle:

NO is purged from an aqueous solution using an

innert gas such as Ar or He and transferred to a @
mixing chamber where it reacts with O, under

reduced pressure.

N0+03 — N02*+02
NOZ* —_— N02+ h'U

«—— Qzone

The light emitted by excited NO, upon returning to the
ground state is measured by photon counting (fmol-pmol).
Not very useful when attempting to quantify NO in
physiological fluids such as serum, plasma or urine. Why?

Chemiluminescence
reaction

— Vacuum

Reaction—"
chamber

Photon

counter

Sample
capillary



cell-permeabilni fluorescencni indikatory (4,5-
diaminofluorescein diacetate (DAF-2 DA)
Bioimaging of Nitric Oxide Using
Diaminofluoresceine-2 (DAF-2)

non-fluorescent, f non-fluorescent S orescent,

Ex 495 nm, Em 515 nm
cell-permeable

Advantages: Sensitivity for NO (5 nM in vitro) with high temporal and spatial
resolution.
No cross-reactivity to NO,//NO,- and ONOO-
Kojima et al., Biol.Pharm. Bull. (1997)

Assay limitations: Possible interference by reducing agents and divalent
cations, requires standardized illumination conditions




Electrochemical detection

Duo-18 31 Micromanipulator M3301
Now records data directly from NOMKIl, EVOMX, | .
1502, pH electrodes and lon Selective Electrodes! < s
=
b 300 600 900 1200
: Concentration / nM I
&
™ 8 nM
; i ot ' T
(@] ! 4 nM
2 nM
Steel Base Tlme / s

Element Membrane

Ag/AgCl Sensing WPI
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Nepriame stanovenie NO:

celkova koncentrace nitratu/nitritu (Griessova metoda)

aplikace NO donort compounds, NO scavengeru, a
guanylyl-cyklasy

NOS aktivita v bunécnych homogenatech merenim
enzt/)matlcké konverze argininu na citrulin behem
tvorby NO

inhibitory NOS (L-NAME)

aplikace protilatek k isoformam NOS
&)munocytochemie, emunoblotting)

exprese genu pro iNOS



Lipid Peroxidation
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