Syntazy oxidu dusnatého
(NO synthases - NOSs)
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» ZloZenie: atém kysliku a dusiku viazané dvojnou vézbou Y

» Atom kysliku nesie 2 pary (nevazebnych) elektonov ﬁwﬁ'
Atom dusiku ma 1 par nevazebnych elektrénov a jeden WO
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s V savéich bufikach je NO tvofen oxidaci terminainiho guanidino
dusiku L-argininu molekularnim kyslikern; kromé NO vznika L-

» Celou komplexni reakci katalyzuje jediny enzym, NO syntaza,
formach.

L-arg + O, — NO + L-cit

GTP Phosphate cGMP

Myosin
(relaxation)

Muradova enzymaticka aktivace

Murad v&dél, Za nitroglycerin pusobi relaxaci
hladké svalaviny.

Enzym guanylat cyklasa byla aktivovana a
indukovala zvyseni cGMP s naslednou ralaxaci
swvalu.

Plsobi nitroglycerin cestou uvolfiovani NO 777
Probublaval NO pfes tkan obsahujici enzym —
cGMP se zvySoval,



Néco malo chemie o NO Atmospheic Nitrogen Oxides

NO je radikal (lichy polet valengnich elektrond, konkrétngé 11 - o 1 vic nez Nz, o 1 mif nez Og)
to, Ze je to radikal, se nékdy zdirazhuje teckou ((NO), to ale neni nutné, "radikalovost” je implicitni v oznaéeni NO

z Nz a O; se tvoiif jen za speclhcltyrch podminek pfi
motorech Inych elekiram

Los Angeles

samovolné se nerozklada, jen za vyisiho tlaku - pfi ném pozvolna vznika 2-3 % toxického NOs za mésic (pozor na
skladovani v bombach!)

pomé&rné malo rozpustny ve vodé (~1.7 mmolil pfi 25°C), tj. fadové podobné jako O & N

v pfitomnosti kysliku podléha gutooxidaci za vzniku NO;: 2 NO + O; — 2 NO;

autooxidace je asi 200x rychlejdi v roztoku nez v plynné fazi

autooxidace je rychla (nékolik sec), je-li NO i O; hodné, ale celkem pomala, je-li NO malo - jako je tomu vétsinou v
tkanich, kde je NO rnené nez 10 pM {pulucas NO tam muie byt aZ 500 sec,‘l

Presynaglic
neuron

az na nitraty (NO3')
v piitomnosti roxidu vznika extremn hl roxynitrit:
NO + Oz — 'OONO WeAewission
"OONO neni radikal, ale je velmi reaktivni a cytotoxicky ""\
NO je velmi rychle inaktivovan oxidaci s Zelezem oxyhemoglobinu za vzniku NOy ™ Nerve imputse

FYZIOLOGIE NO

* MNeurotransmitter - uéeni, pamét, spanek, bolest, deprese NO sensitizuje presynapticky neuron
- iji i ktéri razi mory (INOS; indukei inhibuji kortokosteroidy) k silnéjEimu signdlu. To nasledné vede
* Inhibuje mitochendridini respiraci ::ﬂﬁj‘i‘ Ddpovd poslsynaplicsng
* Varodilatace zavisla na endotelu (ACh, eNOS) '
o NejvicN 4 v n ranasalnich dutinach el T
Pravdépodobné dllefité pro jejich dezinfekei 40
MO |ze dobfe méfit ve vydechovaném vzduchu =
Mala ¢ast vydechovaného NO pochazi z dolnich dychacich cest (lze méfit odebiranim vzorkd z ast) - méni se = 30
pii nékterych nemocech, napf. astma) %
T
UCINKY NO NA CIiLOVOU TKAN 7 204
L] MiLE ] g 104
[l;l_[:.]gl;l_j zabijenl i jinak obniné zlukwdnuateln:.fch baktérii (napf. M}rcobaclenum tuberculosis), hub parasuu a
tumord, inhibice replikace virl 0 -
» v nizéich koncentracich je oxidace pomala, vétdinou previada r Mos  Usta  Bifurkace Pruduska
isoformy enzymu guanylat cyklazy (heterodimer obsahujici hem, s kterym pravé MO interaguje) m ;”L“:::L;‘::':?;E?:ﬁ“f;ﬁ":ﬁ;i:‘:::ﬁim 1
s aktivace guanylat cyklazy zvysuje v cilové bufice koncentraci cyklického guanosin-3',5'-monofosfatu (cGMP), ten drstexch @ chstdindglich isecich dychacich cest ¥ perifemi priculon
Zprﬂsﬁedkuja I:léll'lk'j" Nl:l 1 Rominiraos MO pod delakdnem lensam wWeocs citlvl

chemiluminiscentni melody (Chest 110 930-938, 1906,



Syntasy oxidu dusnatého

» neuronalni syntasa oxidu dusnatého (NOS1 = nNOS)
+ inducibilni syntasa oxidu dusnatého (NOS2 = iINOS)
» endothelidlni syntasa oxidu dusnatého (NOS3 = eNOS)

Kazda z téchto syntaz:
« ma rozdilnou tkafovou distribuci
+ lokalizovana na riznych chromozomech

Vsetky 3 isoformy NO syntazy

« S0 aktivne jako homodiméry
« Obsahuji v aktivnomn centre hem
» S0 stereospecifickeé (D-arginin nie je substratom)
Jako kofaktory vyZaduja:
= NADPH
* §{R)-5,6,7 B-tetfrahydrobiopterin (BHa)
# FAD FMM
+ kalmodulin (ten s& k NOS typu | a lll vaZe po navazani
Ca na kalmodulin, MOS || vaZe kalmodulin trvale)

Elavin adenine dinucleotide (FAD) is the precursor malecule 1o FADH; Upon binding to two hydrogen
atoms, FAD is than changed to FADH: and is turned into an energy-camying molacula. FAD is a cpanzyme
derived from gbofayin, or vitamin B;. Many gridoreduciases, called flavoenzymes or flgvoproteing, requine
FAD as a prosthetic group which functions in electron transfers.

Flavin mononucleotide (FMM), or riboflavin-5-phosphate, is also dermved from rbeflavin (vitarmin Bg)
and serves as a gofacior of various gxidoreductases including NADH defrvdrogenase.

(Name ]~ presentin ] siimuii

Cenfral and peripheral neuraons,
platelets, pancreatic f cells,
epithelial cells

Neuronal NOS
(NNOS or NOS1

MRMDA, insulin,
thrombin

Macrophages, endothelial cells,
chondrocytes, hepatocyles,
smooth muscie cells

Inducible NOS

(INOS or NOS52) IL-1, TNF-a

Endothelial NOS
(eNOS or NOS3 or
constitutive/ cNOS)

Endothelial cells, neurons, cardiac ADP, thrombin,
myocytes shear stress,
VEGF

0, + Arginine ‘NO + Citrulline

”AD"' FMNH,

NADPH

FMNH / O:ygaa

'NO + Citrulline

0:; + Arginine

Electrons (&) 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
o catalyse the reaction of cxygen with L-Arginine, generating citrulling
and MO as products, Electron flow throught the reductase domain
requires the presence of bound Ca® /CaM.

Description

Produces MO in neuronal tissue in both the central and paripheral nernvous system. Neuronal
MNOS also performs a role in cell communication and is associated with plasma membranes

nNOS action can be inhibited by NPA (M-propyl-L-arginine),

. Can be found in the immune system but is also found in the cardiovascular system. It uses the
Endotoxin, IFN-Y,  gxidative stress of NO (a free radical) to be used by macrophages in immune defence against

pathogens

Acetylcholine,  genarates NO in blood vessels and is involved with regulating vaseular function. A constitutive
Ca2+ dependent NOS provides a basal release of NO. eNOS is associated with plasma

membranes surrounding cells and the membranes of Golgi bodies within cells



£a fyziologickych podmienok sa oxid dusnaty tvori 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 takomio pripade previada jeho regulaéné pbsobenie:

cGMP-dependentné aéinky — NO aklivuje enzym guanylat cyklazu, &im sa zvySuje koncentracia cyklického guanozin-3,5-monofosfatu (cGMP) v ciefovyich bunkach.
cGMP potom priamo reguluje mnohé bunkové funkcie. Riadi niektoré bunkové kandly, znifuje intracelulamu koncentraciu Ca® idnov a inhibuje kontraktilng aparat
v hladkom svalstve. Okrem toho reguluje vazodilataciu ciev, moduluje srdcovl kontraktilitu a zniZuje zraZanlivost krvi. Nemenegj dolezity je jeho funkény podiel na
neurotransmisii a tvorbe pamatovej stopy.

cGMP-indepedentneé Ucinky - V lomto pripade sa oxid dusnaty uplatiuje pri inhibicii syntézy DMNA a aj celkového energetického metabolizmu bunky. Reguluje
metabolizmus Zeleza.

Pri zapalovych procesoch sa jeho koncentracia v organizme mnohonasobne zvySuje (pM). Viedy sa NO a aj jeho reaktivne metabolity aéastnia na protizapalovych,

antibakterialnych, antivirdlnych a antioxidaénych procesoch. toxicke tostati OEinky oxi natéh rostredkovavaii bunky imunitného systému, zoéastiujice
lowych pr . S0 to neutrofily, monocyt makrof;
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Neuronal Nitric Oxide Synthase (nNOS, Type |) L ¢ ®
Ga

® .\ Glutamate
®

O NMDAR
» 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 {(BH4) and heme near the amino terminus (the \ +BH,
oxygenase domain). The reductase and oxygenase domains are

linked by a calmodulin {CaM) binding site. Occupation of this site Calcineurin
facilitates electron transfer from the cofactors in the reductase

domain to heme during nitric oxide production.

« nNOS 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 BH,, binds to nNOS and induces its
translocation from the plasma membrane to the cytoplasm.

» The dephosphorylation of nNOS by calcineurin initiates the L-Cit L-Arg
production NO. NO activates guanylyl cyclase (GC) and activates
the various cGMP-regulated signaling pathways. NO

= nNOS is inactivated by phosphorylation by protein kinase A (PKA)
or protein kinase C (PKC). l

= Neuronal nitric oxide synthase (nNOS) has been implicated in a
wide variety of physiological and pathological processes. These cGMP regulation
i N .. Long-Term potentiation
include neurotransmission, neurotoxicity, skeletal muscle Neurotransmission
contraction, sexual function, body fluid homeostasis and
atherosclerosis, among others. * NMDA receptor (NMDAR) is an ionotropic receptor for glutamate

« NMDA [N-methyl d-aspartate] is a name of its selective specific agonist

« Activation of NMDA receptors results in the opening of an ion channel that is nonsalective to
cations. This allows flow of Na” and small amounts of Ca® ions into the cell and K* out of the
cell.

=« Calcium flux through NMDARS is thought to play a critical role in synaptic plasticity. a cellular
mechanism for learning and memory. The NMDA receptor is distinet in that it is both ligand-

I - I .

» Activation of NMDA receptors requires binding of glutamate or aspartate (aspartate does not
stimulate the receptors as strongly). In addition, NMDARS also require the binding of the co-
agonist glycine for the efficient opening of the ion channel, which is a part of this receptor.




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

* |ocalised 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

Requlation of Endothelial Nitric Caveolae N
Oxide Synthase

Classical regulation by calcium

Bradykinin
receptor
Intracellular

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

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

e (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 mabilization from
intracellular stores, can activate these constitutive Akt
enZymes. PAK

e In endothelial cells various substances increase MAPK
intracellular calcium and in consequence NO AMP-PK

synthesis: bradykinin, histamine, serotonin. “

| Inactive eNOS

%I'Cavauﬁn

Calcium pump
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Calcium-independent regulation

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

Intracellular localization

-

eNOS is predominantly localized in caveolae (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
closely regulated by caveolin-1. This intrinsi '
reduces eNOS activity by interfering with calmodulin binding.
Intracellular calcium increase or shear stress displace
caveolin-1 and allow eNOS activation.
Membrane localization of eNOS is modulated by certain post-
translational modifications:

» Myristoylation distinguish eNOS from nNOS and

iINOS, that are predominantly cytosolic proteins
+ Palmitoylation is also required for a proper
localization of eNOS in the membrane

Phosphorylation: Tyr-Phosphorylation, Ser/Thr-Phosphorylation

Oxygen 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.q. 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 Gowvers and Rabelink, Am J Physiol 2001, 280:F193]

VEGF, insulin
receptors
Caveolae
Extracellular
Bradykinin
. receptor
; —‘/ Intraceliular
— g e Inactive eNOS
o Y

Wavnn! in

Calcium pump

oo NO



Regulation of eNOS

factors that regulate the transcription of eNOS gene (shear stress, estrogen and hypoxia)
factors that modulate the stability of its mRNA (lumor necrosis factor alfa or TNF-alfa, lipopolysacharide or LPS, and vascular endathelial group factor or VEGF)

nt ch f M rotei . i i itoylation, myristoylation seems a critical factor to allow the final location of the enzyme at certain
specific domains of the membrane.

2in & g gins. After those modifications the eNOS protein is
active and synlhetrza's NC! or in Some cases supemmde ion :Ihls Iatar circu nslan:e can take place when the substrate, L-arginine, or tetrahydrobiopterin are deficient and
has pathophysiological consequences). Then, all these pon-permanent modifications of eNOS revert and eMOS is deactivated. A cycle of aclivation-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]

eNOS gene caveolae

+ shear stress

transcription Sstrogen . -
- hypoxia \ _

kit Protein protein /= ®XO8 250" N phosphorylation
Degradated '“ : :

-+ interaction proteing
mRNA -VEGF eNOS mRNA

ranslation caveolae

e ) I".

ENOE prntem Imitovl-eNOS el
a1 ACTIVE
myristoylation palmitoylation phosphorylated-

eNOS

myristoyl-eNOS



Caveolae

small invaginations (vesicles) of the plasma membrane with a well-defined size (50-
100 nm) and a particular lipid content

localised in plasma membrane (lipid rafts-rich in glycosphingolipids and cholesterol)
Invelved in transcytosis, lipid trafficking and more recently signal transduction

very dynamic 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 ' | i ior n
istribute th mpounds in infracellular 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 caveoclae (or caveclae-like domains)
as an alternative route to enter cells.
Proteins called caveolins
= represent major components of the caveolar coat
« important for the structure of caveolae, thanks to their ability to oligomerize and
bind cholesterol
s caveolin-1 and 2 have a similar tissue distribution, being mainly expressed in
endothelial, epithelial and muscle cells
# caveolin-3 expression is limited to muscle ﬁells
caveolin-1 affolding prote sl
1 functions as a turnor sunnressﬂr in human colon can:unoma cells

Bender ol al_, Biol Res 35 (3002} 135150, Caveolss and cavecloe-lie membeane domasns in collular
siprakng and diseass. ientficaton of downstream langets
Tir i TUMGE SUBEORESC Drobmn cavsclin- |

Lipid rafts

In artificial membranes, different lipids separate from each other based on their
p-hyslcal prl:rperlles !crrnlng small |5Ia nds called lipid rafts. These rafts have a higher

Ih mem Raﬂs are also dlElil‘lQ uished by a
differeni assortment of proteins. Certain types of pmlenns 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 signal. w
centers in the plasma membran i i ing i i i
especially in tyrosine kinase signalling. Researchers are begmnmg to link lipid rafts

with a variety of diseases, including AIDS, Alzheimer's, anthrax, and atherosclerosis.

rllhn NCH-F

)
Caveolae *

cholesterol

glycosphingolipid protein phosphelipid

__Tyresine
phosphorylation
site (src)

src-family kinase

Caveolin-1
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Inducible nitric oxide synthase (iNOS, NOS Il)

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, macroph h I lls (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) 633-653)

Indukcia a regulacia iINOS expresie
Indukcia INOS:
« nespecificka (oxidativny stres, UV-Ziarenie)

Regulacia iN k nuje na BUNECNEJ a MOLEKULARNE.J trovni

Klucovym faktor pre syntezu NO je zvySenie expresie génu pre iN regulacia transkripcie tohot nu (vazobné miesta pre
transkripéné faktory, ktoré sa nachadzaju na iINOS promotore)

—Miesta uréené pre Specifické transkripéné faktory: jadrové faktory-kappaB (NF-kB), aktivaény protein-1 (AP-1), CCAAT/enhancer-
binding protein CIEBP a cyklicky-AMP-responzivny element viaZuci protein (CREB)

Makrofagy (tkanivova forma monocytov) - velmi déleZitd Glohu v zapalovych procesoch (LPS, IFN-y, TNF... ). Odpoved na stimulaciu —
produkcia prozapalovych mediatorov (IL-1, IL-2, TNF-a, NO...)

TNF IL-4
¥

— .~ IL=4 (at low IFN-7 / STAT1) HSV {"/
IFM-¢ m ‘/ .
®°

SBE
e
:T:f_:ww Yff—i IL-4 {at high IFN-y | STAT1) IFN.T- ~ NO

INOS -~ yO =% Ansiviral efiekt

SBE kB ISRE kB
Regulation of iINOS induction at the molecular level. Regulation of INOS induction at the cellular level

Transcription factors controfling induction of the iINOS gene. Activated STAT1 Cytakings controlling the INOS induction in macrophages during early HSV
induces transcription of the IRF-1 and INCS genes, an effect which is competed by infection. IFN-y. produced mainty by NK cells, stimulates iINOS production. This
activated STATE, IRF-1 interacts physically with NF-xB, binds to the distal kB- IFN-y-induced production of iNOS can be inhibited by IL-4. Upon HSV (herpes
binding site of the iNOS promoter region, and stimulates transcription. Only when simlax vines) infection of macrophages they produce TNF which synergizes with
NF-%8 is absent, IRF-2 can bind to the ISRE site and block transcription. the IFN-y-induced pathways and inhibits the inhibitory signals of IL-4. Thus, the
Stimulatory pathways are indicated by green arrows [—), and inhibitory pathways virus overrules the restrictive signats and opens up for an otherwise closed

pathway. Stimulatory pativways are indicated by green armows (—}, and inhibitory

are drawn in red (Ellermann-Eriksen Virology Joumnal 2005).
pathways are drawn in red (EBermann-Ernksen Virology Journal 2005).



Toll-like receptory ) TN I e THF
. - . TGk-f, -0, IL- IFMN-y, -a, IL-1, .
* lransmembranové proteiny (monocyty . makrofagy, 4,1L-10, IL-11, L= IL-2, IL-10, MIF, L-frg  LPS |Ii|.-j3'I|:l‘t13{l]='—
nky, intesti 13, LPS, IFN-a.p LPS, IFN-o.f '

_/ B. LPS

endotelialne bunky

s 13 ¢lenov (niekloré su lokalizovane intra- ing
extracelularne)

* Rozpoznavajl molekuly vyznamné pre infekciu a zapal
(LPS, Lipoproteiny, Fragmenty bakteralnych bicikov,
Bakterialnu DNA, Dvojviaknowvl (virdlnu) DNA)

s Aktivacia:

» Zahajenie rychlych obrannych reakcii
#» Dve signalne drahy (NF-kB transkripéné
faktory, Mitogén-aktivované protein kinazy

(MAPK])
e Konetné produkty TLR-4 - cytokiny (IL-1b, -6, -12, TNF)
a RKM OAT
LPS
®  Suéast bakterialng) steny Gram-neg. bakterii 4’
® endotoxin t
& yyvolava zapalove odpovede #
®  interaguje s LPS-viadicim proteinom (LPS-BP) v sére a vytvara Proline
kombex ktory sa v pritomnosti CD14 viaZze na TLR-4
~ F . . « Antimicrobial AProinflammatory
Polrebna pritomnost’ sekreéného proteinu MD-2 activity cytokines
IFN-y, IL-1, TNF receptory +  Tumoricidal
. , . . . ctivi
® |FN-y indukuje aktivaciu iNOS prostrednictvom Jak- . ;ig:;.‘;,,g and
STAT signalnej drahy immuneregulation
+ Cytotoxicityftissue
. IFN-y destruction
IL-18
NO pathways

Regulation and function of inducible nitric oxide synthase, arginase and related pathways in mouse
macrophages. The activity of INOS is regulated by cylokines and microbial products (such as LPS), which affect
the uptake of L-arginine {L-Arg) by cationic amino acid transporters (CAT), the synihesis of cofactors, the
expression of INCS mRNA and protein, the enzymatic recycling of citrulline to anrginine and the depletion of
argmning by arginase. Polyamanas- products of the arginase-0DC pathway, act as immunosuppressants and can
further downregulate the production of MO, A high arginase activity in the absence of INOS can also be
associated with lissue fibrosis resulting from the increased synihesis of nrulun& -.-:& U argnase—-DAT patbvvay,
which is reqmred far o::llagen synthesis (ruraxampla by ﬁhmblasls} AL, argining fbe hvg
[i8] elase: MIF. macrophage migrabon inhebitory fRcior IIIDE i

Signal
transduction

L-Arg—s —>L-Arg




proinflammaltory cylokines

Requlacia iNOS sprostredkovana MAP kinazami {IL-1@, THF-a)

* ERK (extracelularnymi signalmi regulované kinazy), o [ LPSCD14/ L1
= 1 I -~

* p38 MAPK IL-1-R1 lmﬁgdn:w

+ JNK (c-Jun aminc-terminalne kinazy)

* Sprostredkivaji fosforylaciu dalSich proteinov (protein kinazy, fosfolipazy,

transkri¢né faktory a proteiny cytoskeletu)
' bunkach maju rézne funkcie
& ERK regululujd bunkovi proliferaciu a diferenciaciu
= p38 MAPK a JNK sprostredkovavajl apoptozu
= p38 MAPK a ERK su zapojené aj do regulacie expresie niektorych

prozapalovych génov (iNOS, IL-6)
Strukturalne a evoluéne konzervovana rodina proteinov pozostava z e
piatich &lenov: NF-kB1 (p105/p50), NF-kB2 (p100/p52), RelA (p65), Relg b
a c-Rel IKK-1,2

Transkripcne faktory NF-kB sa v nestimulovanych bunkach nachadzaju v
inaktivnej forme (diméry) a nevyznadujd sa Ziadnym Géinkom na
transkripciu prislusnych génov
Ich aktivacia je kontrolovavana inhibiénou podjednotkou zo skupiny
inhibitorov kappaB (IkB)
K aktivacii NF-kB dochadza pod vplyvom réznych faktorov:

s MNedpecificky

. ificky pom ligandov TNF-a. IL-1 -4 PS — aktivuju

transkripéné faktory NF-kB prostrednictvom Specifickych receptorov

. ) jvation af gane transcrip
e aktivécia IkB kinaz (IKK) (fosforylujl IKB zloZku inaktivneho komlexu

NFKB-IkB) o '
* Uvolnenim inhibitoru sa NF-kB stavaju aktivnymi a su translokované 4 “\;.\ kB {4V Ap 1 :
do jadra : ER) |
e ‘Vazba na svoj responzivny element a spustenie expresie cielovych 1 -*’ :
génov : |
NF-«B reguluje expresiu génov, ktoré hraju velmi délediti Glohu v L Inflammatory genes '
nespecifickej imunite: cytokiny (IL-1, IL-2, IL-6, IL-12, TNF-g, Lta, LtB a —————mm———— ————
GM-CSF), adhezivne molekuly (ICAM, VCAM), proteiny akutnej fazy ""
(SAA) a inducibilné enzymy (iINOS a COX-2). Vazbou NF-kB na DNA Inflammatory me"ﬁ-
dochadza zaroven k spatnej indukcii transkripcie IkB. Inhibitor sa znova — | e~
viaZe na aktwne |:||n:|tnzam3|r MNF-kB. Cytokines Chemokines Enzymes Adhesion Receptors
— - —r TNF-a, IL- IL-8, MIP-1a, NOS molecules IL-2R
dC13 d pre 18, IL-6, MCP-3, COX-2 ICAM-1
GM-CSF eotaxin cPLAZ VCAM-1

{IL-4, IL-5} 5-LO E-salectin



NOS inhibitor A i I

o
|
>:NH:'
OCH,

Inhibitors of NOS have been described which interact with the "): m.>= : g
NOS enzymes in a variety of ways:
e different sites (l-arginine, biopterin site, haem-binding inhibitors, flavoprotein and N . )
CaM inhibitors) ’ s T
¢ dlﬁenng tlmE-dEpEﬂdﬁ‘nCE arginine Neemethylarginine  Nnitroarginine
* substrate-dependence methylester
¢ mechanism of inhibition by
® widely used inhibitors - [-MMMA, I-MNA and its methyl ester prodrug (NG-nitro-l-arginine methyl L
ester, "|-NAME') - effect on nNOS dimerization but did inhibit both NOS and NADPH oxidase - H)=““;
activity of nNOS, eNOS and iINOS in a time-dependent manner H(JA%H ' g
Inhibitors of NOS o0
» widely used in experimental research .
+ still in under investigation for clinical application S-ethyl-thicisourea  S-methyl-isothiocitrulline
« Treatment with NOS inhibitors (chronic inflammatory diseases, e.g. rheumatoid o _
arthritis) b2
« Some such drugs are derivatives of arginine " /8: %D/O
+ alkyl derivatives of isothiourea are very potent inhibitors of NOS \©/\"N©ﬁ[ "
e Some experimental inhibitors that indeed do show some preference for INOS and 2
nNOS
« selective inhibition of INOS should be advantageous in septic shock and in chronic ARL 17477 6-cyclohexyl-2-iminopiperidine
inﬂammatﬂr}f diﬂea$E$ (nNOS-selective) (iNOS-selective)
http://watcut.uwaterloo.ca/webnotes/Pharm
Sildenafil1 (Viagra) acology/noNoslInhibitors_ws.png

L ]

inhibitor of the phosphodiesterase subtype 5, which is selective for cGMP
removes cGMP and thus terminates the action of NO (if protein nitrosylation is neglected)
Sildenafil was not developed with its now-famous application in mind; instead, the idea

was to come up with another vasodilatator. Its enhancing effect on penile erection gave

rise to the discovery that NO actually is the transmitter that triggers this process.

Thus, without NO, no one of us would even be here today!




Detekce NO

Priame stanovenie NO:

NO Detection by Gas Phase
Chemiluminescence

Detection Principle:
NO is purged from an aqueous solution using an

« Gas-phase chemiluminescence assay

\ . ) ) innert gas such as Ar or He and transferred to a

= Electron paramagnetic resonance (EPR) mixing chamber where it reacts with O; under

« Electrochemical detection reduced pressure.

_ e N o , . + —_— * 4+
« cell-permeabilni fluorescenéni indikatory (4,5-diaminoflucrescein diacetate (DAF-2 DA) NO + O, NO;" + O,
; i NO,* — NO,+ h'v
Nepriame stanovenie NO: - -
) . ) The light emitted by excited NO, upon returning to the
s« celkova koncentrace nitratd/nitritd (Griessova metoda) ground state is measured by photon counting (fmol-pmol).
. ; L. Not very useful when attempting to quantify NO in
= aplikace NO donord compounds, NO scavengerd, a guanylyl-cyklasy i ik 4

physiological fluids such as serum, plasma or urine. Why?
+ NOS aktivita v bunéénych homogenatech méfenim enzymatické konverze argininu na citrulin b&hem tvorby NO

sinhibitory NOS (L-NAME)

«—— QOzone

Chemiluminescence
= aplikace profilatek k isoformam NOS (imunocytochemie, imunoblotting) reaction
] Vacuum
= eXprese genu pro iINOS
Duo-+18 3 Micromanipulator M3301
Now records data directly from NOMKIl, EVOMX, . i
1502, pH electrodes and fon Selective Electrodes! <
~ _ _ Reaction—
Magnetic e "o 300 e00 %00 1200 chamber Photon
1 | Holding : Concentration / nM I counter
— | NO Chamber Device 2 8 nV
! M10 nM
; P ! Sample
J b oaam capillary
2 oM
Bioimaging of Nitric Oxide Using
150-NO Nitric Oxide Mater Time/S Diaminofluoresceine-2 (DAF-2)
{cable not included) SiEEI Hase
Sensing WPI

Element Membrane

Ag/Agd
\

fluorescent,

B 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




E 1SO-NO Mark [l

§ NO meter (World]

Precision

Instruments
(WPI))

« A home-made miniature saturated silver/silver
chloride reference electrode

» B porphyrinic microsensor working electrode

DUO 18 two-
channel data-

system (WPI)

« C platinum wire counter electrode

hermostat

_ . =ﬁlﬁ e 3 ¥ 5 =

RAW 264.7 (1x106) (100x) porphyrinic microsensor (7 pm in
diameter, typical length 0.5-1 mm)



2.0
------ RAW 264.7 without stimulation
—— RAW 264.7 stimulated by LPS
1.5+
J . =1
E 25 —e— RAW 264.7 -AMT / +LPS 25 5000 o
=~ 1.04 et AMT /- <
FF_\ 20 #-= RAW 264.7 -AMT / -LPS \—IT\ 204 L 4000 ?_{
_! —4— RAW 264.7 +AMT / +LPS _I g_
0.5+ g 15+ g 15+ 3000 =
! 2 o
T T T " 10 T, 101 - 2000 o
0 5 10 15 20 o) o 3
Time / h = S - F1000 2
Q
--3 T -0 p
150 C L] L] L] L] L] L] L] L] C
AMT 0 5 10 15 20 00 25 50 75 10.0 125 150 17.5 20.0
1.254 / Time (h) Time (h)
< 1.00-
0.75- L X Y ¥ Y | iNOS - o G o @W NOS
— ——— — ——— e [J-ACHN - — - — w— w— = (-gCtin
0.50 T T T T T T T 200 250
2 6 8 10 12 14 16 18 20 = . -
Time (h) = Cwithout AMT
~ 1501 - ~ 201 mmmwith AMT
1.50 S >
MEM A 8 8 1504
> -
1.25- 210 =
AMT S 3 100-
— (O]
< / 0O 504 o
5 1.00- ﬂ H 50- i
0 1] 1] 1] T T 1) T U ] 0-—5‘.‘
0.754
0 2 3 4 5 6 16 20 C 0 4 20
Time (h Time (h)
OSC LJ LJ LJ LJ LJ ( )
7 9 10 11 12 13 14

RESULTS

Measurement of NO release from RAW 264.7 cell line using

Time (h)

microsensor




1.6

1.5+

1.3+

1.2

BAEC - bovine aortic endothelial cells

Cal 1 pg/ml Cal 2,5 ug/ml Cal 5pg/ml

Cal 0,5 pg/ml

production

v T T
S0 100 150 200 250
Time (min)



| (nA)

0.6

0.54

0.4

BAEC + L-NAME

/

Cal 1,0 pg/ml

/

Cal 2,5 pg/ml

L-arginine (50 uM)

<

Cal 5 pg/ml

0.0

0.5 1.0 15 20 95
Time (h)



Lipid Peroxidation OHA Breaks
u-rr-nrant Damage ‘_\ /-b mxx

¢ Base DM'-:
NP-SH Oxidation = o

N

= EC Proliferation/Migration _ ) .
([ S - = e
Anglogenesis ——p- Parkinson’s D O \ :
it oo PP Disease Programmed Cell Death
cGMP-Gated cGMP-  PKG \
lon Channel  PDE  Activation /
4 NOe Antimicrobial
Agent
Cardmvascular .
Disease .
Impotence o
(Viagra®) el

OENDMTE |
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