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Abstract

Nitric oxide (NO), produced by endothelial NO synthase (eNOS), plays a crucial role in
controlling vascular tone and homeostasis. The signaling mechanisms involved in the reg-
ulation of eNOS activity and NO production are complex and interdependent. eNOS
mRNA levels are controlled both at the transcriptional and posttranscriptional levels.
eNOS enzymatic activity is intimately controlled by posttranslational modifications
including calcium/calmodulin; phosphorylation; nitrosylation; acylation; interaction with
the substrate, cofactors, regulatory proteins; subcellular localization; as well as regulation
by reactive oxygen species. Dysregulation of any of these processes leads to reduced
bioavailability of endothelial NO in the vasculature, which is a characteristic feature of
numerous pathophysiological disorders such as hypertension, diabetes, insulin resistance,
obesity, and hyperlipidemia. This review summarizes recent findings relating to molecular
mechanisms which regulate eNOS activity.

ENZYMATIC FUNCTION OF NOS

Endothelial nitric oxide (NO) synthase (eNOS) is a
member of a family of three mammalian nitric oxide syn-
thase (NOS) isoforms that catalyze the production of NO
from L-arginine using molecular oxygen. The three NOS
isoforms are neuronal NOS (nNOS or NOS I), expressed pri-
marily in brain and skeletal muscle, inducible NOS (iNOS or
NOS 1I), expressed in macrophages, liver, and vascular
smooth muscle, and endothelial NOS (eNOS or NOS III),
expressed in endothelial cells and cardiac myocytes. The
constitutive forms of the enzyme, nNOS and eNOS, are cou-
pled to calcium and calmodulin, while iNOS is independent
of calcium and calmodulin and requires new protein synthe-
sis (D, The three isoforms are the products of distinct genes.
Although these isoforms share approximately 50-60%
sequence identity and the same basic structural mechanisms,
they contain distinctive catalytic and regulatory properties
which characterize them.

In common with all 3 NOS enzymes, eNOS is a homod-
imeric oxidoreductase. Each monomer has two functionally
different domains, an N-terminal oxygenase and a C-termi-
nal reductase domain. The N-terminal domain binds heme, a

cofactor 5,6,7,8-tetrahydrobiopterin (BH4), heme, molecu-
lar oxygen, and the substrate L-arginine. L-arginine binds at
the enzyme active site near heme, while molecular oxygen is
directed to the ferrous heme iron. The binding sites for BH4
and heme are localized along the interface of the monooxy-
genase domains of the dimeric, active form of NOS. The C-
terminal reductase domain binds nicotinamide adenine din-
ucleotide phosphate (NADPH), flavin mononucleotide
(FMN), and flavin adenine dinucleotide (FAD). The N- and
C-terminal domains are linked by a short sequence that
binds calmodulin, an allosteric effector that is essential for
full NOS activity. eNOS catalyzes electron transfer from the
C-terminally bound NADPH via the flavins to the heme on
the N terminus of the other monomer. Calcium/calmodulin
activation causes conformational changes in the enzyme and
increases the rate of electron flow. At the heme, electrons
reduce and activate oxygen, resulting in oxidation of L-argi-
nine to NO and L-citrulline ). Because electrons flow from
the reductase domain of one NOS monomer to the oxyge-
nase domain of another NOS monomer, enzyme dimeriza-
tion is required for full enzymatic activity.

The discovery of “nitric oxide as a signalling molecule in
the cardiovascular system” resulted in the Nobel Prize in
Physiology or Medicine for 1998 awarded to Robert
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Furchgott, Louis J. Ignarro and Ferid Murad. Endothelial
NO regulates vasodilation and maintains basal vascular
tone, and inhibits leukocyte adhesion to the vascular
endothelium, platelet aggregation, smooth muscle cell pro-
liferation and migration, and endothelial cell apoptosis. In
the vascular system, NO-dependent relaxation of vascular
smooth muscle is predominantly soluble guanylyl cyclase
and protein kinase G dependent. Since its identification and
cloning exhaustive efforts have been put forth to understand
the processes mediating eNOS function in vascular endothe-
lium, in certain types of epithelium, and in other cells such
as cardiac myocytes.

eNOS Regulatory Mechanisms

The human eNOS gene contains 26 exons that span 21
kb 3. eNOS mRNA is 4052 nucleotide long and has a half-
life of 10-35 hours. Although initially considered to be a
constitutive enzyme, eNOS is regulated by a variety of
exogenous stimuli.

eNOS is controlled through its transcriptional and post-
transcriptional regulation, and posttranslationally through
the regulation of its activity. In cultured endothelial cells
cytokines, lipopolysaccharide, and oxidized low density
lipoprotein (LDL) downregulate eNOS expression. In con-
trast, shear stress, estrogen, and 3-hydroxy-3-methylglutaryl
coenzyme A reductase inhibitors upregulate eNOS expres-
sion. Cytokines, lipopolysaccharide, tumor necrosis factor
alpha, and oxidized LDL decrease eNOS expression at the
posttranscriptional level by reducing the stability of eNOS
mRNAs @),

Protein expression of eNOS, however, may not necessar-
ily reflect the functional state of the enzyme, and endothelial
NO synthesis may be regulated independently of changes in
eNOS enzyme activity. Changes in endothelial NO produc-
tion may result from specific posttranslational modifications
of endogenously expressed eNOS. In addition to rapid regu-
lation by calcium/calmodulin, posttranslational mechanisms
include substrate and cofactor availability, fatty acid modifi-
cation (such as myristoylation and palmitoylation), subcel-
lular localization, dimerization of the enzyme subunits,
binding to other proteins (such as caveolin-1 and heat shock
protein 90 [HSP90]), and phosphorylation, as well as regu-
lation by reactive oxygen species (ROS; 5). These mecha-
nisms regulate eNOS-mediated responses under physiologic
circumstances and provide various mechanisms whereby
endothelial NO availability may be altered in states of vas-
culogenic dysfunction. Table 1 summarizes the major
molecular mechanisms of eNOS posttranslational regulation
which regulate eNOS activity and NO bioavailability.
Although listed as separate categories, these regulatory
mechanisms are not mutually exclusive; rather they may be
interrelated to maintain the proper spatial and temporal
organization of eNOS signaling.

The following review describes the major mechanisms
of eNOS posttranslational modification and their effect on
eNOS activity in the vasculature.

1) Calcium-dependent eNOS activation

Activation of eNOS with calcium/calmodulin is essential
to the first step of the catalytic process of NO production.
The activation of eNOS in response to agonists such as

eNOS posttranslational regulation

Rapid calcium/calmodulin regulation
Substrate and cofactor availability
Phosphorylation
Intracellular localization
Protein-protein interaction
- Negative regulators: Caveolin-1, NOSIP, NOSTRIN, CHIP
- Positive regulators: HSP90, Dynamin, Porin
Fatty acid modification
- N-Myristoylation
- Cysteine palmitoylation
Regulation by ROS
Regulation by asymmetric dimethylarginine (ADMA)
O-linked glycosylation
S-nitrosylation

Table 1. Major molecular mechanisms of eNOS
posttranslational regulation

acetylcholine, bradykinin, and sphingosine 1-phosphate, is
induced by increases in intracellular calcium resulting from
activation of G-protein-coupled receptors or from mobiliza-
tion from intracellular calcium stores. Calcium forms a com-
plex with calmodulin, which subsequently binds to the
calmodulin-binding site on eNOS. Calmodulin binding to
eNOS facilitates electron transfer from the reductase to the
oxygenase domain, and simultaneously disrupts the
inhibitory eNOS/caveolin-1 interaction ). As intracellular
calcium concentrations rapidly decline, calmodulin dissoci-
ates from eNOS, resulting in a rapid and transient produc-
tion of endothelial NO.

2) eNOS phosphorylation

Phosphorylation of eNOS at multiple sites is a critical
mechanism regulating eNOS activity. The phosphorylation
is regulated by diverse signaling pathways where specific
protein kinases and protein phosphatases regulate phospho-
rylation at each site. A diverse and growing list of activators
has been identified that regulate eNOS phosphorylation and
NO synthesis (Figure 1).

Seven specific sites of phosphorylation have been iden-
tified on eNOS: Tyr-81, Ser-114, Thr-495, Ser-615, Ser-633,
Tyr-657, and Ser-1177 (human sequence, equivalent to Tyr-
83, Ser-116, Thr-497, Ser-617, Ser-635, Tyr-659, and Ser-
1179 on bovine eNOS). Phosphorylation of these sites
increases or decreases the enzyme’s activity directly or by
modulating other regulatory sites on eNOS. eNOS stimula-
tory phosphorylation sites include Ser-1177, Ser-633, Ser-
615, and Tyr-81; eNOS inhibitory phosphorylation sites
include Thr-495, Ser-114, and Tyr-657.

The best characterized eNOS phosphorylation site is Ser-
1177, located in the reductase domain of the enzyme. In
unstimulated endothelial cells, Ser-1177 is not phosphory-
lated. The most important physiologic stimulator of eNOS
phosphorylation at this residue is shear stress, a pressure ex-
erted on endothelial cells by blood flow in the vessel at a
constant flow rate. Shear stress, as well as several hormones
and growth factors, such as vascular endothelial growth fac-
tor (VEGF), insulin-like growth factor 1 (IGF-1), statins,
and estrogens, phosphorylate eNOS on this site. Ser-1177
phosphorylation results in increased electron flux through
the reductase domain of the enzyme and reduced calmodulin
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dissociation from eNOS. As a result, eNOS becomes more
active and produces more NO, even at resting levels of
intracellular calcium (7- 8). Ser-1177 can be phosphorylated
by numerous protein kinases, including Akt (protein kinase
B), cyclic AMP-dependent protein kinase (PKA), AMP-acti-
vated protein kinase (AMPK), ¢cGMP-dependent protein
kinases (PKGQ), calcium/calmodulin-dependent protein
kinase II (CaMKII), and protein kinase C ©). The relative
contributions of these different kinase pathways are not
completely understood, but it appears that different extracel-
lular stimuli activate distinct kinases. For example, while
shear stress phosphorylates eNOS at Ser-1177 mostly by
PKA, insulin, estrogen, sphingosine I-phosphate, and
VEGF mainly phosphorylate this same residue by Akt. The
bradykinin-, calcium ionophore-, and thapsigargin-induced
phosphorylation of Ser-1177, on the other hand, are mediat-
ed by CaMKII (10),

The physiological significance of phosphorylation of
other sites on eNOS is less known. Ser-633 is located with-
in one of the auto-inhibitory loops on eNOS, which is fold-
ed in such a way as to physically impede the access of
calmodulin to its binding domain. Phosphorylation of this
residue by PKA increases eNOS activity (11. 12), Various ago-
nists, such as shear stress, VEGF, bradykinin, and statins,
increase phosphorylation of this site after initial activation
of the enzyme by calcium flux and/or Ser-1177 phosphory-
lation.

Phosphorylation of eNOS at Ser-615 by PKA and Akt
increases eNOS activity by increasing the calcium/calmod-
ulin sensitivity of the enzyme, and appears to be important
for regulating interactions between eNOS and other prote-
ins, and for phosphorylation of eNOS at other sites (1. 12),
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Figure 1. Regulation of eNOS phosphorylation. eNOS stimu-
latory phosphorylation sites include Ser-1177, Ser-633, Ser-615,
and Tyr-81, shown in green. eNOS inhibitory phosphorylation
sites include Thr-495, Ser-114, and Tyr-657, shown in red. The
figure depicts known stimulators of eNOS phosphorylation at
specific sites, and protein kinases which mediate phosphorylation
at these sites.

VEGF = vascular endothelial growth factor; SI-P = sphingo-
sine 1-phosphate; Ang II = angiotensin II; IGF-I = insulin-like
growth factor I; HDL = high density lipoprotein; AMPK = AMP-
activated protein kinase; CDKS5 = cyclin-dependent kinase 5;
PKC = protein kinase C; PKA = protein kinase A; PYK2 = pro-
line-rich tyrosine kinase 2; PKG = protein kinase G; CaMKII =
calcium/calmodulin-dependent protein kinase II; ERK1/2 =
extracellular signal-regulated kinase

eNOS phosphorylation at Tyr-81 contributes to an incre-
ase in eNOS activity. This effect does not seem to be direct,
but rather Tyr-81 phosphorylation on eNOS modulates the
sensitivity of the enzyme to calcium, alters eNOS-protein
interactions, or changes the subcellular localization of the
enzyme (13). Src-dependent phosphorylation of eNOS at this
residue occurs in response to a number of agonists, includ-
ing thapsigargin, VEGF, bradykinin, ATP, sphingosine 1-
phosphate, estrogen, angiopoietin, and acetylcholine.

Thr-495 residue, which is within the calmodulin binding
sequence of eNOS, is constitutively phosphorylated in
endothelial cells. eNOS phosphorylation at Thr-495 reduces
eNOS catalytic activity by interfering with binding of calci-
um/calmodulin to eNOS (14-16), Reciprocal dephosphoryla-
tion of Thr-495 and phosphorylation of Ser-1177 appears to
be essential for eNOS activity. PKC signaling has common-
ly been accepted to promote eNOS phosphorylation at Thr-
495 and dephosphorylation at Ser-1177, reducing the
enzyme’s activity (15. Agonist-induced dephosphorylation
of Thr-495, associated with increased eNOS activity, is
mediated by Ser/Thr protein phosphatase 1 (PP1), Ser/Thr
protein phosphatase 2A (PP2A), and calcineurin (PP2B; 15).
Recently, the dephosphorylation of Thr-495 has been linked
to eNOS uncoupling (i.e., superoxide production by eNOS),
however, it remains to be determined whether this occurs in
vivo (17,

Phosphorylation of eNOS at Ser-114 inhibits agonist-
induced, but not basal, enzyme activity (18). This inhibition
does not occur through a direct effect on catalytic activity of
the enzyme, but rather indirectly through an increased asso-
ciation of eNOS with caveolin-1. Deposphorylation of
eNOS on Ser-114 by the phosphatase calcineurin activates
eNOS.

Tyr-657 is located within the FMN-binding domain of
eNOS. Phosphorylation of eNOS on Tyr-657 by activation
of proline-rich tyrosine kinase 2 (PYK2) attenuates the
activity of the enzyme. A number of physiologically relevant
stimuli lead to the activation of PYK2 in endothelial cells,
including shear stress, insulin, angiotensin II, and oxidative
stress (19). Given that shear stress and insulin elicit the phos-
phorylation of both Ser-1177 and Tyr-657 residues, which
positively and negatively regulate eNOS activity, respec-
tively, it is tempting to speculate that phosphorylation of
eNOS on Tyr-657 in response to stimuli such as shear stress
and insulin plays a key role in negatively modulating
enzyme activity, thus keeping NO output low and reducing
the risk of depletion of eNOS substrate and essential cofac-
tors.

3) eNOS Trafficking and Protein-Protein
Interaction

Caveolae and Caveolin-1

The proper subcellular localization of eNOS is critical
for optimal coupling of extracellular stimulation of eNOS
with NO production. eNOS is unique among the NOS iso-
forms in that it is the only NOS enzyme that is modified by
cotranslational myristoylation and posttranslational palmi-
toylation. These modifications are responsible for targeting
eNOS to the plasma membrane and to intracellular mem-
branes, including the Golgi. In endothelial cells and in iso-
lated blood vessels, the majority of eNOS is present in these
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two locations (20), eNOS localized to the plasma membrane
is constitutively phosphorylated at Ser-1177 and produces
significantly more NO compared to the Golgi pool of eNOS,
while its activity is significantly reduced in areas where
eNOS is normally absent, including the cytosol, mitochon-
dria, and nucleus.

In plasma membranes, the majority of functional eNOS
is targeted to cholesterol-rich microdomains termed caveo-
lae 2D, Caveolin-1, the resident membrane protein of cave-
olae, can directly interact with eNOS and inhibit its activity
(22), These in vitro findings are supported by recent genetic
data showing that caveolin-1 knockout mice exhibit
increased basal and stimulated eNOS activation and
endothelium-dependent relaxations (23), while mice overex-
pressing caveolin-1 exhibit reduced eNOS activation and
NO-dependent vascular function (24). Receptor activation, or
humoral and mechanical stimuli such as estrogen and shear
stress, induce redistribution of eNOS from plasma mem-
brane caveolae (probably assisted by dynamin) and
away from its tonic inhibition to intracellular membranes.
eNOS translocation is associated with interaction with other
proteins, such as calmodulin and HSP90, and dephosphory-
lation of Thr-495, allowing calcium/calmodulin binding to
eNOS, phosphorylation of positive regulatory sites (such as
Ser-1177), denitrosylation, and eNOS activation. After acti-
vation most eNOS returns to the membrane fraction (25).

Whereas caveolin-1 interaction with eNOS is required to
prevent inadequate NO production under basal conditions, it
also facilitates the integration of extracellular stimuli to
intracellular NO signals. Compartmentalization of eNOS in
caveolae is necessary to localize regulatory and signaling
proteins, including caveolin-1, certain G-protein coupled
receptors, HSP90, Akt, and lipoprotein receptors such as
scavenger receptor class B type I (SR-BI) and CD36, and
provide their interaction with eNOS (26, Caveolin-1 is
believed to be instrumental in the compartmentalization of
signaling molecules within caveolae, thus enabling rapid
and selective regulation of calcium- and phosphorylation-
dependent signal transduction events that modify the
response of the enzyme to extracellular stimuli (27,
Caveolin-1 also binds to cholesterol and is involved in traf-
ficking cholesterol from the endoplasmic reticulum to the
plasma membrane to regulate the cholesterol content of
caveolae, which in turn determines the structure and func-
tion of caveolae (0. Disruption of the lipid environment
within caveolae impairs the activity of eNOS and bioavail-
ability of endothelial NO during conditions of hypercholes-
terolemia-induced vascular disease and atherosclerosis.

In addition to caveolin-1 which serves as a major nega-
tive allosteric regulator of eNOS, the NOS-interacting pro-
tein (NOSIP) and the NOS traffic inducer (NOSTRIN) can
also negatively regulate eNOS localization in the plasma
membrane. The C-terminal HSP70-interacting protein
(CHIP) interacts with HSP90 and HSP70 and negatively
regulates eNOS trafficking into the Golgi complex ©.

Heat shock protein 90 (HSP90)

Hsp90 acts as a major protein activator of eNOS. HSP90
is associated with eNOS in the resting state, and, upon stim-
ulation of endothelial cells with VEGF, estrogen, histamine,
and shear stress, the association between the two proteins is
increased, concomitant with enhanced NO production (%),

Blockade of HSP90-mediated signaling inhibits agonist-
induced NO production and vasorelaxation in vitro and in
vivo in fetal lambs with persistent pulmonary hypertension,
while overexpression of HSP90 exerts cardioprotection in a
pig model of cardiac infarct 29). The mechanism of this acti-
vation involves calmodulin-dependent disruption of eNOS
binding with caveolin-1, recruitment of eNOS and Akt to
adjacent regions on HSP90, reduced dephosphorylation of
Akt, and increased ability of Akt to phosphorylate HSP90-
bound eNOS, which facilitates eNOS activation by Ser-1177
phosphorylation (. 30, The direct protein interaction
between eNOS and HSP90 also enhances eNOS coupled
activity and prevents superoxide production by eNOS GD.

Other proteins associated with increased eNOS activity
or NO release are the intracellular trafficking protein dyna-
min and the voltage-dependent anion/cation channel porin
©).

4) An endogenous inhibitor of eNOS:
Asymmetric Dimethylarginine (ADMA)

ADMA is an endogenous inhibitor for NO synthesis.
ADMA has been shown to compete with L-arginine, the
NOS substrate G2, and recently it has been shown to induce
eNOS uncoupling 33). It is a naturally occurring amino acid
resulting from proteolysis of methylated arginine in proteins
(32). The amount of ADMA generated within a cell is
dependent on the extent of arginine methylation in proteins
and the rates of protein turnover. The methylation of argi-
nine is catalyzed by arginine methyltransferase (PRMT)
type I. ADMA is eliminated largely through its metabolism
to citrulline by dimethylarginine dimethylaminohydrolase
(DDAH)-1 and -2, type 2 being predominant in endothelial
cells. Both synthesis and degradation of ADMA are regulat-
ed in an active manner; thus dysregulation of either of these
pathways may result in elevated levels of ADMA. Increased
ADMA levels have been implicated in the pathogenesis of a
variety of cardiovascular diseases G4).

5) S-Nitrosylation

S-nitrosylation is the covalent adduction of NO-derived
nitrosyl groups to the cysteine thiols of proteins. Protein S-
nitrosylation / denitrosylation is now recognized as a regu-
latory component of signal transduction comparable with
phosphorylation / dephosphorylation. S-nitrosylation of
eNOS leads to enzyme inhibition, whereas denitrosylation is
associated with an increase in enzyme activity. In resting
endothelial cells eNOS is tonically inhibited by S-nitrosyla-
tion at Cys-94 and Cys-99 (Cys-96 and Cys-101 in bovine
eNOS) of the zinc tetrathiolate cluster, which comprises the
eNOS dimer interface (35). While the mechanism for S-
nitrosylation of eNOS is not well understood, it is possible
that it modifies substrate or cofactor binding to eNOS, or
decreases the efficiency of electron transfer at the interface
between the eNOS monomers (1, 35). Agonists such as
VEGEF and insulin rapidly and transiently decrease eNOS S-
nitrosylation concomitant with the increase in eNOS phos-
phorylation at Ser-1177 and enzyme activation. Although
eNOS denitrosylation occurs simultaneously with Ser-1177
phosphorylation, these modifications do not appear to be
interdependent (35). eNOS is subsequently renitrosylated,
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corresponding to the decline in eNOS Ser-1177 phosphory-
lation and the return of the enzyme’s activity to its basal
state. The source of NO for nitrosylation is eNOS itself
localized in the membranes, implying that this modification
may be one of the final steps in returning the enzyme to its
basal state after its activation and translocation.

6) eNOS uncoupling

eNOS (as well as nNOS and iNOS) can switch from a
NO- to a superoxide-producing enzyme, a phenomenon
termed eNOS uncoupling. In the uncoupled state, electrons
are diverted to molecular oxygen rather than to L-arginine,
resulting in the preferential superoxide production over NO
production. eNOS uncoupling, thus, refers to both the
impaired NO-producing activity of the enzyme as well as its
increased capacity to produce superoxide (39). This decreas-
es the abundance of the active dimeric form of eNOS, while
total eNOS expression is retained, or even increased, but
mainly in the monomeric form. Decreased NO production
and increased superoxide production by uncoupled eNOS
further enforce oxidative stress by perpetuating eNOS
uncoupling through peroxynitrite formation, thereby result-
ing in chronic endothelial dysfunction (37).

The mechanism underlying eNOS uncoupling is the sub-
ject of intense investigation. Oxidation and nitrosylation of
the zinc thiolate cluster of eNOS can release zinc and pre-
sumably form disulfide bonds between the monomers,
destabilizing the eNOS dimer. The phosphorylation status of
eNOS at Thr-495 may also determine whether eNOS pro-
duces NO (phospho 495) or superoxide (dephospho 495).
Increased association of HSP90 with eNOS has been shown
to “recouple” eNOS activity in vitro and in animal studies
(36). Decreased availability of L-arginine has also been sug-
gested to lead to eNOS uncoupling under pathophysiologi-
cal conditions such as hypercholesterolemia and hyperten-
sion, and L-arginine supplementation was found to restore
endothelial function 2. These nonsubstrate effects of L-argi-
nine have been attributed to its direct radical scavenging
properties, the cooperativity between L-arginine and BH4
binding sites on eNOS, and the competition of L-arginine
with the endogenous inhibitor of eNOS, ADMA ). The best
characterized cause of eNOS uncoupling involves the imbal-
ance between BH4 levels and eNOS protein levels. BH4-
deficient eNOS, when activated, still receives electrons from

Apstrakt

NADPH and donates them one at a time to molecular oxy-
gen instead of L-arginine, resulting in one-electron reduc-
tion to form superoxide anion. The mechanisms leading to
reduced BH4 availability in conditions associated with
endothelial dysfunction are incompletely understood, but
may relate to decreased BH4 biosynthesis or enhanced
oxidative degradation of BH4 to 7,8-dihydrobiopterin (8,39,
eNOS uncoupling accompanied by depletion of BH4 is cur-
rently thought to play an important role in vascular disorders
including diabetes, hypercholesterolemia, atherosclerosis,
hypertension, and aging. Accordingly, BH4 supplementation
restores eNOS-dependent blood flow in aging people, in
patients with diabetes, hypercholesterolemia, and hyperten-
sion, in chronic smokers, and in animal models of vascular
disorders (9. 40),

SUMMARY

Constitutively expressed eNOS produces low concentra-
tions of NO, which plays a critical role in vascular function
and vascular homeostasis. Multiple mechanisms dynamical-
ly regulate the enzymatic function of eNOS in spatial and
temporal manners to tightly control NO bioavailability in
the vessel wall in response to extracellular stimuli. eNOS
activity is dependent on calcium/calmodulin activation,
availability of its substrate L-arginine and cofactors
(NADPH, FAD, FMN, and BH4), protein-protein interac-
tions, fatty acylation (myristoylation and palmitoylation), S-
nitrosylation, phosphorylation, and regulation by ROS.
These multiple molecular mechanisms act in concert to
affect eNOS activity and prevent potentially deleterious NO
overproduction or underproduction. Endothelial dysfunc-
tion, which refers mostly to diminished endothelial NO
bioavailability in the vessel wall, is an early sign of vascular
diseases such as hypertension, hyperlipidemia, and diabetes.
Thus, the endothelium is a novel therapeutic target for the
treatment of cardiovascular diseases associated with
endothelial dysfunction. Further elucidation of the molecu-
lar mechanisms of eNOS regulation is crucial for better
understanding of NO-mediated responses in vascular tissues
under physiologic and pathophysiologic circumstances.

Azotni monoksid (NO), koji proizvodi enzim endotelijalna azot monoksid sintetaza
(eNOS), ima kriticnu ulogu u kontroli vaskularne funkcije i homeostaze. Signalni mehaniz-
mi koji kontrolisu aktivnost eNOS i produkciju NO su kompleksni i medjuzavisni. Nivo
eNOS mRNK je regulisan na transkripcionom i na posttranskripcionom nivou. Enzimatska
aktivnost eNOS podleze posttranslacionoj regulaciji, koja ukljucuje kalcijum/kalmodulin,
fosforilaciju, nitrozilaciju, acilaciju, interakciju sa supstratom, kofaktorima, regulatornim
proteinima, i slobodnim radikalima, i celijsku lokalizaciju . Poremecena regulacija bilo kog
od ovih procesa rezultira u smanjenoj kolicini NO u vaskulaturi, karakteristicna za mnoga
patofizioloska stanja kao so su povisen krvni pritisak, dijabetes, neosetljivost na insulin,
gojaznost, 1 povisen holesterol. Ovaj revijski rad sumira molekularne mehanizme koji reg-

ulisu aktivnost eNOS.
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