Nitric oxide – n0:

Nitrogen monoxide (·NO), commonly referred to as nitric oxide in the biochemical literature [1], is a free radical generated in biological systems. ·NO functions at low concentrations as a signal in many diverse physiological processes such as blood pressure control, neurotransmission, learning and memory, and at high concentrations as a defensive cytotoxin (see list of reviews on structure and function of nitric oxide synthases). Nitric oxide synthase (NOS; EC 1.14.13.39) enzymes produce ·NO by catalysing a five​electron oxidation of a guanidino nitrogen of L​arginine (L​Arg). Oxidation of L​Arg to L​citrulline occurs via two successive monooxygenation reactions producing N2 INCLUDEPICTURE "http://metallo.scripps.edu/PROMISE/omega.gif" \* MERGEFORMATINET 


​hydroxy​L​arginine as an intermediate (1). 2 mol of O2 and 1.5 mol of NADPH are consumed per mole of ·NO formed [ and references therein]. 
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NOSs are the only enzymes known to simultaneously require five bound cofactors/prosthetic groups: FAD, FMN, haem, tetrahydrobiopterin (BH4) and Ca2+-calmodulin (CaM). In mammals, three distinct genes encode NOS isozymes: neuronal (nNOS or NOS​1), cytokine​inducible (iNOS or NOS​2) and endothelial (eNOS or NOS​3) [3]. Some properties of mammalian NOS isozymes are summarised in the table:

Nitric oxide synthase (NOS) catalyzes the conversion of L-arginine to •NO and citrulline. The critical biological role of •NO is now well-established, both in signal transduction and in the host response to infection (1, 2). In signal transduction it serves as a cell-to-cell signaling agent involving stimulation of the synthesis of the second messenger guanosine 3':5'-cyclic monophosphate (cGMP) in the target cell, as illustrated below. 
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On the other hand, the immune system appears to have harnessed the toxic properties of •NO, using this molecule to kill or inhibit the growth of invading organisms. There are three isoforms whose tissue distribution and regulation largely determine physiological action. The enzyme is a unique and complicated redox protein (3-5). Biochemical studies and sequence comparisons have shown that NOS contains two tightly bound flavin cofactors that function to deliver reducing equivalents to a bound heme. The heme is a cytochrome P-450 type heme with a cysteinyl thiolate providing a ligand to iron. The enzyme also contains a tightly bound pterin cofactor.  The overall enzymatic mechanism leading to •NO formation is under investigation.

The Nitric Oxdie/Cyclic GMP Pathway: 
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The role of nitric oxide in cellular signaling in the past two decades has become one of the most rapidly growing areas in biology. Nitric oxide is a gas and free radical with an unshared electron that can regulate an ever-growing list of biological processes. Nitric oxide is formed from L-arginine by a family of enzymes called nitric oxide synthases. These enzymes have a complex requirement for a number of cofactors and regulators including NADPH, tetrahydrabiopterin, flavins, calmodulin and heme. The enzymes are present in most cells and tissues. In many instances, nitric oxide mediates its biological effects by activating the soluble isoform of guanylyl cyclase and increasing cyclic GMP synthesis from GTP. Cyclic GMP, in turn, can activate cyclic GMP-dependent protein kinase (PKG) and can cause smooth muscles and blood vessels to relax, decrease platelet aggregation, alter neuron function etc. These effects can decrease blood pressure, increase blood flow to tissues, alter memory and behavior, decrease blood clotting, etc. The list of effects of nitric oxide that are independent of cyclic GMP formation is also growing at a rapid rate. For example, nitric oxide can interact with transition metals such as iron, thiol groups, other free radicals, oxygen, superoxide anion, unsaturated fatty acids, and other molecules. Some of these reactions result in the oxidation of nitric oxide to nitrite and nitrate to terminate the effect, while other reactions can lead to altered protein structure function and/or catalytic capacity. These effects probably regulate bacterial infections, inflammation of tissues, tumor growth, and other disorders. These diverse effects of nitric oxide that are cyclic GMP dependent or independent can alter and regulate numerous important physiological events in cell regulation and function. Nitric oxide can function as an intracellular messenger, an antacoid, a paracrine substance, a neurotransmitter, or as a hormone that can be carried to distant sites for effects. Thus, it is a unique molecule with an array of signaling functions. However, as with any messenger molecule, there can be too little or too much of the substance, resulting in pathological events. Some of the methods to regulate either nitric oxide formation, metabolism, or function have been in clinical use of more than a century, as with the use of organic nitrates and nitroglycerin in angina pectoris that was initiated in the 1870s. Inhalation of low concentrations of nitric oxide can be beneficial in premature infants with pulmonary hypertension and increase survival rates. Ongoing clinical trials with nitric oxide synthase inhibitors and nitric oxide scavengers are examining the effects of those agents in septic shock, hypotension with dialysis, inflammatory disorders, cancer therapy, etc. Recognition of additional molecular targets in the areas of nitric oxide and cyclic GMP research will continue to promote drug discovery and development programs in this field. Current and future research will undoubtedly expand the clinician's therapeutic armamentarium to manage a number of important disease by perturbing nitric oxide formation and metabolism. Such promise and expectations have obviously fueled the interests in nitric oxide research for a growing list of potential therapeutic applications. There have been and will continue to be many opportunities from nitric oxide and cyclic GMP research to develop novel and important therapeutic agents. There are presently more than 40,000 publications in the area of nitric oxide research. The lecture will discuss our discovery of the first biological effects of nitric oxide and how the field has evolved since our original reports in 1977.
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New Study: Nitric Oxide Deficiency Raises Cardiovascular Disease Risk in African Americans  
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ATHENS, Ohio - African Americans suffer from cardiovascular diseases at a rate about five times higher than the rest of the U.S. population. In a new study, scientists may have found a culprit: a serious deficiency of nitric oxide, a small molecule vital in the regulation of blood flow and blood pressure. 

The research team, led by Ohio University biochemist Tadeusz Malinski, examined the blood vessel cells of 12 white and 12 black healthy female subjects. Using a system of nanosensors, they discovered that the cardiovascular systems of African-American subjects as young as 20 years of age could show signs of an unbalanced nitric oxide system that could become increasingly worse as they grow older, according to research published in a recent issue of Circulation, a journal of the American Heart Association. 

"What we found was the basic mechanism of the cardiovascular dysfunctions at the molecular level," said Malinski, the Marvin and Ann Dilley White Professor of Biochemistry at Ohio University. 

In the early 1990s, Malinski, a leading expert on nitric oxide and its physiological functions, developed nanosensors capable of detecting the nitric oxide and other molecules in single cells and neurons. Nitric oxide performs critical functions throughout the body, but survives only a few seconds after it is created by cells and neurons. Malinski and other researchers have since proven that nitric oxide is a fundamental regulator of bodily functions -- such as blood pressure, beating of the heart and the relaxation of blood vessels -- and that imbalance between levels of nitric oxide and oxidative stress can be a sign of dysfunction and disease. 

In the new study, the scientist found that the cardiovascular system of black subjects has more enzymes to produce nitric oxide and can be more efficient than those of white subjects. However, black subjects did not produce enough of the amino acid L-arginin to complete the process of nitric oxide production. Instead the enzyme produces another oxidative molecule, superoxide, which reacts with nitric oxide to create an even more powerful and damaging oxidant, peroxynitrite. 

Peroxynitrite not only attacks cell DNA and RNA, making black subjects more susceptible to cancer and various dysfunctions, but it gobbles up ever-increasing amounts of nitric oxide, which can lead to hardening of the blood vessels, increase of blood pressure and other cardiovascular problems. As the balance in the system shifts to greater amounts of peroxynitrite relative to nitric oxide, the danger of cardiovascular dysfunctions and diseases increases as well, said Malinski, whose research was supported in part by Ohio University's Marvin and Ann Dilley White Professorship Endowment. 

"At the age of 20, you have perhaps twice as much of these oxidants as in other ethnic groups, and that causes an acceleration of aging and the dysfunction of the entire cardiovascular system," Malinski said. "The final outcome is a heart attack or stroke." 

Malinski and his colleagues argue, however, that this new understanding of nitric oxide and related molecules' behavior in the African-American cardiovascular system can point to better treatment and prevention of diseases. 

"What is amazing is that this system has a great potential to produce nitric oxide and can be corrected very efficiently and at a relatively early age," he said. "Based on our research, a diagnosis of this dysfunction of the system will be possible -- probably very soon -- and will be treatable with some existing cardiovascular drugs." 

The research also opens the door for the development of new drugs designed specifically to maintain healthy levels of nitric oxide in the cardiovascular system. 

Collaborators on the study were Iwona Dobrucki, a graduate student in biochemistry, and Leszek Kalinowski, a postdoctoral fellow, both at Ohio University. 



Contacts: Tadeusz Malinski, (740) 517-8486, malinski@ohio.edu; Paula Hale, (740) 597-1219, halep@ohio.edu. 


Written by Justin Boyd. 
Melatonin too is a major physiological antioxidant (and hormone) by directly reacting with hydroxyl and peroxyl radicals, or by stimulating the expression of superoxide dismutase, glutathione peroxidase, or glutathione reductase. Melatonin has also been reported to inhibit nitric oxide synthetase. 

	Local nitric oxide synthase activity in a model of neuropathic pain

	Dan Levy & Douglas. W. Zochodne


A local inflammatory reaction may play an important role in the development of neuropathic pain following peripheral nerve injury. One important participant in the inflammatory response of injured peripheral nerve may be nitric oxide (NO). In this work, we examined physiological and morphological evidence for nitric oxide synthase (NOS) activation in the chronic constriction injury model of neuropathic pain in rats. Physiological evidence of local NO action was provided by studying NO[image: image8.png]


mediated changes in local blood flow associated with the injury site. Immunohistochemistry was used to localize isoforms of NOS that might generate NO.

 Sciatic nerve injury associated with behavioural evidence of neuropathic pain had substantial rises in local blood flow. The NOS inhibitor NG[image: image9.png]
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NAME), reversed the hyperaemia in a dose[image: image17.png]


dependent fashion proximal to the constriction at 48 h and distally at 14 days post[image: image18.png]


operation when applied systemically or topically. Aminoguanidine, a NOS inhibitor with relatively greater selectivity for the inducible NOS (iNOS) isoform, reversed nerve hyperaemia distal to the constriction only at 14 days. NOS[image: image19.png]


like immunoreactivity of the neuronal and endothelial isoforms was identified just proximal to the constriction at 48 h. iNOS[image: image20.png]


like immunoreactivity was observed at 7 and 14 days at the constriction and distal sites, respectively.

 This work provides evidence for local NOS expression and NO action in the chronic constriction injury model of neuropathic pain. NO has local physiological actions that include vasodilatation of microvessels and that may be important in the development of pain sensitivity.

	Modulation of nitric oxide-mediated metal release from metallothionein by the redox state of glutathione in vitro

	Leila Khatai1, Walter Goessler2, Helena Lorencova2 and Klaus Zangger1

	Metallothioneins (MTs) release bound metals when exposed to nitric oxide. At inflammatory sites, both metallothionein and inducible nitric oxide synthase (iNOS) are induced by the same factors and the zinc released from metallothionein by NO suppresses both the induction and activity of iNOS. In a search for a possible modulatory mechanism of this coexpression of counteracting proteins, we investigated the role of the glutathione redox state in vitro because the oxidation state of thiols is involved in the metal binding in Cd-S or Zn-S clusters found in metallothioneins, and NO also binds to reduced glutathione via S-nitrosation. Using a variety of techniques, we found that NO and also ONOO[image: image21.png]


-mediated metal release from purified MTs is suppressed by reduced glutathione (GSH), but not by oxidized glutathione. Considering the millimolar concentrations of GSH present in mammalian cells, the metal release from MTs by NO should play no role in living systems. Therefore, the fact that it has been observed in vivo points to a hitherto unknown mechanism or additional compound(s) being involved in this physiologically relevant reaction and as long as this additional factor is not found experimental results on the MT-NO interaction should be treated with caution. Contrary to the peroxynitrite-induced activation of guanylyl cyclase, where GSH is needed, we found that the metal release from metallothionein by peroxynitrite is not enhanced, but also suppressed by reduced glutathione. In addition, we show that zinc, the major natural metal ligand in mammalian MTs and suppressor of iNOS, is released more readily under the influence of NO than cadmium, but in contrast to the MT isoform 1, the amount of metal released from the [image: image22.png]


-domain of MT-2 is comparable to that from the [image: image23.png]


-domain.
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