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Nucleotides and Nucleic Acids
1- Definition of Nucleotides: 
   Nucleotides are important intracellular molecules of low molecular weight that participate in a wide variety of biochemical processes. Nucleotides can be define as an ester phosphate of nucleosides, they are made of nitrogenous base (Heterocyclic base), a monosaccharide (pentose sugar), and one , two or three phosphate group (s) .Nucleosides are made of nitrogenous base and pentose sugar only, its covalently linked to either D-ribose or 2-deoxy-D-ribose (note the “s” replaces “t” in nucleotide, thus denoting sugar. 

2-The Chemical Composition of Nucleotides:
2-1 Nitrogenous Bases (Nucleic Acids Bases):

    There are two structural type of nitrogenous bases ( purine and pyrimidine), they are attached by N-glycosidic bound to carbon atom(C1′) of the pentose sugar. The structure of nitrogenous bases can be shown below:

A. Purine base:
Purine base has the following structure :  
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The two major Purine bases found in nucleotides are  :

    1-Adenine (A) : 6-aminopurine.                   2- Guanine (G): 2-amino-6-oxy- 
                                                                             purine.
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Naming Conventions of Nucleosides

Base Sugar Name
Adenine Ribose Adenosine
Cytosine Ribose Cytidine
Guanine Ribose Guanosine
Uracil Ribose Uridine
Adenine Deoxyribose Deoxyadenosine
Cytosine Deoxyribose Deoxyeytidine
Guanine Deoxyribose Deoxyguanosine
Thymine Deoxyribose Deoxythymidine





There are another purine bases as end products of adenine and guanine catabolism:

  1- Hypoxanthine (Hyp):6-oxypurine                             
  2- Xanthine (Xan):2,6-dioxypurine
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3.Uric acid :2,6,8-trioxypurine
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B. Pyrimidine bases: 
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Pyrimidine base:        
    The three major pyrimidine bases found in nucleotide are:

1. Cytosine(C):  2-oxy-4-aminopyrimidine.

2. Uracil (U):  2,4-dioxypyrimidine. 

3. Thymine(T) : 2,4-dioxy-5-methylpyrimidine.
  The chemical structure of the three major pyrimidine bases found in nucleotide are shown as below:
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Tautomeric Forms of Pyrimidines and Purines
     All pyrimidines and purines can exist in alternative isomeric forms called tautomers can exist in keto and enol forms. The keto form dominates at neutral physiological pH.
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form of each nucelotide is the same as the ribose form except that it lacks the 2
hydroxyl group that is shown in brackets.




2-2 Pentose sugar:
   The pentose sugar found in nucleotides is either β-D-ribose (β-D-ribofuranose) or β-D-2َ–deoxyribose (β-D-2َ–deoxyribofuranose), Purine nucleotides have a β-glycosidic linkage from N 9 of the base to C 1- of the sugar, while in pyrimidine nucleotides the linkage is from N 1 of the base to C 1- of the sugar, the structures of the pentose sugar are given as below:
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Note: to distinguish the carbon atoms in the furanose ring of the pentose sugar from those in the ring(s) of nitrogenous bases, the former are designated 1′, 2′, . . . , 5′ as shown above.
2-3 Phosphate group(s):
        Phosphoric acid is a strong acid that gives nucleotides their acidity, the phosphate can be attached through the oxygen of hydroxyl group in the 3َ  or 5َ  position of sugar. It is more commonly attached to the 5َ position of sugar.
     The combination of phosphoric acid and one nucleosides to form nucleotides is shown in the figure below (a molecule of water must be eliminated to form the phosphate ester): 
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3-Nomenculture of nucleosides and Nucleotides:
   The common names of nucleosides indicate their structure for example if the nucleoside contains a ribose unit and a purine base, its name is derived from the name of purine base, this is done by changing the –ine ending of the base to – onsine.
   Also, the name of a nucleoside containing a pyrimidine base and ribose sugar is changed to –idine, as we will see in table:
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        Nucleotides are named by combining the name of its nucleoside and the number of phosphate (mono, di or tri). For example, the name of the phosphate ester of the adenosine is adenosine monophosphate. The abbreviations used for the nucleotides. The letters A,T,U,C, and G strand for the ribonucleosides adenosine, thymidine, uridine, cytidine, and guanosine, respectively. The corresponding deoxyribonucleosides are indicated as dA, dT , dU , dC , and dG. Individual nucleotides in cells. These free nucleotides usually exist as monophosphates or triphosphates.  
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The Roles of the purine and pyrimidine nucleotides:
1. The purine ribose nucleotide serve in biologic systems as:

· The ubiquitous high-energy source: The terminal two phosphates of ATP are high-energy phosphates. The break down of these phosphates results in larger quantity of free energy. Break down of ATP to ADP + P drives five important endergonic processes.

(a) Muscular contraction
(b) Nervous excitation (transmission of nerve impulses)
(c) Active transport.

(d) Synthesis of important substances
(e) Activation of metabolites
· Regulatory signals (cyclic adenosine monophosphate (cAMP)) in a wide variety of tissues and organisms: The cAMP is formed from ATP by adenyl cyclase and destroyed by  phosphodiesterase : 
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      It bears cyclic structure. The cAMP acts as a second messenger. Many hormones act through the formation or destruction of cAMP. The action of hormone is attributed to the concentration of cAMP in the target cells
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· Components of widely used coenzymes: (FAD, nicotinamide adenine dinucleotide (NAD+) and nicotinamide adenine dinucleotide phosphate (NADP     + )
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· GTP, GDP, GMP, cGMP 
       GTP is required in the initiation, elongation and termination steps of protein synthesis. GTP is required in the formation of phosphoenol Pyruvate (PEP) in the main gluconeogensis pathway. cGMP serves as a second messenger in response to nitric oxide(NO) during relaxation of smooth muscle
· An important methyl donor, S-adenosylmethionine
2. The pyrimidine nucleotides serve as 
· high energy inter mediates.
· Uracil nucleotides (UDP-glucose and UDP-galactose ) are required for the synthesis of glycogen, active glucuronic acid and in the inter conversion of glucose to galactose ( carbohydrate metabolism).
· CDP-acylglycerol in lipids synthesis . 

3. Serve as the monomeric precursors of nucleic acids.  
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