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NUCLEOTIDES AND
NUCLEIC ACIDS
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Nucleotides have a variety of roles in cellular metabolism.
1) They are the energy currency in metabolic transactions.
2) They are the constituents of nucleic acids: Deoxyribonucleic acid (DNA) and Ribonucleic acid (RNA).
3) The structure of every protein, and ultimately of every bimolecular and cellular component, is a product of information programmed into the nucleotide sequence of a cell’s nucleic acids.
4) The ability to store and transmit genetic information from one generation to the next is a fundamental condition for life.

Nucleotides, building blocks of nucleic
acids
· The amino acid sequence of every protein in a cell, and the nucleotide sequence of every RNA, is specified by a nucleotide sequence in the cell’s DNA.
· A segment of a DNA molecule that contains the information required for the synthesis of a functional biological product, whether protein or RNA, is referred to as a gene.
· A cell typically has many thousands of genes, and DNA molecules, not surprisingly, tend to be very large.
· The storage and transmission of biological information are the only known functions of DNA.

RNAs ……
· RNAs have a broader range of functions, and several classes are found in cells.
Ribosomal RNAs (rRNAs) are components of ribosomes, the complexes that carry out the synthesis of proteins.
Messenger RNAs (mRNAs) are intermediaries, carrying genetic information from one or a few genes to a ribosome, where the corresponding proteins can be synthesized.
Transfer RNAs (tRNAs) are adapter molecules that faithfully translate the information in mRNA into a specific sequence of amino acids.

Nucleotides and nucleic Acids have
characteristic bases and pentoses
Nucleotides have three characteristic components:
(1) a nitrogenous (nitrogen-containing) base,
(2) a pentose, and
(3) a phosphate.
Nucleoside is the molecule without the phosphate group.
The nitrogenous bases are derivatives of two parent compounds, pyrimidine and purine. The bases and pentoses of the common nucleotides are heterocyclic compounds.
The carbon and nitrogen atoms in the parent structures are conventionally numbered to facilitate the naming and identification of the many derivative compounds.

Pyrimidine and purine structures
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Pyrimidine

Purine

Pentose of the nucleotide ….




[image: ]In the pentose of nucleotides and nucleosides the carbon numbers are given a prime (‘) designation to distinguish them from the numbered atoms of the nitrogenous bases.

Glycosyl bond ….





The base of a nucleotide is joined covalently (at N-1 of pyrimidines and N-9 of purines) in an N-β-glycosyl bond to the 1’ carbon of the pentose, and the phosphate is esterified to the 5’ carbon.
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In DNA and RNA …. Purines and
pyrimidines
· Both DNA and RNA contain two major purine bases, adenine (A) and guanine (G), and two major pyrimidines;
· In both DNA and RNA one of the pyrimidines is cytosine (C), but the second major pyrimidine is not the same in both: it is thymine (T) in DNA and uracil
(U) in RNA.
· Only rarely does thymine occur in RNA or uracil in DNA.
· The structures of the five major bases are shown in this figure.

Nitrogenous bases ……
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Ribose and deoxyribose in ……
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Nucleic acids have two kinds of pentoses. The recurring deoxyribonucleotide units of DNA contain 2-
deoxy-D-ribose, and the ribonucleotide units of RNA contain D-ribose.

The structures and names of the four major
deoxyribonucleotides (deoxyribonucleoside
5- monophosphates), the structural units of DNAs.




[image: ]

The four major ribonucleotide (ribonucleoside 5-
monophosphates), the structural units of RNAs
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Nucleotide and nucleic acid
nomenclature
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DNA sample representations




Specific long16

sequences of A, T, G, and C nucleotides in DNA are the repository of genetic information.


Some minor bases ….
In DNA the most common of these are methylated forms of the major bases; in some viral DNAs, certain bases may be hydroxymethylated or glucosylated.
Altered or unusual bases in DNA molecules often have roles in regulating or protecting the genetic information.
Minor bases of many types are also found in RNAs, especially in tRNAs.
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The nomenclature for the minor bases

· It is simply to indicate the ring position of the substituent by its number—for example, 5- methylcytosine, 7-methylguanine, and 5- hydroxymethylcytosine.
· The amino nitrogen attached to C-6 of adenine is N6; similarly, the carbonyl oxygen and amino nitrogen at C-6 and C-2 of guanine are O6 and N2, respectively.
· Examples of this nomenclature are N6- methyladenosine and N2-methylguanosine

Purines …….
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Phosphodiester Bonds Link Successive
Nucleotides in Nucleic Acids
· The successive nucleotides of both DNA and RNA are covalently linked through phosphate-group “bridges,” in which the 5’-phosphate group of one nucleotide unit is joined to the 3’-hydroxyl group of the next nucleotide, creating a phosphodiester linkage.
· Thus the covalent backbones of nucleic acids consist of alternating phosphate and pentose residues, and the nitrogenous bases may be regarded as side groups joined to the backbone at regular intervals.
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Phosphodiester
linkages in the covalent backbone of DNA and RNA.


· The backbones of both DNA and RNA are hydrophilic. The hydroxyl groups of the sugar residues form hydrogen bonds with water.

· The phosphate groups are completely ionized and negatively charged at pH 7, and the negative charges are generally neutralized by ionic interactions with positive charges on proteins, metal ions, and polyamines.

· All the phosphodiester linkages have the same orientation along the chain giving each linear nucleic acid strand a specific polarity and distinct 5’ and 3’ ends.

Some adenosine monophosphates
· Cells also contain nucleotides with phosphate groups in positions other than on the 5’ carbon.
· Ribonucleoside 2’,3’-cyclic monophosphates are isolatable intermediates, and ribonucleoside 3’- monophosphates are end products of the hydrolysis of RNA by certain ribonucleases.
· Other variations are adenosine 3’,5’-cyclic monophosphate (cAMP) and guanosine 3’,5’- cyclic monophosphate (cGMP).







· In the test tube, RNA is hydrolyzed rapidly under alkaline conditions, but DNA is not; the 2’- hydroxyl groups in RNA (absent in DNA) are directly involved in the process.

· Cyclic 2’,3’-monophosphate nucleotides are the first products of the action of alkali on RNA and are rapidly hydrolyzed further to yield a mixture of 2’- and 3’-nucleoside monophosphates as in the following.

Hydrolysis of RNA under alkaline conditions
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Nucleotide sequence of nucleic acids

· The nucleotide sequences of nucleic acids can be represented schematically, as illustrated on the following by a segment of DNA with five nucleotide units.
· The phosphate groups are symbolized by	P , and each deoxyribose is symbolized by a vertical line, from C-1’ at the top to C-5’ at the bottom (but keep in mind that the sugar is always in its closed- ring -furanose form in nucleic acids).
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· A short nucleic acid is referred to as an oligonucleotide.
· The definition of “short” is somewhat arbitrary, but polymers containing 50 or fewer nucleotides are generally called oligonucleotides. A longer nucleic acid is called a polynucleotide.

· Free pyrimidines and purines are weakly basic compounds and are thus called bases.

· They have a variety of chemical properties that affect the structure, and function, of nucleic acids.

· Purines and pyrimidines are common in DNA and RNA. a property with important consequences of purines and pyrimidines for the structure, electron distribution, and light absorption of nucleic acids.






· Resonance among atoms in the ring gives most of the bonds partial double-bond character.

· One result is that pyrimidines are planar molecules; purines are very nearly planar, with a slight pucker.

Tautomeric forms of bases ….
· Free pyrimidine and purine bases may exist in two or more tautomeric forms depending on the pH. Uracil, for example, occurs in lactim forms at pH 7.0.

[image: ]
· As a result of resonance, all nucleotide bases absorb UV light, and nucleic acids are characterized by a strong absorption at wavelengths near 260 nm as shown in this figure.
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· The purine and pyrimidine bases are hydrophobic and relatively insoluble in water at the near-neutral pH of the cell. At acidic or alkaline pH the bases become charged and their solubility in water increases.

· Hydrophobic stacking interactions in which two or more bases are positioned with the planes of their rings parallel (like a stack of coins) are one of two important modes of interaction between bases in nucleic acids.

· The stacking also involves a combination of van der waals and dipole-dipole interactions between the bases. Base stacking helps to minimize contact of the bases with water, and base-stacking interactions are very important in stabilizing the three-dimensional structure of nucleic Acids.

Importance of functional groups …
· The most important functional groups of pyrimidines and purines are ring nitrogens, carbonyl groups, and exocyclic amino groups.

· Hydrogen bonds involving the amino and carbonyl groups are the second important mode of interaction between bases in nucleic acid molecules.

· Hydrogen bonds between bases permit a complementary association of two (and occasionally three or four) strands of nucleic acid.


[image: ]

[image: ]Hydrogen-bonding patterns in the base pairs defined by Watson and Crick. predominate in
double-stranded DNA and RNA.	36
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