Biochemistry Lec.7

Nucleic Acids
Introduction

e Nucleic acids are macromolecules present in all living cells in
combination with proteins to form nucleoproteins. Genetic
information is encoded in a nucleic acid molecule. The nucleic acids
are of two main types:

— Deoxyribonucleic acid or DNA

— Ribonucleic acid or RNA.
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DNA and RNA are chainlike macromolecules that function in the storage
and transfer of genetic information. Just as the amino acids are building
blocks of proteins, the nucleotides are the building unit of nucleic acids.
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¢ Nucleotides are precursors of the nucleic acids, deoxy-ribonucleic acid
(DNA) and ribonucleic acid (RNA). They are the building blocks of
nucleic acids, each nucleotide consists of three components:

1. A nitrogenous base
2. A pentose sugar
3. A phosphate group.
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v" Types of nucleic acids

The nucleic acids are very large molecules that have two main parts. The
backbone of a nucleic acid is made of alternating sugar and phosphate
molecules bonded together in a long chain, represented below:
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Each of the sugar groups in the backbone is attached to a third type of
molecule called a nitrogen base. There are only four different nitrogen
bases can occur in a nucleic acid and are classified as pyrimidine or purine

bases:
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Components of Nucleic Acids
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Though only four different nucleotide bases can occur in a nucleic acid,
each nucleic acid contains millions of bases bonded to it. The order in
which these nucleotide bases appear in the nucleic acid is the coding for the
information carried in the molecule. In other words, the nucleotide bases
serve as a sort of genetic alphabet on which the structure of each protein in
our bodies is encoded.
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v Structure of Nucleotides
1- Nitrogenous Bases of RNA and DNA

Two classes of nitrogenous bases namely purines and pyrimidines are

present in RNA and DNA.
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e Purine Bases

» Two principal purine bases found in DNAs, as well as RNAs (Figure6.1)
are:

I. Adenine (A) il. Guanine (G).
e Pyrimidine Bases

» Three major pyrimidine bases (Figure 6.2) are:

I. Cytosine (C) Ii. Thymine (T).

. Uracil (U)

» Thymine present only in DNA and uracil presents only in RAN,
while pyrimidine and cytosine can be found in both DNA and RNA.
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Figure 6.1 Structure of purine ring and purine bases
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Figure 6.2 Structure of pyrimidine ring and pyrimidine bases

2- Pentose Sugars Present in RNA and DNA

» The pentose sugar is either D-ribose or D-2-deoxyribose (Figure

6.3). DNA and RNA are distinguished on the basis of the pentose

sugar present. DNA contains D-2-deoxyribose and RNA contains D-

ribose.
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» A pentose sugar (D-ribose or D-2-deoxyribose) is linked to a base
(purine or pyrimidine) via covalent N-glycosidic bond (Figure 6.4).
The term nucleoside is used for structures containing only sugar and
nitrogen base.
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D-ribose D-2-deoxyribose

Figure 6.3 Structure of sugars present in nucleic acid

Adenosine Deoxycytidine
(Adenine ribonucleoside) (Cytosine deoxyribonucleoside)

Figure 6.4 Structures of nucleoside
v’ Structure of nucleotides

Nucleotides are phosphorylated nucleosides. Nucleosides are
nitrogen bases containing pentose sugar. The phosphate group is
attached to the nucleoside by an ester linkage to the hydroxyl group of
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the pentose sugar. The nucleotides are of two types depending on the
kind of pentose sugar present.

1. Deoxyribonucleotides: These nucleotides contain pentose sugar,
deoxyribose and are monomeric units of DNA (Figure 6.5).

2. Ribonucleotides: These nucleotides contain pentose sugar, D-
ribose and are monomeric units of RNA (Figure 6.5).
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Figure 6.5 Structure of nucleotide
v’ Structure of DNA

* DNA is a very long, thread like macromolecule made up of a large
number of deoxyribonucleotides. Deoxyribonucleotide is composed
of a nitrogenous base, a sugar and phosphate group.
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» The bases of DNA molecule carry genetic information, whereas
their sugar and phosphate groups perform a structural role.

 The sugar in a deoxyribonucleotide is deoxyribose.
 The purine bases in DNA are adenine (A), and guanine (G).
 Pyrimidine bases are thymine (T) and cytosine (C).

In 1953, James Watson and Francis Crick deduced that the three-
dimensional structure of DNA is two helical polynucleotide chains are
coiled around a common axis. The chains run in opposite direction
(Figure 6.1) (Figure 6.V).
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v" Functions of DNA

DNA is the store of genetic information. The genetic information
stored in the DNA serves two functions.

1. It is the source of information for the synthesis of all protein
molecules of the cell and

2. It provides the information inherited by cell in mitosis_
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Figure 6.6 Structure of polynucleotide Figure 6.7 A diagrammatic representation of the Watson and
chain of DNA Crick model of the double-helical structure of DNA

v" Structure of RNA

Unlike double stranded helical structure of DNA, the RNAs are single
stranded.
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v" Differences Between RNA and DNA
1. In RNA, the sugar is ribose rather than 2'-deoxyribose of DNA.
2. RNA does not possess thymine. Instead, RNA contains uracil.
3. In RNA, adenine pairs with uracil rather than thymine.

4. Unlike DNA, RNA is a single stranded.
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v Types of RNA
Cell contains three major types of RNA:
1. Messenger RNA (MRNA)
2. Transfer RNA (tRNA)
3. Ribosomal RNA (rRNA)
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1. RNA  sLa(mRNA)
2. RNA sw(tRNA)
3. RNA 554 0(FRNA)

v" Function of RNA

All of these are involved in the process of protein biosynthesis. Each

differs from the others by size and function.
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