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• Nucleic acids are acidic substances that generally reside in

the nuclei of cells and are mainly involved in the transfer of

genetic information and the control of protein biosynthesis.

• From a structural perspective, nucleic acids are natural

polymers (biopolymers) composed of phosphate esters of

the nucleoside of D-ribose or 2-deoxy-D-ribose.



Nucleic Acids
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• Although chemically quite different,

nucleic acids resemble proteins in a

fundamental way:

i. They have a long backbone that is the

same in all nucleic acid molecules.

Attached to this backbone are various

bases, whose nature and sequence

define each individual nucleic acid.

ii. Whereas the backbone of a protein is

a polypeptide chain, that of nucleic

acids is a polyester (polynucleotide)

chain of ribofuranoids.

iii.Whereas proteins have 20 building

blocks (amino acids) to choose from,

DNA has only 4-the nucleosides

deoxyadenosine, deoxyguanosine,

deoxycytidine and thymidine.
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Classification of Nucleic Acids
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• Nucleic acids are classified as ribonucleic acids (RNA) or

deoxyribonucleic acids (DNA) depending on the

carbohydrate residue they contain.

• The sugar residue is D-ribose in the group of nucleic acids

known as ribonucleic acids (RNA) and 2-deoxy-D-ribose in

the group known as deoxyribonucleic acids (DNA).

• Structurally, the sugar units of these nucleic acids are in the

furanose form. The structures of DNA and RNA also differ in

the structure of one set of the bases bonded to the ribose

units.



Bases of Deoxyribonucleic Acid (DNA)
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• Four principal bases are found in DNA: Adenine (A) and

guanine (G), which are purines and cytosine (C) and thymine

(T), which are pyrimidines.

• With only four building blocks available, the primary structure

of DNA is far less varied than the primary structure of

proteins.

• Just as each amino acid residue in a peptide is differentiated

by its amino acid side chain, each residue in a polynucleotide

is differentiated by its base.



Bases of Ribonucleic Acid (RNA)
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• RNA contains adenine, guanine, cytosine and uracil (U).

• Since the rings of purines and pyrimidines are aromatic and

planar, this influences the shape of the nucleic acids.

• The proportion of these bases and the sequence in which

they follow each other along the polynucleotide chain differ

from one kind of nucleic acid to another.



Nucleosides
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• The term nucleoside refers to pyrimidine or purine N-

glycosides of D-ribofuranose and 2-deoxy-D-ribofuranose

because they are the substances present in nucleic acids.

• Adenosine is a representative purine nucleoside; its

carbohydrate unit is attached to N-9.



Nucleosides of DNA and RNA
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• The nucleosides of DNA are named as follows:

Name of Base Name of Nucleoside

Adenine 2’-Deoxyadenosine

Guanine 2’-Deoxyguanosine

Thymine Thymidine

Cytosine 2’-Deoxycytidine

• The nucleosides of RNA are named as follows:

Name of Base Name of Nucleoside

Adenine Adenosine

Guanine Guanosine

Uracil Uridine

Cytosine Cytidine



Nucleotides of DNA and RNA
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• Nucleotides are phosphoric acid esters of nucleosides i.e. a

ribonucleoside that is phosphorylated at its 5’-carbon is

called a ribonucleotide. The 5’-monophosphate of adenosine

is called adenosine 5’-monophosphate.

• Each nucleotide has a phosphate group on its 5’-carbon and

a hydroxyl group on the 3’-carbon.

• When nucleotides are joined by an ester linkage between the

5’-phosphate group of one nucleotide and the 3’-hydroxyl

group of another, a polynucleotide (ribonucleic acid or

deoxyribonucleic acid) is formed.



Deoxyribonucleic Acid (DNA)
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• Deoxyribonucleic acid (DNA) is a polymer of

deoxyribonucleotides and is the storehouse of genetic

information throughout all of nature.

• DNA is found primarily in the nucleus, where it carries the

permanent genetic code.



Structure of DNA
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• DNA consists of two complimentary polynucleotide strands

coiled around each other in a double helix like the handrails

on a spiral staircase.

• The two strands run in opposite direction and are held

together by hydrogen bonds between specific pairs of bases.



Base Pairing in DNA
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• This base pairing in DNA was proposed in 1950, when Erwin

Chargaff of Columbia University noticed that various DNA’s

taken from a wide variety of species, had about equal

amounts of adenine and thymine, and about equal amounts

of guanine and cytosine.

• Human DNA, for example, contains about 30% each of

adenine and thymine, and about 20% each of guanine and

cytosine.

• Guanine is said to be complementary to cytosine and

adenine is complementary to thymine.



Base Pairing in DNA
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• The DNA strands are held together by linear hydrogen bonds

between adenine & thymine and between guanine &

cytosine. Quite simply, A=T and G=C because A is always

hydrogen-bonded to T and G is always hydrogen-bonded to

C.

• In the base sequence of DNA lies the genetic code for

species and the instructions for the synthesis of the required

proteins in the specie.

• A helpful mnemonic to remember

the four DNA bases involved in

hydrogen bonding is the simple

phrase: “pure silver taxi”.



The Role of DNA in Protein Synthesis
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• The translation of DNA code into protein biosynthesis begins in

the nucleus of cells with the synthesis of mRNA by transcription

of DNA.

• In the transcription, several turns of DNA unwind exposing the

bases of the two strands. The stretch exposed acts as a

template on which the mRNA is built. Ribonucleotides line up in

the proper order by hydrogen bonding to their complimentary

bases on DNA and then the growing RNA molecule unwinds

from DNA. The segment of DNA that is copied is called a gene.

• Unlike what happens in DNA replication, where both strands are

copied, only one of the two DNA strands is transcribed into

mRNA. The RNA molecule produced during the transcription is

a copy of the coding strand. The only difference is that the

mRNA molecule has a U everywhere the DNA coding strand

has a T. Once complete, the mRNA departs the nucleus to seek

out a ribosome, while the DNA re-forms its double helix.



Ribonucleic Acid
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• The primary structure of ribonucleic acids (RNA) is

conceptually much like that of DNA, with two exceptions:

ribose is the sugar component rather than deoxyribose and

RNA incorporates essentially the same bases as DNA,

except that, in RNA uracil replaces thymine.

• RNA molecules are typically much smaller than DNA.

• The primary cellular function of RNA is to direct biosynthesis

of the peptides and proteins required by an organism.



Types and Roles of RNA in Protein Synthesis
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• Whereas DNA has the genetic code for proteins, it cannot

produce these proteins directly. Instead, RNA assumes this

role, acting as the crucial “middleman” between DNA and

proteins.

• There are three main types of RNA molecules with different,

but crucial roles in protein synthesis.

(i) Messenger RNA (mRNA) is a copy of the genetic information

required to synthesize a single protein. Its role is to carry the

genetic code from DNA in the nucleus to ribosomes in the

endoplasmic reticulum.



Types and Roles of RNA in Protein Synthesis
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(ii) Ribosomal RNA (rRNA) exist and catalyse protein synthesis in

the ribosomes. During translation, the ribosome binds to one

end of the mRNA molecule, then travels its entire length to read

the triplet code and catalyse the construction of a protein one

amino acid at a time.

The specific ribonucleotide sequence in mRNA determines the

order in which different amino acid residues are to be joined.

Each codon, along the mRNA chain consists of a sequence of

three ribonucleotides that is specific to a given amino acid: The

series U-U-U or U-U-C on mRNA directs incorporation of the

amino acid phenylalanine into the growing protein chain.

(iii) Transfer RNA (tRNA) transports amino acids to the ribosomes

where they are joined together to make proteins. Transfer RNA

is the crucial adaptor unit which links the triplet code on mRNA

to a specific amino acid. This means there has to be a different

transfer RNA for each amino acid.



Types and Roles of RNA in Protein Synthesis
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• When the synthesis of the proper protein is completed, a

‘stop’ condon (e.g. U-A-A or U-A-G) signals the end, and the

protein is released from the ribosome.



A Comparative Summary of the Structure and Role of DNA and RNA
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End of SCH 305

Attribute Deoxyribonucleic Acids Ribonucleic Acids

Sugar 

residue

2-Deoxyribose Ribose

Unique 

Base

Thymine Uracil

Strands Double strands 

(Double helix)

Single strand

Size Enormous 

(upto MW of 150 billion)

Smaller 

(as low MW as 35,000)

Location Exclusively in Nucleus of 

cell

Mostly in the Ribosomes, 

but also in nucleus of cell

Functions Storehouse of genetic code Controls protein 

biosynthesis


