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TOPICS

Nucleic Acids: Structure

Purines and pyrimidines

Nucleosides & Nucleotides
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phosphate groups present in nucleic acids release hydrogen ions (H⁺) in solution 

What are Nucleic Acids?
Nucleic acids are large biological macromolecules (biopolymers) that are essential for life 

because they store, transmit, and express genetic information.

They are composed of repeating units called nucleotides, which are linked together to form long 

chains known as polynucleotides.

Every living organism—from bacteria to humans—contains nucleic acids. 





STRUCTURE OF NUCLEIC ACIDS



COMPONENT 1: SUGAR

Deoxyribose Sugar Present in DNA Ribose Sugar Present in RNA
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CARBON ATOM FUNCTION

1′ Carbon
Attaches the nitrogenous base through 

an N-glycosidic bond.

2′ Carbon
Determines whether the sugar is 

deoxyribose (–H) or ribose (–OH).

3′ Carbon

Contains a hydroxyl (–OH) group that 

forms the 3′–5′ phosphodiester bond

with the next nucleotide.

4′ Carbon
Forms part of the sugar ring and 

connects to the 5′ carbon.

5′ Carbon

Attaches the phosphate group, which 

links nucleotides together to form the 

sugar-phosphate backbone.

The carbon atoms of pentose sugar are numbered 1′ to 5′, and each carbon has a specific function.
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Difference Between Deoxyribose and Ribose

Features
Deoxyribose 

(DNA)
Ribose (RNA)

Chemical formula C₅H₁₀O₄ C₅H₁₀O₅

2′ Carbon –H –OH

Stability More stable Less stable

Reactivity Less reactive More reactive

Found in DNA RNA

Function (DNA & RNA)
Long-term genetic information 

storage
Protein synthesis and gene expression
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•The base is rotated towards 
the same side of the sugar 
molecule as the phosphate 
group.

Anti conformation:

•The base is rotated away from 
the sugar molecule on the 
opposite side of the phosphate 
group.

N-glycosidic bond
This bond connects the nitrogenous base to the sugar molecule 

(ribose sugar present in RNA, deoxyribose sugar present in DNA).

https://www.google.com/search?sca_esv=981b4544bd5bf074&rlz=1C1OKWM_enIN1075IN1075&cs=0&sxsrf=AE3TifNoB38rDc_0q5j0eBA8FZIX6wxAIw%3A1754674383035&q=N-glycosidic+bond&sa=X&ved=2ahUKEwiC_Ke63_uOAxVZUGwGHZzBPRkQxccNegQIBBAB&mstk=AUtExfA0uoV_eRDuk5VIWJRO5UNDARXonUVjcr5hvqaJCeRiHQ7gJDCbKqxVvFaILKYILQVjq5bmKfPIHhIKmtQGS9auiIiBN_KqaOt6LyInm_Rb--yKkKcG63ZGbGTecAvNEY7wMzWyjkdm0cplr6Keyb8jaW8qe2qdDBN1i1i62OxfHfQXgy9NRh6_bG9ee66P3Rg_lxJV7rkB7Qr5CQy7FF_2uLFsTqvGWfDD3zMedOz4FM03m0hmUZObfWd0fjM9fzJALEYZ2vI3UX1w7gsSoUM7LY0DmdT0GpWxa6I1xvs3Ww&csui=3
https://www.google.com/search?sca_esv=981b4544bd5bf074&rlz=1C1OKWM_enIN1075IN1075&cs=0&sxsrf=AE3TifNoB38rDc_0q5j0eBA8FZIX6wxAIw%3A1754674383035&q=N-glycosidic+bond&sa=X&ved=2ahUKEwiC_Ke63_uOAxVZUGwGHZzBPRkQxccNegQIBBAB&mstk=AUtExfA0uoV_eRDuk5VIWJRO5UNDARXonUVjcr5hvqaJCeRiHQ7gJDCbKqxVvFaILKYILQVjq5bmKfPIHhIKmtQGS9auiIiBN_KqaOt6LyInm_Rb--yKkKcG63ZGbGTecAvNEY7wMzWyjkdm0cplr6Keyb8jaW8qe2qdDBN1i1i62OxfHfQXgy9NRh6_bG9ee66P3Rg_lxJV7rkB7Qr5CQy7FF_2uLFsTqvGWfDD3zMedOz4FM03m0hmUZObfWd0fjM9fzJALEYZ2vI3UX1w7gsSoUM7LY0DmdT0GpWxa6I1xvs3Ww&csui=3
https://www.google.com/search?sca_esv=981b4544bd5bf074&rlz=1C1OKWM_enIN1075IN1075&cs=0&sxsrf=AE3TifNoB38rDc_0q5j0eBA8FZIX6wxAIw%3A1754674383035&q=N-glycosidic+bond&sa=X&ved=2ahUKEwiC_Ke63_uOAxVZUGwGHZzBPRkQxccNegQIBBAB&mstk=AUtExfA0uoV_eRDuk5VIWJRO5UNDARXonUVjcr5hvqaJCeRiHQ7gJDCbKqxVvFaILKYILQVjq5bmKfPIHhIKmtQGS9auiIiBN_KqaOt6LyInm_Rb--yKkKcG63ZGbGTecAvNEY7wMzWyjkdm0cplr6Keyb8jaW8qe2qdDBN1i1i62OxfHfQXgy9NRh6_bG9ee66P3Rg_lxJV7rkB7Qr5CQy7FF_2uLFsTqvGWfDD3zMedOz4FM03m0hmUZObfWd0fjM9fzJALEYZ2vI3UX1w7gsSoUM7LY0DmdT0GpWxa6I1xvs3Ww&csui=3
https://www.google.com/search?sca_esv=981b4544bd5bf074&rlz=1C1OKWM_enIN1075IN1075&cs=0&sxsrf=AE3TifNoB38rDc_0q5j0eBA8FZIX6wxAIw%3A1754674383035&q=deoxyribose&sa=X&ved=2ahUKEwiC_Ke63_uOAxVZUGwGHZzBPRkQxccNegQIJRAB&mstk=AUtExfA0uoV_eRDuk5VIWJRO5UNDARXonUVjcr5hvqaJCeRiHQ7gJDCbKqxVvFaILKYILQVjq5bmKfPIHhIKmtQGS9auiIiBN_KqaOt6LyInm_Rb--yKkKcG63ZGbGTecAvNEY7wMzWyjkdm0cplr6Keyb8jaW8qe2qdDBN1i1i62OxfHfQXgy9NRh6_bG9ee66P3Rg_lxJV7rkB7Qr5CQy7FF_2uLFsTqvGWfDD3zMedOz4FM03m0hmUZObfWd0fjM9fzJALEYZ2vI3UX1w7gsSoUM7LY0DmdT0GpWxa6I1xvs3Ww&csui=3
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Feature Purines Pyrimidines

Ring structure
Double-ring (6-membered 

+ 5-membered)

Single six-membered 

ring

Size Larger Smaller

Number of ring 

atoms
9 6

Nitrogen atoms
4 
Nitrogen atoms are present at 

N1, N3, N7 and N9.

2
Nitrogen atoms are present at 

N1 and N3. 

Carbon atoms 5 4

Numbering 1–9 (Anticlockwise) 1–6 (clockwise)

Sugar attachment

N9 atom
The N9 atom attaches to the 1′

carbon of the pentose sugar

through an N-glycosidic bond.

N1 atom
The N1 atom attaches to the 1′

carbon of the pentose sugar

through an N-glycosidic bond.

Examples Adenine (A), Guanine (G)
Cytosine (C), Thymine 

(T), Uracil (U)

Found in DNA A, G C, T

Found in RNA A, G C, U



COMPONENT 3:

PHOSPHATE GROUP



3 Parts OR Components Combine 
to a Nucleotide
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NUCLEOSIDE

AND

NUCLEOTIDE
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NUCLEOSIDE AND NUCLEOTIDE





EXAMPLE OF A NUCLEOTIDE



Linkages or Bonds present in a Nucleotide



Dinucleotide



POLYNUCLEOTIDE CHAIN 

FORMATION

(2 free ends)
5’ end

3’ end

Individual nucleotides are joined together to form a 

polynucleotide chain.

The bond formed is called the 3′–5′ phosphodiester bond.

Steps:
• The 3′ hydroxyl (–OH) group of one nucleotide reacts with the 

5′ phosphate group of the next nucleotide.

• A molecule of water is removed (condensation reaction).

• A phosphodiester bond is formed.

Sugar-Phosphate Backbone

Repeated phosphodiester bonds produce a strong backbone.

Base              Base Base

|                      |                   |

Sugar—P—Sugar—P—Sugar—P—Sugar

• Backbone forms the outer framework of DNA and RNA. 

• Nitrogenous bases project inward (DNA) or outward (RNA). 

.



POLYNUCLEOTIDE CHAIN FORMATION & BOND



Bonds present in a Nucleic acid (DNA)
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A nucleotide is the basic structural and functional unit (monomer) of nucleic acids.

Every nucleotide consists of three components:: Nitrogenous Base, Pentose Sugar & Phosphate Group

NUCLEIC ACIDS- STRUCTURE

1. Pentose Sugar

Pentose sugar is one of the three components of a nucleotide. It is a five-

carbon (5C) monosaccharide in which the carbon atoms are numbered 1′ to

5′. The type of sugar determines whether the nucleic acid is DNA or RNA.

Two types of Pentose Sugar present:

1. Deoxyribose sugar (DNA)

Chemical formula: C₅H₁₀O₄

• Present only in DNA

• The 2′ carbon contains a hydrogen atom (–H) instead of a hydroxyl

group.

• Less chemically reactive. More stable than ribose.

• This makes it suitable for the long-term storage of genetic information.

2. Ribose sugar (RNA)

Chemical formula: C₅H₁₀O₅

• Present only in RNA

• The 2′ carbon contains a hydroxyl group (–OH).

• More chemically reactive. Less stable than DNA.

• Easily hydrolyzed due to the presence of the –OH group.

2. Phosphate Group

The phosphate group is derived from 

phosphoric acid (H₃PO₄).

3 active OH groups are present 

Involve in strand formation.

Phosphate group Gives Negative Charge 

to nucleic acids so, DNA and RNA are 

negatively charged because every nucleotide 

contains a phosphate group.

The sugar-phosphate backbone protects 

genetic information & 

provides Stability

Phosphate forms Joins Nucleotides

By  3′–5′ phosphodiester bonds, connecting 

adjacent nucleotides into long chains.
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NUCLEIC ACIDS- STRUCTURE

3. Nitrogenous Base
Nitrogenous bases are heterocyclic aromatic compounds containing nitrogen atoms. There are five nitrogenous 

bases (A,G C,T and U) 

B. Pyrimidines (Single-ring structure)

Pyrimidines are smaller nitrogenous bases consisting of a single six-

membered ring. Pyrimidines contain 6 atoms in the ring (4 carbon

atoms and 2 nitrogen atoms).The atoms are numbered from 1 to 6.

Nitrogen atoms are present at N1 and N3.

The N1 atom attaches to the 1′ carbon of the pentose sugar through an

N-glycosidic bond. It contains C, T and U

Cytosine (C)

• Present in DNA and RNA and Pairs with Guanine. Contains amino 

and oxy group at 4th and 2nd C of pyrimidine 

Thymine (T)

• Present only in DNA. Contains a methyl (-CH₃) group at C5 of 

pyrimidine  that increases DNA stability  along with 2 oxy group at 

2nd and 4th C of pyrimidine.

Uracil (U)

• Present only in RNA. Replaces thymine 

• Lacks the methyl group present in thymine and only contains 2 oxy 

group at 2nd and 4th C of pyrimidine . 

These are group into two types
A. Purines (Double-ring structure)

Purines are nitrogenous bases that contain two fused rings (one six-

membered ring and one five-membered ring).

Purines contain 9 atoms in the ring system (5 carbon atoms and 4 

nitrogen atoms). The atoms are numbered from 1 to 9 (anticlockwise)

They are larger molecules. It includes A & G

Adenine (A)

• Present in DNA and RNA 

• Pairs with Thymine in DNA and Pairs with Uracil in RNA 

• It contain amino group (NH2) at 6 Carbon position of the purine.

Guanine (G)

• Present in DNA and RNA and Pairs with Cytosine

• Contains amino group and oxy group at 2 and 6 Carbon position 

of purine

Nitrogen atoms are present at N1, N3, N7 and N9. 

The N9 atom attaches to the 1′ carbon of the pentose sugar

through an N-glycosidic bond.
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Individual nucleotides are joined together to form a polynucleotide chain.

The bond formed is called the 3′–5′ phosphodiester bond.

Steps:
• The 3′ hydroxyl (–OH) group of one nucleotide reacts with the 5′ phosphate group of the next 

nucleotide.

• A molecule of water is removed (condensation reaction).

• A phosphodiester bond is formed.

Sugar-Phosphate Backbone

Repeated phosphodiester bonds produce a strong backbone.

Base              Base Base

|                      |                   |

Sugar—P—Sugar—P—Sugar—P—Sugar

• Backbone forms the outer framework of DNA and RNA. 

• Nitrogenous bases project inward (DNA) or outward (RNA). 

Formation of a Polynucleotide ChainNUCLEIC ACIDS- STRUCTURE:
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