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Objectives

After learning this topic, you will be able to:

• define the composition and derivatives of 
nucleotides.

• state functions of nucleotides.

• differentiate the basic unit of DNA and RNA

• define the properties and functions of DNA 
and RNA.
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A B

Building block of nucleic acids
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Phosphoric acid

H3PO4 H2PO4
- HPO4

2- PO4
3-

pKa1 = 1.9 pKa2 = 6.8 pKa3 = 12.4
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Pentose Sugar

D-ribose β-D-ribofuranose
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Pentose Sugar

Type of pentose sugar defines the type of nucleic acid.
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Nitrogenous bases

Purines

Pyrimidines

A, T, C, G in DNA 

A, U, C, G, in RNA.
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Nitrogenous bases and their properties

1. Tautomerization

2. Acid-base

3. Light absorption
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Nitrogenous bases and their properties

1. Tautomerization

Tautomers are isomers 

of a compound which are 

different only in the 

position of the protons

and electrons.
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Nitrogenous bases and their properties

2. Acid-Base (weak) 
Base: Nitrogen (N: in the ring) and Oxygen (:O:)

Acid: -NH2 , =NH,



12
Source: Lehninger Principles of Biochemistry

Nitrogenous bases and their properties

3. Light Absorption



Nucleoside

HO

β-glycosidic linkage 

(Sugar molecule + another group)

(deoxyribose)
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Nucleoside = Sugar + Nitrogenous Base



Nucleotide
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1’

2’3’

4’

5’

(phospho) ester bond
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Nucleotide = Phosphate + Nucleoside
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>> Continue in “Metabolism of Nucleotides”
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Phosphate (Phosphoric Acid)

deoxyribose ribose

A, T, C, G A, U, C, G

DNA RNA



Ribonucleotides
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Source: Lehninger Principles of Biochemistry



Deoxyribonucleotide
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Source: Lehninger Principles of Biochemistry
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Applications: Caffeine

• Adenosine – slow down nerve cell activity, vasodilation

• Caffeine – speed up nerve cell activity, vasoconstriction, 

increase heart rate & blood pressure
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Our best friend?

Alcohol and Drug Foundation of Australia, adf.org.au



Source: http://ib.bioninja.com.au
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Two types of nucleic acids



DNA is a polymer of deoxyribonucleotides.
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Phosphoanhydride Bonds

αβγ

Nucleotide with more than 1 phosphate group

NMP

NDP

NTP

Ester bond
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cGMP

Cyclic Nucleotide

cAMP
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Coenzymes

Nicotinamide adenine dinucleotide (NAD) Flavin adenine dinucleotide (FAD)



Conclusions
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Function

• The building blocks of 

nucleic acids

Other

• Metabolic energy

• Secondary messenger

• Coenzymes

Pentose sugar

• D-ribose

• 2’-deoxyribose

Phosphate

Acidic properties

Nitrogenous bases

• Tautomerization (keto-enol, 

amino-imino)

• Acid-base

• Light absorption (260 nm)

Nucleotide

ATP, GTP

cAMP, cGMP

FAD, FMN, NAD+, NADP+



Source: http://ib.bioninja.com.au
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Nucleic acids are the polymer of nucleotides.
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1953

https://www.google.co.th/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjDodXXmeDVAhXMuI8KHTV7B2sQjRwIBw&url=https://blog.bookstellyouwhy.com/watson-and-crick-controversy-immodesty-and-dna&psig=AFQjCNHMryJA-Oa5ED7xGhDHYSOONQQBDw&ust=1503125639460294


DNA
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3’

5’

Phosphodiester bond



Base Pairing

Hydrogen bond

3’

5’

H – N,O,F

- +

+
-
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Base - “complementary base”

DNA strand – “complementary strand”



Polynucleotide Illustrations
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Source: Lippincotts Illustrated Reviews Biochemistry



Denaturation and Renaturation
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Hypochromism - a decrease in the absorption of 

UV.

Hyperchromism - the UV absorption is increased 

when the two single DNA strands are being 

separated.
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Double helix structure of DNA
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DNA as the Hereditary Material using Streptococcus pneumoniae

(Frederick Griffith Experiment)

Source: 

nature.com/

scitable
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The Hershey-Chase experiment

Source: nature.com/scitable



Source: kintalk.org 37
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Cell Division

https://askabiologist.asu.edu/cell-division
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RNA

http://learn.genetics.utah.edu/content/basics/beyond/



Deoxyribonucleic Acid (DNA)
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• Polymer of deoxyribonucleotide

• Nuclear DNA + Mitochondrial DNA (human)

• A,T, C, G

• 5’ to 3’ direction, anti-parallel

• Double helical with major groove and minor groove

• Acidic due to phosphate groups

• Light absorption (260 nm) due to nitrogenous bases

• Denaturation and renaturation

• G+C content affects melting temperature (Tm)



Ribonucleic Acid (RNA)
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• Polymer of ribonucleotide

• Single strand, exceptional case in virus

• A,U,C,G

• Ribosomal RNA, Transfer RNA, Messenger RNA

• Secondary structure

• Found in nucleus, cytoplasm and mitochondria



Source: nature.com/scitable

tRNA

Amino acid

Central Dogma of Molecular Biology

42



Suggested Readings
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