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What are they ? 

• The 4th type of 
macromolecules 

• The chemical link between 
generations 

• The source of genetic 
information in chromosome 
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What do they do ? 

• Dictate amino-acid 
sequence in proteins 

• Give information to 
chromosomes, which is then 
passed from parent to 
offspring 



proteins 

DNA 

Nucleic Acids 

• Function: 
– genetic material 

• stores information 

– genes 

– blueprint for building proteins 

» DNA  RNA  proteins 

• transfers information 

– blueprint for new cells 

– blueprint for next generation 



What are they made of ? 

• Simple units called nucleotides, 
connected in long chains 

• Nucleotides have 3 parts: 
  1- 5-Carbon sugar (pentose) 
  2- Nitrogen containing base  
   (made of C, H and N) 
  3- A phosphate group ( P ) 
• The P groups make the links that unite 

the sugars (hence a “sugar-phosphate 
backbone” 

 



Central Dogma 
 

 DNA ---------→ RNA---------→Protein. 
 

 This unidirectional flow equation represents the 
Central Dogma (fundamental law) of molecular 
biology. 

 

 This is the mechanism whereby inherited 
information is used to create actual objects, namely 
enzymes and structural proteins. 

  

 An exception to the central dogma is that certain 
viruses (retroviruses) make DNA from RNA using the 
enzyme reverse transcriptase. 



Gene Expression 

 Gene expression refers to the process 
whereby the information contained in genes 
begins to have effects in the cell. 

 

 DNA are sequences that encode proteins (the 
gene product). 

 

 DNA encodes and transmits the genetic 
information passed down from parents to 
offspring. 



DNA stands for  deoxyribose nucleic acid 

This chemical substance is present in the nucleus 
of all cells in all living organisms 

DNA controls all the chemical changes which  
take place in cells 

The kind of cell which is formed, (muscle, blood, 
nerve etc) is controlled by DNA 

The kind of organism which is produced (buttercup, 
giraffe, herring, human etc) is controlled by DNA 

DNA 



Genetic code  

 The alphabet of the genetic code contains 

only four letters (A,T,G,C). 

 

 A number of experiments confirmed that the 

genetic code is written in 3-letter words, each 

of which codes for particular amino acid. 

 

 A nucleic acid word (3 nucleotide letters) is 

referred to as a codon. 



Nucleic acids 

 Principle information molecule in the 

cell. 

 

 All the genetic codes are carried out on 

the nucleic acids. 

 

 Nucleic acid is a linear polymer of 

nucleotides 



Nucleotides 

 Nucleotides are the unit structure of 

nucleic acids. 

 Nucleotides composed of 3 

components: 

  Nitrogenous base (A, C, G, T or U) 

  Pentose sugar 

  Phosphate 



Nucleotides 

• 3 parts  

– nitrogen base (C-N ring) 

– pentose sugar (5C) 

• ribose in RNA 

• deoxyribose in DNA 

– phosphate (PO4) group 

Are nucleic acids 
charged molecules?  

Nitrogen base 
I’m the  
A,T,C,G or U 
part!  



Ribose is a sugar, like glucose, but with only five 
carbon atoms in its molecule 

Deoxyribose is almost the same but lacks one  
oxygen atom 

Both molecules may be represented by the symbol 

Ribose & deoxyribose 





Nitrogenous bases 

 There are 2 types: 

 Purines: 

Two ring structure 

Adenine (A) and Guanine (G) 

 

 Pyrimidines: 

Single ring structure 

Cytosine (C) and Thymine (T) or Uracil (U).  



Types of nucleotides 

• 2 types of nucleotides 

– different nitrogen bases  

– purines 

• double ring N base  

• adenine (A) 

• guanine (G)  

– pyrimidines 

• single ring N base  

• cytosine (C) 

• thymine (T) 

• uracil (U) 

Purine = AG 
Pure silver!  





Difference between 
Nucleotide & Nucleoside 

  A nucleotide is composed of 
a nucleobase (also termed a nitrogenous 
base), a five-carbon sugar 
(either ribose ordeoxyribose), and one or 
more phosphate groups . 

 A nucleoside consists simply of a 
nucleobase and a 5-carbon sugar. In a 
nucleoside, the base is bound to either 
ribose or deoxyribose via a beta-glycosidic 
linkage.  

http://en.wikipedia.org/wiki/Nucleobase
http://en.wikipedia.org/wiki/Nitrogenous_base
http://en.wikipedia.org/wiki/Nitrogenous_base
http://en.wikipedia.org/wiki/Ribose
http://en.wikipedia.org/wiki/Deoxyribose
http://en.wikipedia.org/wiki/Anomer
http://en.wikipedia.org/wiki/Glycosidic_bond
http://en.wikipedia.org/wiki/Glycosidic_bond
http://en.wikipedia.org/wiki/Glycosidic_bond


 In chemistry, a glycosidic bond is a type 
of covalent bond that joins 
a carbohydrate (sugar) molecule to 
another group, which may or may not be 
another carbohydrate. 

 

Formation of ethyl glucoside 

http://en.wikipedia.org/wiki/Chemistry
http://en.wikipedia.org/wiki/Covalent_bond
http://en.wikipedia.org/wiki/Carbohydrate


The most common organic bases are 

Adenine (A) 

Thymine (T) 

Cytosine (C) 

Guanine (G) 

The bases 



The deoxyribose,  the phosphate and one of the bases 

adenine 

deoxyribose 

PO4 

Combine to form a nucleotide 

Nucleoside/ building block of DNA 



Nucleoside & Nucleotide, the 

fundamental building block of DNA 

glycosidic bond 

phosphoester bond 



Nucleotide bases 



A molecule 
of DNA is 
formed by 
millions of 
nucleotides 
joined 
together in 
a long 
chain 

PO4 

PO4 

PO4 

PO4 

sugar-phosphate  
backbone 

+ bases 

Joined nucleotides 



Types of Nucleic acids 
There are 2 types of nucleic acids: 

1.  Deoxy-ribonucleic acid (DNA) 

 Pentose Sugar is deoxyribose (no OH at 2’ position)  

 Bases are Purines (A, G) and Pyrimidine (C, T). 



2. Ribonucleic acid (RNA) 

 Pentose Sugar is Ribose. 

 Bases are Purines (A, G) and Pyrimidines  (C, U). 



Nucleic Acids 
• Examples: 

– RNA (ribonucleic acid) 

• single helix 

– DNA (deoxyribonucleic acid) 

• double helix 
• Structure: 

– monomers = nucleotides 

RNA DNA 



Linear Polymerization of 

Nucleotides 

 Polymerization is a process of 
reacting monomer molecules 
together in a chemical reaction to 
form  polymer chains or three 
dimensional networks. 



Linear Polymerization of Nucleotides 

 Nucleic acids are 
formed of nucleotide 
polymers. 

 Nucleotides 
polymerize together by 
phospho-diester 
bonds via 
condensation reaction. 

 The phospho-diester 
bond is formed 
between: 

 Hydroxyl (OH) group 
of the sugar of one 
nucleotide. 

 Phosphate group of 
other nucleotide 



 

 

   A phosphodiester bond occurs 
when exactly two of the hydroxyl 
groups in phosphoric acid react with 
hydroxyl groups on other molecules 
to form two ester bonds 

http://en.wikipedia.org/wiki/Ester
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Antiparallel Strands 

 The Two strands are antiparallel i.e. 
chemically arranged in opposite 
directions. 

 If one strands run from 5΄end to 3΄(5-
3) the second strand will run from 
3΄end to 5΄ end (3-5). 



Polymerization of Nucleotides 

 The new  
polynucleotide chain is 
formed by: 
 Negative (-ve) charged 

Sugar-Phosphate 
backbone. 

 Free 5’ phosphate on 
one end (5’ end) 

 Free 3’ hydroxyl on 
other end (3’ end) 

 Nitrogenous bases are 
not in the backbone 

 Attached to the 
backbone 

 Free to pair with 
nitrogenous bases of 
other polynucleotide 
chain 

 

 



Polymerization of Nucleotides 

 Nucleic acids are polymers of nucleotides. 

 The nucleotides formed of purine or 
pyrimedine bases linked to phosphorylated 
sugars (nucleotide back bone). 

 The bases are linked to the pentose sugar to 
form Nucleoside. 

 The nucleotides contain one phosphate 
group linked to the 5’ carbon of the 
nucleoside. 

  Nucleotide = Nucleoside + Phosphate group 



3’ end 

5’ end 

 5’ – 3’ polarity 



N.B. 

 The polymerization of nucleotides to form 
nucleic acids occur by condensation 
reaction by making phospho-diester bond 
between 5’ phosphate group of one 
nucleotide and 3’ hydroxyl group of another 
nucleotide. 

 

 Polynucleotide chains are always 
synthesized in the 5’ to 3’ direction, with a 
free nucleotide being added to the 3’ OH  
group of a growing chain.  



The Two Chains of the Double Helix 

Have Complementary Sequences 

Example: If sequence 5’-ATGTC-3’ on 
one chain, the opposite chain must have 
the complementary sequence 3’-TACAG-5’ 

Watson-Crick Base Pairing 

(Related to replication and transcription) 



Complementary base pairing 

 It is the most important structural feature of 
nucleic acids 

 It connects bases of one polynucleotide 
chain (nucleotide polymer) with 
complementary bases of other chain 

 Complementary bases are bonded together 
via: 
  Double hydrogen bond between A and T (DNA), A 

and U (RNA) (A═T or A═U) 
 Triple H-bond between G and C in both DNA or 

RNA (G≡C) 





Rosalind Franklin (1920-1958) 



The strictness of the rules for “Waston-Crick” pairing 
derives from the complementarity both of shape and 
of hydrogen bonding properties between adenine 
and thymine and between guanine and cytosine. 



A:C incompatibility 



The bases always pair up in the same way 

Adenine forms a bond with Thymine 

and Cytosine bonds with Guanine 

Bonding 1 

Adenine Thymine 

Cytosine Guanine 



PO4 

PO4 

PO4 

thymine 

PO4 

PO4 

PO4 

PO4 

adenine 

cytosine 

PO4 

guanine 

Bonding 2 



Hydrogen Bonding Is Important 

for the Specificity of Base Pairing 

• The hydrogen bonds between 
complementary bases contribute to 
the thermodynamic stability of the 
helix and the specificity of base 
pairing 

• Stacking interactions between bases 
significantly contribute to the stability 
of DNA double helix 



Significance of complementary 

base pairing 

 The importance of such complementary base 
pairing is that each strand of DNA can act as 
template to direct the synthesis of other 
strand similar to its complementary one. 

 

 Thus nucleic acids are capable of directing 
their own self replication. 

 

 The information carried by DNA and RNA 
direct the synthesis of specific proteins 
which control most cellular activities. 

 



DNA structure 

 DNA is a double stranded molecule consists of 2 
polynucleotide chains running in opposite 
directions. 

 Both strands are complementary to each other. 

 The bases are on the inside of the molecules 
and the 2 chains are joined together by double 
H-bond between A and T and triple H-bond 
between C and G. 

 The base pairing is very specific which make the 
2 strands complementary to each other. 

 So each strand contain all the required 
information for synthesis (replication) of a new 
copy to its complementary. 

 



sugar-phosphate 

chain 

bases 

THE DOUBLE 
HELIX 



DNA molecule 

 Double helix 

 H bonds between 
bases join the 2 
strands 

A :: T 

C :: G 



 Hydrogen bonds between bases hold the 
strands together:  A and T, C and G 

Ribbon model Partial chemical structure Computer model 

Hydrogen bond 



HELIXHELIX 



Forms of DNA 

1- B-form helix: 

 It is the most common form of DNA in 

cells. 

Right-handed helix 

Turn every 3.4 nm. 

Each turn contain 10 base pairs (the distance 

between each 2 successive bases is 0.34 nm) 

Contain 2 grooves; 

 Major groove (wide): provide easy access to bases 

 Minor groove (narrow): provide poor access.  



DNA is a Double-Helix 



The Major groove is rich in chemical 

information  
 

The edges of each base pair are exposed 
in the major and minor grooves, creating a 
pattern of hydrogen bond donors and 
acceptors and of van der Waals surfaces 
that identifies the base pair. 



A: H-bond acceptors D: H-bond donors 

H: non-polar hydrogens M: methyl groups 



2- A-form DNA: 
 Less common form of DNA , more common in 

RNA 
 Right handed helix 

 Each turn contain 11 b.p/turn 

 Contain 2 different grooves: 

 Major groove: very deep and narrow 

 Minor groove: very shallow and wide (binding site for RNA) 

3- Z-form DNA: 
 Radical change of B-form 

 Left handed helix, very extended 

 It is GC rich DNA regions. 

 The sugar base backbone form Zig-Zag shape 

 The B to Z transition of DNA molecule may play a role in 

gene regulation. 



A B Z 



RNA structure 

 It is formed of linear polynucleotide 

 It is generally single stranded  

 The pentose sugar is Ribose 

 Uracile (U) replace Thymine (T) in the 
pyrimidine bases. 

 

 Although RNA is generally single stranded, 
intra-molecular H-bond base pairing occur 
between complementary bases on the same 
molecule (secondary structure)  



RNA contains ribose and uracil and is 
usually single-stranded 







Types of RNA 

Messenger RNA (mRNA): 
 

 Carries genetic information copied from 
DNA in the form of a series of 3-base code, 
each of which specifies a particular amino 
acid. 

 Messenger RNA carries the genetic code 
to the ribosomes 

 they are strands of RNA that are 
complementary to the DNA of the gene 
for the protein to be synthesized 
 

 





Ribosomal RNA 
 

 Ribosomes are the sites of protein synthesis 

 - they consist of ribosomal DNA (65%) and proteins 
(35%) 

 

 - they have two subunits, a large one and a small one 

  



Ribosomal RNA (rRNA): 
 
 

Associated with a set of proteins to form 
the ribosomes. 
 
These complex structures, which 
physically move along the mRNA 
molecule, catalyze the assembly of amino 
acids into protein chain. 
 
They also bind tRNAs that have the 
specific amino acids according to the 
code. 



Transfer RNA (tRNA): 

 

It is the key that read the code 
on the mRNA. 

Each amino acid has its own 
tRNA, which binds to it and 
carries it to the growing end 
of a polypeptide chain. 



RNA structure 

Transfer RNA (tRNA) structure 



Types of RNA 



Table 14.2 

Types of RNA 

Type of RNA Functions in Function 

Messenger RNA 

(mRNA) 

Nucleus,  

migrates 

to ribosomes 

in cytoplasm 

Carries DNA  

sequence 

information to  

ribosomes 

Transfer RNA 

(tRNA) 

Cytoplasm Provides linkage  

between mRNA 

and amino acids; 

transfers amino 

acids to ribosomes 

Ribosomal RNA 

(rRNA) 

Cytoplasm Structural  

component  

of ribosomes 



Biological roles of RNA 

1. RNA is the genetic material of some viruses 

2. RNA functions as the intermediate (mRNA) 

between the gene and the protein-synthesizing 

machinery. 

3. RNA functions as an adaptor (tRNA) between 

the codons in the mRNA and amino acids. 

4. RNA serves as a regulatory molecule, which 

through sequence complementarity binds to, 

and interferes with the translation of certain 

mRNAs. 

5. Some RNAs are enzymes that catalyze essential 

reactions in the cell (RNase P ribozyme, large 

rRNA, self-splicing introns, etc). 



Importance of nucleotides 

 They serves to carry packets of energy 
with in the cell in the form of nucleotide 
triphosphates (ATP,GTP,CTP,UTP). 

 Playing a central role in the metabolism. 

 Vital role in cell signaling (cGMP,cAMP). 

 Incorporate with important cofactors of 
enzymatic reactions e.g. coenzyme A, 
FAD, FMN, NAD, NADP. 

 



In experimental biochemistry 
nucleotides can be 
radiolabeled with 
radionuclides to yield 
radionucleotides (nuclear 
medicine). 



Question 1 
Which of the following are components of 
 nucleotides? 

(a) deoxyribose 

(b) amino acids 

(c) phosphate 

(d) enzymes 

(e) organic bases 



Question 2 

Which of the following represent a correct  
pairing of bases? 

(a) adenine with thymine 

(b) adenine with guanine 

(c) thymine with adenine 

(d) guanine with cytosine 

(e) thymine with thymine 



Question 3 

DNA molecules are formed from 

(a) organic bases 

(b) amino acids 

(c) deoxyribose 

(d) nucleotides 



Question 4 

Which of the following are organic bases? 

(a) Valine 

(b) Guanine 

(c) Thymine 

(d) Serine 



Question 5 

A nucleotide triplet codes for 

(a) a protein 

(b) an amino acid 

(c) an enzyme 

(d) an organic base 


