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Objectives: 
1. To learn about Nucleotides structure and nomenclature 

2. To know about the chemical composition of DNA and describe its structures and 

functions. 

3. To know about the chemical composition of RNA and describe its structures and 

functions. 

 

Nucleic Acids 
A nucleic acid is a complex, high-molecular-weight biochemical macromolecule composed of 

nucleotide chains that convey genetic information. The most common nucleic acids are 

deoxyribonucleic acid (DNA) and ribonucleic acid (RNA). Nucleic acids are found in all 

living cells and viruses. 

Nucleic acid are biopolymers. The monomers are called nucleotides, and each consists of 

three components: a nitrogenous heterocyclic base (either a purine or a pyrimidine), a 

pentose sugar, and a phosphate group. Different nucleic acid types differ in the specific 

sugar found in their chain (e.g. DNA or deoxyribonucleic acid contains 2-deoxyriboses). 

Also, the nitrogenous bases possible in the two nucleic acids are different: adenine, 

cytosine, and guanine are possible in both RNA and DNA, while thymine is possible only in 

DNA and uracil is possible only in RNA. 

Purine 

   
 

Adenine     Guanine 

Two of the bases in nucleic acids, adenine and guanine, are purines. In DNA, these bases 

form hydrogen bonds with their complementary pyrimidines thymine and cytosine. 

purine  pyrimidine 

  A         T 

  G         C 
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In RNA, the complement of A is uracil instead of thymine: 

purine  pyrimidine 

  A         U 

  G         C 

These hydrogen bonding modes are for classical Watson-Crick base pairing. Other 

hydrogen bonding modes are seen in both DNA and RNA, although the additional 2'-

hydroxyl group of RNA expands the configurations through which RNA can form hydrogen 

bonds. 

Pyrimidine 

   
Cytosine  Uracil    Thymine 

Three bases of the nucleic acids, namely cytosine, thymine, and uracil, are pyrimidine 

derivatives. In DNA, these bases form hydrogen bonds with their complementary purines. 

purine  pyrimidine 

   A         T 

   G         C 

In RNA, the complement of A is U instead of T: 

purine  pyrimidine 

   A         U 

   G         C 

Pentose 

A pentose is a monosaccharide with five carbon 

atoms. Both ribose and deoxyribose are pentoses. 

The sugars and phosphates in nucleic acids are 

connected to each other in an alternating chain 

through shared oxygens (forming a phosphodiester 

functional group). Using the conventional 

nomenclature, the carbons to which the phosphate groups are attached are the 3' and the 

5' carbons.  
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 Adenine (A) Guanine (G) Cytosine (C) Uracil (U) 

(Thymine (T) 

Nucleosides In RNA Adenosine Guanosine Cytidine Uridine 

 In DNA Deoxyadenosine Deoxyguanosine Deoxycytidine Deoxythymidine 

      

Nucleotides In RNA Adenylate 

(AMP) 

Guanylate (GMP) Cytidylate 

(CMP) 

Uridylate 

(UMP) 

 In DNA Deoxyadenylate 

(dAMP) 

Deoxyguanylate 

(dGMP) 

Deoxycytidylate 

(dCMP) 

Thymidylate 

(dTMP) 

 

DNA 

Deoxyribonucleic acid (DNA) is a nucleic acid which carries genetic instructions for the 

biological development of all cellular forms of life and many viruses. DNA is sometimes 

referred to as the molecule of heredity as it is inherited and used to propagate traits.  

 

DNA in brief 

 A strand of DNA contains genes, areas that regulate genes, and areas that either 

have no function, or a function we don't know;  

 DNA is organized as two complementary 

strands, head-to-toe, with bonds between them 

that can be "unzipped" like a zipper, separating 

the strands;  

 DNA is encoded with four interchangeable 

"building blocks", called "bases", which can be 

abbreviated A, T, C, and G; each base "pairs up" 

with only one other base: A+T, T+A, C+G and 

G+C; that is, an "A" on one strand of double-

stranded DNA will "mate" properly only with a 

"T" on the other, complementary strand;  

 The order does matter: A+T is not the same as 

T+A, just as C+G is not the same as G+C;  

 However, since there are just four possible 

combinations, naming only one base on the 

conventionally chosen side of the strand is 

enough to describe the sequence;  

The chemical structure of DNA 

 Mutations are simply chemical imperfections in this process: a base is accidentally 

skipped, inserted, or incorrectly copied, or the chain is trimmed, or added to; all 

other basic mutations can be described as combinations of these accidental 

"operations".  
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Primary structure of DNA 
Although sometimes called "the molecule of Heredity", pieces of DNA are not single 

molecules. Rather, they are pairs of molecules, double helix . 

Each molecule is a strand of DNA: a chemically linked chain of nucleotides, each of which 

consists of a sugar, a phosphate and one of four kinds of Aromatic hydrocarbon "bases". 

Because DNA strands are composed of these nucleotide subunits, they are polymers. 

 
Secondary structure of DNA 
The DNA helix can assume one of three slightly different geometries, of which the "B" 

form described by James D. Watson and Francis Crick is believed to predominate in cells. 

It is 2nm wide and extends 3.4 nm per 10 bp of sequence.  

The B form of the DNA helix twists 360° per 10.6 bp in the absence of strain. The two 

other known double-helical forms of DNA, called A and Z, differ modestly in their 

geometry and dimensions. The A form appears likely to occur only in dehydrated samples 

of DNA, such those used in crystallography experiments, and possibly in hybrid pairings of 

DNA and RNA strands.  

Segments of DNA that cells have methylated for regulatory purposes may adopt the Z 

geometry, in which the strands turn about the helical axis like a mirror image of the B 

form. 
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Tertiary structure of DNA 

The DNA of a single human cell, if stretched to its full length is 1.74 meters. 

To get DNA into a cell's nucleus it must be packaged into a more tightly compacted form. 

The structural flexibility of DNA allows it to adopt more compacted structures than 

simple linear B-form DNA. 

 

 

 

Pop quiz: 

If one strand of DNA has the sequence 5'GCAT3', what is the sequence of its 

complementary strand, written in the 5' to 3' direction? 

a. ATGC 

b. AUGC 

c. GCAT 

d. CGTA 

e. AUCG 

 

RNA 

Ribonucleic acid (RNA) is a nucleic acid 

consisting of a string of covalently-bound 

nucleotides. It is biochemically 

distinguished from DNA by the presence 

of an additional hydroxyl group, attached 

to each pentose ring; as well as by the 

use of uracil, instead of thymine. RNA 

transmits genetic information from DNA 

(via transcription) into proteins (by 

translation). 
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Chemical structure 

RNA with its nitrogenous bases to the left and DNA to the right. 

The first three are the same as those found in DNA, but uracil replaces thymine as the 

base complementary to adenine. This may be because uracil is energetically less expensive 

to produce, although it easily degenerates into cytosine.  

Thus, uracil is appropriate for RNA, where quantity is important but lifespan is not, 

whereas thymine is appropriate for DNA. 

Comparison to DNA 

Structurally, RNA is indistinguishable from DNA except for the critical presence (noted 

above) of an additional hydroxyl group attached to the pentose ring in the 2' position. 

This additional group gives the molecule far greater catalytic versatility and allows it to 

perform reactions that DNA is incapable of performing; but at the same time, it makes 

RNA sensitive to alkaline hydrolysis, to which DNA is not. 

The other major difference between RNA and DNA is that RNA is almost exclusively 

found in the single-stranded form (an exception being the genetic material of some kinds 

of viruses). 

Major classes and Biological role 

1. Messenger RNA: carries information from genes to ribosomes, where it is 
translated into proteins. 

 

In prokaryotic cells 

a. basic feature: 

Most prokaryotic mRNA are 

poly cistronic. That is they 

carry the information for 

the production of multiple 

polypeptides.  

b. Abundance 

mRNA accounts for only 5% 

of the total cellular RNA in 

prokaryotes 

c. Stability  

Life time of prokaryotic 

mRNA is short, does not 

exceed more than a few 

minutes. 

 

 

In eukaryotic cells 

a. basic feature: 

Most prokaryotic mRNA are 

monocistronic. That is they 

carry the information for 

the production of a single 

polypeptide.  

b. Abundance 

mRNA accounts for only 3% 

of the total cellular RNA. 

Its precursor hnRNA 

accounts for 7% of the 

cellular RNA in eukaryotes. 

c. Stability  

Relatively stable and 

exhibites half-lives on the 

order of hours and days. 
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2. Ribosomal RNA: comprises approximately 50% of the mass of 
ribosomes. The function of rRNA is both structural as well as 
catalytic. 
 

 

In prokaryotic cells 

a. basic feature: 

There are three kinds of 

prokaryotic rRNA.  

b. Abundance 

rRNA are the mostly abundant 

RNA class. They account for 80% 

of the total cellular RNA in 

prokaryotes. 

 

 

 

In eukaryotic cells 

a. basic feature: 

the rRNA of eukaryotes are 

typically bigger than those of 

prokaryotes. Also , eukaryotes 

have four kinds of rRNA.  

b. Abundance 

Approximately 4% of cellular 

rRNA is precursor rRNAm and 

71% is fully processed rRNAs. 

 

 

3. Transfer RNA: serve to transfer amino acids to the ribosomes 
and to facilitate the incorporation of the amino acids into newly 
synthesized proteins in a template-dependent manner. For each 
amino acid, there is one or more specific tRNA. 

 

In prokaryotic cells 

a. basic feature: 

tRNA are small in size with 

an average of 80 

nucleotides. All tRNA have 

common structural features 

that allow them to function 

in the ribosomes.  

b. Abundance 

The tRNA account for 15% 

of the total cellular RNA in 

prokaryotes. 

 

 

 

 

 

 

In eukaryotic cells 

a. basic feature: 

eukaryotic tRNA are very 

similar to prokaryotic tRNA 

in size and structural 

features.  

b. Abundance 

Same as in prokaryotes. 
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Structure of RNA: 

1. Primary structure: RNA is initially synthesized as a 

single-stranded polymer by the process of 

transcription. Ribonucleutides are linked into a polar 

molecule by phosphosdiester bonds between the 3' 

hydroxyl on the sugar of one ribonuclutide through a 

phosphate to the 5'hydroxyl on the sugar of another 

ribonuclutide, like those in DNA. 

2. Secondary structure: Complementary RNA can base 

pair. The nature of the RNA double helix is similar 

to DNA in that the strands must be antiparallel. 

a. Double-stranded RNA is an A-form helix . B-form RNA cannot 

form because the 2' hydroxyl on the ribose sugar satirically 

hinders its formation. Double-stranded RNA (or dsRNA) is RNA 

with two complementary strands, similar to the DNA found in all 

"higher" cells. dsRNA forms the genetic material of some viruses. 

b. Stem-loop structure. If two regions within a single-stranded piece 

of RNA are complementary, they can base pair and form a stem-

loop structure. 

3. Tertiary structure: Some 

RNAs serve structural roles, 

some interact extensively 

with specific proteins, and a 

few have catalytic functions 

requiring that they be able to 

form very complex 

structures. 
a. Modification of RNA. 

The bases in RNA can 

be modified after RNA 

is synthesized. Methylation at numerous positions of the different 

bases are the most common of theses modifications, which allow for 

unusual base pairing that enhance the structural diversity of RNA. 

b. Transfer RNA (tRNA) 

The most heavily modified RNA is tRNA. Modifications are required to achieve 

the unique structural features of tRNA, which are crucial to its highly 

specialized function. 

http://en.wikipedia.org/wiki/Virus
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Conclusions: 
1. Nucleic acid are biopolymers. The monomers are called nucleotides, and 

each consists of three components: a nitrogenous heterocyclic base 

(either a purine or a pyrimidine), a pentose sugar, and a phosphate group.  

2. DNA 

a. DNA consists of four bases—A, G, C, and T which are held in linear 

array by phosphodiester bonds through the 3′ and 5′ positions of 

adjacent deoxyribose moieties. 

b. DNA is organized into two strands by the pairing of bases A to T 

and G to C on complementary strands. These strands form a double 

helix around a central axis. 

c. The 3 x 109 base pairs of DNA in humans are organized into the 

haploid complement of 23 chromosomes. 

d. The exact sequence of these 3 billion nucleotides defines the 

uniqueness of each individual. 

e. DNA provides a template for its own replication and thus 

maintenance of the genotype and for the transcription of the 

30,000–50,000 genes into a variety of RNA molecules. 

3. RNA 

a. RNA exists in several different single-stranded structures, most 

of which are involved in protein synthesis. 

b. The linear array of nucleotides in RNA consists of A, G, C, and U, 

and the sugar moiety is ribose. 

c. The major forms of RNA include messenger RNA (mRNA), 

ribosomal RNA (rRNA), and transfer RNA (tRNA). Certain RNA 

molecules act as catalysts (ribozymes). 
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