CHAPTER I.

INTRODUCTION TO NUCLEIC ACIDS 

1. HISTORICAL BACKGROUND
The first discovery of deoxyribonucleic acid (DNA) dates back to 1869, when the Swiss scientist Friedrich Miescher isolated it from white blood cells. He later detected the same substance in other cell types, such as kidney, liver, yeast, and even hen egg cells.

Given the scientific knowledge of that time, Miescher was unable to envision that nuclein—the name given to DNA then—could alone account for physical differences between individuals and among animal species. 

It took more than half a century before researchers such as Frederick Griffith (1928), Dawson and Sia (1931), Alloway (1932), and later Oswald Avery, Maclyn McCarthy, and Colin MacLeod (1944) demonstrated that DNA is the molecule responsible for carrying genetic information.
A few years later, the structure of DNA was elucidated through the work of Erwin Chargaff (1950), Rosalind Franklin (1953), and Watson and Crick (1953). Today, with advances in molecular biology, the genomes of numerous eukaryotic and prokaryotic species have been sequenced.

2. INTRODUCTION 

Nucleic acids are macromolecules made up of monomers called nucleotides. They are the most important macromolecules for the continuity of life. They carry the genetic information of a cell and instructions for the functioning of the cell. Nucleic acids are information molecules that serve as blueprints for the proteins that are made by cells. They are also the hereditary material in cells, as reproducing cells pass the blueprints on to their offspring.
The two main types of nucleic acids are deoxyribonucleic acid (DNA) and acid (RNA). DNA is the genetic material found in all living organisms. It is found in the nucleus of eukaryotes and in the chloroplasts and mitochondria. In prokaryotes, the DNA is not enclosed in a nucleus.
The entire genetic content of a cell is known as its genome. In eukaryotic cells, DNA forms a complex with histone proteins to form chromatin, the substance of eukaryotic chromosomes. A chromosome may contain tens of thousands of genes. Many genes contain the information to make protein products; other genes code for RNA products. DNA controls all of the cellular activities by turning the genes “on” or “off.”
The other type of nucleic acid, RNA, is mostly involved in protein synthesis. DNA molecules use an intermediary, called messenger RNA (mRNA), to communicate with the rest of the cell. Other types of RNA, such as rRNA, tRNA, and microRNA, are involved in protein synthesis and its regulation.
3. Reminder : The central dogma of molecular biology
This concept (originally proposed as a hypothesis in 1953) provides a simplified model describing the conservation of DNA (replication) and its use to produce proteins. It illustrates the relationship among DNA, RNA, and proteins.
[image: image1.png]Protein

Transcription
Translation

—

Replication

Reverse
Transcription

DApApapA
AT




Figure 1: The central dogma of molecular biology
4. Composition of Nucleic Acids 
Nucleic acids are the polymers of nucleotides (polynucleotides) held by 3′ and 5′ phosphate bridges. In other words, nucleic acids are built up by the monomeric units—nucleotides (It may be recalled that protein is a polymer of amino acids).
Nucleotides:
 Nucleotides are composed of a nitrogenous base, a pentose sugar and a phosphate. Nucleotides perform a wide variety of functions in the living cells, besides being the building blocks or monomeric units in the nucleic acid (DNA and RNA) structure. These include their role as structural components of some coenzymes of B-complex vitamins (e.g. FAD, NAD+), in the energy reactions of cells (ATP is the energy currency), and in the control of metabolic reactions. 
Structure of Nucleotides: 
The nucleotide essentially consists of base, sugar and phosphate. The term nucleoside refers to base + sugar. Thus, nucleotide is nucleoside + phosphate. 
Each nucleotide is composed of three main components: 
1. Nitrogen base

 - DNA has four bases: adenine, guanine, cytosine and thymine.
 - RNA also contains four bases. Three-adenine, guanine and cytosine- are same as those in DNA. But the fourth base in RNA is uracil instead of thymine
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Figure 2. Nitrogen base groups
2. Ribose sugar 

- In DNA: the five membered sugar is 2’deoxy-D-ribose. 
- In RNA, the five membered sugar is D-ribose. 
3. Phosphate group. 

( A compound with a nitrogen base bonded to sugar (D-ribose or 2’- deoxy-D-ribose) is called nucleoside.
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Figure 3. Nucleoside structure.

( The nucleotide where the sugar is D-ribose is called ribonuleotide, whereas the nucleotide with 2’-deoxy-D-ribose is called deoxyribonuleotide (Figure 4).
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Figure 4. Nucleotide structure.
Primary Structure of Nucleic acid 

It describes the sequence of bases in the strand. By convention, the sequence of bases is written in the 5’ to 3’ direction.
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Secondary Structure of Nucleic acid 

DNA consists of two strands of nucleic acids with the sugar-phosphate backbone outside and the base inside. The chains are held together by H-bonding between the base of one strand with the base of another strand. Adenine pairs with thymine by two H-bonds, while guanine pairs with cytosine through three H-bonds. This means if we know the sequences bases in one strand, we will be able to sequence the bases in the other strand (Figure 5a). If the two strands run in opposite directions, the strands are not linear. Instead they are twisted into a helix around common axis, which is known as double helix (Figure 5b).
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Figure 5. Double helix structure

Stability of DNA and RNA In RNA, the 2’-OH of ribose attacks the adjacent phosphodiester group that leads to the cleavage of the strand (Figure 6). This reaction does not take place in DNA, because it does not have the 2’-OH group. Thus, DNA remain intact throughout the life span of cells.
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Figure 6. Nucleic acid stability. 
What is DNA and RNA differences?? 
DNA is a double-stranded molecule that has a long chain of nucleotides. RNA is a single-stranded molecule which has a shorter chain of nucleotides. DNA replicates on its own, it is self-replicating. RNA does not replicate on its own.
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Figure (2). DNA and RNA differences.
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Purines and pyrimidine’s: 
The nitrogenous bases found in nucleotides (and, therefore, nucleic acids) are aromatic heterocyclic compounds. The bases are of two types—purines and pyrimidine’s. Their general structures are depicted in Fig. 2.1. Purines are numbered in the anticlockwise direction while pyrimidine’s are numbered in the clockwise direction. And this is an internationally accepted system to represent the structure of bases.
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Fig 2.1. General structure of nitrogen bases

(A) Purine (B) Pyrimidine 

Nucleic acids in all animal and plant cells consist of polymers of monomeric units called nucleotides.

A nucleotide is composed of:

· One to three residues of phosphoric acid (P)
· A pentose sugar (S) : ribose or deoxyribose
· A nitrogenous base (B)
4.1. Phosphates
In nucleic acids, phosphate groups are typically attached to the hydroxyl group on carbon 5 of the sugar (designated as 5′). Mono-, di-, and triphosphates are common.
The phosphate group is responsible for the negative charge of nucleotides.
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4.2. Sugars
The sugars found in nucleic acids are ribose (β-D-ribose) in RNA and deoxyribose (β-D-2′-deoxyribose) in DNA.
Deoxyribose lacks a hydroxyl group (-OH) on its second carbon (2′).
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4.3. Nitrogenous Bases 
Nitrogenous bases in nucleic acids belong to two groups:

· Pyrimidines (single-ring structures)

· Purines (double-ring structures)

Atoms of purine bases are numbered from 1 to 9, while those of pyrimidines are numbered from 1 to 6, to avoid confusion with pentose carbon numbering (1′ to 5′).
They arise from the substitution of hydrogen atoms on the heterocyclic ring by hydroxyl, amino, methyl, or keto groups.

4.3.1. Pyrimidine Bases 
Pyrimidines derive from pyrimidine, an aromatic ring containing six atoms (4 carbon and 2 nitrogen). The pyrimidines found in nucleic acids are:

· Cytosine (C) — in DNA and RNA

· Thymine (T) — only in DNA

· Uracil (U) — only in RNA
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4.3.2. Purine Bases
Purines consist of two fused heterocyclic rings containing four nitrogen atoms. The major purines in nucleic acids are:

· Adenine (A)
· Guanine (G)
Both occur in DNA and RNA.
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4.3.3.  Modified Bases
Nucleic acids may also contain modified bases.

Examples of natural derivatives include:
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There also exist synthetic analogues of nitrogenous bases, such as:

· Acyclovir (antiviral)

· 5-Fluorouracil (anticancer agent)

Each DNA base can exist in different tautomeric forms. Tautomers arise from the migration of a proton and often involve a shift of a double bond. The equilibrium strongly favors:

· Amino over imino forms (A and C)

· Keto over enol forms (G and T)

Imino and enol tautomers can form atypical base pairs, leading to mismatches that may be fixed after two rounds of DNA replication.

Example: Amino–imino equilibrium (cytosine):
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4.4 . Nucleosides

A nucleoside is formed when a pentose sugar is covalently linked to a nitrogenous base by an N-glycosidic bond. This bond joins carbon 1′ of the pentose to:

· Nitrogen N1 of pyrimidines, or

· Nitrogen N9 of purines.
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4.5. Nucléotides
Ce sont des esters-phosphates de nucléosides, qui se forment par la liaison d’un, deux ou trois groupements phosphate au pentose (au niveau du carbone 5’) d’un nucléoside.
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Bien que le rôle principal des nucléotides soit le stockage et la libération de l’information biologique, certains nucléotides peuvent intervenir dans le transfert à court terme de l’énergie. Ils transportent  l’énergie dans leur liaison phosphoanhydre (entre 2 molécules d’acide phosphorique) facilement hydrolysée.
Exemple : l’ATP : utilisé pour transporter l’énergie dans des centaines de réactions cellulaires. La formation de l’ATP, énergie-dépendante, à partir de l’ADP et de phosphate inorganique est couplée à l’oxydation libératrice d’énergie des denrées alimentaires (dans les cellules animales, les champignons et certaines bactéries) ou à la capture de l’énergie lumineuse (dans les cellules végétales et certaines bactéries).
L’hydrolyse de cette ATP en ADP et phosphate inorganique fournit à son tour l’énergie pour effectuer de nombreuses réactions cellulaires.
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4.6.  Nomenclature des nucléosides et nucléotides
• Les noms des nucléosides se terminent par :
- "osine" pour les nucléosides puriques
- "idine" pour les nucléosides pyrimidiques
• Les noms des nucléosides et nucléotides qui contiennent le désoxyribose commencent par "désoxy" ("d" dans les abréviations).
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Figure   Adenosine triphosphate, often abbreviated to ATP.
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