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Nucleic acid 

Introduction  

A most remarkable property of living cells is their ability to produce exact replicas of 

themselves. This is due to the cells containing fact that all the instructions needed for making 

the complete organism of which they are a part. Nucleic acids are the molecules within a cell 

that are responsible for these amazing capabilities. The first isolation of nucleic acid we now 

refer to as DNA was accomplished by Swiss physiologist Johann Friedrich Miescher circa 

1870 while studying the nuclei of white blood cells. In the 1920's nucleic acids were found to 

be major components of chromosomes, small gene-carrying bodies in the nuclei of complex 

cells. Elemental analysis of nucleic acids showed the presence of phosphorus, in addition to 

the usual C, H, N & O. We now know that nucleic acids are found throughout a cell, not just 

in the nucleus, the name nucleic acid is still used for such materials. 

Central dogma:  The central dogma of molecular biology. Defined as “The genetic 

information encoded in the DNA is first transcribed into the mRNA, which is then translated 

into the protein”. 

 

 

A nucleic acid (NA)is a polymer in which the monomer units are nucleotides. There are two 

Types of Nucleic Acids: DNA: Deoxyribonucleic Acid: Found within cell nucleus for storing 

and transfering of genetic information that are passed from one cell to other during cell 

division RNA: Ribonucleic Acid: Occurs in all parts of cell serving the primary function is to 

synthesize the proteins needed for cell functions. 

 Components Of nucleic acids  

Nitrogenous bases: PURINES and PYRIMIDINES 



 

 

Sugars used are: 

 

Base present  

Purines: Fused 6 & 5 membered hetero CN-ring system, usually unsaturated. Two common 

purines in biological systems are adenine  and guanine, both used in DNA and RNA, as well 

as in energy carriers (ATP & GTP). 

 

Pyrimidines: 6 membered CN-ring, usually unsaturated. Three common Pyrimidines found 

in biological systems are cytosine(C) , uracil (U)and thymine(T): two (C & T) present in 

DNA, and two (C & U) used in RNA. 

 



 

 

Nucleoside and nucleotide structure  

Nucleosides : are structure consisting of a Nitrogenous base  plus sugar is termed 

a nucleoside. 

Nucleotides: are structure consisting of a Nitrogenous base  plus sugar plus phosphate is 

termed a Nucleotides. 

 

 

 

 

The nucleic acids are made up of polymers of four different nucleotide residues each. 

RNA uses AMP, CMP, GMP, and UMP  

DNA use the deoxy forms: dAMP, dCMP, dGMP, and dTMP 

The two nucleic polymers differ by both the 2„functional group (-OH or -H) and the use of 

either uridine or thymine as the fourth base. 

Though only four different nucleotide bases can occur in a nucleic acid, each nucleic acid 

contains millions of bases bonded to it. The order in which these nucleotide bases appear in 

the nucleic acid is the coding for the information carried in the molecule. In other words, the 

nucleotide bases serve as a sort of genetic alphabet on which the structure of each protein in 

our bodies is encoded. 

 

https://en.wikipedia.org/wiki/Nucleoside


 

 

Primary Nucleic Acid Structure Polynucleotide  

In polynucleotide, nucleotides are joined to one another by covalent bonds between the 

phosphate of one and the sugar of another. These linkages are called phosphodiester linkages. 

This nucleic acids found in the cell have primary structures that arise from the end-to-end 

polymerization of single nucleotide units. The links between each nucleotide are formed by 

esterification reactions between the sugar's C3′ hydroxyl group and the - phosphate of an 

incoming nucleoside triphosphate (NTP) to form a phosphoester linkage. 

 

Figure: Polynucleotide chain bound by phosphodiester bond 

Deoxyribonucleic acid 

Deoxyribonucleic acid (DNA) is a nucleic acid containing the genetic instructions used in the 

development and functioning of all known living organisms. DNA is made and resides in the 

nucleus of living cells. DNA gets its name from the sugar molecule contained in its 

backbone(deoxyribose); however, it gets its significance from its unique structure. Four 

different nucleotide bases occur in DNA: adenine (A), cytosine (C), guanine (G), and 

thymine (T).DNA consists of two long polymers of simple units called nucleotides, with 



 

 

backbones made of sugars and phosphate groups joined by ester bonds. These two strands run 

in opposite directions to each other and are, therefore, anti-parallel. Attached to each sugar is 

one of four types of molecules called nucleobases (informally, bases).  

DNA structure  

The DNA Double Helix : The 1962 Nobel Prize in Physiology or Medicine was awarded to 

Crick, Watson and Wilkins for the discovery of the molecular structure of DNA – the double 

helix. 

 

 

Figure: The structure of Watson and crick model of double helical structure of the Right 

handed or B-form of  DNA 

The important features of Watson – Crick Model or double helix model of DNA are as 

follows: 

1. The DNA molecule consists of two polynucleotide chains or strands that spirally twisted 

around each other and coiled around a common axis to form a right-handed double-helix. 

2. The two strands are antiparallel i.e. they ran in opposite directions so that the 3′ end of one 

chain facing the 5′ end of the other. 

3. The sugar-phosphate backbones remain on the outside, while the core of the helix contains 

the purine and pyrimidine bases. 



 

 

4. The two strands are held together by hydrogen bonds between the purine and pyrimidine 

bases of the opposite strands. 

5. Adenine (A) always pairs with thymine (T) by two hydrogen bonds and guanine (G) 

always pairs with cytosine (C) by three hydrogen bonds. This complimentarily is known as 

the base pairing rule. Thus, the two stands are complementary to one another. 

6. The base sequence along a polynucleotide chain is variable and a specific sequence of 

bases carries the genetic information. 

7. The base compositions of DNA obey Chargaff s rules (E.E. Chargaff, 1950) according to 

which A=T and G=C; as a corollary ∑ purines (A+G) = 2 pyrimidines (C+T); also (A+C) = 

(G+T). It also states that ratio of (A+T) and (G+C) is constant for a species (range 0.4 to 1.9) 

8. The diameter of DNA is 20nm or 20 A. Adjacent bases are separated 0.34 nm or by 3.4 A 

along the axis. The length of a complete turn of helix is 3.4 nm or 34 A i.e. there are 10bp per 

turn. (B- DNA-Watson rick DNA) 

9. The DNA helix has a shallow groove called minor groove (-1,2nm) and a deep groove 

called major groove (- 2.2nm) across. 

Some other characteristics of DNA: 

1. The amount of DNA per nucleus is constant in all the somatic cells of a given species. 

2. The total amount of DNA in a haploid genome is a characteristic of each organism and is 

known as C-value. 

3. Only a small fraction of DNA is functional in eukaryotes. 

4. DNA is the chemical basis of heredity and is organized into genes or cistrons. 

5. DNA replicates to form DNAs and transcribes to form RNAs. 

6. DNA replication occurs in the S-phase of cell cycle. 

7. DNA replication is semi conservative in which two daughter DNA molecules formed; each 

receives one of parental strand and one new strand. 



 

 

8. One strand of DNA directs the synthesis called template strand, or antisense or non-coding 

strand. The other strand is called coding or non template of sense strand which has the same 

sequence as the RNA transcript except for T in place of U. 

9. DNA has many repeated base sequences, some of which ire mobile. 

10. DNA can easily undergo denaturation (melting) and renaturation with any change in pH, 

temperature and salt concentration. DNA with a high G+ G content are more resistant to 

thermal melting than A + T rich molecules. 

11. DNA can be synthesized in vitro (in the laboratory). 

12. DNA can be measured by the unit picogram (lpg= 10 g) 

Ribonucleic acid 

Ribonucleic acid (RNA) functions in converting genetic information from genes into the 

amino acid sequences of proteins. Like DNA, RNA is a long polymer consisting of 

nucleotides. 

RNA is a single-stranded helix. 

1. The strand has a 5′end (with a phosphate group) and a 3′end (with a hydroxyl group). 

2. It is composed of ribonucleotides. 

3. The ribonucleotides are linked together by 3′ –> 5′ phosphodiester bonds. 

4. The nitrogenous bases that compose the ribonucleotides include adenine, cytosine, 

uracil, and guanine. 

 

 The three universal types of RNA include transfer RNA (tRNA), messenger RNA (mRNA), 

and ribosomal RNA (rRNA). Messenger RNA acts to carry genetic sequence information 

between DNA and ribosomes, directing protein synthesis. Ribosomal RNA is a major 

component of the ribosome, and catalyzes peptide bond formation. Transfer RNA serves as 

the carrier molecule for amino acids to be used in protein synthesis, and is responsible for 

decoding the mRNA. In addition, many other classes of RNA are now known. RNA 

functions to transfer genetic instructions from the nucleus to the cytoplasm, where the 

information is decoded 

 

https://microbenotes.com/dna-structure-properties-types-and-functions/
https://en.wikipedia.org/wiki/Messenger_RNA
https://en.wikipedia.org/wiki/Ribosomal_RNA
https://en.wikipedia.org/wiki/Transfer_RNA
https://en.wikipedia.org/wiki/Non-coding_RNA


 

 

 

There are three types of RNA which cooperate to complete  the central dogma  

 

Messenger RNA (mRNA)  

 a transcript copy of a gene which encodes a specific polypeptide. 

 Accounts for about 5% of the total RNA in the cell. 

 Most heterogeneous of the 3 types of RNA in terms of both base sequence and size. 

 It carries the genetic code copied from the DNA during transcription in the form of 

triplets of nucleotides called codons. 

 As part of post-transcriptional processing in eukaryotes, the 5‟ end of mRNA is 

capped with a guanosine triphosphate nucleotide, which helps in mRNA recognition 

during translation or protein synthesis. 

 Similarly, the 3‟ end of an mRNA has a poly A tail or multiple adenylate residues 

added to it, which prevent enzymatic degradation of mRNA. Both 5‟ and 3‟ end of an 

mRNA imparts stability to the mRNA. 

 Function 

mRNA transcribes the genetic code from DNA into a form that can be read and used 

to make proteins. mRNA carries genetic information from the nucleus to the 

cytoplasm of a cell. 

Transfer RNA (tRNA)  

 carries the polypeptide subunits (amino acids) to the organelle responsible for synthesis 

(ribosome) 

 tRNA is the smallest of the 3 types of RNA having about 75-95 nucleotides. 



 

 

 tRNAs are an essential component of translation, where their main function is the 

transfer of amino acids during protein synthesis. Therefore they are called transfer 

RNAs. 

 Each of the 20 amino acids has a specific tRNA that binds with it and transfers it to 

the growing polypeptide chain. tRNAs also act as adapters in the translation of the 

genetic sequence of mRNA into proteins. Therefore they are also called adapter 

molecules. 

 

Structure of tRNA 

tRNAs have a clover leaf structure which is stabilized by strong hydrogen bonds between the 

nucleotides.  Apart from the usual 4 bases, they normally contain some unusual bases mostly 

formed by methylation of the usual bases, for example, methyl guanine and methylcytosine. 

 Three structural loops are formed via hydrogen bonding. 

 The 3′ end serves as the amino acid attachment site. 

 The center loop encompasses the anticodon. 

 The anticodon is a three-base nucleotide sequence that binds to the mRNA codon. 

 This interaction between codon and anticodon specifies the next amino acid to be 

added during protein synthesis. 

Function 

Transfer RNA brings or transfers amino acids to the ribosome that correspond to each three-

nucleotide codon of rRNA. The amino acids then can be joined together and processed to 

make polypeptides and proteins. 

 

Ribosomal RNA (rRNA) 

  a primary component of the ribosome and is responsible for its catalytic activity 

 Found in the ribosomes and account for 80% of the total RNA present in the cell. 

 Ribosomes consist of two major components: the small ribosomal subunits, which 

read the RNA, and the large subunits, which join amino acids to form a polypeptide 

chain. Each subunit comprises one or more ribosomal RNA (rRNA) molecules and a 

variety of ribosomal proteins (r-protein or rProtein). 

 Different rRNAs present in the ribosomes include small rRNAs and large rRNAs, 

which denote their presence in the small and large subunits of the ribosome. 



 

 

 rRNAs combine with proteins in the cytoplasm to form ribosomes, which act as the 

site of protein synthesis and has the enzymes needed for the process. 

 These complex structures travel along the mRNA molecule during translation and 

facilitate the assembly of amino acids to form a polypeptide chain. They bind to 

tRNAs and other molecules that are crucial for protein synthesis. 

Function 

 rRNA directs the translation of mRNA into proteins. 
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Vitamins 

Introduction  

Vitamins are organic compounds that are needed in small quantities to sustain life. Most 

vitamins need to come from food. A vitamin is one of a group of organic substances that is 

present in minute amounts in natural foodstuffs. Vitamins are essential to normal 

metabolism. If we do not take enough of any kind of vitamin, certain medical conditions 

can result. 

A vitamin is both: 

 an organic compound, which means it contains carbon 

 an essential nutrient that body cannot produce enough of and which it needs to get 

from food 

Each organism has different vitamin requirements. For example, humans need to consume 

vitamin C, or ascorbic acid, but dogs do not. Dogs can produce, or synthesize, enough 

vitamin C for their own needs, but humans cannot. 

There are currently 13 recognized vitamins. 

Different vitamins have different roles, and they are needed in different quantities. 

 Vitamins are either water-soluble or fat-soluble. 

 Fat-soluble vitamins are easier for the body to store than water-soluble. 

 Vitamins always contain carbon, so they are described as “organic.” 

 Food is the best source of vitamins, but some people may be advised by a physician to 

use supplements. 

Types of vitamin base on solubility  

 Fat-soluble vitamins 

 water-soluble Vitamins. 



 

 

 
 

Fat-soluble vitamins 

Fat-soluble vitamins are stored in the fatty tissues of the body and the liver. Vitamins A, D, 

E, and K are fat-soluble. These are easier to store than water-soluble vitamins, and they can 

stay in the body as reserves for days, and sometimes months. Fat-soluble vitamins are 

absorbed through the intestinal tract with the help of fats, or lipids. 

Vitamin A 

Chemical names: Retinol, retinal, and four carotenoids, including beta carotene.It is fat 

soluble. 

Deficiency may cause night-blindness and keratomalacia, an eye disorder that results in a dry 

cornea. 

Good sources include: Liver, cod liver oil, carrots, broccoli, sweet potato, butter, kale, 

spinach, pumpkin, collard greens, some cheeses, egg, apricot, cantaloupe melon, and milk 

Vitamin D 

Chemical names: Ergocalciferol, cholecalciferol.It is fat soluble. 

Deficiency may cause rickets and osteomalacia, or softening of the bones. 

http://extension.colostate.edu/topic-areas/nutrition-food-safety-health/fat-soluble-vitamins-a-d-e-and-k-9-315/
http://extension.colostate.edu/topic-areas/nutrition-food-safety-health/fat-soluble-vitamins-a-d-e-and-k-9-315/
https://www.medicalnewstoday.com/articles/252758.php
https://www.medicalnewstoday.com/articles/270435.php
https://www.medicalnewstoday.com/articles/279610.php
https://www.medicalnewstoday.com/articles/176941.php


 

 

Good sources: Exposure to ultraviolet B (UVB) through sunlight or other sources causes 

vitamin D to be produced in the skin. Also found in fatty fish, eggs, beef liver, and 

mushrooms. 

Vitamin E 

Chemical names: Tocopherols, tocotrienols 

Deficiency is uncommon, but it may cause hemolytic anemia in newborns. This is a condition 

where blood cells are destroyed and removed from the blood too early. 

Good sources include: Kiwi fruit, almonds, avocado, eggs, milk, nuts, leafy green 

vegetables, unheated vegetable oils, wheat germ, and whole-grains. 

Vitamin K 

Chemical names: Phylloquinone, menaquinones 

Deficiency may cause bleeding diathesis, an unusual susceptibility to bleeding. 

Good sources include: leafy green vegetables, avocado, kiwi fruit. Parsley contains a lot of 

vitamin K. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Table : Fat soluble vitamins resources and deficiency diseases   

 

 

Water-soluble vitamins 

Water-soluble vitamins do not stay in the body for long. The body cannot store them, and 

they are soon excreted in urine. Because of this, water-soluble vitamins need to be replaced 

more often than fat-soluble ones. Vitamin C and all the B vitamins are water soluble 

Types 

1. Vitamin A, or Retinol 

2. Vitamin B1, or Thiamin 

3. Vitamin B2, or Riboflavin 

4. Vitamin B3, or Niacin 

https://www.cancer.gov/publications/dictionaries/cancer-terms?cdrid=560347


 

 

5. Vitamin B5, or Pantothenic Acid 

6. Vitamin B6, or Pyridoxine 

7. Vitamin B7, or Biotin 

8. Vitamin B9, or Folic Acid (Folate) 

9. Vitamin B12, or Cobalamin 

10. Vitamin C or ascorbic acid  

 

Vitamin B1 

Chemical name: thiamine. 

Deficiency may cause beriberi and Wernicke-Korsakoff syndrome. 

Good sources include: yeast, pork, cereal grains, sunflower seeds, brown rice, whole-grain 

rye, asparagus, kale, cauliflower, potatoes, oranges, liver, and eggs. 

Vitamin B2 

Chemical name: Riboflavin 

Deficiency may cause ariboflavinosis 

Good sources include: asparagus, bananas, persimmons, okra, chard, cottage cheese, milk, 

yogurt, meat, eggs, fish, and green beans 

Vitamin B3 

Chemical names: Niacin, niacinamide 

Deficiency may cause pellagra, with symptoms of diarrhea, dermatitis, and mental 

disturbance. 

Good sources include: liver, heart, kidney, chicken, beef, fish (tuna, salmon), milk, eggs, 

avocados, dates, tomatoes, leafy vegetables, broccoli, carrots, sweet potatoes, asparagus, nuts, 

whole-grains, legumes, mushrooms, and brewer’s yeast. 

https://www.medicalnewstoday.com/articles/271157.php
https://www.medicalnewstoday.com/articles/158634.php


 

 

Vitamin B5 

Chemical name: Pantothenic acid 

Deficiency may cause paresthesia, or “pins and needles.” 

Good sources include: meats, whole-grains (milling may remove it), broccoli, avocados, 

royal jelly, and fish ovaries. 

Vitamin B6 

Chemical names: Pyridoxine, pyridoxamine, pyridoxal 

Deficiency may cause anemia, peripheral neuropathy, or damage to parts of the nervous 

system other than the brain and spinal cord. 

Good sources include: meats, bananas, whole-grains, vegetables, and nuts. When milk is 

dried, it loses about half of its B6. Freezing and canning can also reduce content. 

Vitamin B7 

Chemical name: Biotin 

Deficiency may cause dermatitis or enteritis, or inflammation of the intestine. 

Good sources include: egg yolk, liver, some vegetables. 

Vitamin B9 

Chemical names: Folic acid, folinic acid 

Deficiency during pregnancy is linked to birth defects. Pregnant women are encouraged to 

supplement folic acid for the entire year before becoming pregnant. 

Good sources include: leafy vegetables, legumes, liver, baker’s yeast, some fortified grain 

products, and sunflower seeds. Several fruits have moderate amounts, as does beer. 

Vitamin B12 

Chemical names: Cyanocobalamin, hydroxocobalamin, methylcobalamin 

Deficiency may cause megaloblastic anemia, a condition where bone marrow produces 

unusually large, abnormal, immature red blood cells. 

https://www.medicalnewstoday.com/articles/158800.php
https://www.medicalnewstoday.com/articles/147963.php
https://www.medicalnewstoday.com/articles/248423.php
https://www.medicalnewstoday.com/articles/219853.php
https://www.medicalnewstoday.com/articles/285666.php


 

 

Good sources include: fish, shellfish, meat, poultry, eggs, milk and dairy products, some 

fortified cereals and soy products, as well as fortified nutritional yeast. 

Vitamin C 

Chemical name: Ascorbic acid 

Deficiency may cause megaloblastic anemia. 

Good sources include: fruit and vegetables. The Kakadu plum and the camu camu fruit have 

the highest vitamin C contents of all foods. Liver also has high levels. Cooking destroys 

vitamin C. 

 

 

 



 

 

Dietary sources 

The 2015-2020 U.S. Dietary Guidelines focus on the overall diet as the best way to get 

enough nutrients for good health. Vitamins should come firstly from a balanced and varied 

diet with plenty of fruit and vegetables. However, in some cases, fortified foods and 

supplements may be appropriate.A health professional may recommend vitamin supplements 

for people with certain conditions, during pregnancy, or for those on a restricted diet.Those 

taking supplements should take care not to exceed the stated maximum dose, as health 

problems can result. Some medications can interact with vitamin supplements, too, so it is 

important to talk to a healthcare provider before using supplements. 

 

************************* 

 

 

https://health.gov/dietaryguidelines/2015/guidelines/executive-summary/

