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Unit 2 : Molecular Biology 

Chapter 1 : DNA and Genetic Information 
Lesson 1 : Efforts of the Scientists to Determine the  

Genetic Material of Living Organisms 
 
 

 

 

 

In the following we will address some fundamental questions of life: 

What directed the single fertilized egg, from which each of us originated to divide, and 

the resulting mass of cells to grow and take shape as a unique individual? 

 

What makes each of us distinct from other people, but gives us all a basic similarity as 

members of the human species?  

The answer to all such questions is genetic information.  

And the units of genetic information that govern the inherited characters are called genes  

 

What convinced biologists that chromosomes were the bearers of genetic information? 

Biologists found that at cell division, the chromosomes in the nucleus separate from each   

  other and at the end each cell contains the number of chromosomes found in the original  

  cell.  

 

But, chromosomes are composed of two substances: DNA and proteins, 

Which of them carries the genetic information? 
 

Scientists thought at first that proteins carried the genetic information? 

Obviously genes must contain a variety of information. 

It was known that proteins are a diverse and complex group of molecules.  

Proteins contain 20 different kinds of amino acid monomers in different combinations 

Whereas DNA contains only four kinds of nucleotide monomers.  

But in the 1940 this was shown to be wrong: DNA contains the genetic information. 

 

 

 

 

 

 

 

 

 

 

 

Molecular Biology 

One of the most exciting and fast growing fields of the modern science , where it is 

interested in the study of the molecular basis of inheritance (DNA). 
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1- Bacterial Transformation :- 
 

Griffith's Experiment: 

The first evidence to cast doubt on the belief that genes were made of proteins came in 

1928 when the British scientist Griffith was studying bacterial pneumonia, a serious 

disease in the days before antibiotics.  
 

He discovered that one strain of pneumonia bacteria could be transformed into a 

genetically different strain.  

 

The two strains he studied are  

   Virulent bacteria (S), that killed mice into which it had been injected.  

   Non-virulent bacteria (R) and did not kill the mice but causing their illness. 

 

Steps: 

Griffith showed that if virulent bacteria which have been killed by heating were injected 

   into mice along with living non-virulent bacteria, some of the mice died.  

Furthermore, although these mice had received no living virulent bacteria, their corpses    

   contained living virulent bacteria.  

Conclusion: 

Griffith concluded that some of the genetic material from the virulent bacteria had entered   

   the non-virulent ones, transforming them to the virulent form.  

This phenomenon was named "bacterial transformation". 

 

The next logical step is the isolation and chemical identification of the genetic 

transformation factor in bacteria. However, this step was not easy  

because it was known at that time that the chromosomes are made mostly of proteins and 

thus, it was thought that the genetic material is protein. However it was proven that none of 

the proteins isolated from the bacteria caused genetic transformation.  

 

 Avery 's Experiment: 

In 1945 Avery and his colleagues 

Steps: 

He isolated from the virulent bacteria a material that was capable of inducing genetic  

   transformation in the non-virulent bacteria. 

Observation: 

The chemical and physical analysis showed that this material is DNA. 

Conclusion: 

DNA is the genetic material 
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Explanation: 

A strain of bacteria absorbed DNA of another strain by a method which is not known till   

   now and gained the characteristics of the bacterial strain from which DNA came 

And more important is that this bacterial transformation of recipient bacteria was  

   transferred to the next generations. 

 

The conclusion that DNA was the genetic material was not immediately accepted. 
Some people pointed out that the DNA used was contaminated with protein, perhaps this 

protein was the transforming material.  

 

The crucial experiment Avery & his colleagues :  

Steps: 

An enzyme capable of hydrolysing DNA completely was isolated.  

This enzyme which is called "deoxyribonuclease" hydrolyses DNA completely but it  

  does not affect the proteins of RNA. 

Observation: 

When the transforming material was treated with this enzyme, transformation did not  

  occur  

Conclusion: 

 DNA is the genetic material. 
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2- Bacteriophages :- 
Bacteriophages  (phages for short) : They are specific viruses that attack bacterial cells.  

 

Structure of phage: 

A virus particle consists of a 

  1-Molecule of DNA (or sometimes RNA)  

  2-Inside a protein coat.   

     [which extends to something like a tail which attaches to the bacterial cell wall].  

 

It was observed that after 32 minutes of the attachment of the phage to the bacterial 

cell wall, the bacterial cell burst and comes out of it about 100 new complete phages. 

 

It is clear that some material (or materials) passed from the virus to the inside of the 

bacterial cell and caused the formation of new viruses. Thus, this material which entered to 

the inside of the bacterial cell must contain the virus genes. 

 

Hershy and Chase Experiment: 

It is known that DNA contains phosphorus in its structure whereas proteins do not  

  and proteins contain sulphur in its structure whereas DNA does not.  

 

Steps: 

They labeled phage protein with radioactive sulphur and phage DNA with radioactive   

   phosphorus. 

Bacteria were infected with the labeled phages 

 

Observation: 

The phages radioactive phosphorus(P*) always entered the bacterium  

whereas most of the sulphur (S*) remained outside. Not more than 3% of protein came in. 

 

Conclusion: 

This was strong evidence that the phage genetic material contained only DNA and not 

protein. 
 

Note:- 

DNA is the genetic material in nearly all the forms of life.  

The genetic material in some viruses is RNA. But these viruses (as HIV virus that causes 

AIDS)  are exceptions to the rule as they form a small part of the forms of life. 
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3- The quantity of DNA in cells :- 
Another evidence that DNA is the genetic material in eukaryotes came from measuring  

the amount of DNA in different cells.  

 

Amount of DNA is equal in cell of same species and different from other species. 

Amount of DNA in the body (non reproductive) cells from the liver, kidneys and other 

organs of a chicken contain roughly the same amount of DNA as each other and twice as 

much as sperms, which are reproductive cells. 

  [This distribution of DNA is what one would expect of the genetic material]. 

The amount of protein in cells, differs a lot from one tissue to another and is not 

necessarily lower in reproductive cells.  

  [This makes it less likely that protein is the genetic material]. 

Proteins and RNA are constantly being made and destroyed, but DNA once made, is 

remarkably stable. 

 

 

Measuring the amount of DNA in cells proved that protein is not the genetic material. 

Since two reproductive cells sperm and egg combine to form the new individual, each  

        reproductive cell must have half as much genetic information as a body cell,  

or else the amount of genetic information would double in each generation. 

And this is what happens with DNA not protein  
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Unit 2 : Molecular Biology 

Chapter 1 : DNA and Genetic Information 
Lesson 2 : Nucleic Acid (DNA) 

 
 

 

 

By the early 1950’s there was strong evidence that DNA carries a cell’s genetic 

information and many people were trying to work out the structure of the DNA molecule.  

 

DNA is made up of nucleotides.  

A nucleotide is made up of three parts:  

     A five - carbon sugar [pentose sugar] (deoxyribose in the case of nucleotides in DNA)  

     Phosphate group bonded to the sugar’s fifth carbon atom by covalent bond. 

     Nitrogenous base bonded to the sugar’s first carbon atom by covalent bond. 

 

Types of nitrogenous bases 

      Pyrimidine derivatives:  

    single-ring  [thymine (T) or cytosine (C)] 

      Purine derivatives: 

    double ring [adenine (A) or guanine (G)] 

 

When the nucleotides are linked together in a strand of DNA 
     The phosphate group attached to the 5' (pronounced “five prime”) carbon of the   

     deoxyribose sugar of one nucleotide and becomes joined to the 3 carbon on the sugar of   

     an adjacent nucleotide.  

 

The backbone is not symmetrical?.  

     It has a definite orientation, with a free 3' hydroxyl group at one end and a free 5’  

     phosphate group at the other.  

    The purine & pyrimidine bases stick out to one side of the sugar- phosphate backbone. 

 

In each DNA molecule, the number of nucleotides containing adenine (A) equals the   

    number containing thymine (T) and the number containing guanine (G) equals the  

    number containing cytosine (C). That is A = T, and G = C. 

   [A+G = C+T ] 
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Franklin experiments:  [Technology of x-ray diffraction technology] 

The direct evidence for the structure of DNA came from x-ray diffraction  

  pictures, made by passing x-rays through crystals of molecules having 

  a regular structure. This produces a pattern of dots that gives information  

  about shape of the molecule. 

 

 In 1952, Franklin produced such photographs for crystals of highly purified DNA.  

 

 

 

 

 

 

 

Her results showed that  

   DNA is twisted into a spiral or helix 

   The bases are perpendicular to the length of the fibre.(helix)  

   The sugar-phosphate backbone is on the outside of the helix with the bases on the  

      inside. 

   The diameter of the helix showed that it must be composed of more than one strand of  

      DNA. 

 

 

Watson and Crick experiments: 

The two British scientists Watson and Crick were the first to made an acceptable model 

of  DNA. The model of DNA structure put by them consists of 

   Two strands of DNA. The two strands are arranged like a ladder 

   The ladder’s sides are the sugar-phosphate backbones of the two strands  

   The rungs are the bases.  

       A rung may consist of either an 

             adenine paired to a thymine, or a guanine paired to a cytosine.  

       In each rung, either base may be on either strand.  

       The pair of bases in each rung is held together by hydrogen bonds.  

            Two hydrogen bonds hold an adenine thymine pair together,  

            and three hydrogen bonds hold a guanine cytosine pair together.  
 

    All the rungs of the ladder are the same width, and the backbones of the two DNA   

        strands are always the same distance from one another. 

       Because each pair consists of (three rings) one single and one double-ring  
 

 

    The two nucleotide strands of the DNA molecule run in opposite directions with the   

       free 5` phosphate groups of the two strands at opposite ends of the molecule. 

       To form hydrogen bonds properly between the base pairs in DNA 

       [The two strands of the DNA double helix are antiparallel, that is one runs in the 

         5` to the 3` direction whereas its partner runs in the opposite, 3` to 5`.] 
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    The whole ladder of DNA is twisted, with ten nucleotide pairs per turn, to form the  

       spiral which is composed of two strands wound around each other 

       the DNA molecule is referred to as a double helix. 

 

Note:- 
-Each turn on single strand consists of ten nucleotides  
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DNA Replication: 

During interphase (Before a cell division), its DNA is replicated (or duplicated), so that 

each new cell receives a complete copy of the original cell’s genetic information.  

 

Watson and Crick pointed out that the double-stranded, base-paired structure of the  

     DNA molecule enables it to be replicated accurately. Because 

      The two strands have complementary base pairs (nucleotides) 

     The nucleotide sequence of each strand automatically supplies the information needed  

       to produce its partner (for example, if a portion of one strand runs 5` A-A-T-C- C 3`,  

      its partner must run 3` T - T - A- G – G 5`).  

     If the two strands of a DNA molecule are separated, each can be used as a mold or  

        template, to produce a complementary strand. 

  

DNA replication is semi-conservative replication (It produces 1/2 old &1/2 new DNA) 
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Enzymes and DNA Replication:  

The replication of DNA demands the integrated action of a number of enzymes & proteins. 

For replication to occur, the following must happen: 
   1-The double helix must be unwound. 

   2-The two strands must be separated, by breaking the hydrogen bonds between the paired  

       bases. 

   3-The strands must be held apart, to expose the bases so that they can form hydrogen- 

       bonds to new nucleotide partners. 

 

DNA- helicase enzymes: 
  1-DNA- helicase enzymes move along the double helix, separating the two strands.  

  2-Helicase break the hydrogen bond between the nitrogenous bases 

  3-It works towards the 3` end of one strand and the 5` end of the other. 

 

DNA-polymerase enzymes: 
  1-The actual building of the new DNA strands is carried out by DNA-polymerase  

      enzymes  

  2-A polymerase follows the helicase 

  3-It adds new nucleotides one by one. 

  4- DNA polymerase works in the direction from the 3` toward the 5`  (3'-5') 

     [on the old (template) strand] [to the 5` direction] 

  5- DNA polymerase can work only in one direction from the 5` toward the 3`   (5'-3') 

     [on the new strand] [to the 3` direction] 

  6-It adds suitable nucleotide ( monomers) and form hydrogen bond between it and  

      nucleotide of template. 

  7-DNA polymerase cannot work from the 3` end toward the 5` end of the strand which is 

     Synthesizing [on the new strand] [to the 5` direction] 

 DNA-ligase enzyme: 

  1-It follows DNA polymerase enzyme and bind the new nucleotides together by covalent  

      bonds in the new strand (5'-3') 

  2-In the new strand (3'-5') [DNA polymerase cannot work from the 3` end to the 5` end] 

    This strand has to be made in short pieces in the direction 5` to 3`[on the new strand],   

    And these short pieces are soon joined together by another DNA-ligase. 

    [by hydrogen bonds and covalent bonds] 

 

 DNA of eukaryotes is organized into several chromosomes. 

  Each chromosome contains a single DNA molecule which runs from one end of the  

  chromosome to the other, and replication starts at many different points along the  

  molecule.   

 

DNA in a prokaryote, the DNA exists as a double helix with its ends joined to form a  

  circle. The molecule is attached to the plasma membrane at one point. This point is where  

  replication occurs. 
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All biological polymers (long molecules formed of repeating units such as starch, protein 

and nucleic acid) are subject to damage.  

Also DNA is subject to damage. 

 

Reasons of the damage: 
1-Natural:- 

      from the body’s own heat [heat breaks covalent bonds that link the pentose sugar with   

         the bases] 

      from the aqueous (water) environment inside the cell 

2-Artificial:- 

      chemicals and radiation (X rays or gamma rays) 

 

Examples: 
It was estimated that 5000 purine bases (A) and (G) are lost each day from the DNA of 

each human cell because heat breaks the bonds linking them to deoxyribose. 

 

Results: 
  Any damage to the DNA will lead to genetic variation  
     due to change its information content causing disastrous changes in the cells proteins. 

 

  Although thousands of changes occur in a DNA molecule every day, no more than  

     two or three stable changes accumulate in cells DNA each year.  

    Due to the presence of a group of 20 or more different kinds of DNA ligase enzymes  

    which repair any damage. These enzymes replace the lost nucleotides in the damaged  

    strands according to the opposite complementary strand. 

 

Repairing damage:- 
  DNA repair depends on the existence of two copies of the genetic information, one in   

      each strand of the double helix.  

  As long as one of these strands remains undamaged, the repair enzymes can use it as a 

      template to replace a damaged segment in its partner.  

  These enzymes which are called DNA-ligases, working in harmony can recognize and   

      remove a damaged area of DNA, replacing it with nucleotides complementary to those  

      on the strand opposite the damaged portion. 

The double helix is vital to the genetic stability of organisms that contain it. 

 

Thus, most damage is remedied unless both strands are altered(exposed to damage) at 

the same location at the same time. 

  The genetic material of some very small viruses occurs in the form of single stranded   

      RNA, which cannot be repaired. These viruses show high rates of genetic change   

       (mutations) resulting from damage to their RNA.  
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Prokaryote:-  

A Cell whose hereditary material is not surrounded by a nuclear membrane and don't 

have many cell organelles or nucleolus such as Bacteria. 

Eukaryote:-  

A Cell whose hereditary material is surrounded by a nuclear membrane and has many 

cell organelles and nucleolus  

Unit 2 : Molecular Biology 

Chapter 1 : DNA and Genetic Information 
Lesson 3 : DNA in Prokaryotes & Eukaryotes 

Genome & Mutations 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DNA in Prokaryotes :- 
    One double helix of DNA with its ends joined to each other to form a circle. 

    The circular bacterial DNA is folded many times, and occupies a nuclear area about   

         one tenth (0.1)of the cell’s volume.  

   [If the DNA of the bacterium (Escherichia coli) were stretched out in a straight line, 

   it would be about 1.4 millimeter long, whereas the cell itself is only about 2 micron long] 

       (1 micron = 1/1000mm)  

    This DNA molecule is attached to plasma membrane at one or more points. 

        [at which replication of DNA starts] 

    DNA molecule is not surrounded by nuclear membrane and not complexed with  

        proteins  

 

Plasmids 

Some bacteria also contain one or several additional, 

 much smaller, circular DNA molecules called plasmids 

They are not complicated with protein. 
 

Plasmids are found in:  

    1-Prokaryotes: 

There is one or more plasmids with their main DNA 

A bacterial cell replicates any plasmids it contains at the same time as its main DNA. 

 

Their importance:-Scientists take advantage of this activity by introducing artificial   

                                 plasmids into bacteria in order to obtain duplicates of them. 

                                 [Plasmids are widely used in genetic engineering].  
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   2-Eukaryotes: 

1-In the yeast 

2-The DNA of mitochondria and chloroplasts (organelles of eukaryotic cells) 

    is very similar to that of prokaryote.  

The DNA of these organelles and the yeast plasmids are all circular and not complexed 

with proteins that are always found with eukaryotic DNA. 

 

This is one reason for the belief that mitochondria and chloroplasts might have 

originated as parasitic prokaryotics that took up permanent residence in eukaryotic cells. 

 

 

DNA in Eukaryotes :- 
The genetic material of eukaryote is in the form of chromosomes   

Chromosomes appear in eukaryotic cells during cell division.  

     Chromosomes are surrounded by nuclear membrane and complexed with proteins  

     Chromosomes aren't attached to plasma membrane 

        [replication of DNA starts at any point on the chromosome] 

     Each chromosome is thought to contain a single DNA molecule extending from one  

        end of the chromosome to the other, but coiled and folded many times  & its ends  

        aren't joined.  

     The DNA is associated with various proteins, forming a substance called chromatin.  

 

Chromatin contains roughly equal amounts of DNA and protein.  

The chromosomal proteins may be divided into  
      [histone and nonhistone proteins.] 
1-Histones  
 Histones make up a well-defined group of structural proteins. 

 Histones are all small, and they have a high content  

    of the basic amino acids arginine and lysine.  

 At the normal pH=7 inside the cell, these amino acids have  

    positively charged R groups, and so they bind strongly to the 

    negatively charged phosphate groups of DNA.  

 Histones are found in large amounts in the chromatin of any cell.  

 

 2-The non-histone proteins 
 The non-histone proteins are a heterogeneous group with many functions.  

 They include 

      1-Structural proteins: (help in limited structures of the DNA) 

  which play a role in the spatial organization(spaces) of the DNA within  the nucleus  

      2-Regulatory (functional)proteins:  

   which determine whether or not DNA code is used to make RNA, proteins and enzymes. 
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The human somatic cell contains 46 chromosomes.  

If we imagine that DNA double helices from these chromosomes were lined up and  

   stretched out, they would be about 2 meters long.  

The histone and other proteins are responsible for packing these long molecules into a 

   nucleus 2-3 micrometer in diameter.  

Biochemical analysis and electron micrographs have shown that  

 

    Nucleosomes : 
It is the structural unit of chromosome in eukaryotes and formed  

   of DNA wounding  around clusters of histones,  

This shortens the molecule about tenfold 

 But it must be packed about 100,000 times more tightly to fit into the nucleus.  

    Condensed nucleosomes : 
  The string of nucleosomes is coiled so as to pack the nucleosomes together. 

  However, even this is not sufficient to shorten a DNA molecule to the length actually  

     observed. 

    Chromatin :  
  The tightly coiled strings of nucleosomes are arranged in large loops, to be held   

    in place by structural non-histone proteins of the chromatin. 

   Condensed chromatin :  
  Chromatin packed up as tightly as possible is said to be condensed.  

 

When the DNA is in this state, enzymes cannot get at it. The package must be unwound 

at least into a string of nucleosomes, before the DNA can serve as a template for DNA or 

RNA synthesis. 
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An individual’s genome consists of the total of all the genes (all the DNA) in any one of  

    its body cells. 

In 1977, researchers found methods of determining the sequence of nucleotides in DNA  

   and RNA molecules. & how genes are arranged within a cell’s DNA molecule. 

 

 

 

 

 

 

Genes are parts of DNA: Many genes carry instructions for 
1- Making proteins.  

2-Building & arranging the sequence of nucleotides in the ribosomal rRNA which form 

ribosomes and in transfer tRNA, which carries amino acids during protein synthesis.  

 
Its characteristics: 
1-In prokaryotes, genes dictating RNA and protein synthesis make up most of the genome  

2-In many eukaryotes less than 70% of the genome is functional and the rest of the 

genome is non-coding 
 

Researchers have identified and named various kinds of noncoding DNA (DNA that does 

not code for RNA or proteins), but we still have much to learn about their function. 
 

 
 
 

Genome: 

The total of all genes (all DNA) that are found in the cell. 
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Repetitive DNA : 
Most genes are present in only one or a few copies in a genome. 

However, every eukaryotic cell carries many [often hundreds ] of copies of the genes  

   needed to synthesize ribosomal RNA and histones. 

    These are molecules the cell needs in large amounts 

    having multiple copies of these genes speeds up cells production of new ribosomes  

       and histones. 

 

DNA sequencing has many repeating sequences of DNA. The role of most of this 

repetitive DNA is still unclear. For example: 

     In the fruit fly Drosophila, the brief nucleotide sequence  

     (A – G – A – A – G) is repeated about 100,000 times in the middle of one chromosome.  

       These and many other repeated sequences are noncoding DNA. 

    Eukaryotic genomes contain great deal of other noncoding DNA that represent  

       terminal parts (satellites DNA) of some chromosomes.  

       [Little of the DNA of the plants and animals actually codes for proteins].  

 

There is no relation found between the amount of DNA in species’ genome & the 

complexity of the organism or the number of proteins it produces.  

    For example, the largest known genome belongs to a salamander; its cells contain  

      about30 times the amount of DNA found in human cells, although they produce fewer  

      proteins. 
 

 

 Function of non-coding parts of DNA: 

   1-To protect that chromosomal structure 

   2-Some indicate the sites at which mRNA should be built. 

       [which are very important in protein synthesis] 
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Causes of Mutation 
Mutation may be done due to:  
   Changes in the structure of the hereditary factor (genes) 

   Changes in the number of chromosomes 

   Changes which result from environmental effects 

   Segregation and recombination of genes.  

 

Classification of Mutations 
First : According to its inheritance : 

The true mutation:  
It is the mutation that is transferred through the following generations.  

 

The false mutation:  
It is the mutation that is not transferred through the following generations.  

 

Second : According to its imortance : 

Non-desirable mutation :  
-They represent most of mutations 

-Examples  

     Some deformations in man. 

     Mutations in plants may lead to their sterility causing a deficiency in crop yield of  

       these plants. 

 

Desirable mutation :  
-They are rare mutations and human tries all possible scientific ways to induce them 

artificially.  

-Examples  

     An American farmer discovered in his sheep one with short curved legs.  

       He considered this a desired trait as it could not climb over fences and damage   

       cultivated plants.  

       The farmer took care of breeding this mutant sheep until it gave rise to a new strain  

        known as the Ancon strain.  

     Induction of crops strains artificially by man to increase their yield. 

  

 

Mutation:   

A sudden change in the nature of the hereditary factors controlling certain traits 

which leads to change in these traits in the living organism.  
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Third : According to the type of mutation : 

Gene mutations: 
These are due to chemical changes in the gene structure  

   [change in the arrangement of the nitrogenous bases of the DNA molecule]. 

 

Results:  
These changes finally lead to the production of a different enzyme which develops a new  

   trait.  

Such change in the chemical structure of the gene is often accompanied by a change from  

  dominant to recessive state, although the opposite may occur in some rare cases. 

 

Chromosomal mutations: 
These mutations occur by two ways: 
 Change in the number of chromosomes:  

This means a loss or gain of one or more chromosomes during gamete production in the 

    process of meiosis and  

   Increasing: The cells contain one or more extra chromosomes as in Klinefelter  

                         Syndrome [44+XXY]  & Down's syndrome. 

   Decreasing: The cells may contain one chromosome less as in the Turner syndromes  

                           [44+X] 

   Duplication: [polyploidy] The number of chromosomes may be duplicated in a cell  

                          due to  

        The non-separation of the chromatids after centromere division  

        Failure of membrane formation between the two daughter cells 

  Polyploidy In plants: 
   -It is more common in plants where a large proportion of known plants have polyploidy   

  (3N, 4N, 6N, 8N up to 16N), where chromosomes are duplicated during gamete formation     

   -This results in the production of individuals with new characteristics.  

   -This is because each gene is represented by many copies, thus its effect becomes more  

    pronounced.  

   -Thus the plant becomes taller and its organs become bigger especially flowers and fruits.    

   -There are many tetraploid (4N) crops and fruits such as [cotton, wheat, grapes, pears,  

    strawberries and others]. 

    Polyploidy In animals: 

   -Polyploidy is less common among animals.  

   -This is because sex determination in animals demands delicate balance between the 

    numbers of autosomes and sex chromosomes.  

   -Thus polyploidy in animals is restricted to some hermaphrodite snails and worms where 

    sex determination problem does not exist.  

     Polyploidy In Man: 

   -Triploidy in man was found to be lethal and cause miscarriage.  

   -However, polyploidy may occur in some liver and pancreas cells. 
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 Change in the structure of the chromosome:  

The sequence of genes on a chromosome changes  

   When a piece is separated from it during cell division and rotates 180
o

 around itself and  

     rejoin the same chromosome again in an inverted position. 

   When two non-homologous chromosomes exchange segments.  

   A small segment of a chromosome may be lost or gained. 

 

 

Fourth : According to the position of mutation : 

Gamete mutation 
    It occurs in reproductive cells 

    The new trait will appear in the resulting embryo. 

       [inherited from a generation to another]  

    It occurs in living organisms that reproduce sexually.  

 

Somatic mutation  
    It occurs in somatic cells where 

      [leads to appearance of new signs suddenly in the organ in which it appears] 

    The new trait isn't inherited from a generation to another 

    It occurs in living organisms that reproduce asexually.  

-It is more common in plants that are propagated vegetatively, where a new branch may  

  grow from the normal plant having a new trait.  

-This branch may be cut off and propagated vegetatively if the trait is desirable. 

 

 

Fifth : According to the origin of mutation : 

The spontaneous mutation:  
It originates by itself without any human interference, and it is rare in all organisms.  

 

Reasons:-It is due to the effect of certain environmental factors around living organism  

                such as -ultraviolet  

                             -cosmic rays  

                             -different chemical compounds.  

 

Importance:- Spontaneous mutations play an important role in the evolution of the living  

                       organisms. 

 

 

The induced mutations:  
They are those mutations which are induced by man to produce desired changes in the 

traits of specific organisms.  
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Man uses some factors to induce mutations (Environmental factors)  

 Natural factors 

    - X rays  

    - Gamma rays a 

    - ultraviolet rays.  

Chemical factors  

    -mustard gas 

    -colchicine 

    -nitrous acid  

 

Mechanism of induced mutation in plant:-  
                   -Such treatments cause atrophy and death of the growing tip cells in plants.   

                   -New tissues are regenerated underneath the dead cells.  

                   -These new tissues may contain some polyploid cells. 

 

Most induced mutations produce undesirable traits, yet man selects from them useful ones.  

For example:- 

To produce fruit trees with high sweet and seedless fruits.  

Mutations were done to micro organisms such as penicillium to produce large quantities  

    of antibiotics (penicillin). 
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Unit 2 : Molecular Biology 

Chapter 2 : Nucleic Acids and Protein Synthesis 
Lesson 1 : RNA and Protein Synthesis 

 
 

 

 

Types of proteins : 
The enormous variety of proteins in living systems can be divided into two main groups: 

Structural proteins: 
These are proteins that constitute building materials in the living organisms.  

Examples: 

  1- Actin and myosin : are found in muscles and other contractile organs of movement  

  2- Collagens : that form connective tissues within the body ( ligaments and tendons) 

  3- Keratins: that form protective covering of the body such as skin, hair, claws, horns,  

                      feathers and hooves and others.  

       
 

Regulatory Proteins: 
These are the proteins that regulate the numerous processes and vital activities for the  

   organism.  

Examples: 

   1-Enzymes that catalyze ( speed up - activate) chemical reactions 

   2-Antibodies that provide immunity against infection by foreign bodies  

   3-Hormones that make the body respond to the internal and external environmental  

 

 

 

The amino acid : 
There is a common plan of construction for the thousands of kinds of proteins in living  

    systems.  

The 20 kinds of naturally - occurring amino acid monomers are joined together in 

    unbranched, linear polymer chains of proteins.  
 

 

All 20 amino acids have the same basic structure.  

   There is first(alpha) or (α –carbon) atom & 4 units are joined to it: 

    1- A carboxyl group COOH 

    2- An amino group - NH2  

    3-A hydrogen atom .  
    4-An alkyl group (R) which differs from one amino acid to the other. 

        [Except for glycine, which has a second hydrogen atom joined to the α-carbon]  

        [the other 19 amino acids have (R) group] 
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In the presence of the appropriate enzymes, amino acids are joined together in a 

dehydration reaction by peptide bonds forming polypeptide polymers which form the 

protein.  

 

 

 

 

 

 

 

 

The differences between different proteins are due to  
    -The differences in the numbers, kind and arrangement of amino acids in polymers.  

    -The number of polymers that form the protein 

    -The weak hydrogen bonds that may give the protein molecule its special shape.  

 

Protein synthesis is very complicated and it includes the interaction of different kinds of   

   molecules. 

 

 

 

 

Points of similarities between DNA & RNA 

Both are formed of long unbranched macromolecules made up of nucleotide  

 

Each nucleotide is made up of  

     -a sugar molecule 

     -a nitrogenous base  

     - a phosphate group.  

 

A nucleotide phosphate group is bonded to the fifth carbon atom of the sugar molecule of 

one nucleotide and bonded to the third carbon of the sugar in the next nucleotide to form 

the sugar-phosphate backbone of a nucleic acid.  
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However, RNA differs from DNA in several aspects: 

The sugar in the RNA is ribose, whereas the sugar in DNA is deoxyribose,  

   [which contains one less oxygen atom than ribose, hence the names ribonucleic acid and  

     doxyribnucleic acid]. 

 

RNA usually consists of a single strand of nucleotides, although it can form double-  

    stranded sections, DNA is usually double stranded (double helix), consisting of two  

    complementary chains of nucleotides. 

 

DNA and RNA differ in the kinds of nitrogenous bases they contain. 

    In DNA we find adenine, guanine, cytosine and thymine.  

    RNA also contains adenine, guanine and cytosine, but uracil is present instead of  

    thymine.  [Like thymine, uracil base-pairs with adenine]. 

 

DNA carries genes responsible for all traits ,while RNA carries genes responsible for  

    making proteins only. 

 

In Eukaryote DNA is synthesized inside the nucleus ,while RNA is synthesized inside  

    the nucleus and transfers t the cytoplasm  

DNA is one type ,while RNA is 3 types 

DNA in the cell doesn't change (stable), while RNA changes after a period of time  

The building unit of DNA is nucleotide ,While that of RNA is ribonucleotide  

 



 

Ms.Asmaa Sobhy                                    Mob. 01063740616  

My page on facebook ..     https://www.facebook.com/Asmaa-Sobhy-107633591414496/ 

Types of RNA   
Three main types of RNA participate in protein synthesis, these are: 
 

1-Messenger RNA (mRNA): 
Transcription: copying of the coded message from DNA to mRNA 

Steps of transcription of DNA into RNA begins when  

 "RNA polymerase enzyme" binds to a sequence of nucleotides on the DNA called the 

    promoter.  

 

 

 

 

 

The two strands of DNA are separated, and one strand acts as a template for the   

    formation of a complementary strand of RNA.  

RNA polymerase moves along the DNA and joins the complementary ribonucleotides  

  (A, C, G , and U) to the growing RNA strand one by one.  

  The enzyme works only in the direction (3` - 5`) on its DNA template,  

  assembling new RNA in the direction (5` - 3`).  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

At the beginning of each mRNA  
-There is a ribosomal binding site, a sequence of nucleotides that binds to a ribosome in 

such a way that the first codon (AUG) upwards (start codon) which is the correct position 

for translation 

 

At the other end of mRNA molecule 

1-Stop codon : one of 3 different stop codons(UGA or UAG or UAA) 

 

2- a polyadenine (ploy-A) tail composed of up to 200 adenine residues (adenosine) [It is 

non coding][Adenosine is adenine base binds to ribose but no phosphate group] .  

-It appears that this tail protects mRNA from breaking down by enzymes in the cytoplasm.  

 

This process is much like the replication of DNA with one important difference. 

When DNA replication starts usually copies all the DNA in the cell,  

While RNA synthesis transcribes only selected portions of the DNA (that carries 

the gene). 
 

Theoretically :Since DNA molecules are double-stranded, any section of DNA 

could, in principle, be transcribed into the different RNA molecules, one 

complementary to each strand.  

Practically : only one of the strands is transcribed in any one segment of DNA. 

The orientation of the promoter indicates which strand is to be transcribed 

because the promoter “reads” correctly only on that strand.  
 

Promoter: 
Sequence of nucleotides on DNA that directs the RNA-polymerase enzyme to the 

strand that will be transcribed into mRNA, then the transcription process begins. 
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   In prokaryotes 
One RNA polymerase can transcribe rRNA, mRNA and tRNA,  

The messenger RNA of prokaryotes is ready for translation as soon as it is transcribed.  

Ribosomes may attach to the beginning of the mRNA and start translating it into protein   

   while the end of the molecule is still being synthesized on the DNA template. 

 
   In eukaryotes:  

There are three different kinds of polymerases, one for each type of RNA 

The original mRNA transcript must be processed further in the nucleus before the mature  

   mRNA is ready to enter the cytoplasm through the pores of the nuclear membrane and 

participate in protein synthesis. 

 

 

2-Ribosomal RNA (rRNA): 
Ribosomes,[ the sites(organells) of protein synthesis], are formed of four different types 

of rRNA and bout 70 kinds of polypeptides.  

In eukaryotes, the production of ribosomes takes place in the nucleolus, inside the   

    nucleus  

In the nucleolus thousands of ribosomes are produced per hour. 

  Because in eukaryotic cell’s DNA contains up to 600 copies of genes from which rRNA  

  is transcribed, where they participate with the protein in ribosome production. 

 
 

   A functional ribosome consists of Two subunits 

   1-Large ribosomal subunit that contains two sites 

      -The first : peptidyl site (P) 

      -The second : aminoacyl site (A)  

   2-Smal ribosomal subunit : that binds with the mRNAat the beginning of the protein  

     synthesis 

 

The 2 subunits separate and move around independently As long as no protein is  

    synthesized. 

Each subunit may join to a different subunit of the opposite type at the beginning of   

    protein synthesis. 

In eukaryotes, the polypeptides (ribosomal proteins)are made in the cytoplasm and then 

      pass through the nuclear envelope and enter the nucleolus where they will combine   

      with the rRNA to form ribosomal subunits.  

     The subunits then come out to the cytoplasm through the nuclear membrane.  
 

During protein synthesis, interaction occurs between mRNA and rRNA 
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3-Transfer RNA (tRNA): 
The third kind of RNA that participates in protein synthesis is transfer RNA (tRNA),  

   which carries amino acids to the ribosomes.  
 

Transfer RNA is transcribed from clusters of [7or 8 tRNA genes], found on the same part  

   of DNA molecule. 
 

Each kind of amino acid, has a specific kind of tRNA molecule which recognizes it 

,combines with it and transport it to ribosomes to share in polypeptide chain(protein).  
 

Amino acids which have more than one codon have more than one distinct kind of tRNA  

  to carry them to ribosomes. 
 

All tRNA molecules have the same general shape Because parts of the molecule, fold 

back forming loops, which preserve their shapes by means of base pairing at different sites 

of the molecule 

 
   There are two sites on tRNA molecule which are important in protein synthesis.  

The first site  

Is where the amino acid is attached to  

   the tRNA molecule.  

This site consists of the three bases (CCA)  

  at the 3` end of the molecule.  

 

The second site  
It is the anticodon site which base-paired with  

  the codons on the mRNA-ribosome complex.  

 

This temporarily binds the tRNA to the mRNA, 

 allowing the amino acid carried by the tRNA  

 to join the polypeptide chain in its proper site. 
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The genetic code is represented by a particular sequence of nucleotides in DNA is 

transcribed to a complementary sequence in triplets on mRNA which goes to the ribosome 

where it is translated into a particular sequence of amino acids in a polypeptide which 

makes a particular protein.  

 

And now, the question is: what is the number of nucleotides responsible for selecting  

    tRNA molecules which carry each amino acid?  

   Twenty different amino acids are known to take part in the synthesis of proteins.  

   At the same time, there are only four nucleotides involved in the structure of both   

       DNA and RNA.  

   Thus, the genetic “language” must have a four-letter “alphabet”.  

   These four nucleotides “letters” must make up “words”  (amino acid).  

   There must be at least 20 (words)different genetic codes to specify the 20 amino acids.  

 

Number off alphabets in each word: 

   Single (One letter) 

    The words cannot be only one letter long; because there would be only four possible 

    code words (A, C, G and U) and proteins could contain only four different amino acids.    

  

  Double (Two letters) 

    The words cannot be just combinations of two nucleotides long(double), because four   

    letters arranged in all possible combinations of two gives only 4
2
=16 different code  

    words, still not enough to specify 20 different amino acids.  

 

   Triple(Three letters) 

    The four nucleotides arranged in triplets, however, produce 4
3
 = 64 different code   

    words, more than enough to produce a unique code word for each amino acid. 

The genetic code is triplet 

The smallest theoretical size for a code word in DNA is three nucleotides. 

By 1960, there was enough evidence of a triplet code, but deciding which sequence of 

three nucleotides coded for which amino acid (called codon) appeared very difficult.  
 

 

By 1965, different genetic coded of different amino acids were well known. 
 

    Codons are those carried on mRNA, not in DNA. The DNA code triplets are the  

        compliments of mRNA codons.  

    There is more than one codon for most of the amino acids.  

    There is a start codon for the start of protein synthesis (5'…….AUG…….3')  

    There are three stop codons (5'……...UAG  or   UAA  or   UAG……..3') at which 

        Translation & protein synthesis stops or terminates. 
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The genetic code is nearly universal 
   This means that the same codons code for the same amino acids in all [viruses, bacteria,  

      plants, animals and fungi] that have been examined.  

   This is a strong evidence that all living organisms on earth originated from common 

     ancestors, and so it seems that the code established shortly after life originated and has    

     continued almost unchanged for billions of years since this time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Codons found on mRNA Codons read in(5'-3')direction 
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Protein synthesis (translation)is in 3 main stages:- 
Translation: is the decoding or translation of the massage on the mRNA into a  

                         polypeptide chain 

Initiation Stage: 

   1-It starts when the mRNA binds to a small ribosomal subunit from the (5') end 

      and the first codon (AUG) is positioned correctly upward ready for the initiation of  

       protein synthesis.     

   2-The AUG codon then is base-paired with the anticodon of tRNA carrying methionine  

     (UAG). This methionine is the first amino acid to be brought in the polypeptide chain.   

   3-Now a large ribosomal subunit binds to the complex [small ribosomal subunit-mRNA- 

      tRNA] and the reaction of protein synthesis can begin. 

 

 

 

 

 

 

 

 

 

 

Polypeptide Elongation  

(Steps of protein synthesis)(a cycle stage of 3 steps)  

The polypeptide chain elongates by a cycle of three steps. 

 

   1-The first step  
 -is the binding of the next tRNA with the 2

nd
  codon on the mRNA [in aminoacyl site].  

 -So amino acid carried by this tRNA will be the next amino acid in the polypeptide chain. 

 

   2-The second step is the [peptidyl  transferase reaction],  

-"The peptidyl transferase enzyme" is a part of the large ribosomal unit & catalyzes the    

  reaction which results in the peptide bond formation.  

-This enzyme attaches the first amino acid to the second one by a peptide bond, so that the 

first tRNA is now empty &free [it may collect another Methionine amino acid]and the 

second is holding both amino acids. 

 

   3-The third step in the cycle moving the ribosome along mRNA.  

-The 2 ribosomal subunits move together in the direction (5'-3'). 

-The (P site) becomes filled with tRNA which carries 2 amino acids & (A site) is empty 

-The next (3
rd

 )codon is under ( A site),  

A ribosome has two sites where tRNA can bind. 

1-The peptidyl  (P site) 

At which the starting codon  (AUG) ,is found where tRNA that brings Methionine 

amino acid binds. 

2-The aminoacy1 (A site)  

At which the mRNA codon for the second amino acid is lined up & steps of protein 

synthesis start. 
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-The anticodon of the tRNA which carries the 3
rd

 amino acid binds to the codon at (A site). 

-The  polypeptide chain binds to the newly arrived amino acid on this third tRNA by   

  peptide bond and the sequence repeats. 

 

Termination stage  (stop the Protein synthesis)  

Protein synthesis stops when the ribosome reaches a stop codon on the mRNA.  

 1-A special protein(enzyme), called a "releasing factor" binds to the stop codon and  

    causes the mRNA to leave the ribosome.  

 2-The last tRNA carrying the full polypeptide chain releases it & separate leaving the  

    mRNA 

 3-In eukaryotes, the ribosomal subunits separate 

 

 When the 5` end of the mRNA emerges from the ribosome, it may bind to another small   

     ribosomal subunit which starts protein synthesis again.  

 

  Each mRNA molecule attached to up to 100 ribosomes and transcribing its message as  

     they move along at the same time.  

 

  One mRNA with many ribosomes attached to it forms a cluster called a "polyribosome  

    or polysome". 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Steps of protein synthesis 
 

 

 

 

 

 

 

The free (old) tRNA is 

released from (P site) , 

while the new one joins 

the chain bringing a new 

amino acid at (A site) 
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Unit 2 : Molecular Biology 

Chapter 2 : Nucleic Acids and Protein Synthesis 
Lesson 2 : Molecular Technology 

(Genetic Engineering) 
 

 
 

 

After the advance in knowing the gene structure (genetics) and how protein is 

synthesized , it is possible now to: 

   1-Isolate a desired gene and grow millions of copies of it in the cells of bacteria or yeast.  

   2-Analyzing any genes to determine the nucleotide sequence in the gene  

   3-Comparing the structures of different genes in the same or different organisms. 

   4-Find the sequence of amino acids in the any protein by knowing the sequence of  

       nucleotides in the gene.  

   5-Transferring functional genes from cells into the other cells of plants or animals. 

   6-It is possible now to make DNA by order. 

      In 1979 Khorana produced an artificial gene and introduced it into a laboratory culture  

      of bacteria.  

   7-Many laboratories are now equipped with “gene machines” that can be programmed to  

      produce short strands of DNA in any desired sequence.  

   8-Use the artificial DNA in protein synthesis experiments.  

   9-Determine how the amino acids affect the function of the protein as a whole by  

     changing the code to eliminate particular amino acids from a protein(or replace it)  

 

 

 

 

1-Nucleic Acid Hybridization : 
If DNA is heated to 100 °C, the hydrogen bonds linking the base pairs are broken and the  

   two strands of the double helix separate to produce 2 separate unstable strands of DNA.   

 

When the temperature is lowered, it tends to stabilize by sticking (or annealing) to  

   another single strand to form a double helix once again. 

 

Any two single-stranded chains of DNA or RNA can form double strands if they have at  

   least short complementary base sequences. The degree of sticking depends on the amount  

   of complementary bases they have.  

 

The degree of annealing between any two nucleotide strands can be measured by the heat  

   required to separate them again. 

  [The more tightly the strands are bound together, the more heat will be required to  

   separate them]. 
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Uses of DNA hybridization:- 
Producing a hybridized double helix nucleic acid: 

By mixing nucleic acids from two different sources (two different species of organisms)  

   and then heating them to 100 °C.  

When the mixture is allowed to cool, some of the original helices will reform, but many  

   new hybrid double-stranded helices will form, each made up of one strand from each  

   source. 

 

Detecting & determining the amount of a particular gene 

Hybridization can be used to tell whether a particular gene is present, and in what amount. 

A single stranded sequence of nucleotides complementary to one strand of the target gene  

   is prepared; using radio-active nucleotides  

This preparation is then mixed with the unknown sample.  

The concentration of the gene in the sample is indicated by the rate of formation of  

   radio-active double helices.  

This technique can be used to detect the presence of a single gene in a cell. It can also be  

   used to determine the number of copies of various genes in the genome. 

 

Determining evolutionary relationships between different species.  

The closer the evolutionary relationship between two species, the more similar their DNA 

   sequences should be 

And the greater the degree of hybridization between them. 

 

 

 

 

 

 

Hybrid DNA: 
A double helix formed of two strands ,one of them is from a living organism and 

the complementary strand is from another living organism. 
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2-Bacterial Restriction Enzymes (Endonucleaes) :  
It was known that viruses invade certain strains of E-coli which are restricted to these   

   strains and cannot grow inside other strains of these bacteria.  

 

It was found in the seventies (1970s)that  

   The resistance strain of bacteria produce enzymes that attack specific nucleotide   

      sequences in the viral DNA and break the DNA into useless fragments.  

   These enzymes were called [restriction endonucleases].  

 

The question now is why don’t the enzymes destroy the bacterium’s own DNA?  

   Each species of bacteria produces another enzyme [ modification enzymes] which   

     recognize the same DNA sequences that are attacked by its restriction endonucleases.  

    and binds to those sequences and adds methyl groups (-CH3) to some of the nucleotides.     

   These groups protect bacterial DNA by blocking the binding of restriction   

     endonucleases to it. 

 

More than 250 restriction endonucleases could be separated from different strain of  

    bactria. 

 

Each enzyme can recognize a specific sequence of (4 to 7) nucleotides in DNA and snips  

    the DNA at or near this "recognition site".  

 

The enzyme reads sequence of bases on the two strands of DNA at the recognition site in  

    the ( 5` - 3` ) direction.  

 

Each restriction enzyme act on any DNA from any source (viral, bacterial, plant or  

   animal) as long as that DNA contains one or more copies of its specific recognition site. 

 

Importance of restriction enzymes: 
Restriction endonucleases provide a way to break DNA into pieces with known  

   nucleotides at their ends.  

 

Many of them also produce a staggered cut, in which the double helix is left with two  

  single-stranded ends. These are called “sticky ends” because they will base-pair with any  

  other single-stranded end produced by the same restriction endonuclease, and the cut ends  

  can then be joined into a single strand by DNA ligase.  

 

In this way, researchers can stick a specific section of DNA into another DNA molecule. 
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3-Cloning of DNA sequences : 
 

Biologists can produce several identical copies of a gene or piece of DNA by splicing it 

to a molecule that can carry it into a bacterial cell.  

This carrier may be phage or a plasmid. 

 

DNA for cloning may be obtained in two ways :  
The first method: 

1-cells are broken up to get out the genome  

2-DNA cut by restriction endonuclease.  

   [A mammalian genome treated in this way may produce millions of DNA fragments].  

3-These DNA pieces are spliced into plasmids or phages and cloned.  

4-Then various selection techniques are used to isolate the DNA sequences desired. 

 

The second method: 

The better, to obtain DNA for cloning 

1-Getting the gene from cells in which the gene is active. [For example, cells in the  

    pancreas produce insulin and the precursors of red blood cells produce hemoglobin].  

    In these cells there is great amount of mRNA carrying the message necessary to make  

    the protein.  
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2-Isolate mRNA and use it as a template to make complementary DNA,  

   [a process very similar to the replication of DNA]. 

3-The enzyme that can make DNA from mRNA template is called "reverse transcriptase". 

   [The enzyme is produced by viruses with RNA genomes which use it to convert their   

   own RNA genomes into DNA that can be joined to hosts DNA genome].  

4- Reverse transcriptase enzyme is used to convert the desired mRNA(carrying the   

    massage of the gene)into a single strand of DNA  then its complementary strand can be  

    synthesized by DNA polymerase.  

5-The resulting double stranded DNA can then be cloned. 

 

Ways of cloning : 
A-Using plasmids or phages:- 

Steps of cloning: 

Sticking a foreign gene or a piece of DNA into a plasmid 

  Samples of the plasmid and the gene (or DNA) are both treated with the same restriction  

    endonuclease to create complementary, single stranded sticky ends.  

  When the two are mixed, some of the plasmids sticky ends will base-pair with those of  

    the desired gene, and the two can be joined together by DNA ligase. 

 

Transportation of the plasmid into a bacterium cell 

  The prepared plasmids are added to a culture of bacteria or yeast cells which have been  

    treated to be permeable to DNA. 

  Some of the plasmids enter to cells 

  And as the cells grow and divide, so they replicate the plasmid(& gene on it) along with  

    their own genome. 

 

Getting back the cloned gene 

  Now, the cells can be broken up and the plasmids recovered.  

  Treatment with the same restriction endonuclease release cloned gene from the plasmid.  

  The genes and plasmids can then be separated by centrifugation.  

The investigator now has a sizable quantity of identical DNA molecules which can be  

   analyzed to  

    1-Determine their nucleotide sequence 

    2-Transplanted into another cell. 

 

B-Using PCR machine:- 

Now, the polymerase chain reaction (PCR) can clone pieces of DNA.  

This machine uses "tag polymerase enzyme" which works, at high temperatures.  

This machine is capable of making many thousand copies of DNA in few minutes. 
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4-Recombinant DNA : 
 

 

 

 

 

Scientists dreams are to introduce copies of normal genes into human beings whose genes  

   are defective 

Preventing much suffering and eliminating the need for treatment of genetic deficiencies.  

Many people strongly oppose permitting research in this area. 

Recombinant DNA: 

It is the process of introducing of DNA from one living organism into cells of 

another living organism. 
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   Because this could be a very dangerous technology if used for other purposes 

Practical application of recombinant DNA technology 

A-In Medicine:- 

The production of useful proteins on a commercial scale.  
In 1982, the USA licensed the first recombinant DNA protein-human insulin, a 

hormone needed daily by millions of people with diabetes.  

Insulin is produced by cloning it gene with the plasmids inside the bacterial cells , then it 

becomes bacteria –grown insulin.  

Previously, all the insulin available was extracted from the pancreas glands of 

(cattle and pigs) (Bovine Insuline), a long and expensive process. 

Although bacteria-grown insulin is just as expensive, it is better for some patients, who 

cannot tolerate the slight differences between human insulin and that of other species.  

With improvements in production methods, bacterial insulin should become less 

expensive. 

 

 The production of interferons 
Human interferon, proteins that interfere with replication of viruses (particularly viruses  

   with RNA genomes such as those that cause influenza and poliomyelitis).  

In the body, interferones are made and released by virus-infected cells, to protect the  

   cells & can also protect healthy neighbours.  

During the 1970s, the interferon for medical use was hardly extracted from human 

   cells and so was rare and very expensive.  

In the 1980’s, drug company research workers introduced 15 human interferon genes  

   into bacteria, and relatively abundant and much cheaper interferons are now available. 

Using interferons to treat cancer isn't yet succesfully, but this may be due to technical  

    problems that can be overcome.  
 

 

B-In Agriculture:- 
Agricultural researchers will probably soon be able to  

1-Introduce genes for resistance to herbicides and important diseases inside the plant crops  

2-Isolate and transplant the genes that enable   

      members of legumes to house nitrogen fixing bacteria in their roots (these bacteria  

      convert nitrogen from the gaseous state - 4/5 of the air - into a form the plants can use). 

     -If we can transplant the relevant genes into other crop plants and set them up with  

       bacteria, it would eliminate the need for nitrogen fertilizers.  

     -These fertilizers are expensive to produce and apply, and often contribute to water  

      pollution in agricultural areas. 

 

 

C-In Experiments and Researches :- 
Researchers were able to 

1-Transplant a ruby red eyes gene from a strain of fruit flies(Drosophila) into the embryos  

    of another.  The gene was inserted into cells destined to become reproductive organs.  
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   When the embryos grow up, they passed on the transplanted gene, their offspring with  

    ruby-red eyes instead of brown 

    (Since the gene was present only in the reproductive organs of the flies that received  

    transplants, they themselves had brown eyes).  

 

2-Introducing a gene for growth hormone from rats and humans into mice, who have  

   grown to twice their normal size and also passed the gene on to their offspring.  

 

 

Many people worry about what will happen if there is a strain of bacteria with a gene for   

   a dangerous toxin were let loose on the world! 

   Genes that is responsible for producing a dangerous toxin would be introduced into the  

    bacterial cells and released in the world.  

   Many workers feel that the chance of this happening is slight.  

 

Although the bacteria used in many recombinant DNA experiments are Escherichia coli,   

   a species universally found in the human intestine, the actual strains used in the  

   laboratory have been out of contact with real bodies for thousands of generations. They  

   adapt to live inside their test-tube homes.  
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5-Human Genome : 
 

In the fifties(1950s) of the last century, the best biological discovery was the proof of   

   Watson and Crick in 1953. It was that, the DNA is double helix strands.  

 

After that, scientists started to search all about genes and more discoveries succeeded.  

 

The idea of the genome appeared in 1980, the number of human genes was about 450   

  genes. In the middle of the eighties the number was doubled three times to be 1500 genes.  

 

Some of these genes are the causes for the increase of cholesterol in blood (one reason of  

  heart disease) and some cause cancer diseases. 

 

Scientists discovered that there are about 60000 - 80000 genes in the human body which  

  exist in 23 pairs of chromosomes which are known as human genome. Where more than  

  half of these genes are discovered till now. 

 

Chromosomes are arranged according to their sizes from number (1) to number (23), the   

  chromosome (X) is not part of this arrangement as it follows the chromosome No (7) in  

  size but it is arranged at the end of chromosomes. It is arranged at the end with order(23) 

  And this is known as "Karyotype" 

 

From genes which were determined  

    -the gene of finger print which is located on chromosome No (8) 

    -genes of blood groups which are located on chromosome No (9) 

    -the gene responsible for the formation of insulin and Haemoglobin are situated on    

      chromosome (11) 

    -genes of colour blindness and Haemophilia are situated on chromosome (X) (23). 

 

By continuing the research about genes and genome, to know the structure of the genome,   

  we identified the function and structure of each gene in the human genome. 

 

The uses of the human genome : 
  1-Identifying the genes which cause the rare and common genetic diseases. 

  2-Identifying the genes which cause the disability of organs to perform vital activities. 

  3-Preparing drugs without side effects in the future. 

  4-Studying the evolution of living organisms by comparing the human genome with  

     Genome of other living organisms. 

  5-Improving the offsprings by identifying the defected genes of the fetus before it is born  

    and how to be cured (gene therapy). 

  6-Identify the characteristics of any human on Earth by analyzing his hair or  

   sperm to know his genome, thus we can draw a complete picture for his features . 

 
 


