Rajalakshmi  Engineering College

  Department of Biotechnnology

Faculty Name :Mr.M.Sankar(Lecturer)/Mrs.Rekha Ravindra(Lecturer)
Faculty Code : BT33/BT82


Semester : V Sec A/B
NOTES ON LESSON

MOLECULAR BIOLOGY BT2305

UNIT 1

Mendelian inheritance (or Mendelian genetics or Mendelism) is a set of primary tenets relating to the transmission of hereditarycharacteristics from parent organisms to their offspring; it underlies much of genetics. They were initially derived from the work of Gregor Johann Mendel published in 1865 and 1866 which was "re-discovered" in 1900, and were initially very controversial. When they were integrated with the chromosome theory of inheritance by Thomas Hunt Morgan in 1915, they became the core of classical genetics
Mendel's Laws
· Mendel discovered that when crossing white flower and purple flower plants, the result is not a blend. Rather than being a mix of the two, the offspring was purple flowered. He then conceived the idea of heredity units, which he called "factors", one of which is a recessive characteristic and the other dominant.
· Mendel said that factors, later called genes, normally occur in pairs in ordinary body cells, yet segregate during the formation of sex cells. Each member of the pair becomes part of the separate sex cell. 
· The dominant gene, such as the purple flower in Mendel's plants, will hide the recessive gene, the white flower. After Mendel self-fertilized the F1 generation and obtained the 3:1 ratio, he correctly theorized that genes can be paired in three different ways for each trait: AA, aa, and Aa. The capital "A" represents the dominant factor and lowercase "a" represents the recessive. (The last combination listed above, Aa, will occur roughly twice as often as each of the other two, as it can be made in two different ways, Aa or aA.)
· Mendel stated that each individual has two factors for each trait, one from each parent. The two factors may or may not contain the same information. If the two factors are identical, the individual is called homozygous for the trait. If the two factors have different information, the individual is called heterozygous. The alternative forms of a factor are called alleles. 
· The genotype of an individual is made up of the many alleles it possesses. An individual's physical appearance, or phenotype, is determined by its alleles as well as by its environment. An individual possesses two alleles for each trait; one allele is given by the female parent and the other by the male parent. 
· They are passed on when an individual matures and produces gametes: egg and sperm. When gametes form, the paired alleles separate randomly so that each gamete receives a copy of one of the two alleles. The presence of an allele doesn't promise that the trait will be expressed in the individual that possesses it. In heterozygous individuals the only allele that is expressed is the dominant. The recessive allele is present but its expression is hidden.

· Mendel summarized his findings in two laws; the Law of Segregation and the Law of Independent Assortment.

Law of Segregation (The "First Law")
The Law of Segregation states that when any individual produces gametes, the copies of a gene separate so that each gamete receives only one copy. A gamete will receive one allele or the other. The direct proof of this was later found following the observation of meiosis by two independent scientists, the German botanist, Oscar Hertwig in 1876, and the Belgian zoologist, Edouard Van Beneden in 1883. In meiosis, the paternal and maternal chromosomes get separated and the alleles with the traits of a character are segregated into two different gametes.

OR

The two coexisting alleles of an individual for each trait segregate (separate) during gamete formation so that each gamete gets only one of the two alleles. Alleles again unite at random fertilization of gametes.

Law of Independent Assortment (The "Second Law")
· The Law of Independent Assortment, also known as "Inheritance Law" states that alleles of different genes assort independently of one another during gamete formation. While Mendel's experiments with mixing one trait always resulted in a 3:1 ratio (Fig. 1) between dominant and recessive phenotypes, his experiments with mixing two traits (dihybrid cross) showed 9:3:3:1 ratios). But the 9:3:3:1 table shows that each of the two genes are independently inherited with a 3:1 phenotypic ratio. Mendel concluded that different traits are inherited independently of each other, so that there is no relation, for example, between a cat's color and tail length. This is actually only true for genes that are not linked to each other.

· Independent assortment occurs during meiosis I in eukaryotic organisms, specifically metaphase I of meiosis, to produce a gamete with a mixture of the organism's maternal and paternal chromosomes. Along with chromosomal crossover, this process aids in increasing genetic diversity by producing novel genetic combinations.

· Of the 46 chromosomes in a normal diploid human cell, half are maternally-derived (from the mother's egg) and half are paternally-derived (from the father's sperm). This occurs as sexual reproduction involves the fusion of two haploid gametes (the egg and sperm) to produce a new organism having the full complement of chromosomes. During gametogenesis—the production of new gametes by an adult—the normal complement of 46 chromosomes needs to be halved to 23 to ensure that the resulting haploid gamete can join with another gamete to produce a diploid organism. An error in the number of chromosomes, such as those caused by a diploid gamete joining with a haploid gamete, is termed aneuploidy.

· In independent assortment the chromosomes that end up in a newly-formed gamete are randomly sorted from all possible combinations of maternal and paternal chromosomes. Because gametes end up with a random mix instead of a pre-defined "set" from either parent, gametes are therefore considered assorted independently. As such, the gamete can end up with any combination of paternal or maternal chromosomes. Any of the possible combinations of gametes formed from maternal and paternal chromosomes will occur with equal frequency. For human gametes, with 23 pairs of chromosomes, the number of possibilities is 223 or 8,388,608 possible combinations. The gametes will normally end up with 23 chromosomes, but the origin of any particular one will be randomly selected from paternal or maternal chromosomes. This contributes to the genetic variability of progeny.

	






 Dominant and recessive phenotypes.
(1) Parental generation. (2) F1 generation. (3) F2 generation. Dominant (red) and recessive (white) phenotype look alike in the F1 (first) generation and show a 3:1 ratio in the F2(second) generation
	





The phenotypes of two independent traits show a 9:3:3:1 ratio in the F2 generation. In this example, coat color is indicated by B (brown, dominant) or b(white) while tail length is indicated by S (short, dominant) or s (long). When parents are homozygous for each trait ('SSbb and ssBB), their children in the F1generation are heterozygous at both loci and only show the dominant phenotypes. If the children mate with each other, in the F2 generation all combination of coat color and tail length occur: 9 are brown/short (purple boxes), 3 are white/short (pink boxes), 3 are brown/long (blue boxes) and 1 is white/long (green box).
	





Figure 3: The color alleles of Mirabilis jalapa are not dominant or recessive.
(1) Parental generation. (2) F1 generation. (3) F2 generation. The "red" and "white" allele together make a "pink" phenotype, resulting in a 1:2:1 ratio of red:pink:white in the F2generation.


 Mendelian trait
A Mendelian trait is one that is controlled by a single locus and shows a simple 
Mendelian inheritance pattern. In such cases, a mutation in a single gene can cause a disease that is inherited according to Mendel's laws. Examples includesickle-cell anemia, Tay-Sachs disease, cystic fibrosis and xeroderma pigmentosa. A disease controlled by a single gene contrasts with a multi-factorial disease, like arthritis, which is affected by several loci (and the environment) as well as those diseases inherited in a non-Mendelian fashion. The Mendelian Inheritance in Man database is a catalog of, among other things, genes in which Mendelian traits cause disease.

Griffith (1928)

Identified transforming principle. He worked with rough and smooth types of pneumonia bacteria. Smooth colonies have polysaccharide coating that makes them appear smooth

· injected rats with smooth bacteria -> they died

· injected rats with rough bacteria -> they lived

· heated smooth bacteria then injected into rats -> rats lived

· mixed heated smooth and then mixed with rough and injected -> rats died

Griffith observed that something was transferred from the components of the killed smooth cell to the rough cell to change the rough cell's behavior. He called this unknown material that was transferred a transforming principle.

Avery, MacLeod, McCarthy (1944)

They were able to identify DNA as Griffiths transforming principle through the following experiment.

· took extract (from heated smooth bacteria) and treated it with DNAase (digests DNA) - then mixed with rough bacteria and injected into rats -> the rats lived

· in other side of experiment, treated extract with protease (digests proteins) -then mixed with rough bacteria and injected into rats -> rat died

This showed that DNA, not protein, has ability to transform cells (for posterity's sake, they were actually mice, not rats)

Hershey and Chase (1950)

Proved DNA was hereditary material of cell. They worked with a bacterial virus (phage) comprised of protein coat and a DNA core. They wanted to find out which part of the phage (DNA or protein), produced new phages.

· grew cells in presence of P32 to make the DNA radioactive (since proteins don't have P, the would not be radioactive) in one part of the experiment and grew cells in presence of S35 in another (proteins would be radioactive)

· allowed phages to infect cells, waited for phages to reproduce, then disrupted cells in a Waring Blendor to produce a mixture in which the bacteria remained intact but the protein shells of the phage would be sheered off the bacteria and would be free in the solution

· mixture was then placed in centrifuge - in the first experiment (DNA labeled), the pellet containing whole bacteria was radioactive, which meant that the DNA was injected into the cell by the phage. In subsequent generations the radioactive DNA could be passed on from first phages to their "offspring" phages.

· In the second experiment (proteins labeled), the bacterial pellet did not contain proteins labeled with S35, thus the proteins were not injected into the bacteria and could not be passed on to the "offspring" phages

Bacterial Transformation
"Transformation" is simply the process where bacteria manage to "uptake" or bring in a piece of external DNA (somehow or another).  Usually, this process is used in the laboratory to introduce a small piece of PLASMID DNA into a bacterial cell.

[image: image6.jpg]Tetracycline resistance

nsnia
o cacon
Cosium chioride and
Tt cell HA alhidium bromide
| Contiugation
Chromosomat
Closed circular, % DHA
Gaamis VA
Fractonston
Totracyeiine
Senaliva ol
Chromosamat C@
Dha aicm
. chloride
— 2 m Pemncable
o cal
Plasmid DA

.




NA is the gentic material - 
The First demonstration of bacterial transformation. 
Experiments done by Frederick Griffith (in London) in 1928 found there were two different types of the bacterium Streptococcus pneumoniae:
 

An "S" or SMOOTH coat strain, which is lethal to mice.
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 An "R" or rough strain, which will not hurt the mouse.
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 Griffith found that he could heat inactivate the smooth strain.
[image: image9.jpg]



 

 

However, if he were to take a mixture of the heat-inactivated S strain, 
mixed with the R strain, the bacteria would die.  Thus there was some 
Material in the heat-killed S strain that was responsible for "transforming" the R strain into a lethal form.
[image: image10.jpg]



 
Fred Griffith (and a lab co-worker) was killed in their laboratory in 1940 from a German bomb.  However, their work continued on in the U.S., and in 1944, Oswald Avery, C.M. MacLeod, and M. McCarty carefully demonstrated that the ONLY material that was responsible for the transformation was DNA - thus, DNA was the "Genetic material" - however, many scientists were still not sure that it was REALLY DNA (and not proteins) that was the genetic material.
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	The genetic transfer of streptomycin resistance (strr) to the streptomycin sensitive (strs) cells of E.coli.   The recovery of strs cells depends on the concentration of the strr DNA.


McCarty,M., The Transforming Principle - Discovering that Genes are made of DNA, (New York: W.W.Norton & company, 1985) - Although this book was written about 40 years after the experiments took place (1985), it is an excellent history of the research that was going on in the early 1940's

Co-transformation is simply the simultaneous transformation of two different DNA fragments.
	First, you must obtain you DNA - you can do this by isolating DNA from a nice bacteria that has some DNA you want to use....
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	Now you do the transformation and have a look at the products - if you're transforming into a strain that lacks the gene of interest (which you usually are), then the process is quite easy - just look for colonies that carries the trait of interest:
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 Bacterial Conjugation

"Bacterial conjugation is the pocess in which DNA is transferred from a bacterial donar cell to a recipient cell by cell-to-cell contact.  It has been observed in many bacterial species and is best understood in E.coli, in which it was discovered by Joshua Lederberg in 1951."  
The ability to transfer DNA by conjugation is dependenton the presence of a cytoplasmic entity termed the fertility factor, or F.  Cells carrying F are termed F+; cells without F are F-.  F is a small, circular DNA element that acts like a minichromosome.  It is an example of a class of elements termed plasmids, which are self-replicating extrachromosomal DNA molecules.  F contains approximately 100 genes; these give F several important properties: 
 

1. F can replicate its DNA, which allows F to be maintained in a cellular population that is dividing.
2. Cells carrying F produce pili (singular, pilus) - minute proteinaceous tubules that allow the F+ cells to attach to other cells and maintain contact with them.
3.  F+ cels can transfer the newly synthesized copy of the circular F genome to a recipeint (F-) cell that lacks such a genome; note that a copy of F always remains behind in the donating cell.  When a donor cell transfers a copy of its cytoplasmic F to an F- cell, the recipeient cell also becomes an F+ cell, because it now contains a circular F genome.
4.  F+ cells are usually inhibited from making contact with other F+ cells and do not usually transfer the F genome to F+ cells.
5.  Occasionally, F leaves the cytoplasm and integrates itself into the host bacterial chromosome.  When this occurs, F can also transfer the host chromosomal markers to the recipient cell along with its own DNA.
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"SEX in a Blender"
By some clever use of timing experiments, it is possible to generate a genetic map of E.coli![image: image14.jpg]Hfr strs
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Transduction 
We'll talk more about this on Wednesday, but the general idea is outlined here. 
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UNIT 2

CENTRAL DOGMA OF MOLECULAR BIOLOGY


 NUCLEIC ACIDS


In 1869, Fredirich Miescher discovered I the cell nucleus a mixture of compounds that be called Nuclein.  The major component of nucelin is deoxyribonucleic acid (DNA).  By the end of the 19th century, chemists had learned the general structure of DNA and of a related compound, ribonucleic acid (RNA).  Both are long polymers-chains of small compounds called nucleotides.  Each nucleotide is compound of sugar, phosphate group and a base.  Linking the sugars to one another through their phosphate group forms the chain.

BASES


The bases of DNA and RNA are heterocyclic (C and N containing) aromatic rinds, with a variety of substitutes.  Adenine (A) and Guanine (G) are purines, bicyclic structures (two fused rings), whereas Cytosine (C), Thymine (T) and Uracil (U) are monocyclic pyrimidines.  In RNA, the thymine differes from Uracil only in having methyl group at the 5-position that is thymine is methyl uracil.

STRUCTURE (Refer class notes)

NUCLEOTIDES


Nucleic acids, the bases are covalentlyattached to; the 1st  position of a pentose sugar ring, to form a nucleoside.  In RNA, the sugar is ribose and in DNA it is 2-deoxy ribose, in which the hydroxyl group at the 2-position is replaced by hydrogen.  The point of attachment to the base is the 1’-position (n-1) of the pyrimidines and 9-postiion (N-9) of the purines.  The number of the atom in the ribose ring are designated 1’-2’-etc., merely to distinguish them from the base positions.  The bond between bases and the sugars is the glycosidic bond.  If the sugar is ribose, the nucleosides are adenosine, guanosine, cytidine and Uridine.  If the sugar is deoxyribose (as in DNA), the nucleosides are deoxy adenosine etc., 

STRUCTURE

NUCLEOTIDES


A nucleotide is a nucleoside with one or more phosphate groups bound covalently to the 3’-5’-or (in robonuclwotides only0 the 2’-position.  If the sugar is deoxyribose, then the compounds are termed deoxynuceotides.  Chemically, the compounds are phosphate esters.  In the cases of the 5’-position, up to 3 phosphates may be attached to from, for example, adenosine-5’-triphosphate, or deoxxyguaniosine triphophate, commonly abbreviated to ATP and DGTP respectively.  In the same way, we have dCTP, UTP and dTTP (equivalent to TTP).  5’-mono and disphosphates are abbreviated as, for example, AMP and dGDP.  Nuceloside-5’-triphosphate (NTPs) or dexoynucleoside 5’-triphosphates (dNTPs) are the building blocks of polymeric nucleic acids.  In the course of DNA/RNA synthesis, two phosphates are split off as pyrophosphate to leave one phosphate per nucleotide incorporated into the nucleic acid chain.  The repeat unit of a DNA r RNA chain is hence a nucleotide.

PHOSPHODIESTER BOND


In a DNA or RNA molecule, deoxyribonucleotides or ribonulcetides respectively are joined into a polymer by the covalent linkage of a phosphate group between the 5’-OH of one ribose and 3’-Oh of the next.  This bond of linkage is called phosphodiseter bond, since the P chemically in the form of a diester.  A nucleic acid chain can hence be seen to have a direction.  Any nucleic acid chain of whatever length (unless it is circular) that a free 5’-end which may or may not have any attached P groups, and free 3’-end, which is must likely to be a free OH groups.  At neutral pH, each P group has a single negative charge.  Thus why nucleic acid is termed acids; they are the anions of strong acids.  Nucleic acids are thus highly charged polymers.

DNA/RNA SEQUENCE


Conventionally, their single letters A, T, G, C or U represents the repeating monomers of DNA or RNA.  In addition, there is a convention to write the sequences with the 5’ end at the left.  Hence a stretch of DNA sequence might be written 5’-ATAAGCTC-3’ or even just ATAAGCTC.  An RNA sequence might be 5’-AUAGCUUG-3’.  Note that the directionally of the chain means that, for example, ATAAG is not the same as GAATA.

MODIFIED NUCLEIC ACIDS


The chemical modification of bases or nucleotides in nucleic acids is widespread and has a number of specific roles.  In cellular DNA, the modifications are restricted to the methylation of the N-6 position and the 4-amino group and the 5-position of cytosine, although more complex modification occurs in some phage DNAs.  These methylations have a role in restriction, base mismatch repair and eukaryotic genome structure.  A much more diverse range of modifications occurs in RNA after transcription, which again reflects the different roles of RNA in the cell.

CHEMICAL AND PHYSICAL PROPERTIES OF NUCLEIC ACIDS

STABILITY OF NUCLEIC ACIDS

EFFECT OF ALKALI


In strong acid and at elevated temperature, for example perchloric acid at more than 100oC, nucleic acids are hydrolyzed completely to their constituents; base or deoxyribose and phosphate.  


In more dilute mineral acid, for example at pH 3-4, the most easily hydrolyzed bonds are selectively broken.  These are the glycosidic bonds attaching the purine bases to the ribose ring, and hence the nucleic acid becomes apurinic.  

EFFECT OF ALKALI

DNA


Increasing pH above the physiological range (ph 7-8) has more subtle effects on DNA structure.  The effect of alkali is to change the tautomeric state of the bases.  This effect can be seen with referenceto the model compound, cyclohexanone.  The molecule is in equilibrium between the tautomeric keto and enol
forms.  


At neutral pH, the compound is predominantly in the keto form.  Increasing the pH causes a shift to the enolate form when the molecule loses a proton, since the negative charge is most stable accommodated on the electronegative oxygen atom.  In the same way, the structure of guanine is also shifted to the enolate form at high pH, and analogous shifts take place in the structures of the other bases.  This affects the specific hydrogen bonding between the base pairs, with the result that the double stranded structure of the DNA breaks down; that is the DNA becomes denatured.

RNA


In RNA, the same denaturation of helical will take place at higher pH, but this effect is overshadowed by the susceptibility of RNA to hydrolysis in alkali.  This comes about because of the presence of the 2’-OH group in RNA, which is perfectly positioned to participate in the cleavage of the RNA backbone by intramolecular attack on the phosphate of the phosphodiester bond.  This reaction is promoted by high pH, since –OH acts as a general base.  The products are a free 5’-OH and a 2’,3’-cyclic phosphodiester, which is subsequently hydrolyzed to either the 2’ or 3’ monophosphate.  Even at neutral pH, RNA is much more susceptible to hydrolysis than DNA, which of course lacks the 2’-OH.  This is plausible reason why DNA may have evolved to incorporate 2/-deoxyribose, since its funtion requires extremely high stability.

CHEMICAL DENATURATION

A number of chemical agents can cause the denaturation of DNA or RNA at neutral pH, the best-known examples being urea and form amide(.  A relatively high concentration of these agents has the effect of disrupting the hydrogen bonding of the bulk water solution.  This means that the energetic stabilization of the nucleic acid secondary structure, caused by the exclusion of water from between the stacked hydrophobic bases is lessened and the strands become denatured.

BUOYANT DENSITY


Analysis and purification of DNA can be carried out according to its density.  In solutions containing high molecular weight salt, for e.g., 8M-cesium chloride, DNA has a similar density to the bulk solution, around 1.7g cm-3.  If the solution is centrifuged at very high speed, the dense cesium salt tends to migrate down the tube, setting up a density gradient.  E


Eventually the DNA sample will migrate to sharp band at a position in the gradient corresponding to its own buoyant density.  This technique is known equilibrium density gradient centrifugation or isopycnic centrifugation.  Since, under these conditions, RNA pellets at the bottom of the tube and protein floats, this can be an effective way or purifying DNA away from these two contaminants.  


Howver, the method is also analytically useful, since the precise buoyant density of the DNA is a linear function of its G+C content.

UV ABSORPTION 


Nucleic acids absorb UV light due to the conjugated aromatic nature of the bases; the sugar-phosphate backbone does not contribute appreciably to absorption.  The wavelength of maximum absorption of light by both DNA and RNA is 260 nm, which is conveniently distinct from lambda max of protein (280 nm).  The absorption properties of nucleic acids can be used for detection, quantitation and assessment of purity.

HYPOCHROMOCITY


Although the lambda max for DNA or RNA bases is constant, the extinction coefficient depends on the environment of the bases.  The absorbance at 260 nm is greatest for isolated nucleotides, intermediate for single-stranded DNA (ssDNA) or RNA, and least for double stranded DNA (dsDNA).  The fixing of the bases in hydrophobic environment by stacking causes this effect.  The classical term for this change in absorbance is hypochromicity, that is, dsDNA is hypochromic relative to ssDNA.  Alternatively ssDNA may be said to be hyperchromic when compared with dsDNA.

DNA STRUCTURE

  The genetic information of all living organisms, except the RNA viruses, is stored in DNA. In 1869, Friedrich Miescher isolated NA from the nuclei and its called as “nuclein”. It is macromolecules composed of repeating subunits called nucleotides. Each nucleotide is composed of 

1.a phosphate group

2.a 5-carbon sugar or pentose

4.cyclic nitrogen containing compound called a base.

   In DNA, the sugar is deoxy ribose and in RNA , the sugar is ribose(ribonucleic acid). There are 4 different types of bases commonly found in DNA.

Adenine

Guanine

Cytosine

Thymine

In RNA instead of thymine it have uracil. Both DNA &RAN contains 2 purine and 2pyrimidine nucleotides. RNA usually exists as a single stranded polymer that is composed of a long sequence of nucleotides. DNA is usually a double stranded molecule.

PRIMARY STRUCTURE OF DNA  


DNAs are high molecular weight biopolymers, which contains the repeated units of deoxyribonucletides as monomers.  Here, mononucleotides act as the backbone for the primary structure of DNA.  These are 4 types of nucleotides, which are the combination of adenine, guanine, thymine and cytosine with deoxyribose and phosphate.  The adjacent units are coupled by 3’-5’-phosphodiester bonds, are already stated.  The sugar present in the DNA structure is of deoxyribose.  This sequence of specific bases is termed as primary structure.  


The purine and pyrimidine bases of DNA always carry genetic information whereas and sugar and phosphate groups perform a structure role.  
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THE WATSON AND CRICK MODEL OF DNA 


James D.Watson of unites states and Francis H.C.Crick of England proposed that DNA is organized as double helix and were awarded the prestigious Nobel Prize for their proposal in 1962.


They based thi proposal on X-ray diffraction studies of Franklin and Wilkins and upon the bases analyses of Chargaff and Wyan and upon the titration studies.

The salient features of the Watson-Crick model for the commonly- found DNA are (known as B-DNA):

The structure of DNA is composed of two polynucleotide chains helically wound each other against a cylindrical axis.  Such double helices cannot be pulled apart and can be separated only by unwinding process. 

Each chain is the duplicate of the other, consisting of groups, which are repeated.

The 2 strands of double –helical molecule are anti-parallel i.e., one strand runs in the 5’ to 3’ direction and the other in the 3’ to 5’ direction.

The phosphatae and deoxyribose units are found on the periphery of the helix, where as the purine and pyrimidine bases occur in the center.  The planes of the bases are perpendicular to the helix.  The planes of the sugars are almost at right angles to those of the bases. 

The diameter of the helix is 20 A.  The bases are 3.4A apart along the helix axis and are related by a rotation of 36 degrees. Therefore, the helical structure repeats after 10 residues on each chain, i.e., at intervals of 34 A.  In other words, each turn of the helix contains 10 nucleotide residues.  

The two chains are held together by hydrogen bonds between pairs of bases.  Adenine always pairs with thymine by 2 hydrogen bonds and guanine with cytosine with 3 hydrogen bonds.  This specific positioning of the bases is called base complementary.  

The sequence of bases along a polynucleotide chain is not restricted in any way.  The precise sequence of bases carries the genetic information.   

BASE COMPLEMENTARY (2 marks)

It is important to net that the 2 antiparallel polynucleotide chains of double helical DNA are not identical in either base sequence or composition.  Instead they are complementary to each other, i.e., whenever adenine appears in one chain, thymine is found in the other; like that, whenever guanine is found in one chain, cytosine is found in the other.  Thius is called as base complementarity of the polynucleotde chain.

The comlementarity is mainly due to the two points:

Only certain base pairs fit precisely inside the structure.  The allowed pairs are always a purine and pyrimidine, especially the pairs A-T and G-G.  Other pairing of bases does not fit the double helical structure, i.e., a base pair made up of two purines (A and G) would too large to fit inside a helix a base pair made up of 2 pyrimidines (C and T) would be too far apart to form hydrogen bonds.

Furthermore, adenine cannot hydrogen bond with cytosine or guanine with thymine.                                                                                                                

ANTIPARALLELITY OF THE POLYNUCLEOTIDE CHAIN (2 marks)


The procedure of nearest neighbor analysis has shown the two complementary chains do not run in the same direction with respect to their internucleotide linkages, but rather are antiparallel, i.e., one strand runs in the 5’ to 3’ direction and the other in the 3’ to 5’ direction.  

(Diagram)

BASE COMPOSTITON OF DNA (2 marks)


The base composition of DNA from a number of sources has been worked out by a number of investigators.  These analyses show a characteristic regularity of pattern as first noted by Ervin chargaff and his coworkers in 1950.  The important conclusions drawn by him are:

The sum of purines (pu) is equal to the sum of p yrimidines (py), i.e., Pu/Py=1.  In other words, A+G=T+C.

The ratio of adenine to thymine is also one, i.e., A/T=1.

The ratio of guanine to cytosine is also one, i.e., G/c=1.

Bases with 6-amino groups are equal to bases with 6-keto groups, i.e., A+C=G+T.

These observations led to the important fact that in the nucleic acids pyrimidine and purine bases are linked in pairs by hydrogen bonds.  Furthermore, in DNAs adenine is linked with thymine and Guanine is linked with cytosine.

WRITE SHORT NOTE ON STRUCTURE OF CHROMATIN IN EUKARYOTES

STRUCTURE OF EUKARYOTIC CHROMATIN (4 marks)

INTRODUCTION

Non-cellular organisms (viruses), bacteria, mitochondria and chloroplast contain a shorter, circular DNA molecule that is comparatively free of proteins. In contrast, eukaryotic cells contain much greater amounts of DNA that is organized into nucleosomes (ptn + dNA) and chromatin fibers. 

This increased complexity is related to the greater content of genetic information as well as the higher complexity associated with their genetic function.

The term chromatin describes the total ensembles of DNA, complexes with histone and non-histone proteins and small RNA molecules. 

In eukaryotes, chromatin contains roughly equal proportions of DNA and histones. In the mature spermatozoa of some animals, smaller protein molecules called protamines replace the histones. 

The eukaryotic chromosomes contain DNA, basic proteins (histones generally and rarely protamines). RNA and residual proteins. Histones and protamines are rich in basic amino acids such as lysine, arginine and histidine.

The residual proteins are acidic being rich in tryptophan and tyrosine. The DNA histone complex seems to be the fundamental structural unit in the chromosomes, because RNA is not an integral part of the structure.

STRUCTURE OF CHROMATIN IN EUKARYOTES

Each eukaryotic chromosome consists of one linear, unbroken double stranded DNA molecule running throughout its length and contains about twice as much protein by weight as DNA. The chromosome consists of a complex of DNA, chromosomal proteins and RNA. This is called chromatin. The fundamental structure of chromatin is essentially identical in all eukaryotes.

  There are 2 types of chromatin:

Euchromatin

Heterochromatin

EUCHROMATIN

     
Euchromatin is chromatin that stains lightly. It is uncoiled during interphase, but becomes condensed during mitosis. Most of the genome consists of euchromatin.

HETEROCHROMATIN:

   
It is an chromatin that stains darkly. This occurs because the chromatin region involved is more highly condensed than euchromatin.

    
Functionally, euchromatin is genetically active where as heterochromatin is genetically inactive, either because it contains no genes or because the genes it no needs to express.

   
Characteristically, heterochromatin replicates later in the S phase of the cell cycle than euchromatin, a result of the higher degree of chromosome condensation in heterochromatin. Heterochromatin is found in all eukaryotic species near centromeres, at telomeres(the ends of the chromosomes) and elsewhere in a species specific manner. Heterochromatin is classified into 2 types, they are

Constitutive heterochromatin

Facultative heterochromatin 

CONSTITUTIVE HETEROCHROMATIN

   
It is always genetically inactive, and is found at homologous sites on chromosome pairs. Centromeric and telomeric heterochromatins are examples of constitutive heterochromatin.

FACULTATIVE HETEROCHROMATIN
  
 It is chromatin that has the potential to become condensed to the heterochromatin state. It may contain genes that are made inactivate when the chromatin becomes condensed. Barr bodies are examples of faculatative heterochromatin.

   There are 2 major types of proteins associated with DNA in chromatin.

Histones

Non histones

 
 Histones and nonhistones play important role in determining the physical structure of the chromosome. The DNA is wrapped around a core of histone molecules and the non-histones are somehow associated with that complex. Various studies have shown that some of the nonhistones have a structural role in the chromosomes. If the histones are removed from the chromosome for example, the DNA unravels and is displaced from the complex, but a skeleton of non-histone proteins in the shape of the chromosome remains.   

          Diagrams refer from class notes.

THE HISTONES

The histones are relatively small basic proteins that is, at the normal pH of a cell, the histones have a net positive charge, thus facilitating their binding to the negatively charged DNA. 

This positive charge is found mainly on the –NH3+ groups of side chains of the basic amino acid lysine , arginine. Histone molecule consists of 25% of arginine and lysine.

5 main types of histones are associated with eukaryotic DNA. H1, H2A, H2B, H3 and H4. weight for weight there is about and equal amount of histone and of DNA in chromatin. The amount and proportions of these histones relative to DNA amount are relatively constant from cell to cell in all eukaryotic organisms. The properties of the histones from calf thymus DNA is given below.

	s.no
	Histone type
	Basic AA lys % 
	Basic AA arg %
	Number of AA
	Mwt(Daltons)

	1.
	H1
	29
	1
	215
	23,000

	2.
	H2A
	11
	9
	129
	13,960

	3.
	H2B
	16
	6
	625
	13,775

	4.
	H3
	10
	13
	135
	15,340

	5.
	H4
	11
	14
	102
	11,280


   
 The amino acid sequence in H2A, H2B, H3 AND H4 histones among organisms somewhat varied but their role similar to one another.

NON-HISTONE CHROMOSOMAL PROTEINS

   
The non-histones are very different from the histones. Non-histones are usually acidic proteins ie, proteins with a net negative charge and are likely to bind to positively charged histones in the chromatin. 

Each eukaryotic cell has many different non-histones in the nucleus and weight for weight there may be as much non-histone protein present as DNA and histone proteins differ in number and type from cell to cell with in same organisms and from organisms to organisms. 

WRITE SHORT NOTE ON STRUCTURE OF PROKARYOTIC CHROMATIN?

When E.coli cells are lysed, the DNA of the nucleoid region is released into the medium. That DNA is organized into loops. The DNA in the loops is folded into a more compact shape that would be the case for extended DNA molecule. The explanation for this structure is that the DNA, which is an acidic (negatively charged) molecule is associated with basic (positively charged) structural proteins. Several of these DNA binding, structural proteins have been isolated from E.coli proteins and at the properties of nucleoid DNA, a model for the structure of the bacterial chromosome proposed. In the model, the bacterial chromosome has about 100 independent domains. Each domain consists of a loop of about 40,000 base pairs (40kb) of negatively super coiled DNA. The ends of each domain are held; presumably by proteins such that the super coiled DNA state in one domain is not affected by events that influence super coiling of DNA in the other domains. These proteins may be functionally related to the eukaryotic non-histones protein scaffold.

SATELLITE DNA

Highly repetitive DNA in eukaryotic genomes consists of very short sequences from 2 bp to 20-30 bp in length, in tandem arrays of many thousands of copies.  

Such arrays are known as satellite DNA; since they were identified as satellite bands, with a buoyant density different form that of bulk DNA, in CsCl density gradients of chromosomal DNA fragments.  

Since they consist of repeats of such short sequences, they have nonaverage G+C content.  Satellite DNAs are divided into minisatelites and microsatelites, according to the length of the repating sequence, microsatellites having the shortest repeats.                      

DISPERSED REPETITIVE DNA

Most of the moderately repetitive DNA in many species consists of sequences fro a few hundred to a few thousand base pairs repeated many thousands of times, and scattered throughout the genome, known as dispersed repetitive DNA.  

The commonest such sequence in human is the Alu element, a 300 bp DNA sequence that occurs between 300000 and 500000 times.  
REPLICATION

  
By unwinding the DNA molecule and separating the 2 strands, each strand could be a template for the synthesis of new strands is called DNA replication. Replication process may occur in 3 models, they are

· Semiconservative model

· Conservative model

· Dispersive model of DNA replication.

WHAT IS SEMICONSERVATIVE MODEL OF DNA REPLICATION?

1.SEMICONSERVATIVE MODEL OF DNA REPLICATION

      In this model, DNA double helix is progressively unwound from one end, the base sequence of the new strand would be determined by the base sequence of the template strand, following complementary base pairing rules. 

When replication is completed, there would be 2 progeny DNA double helices, each consisting of one parental DNA strand and one new DNA strand. This model for DNA replication is known as the semi conservative model. Since each progeny molecules retains one of the parental strands.

       Diagram refer from class notes

WHAT IS CONSERVATIVE MODEL OF DNA REPLICATION?

2.CONSERVATIVE MODEL OF DNA REPLICATION

    
In this model, the 2 parental strands of DNA remain together or reanneal after replication and as a whole serve as a template for the synthesis of new progeny DNA double helices. 

Thus, one of the 2 progeny DNA molecule is actually the parental double stranded DNA molecule and the other consists of totally new material.


Diagram refer from class notes

WHAT IS DISPERSIVE MODEL OF DNA REPLICATION?

3. DISPERSIVE MODEL OF DNA REPLICATION

       
In the dispersive model, the parental double helix is cleaved into double stranded DNA segments which act as templates for the synthesis of new double stranded DNA segments. Some how, the segments reassemble into complete DNA double helices, with parental and progeny DNA segments interspersed. 

Thus while the 2 progeny DNAs are identical with respect to base pair sequence, the parental DNA has actually become dispersed throughout both progeny molecules.  

      Diagram refer class notes

EXPERIMENTAL EVIDENCE FOR FOR SEMICONSERVATIVE REPALICATION:

THE MESELSON-STAHL EXPERIMENT

· To examine the process of DNA replication, Meselson & Stahl used the bacterium Escherichia coli because it can be grown easily and quickly in a minimal medium. 

· In Meselson and Stahl’s experiment, E.coli was grown for several generations in a minimal medium in which the only nitrogen soruce was 15NH4CL(ammonium chloride). In this compound the normal isotope of nitrogen, 14N, is replaced with 15N, the heavy isotpe. As a result, all the bacteria’s cellular nitrogen containing compounds, including every purine and pyrimidine base in its DNA, contained 15N instead of 14N. 

· 15N DNA can be separated from 14N by using equilibrium density gradient centrifugation.

· The next step in meselson and stahl’s experiment, the 15N labeled bacteria were transferred to a medium containing nitrogen in the normal 14N form. The bacteria were allowed to reproduce in the new conditions for several generations. 

· Throughout the period of growth in the 14N medium, samples of E.coli were taken, lyses to release the celluar contents and DNA was analysed in cesium chloride density gradients. After one generation in 14N medium, all the DNA had a density that was exactly intermediate between that of totally 15N DNA and totally 14N DNA.. After 2nd generations half of the density of DNA containing entirely 14 N.

    Diagram refer from class notes

· In conservative model of DNA, after one generation 2 bands of DNA would be seen. One band would be in the heavy density position of the gradient, containing parental DNA molecules and the both strands with 15N labeled DNA only. 

· The other band would be in the light density position, containing progeny DNA molecules with both strands totally 14N labeled DNA. In subsequent generations, the heavy parental DNA band would be seen at each generation, but the concentration of DNA in the light density position would be increased with each generation.

· In the dispersive model for DNA replication, the parental DNA is scattered in Ds stranded segments throughout the progeny DNA molecules.

· According to this model, all DNA present after once generation in 14N containing medium would be of intermediate density and this was seen in the messelson and stahl experiment.

· Thus, the dispersive model could not be ruled out after just one generation of replication. After a second generation in 14N containing medium, the dispersive model predicted that DNA segments from the 1st generation would be dispersed through the progeny DNA double helices produced. Thus the 15N-15N DNA segments dispersed among new 14N-14N DNA after one generation would be distributed among 2 as many DNA molecules after 2nd generations. 

· As a result, the DNA molecules would be found at one band located halfway between the intermediate density and light density band positions. With subsequent generations, there woul continue to be one band and it would become lighter in density with each generation. Such a slow results of the meselson-stahl experiment and therefore the dispersive model was ruled out.

NOTE
 DNA replication in prokaryotes occurs by a semi conservative mechanism in which the strands of a DNA double helix separate and a new complementary strand of DNA is synthesized on each of the 2 parental template strands. Semi conservative replication results in 2 double stranded DNA molecules, each of which has one strand from the parent molecule and one newly synthesized strand. This mechanism ensures the faithful copying of the genetic information of each cell division.

DNA REPLICATION IN PROKARYOTES

WRITE AN ESSAY ABOUT DNA REPLICATION IN E.COLI.

DEFINITION

 
Genetic material must able to be accurately replicated and passed on from one generation to next. Every time a cell divides, it must make a complete copy of all its genes. It means that, a dividing cell has to carry out DNA replication. Each cell division, the replication of DNA requires precise accuracy in order to avoid gene mutation.

BASIC REQUIREMENT FOR DNA REPLICATION

· SUBSTRATE
    The 4 deoxy nucleoside triphosphate (dNTPs) deoxy adenosine triphsophate(dATP),  deoxy guanosine triphsophate(dGTP),  deoxy cytosine triphsophate(dCTP),  deoxy thymidine triphsophate(dTTP), are needed as substrate for DNA synthesis. Cleavage of the high-energy phosphate bond between the alpha and beta phosphate provides the energy for the addition of nucleotides.

· TEMPLATE

   DNA replication cannot occur without a template, is required to direct the addition of the appropriate complementary nucleotides to the newly synthesized DNA strand (template is a old strand).

· PRIMER

   DNA synthesis cannot start without a primer which prepare the template strands for addition of nucleotides because new nucleotides are added to the 3’ end of the primer and new synthesis site is occur in 5’ direction.

· ORIGIN

  Replication of DNA begins at a specific point called initiated point or origin where replication fork begin in the nucleotide sequence of 100-200 base pair, specific initiator proteins recognize the initiated point on DNA. 

 Diagram refer from class notes.

· DNA REPLICATION REQUIRES MANY ENZYMES AND PROTEIN FACTORS

Replication in E.coli requires polymerase and more than 20 different enzymes and proteins, each performing a specific functions, the entire complex has been called as DNA replicase system or replisome. The 2-parent strand must be separated to act as a template for DNA synthesis.

The following 3 types of proteins are needed to help the DNA double helix to open and to provide exposed DNA template for the DNA polymerase to copy.

· DNA-HELICASE

 DNA helicase are ATP dependent unwinding enzymes, which promote separation of the 2 parental, strands and establish replication forks that will progressively move away from the origin. 

DNA helicase hydrolyze ATP when they are bound to single strands of DNA. Hydrolysis of ATP can change the shape of a protein molecule in a cyclic manner that allows the protein to perform mechanical work. DNA helicase utilize this principle to move rapidly along a DNA single strand. 

When they encounter a region of double helix, they continue to move along their strand, thereby unwinding the helix. Unwinding of the template DNA helix at a replication fork could in principle to catalyzed by 2 DNA helicases, acting in concern, one running along the leading strand and the other along the lagging strand.  

· HELIX DESTABILIZING STRAND (ALSO CALLED SINGLE STRAND BINDING PROTEINS (SSBP)) PROTEINS

   Behind the replication fork, the single DNA strands are prevented from rewinding about one another or forming double stranded hair pin loops in ach single strands) by the action of SSB proteins. SSB proteins bind to exposed DNA strands without covering the bases, which therefore, remain available for the templating process.

· TOPOISOMERASES

 
The action of helicase introduces a positive supercoil into the duplex DNA ahead of the replication fork. Enzymes called topoisomerases relax the supercoil by attaching to the transiently supercoil duplex, nicking one of the strands and rotating it through the unbroken strand. The nick is then released. Thus a DNA topoisomerase can be viewed as a “reversible nuclease” that adds itself covalently to a DNA phosphate, thereby breaking a phosphodiester  bond in the DNA strand. Because the covalent linkage that joins a topoisomerase to DNA phosphate retains the energy of the broken phosphodiester bond. The breakage reaction is reversible, resealing is rapid and does not require additional energy input. The rejoining mechanism is different from DNA ligase enzyme.

 
One type of topoisomerase(ie, toposiomerase –I) causes a single strand break or nick which allows the 2 sections of DNA helix on either side of nick to rotate freely relatively to each other, using the phosphodiester bond in the strand  opposite the nick as a swivel point. 

A second type of topoisomerase(ie, topoisomerase II) forms a covalent bond to both strands of DNA helix at the same time, making transient double helix at the same time, making trnasient double strand break in the helix.

Diagram refer from class notes

WRITE SHORT NOTE ON PROKARYOTIC DNA POLYMERASE.

3 different DNA polymerase are present in E.coli, they are 

· DNA polymerase I

· DNA polymerase II

· DNA polymerase III

DNA polymerase I and II are meant for DNA repair and DNA polymerase III is meant for actual DNA replication.

· DNA POLYMERASE I-Class hints

Diagram refers from class notes.

· DNA POLYMERASE –II

    This enzyme resembles DNA polymerase-I in its activity, but it is a DNA repair enzyme. It brings about the growth in 5’->3’ direction , using free 3’-OH groups.

· DNA POLYMERASE-III

 
DNA polymerase III or pol III enzyme plays an essential role in DNA replication. It is a multimeric enzyme or holoenzyme having to subunits such as alpha, beta, epsilon,theta,tau,delta and gamma, chi(x) and psi. All these 10 subunits are needed for DNA replication. 

However all having different functions. Forexample, alpha subunits has 3’ to5’ exonuclease proofreading or editing activity.the core enzyme comprises three subunits alpha, beta and theta remaining 7 subunits increases processivity(processivity means rapidity and efficiency with which a DNA polymerase extends growing chain).

Diagram refer from class notes

Comparison of 3 types of DNA polymerase of E.coli.

	s.no
	character
	Pol I
	Pol II
	Pol III

	1.
	Polymerization 5’-3’
	+
	+
	+

	2.
	Exonucleoase 3’->5’
	+
	+
	+

	3.
	Exonucleoase 5’->3’
	+
	-
	-

	4.
	Use of primer single strands
	+
	-
	-

	5.
	Use of nicked duplex or helix
	+
	-
	-

	6.
	Molecular weight
	109,000

single chain 
	120,000

single chain
	> 250,000 hetero multimeric chain

	7.
	Molecules/cell
	400
	Not known
	10 to 20

	8.
	Gene 
	Pol A 
	Pol B
	Pol C, dnaN

dnaZ,X,Q etc,

	9.
	Nucleotide polymerized at 37* molecules/minute
	Up to 1000
	Up to 50
	Up to 15000

	10.
	Affinity for nucleoside triphosphate (TPs)precursors
	Low 
	Low
	Low 


· DNA LIGASES

 DNA ligase enzyme are capable of catalysing phosphodiester bond formation between free 3’-OH and free 5’-P groups of a nick of DNA which is created by endonuclease enzyme, thereby restoring an intact DNA duplex. The ligase enzyme requires oxidized nicotinamide adeinine dinucleotide (NAD+)as a cofactor.

DNA REPLICATION IN E.COLI

   Following 3 steps can carry out the synthesis of DNA molecule,

· Initiation 

· Elongation 

· Termination 

· INITIATION

     The E.coli reolication process is started with replication origin called “oriC”, consistts of 245 base pairs, many of which are highly conserved among bacteria. It consists 2 series of short repeats , they are

· 3 repeats of a 13 base pair sequence

· 4 repeats of a 9 base pair sequence

There are 8 different proteins or enzymes participate in the initiation phase of replication.

	s.no
	Name of the protein
	Molecular weight
	Function of the protein

	1.
	SSB
	75,000
	Binding to single stranded DNA

	2.
	Protein I(Dna T protein)
	66,000
	Primosome constituent

	3.
	Protein  n
	28,000
	Primosome assembly function

	4.
	Protein  n’
	76,000
	Primosome constituent

	5.
	Dna C protein
	29,000
	Primosome constituent

	6.
	Dna B protein
	300,000
	DNA unwinding , Primosome constituent

	7.
	Dna G protein(primase)
	60,000
	RNA primer synthesis, Primosome constituent

	8.
	DNA polymerase I
	103,000
	Filling of gaps and excision of primers

	9.
	DNA polymerase III
	900,000
	Processive chain elongation

	10.
	DNA ligase
	74,000
	ligation

	11.
	DNA helicase-II
	75,000
	unwinding

	12.
	DNA topoisomerase I
	100,000
	Relaxing negative supercoils.


    They open the DNA helix at the origin and establish a prepriming complex that sets the stage for subsequent reactions. 


    The key component in the initiation process is the Dna A protein. A complex of about 20 Dna A protein molecules binds to the four 9 base pair repeats in the origin. 

    This reaction requires ATP and is facilitated by the bacterial histone like protein HU, the Dna A protein recognizes and successively denatures the DNA in the region of the three 13 base pair repeats, which are rich in A=T pairs.

    
   The Dna B protein then binds to this region in a reaction that requires the Dna C protein. The Dna B protein is a helicase that unwinds the DNA bidirectionally, creating 2 potential replication forks. Multiple molecules of single strand DNA binding protein (SSB) bind cooperatively to single strand DNA, stabilizing the separated DNA strands and preventing renaturation.

· REGULATION

   
Replication process is regulated only by the initiation phase. Biochemical studies shown that the Dna A protein hydrolyzes the ATP to form inactive Dna A- ADP complex. Then a inhibitor protein molecule called IciA (inhibitor of chromosomal initiation) which go and binds to the three 13 base pair repeats and inhibit replication process.

· ELONGATION

   The elongation phase of replication consists of 2 important processes,

· Leading strand synthesis    

· Lagging strand synthesis

  Several enzymes of the replication fork are important to the synthesis of both strands. DNA helicase unwind the parental DNA. DNA topoisomerase relieve the topological stress induced by the helicases and SSB stabilizes the separated strands.

LEADING STRAND 

 Leading strand synthesis begins with the synthesis by primase of a short (10 to 60 nucleotide) RNA primer at the replication origin. Deoxy ribonucleotides are then added to this primer by DNA polymerase III, once begun, leading strand synthesis proceeds continuously keeping pace with the replication fork.

LAGGING STRAND

Lagging strand synthesis, which must be accomplished in short fragments (okazaki fragments) synthesized in the direction opposite to fork movement. 

It requires several proteins in addition t DNA pol III. 

Each fragment must have its own RNA primer, synthesized by primase and positioning of the primers must be controlled and coordinated with fork movement. 

The regulatory apparatus for lagging strand synthesis is a traveling protein machine called a primosome, which consist of 7 different proteins including the Dna B protein, Dna C protein and primase.  The primosome moves along the lagging strand template in the 5’ to 3’ direction, keeping pace with the replication fork.

     Refer diagram from your class notes 

 
As it moves, the primosome at intervals compels primase to synthesize a short (10 to 60) residue RNA primer to which DNA is then added by DNA pol III. 

Note that the direction of the synthetic reactions of primase and pol III is opposite to the direction of primosome movement. When the new okazaki fragment is complete, the RNA primer is removed by DNA pol I (using its 5’ to 3’ exonuclease activity)and is replaced with DNA by the same enzyme. The remaining nick is sealed by DNA ligase.

      Diagram refers from class notes.

· MECHANISM OF DNA LIAGSE

  
 DNA ligase catalyses the formation of a phospho diester bond between a 3’ hydroxyl at the end of one DNA strand and a 5’ phosphate at the end of another strand.

1.here AMP group is transferred first to a lys residue on the enzyme and then to 5’ phosphate in the nick.

2.the 3’ OH group then attacks this phosphate and displaces AMP, leading to the formation of phosphodiester bond to seal the nick. The AMP is derived from NAD+ in the case of E.coli DNA ligase. Finally the DNA is completely synthesized.

      Diagrams refer from class notes.

· TERMINATION

   
The E.coli replication terminus is a large (350 kb) region flanked by 6 nearly identical non-palindromic ~23bp terminator sites. Ter E, Ter D and Ter A on one side and Ter F, Ter B and Ter C on the other. 

Note that oriC is directly opposite the terminus region on the E.coli chromosome. 

A replication fork traveling counter clockwise and passes through Ter F, Ter B and Ter C, but stops upon encountering either TerA, Ter D or Ter E(Ter D, TerE are presumably backup sites for TerA) similarly, a clockwise traveling replication fork transits TerE, Ter D and Ter A but halts at Ter C or, failing that , Ter B or TerF. Thus , these termination sites are polar; they act as one way valves that allow replication forks to enter the terminus region but not to leave it. This arrangement guarantees that the 2 replication forks generated by bi-directional initiation at oriC will meet in the replication terminus even if one of them arrives there well ahead of its counterpart.

    
The arrest of replication fork motion at Ter sites requires the action of Tus protein, a 309-residue  monomer that is the product of the tus gene (for terminator utilization substance). 

Tus protein specifically binds to a Ter site, where it prevents strand displacement by Dna B helicase, thereby arresting replication fork motion. 

When Tus protein is fused to another DNA binding protein, replication is inhibited at the other proteins binding site, which suggests that Tus protein does not act as a simple clamp, but interacts with Dna B protein to inhibit its helicase action. However this termination system is not enough to terminate the replication process.

    
So many enzymes in E.coli especially toppoisomerase is responsible for replication termination process. Diagram refer from class notes    

WRITE SHORT NOTE ON REPLICATION OF BACTERIOPHAGE M13.

 
Bacteriophage M13carries a 6408, single   stranded circular  DNA known  as  its viral or (+) strand, upon infecting an E.coli cell, the strand directs the synthesis of its complementary or (-) strand to form the circular duplex replicative form (RF), which occurs either nicked (RFII) or super coiled (RFI) .

As the M13 (+) strand enters the E.coli, it becomes coated with SSB except of a palindromic 57nt segment that forms a hairpin. 

RNA polymerase (primase) commences primer synthesis 6 nucleotide before the start of the hairpin and extends the RNA 20 to 30 residues to form a segment of RNA-DNA hybrid duplex. 

The DNA that is displaced from the hairpin becomes coated with SSB so that when RNA polymerase reaches it, primer synthesis stops. 

Polymerase III holoenzyme then extends the RNA primer around the circle to form the (-) strand. 

The primer is removed by polymerase I catalysed nick translation, thereby forming RFII, which is converted to RFI by the sequential actions of DNA ligases and DNA gyrase.

Diagram refer from class notes      

WRITE SHORT NOTE ON REPLICATION OF BACTERIOPHAGE OX174.

Bacteriophage ox174, as does M13, carries a small (5386nt) single stranded circular DNA. Its replication process is much more complex than the M13 and it requires protein called primosome.

OX174 (-) STRAND REPLICATION FOR LAGGING STRAND SYNTHESIS

Ox174 (-) strand synthesis occurs in a six step process.

· The reaction sequence begins in the same ways as that for M13. The (+) strand is coated with SSB except for a 44nt hairpin position 2300(between genes F and G). A 70nt sequence containing this hairpin known as PAS (for primosome assembly site) is then recognized and bound by the priA, pri B and priC proteins.

· Dna B, and DnaC protein in the form of a Dna B6, Dna C6 complex add to the DNA with the help of Dna T protein (formerly i) in an ATP-requiring process. Dna C protein is then released yielding the preprimosome. The preprimosome, its turn, binds primase yielding the primosome. 

· The primosome is propelled in the 5’ to 3’ direction along (+) strand by pirA and Dna B catalysed ATP hydrolysis. This motion, which displaces the SSB in its path, is opposite in direction to that of template reading during DNA chain propagation.

· At randomly selected sites, the primosome reverses its migration while primase synthesis requires the participation of Dna B protein, which, through concomitant ATP hydrolysis, is thought to alter template DNA conformation in a manner required by primase.

· Polymerase III holoenzyme extends the primers to form Okazaki fragments. 

· Polymerase I excise the primers and replace them by DNA. The fragments are then joined by DNA ligase and supercoiled by DNA gyrase to form the ox174 RFI.

The primosome remains complexes with the DNA where it participates in (+) strand synthesis.

      Diagrams refer from class notes. 

WRITE AN ESSAY ABOUT EUKARYOTIC REPLICATION.

EUKARYOTIC REPLICATION
     Eukaryotic replication process is similar to that of prokaryotic replication. Eukaryotic replication is more complex, semiconservative and precedes bi directionally from many origins.

REPLICONS

  DNA replication in prokaryotes and eukaryotes is attained in discrete units, called replicons. The number of replicons may vary from genome of one organism to another. In mammals, the replicons may range from 10,000 to 10,0000 replicons /cell. The large numbers of replicons are needed to replicate the large number of mammalian genome at a reasonable period of the time; it takes about 8 hrs to replicate the human genome.

      Diagrams refer from class notes.

REPLICATION RATE

· In prokaryotes, E.coli replication rate progress at approximately 1000bp/seconds

· In eukaryotes, the replication rate is 10 times slower than the prokaryotes. The eucaryotic replication rate progress at approximately 100bp/seconds. Each replication complete synthesis in about /hrs.  

MULTIPLE EUKARYOTIC DNA POLYMERASE

  Eukaryotic organism contains atleast 5 different types of DNA polymerase. They are

· DNA polymerase alpha

· DNA polymerase beta

· DNA polymerase gamma

· DNA polymerase delta

· DNA polymerase epsilon

WRITE SHORT NOTES ON EUKARYOTIC DNA POLYMERASE

1.DNA POLYMERASE ALPHA

     It is essential for eucaryotic DNA replication. It consists of 3 polypeptide subunit. 2 of this have primase activity and 3rd subunits is not yet known. DNA polymerase alpha is probably similar to prokaryotic DNA polymerase I and is a component of lagging strand synthesis. It does not have exonuclease activity. but the DNA synthesis from 5’ to 3’. It have high molecular weight, is also called as cytoplasmic polymerase or large polymerase. It is found both in nucleus and cytoplasm.

2.DNA POLYMERASE BETA

   This enzymes function is fully not yet known. But it is involved in cap filling and DNA repair in nucleus. It does not have exonuclease activity. But it can synthesize DNA from 5’ to 3’ direction. It is also called as nuclear polymerase or small polymerase.

3.DNA POLYMERASE DELTA

      It is also essential for DNA replication. It is similar to that of prokaryotic DNA pol-III and it is participated in leading strand synthesis of DNA. It works along with DNA polymerase alpha. It has 3’ to 5’ exonuclease activity and synthesize DNA from 5’ to 3’ prime direction.

4.DNA POLYMERASE GAMMA

    It involved in mitochondrial DNA  replication. So it is called as mitochondrial polymerase but it is encoded in nucleus. It has 3’ to 5’ exonuclease activity and synthesize DNA from 5’ to 3’ direction.

5.DNA POLYMERASE EPSILON

   It involved in cap filling and DNA repair mechanisms. It has 3’ to 5’ and 5’ to 3’ exonuclease activity. It is also called as DNA polymerase II.

OTHER FACTOR INVOLVED IN EUKARYOTIC DNA REPLICATION:

· LIGASES

      2 ligases have been isolated, one is involved in replication (gap shielding phosphodiester bond between 2 base pairs) and one is involved in DNA repair mechanism. 

· HELICASE

· SINGLE STRANDED BINDING PROTEINS

· TOPOISOMERASE

MECHANISM OF REPLICATION IN EUKARYOTES

   In eukaryotes, the replication process occurs in 3 steps.

· Initiation

· Elongation

· Termination

· INITIATION

             DNA replication in eucaryotic chromosomes generally is initiated from many origin of replication called oriR. OriR is otherwise called autonomously replicating sequences (ARS). They resemble the bacterial oriC sites. It consists of 2 regions and which binds with distinct set of proteins, and destabilize the double helix.

· A region

· B region

1.A region binds with transcriptional factor such as E2F, topoisomerase, helicase and RNA polymerase.

2.B region binds with transcriptional activator such as oct-1, Ap-1, Fus, CTF, JUN etc. the initiation of DNA replication can occur only at the genes for transcriptional activators are expressed. Generally the expression of transcriptional activators is induced by peptide or steroid hormone called growth factor.

Transcriptional activators that bind to the B region interacted with the   transcriptional factor in the A region, causing the DNA to be Bent. The interaction between the transcription activators and transcriptional factors promote the separation of paired DNA strand in the oriR region and initiate RNA synthesis. The RNA that is synthesized initially may serve as primer for the synthesis of leading strand.

Diagrams refer from class notes.

· ELONGATION AND TERMINATION

 
Numerous toppoisomerase, helicase and RNA polymerase have been found in eukaryotes. The DNA toppoisomerase II is involved in relieving positive super coil DNA. Where as helicase unwind the 2 strand of DNA helix.

 
The primase is associated with DNA polymerase alpha which synthesis lagging strands DNA. 

DNA polymerase delta however which synthesis leading strand DNA. The 2 smallest subunits associated with DNA polymerase alpha, have the primase activity. 

The DNA polymerase epsilon and beta are response for replacing  the nucleotide gaps created when RNA primers are removed by endonucleases and synthesize leading strand DNA.  

DNA polymerase delta actions depend on proliferating cell nuclear antigen (PCNA).  

Diagrams refer from class notes 

· ROLE OF TELOMERASE IN REPLICATION

The ends of linear chromosome cannot be replicated. This is because; the RNA primer at the 5’ end of a completed lagging strand cannot be replaced with DNA. The primer required to do this would have no place to bind. Even though, telomeric part of eucaryotic chromosome should replicate.

Telomeric DNA has an unusual sequence. It consists of up to 1000 or more tandem repeats of a simple, species dependent, G rich sequence concluding the 3’ ending strand of each chromosomal terminus. For example, the ciliated protozoan Tetrahymena has the repeating telomeric sequence TTGGGG, whereas in humans it is TTAGGG. Moreover, this strand ends with a 12 to 16bp overhang.

 
Elizabeth Blackburn has shown that telomeric DNA is synthesized by a unique mechanism. The enzyme that synthesis the G rich strand of telomeric DNA is named Telomerase. Tetrahymena telomerase, for example adds tandem repeats of the telomeric sequence TTGGGG to the 3’ end of any G rich telomeric oligonucleotide independently of any exogenously added template.

Telomerase are ribonucloeproteins whose RNA components contain a segment that is complementary to the repeating telomeric sequences. This sequence apparently act as a template in a kind of reverse transcriptase reaction that synthesizes the telomeric sequence, translocates to the  DNA’s new 3’ end and repeat the process.               This hypothesis is confirmed by the observation that mutationally altering the segment of the telomerase RNA gene segment complementary to telomere DNA results in telomere DNA with the corresponding altered sequence. The DNA strand complementary to the telomeres G rich strand is apparently synthesized by the normal cellular machinery for lagging strand synthesis, thereby accounting for the 3’ overhang of the G rich strand.

Diagrams refer from class notes

Lack of telomerase activity in somatic cells of multicelluar organisms, which cause the aging, cancer cells, has active telomerase.)

UNIT 3
TRANSCRIPTION


The transfer of genetic information from DNA to RNA molecules and then from RNA to protein molecules completes Gene expression.  

RNA molecules are synthesized by using portion of one strand of DNA template in a polymerization reaction that is catalyzed by enzymes called RNA polymerases.  The process by which RNA molecules are initiated, elongated and terminated is called Transcription.

BASIC FEATURES IN RNA SYNTHESIS

The essential chemical characteristics of the synthesis of RNA are the following:

1. The precursors in the synthesis of RNA are the four ribonucleotide 5’-triphosphates (NTP) ATP, GTP, CTP and UTP.  

2. On the ribose portion of each NTP there are two OH groups-one each on the 2’ and 3’ carbon atoms.

3. In the polymerization reaction a 3’-OH group of one nucleotide reacts with the 5’-triphosphate of a second nucleotide; pyrophosphate is removed and a phosphodiester bond results.  This is the same reaction occurs in the DNA replication.

4. The sequence of bases in the RNA molecule is determined by the base sequence of the DNA (template).
5. The RNA chain grows in the 5’-3’ direction; that is, nucleotides are added only to the 3’-OH end of the growing chain-this direction of the chain growth is the same as that in DNA synthesis.

6. RNA polymerases, in contrast with DNA polymerases, are able to initiate chain growth, that is, no primer needed.

7. General reaction

nNTP + XTP           DNA, RNA-P                 (NMP)-XMP + PPi




Mg2+

In which XTP represent the first nucleotide at the 5’-terminus of the RNA chain, NMP is a mononucleotide in the RNA chain, RNA-P is RNA polymerase, and PPi is pyrophosphate released each time a nucleotide is added to the growing chain.  The Mg2+ ion is required for all nucleic acid polymerization reaction.

PROKARYOTIC (E.COLI) RNA POLYMERASES

E.coli RNA polymerase consists of five subunits-two identical alpha subunits and one each of types of beta, beta’ and sigma.

It is one of the largest enzymes known with a total molecular weight of 465 KD.

The sigma subunit dissociates form the enzyme during the elongation stage of RNA polymerization.  The term core enzyme is used to describe the sigma free unit namely, alpha2, beta, beta’. 

The complete enzyme alpha2, beta, beta’, sigma is called the holoenzyme.  


TRANSCRIPTION OF PROTEIN-CODING GENES IN PROKARYOTES.


Prokaryotes protein-coding gene may be divided into three sequences with respect to its transcription.

1. A sequence adjacent tot the start of the gene called promoter with which RNA polymerase interacts. This interaction determines the start point for transcription.

2. The RNA coding sequence; that is the sequence of DNA base pairs transcribed by RNA polymerase into the single stranded mRNA transcript.

3. A sequence adjacent to the end of the gene specifies where transcription will stop. This sequence is called a transcription terminator sequence or more simply a terminator.

4. Conventionally, the promoter is considered to be “upstream” from the gene, and the terminator is “downstream” from the gene.

Organization of a gene in terms of transcription into three regions: Promoter, RNA coding sequence 

and terminator. The promoter is considered to be “upstream” of the gene, and the terminator is considered to be “downstream” of the gene.

PROMOTOR

· In E.coli, two DNA sequence in the promoter are important for specifying the initiation of transcription. These sequences are at two different locations upstream from the starting point of and RNA synthesis.

· These locations generally are found at –35 and –10; that is, centered at 35 and 10 base pairs upstream from the base at which transcription starts. 

· (Conventionally, this initial base pair is designated as +1; base pairs upstream from the initial base pair, such as promoters, are given negative numbers, while those downstream from the initial base pair are given positive numbers).

· From examination of the promoters of a large number of genes, the consensus sequence (i.e., the sequence indicating which nucleotides are found most frequently at each position) for the –35 region is





–35 region sequences 

5’-TTGACA-3’

· The consensus sequence for the –10 region (also called the Pribnow box after the researcher who first discovered it) is



            –10 region sequences                         5’TATAAT-3’ (TATA BOX/PRIBNOW)

IMPORTANCE OF SIGMA FACTOR

· For transcription to begin, a form of RNA Polymerase called the holoenzyme (or complete enzyme) must bind to the promoter. 

· This holoenzyme consists of the core enzyme from the RNA polymerase (which has four polypeptides) bound to another polypeptide called the sigma factor.  

· The sigma factor is essential for recognition of a promoter sequence; if the sigma factor is not present, the core enzyme binds to DNA in various places; the core enzyme binds to DNA in various places but does not initiate transcription efficiently from any of them. 

· An E.coli cell contains about three thousand copies of the holoenzyme.

· The RNA polymerase holoenzyme binds to a promoter in two distinct steps. First, it binds loosely to the –35 region of the promoter while the DNA is still in double helical form. 

· The second step involves a shift to a tighter binding between RNA polymerase and DNA. This shift accompanies a local untwisting of about 17 base pairs of the DNA centered on the –10 region. 

· This untwisting represents almost two complete helical turns of DNA. Note that the –10 region is all AT base pairs; having only two hydrogen bonds such base pairs are easier to break apart than GC base pairs, which have three. Once the RNA polymerase is bound at the –10 region, it is correctly oriented to begin transcription at the right nucleotide.

· After binding of the holoenzymes to the PRIBNOW boxes the conformation called Open promotor complex forms; this highly stable complex is locally unwound.  

· The DNA helix in an open promoter complex is locally unwound, starting about 10 bp from the left end of the PRIBNOW box and extending about 20 bp past the position of the first transcribed base.  

· It is thought that RNA polymerase itself induces this unwinding.  This melting is necessary for pairing for incoming ribonucleotides.

AUXILLARY PROTEINS


Some bacterial proteins require an activator protein for effective initiation.


Example-Lac promotor in E.coli requires CRP

· The E.coli transcription requires the help of CRP (cyclic AMP receptor protein).

· In E.coli the lac promotor does not bind RNA polymerase significantly unless the presence of CRP.  

· There are two CRP binding sites in the Lac promotor, one in the –70 to –50 segment (site I) and another in the –50 to –40 segment (site II).

· Once the CRP occupies the both the sites it causes some conformational change in the RNA polymerase, which is already binds in the promotor.

· Due to this conformation change in the RNA-polymereaes that induces the strain in the region of DNA to which it is bound, thereby weakening the helix.

INITIATION OF TRANSCRIPTION


Once the open-promoter complex has formed, RNA polymerase is ready to initiate synthesis.  RNA polymerase contains two nucleotide-binding sites called the initiation site and the elongation site.


The initiation site primarily binds with binds purine triphosphates, ATP and GTP, and ATP is usually the first nucleotide in the chain.  Thus, the first DNA base that is usually thymine.  


The initiating nucleotide triphosphate binds to the enzyme in the open-promoter complex and forms a hydrogen bond with complementary DNA base.  


The elongation site (also called catalytic site) is then filled with a nucleotide triphosphate that is selected by its ability to hydrogen bond with the next base in the DNA strand.

ELONGATION 
RNA synthesis takes place in a region of the DNA that has denatured to form a transcription bubble. (This bubble is similar to a DNA replication bubble). Other 8 or 9 RNA nucleotides have been linked together; the sigma factor dissociated from the RNA polymerase core enzyme and can be used again in other transcription initiation reactions. The core enzyme completed the transcription of the gene.


As the core RNA polymerase moves along, it untwists the DNA double helix ahead of it. This produces torsional stress in the DNA much like unraveling a stretch of rope does, so that the DNA helix reforms behind the enzyme as the enzyme moves along the template. About 17 base pairs of the DNA are kept unpaired as transcription continues about the same as are initially untwisted. Within the untwisted region, some bases of RNA are bonded to the DNA in a temporary RNA-DNA hybrid while the rest of the RNA is displaced away from the DNA. Transcription proceeds at a rate averaging 30 to 50 nucleotides per second.


As with the untwisting of the DNA during replication, the super coiling caused by untwisting in counteracted by negative super coiling introduced into the DNA double helix by the DNA topoisomerase II.

TERMINATION 
         
Termination of RNA synthesis occurs at specific base sequences within the DNA molecule.  

These sequences are of two types, Simple terminators (Rho independent termination) and those that require auxillary termination factors (Rho dependent termination).

RHO-INDEPENDENT TERMINATORS`

There are three important regions present in Rho-idependent termination

1. There are inverted repeat containing a central non repeating segment; that is, the sequence, in one DNA strand would read like ABCDE-XYZ-E’D’C’B’A’.  Thus, this sequence is capable of intra strand base pairing, forming a stem-and-loop in the RNA transcript and possible a cruciform structure in the DNA strands.  It is possible though not yet proved that the stem-and-loop serves a purpose independent of its role in termination.

2. Near the loop end of the putative stem (sometimes totally within the stem) there is a high G+C sequence.  RNA polymerase usually slows down when synthesizing the corresponding RNA segment.

3. This is followed by a sequence of AT pairs (which may begin in the putative stem) with A in the template strand, yielding, in the RNA, a sequence of 6-8 U’s,  RNA polymerase still pauses (stops) in the high G+C region, so termination will occur.

RHO-DEPENDENT TERMINATORS


The Rho factor is a protein with two domains: one domain binds to RNA, and the other domain binds to ATP.  ATP is hydrolyzed, and somehow the RNA transcript is unwound from the DNA template. Transcription then stop and both the transcript and the RNA polymerase are released from the DNA template.

      
In brief, three key events occur at both Rho-dependent and Rho-independent terminators: 

(1) RNA synthesis stops,

(2)  The RNA chain is released from the DNA and

(3)  RNA polymerase is released from the DNA.

POST TRANSCRIPTIONAL MODIFICATION IN PROKARYOTICS

CLASSES OF RNA MOLECULES


There are 3 major classes of RNA molecules-messenger RNA (an informational molecule), ribosomal RNA (a structural molecule), and transfer RNA (both informational and structural molecule).  


In eukaryotes a fourth class of RNA molecules located in small nucleoprotein particles also exists.


All are transcribed from DNA base sequences.  Significant differences exist between the structures and modes of synthesis of the RNA molecules of prokaryotes and eukaryotes, 

THE LIFE TIME OF PROKARYOTIC mRNA


An important characteristic of prokaryotic mRNA is that ist lifetime is short compared to other types of prokaryotic RNA molecules.  


For bacteria, which have half-life of typical mRNA molecule is a few minutes.  This feature for regulatory function.  


So, there is no modification for prokaryotic mRNA.

PROCESSING OF tRNA MOLECULE 



A well understood tRNA molecule from the point of view of its synthesis is the E.coli tRNAtyr molecule, a molecule containing 85 nucleotides of known sequence.  


In E.coli there are two copies of the tRNAtyr gene that is identical adjacent copies of the DNA from which this tRNA is transcribed.


Each consists of about 350 nucleotide pairs separated by a “spacer” of 200 nucleotide pairs.  


The two genes are transcribed as single RNA molecule that is cut up after transcription is complete. 

The modification of tRNAtyr may group into 3 stages

1.  Formation of 3’-OH terminus


This process involves the action of an endonuclease that recognizes a hairpin loop (I) and exonucleases that recognizes the three CCA.  After endonuclease digestion at site 1, the seven bases upstream are removed by an exonucleases called RNase D (step 2).  This enzyme initially stops two bases short of the CCA terminus, through it laer removes these two bases after the 5’ end is processed.  

2.  Formation of 5’-P terminus


The 5’-P terminus is formed by an enzyme called RNase P, which is probably responsible for generation of the 5’-P terminus of all E.coli tRNA molecules.  RNase P recognizes a particular site and make a cut (step 3).  Once the 5’-P terminus has been formed, RNase D removes the two 3’-terminal nucleotides (step 4), leaving a TRNA molecule having the correct length.

3.  Formation of modified bases


The final modification is to produce the altered bases in the tRNA (step 5).  Enzymes that act only on bases at specific sites in tRNA produce the necessary changes.  


Thus about the post transcriptional modifications occurs in the tRNAtyr molecule in E.coli. 

GIVE A DETAILED ACCOUNT ON TRANSCRIPTION OF EUKARYOTES

MECHANISM OF EUKARYOTIC REPLICATION
Eukaryotic promoter complex

It is clears that the signals in DNA, which control transcription in eukaryotic cells, are of several types.

· Two types of promotor complex proximal one of these defines where transcription is to commence along the DNA, and other determines how frequently this event is to occur.

· The GC boxes appear to help bind the RNA polymerase near the transcription start point.

· There is a single unique transcription start site, and accurate transcription from this start depends upon a nucleotide sequence located 32 nucleotide up stream from the start site. This region has a sequence of TATAAAAG and bears remarkable homology to the functionally related TATA box or HOGNESS BOX that is located about 35 Bp up stream from the eukaryotic mRNA start site.

· The TATA box binds the 30 kDa TATA box binding protein which in turn binds several other proteins called TBP associated factor (TAFs).

· RNA polymerase II to the promotor and in so doing provides basal transcription starting from the correct site.

· The Inr element spares the start site (from –3 to +5) and consists of the general consensus sequence.

· Sequences further upstream from the start site determine frequency the transcription event occurs.

· Typical of them DNA elements are the GC and CAAT boxes each of three boxes binds a protein sp in the care of the GC box, and by the CAAT box (-70).

· GC box has the consensus sequence 5’ – GGGCGG – 3’ in –90.

· A third class of sequence elements can either increase or decrease the rate of transcription initiation of eukaryotic genes. These elements are called enhances or repressors.

· There element have been found in 1000 nucleotide upstream and down stream from the transcription start site.

· In contrast to the proximal and up stream promotor elements, enhancer and repressor can exert this effect when located hundreds or even thousands of base away from transcription unit located on the same chromosome.

HORMONE RESPONSE ELEMENTS (ENHANCER)


Steroids, T3, retoionic and act on in conjugation with enhancers or silencers gene expression. Such as the response to heat shock, heavy metals (cd2+ and Zn4) and some toxic chemicals are mediated through specific regulatory elements.

TRANSCRIPTION EVENTS
INITIATION

RNA polymerase II is unable to recognize the promoter on its own, instead, specific transcription factor (TAFs) are needed to bring about the initiation of transcription by RNA polymerase II. All eukaryotic RNA polymerase require transcription factors for transcription initiation. The transcription factors are named for the RNA polymerase with which they work. 

· Basal transcription requires, in addition to Pol II a number of factor called A, B, D, E, F and H.J

Which are composed of several different sub units. These general transcription factors are conveniently abbreviated as TF IIA, TF IIB, TF IID, TF IIC, TF IIF, TFIIE, and TFIIF

· TFII D, which binds to TATA box, is the only one of these factors capable of binding to specific sequence of DNA.

· TF II D consists of TATA binding protein (TBP) and eight to ten TBP associated factor.

· The binding of TBP masks a specific promoter for transcription and is the only step in the assembly process that is entirely dependent on a protein / DNA interaction.

· Subsequently, the first is the binding of TF II B to the TF II D / promoter complex. This result in a stable turnery complex. Which is then more precisely located at the transcription initiation site.

· This ternary complex thus attracts and others the pol II / TF II F complex to the promotors.

· TF II F is required for the delivery of Pol II to the promoters.

· TF II A also binds to and stabilizes the TBP / promoters complex. Which may allow the complex to respond to the activators, perhaps by the displacement of repressed?

· The addition TF II A and TF II H is the final step in the assembly of this preinitiation complex. 

· TF II E appears to join the complex with Pol II / TF IIF. There binding events extends the size of the complex so that finally about 60 pb (from –30, to +30).

· The preinitiation complex is now complete and capable of basal transcription initiated from the correct nucleotide.

· In genes that lack a TATA box, the same factors including TBP is required such cases an initiator (inr) sequence position the complex for accurate initiation of transcription.


Some transcription factors bind to specific DNA sequences of the promotors, while others appear to bind to the RNA polymerase II when it initiates transcription. The first step is the binding of TF IID.

Initial committed complex
· The first step is the binding of TFIID (the TATA binding Pol) plus TBP associated factors to the TATA element to form the initial committed complex.

· This complex acts as a binding site for TFIIB, which then secretes RNA Pol II and TFIIF to produce the minimal transcription initiation complex.

· Next TFIIE and TFIIH bind to produce the complete transcription initiation complex and transcription begins.

Elongation

                    (RNA)n +NTP   …RNA polemerase II………>(RNA)n+1  +NDP

RNA synthesis takes place in a region of the DNA that has denatured to form a transcription bubble (this bubble is similar to a DNA replication bubble). Once 8 or 9 nucleotide have been linked together, the RNA moves along, it untwists the DNA double helix ahead of it. 

This produces torsinol stress in the DNA much like untwisting the middle part of a stretch of rope does, so that the DNA helix reforms behind the enzyme as the enzyme moves along the template. 

About 17 base pairs of the DNA are kept impaired as transcription continues, about the same as are initially untwisted. Within the untwisted region, some bases are RNA is bonded to the DNA in a temporary RNA – DNA hybrid while the rest of the RNA is displaced away from the DNA. Transcription proceeds at a rate average 30 to 50 nucleotides per second.

Termination
· Termination by RNA polymerase II is at multiple possible sites over distances of 0.5 – 2kb beyond the poly – A addition site.

· The termination of transcription is signaled by the presence of consences sequence AAUAAA in the template DNA.

· The formation of hairpin loop destabilizes the RNA – DNA hybrid in the terminator region, which in turn causes release of the RNA.

EXPLAIN IN DETAIL ABOUT POST TRANSCRIPTIONAL MODIFICATION OF mRNA.
POST TRANSCRIPTIONAL MODIFICATION OF MRNA

Eukaryotic mRNA are usually modified at both the 5’ and 3’ ends. These post transcriptional modifications are catalyzed by three process.

1. 5’ capping.

2. Poly adenylation.

      3.  Splicing.

5’ Capping (refer class diagram)

5’ end of the eukaryotic pre mRNA is modified by the addition of a cap in 4 process called 5’ capping. 5’ capping involves the addition of a guanine nucleotide (most commonly 7 – methyl guanosine to the 5’ nucleotide) by guanylyl transferase . When the growing nucleotide long, a methylated cap structure is added at the 5’ end of the transcript by a capping enzyme. The 5’ cap remains as the pre – mRNA is processed to the mature mRNA. The cap is essential for the ribosome to bind to the 5’ end of the mRNA.

Addition of the 3’ poly (A) tail (refer class diagram)

The 3’ end of eukaryotic pre mRNA is usually the addition of a sequence of about 50 to 250 adenine nucleotide. This sequence is called a poly (A) tail. 

There is no DNA template for the poly (A) tail, and they are added only to pre mRNA molecules. The poly (A) tail remains as the pre mRNA is processed to the mature mRNA. 

The poly (A) tail found on most, but not all, of the mRNAs of all eukaryotic species. For instance, histone mRNA in mammalian cell have no poly (A) tail.


The location of poly (A) site is signaled in the transcript by an AAUAAA. 

Sequence 10 to 30 nucleotide up stream. In mammalian cells, poly (A) addition occurs as follows. A number of protein including the three (or) from polypetide CPSF (Cleavage and Polyadenylation Specificity factor). 

Protein, the three polypeptide CSLF (Cleavage stimulating factors) protein and two multi sub unit cleavage factor protein (CFI and CFII) are required for binding the poly (A) signal and cleavage the RNA. CPSF binds to the AAUAAA signals, and CSLF binds to a GU rich or U – rich sequence down stream of the poly (A) site, CPSF and CSLF also binds to each other, producing loop in RNA. CFI and CFII are bound near the actual cleavage site. 

Once the RNA is cleaved, the signal polypeptide enzymes poly (A) polymerase (PAP) was ATP as a substrate and catalyses the addition of A nucleotide to the 3’ end of the RNA produce Poly (A) tail. As poly (A) tail is synthesized, it becomes bound by the single polypeptide poly (A) binding protein II (PAB II); this protein also plays a regulatory role in controlling poly (A) tail length. The poly (A) tail is important for determining the stability of the mRNA.

Splicing (refer class diagram)

Pre mRNA often contains long insertion of non amino acid coding sequence. These non coding sequences are transcribed from the introns of the gene. Introns must be excised from each pre – mRNA in order to convert the transcript into a mature mRNA molecule that can be translated into a complete polypeptide.


The sequence of events involved in splicing two exons (1 and 2) together with the elimination of intron the first step in splicing is a cleavage at the 5’ splice function that result in the separation of exon – I from an RNA molecule that contain the intron and exon 2.SnRNP plays a key role in the removal of intron.

· SnRNP includes U1, U2, U4, U5, U6 protein.

· Binding of U1 and U2 on the exon intron junction can make the  formation of commited complex.

· Upon the binding of U6 might replace the U1 and binds to the exonic junction. U5, which couples the exon 1 and exon2, there by prevent the expulsion exon 2.this is a B1 complex.

· With the help of ATP &U6 U2 U1 U4 introns form the larient structure and looped out from the exon and form the C1 complex.

· Further hydrolysis of ATP yield mature mRNA (exon1&Exon2),C2 complex.

Post transcriptional modification of rRNA


In prokaryotes and eukaryotes the region of DNA that contain the genes for rRNA are called ribosomal DNA. In E.coli production of equal amount of the three rRNA is ensured by the transcription of the three adjacent genes for 16S, 23S and Js in rRNA into a single precussor rRNA molecule.


Figure shows general organization of transcription unit. In each transcription unit, the three rRNA genes are arranged in the order 16S – 23S – 5S. In all seven-transcription units, one or two tRNA genes are also formed in the internal spacer between the 16S and 23S rRNA coding sequence. Another one or two tRNA genes are found in the 3’ space between the ends in the three of the seven-transcription unit.


During RNA synthesis from the transcription units, the tRNA genes are transcribed as part of the pre –rRNA molecule. The tRNA sequences are then removed from the precursors by the action of specific pre tRNA processing enzymes.


The product of transcription in 30 S pre – rRNA which contain a 5’ leader sequence, the 16S, 28S and 5S rRNA sequences, and a 3’ trailer sequence. the P30S molecule is cleaved by RW are similar to produce the P165, P235 and P5S precursor molecules that are longer than mature RNA. Then further process by same enzyme (secondary processing) lead to mature rRNA.


In eukaryotes 18S, 5.8S, 28S region are flanked by ETS (External transcribed spacer), ITS (Internal transcribed spacer), during the processing spacer are excised and matured 18S rRNA and 28S, 5.8S rRNA formed.

Regulation of genes


The number of molecules of a protein produced per unit time from a particular gene differs from gene to gene. The flow of genetic information (Gene expression) is regulated.

General aspects of regulation


Molecules that are only occasionally needed are synthesized only when the need arises.

An enzymatic activity that use loosely consumes energy or consumes a molecule that is the substrate of a second enzyme is usually inhibited.

If a cell has choice of utilizing more than one catabolic pathway for energy utilization, it will choose the pathway that yields the greater amount of energy per unit time.

An alteration of a biosynthetic pathway that reduces the production of defective molecules is efficient and hence valuable.

General mechanisms of metabolic regulation in bacteria


A system is turned on when it is needed and off when it is not needed.

This type of on – off activity is accomplished by regulating transcription- that is mRNA synthesis is either allowed a prevented or by regulating enzyme activity. Actually there are no known examples of switching a system completely off. When transcription is in the “off” state, there always remain a basal level of gene expression.

Coordinate regulation


In bacterial systems in which several enzymes act in sequence in a single metabolic pathway, it is often the case that either of all enzymes are present a all are absent. This phenomenon is called coordinate regulation, results from control of synthesis of a single polycistroine mRNA that encodes all of the gene products.

Feed back inhibition


Enzyme activity is commonly regulated by the concentration of the reaction product or in the case of biosynthetic pathway by the product of the reaction sequence. This mode of regulation is called feed back inhibition or end product inhibition.

Types of regulation


There are several common pattern of regulation of transcription. The two major categories are

Positive regulation

Negative regulation

Positive regulation


In positive regulation, an effectors molecule which may be a protein, a small molecule, or a molecular complex) activates a promoter, or inhibition is over hidden in positive regulation.

Negative regulation


In negative regulation, an inhibitor is also present in the cell and the inhibitor keeps transcription turned off.

The lactose system and the operon model (lac operon)


Metabolic regulation was first studied in detail in the system responsible for degradation of the sugar lactose, and most of the terminology used to describe regulation came from genetic analysis of this system. Genetic and biochemical evidences for the existence of two proteins required to degrade lactose.


In E.coli two proteins are necessary for the metabolism glactose. These proteins are the enzyme.

( - galactosidase

Galactoside permease.

Galactoside transactylase.

( - galactosidase


This cleaves lactose to yield galactose and glucose.

Galactosidase permease


This is required for the entry of lactose (and other galactosides) into the cell.

Induciable and constitutive system

In on – off nature of lactose utilization system Ps shown by the following observations.

If a culture of E.coli, whose genotype is lac+, is growing in a medium lacing lactose or any ( galactoside, the intracellular concentrations of (-galactosidase and permease are exceedingly low -> roughly one or two molecule per bacterium.

If lactose is added to lactose culture growing in lactose – free medium, both ( - galactosidase and permease are synthesized simultaneously.

Inducible


Lactose is the inducible operon. The substance or molecules involved in induction is called inducer.

Induction


Genes which carry out the functions of utilizing the molecules present in the medium and involved in up take of nutrients is called induction.

Inducible enzymes


The enzymes or products synthesized during induction process are called inducible enzymes.

Inducible genes


Genes responsible for induction is called inducible genes.

Gratuitous inducers


Instead of lactose, two sulfur containing analogous of lactose, in particular isopropylthiogalactose side (IPIC) and thimethylgalactoside (TMU). Which are effective inducers without being substrates of ( - galactosidase, are used inducers having this property are called gratuitous inducers.

Constitutive


E.coli mutants have been isolated that make lac mRNA (and hence ( - galactosidase and permease) in the presence as well as absence of an inducer. These unregulated mutants are called constitutive.

Repressor


The I – gene product is called lac repressor.

Operator


The O region -> determines whether synthesis of the product of the adjacent Z gene is inducible or constitutive. The O region is called operator.

The operon mode

Operon

Operon system contains the combination of promoter, operator and the structural genes.

Regulation of the lac system is explained by the operon model, which has the following features.

The products of the Z and y genes are encoded in a single polycistronic m RNA molecule.

Genes

i- repressor

O – operator

P – promoter

Z - ( - galactosidase

Y – permease

a- transcetylase

z,y,a – structural genes.

The promoter of this mRNA molecule is immediately adjacent to the O region. Promoter mutations (P-) completely incapable of making both ( - galactosidase and permease have been isolated and are located between 9 and 0.

The operator is a sequence of bases ( in the DNA) to which the repressor protein binds.

When the repressor in protein is bound to the operator, transcription of lac mRNA cannot be initiated.

Inducers stimulate mRNA synthesis by binding to the repressor. This binding alters the three – dimensional structure of the repressor so it cannot bind to the operator. Thus, in the presence of an inducer the opertor is un occupied and the promoter is available for initiation of mRNA synthesis. This is often called depression.

Lactose does not bind to the repressor and that the true induces is a lactose isomer called allo-lactose (Glucose –1, 6 galacton). However, allo-lactose is formed from lactose by the catalytic action of (- galactosidase, so induction of the synthesis of (-galactosidase by lactose requires that ( - galactosidase be present.

UNIT 4

PROTEIN SYNTHESIS-TRANSLATION

INTRODUCTION


The information for the protein found in a cell is encoded in the structural genes of the cell’s genome. Expression of a protein-coding gene occurs by transcription of the gene to produce an mRNA, followed by translation of the mRNA, i.e., the conversion of the mRNA base sequence information into an amino acid sequence of polypeptide. The DNA base pair information that specifies the amino acid sequence of a polypeptide is called the “Genetic code”.

NATURE AND CHARACTERISTICS OF GENETIC CODE

WRITE SHORT NOTE ON CHARACTERISTICS OF GENETIC CODE? (5MARKS)


Each codon is written as it appears in mRNA & reads in a 5’ – 3’ direction. The characteristics of the genetic code are as follows.

THE CODE IS A TRIPLET CODE

Each mRNA codon that specifics an amino acid in a polypeptide chain consists of 3 nucleotide.

The code is comma-free i.e., it is continuous. 

The mRNA is read continuously 3 nucleotides at a time without skipping any nucleotides of the message.

 THE CODE IS NON OVERLAPPING 

       
 The mRNA is read in successive groups at 3 nucleotides. A message of AAGAAGAAG…. In the cell would be read as lysine-lysine- lysine. Theoretically 3 readings are possible from this message. 

Depending on where the reading is bogus (i.e., the reading frame in which message is read), namely the repeating AAG, the repeating AGA, and the repeating GAA.

THE CODE IS ALMOST UNIVERSAL

All organisms share the same genetic language. Thus, for example, lysine is coded for by AAA or AAG in the mRNA at all organisms, arginine by CGU, CGC, CGG, AGA & AGG & so on. Bu the code is not completely universal. For example the mitochondria of some organisms have minor changes in the code.

THE CODE IS DEGENERATE

           With 2 exceptions (AVG, which codes for methionine, and UGG, which codes for tryptophan) more than one codon occurs for each amino acid. This multiple coding is called the degeneracy of the code. Thus, when the first 2 nucleotides in a codon are identical & the 3rd letter is U or C, the codon always codes for the same amino acids. For example, UUU & UUC specify phenyl alanine. Similarly CAU & CAC specify histidine.

THE CODE HAS STOP AND START SIGNAL

 
The code has short & stop signals, specific start and stop signals for protein synthesis are contained in the code. In both eukaryotes & prokaryotes AUG (Which codes for methionine) is usually the start codon for protein synthesis, although in some cases GUG (Which normally codes for valine) is used. Only 6l of the 64 codons specify amino acids, these codons are called the sense codons. 

The other 3 codons UAG (camber) UAA (Ochre) and UGA (Opal) do not specify an amino acid, and no tRNA in normal cells carry the appropriate anti codons. These 3 codons are the stop codons, also called non sense codons, or chain terminating codons. 

They are used singly or in tandem groups (UAG, UAA) to specify the end of the translation process of a polypeptide chain. Thus, when we read a particular mRNA sequence, we look for the presence of a stop codon in the scrone reading frame as the AVG start codon to determine where the amino acids, coding sequence for the poly peptide ends.

WOBBLE OCCURS IN THE ANTICODON
 
Since 61 sense codons specify amino acids in mRNA, a total of 61 rTNA molecular could have the appropriate anticodons. Theoretically through the complete set of 61 sense codons can beard by fewer than 61 distinct tRNAs because of the wobble in the anticodon. 

The wobble hypothesis proposed by Frances crick.

Sequence analysis had shown that the base of the 5’end at the codon; i.e., 3rd letter) is not as constrained as the other 2 bases. This feature allows for less exact base pairing so that the base at the 5^1 end of the anticodon can potentially pair with one at 3 different bases at the 3^! End as the codon it can wobble no single tRNA molecule can recognize 4 different codons.

      
But if the tRNA molecule contains the modified nucleotide inosoine at the 5^1 end of the anticodon, then 3 different codons can be read by that one tRNA. For example single leucine tRNA can read 2 different lecuine codons by base pairing wobble like that single glycine tRNA can read 3 different glycine codons by wobble pairing  

Give an account on-TRANSLATION

Introduction

Like DNA and RNA, the synthesis of polymeric protein biomolecules can be distinguished into 3 stages: initiation, elongation and termination of polypeptide chain.  Besides these 3 stages or phases, the activation of amino acids and the post-translational processing of the completed polypeptide chain constitute 2 important and complex additional stages in the synthesis of protein, thus making the total number of stages to be 5.  

Phases of protein synthesis

1. Activation of amino acids.

2. Initiation

3. Elongation

4. Termination

5. Folding and processing

Key components for Translation


The two key components of protein synthesis are: ribosome and tRNA.

Ribosome


The ribosomes are ribonucleoprotein cellular particles and can be regarded as the organelles of protein synthesis.


The E.coli contains 15000 or more ribosomes, which make up about 25% of dry weight of the cell.  


The ribosomes have molecular weight of 2500 kd.


Riboseomes are made up of about 66% ribosomal RNA and 34% proteins.  Since these particles are rich in RNA content.    


These have sedimentation rate of 70S when Mg2+ ion concentration in the solution 0.01M.  If this concedntration is lowered to 0.001M, the 70S ribosomes dissociate into 50S and 30S particles and this phenomenon is reversible, if the Mg2+ ion concentration is again raised.

Prokaryotes

Bacterial ribosomes consist of 2 subunits of unequal, large having a sedimentation coefficient of 50S and the smaller of 30S.  


The 50S subunit contains one molecule of 5S rRNA, 23S rRNA and 34 proteins.


The 30S subunit contains one molecule of 16S rRNA, 21S rRNA and 21 proteins.

Eukaryotes


The ribosomes in the cytoplasm of eukaryotic cells are substantially larger and more complex than bacterial ribosomes.


They have sedimentation rate of 80S. 


They also have two subunits, which vary in size between species but on an average are 60S and 40S.  


The small subunit (40S) contains a single 18S rRNA molecule and the large subunit (60S) contains a molecule each of 5S, 5.8S and 28S rRNA.  


Altogether, eukaryotic ribosomes contan over 80 different proteins.  Thus eukaryotic ribosomes contains more proteins than prokaryotes. 

Transfer RNA (tRNA)


Refer class notes.

1.  Activation of amino acids


The activation of amino acids is takes place in the cytosol and in it the 20 different amino acids are linked to their corresponding tRNAs by aminoacyl-tRNA synthetase.


Amino acid + tRNA + ATP ----------- Amino acyl-tRNA + AMP + PPi


The activation reaction takes place in two separate steps.  Both steps are catalyzed by same enzyme, aminoacyl-tRNA synthetase.  

Step-1


The amino acid at the active site interacte with ATP to form amino acyl-AMP.  In this reaction, the carboxyl group of the amino acid is bound to the 5’ phosphate group of the AMP with displacement of pyrophosphate.

Step-2


The aminoacyl group is transferred to corresponding tRNA.  

The mechanism of this step is some what different for the 2 classes of aminoacyl-tRNA synthetases 

For Class I enzymes, the aminoacyl group is transferred initially to the 2’-OH of the terminal nucleotide, then moved to 3’-OH by a transesterification.  

For Class II enzymes, the amino acyl group si directly to the 3’-OH of the terminal nucleotide.

Diagrams refer class notes.

2. Initiation

The initiation of bacterial photosynthesis requires following components.

1. 30s subunit

2. The mRNA

3. Initiating fMet-tRNAfmet
4. Initiation factors IF1, IF2 and IF3

5. GTP

6. 50s subunit

7. Mg2+

Step-1


The 3os subunit binds initiation factor 3 (IF3), which prevents formation of dead end complex (30s and 5os binds prematurely).


The mRNA binds to the 30s subunit in such a manner that the initiation codon (AUG) binds to a precise location of the 30s subunit.


Each ribosome has 2 binding sites for tRNA: the amino acyl or A site for the incoming aminoacyl-tRNA and peptidyl site or P site (donor site/D site) of the growing polypeptidyl-tRNA.


The initiating codon resides in the P site, which is the only site to which fMET-tRNAfmet can bind.  

Step-2


In the 2nd step of initiation the complex consisting of 30s subunit, IF3 and mRNA now forms a still larger complex by binding IF2 which already is bound to GTP and the initiating fMet-tRNAfmet.  The anticodon of this tRNA (UAC) pairs correctly with the initiation codon in this step.  The protein factor IF-1, however stimulates the activities of both IF2 and IF3.  

Step-3


In 3rd step, this large complex combines with 50s ribosomal subunit. Simultaneously, the GTP, which is bound to IF2, is hydrolyzed to GDP and Pi.  Both GDP and Pi are released and IF2 and IF3 also dissociate from the ribosome.

Diagrams refer class notes.


These 3 steps in the initiation of bacterial protein synthesis result in a functional 70s ribosome called the initiation complex, containing the mRNA and the initiating fMet-tRNAfmet.  

Shine-Dalgarno sequence


For the prodcutionof 30s initiation scomplex in the firrs stem of translation initiation, the 3’terminal region of the 16s RNA component of the 30s ribosomal subunit is the binding site for the mRNA.  

This 3’ terminal region of 16s RNA component is pyrimiidne rich  and hydrogen bonds, in an antiparallel fashion, with a complementary of purine rich region on the 5’ side of the initiation codon on mRNA.

This purine rich sequence, containing of 4 to 9 residues upstream from the AUG on mRNA is called Shine-Dalgarno sequence and is needed for the interaction of the mRNA with its ribosomal binding site.


Eukaryotic Initiation

· Initiation factor for Eukaryotic denoted as eIF-1, 2, 3.

· Sticking difference is the binding of mRNA and a complex of elf-2, GTP, and met-tRNAfmet to the 40s ribosomal subunit.

· Eukaryotic mRNAs lack the complementary sequence to bind 18s rRNA in the Shine-Dalgarno manner.

· Translations of Eukaryotic mRNAs, which are invariably monocistronic, almost always start at their first AUG.

· eIF –4E is a cap-binding protein, suggests that the 40s subunit binds at (or) near Eukaryotic mRNA 5’ cap and migrates downstream until it encounters the first AUG.

· Initiation rate was highly reduced by improperly capped mRNAs.

3.  Elongation


The 3rd stage of protein synthesis is elongation, ie., the stepwise addition of amino acids to the polypeptide chain.  The process of elongation requires 4 compenents:

1. Initiation complex

2. Amino acyl-tRNA specified by the next codon in mRNA.

3. Elongation factors-EF-Tu, EF-Ts and EF-G

4. GTP

Three steps take place in the addition of each amino acid residue, and this cycle is repeated as many times as there are amino acid residues to be added.

Step-1-Codon recognition (Binding of an aminoacyl-tRNA at site A of ribosome)

· 
In the binding stage of the E-coli elongation cycle, a binary complex of GTP with the elongation factor EF-TU combines with an aminoacyl – tRNA. The resulting complex binds to the ribosomes.

· Aminoacyl tRNA is bound in a codon-anticodon complex to the ribosomal A site and EF-TU. GDP+Pi is released.

· In the remainder of this stage, this serves to regenerate the EF-TU. GTP complex, GDP is displaced from EF-TU. GDP by the elongation factor EF-Ts which, inturn, is displaced by GTP.

· EF-TU is present in ~1,00,000 copies per cell, which is approximately the number of tRNA molecules in the cell.

· EF-TU binds neither formylated nor unformylated mef-tRNAfmet.

Step-2-Transpeptidation

· The peptide bond is formed in the second stage of the elongation cycle through the nucleophilic displacement of the P site tRNA by the amino group of the 3’ linked aminoacyl tRNA in the A site. 

· The nascent polypeptide chain is thereby lengthened at its C terminus by one residue and transferred to the A site tRNA a process called transpeptidation.

· Peptidyl transferase activity probably appears on the 23s RNA of ribosome. That can catalyse the reaction.

Step-3-Translocation

· If in the final stage of elongation cycle, uncharged P site tRNA is transferred to E site, it is former occupant having been previously expelled. Simultaneously, in a process known as translocation, the peptidyl tRNA in the A site, together with its bound mRNA is moved to the P site.

· The translocation process requires the participation of an elongation factor, EF-G that binds to the ribosome together with GTP and is only released upon hydrolysis of the GTP to GPP + Pi.

· EF-G release is pre requists for beginning the next elongation cycle because the ribosomal binding sites of EF-G and EF-TU partially overlap and hence their binding is mutually exclusive.

Eukaryotic elongation

· The eukaryotic elongation cycle closely resemble those prokaryotes.

· Elongation factor EF – TU and EF- TS are assumed by two different subunits of the eukaryotic elongation factor eEF-1.

· Likewise, eEF-2, functions in a manner analogous to EF-G.

Diagrams refer class notes.

4. Chain termination

· The translation of natural mRNA which contain the termination codons UAA, UGA, (or) UAG results in the production of free polypeptides.

· The termination codons, the only codon that normally have no corresponding tRNA.

· The codon are recognized by protein release factors;

· RF-1 recognizes UAA and UAG.

· RF-2 recognizes UAA and UGA.

· RF-3 a GTP binding protein in complex with GTP, stimulates the ribosomal binding of RF-1 and RF-2.

· The binding of ribosomal releasing factor to the appropriate termination codon induces the ribosomal peptidyl transferase to transfer the peptidyl group to water rather than to an aminoacyl – tRNA.

· The consequent uncharged tRNA subsequently dissociates from the ribosome and the release factors are expelled with the concominant. Hydrolysis of the RF3 bound GTP to GDP + Pi.

· The resulting inactive ribosome then releases its bound mRNA.

Termination in eukaryotes

· It requires only single releasing factor eRF.

· That binds to the ribosome together with GTP. This GTP is hydrolyzed to GDP + Pi. That is thought to trigger eRFs dissociation from the ribosome.

Diagrams refer class notes.

5.  Folding and processing of polypeptide chain (Post translational modifications)

Refer class notes


Give a detailed account on Inhibitors of protein synthesis

Inhibitors of protein synthesis


Antibiotics are bacterially or fungally produce substances that inhibit the growth of other organisms.  Antibiotics are known to inhibit a variety of biological process including DNA replication, transcription and bacterial cell wall synthesis.


However, the majority of known antibiotics include a great verity of medically useful substances block translation.  

1. Streptomycin

Streptomycin which was discovered in 1944 by selman waksman, is a medically important member of a family of antibiotics, known as amino glycosides that inhibit prokaryotic ribosome in a variety of ways.  At low concentration induces ribosomes to characteristically misread mRNA.  One pyrimidine may mistaken for the other in the first and second codon positions and either pyrimidine may be mistaken for adenine in the first postion.  This inhibits the growth of susceptible cells but does not kill them.  At higher concentration streptomycin cause impairment of chain initiation and there by cause cell death.

2. Chloramphenicol


Chloramphenicol is the first of the broad-spectrum antibiotics inhibit the peptidyl tranferase activity on the large subunit of prokaryotic ribosome.  However its chemical uses are limited to only severe infection, because of its toxic side effects.

3. Tetracycline


Tetracycline is a broad spectrum of antibiotics that binds to the small subunits of prokaryotic ribosome where they inhibit amino acyl tRNA binding.  Tetracycline also blocks the stringent response by inhibiting ppGpp synthesis.


Tetracycline resistant bacterial strains have become quite common there by precipitating the serious clinical problem.  However the resistance concerned by a decrease in bacterial cell membrane permeability.

4. Deptherial toxin


Diphtheria is a disease resulting from bacterial infection by corney bactrerium diphtheria.  Although the bacterial infection usefully confined to the upper reparatory tract, the bacteria secretes phage encoding protein known as diphtherial toxin.  Diptheiral toxin specifically inactivates eukaryotic elongation factor eEF-2, there by inhibiting eukaryotic protein synthesis.

eEF-2   + NAD

   (active)

Deptherial toxin

ADP-ribosyl-eEF-2 + Nicotinamide + H+
5. Puromycin


An aminoacyl-tRNA analog that causes premature chain termination in prokaryotes and eukaryotes.

6. Fusidic acid


It inhibits elongation in prokaryote by binding to EF-G-GDP in a way that prevents its dissociation from its large subunit.

7. Ricin


Poisonous plants protein that catalytically inactivates the eukaryotic large subunit.

UNIT 5

MUTATION

     
Mutation refers to any change in the base sequence of DNA that gives rise to mutant phenotype.the most common change is a substitution, addition OR deletion of one or more base.

MUTAGEN

Physical or chemical agent causes mutation to occur.

MUTAGENESIS


Is a process of by which mutation is occurs.

TYPES OF MUTATION

I.  Spontaneous mutation

II. Induced mutation.

SPONTANEOUSMUTATION

           If muitation occurs in nature without the addition of a mutagen, it is called spontaneous mutation.

INDUCED MUTATION

          Mutation occurs by addition of mutagen is called induced mutation.

TYPES OF MUTAGEN-The substance, which is going to induce mutation.


1. Physical mutagen
2. Chemical mutagen

CLASSIFICATION


Mutations are classified into several ways. Primary classification includes.

1. Chromosomal mutation.

2. Gene mutation.

GENE MUTATION

  
Mutation that based on the nature of the change specifically on the number of bases changed, thus we may distinguished into two types.


1. Point mutation


2. Frame shift mutation. 

POINT MUTATION


In which another replaces one base pair.

FRAME SHIFT MUTATION


One or more nucleotide pair are inserted or deleted from DNA.

TYPES OF CHEMICAL MUTAGEN:

 
1. Base analogs.


2. Alkylating agent.


3. Intercalating agent.

ROLE OF BASE ANALOG IN POINT MUTATION 

I. BROMOURACIL (diagram)


The base analog 5-bromouracil sterically resemble, thymine but, through the influence of of the electronegative BR atom, frequently assumes a tautomeric form that base pair with guanine instead of adenine. Consequently, when 5 bromouracil is incorporated into DNA in place of thymine, as it usually induces an A.T->G.C transition in subsequent round of replication. Occasionally 5BU is also incorporated into DNA in place of cytosine, which instead generates a G.C->A.T transition. 

Mechanism-diagram-refer class notes

TRANSITION


One purine is replaced by purine or pyrimidines are replaced by pyrimidine.

TRANSVERSION

Pyrimidines are replaced by purine or purine is replaced by pyrimidines.

AMINOPURINE

Normally base pair with thymine but occasionally forms an undistorted but single hydrogen bonded base pair with cytosine, thus 2AP generates A.T ->G.C and G.C->A.T transition.

NITROUS OXIDE:

  
In aqueous solution, nitrous oxide ox datively deaminates aromatic primary amine so that it converts cytosine to uracil and to the guanine like hypoxanthine. results in both A.T->G.C and G.C->A.T transition.

HYDROXILAMINE:


Induces G.C-A.T transition by specifically reacting with cytosine to convert it to the compound that base pair with adenine.

II.ALKYLATING AGENT


Ethylmethyl sulphate,nitrogenmustard often generates transversion.the alkylation of N7 position of a purine nucleotide causes its subsequent depurination,resulting gap in the sequence is filled by an error prone enzymatic repair system.

III.INTERCALATING AGENT


Inserting or deletion mutation may arise from the treatment of DNA with intercalating agent such as acridine orange or proflavin or ethidium bromide.

-Molecular Structure-Refer class notes

Mechanism of action of acridine


Acridine causes adjacent base pairs to move apart by distance equal to that of thickness  of one base pair.


When the DNA containing intercalated acridine is replicated, additional base may appear[The usual addition is 
a single base, occasionally two bases are added.]


P Deletion of single base may occur, but this is for less common than base addition.


Mutation of this sort is called as Frame Shift mutation.

Diagram

Frame shift mutation


  Tyr
  Giu      Thr        Gly       Fle



T A C    G A A   T  C G      G  G T   A T T 


A T G    C T T    A  G C     C  C A   T  A A






Replication in the presence of acridine results in addition


  Tyr
  Glu      Fle        Gly        Tyr



T A C    G A G   A  T  C    G G G   A T T T 


A T G    C T C   T  A  G    C C  C   A T  A A


Due to addition of acridine, entire amino acid sequence is shifted.  The type of mutation called as Frame shift Mutation.

EXPLAIN IN DETAIL ABOUT GENE MUTATION.

OR

GIVE AN ACCOUNT ON MUTATION BASED ON CHANGE IN AMINO ACID SEQUENCE.

Ans:nonsence, missence, same sence

Mutation Classification based on consequence of changes in terms of amino acid sequence:-

MISSENCE MUTATION

· A mutation in which codon specifying one amino acid is altered to  specify a different amino acid.

· Misense mutation was due to base substitution.

· The effect of missense mutation may range from none to total inactivation of gene products.

   Phe   Tyr
       Ser     Tyr

U U U U A U  ( U C U U A U



Missense



Mutation

CHAIN TERMINATION MUTATION- OR NON SENSE MUTATION

· If mutation results in the formation of stop codons then it was called as Non sense mutation.

· There are 3 kinds of stop codons which are not code for any amino acid.  They are called as amber[UAG], OCHRE[UUA], opal [UGA]

· Stop codons cannot be utilized by protein synthesis.  Hence no amino acids added after the formation of stop codons by growing chain.

 SAME SENSE MUTATION

If mutation results in the formation of same amino acid, then it was called as same sense Mutation.






Equation

SILENT MUTATION

· Mutation, which causes no detectable changes in the phenotype, is called as silent mutation.

· Silent mutation makes changes only in genotype.

Positive ways for silent Mutation

1. Base change without any amino acid alteration [degeneracy of genetic code]

UCU     (   UCC
Ser    Silent    ser

Mutation

2. Amino acid substitution has not detectable effect on phenotype of a cell.



Example




Consider one  hypothetical  bacterium whose three dimensional structure was determined entirely  by interaction between one +vely charged amino acid and one –vely charged amino acid.





Leucine


Aspartic acid




+ vely charged

 
-vely charges


If leucine, is replaced by iosleucine there will be no detectable change, because isoleucine is also a positively charges amino acid.

SPONTANEOUS MUTATION: OR BACK GROUND MUTATION

· A mutation which occurs naturally is called spontaneous mutation

· A mutation, which occurs in the absence of any obulious external mutagen, is called as spontaneous mutation.

· Spontaneous mutation occurs at low frequencies.

Reasons for spontaneous mutation:-

· Spontaneous mutation occurs due to enchromental mutagens.

Example: Natural gamma radiation, UV light, heat.

· Occur due to endogenous metabolices, which produce during metabolism.

Example:- Peroxide, endogenous alklating agents, S. adenesyl methionine.

· Due to prevention of removal of incorrectly inserted base.

· Previously altered base is chemically altered to a base having different bas pairing specificity. 

· Base is inserted that tautomerizes and allows substitution to occur in subsequent replication.

· One or more bases may be skipped during replication.

· One or more base may be added.

CLASSIFICATION BASED ON CHANGES MADE ON SEQUENCE OF DNA

FRAME SHIFT MUTATIION

Base addition


Extra bases may be added during mutation.



Example;- AUGCAAG – Normal base sequence




       AUGGCAAG – Mutated [due to base addition]

Base deletion


During Mutation, one or two bases may be deleted from the normal base sequence.



Example:-




AUGCAAG
- Normal base sequence




AU   CAAG
-Mutated [due to base deletion]







Base Substitution


Replacement of one base[in normal sequence ] by another base is called as base substitution.



Example:-





AUGCAAS
-Normal Base sequence

AUCCAAG
- Mutated base sequence[“G” is replaced by ‘c’].

Base Rearrangement


Arrangement of bases due to mutation is called as Base Rearrangement.

SUPRESSION


There are two major classes of suppressor mutations.

                  1)Intragenic Suppressor Mutation

                  2)Intergenic Suppressor Mutation

 1)Intragenic Suppressor Mutation

             It occurs within the same gene as the original mutation, but at a different site.Intragenic  suppressor act in one of 2  ways. 

 a)By altering a different nucleotide in the same  codon in which the original mutation occured.

b)By altering a nucleotide in a different codon.Example: (refer table from class notes)  

2)Intergenic Suppressor Mutation

             It occurs in  a different gene called suppressor  gene. Many intergenic suppressors work by changing the way the mRNA encoded by the mutant gene is read. Each suppressor gene can  suppress the effects of only one type  of nonsense, missense or  frame shift mutation; hence suppressor genes can suppress only a small proportion of the point mutations that theoretically can occur within a gene.

             The suppressors of nonsense mutations have been well characterized, particularly in E.coli & in yeast. The suppressor  genes in this case often are mutant tRNA genes. That is, particular tRNA gene  can  mutate so that (in contrast to what occurs  with  wild  type tRNAs) their anticodons recognize a chain terminating  codon  &  put  an  amino acid into the  chain.Thus,insted  of  pp  chain  synthesis  being  stopped prematurely as  a result  of  non-sense mutation, the  altered (suppressor) tRNA inserts an amino acid  at         that  position & full or partial function of the protein  may  be restored.

REVERSE MUTATION


The process involved in the conversion of mutant phenotype into wild phenotype is called as Reversion or back mutation.

CLASSES OF REVERSE MUTATION

Intragenic reverse mutation
Revertant


The organism, in which mutation occurred, was called as revertant.

Example


Consider a hypothetical bacterium containing 97 amino acids, whose structure is determined entirely by inonic interaction between, positively charges (+) amino acid at position 18 and negatively charges amino acid at position (-) amino acid at position 64.

If the (+) amino acid was replaced by (-) amino acid, the protein would be inactive.

In this type, three type of reversion may occur.

1. Wild type reversion

The original (+) amino acid could be put back.

2. Same site reversion

A different (+) amino acid could be put at position 18.  Here the reversion occurs at the same site so that the name same site reversion.

3. Second site reversion

· Reversion occurs at a  site other than the mutant site [second site].

· The (-) amino acid at position 64 could be replaced by (+) amino acid.

· This second site mutation would restore the activity of protein.

-Diagram-


Example 


The structure of protein is determined by interactions between six hydrophobic amino acid.


Activity is lost, when small circle amino acid is replaced by bulky hexogonal one.


Activity is restored when replacing the concave aminoacid makes space by small rectangle.






-Diagram-

Intergenic reverse mutation:

Second site Revertant of Frame shift mutations:-


Second site reversion of frame shift mutation has two requirements.

1. The reverting event must be very near to original site.

2. The segment of polypeptide chain in which both changes occurs must be able to withstand substantial alternations.






-Diagram-

DETAILED NOTES ON REPAIR MECHANISM.

OR

BIOCHEMICAL MECHANISM FOR REPAIR OF THYMINE DIMERS


There are four major pathways fro dealing with thymine dimmers in DNA, which can be subdivided into two classes-light induced repair and light independent pathways.   

LIGHT DEPENDENT REPAIR

PHOTOREACTIVATION

UV radiation (200 – 300 nm) promotes the formation of a cyclobutylring between adjacent thymine residues on the same DNA strand to form an intra strand thymine dimer. 

Similar cytosine and thymine cytosine formed but a lesser rate. Such pyrimidine dimers locally distort DNA’s base paired structure so that it can form neither a proper transcriptional nor replicational template.


Pyrimidine dimers may be restored to their monomeric forms through the action of light absorbing enzymes present in all life forms named photo reactivating enzyme or DNA photolyases. 

These enzymes are 55 to 65 KD monomers that bind to a pyrimidine dimer in DNA, a process that can occur in dark. Then the normal replication was retained through the gene.

LIGHT INDEPENDENT REPAIR

EXCISION REPAIR
Excision repair is multi step process.  Two distinct mechanisms have been observed for first step, an incision step.  

Mechanism-1-NUCLEOTIDE EXCISION REPAIR (NER)


In ecoli/eukaryotes a repair endonuclease recognizes the distortion produced by thiamine dimmer and makes two cuts in sugar-phosphate backbone: one is 8 nucleotides to the 5’ side of the dimer and another is 4-5 nucleotides to 3’ side.  


At the 5’ incision site a 3’-OH group is produced, which polymerase I uses as a primer and synthesized a new strand while displacing the DNA segment that carries the thymine dimmer.  


The final step of the repair process is joining of the newly synthesized segment to the original strand by DNA ligase.

[The product of the UvrA gene is UVrA endonuclease, is in an ATP dependent reaction, cleaves the dimer containing DNA strand at seventh and fourth phosphodiesters bonds on the ‘dimer’ 5’ and 3’ sides.


The excised nucleotide is replaced through the action of a DNA polymerase, most probably Pol I, followed by that of DNA ligase.


UVrA endonuclease excise other types of DNA lesions be sides pyrimidine dimers. These lesions are characterised by the displacement of bases from their normal positions, as with pyrimidine dimer, or by addition of a bulky substituent to a base. Evidently UVrA endonuclease is activated by a helix distortion rather them by the recognition of any particular group.]

Xeroderma pigmentosum

Rarely inherited autonomal recessive conditions are extremely sensibility to sunlight. During the condition that they developed marked skin disease include skin dryness, excessive frackling and keratoses together with eye damage, ulceration of cornea, skin cancers etc.


Cultured skin fibroblasts from individuals with xeroderma pigmentosum are defective in the NER of pyrimidine dimers.

Mechanism-II- BASE EXCISION REPAIR (BER)


In bacterium micrococcus luteus and T4 phage the inscision step occurs in two distinct stages.


The first is an enzymatic cleavage of the N-glycosidic bond in the 5’ thymine nucleotide of the dimer; the responsible enzyme is pyrimidine dimer glyosylase.


An AP-endonuclease enzyme, which recognizes the Apyrimidine site and cleaves the phosphodiester bond.  The cleaveage produces 3’-OH group, but since it is on a base-free deoxyribose, it cannot be used to prime DNA synthesis.  In a way that is understood, the deoxyribose is removed, and Pol-I act at the 3-OH group, displace the strand and fill the gap.  Then the DNA ligase seals the nick.

RECOMBINATION REPAIR

Damaged DNA may undergo replication before the lesion can be eliminated by the previously described repairs system. 


The replication of DNA containing a pyrimidine dimer is interrupted by this template disortion and is only reinitiated at some point past the dimer site. 


The resulting daughters strand has a gap opposite the pyrimidine dimer. 


This genetic lesion cannot be eliminated by excision repair, which require an intact complementary strand. Yet, such an intact strand occurs in the sister duplex that was formed at the same replication fork. 


The lesion can therefore be corrected through a process that is alternatively known as recombination or post replicative repairs this pathway exchanges the corresponding segment of sister DNA strand, there by placing the gapped DNA segment in opposition to the undamaged strand, where the gap can be filled in and sealed.

SOS RESPONSE

Agents that damage DNA, such as irradiation, alkylating agents, and cross linking agent, induce a complex system of cellular changes in E.coli known as the SOS response.


The nature of the SOS response was provided by the observation that E.coli with mutant rec A or lex A genes have their SOS response permanently switched on. Moreover when wild type E.coli is exposed to agents that damage DNA or inhibit DNA replication, their Rec A specifically mediates the proteolytic cleavage of Lex A protein. Rec A is activated to do so, at least invitro, when it binds to single stranded DNA. Further genetic analysis indicated that Lex A function as a repressor of a number of operons including of rec A and lex A. 


During normal growth, Lex A largely represses SOS gene expression. When DNA damage has been sufficient to produce post – replication gaps, however, this single stranded DNA binds to Rec A so as to stimulate Lex A cleavage. The Lex A repressible genes are consequently released from repression and direct the synthesis of SOS proteins including that of Lex A. When DNA damage have been eliminated, Rec A ceases stimulating Lex A autoprotolysis the newly synthesized Lex A can then function as a repressor, which permits the cell to return to normality.

MISMATCH REPAIR

PROOF-READING

The genome is a huge molecule. Mistakes are bound to occur during replication. Such mistakes need to be corrected promptly or else mutation will occur. In the long run the negligence may prove too costly- death of the cell /organism.

The systems involved in proof-reading are 

1.mismatch repair system

2.dUTPase/ uracil-N-glycosylase.

Mismatch repair system

In bacteria , usually , the 2 strands are methylated. Usually adenine residues are methylated.  G.A.T.C form a unique sequence. The adenine residue in this sequence is methylated. 


The parent strand is methylated. But the daughter strand is undermethylated.  This is used by the repair system to differentiate between the parent & daughter strand. 


If, during replication, a wrong base is added against a nucleotide in the template strand the Mismatch repair system wakes up. It can see that the wrong base does not base pair with the nucleotide in the parent strand.  It correctly removes the wrong base from the daughter strand. Or else mutation will result.

dUTPase/ uracil-N-glycosylase.

dUTPase  deliberately keeps the intracellular concentration of UTP at a very low level. This, to a certain extent, prevents the incorrect insertion of uracil   during DNA replication.


Sometimes cytosine deaminates to give uracil. Mistakes are bound to occur during replication. Such mistakes need to be corrected promptly or else mutation will occur. In the long run the negligence may prove too costly-death of the cell /organism.
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