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Enzymes involved in DNA replication. â€¢ -Helicase : unzipping the DNA helix. â€¢ -Primase : synthesizing a RNA primer. â€¢ -DNA polymerase III : adding bases to the. 

















 Télécharger le PDF 






 4MB taille
 54 téléchargements
 326 vues






 commentaire





 Report
























Microbial Genetics • Genetics: L. genesis ( birth, generation) • Genetics is the study of inheritance or heredity of living things • Explore transmission of biological properties from parents to offspring • Structure & functions of genetic materials



The Nature of the genetic material • Each live organism must have capacity for



self replication • Single celled organisms :binary fission budding mitosis • It must be accurately duplicated & separated in to each daughter cell to ensure its normal function.



Structure and function of genome • Genome : is the sum total of genetic material of cell Genome



Chromosome



Non Chromosomal (plasmid) Mitochondria &chloroplast



Structure and function of genome • Genome of cells exclusively DNA • Genome of viruses contain DNA & RNA



chromosome • Chromosome : discrete cellular structure composed of a neatly packaged elongate DNA molecule



Eucaryote Chromosome • • • • •



elongate chromosome Wound around histone proteine Located in the nucleus Numbers : from a few (3 – 4) to hundreds Haploid , diploid



Bacterial chromosome • Condesed in packet of histone like proteins • Single • Circular



Gene • Chromosomes are divided into basic informational packets (gene ) • Gene : fundamental unit of heredity responsible for a given trait in an organism • A site on the chromosome provides information for a certain cell function • Certain segment of DNA contains the necessary code to make a protein or RNA molecule



The size and packaging of Genome • • • • • •



Genomes vary in size Smallest viruses 4 – 5 genes Bacteria ( E. coli 4288 genes) Human 46 chromosome (30000- 50000G) Length of DNA 1mm in E. coli ( 2µm ) One third of E.coli cell’s volume



The DNA code & its structure • • • •



A gigantic molecule of Nucleic Acid Double strand combined into double helix Universal structure except some viruses The basic unit of DNA structure (Nucleotide) • Nucleotide Sugar+ N base+ Phosphate



Nucleotide the basic structure of DNA molecule



DNA structure • • • • • • • •



Purine bases (adenine and guanine ) Pyrimidine bases (thymine and cytosine) Deoxyribose 1st carbon bind with N bases Deoxyribose 3rd & 5th with phosphates N bases joined by hydrogen bonds Base pairing similar Sequence is different Different nucleotide sequence



deoxyribose



Adenine



guanine



thymine



cytosine



• Not parallel strands • Bond between phosphate & Carbon keep track • One helix 5 to 3 another 3 to 5



The significance of DNA structure • Nitrogen bases influence DNA in two ways Maintaining of the code during reproduction - Constancy of base pairing guarantees the code during cell division - Separation of strands provide template



The significance of DNA structure Providing variety - The order of bases in DNA constitutes genetic program - Message present in a gene is precise arrangement of bases



DNA Replication • Sequence of bases in DNA is the language of DNA • To preserve it to offspring it must be duplicated this process called Replication • Replication requires orchestration of 30 different Enzymes • Enzymes :separate existing DNA copy its templates produce two complete new strands



Enzymes involved in DNA replication • -Helicase : unzipping the DNA helix • -Primase : synthesizing a RNA primer • -DNA polymerase III : adding bases to the new DNA chain, proof reading the chain for mistakes • -DNA polymerase I : removing primer, closing gaps, mismatch repair • -Ligase : final binding of nicks in DNA • -Gyrase : supercoiling



DNA replication stages • Uncoiling the parent DNA • Unzipping hydrogen bonds between base pairs separation of strands (template) • Synthesizing of double strands by attachment of complementary nucleotides to each single stranded template



Application of DNA code • DNA molecule directly does not perform cell processes directly • DNA’s stored information conveyed to RNA • Transcription of DNA to RNA • Protein synthesis from RNA ( translation)



The Gene-Protein connection • Structural genes: code for protein • Genes that code for RNA • Regulatory genes: control gene expression  sum of all gene types which make genetic make up called genotype  expression of genotype creates certain structure & function Phenotype (physical manifestations of gene expression



The triplet code & relationship to proteins • Each structural gene is a linear sequence of nucleotides • This sequence code for a protein • Different protein needs different genes • Three consecutive bases called triplets (the language of DNA) • Genes differ in composition of triplets • Each triplet represents a code for a particular amino acid



The major participants in transcription and translation • Transcription: formation of a RNA using DNA code • translation: synthesis of a protein • Both are highly complex processes • m RNA • t RNA • r RNA (Ribosome) • Enzymes and sources of raw materials



Ribonucleic acid (RNA) • Encoded nucleic acid • Single strand structure and single helix • Uracil mate with adenine instead of Thymine • Sugar (Ribose instead of Deoxyribose) • RNA formed from transcription of DNA •



Types of RNA • • • •



Messenger RNA Transfer RNA Ribosomal RNA Primer RNA



Messenger RNA • • • •



Transcript of Structural genes Can be translated to protein Carrying message of DNA Message of transcribed RNA is displayed in a triplet called codan



Transfer RNA • The key of translation • Copy of specific region of DNA • Contains sequence of bases form H bonds with sections of same RNA • Hairpin loops (clover leaf) • Three dimensional helix



Transfer RNA • Bottom loop has anticodan • Amino acid attachment site (specific for anticodan) • At least one type of tRNA exists for each of 20 amino acids



Transfer RNA • Charging of t RNA needs to enzymedriven steps • 1st 1 ATP activates amino acid • 2nd amino acid binds to acceptor end of t RNA • t RNA converts mastercode on m RNA in to a protein



Ribosome • • • •



70S in prokaryote cells RNA + Protein 2 subunits Protein synthesis forms in



Transcription • First stage of gene expression • DNA code is converted to RNA • Template strand of DNA contains instructions for polypeptide synthesis • TAC signals start of transcription to AUG on mRNA



Transcription • Transcription initiates when RNA polymerase recognizes a DNA segment (promoter region) • Promoter region is TTT,AAA or TT, AA • At termination site polymerase recognizes separation of mRNA • Smallest RNA 100 Bases • Averaged size RNA 1200 bases • Large size thousands bases



Translation • Synthesis of protein from mRNA to amino acids • Synthesis of protein takes place in ribosome • Stages of translation 1. initiation 2. elongation 3. termination 4. protein folding and processing



Initiation of translation • mRNA is transported to ribosome • Starting synthesis of protein on mRNA code • Subunits of ribosome have sites for holding mRNA and tRNA • Small subunit binds with 5’ end of mRNA • Large subunit supplies enzyme for making peptides



translation • mRNA has a short leader sequence that not encode protein • Translation is started with start codon mostly AUG & rarely GUG • Next step in translation is entrance of tRNA with amino acids in the ribosome • Reaction occurs in on the large subunit (P & A sites)



The master genetic code ( the message in mRNA) • Master genetic code is represented by mRNA codon • This code is mostly universal for eucaryote , procaryote & viruses • With RNA code the mother DNA strand , tRNA & type of amino acid is known



Translation (Elongation ) • The correct tRNA P site and binds to start codon AUG • Elongation starts with filing A site by second tRNA • Termination codons UAA, UAG & UGA show that there is no corresponding tRNA • Special enzyme breaks bonds between the final tRNA & polypeptide chain at the stop codon area. • Polypeptide chain begins folding and make tertiary conformation.



The genetics of animal viruses • Viruses consist DNA or RNA & a coat • Genetic parasites • Needs to a live cell for replication, transcription and translation • Having mutation ability of hosts genetic • Viruses contain only genes needed for production of new viruses



• • • • •



Forms of nucleic acids are mostly linear Rarely circular dsDNA ssRNA Rarely :ssDNA or dsRNA



• Some generalities can stated about viral genetics • Generally viral nuc.acid penetrate the host cell • Instruct host cell to synthesize viral particles



Replication, transcription & translation of dsDNA viruses • Viral DNA enters the nucleus and transcribed into mRNA • mRNA is translated to viral proteins (enzymes) needed to replicate viral DNA • In late phase other parts of virus are transcripted and translated • Mature viruses released by budding or cell disintegration • Oncgenic viruses like herpes virus and HBV are intiators of cancers



Replication ,transcription and translation of RNA viruses • Genome of RNA viruses are smaller and less stable than of DNAs • Virus cycle mostly completed in cytoplasm



Positive sense single stranded RNA viruses • Positive –sense RNA viruses must replicate a negative strand ( master code) to produce more positive strands • After virus uncoating its positive strand is translated into a large protein , cleaved into functional units (polymerase) • A negative strand is synthesized using parental positive strand as a template • The resultant negative strand becomes master template for daughter strand



The Genetics of Animal Viruses



definition • Viruses essentially consist one or more pieces of DNA or RNA enclosed in a protective coating. • They are genetic parasites that requires access to their host cell’s genetic and metabolic machinery to be replicated, transcribed and translated . • They have the potential for genetically changing the cells. • Contains only those genes needed for production of new viruses.



• In many viruses the nucleic acid is linear in form, while in others it is circular. • Most viruses contain normal dsDNA or ssRNA. • Other patterns : ssDNA or dsRNA or Retroviruses that make from ssRNA -dsDNA



• Replication of DNA molecule of DNA animal viruses occurs in the nucleus. • The genome of most RNA viruses is replicated in the cytoplasm • In all viruses, viral mRNA is translated into viral proteins on host cell ribosomes, using host tRNA



Few generalities about viral genetics • In all cases the viral nucleic acid penetrate the cell and is introduced into the host’s gene- processing machinery at some points. • In successful infection, an invading virus instruct the host’s machinery to synthesize large numbers of new virus particles by a mechanism specific to each group of viruses.



• Replication, Trasncription, and Translation of dsDNA viruses



• Replication, Transcription, and Translation of RNA viruses



• RN viruses exhibit several differences from DNA viruses; -Their genomes are smaller and less stable -RNA viruses can have one of the following genetic messages:



- a positive-sense genome(+) that comes ready to be translated into proteins - a negative-sense genome(-) that must be converted to positive proir to translation -a positve-sense genome that can be converted to DNA, or a dsRNA genome.



Retroviruses ( RNA viruses with reverse transcriptase ) • Viruses like HIV & HTLV 1 Synthesize DNA using RNA genome • (reverse transcriptase )



RNA viruses with reverse transcriptase(Retroviruses)



Mutations and Recombination



Mutations and recombinations • • • • • •



Mutations cause phenotypic changes Mutation: permenent inheritable change Change in N base triplets Addition loss of base pairs rearrangement



• Genetic change is the driving force of evolution. • Such changes first appear in Phenotype alterations. • Any permanent inheritable change in the genetic information of the cell is a mutation.



• On molecular level a mutation is an alteration in the nitrogen base sequence of DNA ( loss of base pairs, addition of base pairs, or a rearrangement in the order of base pairs.



• Wild type or wild strain • Mutant strain • -mutant strains can show variance in morphology, nutritional characteristics, genetic control mechanisms, resistance to chemicals, temperature preference and nearly any type of enzymatic function



Causes of Mutations • Spontaneous mutations • Induced mutations



Spontaneous mutaions • Random change in the DNA arising from mistakes during replication or detrimental effects of natural background radiation ( cosmic rays) on DNA. • Frequency of spontaneous mutation from 1 in 105 replications( high rate) to 1 in 1010 replications.



Induced mutation • Results from exposure to known mutagens which are primarily physical or chemical agents that interacts with DNA in a disruptive manner.



Agent Chemical Nitrous acid, bisulfite Mustard gas Acridine dyes Nitrogen base analogs Radiation Ionizing (gamma rays, X rays) Ultraviolet



Effect Remove an amino group from some bases Causes cross-linkage of DNA strands Cause frameshifts due to insertion between base pairs Compete with natural bases for sites on replicating DNA Form free radicals that cause single or double breaks in DNA Causes cross-links between adjacent pyrimidines



• Some mutagen are also carcinogen • X-ray therapy sometimes lead to thyroid cancer • Nuclear radiation is a known cause of leukemia



Mutation rates • Point mutations: -deletion mutation -insertion mutation Substitution mutuation



• Lethal mutation • Neutral mutation • Some few beneficial mutations



• Missense mutation Change of code in resulting in different protein. -fault and nonfunctional protein. -fault but functional protein -no change in protein function



• Nonsense mutation Change a normal codon into stop codon Forming nonfunctional protein Silent mutation: ACU,ACC,ACG,ACA (coding for theronine)



• Back mutation(reverse mutation) • Proof reading system



Intermicrobial DNA Transfer and Recombination



• And event in which one bacterium donates DNA to another bacterium is a type of genetic transfer termed recombination. • This property is due to extrachromosomal DNA(plasmid)



• The end result of recombination is a new strain different from donor and original recipient strain. • Unlike spontaneous mutation are beneficial to bacteria. • Provides additional genes for resistance to drugs and metabolic poisons, new nutritional and metabolic capabilities and increase virulance and adaptation to the environment.



Genetic recombination in bacteria • DNA transmitted between bacteria are plasmids( close circular molecules of DNA separate from chromosomes, or small chromosomal fragments that have escaped from a lysed cell. • Plasmids are not necessary to basic bacterial survival.



• Depending upon the mode of transmission these genetic recombinations are called: Conjugation Transformation Transduction



Conjugation(Bacterial sex) • Plasmids or other genetic material is transferred by a donor by a recipient cell via a specialized appendage(especially in gram negative bacteria) • The donor possess a plasmid( fertility or F,factor) • Allows to synthesize the sex pilus or conjugative pilus.



• The recipient cell is a relative species that has a recognition site on its surface. F+ for the cell which has the F plasmid F- for the cell which has none. Contact is made when a sex pilus grows out from the F+ cell ,attaches to the surface of F- cell and draws the two cell together.



• The replicated DNA passes across or through the bridge formed by the pilus.



•



According to findings with E.coli conjugative trasfer exhibits three patterns: 1. First F+ make a copy of its F factor and transmits this to F- cell and made F- cell capable of producing a sex pilus and conjugating with other cells. No additional genes are transferred at this time



2.In high frequency recombination(Hfr) donors, the fertility factor has been integrated into the F+ donor chromosome. 3. In specialized form of conjugation called sexduction an f factor originally integrated into the chromosome of a donor bacterium becomes free and carries away a segment of donor chromosomal DNA.



Conjugation



Hfr



R plasmid



tranforamtion



transduction



Transposons • A segment of DNA (e.g. and R-factor gene) which has a repeat of insertion sequence element at each end that can migrate from one plasmid to another at the same bacterium, to a bacterial chromosome or to a bacteriophage or from a chromosome to a plasmid(called jumping genes)



• Some transposons replicate before transposition or transmission and some change the sites without replication



Effects of transposons • Benefits: -genetic variations that result the change in antibody formation and receptor molecules in cells. -change in morphology of colonies,pigment production,pilli and antigenic alterations -change of damaged DNA -transmission of resistance between microbes



• Side effects; - Rearrangement of DNA results in point mutations and breaking the chromosome that result sever sequences and even death



Bacteriophages



• Bacterial viruses first discovered by Fredrick Twort and Felix d’Herelle • Most phages contain dsDNA • Also exist ssDNA and ssRNA • Phages are specific for each species of bacteria



E.coli Phage



The multiplication cycle in bacteriophages • Adsorption(docking onto the host cell surface) • Penetration(entry of nucleic acid) • Assembly • Lysogeny( the silent virus infection)



Attachment sites on the virus bind to corresponding receptors on the host cell wall.



Penetration of the Viral Genome into the Cytoplasm of the Bacterium



The bacteriophage injects its genome into the bacterium's cytoplasm. (T-even)



Viral Replication and Maturation



Release of the Bacteriophages by Lysis of the Bacterium
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