Chapter 12: DNA Structure, Replication, and Organization

WHY IT MATTERS

· DNA is preserved relatively well in cold temperatures
· the natural degradation of DNA over time usually means that a DNA sequence remaining in a given tissue sample are very rare & therefore prone to contamination by DNA from modern or ancient sources
· our current ability to find, characterize & manipulate DNA arises from Johanna Friedrich Miescher
· collected pus cells from discarded bandages & extracted large quantities of an acidic substance w/ a high phosphorus content  nuclein  now know as deoxyribonucleic acid (DNA)
· not until 1952 did scientists fully recognize that the hereditary molecule was DNA
· Watson & Crick studied the 3D structure of DNA

12.1 Establishing DNA as the Hereditary Molecule

12.1a Experiments Began When Griffith Found a Substance That Could Genetically Transform Pneumonia Bacteria

- Griffith was trying to make a vaccine that prevented pneumonia
Used 2 strains of bacterium:
1) S strain  had a polysaccharide capsule & forms colonies that appear smooth when grown on a culture plate
- S strain injected into mice  virulent (highly infective/pathogenic) causing pneumonia
2) Rough strain  no capsule; rough appearance
- R strain injected into mice  avirulent (not infective); mice lived

· therefore, capsule was responsible for the virulence of the S strain
· capsule hinders the ability of the host’s immune system to detect the Streptococcus cells  can multiply & cause fatal pneumonia
· killed the S bacteria by heating before injection
· if he injected R bacteria along w/ the heat-killed S bacteria, many mice died
· was able to isolate S bacteria w/ the capsules from the mice
· R bacteria had acquired the ability to make the polysaccharide capsule from the dead S bacteria  changed into virulent S cells
· called the conversion of R bacteria to S bacteria transformation  transformation principle
· carbohydrates, lipids, proteins & nucleic acid= 4 main types of biological macromolecules

12.1b Avery and His Coworkers Identified DNA as the Molecule That Transforms Avirulent Rough Streptococcus to the Virulent Smooth Form

· Avery, etc performed an experiment to identify the chemical nature of the transforming principle 
· attempted to reproduce the transformation using bacteria growing in culture tubes
· used heat to kill S bacteria & treated the macromolecules extracted from the cells w/ enzymes that break down each of the 3 main candidates for hereditary material—protein, DNA & RNA
· when they destroyed proteins or RNA  no effect  still transformation
· when they destroyed DNA  no transformation occurred

12.1c Hershey and Chase Found the Final Evidence Establishing DNA as the Hereditary Molecule
- studied the infection of E.coli by bacteriophage T2
bacteriophages= viruses that infect bacteria
virus= an infectious agent that contains either DNA or RNA surrounded by a protein coat
· cannot reproduce except in a host cell
· can use the cell’s resources to produce more virus particles

· the phage replication cycle begins when a phage attaches to the surface of a bacterium
· the infected cell quickly stops producing its own molecules & starts making progeny phages; viral enzyme breaks down the cell wall, killing the cell & releases new phages
· they studied a phage that only contained a core of DNA surrounded by proteins  therefore one of these molecules must be the genetic material that enters the bacterial cell & directs the infective cycle w/in
· prepared 2 batches  one w/ the protein tagged w/ a radioactive label & the other w/ the DNA tagged
· added T2 to E.coli  growing in the presence of either sulphur or phosphorus
· progeny phages produced in the S medium had labelled proteins & unlabelled DNA b/c sulphur is a component of proteins but not DNA
· phages in the P had the opposite
· then they infected separate cultures of E.coli w/ the two types of labelled phages  then mixed the bacteria in a blender
· when they infected the bacteria w/ phages that contained labelled protein coats  no radioactivity in the bacterial cells & no radioactivity in the progeny phages
· however, if the infecting phages contained radioactive DNA  found radioactivity inside the infected bacteria but none in the phage coats
· radioactivity WAS seen in the progeny phages
· DNA is the genetic material
transformation= the conversion of a cell’s hereditary type by the uptake of DNA released by the breakdown of another cell, as in the Griffith & Avery experiments

12.2 DNA Structure
- 1953, Watson & Crick

12.2a Watson and Crick Brought Together Information from Several Sources to Work Out DNA Structure

· before them it was established that DNA contains 4 different nucleotides, each consisting of the 5-carbon sugar deoxyribose, a phosphate group & 1 of 4 nitrogenous bases— adenine (A), guanine (G), thymine (T), and cytosine (C)
· adenine & guanine  purines  nitrogenous bases built from a pair of fused rings of carbon & nitrogen atoms
· thymine & cytosine  pyrimidines  built from a single carbon ring
· Chargaff measured the amounts of nitrogenous bases in DNA & discovered they occur in different ratios  amount of adenine=thymine & amount of guanine=cytosine  Chargaff’s rules
· nucleotides join to form a  polynucleotide chain  linked by phosphate groups in an alternating sugar-phosphate-sugar-phosphate pattern  sugar-phosphate backbone  phosphodiester bond
· [bookmark: _GoBack]polynucleotide chain of DNA has polarity/directionality; 2 ends of the chain not the same  phosphate group bound to the 5’ carbon & a hydroxyl group bound to the 3’ carbon
· # of polynucleotide chains & the manner in which they twist were unknown
· were using X-ray diffraction to study the structure of DNA  beam aimed at crystal

12.2b The New Model Proposed That Two Polynucleotide Chains Wind into a DNA Double Helix

· constructed scale models of the 4 DNA nucleotides
· led them to a double-stranded model for DNA structure in which 2 polynucleotide chains twist around each other in a right-handed way
· were the FIRST to propose the double-helix model for DNA
· double-helix model= the two sugar-phosphate backbones separated from each other by a regular distance; bases extend into & fill the space; purine & pyrimidine together; A-T & G-C  complementary base-pairing
· base pairs stabilized by HYGROGEN BONDS—2 between A&T & 3 between G&C
· double helix is technically composed of TWO polynucleotide molecules held together by HYDROGEN BONDS
· 10 base pairs packed into a full turn
· antiparallel  they run in opposite directions; the 3’ end of one strand is opposite the 5’ end of its complementary strand
· recognized that information is coded into DNA by the particular sequence of the 4 nucleotides  preserved by COVALENT BONDS between the molecules 

12.3 DNA Replication
- Watson & Crick imagined that, for replication, the HYDROGEN BONDS between the two strands break  allowing them to unwind & separate
- each strand becomes a template for the synthesis of its partner
- when replication complete  2 double helices, each w/ one strand from the parental DNA molecule w/ a newly synthesized one
- each of the 2 new double helices consists of the identical base-pair sequences as the parental DNA
= semiconservative replication

conservative replication model  each of the 2 strands of original DNA serves as a template for a new DNA double helix
· after the 2 copies separate from their templates  wind together into a new DNA double helix

dispersive replication model  neither parental molecule remains intact; both chains of each replicated double helix contain old & new segments

12.3a Meselson and Stahl Showed That DNA Replication Is Semiconservative

· had to be able to distinguish parental DNA from newly synthesized DNA
· used a nonradioactive “heavy” nitrogen isotope to tag the parental DNA
· grew E.coli in a culture medium containing the heavy N isotope  incorporated into the nitrogenous bases of DNA  entire DNA was labelled w/ N
· transferred bacteria to a culture medium containing light N isotope
· all new DNA synthesized after the transfer contained the light isotope
· mixed DNA samples w/ cesium chloride & centrifuged 
· predicted band patterns  match 

12.3b DNA Polymerases Are the Primary Enzymes of DNA Replication

· replication  complementary polynucleotide chains are assembled from individual deoxyribonucleotides by enzymes known as DNA Polymerases
· Deoxyribonucleoside triphosphates  substrates for the polymerization reaction catalyzed by DNA polymerases
· Nucleoside triphosphate  nitrogenous base linked to a sugar (deoxyribose)  linked to a chain of 3 phosphate groups (ATP example)
· 4 different deoxyribonucleoside triphosphate for DNA replication  dATP, dGTP, dCTP & dTTP
· 5’ end  exposed phosphate group attached to the 5’ carbon of the sugar
· 3’ end  exposed hydroxyl group attached to the 3’ carbon of the sugar
· DNA polymerase can add a nucleotide ONLY TO THE 3’ END 
· as a new DNA strand is made  a 3’ –OH group is ALWAYS exposed at its “newest” end; “oldest end”  exposed 5’ phosphate
· assemble nucleotide chains in the 5’  3’ direction
· template strand is “read” in the 3’  5’ direction 
· template strand & the 3’ –OH of the new strand meet at the active site for the polymerization reaction of DNA synthesis, located in the “palm” domain
· nucleotide added to the new strand when an incoming dNTP enters the active site carrying a base complementary to the template strand
· sliding DNA clamp= a protein that encircles the DNA & binds to the rear of the DNA polymerase in terms of the enzyme’s forward movement during replication; functions to tether the DNA polymerase to the template strand; w/o it  the enzyme will detach from the template quickly; makes rate of DNA synthesis faster

12.3c Helicases unwind DNA for New DNA Synthesis, and Other Proteins Stabilize the DNA at the Replication Fork

· unwinding of the DNA for replication occurs at the origin of replication (ori)
· specific proteins bind to an ori sequence & promote binding of DNA helicase  unwinds the DNA strands
· produces a Y-shaped structure called a replication fork  consists of the 2 unwound template strands transitioning to double-helical DNA
· single-stranded binding proteins (SSBs)  coat the exposed single-stranded DNA, stabilizes & keeps the strands from pairing back together
· topoisomerase  relieves the twisting of DNA during replication  cuts the DNA ahead of the replication fork, turns the DNA on one side of the break in the opposite direction of the twisting force & rejoins the two strands

12.3d RNA Primers Provide the Starting Point for DNA Polymerase to Begin Synthesizing a New DNA Chain

primer= short chain of a few nucleotides long made of RNA instead of DNA
· ^ synthesized by primase  leaves the template & DNA polymerase takes over, extending the RNA primer w/ DNA nucleotides
· removed & replaced w/ DNA later in replication

12.3e One New DNA Strand is Synthesized Continuously; the Other Discontinuously

· on the template strand new DNA is synthesized continuously in the direction of unwinding of the double helix
· the other strand runs in the opposite direction which means DNA polymerase has to copy it in the direction opposite to the unwinding direction
· polymerases make the 2nd strand in short lengths that are synthesized in the direction opposite  discontinuous replication  then COVALENTLY linked into a single continuous polynucleotide chain
· short lengths= Okazaki fragments
· the new DNA strand synthesized in the direction of DNA unwinding= leading strand
· strand synthesized discontinuously= lagging strand

12.3f Multiple Enzymes Coordinate Their Activities in DNA Replication

· primase initiates all new strands by synthesizing an RNA primer 
· DNA polymerase III  extends the primer by adding DNA nucleotides
· DNA polymerase I  removes the RNA primer of the lagging strand at the 5’ end of the previous newly synthesized Okazaki fragment  replacing the RNA nucleotides w/ DNA nucleotides
· RNA nucleotide removal uses the 5’  3’ exonuclease (removes nucleotides from the end of a molecule; the primer is digested from its 5’ end toward its 3’ end) activity of the enzyme
· DNA polymerase I stops replacing RNA & leaves the template when it encounters the first DNA nucleotide that was synthesized in the Okazaki fragment
· the DNA base replacing the last RNA base of the primer ends up right beside the first DNA base of the Okazaki fragment
· COVALENT BOND made by DNA ligase
· replication  about 500-1000 nucleotides/second in E.coli
· 50-100/second in eukaryotes
· each helix consists of one “old” and one “new” polynucleotide

12.3g Multiple Replication Origins Enable Rapid Replication of Large Chromosomes

· unwinding at an ori  produces two replication forks  form a replication bubble
· each of the replication forks moves away from the ori as DNA replication proceeds, w/ the events at each fork mirroring those in the other
· circular genomes have one ori
· eukaryotic chromosomes are distributed among several linear chromosomes  25x as long as E.coli chromosomes
· replication initiates at each origin  forming a replication bubble
· movement of the 2 forks in opposite directions from each origin extends the replication bubbles until the forks eventually meet along the chromosomes to produce fully replicated DNA
· replication origin activated only once during the S phase 

12.3h Telomerases Solve a Special Replication Problem at the Ends of Linear DNA Molecules in Eukaryotes

· linear chromosome gets shorter each round of replication
· at the ends of the chromosomes, there is no existing nucleotide chain that can be elongated  DNA polymerase cannot fill in the gap 
· most eukaryotic chromosomes can afford to lose DNA sequence b/c of the buffer of highly repetitive noncoding DNA near the ends of chromosomes  telomeres
· 5’-TTAGGG-3’
· telomerase  maintains length of telomere  adds DNA to the ends of chromosomes (type of DNA polymerase)
· there are no known polymerases capable of elongating a 5’ end
· telomerase elongates the available 3’ end
· telomerase carries its own template in the form of a single-stranded RNA molecule  adds a telomere repeat to the 3’ end of the DNA using the RNA as a template
· then it shifts toward the end of the chromosome & keeps adding
· telomerase does not directly prevent the shortening of chromosomes  just acts against the mechanism by lengthening chromosomes
· cancer chromosomes protected by activating telomerase  ensure longer life

12.4 Mechanisms That Correct Replication Errors

· base-pair mismatches  corrected by either proofreading carried out by the DNA polymerases or a DNA repair mechanism that corrects mismatched base pairs after replication is complete

12.4a Proofreading Depends on the Ability of DNA Polymerases to Reverse and Remove Mismatched Bases

· proofreading mechanism  depends on the ability of DNA polymerases to back up & remove mispaired nucleotides from a DNA strand; DNA polymerases only continue when correctly paired
· correct pairs allow the fully stabilizing hydrogen bonds to form
· if newly added nucleotide mismatched  DNA polymerase reverses using a built-in deoxyribonuclease to remove the newly added incorrect nucleotide
· only about 1 in 1 million mispaired
· if proofreading activity inhibited  1 mistake/1000

12.4b DNA Repair Corrects Errors That Escape Proofreading

DNA repair mechanisms  increase the accuracy of DNA replication well beyond the 1 in a million errors that persist after proofreading
· distortions provide the recognition sites for the enzymes catalyzing mismatch repair
· repair enzymes move along the double helix looking for distortions
· remove a portion of the new chain, including the mismatched nucleotides  then filled by DNA polymerase; repair completed by DNA ligase  seals the nucleotide chain into a continuous DNA molecule
· Xeroderma pigmentosum  hereditary disorder in which the repair mechanism is faulty  skin cancer can develop quickly if exposed to sunlight
· mutations= differences in DNA sequence that appear & remain in the replicated copies

13.2 Transcription: DNA-Directed RNA Synthesis
= the process by which information coded in sequential DNA bases is transferred to a complementary RNA strand

· for a given gene, ONLY ONE OF THE TWO DNA NUCLEOTIDE STRANDS ACTS AS A TEMPLATE for synthesis of a complementary copy, instead of both
· only a relatively small part of a DNA molecule—sequence encoding a single gene—serves as a template, not all of both
· RNA polymerases catalyze the assembly of nucleotides into an RNA strand, not DNA polymerases
· the RNA molecules from transcription are single polynucleotide chains, not double
· no thymine; uracil w/ adenine

13.2a Transcription Proceeds in Three Steps

· gene consists of two parts  promoter= a control sequence for transcription & a transcription unit= the section of the gene copied into an RNA molecule
Three steps:
1) Initiation  the molecular machinery that carries out transcription assembles at the promoter & begins synthesizing an RNA copy
2) Elongation  RNA polymerases move along the gene extending the RNA chain
3) Termination  transcription ends & the RNA molecule & the RNA polymerase are released from the DNA template

Similarities & differences in transcription of eukaryotic & bacterial protein-coding genes:
· gene organization= same, though location where transcription apparatus assembles differs
· Eukaryotes  RNA polymerase II (enzyme that transcribes protein-coding genes), cannot bind directly to DNA; it is recruited to the promoter once transcription factors have bound
· In bacteria  RNA polymerase binds directly to DNA; directed to the promoter by a protein factor that is released when transcription begins
· Elongation= identical 
· Prokaryotic cells  2 types of specific DNA sequences called terminators  signal the end of transcription of the gene  act AFTER they are transcribed
· first case  terminator sequence on the mRNA uses complementary  base-pairing w/ itself to form a “hairpin”
· second case  protein binds to a particular terminator sequence on the mRNA
· both mechanisms trigger the termination of transcription & release of the RNA & RNA polymerase from the template
· Eukaryotes  no equivalent “transcription terminator” sequence; instead  3’ end of the mRNA is specified by a different process

· another molecule of RNA polymerase may start transcribing as soon as there is room at the promoter

13.2b Transcription of Non-Protein-Coding Genes Occurs in a Similar Way

· include tRNAs & rRNAs
· Eukaryotes  RNA polymerase II transcribes protein-coding genes
· RNA polymerase transcribes tRNA genes & the gene for one of the four rRNAs & RNA polymerase I transcribes the genes for the other 3 rRNAs
· promoters for these are different from those of protein-coding genes  specialized for the assembly of the transcription machinery that involves the correct RNA polymerase type
· Bacteria  single type of RNA polymerase transcribes all types of genes
· promoters are essentially the same

13.3 Processing of mRNAs in Eukaryotes
- mRNAs contain noncoding regions that play key roles in the process of protein synthesis
- in prokaryotic mRNA  coding region flanked by untranslated ends, the 5’ untranslated region & a 3’ untranslated region
- eukaryotes as well + noncoding elements

13.3a Eukaryotic Protein-Coding Genes Are Transcribed into Precursor mRNAs That Are Modified in the Nucleus

· eukaryotic protein-coding gene transcribed into  precursor mRNA (pre-mRNA)  must be processed in the nucleus
· mature mRNA exits the nucleus & is translated by ribosomes in the cytoplasm

Modifications of Pre-mRNA and mRNA Ends  at the 5’ end of the pre-mRNA  5’ guanine cap w/ a guanine-containing nucleotide that is reversed so that its 3’ –OH group faces the beginning rather than the end
· 5’ cap added to the pre-mRNA soon after the RNA polymerase II begins transcription
· cap connected by three phosphate groups; remains when pre-mRNA is processed into mRNA
· cap protects mRNA from degradation & is site where ribosomes attach at the start of translation
· transcription termination of eukaryotic protein  no terminator sequence in the DNA that signals RNA polymerase to stop transcribing
· near the 3’ end of the gene is a DNA sequence that is transcribed into the pre-mRNA 
· proteins bind to this polyadenylation signal & cleave it  signals the RNA polymerase to stop transcription 
· poly(A) polymerase adds a chain of 50 to 250 adenine nucleotides to the newly created 3’ end of the pre-mRNA
· string of adenine nucleotides  poly (A) tail  enables the mRNA to be translated efficiently & protects it from attack by RNA-digesting enzymes in the cytoplasm

Sequences Interrupting the Protein-Coding Sequence  the RNA coding sequence also contains non-protein-coding sequences called introns  interrupt the protein-coding sequence
· introns transcribed into pre-mRNAs but removed during processing in the nucleus
· exons  amino acid-coding sequences retained in finished mRNAs
· introns are 6x the length of exons in humans

13.3b Introns Are Removed during Pre-mRNA Processing to Produce Translatable mRNA

· mRNA splicing  occurs in the nucleus  removes introns from pre-mRNAs & joins exons together
· mRNA splicing takes place in a spliceosome  complex formed between pre-mRNA & small ribonucleoprotein particles= complex of RNA & proteins
· small ribonucleoprotein particles  located in the nucleus; each consists of a short small nuclear RNA (snRNA) bound to proteins
· ^ particles known as snRNPs  bind to an intron in the pre-mRNA & form the active spliceosome  cleaves the pre-mRNA to release the intron & joins the flanking exons

13.3c Introns Contribute to Protein Variability

· introns may provide a selective advantage to organisms by increasing the coding capacity of existing genes through a process called alternative splicing & in a process that generates new proteins called exon shuffling

Alternative Splicing  depending on circumstance introns may different in different organisms; can be exons in some, introns in others
· increases the # & variety of proteins encoded in the cell nucleus w/o increasing the size of the genome
· number of diverse protein products far exceeds the number of genes
· the primary structure  of a protein  amino acid structure  directs the folding of the chain into its 3D shape
· for some genes, one gene may specify a # of polypeptides

Exon shuffling  intron-exon junctions often fall at points dividing major functional regions in encoded proteins
· functional divisions may have allowed new proteins to evolve by exon shuffling  existing protein regions or domains are mixed into new combinations to create new proteins

13.4 Translation: mRNA-Directed Polypeptide Synthesis
= the assembly of amino acids into polypeptides on ribosomes
· prokaryotes  throughout the cell
· eukaryotes  occurs in the cytoplasm
· prokaryotes  mRNA is not confined within a nucleus & is available immediately for translation
· eukaryotes  mRNA splicing of the pre-mRNA first exits the nucleus & is then translated in the cytoplasm
· mRNA associates w/ a ribosome & transfer RNA (tRNA)  brings amino acids to the complex to be joined into the polypeptide chain
· sequence of amino acids in the polypeptide chain is determined by the sequence of codons in the mRNA
· mRNA is read from the 5’ end to the 3’ end
· polypeptide is assembled from the N-terminal to the C-terminal end

13.4a tRNAs Are Small RNAs of a Highly Distinctive Structure That Bring Amino Acids to the Ribosome

· small RNAs, about 75-90 nucleotides long 
· can base-pair w/ themselves to wind into 4 double-helical segments forming a cloverleaf pattern in 2D
· anticodon  at the tip of one of the double-helical segments; a 3-nucleotide segment that base-pairs w/ a codon in the mRNAs
· opposite the anticodon is a free 3’ end of the molecule that links to amino acid corresponding to the anticodon
· 5’-AGU-3’ is paired w/ 3’-UCA-5’
· tRNA folds in 3Ds into an L-shaped structure
· 61 of the 64 codons of the genetic code specify an amino acid
· wobble hypothesis  Francis Crick; the complete set of 61 sense codons can be read by fewer than 61 distinct tRNAs b/c of the particular pairing properties of the bases in the anticodons
· the pairing of the anticodon w. the first two nucleotides of the codon is always precise, but the anticodon has more flexibility in pairing w/ the third nucleotide of the codon

Addition of Amino Acids to Their Corresponding tRNAs  aminoacylation= the process of adding an amino acid to a tRNA
· aminoacyl-tRNA= a tRNA linked to its “correct” amino acid
· aminoacyl-tRNA synthetases  a collection of different enzymes that catalyze aminoacylation
· energy in the aminoacyl-tRNA drives the formation of the peptide bond linking amino acids during translation

13.4b Ribosomes Are rRNA-Protein Complexes That Work as Automated Protein Assembly Machines

· ribosomes= ribonucleoprotein particles that carry out protein synthesis by translating mRNA into chains of amino acids
· eukaryotes  ribosomes function only in the cytoplasm
· ribosome made up of a large & small ribosomal subunit
· each subunit made up of a combination of ribosomal RNA (rRNA) & ribosomal proteins
· ribosome has special binding sites active in bringing together mRNA w/ aminoacyl-tRNAs
· A site  where the incoming aminoacyl-tRNA binds to the mRNA
· P site  where the tRNA carrying the growing polypeptide chain is bound
· E site  where an exiting tRNA binds as it leaves the ribosome

13.4c Translation Initiation Brings the Ribosomal Subunits, an mRNA, and the First Aminoacyl-tRNA Together

Three major stages of translation:
1) Initiation  translation components assemble on the start codon of the mRNA
2) Elongation  the assembled complex reads the string of codons in the mRNA one at a time while joining the specified amino acids into the polypeptide
3) Termination  completes the translation process when the complex disassembles after the last amino acid of the polypeptide specified by the mRNA has been added to the polypeptide
- in bacteria  translation initiation similar using a special initiator Met-tRNA & GTP but the way in which the ribosome assembles at the start codon is different in eukaryotes
- instead of scanning from the 5’ end of the mRNA, the initiator Met-tRNA & GTP bind directly to the region of the mRNA w/ the AUG start codon
- initiation complex then guided by the ribosome binding site  short, specific RNA sequence beyond the start codon on the mRNA that base-pairs w/ a complementary sequence of the rRNA in the small ribosomal subunit
- large ribosomal subunit then binds to the small subunit to complete the ribosome
- GTP hydrolysis then begins translation
- the initiator tRNA-AUG pairing thus establishes the correct reading frame  series of codons for the polypeptide encoded by the mRNA

13.4d Polypeptide Chains Grow during the Elongation Stage of Translation

· depend on the binding properties of the P, A & E sites of the ribosome
· P site w/ one exception  can only bind to a peptidyl-tRNA  tRNA liked to a growing polypeptide chain containing 2+ amino acids
· exception= initiator tRNA  recognized by the P site as a peptidyl-tRNA (only carries methionine)
· A site can bind only to an aminoacyl-tRNA
· tRNA that was previously in the P site is shifted to the E site & then leaves the ribosome
· cycle begins at the point when an initiator tRNA is bound to the P site
· 1st step in each round is the binding of the appropriate aminoacyl-tRNA to the codon in the A site of the ribosome
· binding facilitated by elongation factor (EF)  bound to the aminoacyl-tRNA  released once the tRNA binds to the codon
· another EF used when the ribosome translocates along the mRNA to the next codon
· each EF is released after its job is completed
· GTP hydrolysis used to power the ribosome along the mRNA
· peptide bond formed between the C-terminal end of the growing polypeptide on the P site tRNA & the amino acid on the A site tRNA  catalyzed by peptidyl transferase
· large ribosomal subunit not a protein  ribozyme
· 1-3 times/second in eukaryotes; 15-20 times/second in bacteria

13.4e Termination Releases a Completed Polypeptide from the Ribosome

· termination similar in prokaryotes & eukaryotes
· takes place when one stop of the codons on the mRNA, UAG, UAA or UGA arrives in the A site of the ribosome
· protein release factor (RF) binds in the A site  causes the ribosome to disassemble into its subunits
· termination factor= protein not a tRNA  cannot base-pair

13.4f Multiple Ribosomes Simultaneously Translate a Single mRNA

· once 1st ribosome has begun translation, another can assemble w/ an initiator tRNA as soon as there is room at the 5’ UTR of the mRNA
· polysome= entire structure of an mRNA molecule & the multiple ribosomes attached to it
· in prokaryotic cells  b/c of absence of nuclear envelope, transcription & translation are coupled  as soon as 5’ end of a new mRNA emerges from the RNA polymerase, ribosomal subunits attach & initiate translation
· by the time mRNA is completely transcribed  covered w/ ribosomes end to end


Chromatin: The Dynamic Structure

8.2 The Cell Cycle in Prokaryotic Organisms
- binary fission= prokaryotic cell division; splitting or dividing into two parts

8.2a Replication Occupies Most of the Cell Cycle in Rapidly Dividing Prokaryotic Cells
- all bacteria & archaea use DNA as their hereditary info  package it into a single, circular chromosome of double-stranded DNA
- chromosome is packed in the nucleoid

8.2b Replicated Chromosomes Are Distributed Actively to the Halves of the Prokaryotic Cell
- replication of the bacterial chromosome commences at a specific region called the origin of replication (ori)  in the middle of the cell, where enzymes for DNA replication are located
- once ori is duplicated  2 new origins move toward the two opposite ends of the cell as replication continues

12.5 DNA Organization in Eukaryotic versus Prokaryotic Cells
- enzymatic proteins are the essential catalysts of every step in DNA replication
Eukaryotes  2 major types of proteins: histone & nonhistone proteins  associated w/ DNA structure & regulation in the nucleus
- ^ known as chromosomal proteins 
- chromatin= the complex of DNA & its associated proteins; the structural building block of a chromosome
Prokaryotic  more simple & fewer associated proteins 
· histones & nonhistones

14.2d Chromatin Structure Plays an Important Role in Whether a Gene is Active or Inactive
- DNA is wrapped around a core of two molecules each of histones H2A, H2B, H3 & H4  form the nucleosome
- negative charge of DNA & positive charge of histones attract each other in nucleosomes & contribute to the structure’s stability
- higher levels of chromatin organization occur when histone H1 links adjacent nucleosomes
- tightly wound histones  genes less active b/c promoters less accessible to the proteins that initiate transcription
- for eukaryotic gene to be activated  chromatin structure must be altered in the vicinity of the promoter  provide access to the general transcription factors for transcription initiation
- chromatin remodelling= process of changing chromatin structure
- One type of chromatin remodelling  activator binds to a regulatory sequence beyond the gene’s promoter & recruits a nucleosome remodelling complex  uses the energy of ATP hydrolysis to slide the nucleosome along the DNA to expose the promoter or restructure the nucleosome w/o moving it to allow transcription factors to bind
- Another type of chromatin remodelling  activator binds to regulatory sequence upstream of the gene’s promoter & recruits an enzyme that acetylates lysine amino acids in the tails of histones where the promoter is located
- acetylation  removes the positively charged amino group of the lysine  makes the histone less attractive to the negatively charged DNA  histones loosen their association w/ DNA  promoter becomes accessible
- ^ reversed by deacetylation enzymes that remove acetyl groups from the histones
- tails of histones can be modified by the covalent addition of methyl groups or phosphate groups to affect chromatin structure & gene expression
- histone methylation  often associated w. gene inactivation
- methylation tends to be a property of condensed regions of chromatin
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