DNA Replication

DNA Polymerase
· After synthesis is done, each of the two new double helices has identical base-pair sequences to the parental DNA molecule
· Model proposed by Watson and Crick = semiconservative replication
· Complementary nucleotide chains are assembled from enzymes: DNA polymerase
· More then one kind is required in both eukaryotes and prokaryotes
· Nucleoside triphosphates are nitrogenous bases linked to a sugar which is linked to three phosphate groups
· Nucleoside triphosphates used in replication have a sugar deoxyribose
· There are 4 different nucleotide triphosphates, one for each base
· dATP, dCTP, dGTP and dTTP (d=deoxyribose)
· ie: dATP = deoxyribose adenine triphosphate
· DNA polymerase can only add nucleotide bases to the 3’ end of an existing nucleotide chain, forming a new strand in the 5’-3’ direction
· The two phosphates get pushed off as the one phosphate closest to the deoxyribose sugar binds to the 3’ carbon (removing the –OH group) from the previous base
· Phosphodiester bonds form between the nucleotide and primer, lengthening the strand one by one
· Hydrolysis provides the energy for the next nucleotide to be added
· In the newest end (recently formed strand) it always has an exposed 3’-OH
· In the older end, there is always an exposed 5’-phosphate
· MAIN EVENTS:
· Two strands of DNA unwind
· Nucleotides are added to existing chain
· Synthesis is in the 5’-3’ direction, adding in the 3’-5’ direction on the template
· Nucleotides are added according to complementary base pairing

Helicase
· Replication fork = Y shaped structure produced during the unwinding of DNA
· DNA helicase is an enzyme which catalyzes the unwinding process
· Uses the energy from ATP hydrolysis to unwind the DNA
· Single stranded binding proteins attach to each strand and stabilize the DNA for replication
· Topoisomerases remove the strain added to the DNA as it is being untwisted

Primers
· DNA polymerase can only add nucleotides at the 3’ end of a DNA molecule as long as there is AN EXISTING strand
· In order for replication to start, primers lay down along the template temporarily to allow the replication process to begin
· Primers are made of RNA instead of DNA
· They are assembled by the enzyme primase
· Later removed and replaced with DNA

Synthesis of Strands
· Leading strand = DNA polymerase adds to the template strand starting at the 3’ end continuously as the helicase opens up the DNA
· DNA polymerase adds once
· Assembled in direction of unwinding
· Lagging strand = antiparallel strand running in the 5’-3’ direction
· DNA polymerase still has to add in the 5’-3’ end, starting at the 3’
· Starts at replication fork and works its way backwards
· DNA polymerase adds multiple times
· Assembled in opposite direction of unwinding

Enzyme Coordination
· Step 1: helicase unwinds DNA to produce templates and a replication fork
· Step 2: right behind the unwinding site, RNA primers lay down in the 5’-3’ direction on both template chains
· Step 3: DNA polymerase adds DNA nucleotides to RNA primers
· Helicase continues to unwind DNA
· Step 4: leading strand continues, in lagging strand, primase creates a new RNA primer which DNA polymerase adds to
· Step 5: when end of second fragment reaches beginning of first fragment, DNA polymerase leaves and a different DNA polymerase binds and removes the RNA primer on the first fragment and adds nucleotide bases
· Step 6: DNA ligase closes the “nick” between the two new fragments
· Step 7: replication process continues until entire DNA molecule is copied
	

	Enzyme
	Activity

	Helicase
	Unwinds DNA helix

	Single-stranded binding proteins
	Stabilizes DNA in single chain form

	Primase
	Assemble RNA primers

	DNA Polymerase
	Assemble DNA chains on primers, replaces primers by replacing primer nucleotides with DNA nucleotides

	DNA Ligase
	Seals nicks after RNA primers are replaced with DNA

	Topioisomerase
	Relieve over twisting and strain of DNA ahead of replication fork


*replication begins at replication origins!
Telomeres
· Located at the end of eukaryotic chromosomes
· They are short sequences repeated many times
· Provide a buffer against chromosome shortening during replication
· Occur in lagging strand

Correcting Replication Errors

Proofreading
· Depends on the ability of DNA polymerase to back up and remove mispaired nucleotides from a DNA strand
· DNA polymerase has a built in deoxyribonuclease which corrects the error by removing the incorrect base pair
· As soon as a mistake is made, DNA polymerase reverses and uses the deoxyribonuclease

Errors that have Escaped Proofreading
· DNA repair mechanisms come in after proofreading
· Mismatched base pairs form distortions in the DNA helix, which act as recognition sites for enzymes catalyzing mismatch repair
· If these enzymes encounter a distortion, they remove a segment of the new chain, including the mismatched nucleotides
· The gap is then filled by DNA polymerase
· Repair is completed by DNA ligase
· Errors are very rare after the two mechanisms
· Errors (rare) that persist cause mutations

**Purpose of DNA replication
- to ensure continuity of hereditary traits


DNA, RNA and Protein

Genes Specify Proteins or RNA products
· Genes encode proteins
· The pathway from genes to polypeptides involves transcription or translation
· Transcription: mechanism by which information coded in DNA is made into a complementary RNA copy
· Information in one nucleic acid type (DNA) is transcribed into another nucleic acid type (RNA)
· Transcribe = put in different form
· Uses RNA polymerase to create mRNA by binding to a DNA template strand and transcribing it
· Translation: uses the information encoded in the RNA to assemble amino acids into a polypeptide
· Information of the nucleic acids (nucleotides) are converted to a different molecule (amino acids)
· Translate = to express in another language
· mRNA associates with a ribosome to form a polypeptide encoded by the gene
· Central dogma = flow of information
             Transcription 	               Translation
· DNA	  	RNA	  	Protein
· Processes are similar in prokaryotes and eukaryotes
· Main difference:
· Prokaryotes transcribe and translate simultaneously
· Eukaryotes transcribe mRNA in the nucleus before sending it to the cytoplasm for translation

Genetic Code
· The genetic code is written in 3 letter words using a 4 letter alphabet
· DNA alphabet consists of 4 letters:
· A, T, C, G
· RNA alphabet consists of 4 letters:
· A, U, C, G
· T = U
· For every 4 RNA bases, there are 20 amino acids
· Genetic code: nucleotide information that specifies the amino acid sequence of a polypeptide
· Bases are used in combinations of 3
· Each 3 letter word = codon
· 3 letter DNA codons are transcribed into complementary 3 letter RNA codons
· NOTE: the template strand is read 3’-5’
· Synthesis of new strand occurs in 5’-3’ direction
· Of the 64 codons, 61 specify for amino acids
· Called sense codons
· One of them is AUG = start codon
· The remaining three that do not specify codons are stop codons
· UAA, UAG, UGA
· Code is universal – same codons represent same amino acids in animals, viruses, bacteria, etc





Transcription

DNA Directed RNA Synthesis
· Only one of the DNA nucleotide strands acts as a template for synthesis
· Only a small portion of the DNA strand is transcribed
· RNA polymerase catalyzes the assembly of nucleotides into mRNA
· The RNA molecules resulting from transcription is a single polynucleotide chain

RNA Polymerase
· Does not require a primer
· Binds to DNA and unwinds it
· Copy is made in 5’-3’ direction
· Adds nucleotides one at a time until the synthesis is complete
· Once finished, the newly synthesized RNA molecule and polymerase are released from the DNA strand

Structure of a Gene
· Promoter = control sequence at one end of the gene
· Transcription unit = part that is to be transcribed into mRNA
· Initiation:
· RNA polymerase binds to the promoter
· DNA unwinds in this region
· Synthesis of RNA can begin
· RNA molecule elongates as nucleotides are added one by one
· New RNA strand temporarily winds with the DNA to form an RNA-DNA double helix
· Further down, the RNA unwinds from the DNA and extends as a single RNA strand
· DNA double helix reforms once polymerase has passed
· Synthesis continues until a stop codon is reached, where synthesis will terminate and the polymerase and new RNA strand will dissociate

The Promoter
· Specifies where on the gene transcription begins
· There are different polymerase used to transcribe different genes
· RNA polymerase II = protein-coding genes
· RNA polymerase III = non-protein coding RNAs
· Promoters are immediately upstream of start point
· RNA polymerase cannot bind directly to the promoter
· TATA box is above the promoter
· Recognized by transcription factors which bind to the TATA box and recruit the polymerase

Processing of mRNAs

Precursor mRNAs
· Pre-mRNA is processed in the nucleus to create translatable mRNA, which exits the nucleus and is translated in the cytoplasm
· Certain modifications must be made before the mRNA can leave for the cytoplasm:
· 5’ cap is added
· consists of guanine containing nucleotide that is reversed so the 3’-OH group is facing the beginning, rather then the end of the molecule
· functions as initial attachment point for mRNAs to ribosomes to allow translation
· a poly(A) tail is added to the 3’ end
· consists of 50-250 adenine nucleotides
· protects it from attack by RNA-digesting enzymes in the cytoplasm
· RNA molecule also contains areas on non-protein coding units called INTRONS (these are removed)
· The amino acid coding sequences that are kept are called EXONS

Removal of Introns
· mRNA splicing removes introns and joins together exons
· Process occurs in a spliceosome
· complex formed between pre-mRNA and snRNPs (snurps)
· snRNPs contain a short RNA called snRNA
· snRNPs bind to introns and remove them
· Alternative splicing:
· Joins exons in different combinations to produce different mRNAs from a single gene
· Increases the number and variety of proteins encoded in the cell nucleus without increasing the size of the genome
· Exon shuffling:
· Existing amino acid regions or domains are mixed into novel combinations to create new proteins








Translation

mRNA Directed Polypeptide Synthesis
· Assembly of amino acids into polypeptides
· Occurs in the cytoplasm of eukaryotes
· mRNA associates with a ribosome and tRNA, which bring amino acids to the complex to be joined into a polypeptide chain

tRNA
· small RNAs of a highly distinctive structure that bring amino acids to the ribosome
· structure:
· very small
· can base pair with themselves to form a 4-leaf clover type shape
· at the tip is the anticodon
· three-nucleotide segment that pairs with a codon in mRNAs
· written in the 3’-5’ direction
· codons that pair with them are written in the 5’-3’ direction
· at the opposite end is a double helical segment that links 
· addition of amino acids to tRNAs:
· aminoacylation or charging
· aminoacyl-tRNA = amino acid linked to correct tRNA

Ribosomes
· rRNA protein complexes that work as automated protein assembly machines
· ribonucleic protein particles that carry out protein synthesis by translating mRNA into chains of amino acids
· made up of two parts:
· small ribosomal subunit
· large ribosomal subunit
· has three special binding sites which tRNA binds to so mRNA can be transcribed to amino acids
· P Site – where the first tRNA binds (start codon)
· A Site – where the second tRNA binds (2nd codon sequence)
· E Site – where empty tRNA is released
· Initiation:
· Involves the assembly of all translation components on the start codon
· each step is aided by proteins called initiation factors
· first tRNA used is a specialized one with anticodon for AUG (the start codon)
· initiator tRNA
· initiator tRNA forms complex with small ribosomal subunit
· Small subunit ribosome attaches to the 5’ cap of the mRNA
· And moves along the mRNA in a “scanning” process until it reaches AUG
· The large ribosomal subunit then binds to the small, with the tRNA fitted into the P Site
· Elongation:
· Adds amino acids sequentially to a growing peptide chain
· Protein elongation factors aid the process
· New tRNA coding for a specific amino acid binds to the A Site
· The second tRNA then moves to the P Site, pushing off the initiator tRNA
· The amino acid attached to the initiator tRNA translocates (cleaved) to the amino acid attached to the second tRNA by forming a peptide bond
· A third tRNA molecule binds to the A Site to translate the new codon and the process is continued
· Empty tRNA molecules that were in the P Site move to the E site, where it is released
· Termination:
· Releases a completed polypeptide from the ribosome
· Occurs when the A Site reaches one of the STOP codons (UAA, UGA, UAG)
· When this occurs, a protein release factor binds instead of a tRNA
· This causes the polypeptide chain to be released at the P Site and from the ribosome
· This causes the empty tRNA, realease factors, and ribosomal subunits to separate and detach from the mRNA
*multiple ribosomes can translate at one time

Polypeptide Processing
· Reactions convert the new proteins into finished form by:
· The removal of amino acids from the ends or interior of the polypeptide chain
· Addition of larger organic groups (carbohydrates, lipids)
· [bookmark: _GoBack]Proteins can then fold into 3D shapes
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