
Polysaccharide: chains of sugars, subunits are simple sugars joined by covalent bonds called glycosidic bonds, 2 simple sugars can be joined by a dehydration reaction, in which a carbon atom of one molecule reacts w a hydroxyl oxygen atom of the other, releasing a molecule of water; are storage forms of sugars + form structural components of the cell, act as markers for a variety of cell recognition processes such as adhesion of cells to their neighbours + transport of proteins to appropriate intracellular destinations
Polypeptide: chains of amino acids, subunits are amino acids which are connected by covalent bonds called peptide bonds; an amino acid has one or more amino groups (NH3+) and one or more carboxyl groups (COO-); two amino acids can be joined by a dehydration reaction, in which the amino group of one amino acid reacts w the carboxyl group of another amino acid, releasing a molecule of water; two amino acids in the resulting dipeptide are linked by a peptide bond
Nucleic acid: chains of nucleotides, DNA consists of 2 nucleic acid strands that wrap around each other in the form of a double helix; each strand is a polymer of nucleotides linked together by covalent bonds; a nucleotide consists of a sugar, a base + a phosphate group; 2 nucleotides are connected by a phosphodiester linkage; 2 nucleotides can be joined by a reaction in which a hydroxyl oxygen from one nucleotide’s sugar reacts w the phosphorus atom in the phosphate group of another nucleotide; a hydrogen ion from the environment also participates in the reaction...the result is dinucleotide + a molecule of water
Passive Transport: requires no energy input, there are 3 types 

Carbohydrates: include simple sugars and polysaccharides, 

1. simple diffusion = in one type lipid-soluble molecules pass directly through the phospholipid bilayer, in another type lipid-insoluble ions pass through channels - proteins with an aqueous passage
2.  facilitated diffusion = a carrier protein moves solutes through the membrane by undergoing a conformational change; molecules transported by either channel or carrier proteins cross membranes in the energetically favourable direction, as determined by concentration or electrochemical gradients
Replication

antiparallel: the antiparallel nature of double-stranded DNA means that a) the two strands run from 5’ to 3’ in opposite directions and b) the 5’ ends of the two strands are on the opposite ends of the DNA molecule
nitrogenous bases: there are 4 = adenine, cytosine, guanine + thymine, are heterocyclic aromatic rings and have a numbering system

RNA: uracil replaces thymine (no -Me), ribose replaces deoxyribose (2’ OH)

purine: double-ring, adenine + guanine

pyrimidine: single-ring, cytosine + thymine

nucleoside: base + pentose sugar, if sugar is a deoxyribose it’s a deoxyribonucleoside (deoxyadenosine, deoxycytidine, deoxyguanosine, deoxythymidine)

deoxynucleotide: nucleoside + phosphate (deoxyadenosine 5’-monophosphate, deoxycytidine 5’-diphosphate, etc.)

5’-monophosphates: ex. deoxyadenosine 5’-monophosphate (dAMP)

5‘diphosphates: ex. deoxadenosine 5’-diphosphate dADP

5’-triphosphates: ex. deoxadenosine 5’-triphosphate dATP

bacterium: ds DNA(s), circular, organization = protein/DNA, have nucleoid, bacteria use basic proteins such as “HU”, “IHF”, “H-NS” to form a series of loops called a nucleoid

eukaryote: dsDNA, linear, protein/DNA, organized in chromosome, use basic proteins called histones and a hierarchical organization

mitochondria: dsDNA, circular, protein/DNA

chloroplast: dsDNA, circular, protein/DNA

virus: ss or ds DNA, circular or linear, ss or ds RNA (linear), protein/DNA, use basic proteins that may be part of the virus particle (capsid)

viroid: ssRNA, circular, organization = none

Griffith’s expt: 

Hershey & Chase’s expt: 

tetramers:
natural DNA: forms a right-handed helix, has minor and major grooves

Z DNA: found in GC-rich DNA, has been associated with some binding proteins + transcription

bacteriophage: bacterial virus, virus that infects bacteria
histones: small, positively charged (basic) proteins, complex with DNA in chromosomes of eukaryotes, attach to negatively charged phosphate groups of DNA, types in eukaryotes = H1, H2A, H2B, H3 & H4, functions --> pack DNA molecules into narrow confines of cell nucleus, regulation of DNA activity, play a role in regulating gene activity, pack eukaryotic DNA at successive levels of organization i.e. hierarchical organization
nucleosome: 2 molecules each of H2A, H2B, H3 & H4 combine to form a bead-like, 8-protein nucleosome core particle around which DNA winds for almost 2 turns, compact DNA by a factor of 7, protect DNA, DNA must unwind entirely when it becomes active, nucleosomes form a left-handed helix = the strands spiral down and to the left, nucleosome structure is conserved, 2 each of 4 histones named H2A, H2B, H3 and H4 (“octomer”), DNA (~146 bp) is wrapped around the outside, adding histone H1 brings nucleosomes together to form 10nm fibre, sequences that are distant can now be close together
linker: extends b/w one nucleosome + the next, looks like beads on a a string under a microscope, each nucleosome + linker includes ~200 bp of DNA, connects adjacent nucleosomes
solenoid: 30 nm chromatin fibre, 5th histone (H1) binds to nucleosome + linker causing the nucleosome to package into a coiled structure 30 nm in diameter, with 6-8 nucleosomes per turn, protect DNA, making it more resistant to deoxyribonuclease (a DNA-digesting enzyme), DNA must unwind from this structure when it becomes active, structure not well defined, sequences that are more distant can now be close together

chromatin remodeling: makes gene promoters more accessible, activators recruit remodeling complexes that displace nucleosomes and they recruit enzymes that acetylate and loosen histone association with DNA, other modifications include  methylations of Lys, methylation of Arg and His, phosphorylation of Ser and His, these modifications affect the “tails” (amino termini), influence of these modifications on transcription is known as the “the histone code”, can convert accessible --> inaccessible, influences the expression of many genes..thus the “transcriptome”, the histone code hypothesis posts that the sum of modifications to the “tails” of the histones mediates transcriptional changes, histone modification + histone variants can play a role in the regulation of gene expression

chromatin: 2 kinds = euchromatin and heterochromatin, folds + packs to form think, rodlike chromosomes during nuclear division

euchromatin: loosely packed regions of chromatin fibres, genes active in RNA transcription, higher histone acetylation, lower histone methylation, lower DNA methylation, active genes, gene is more accessible, dispersed, less methylated

heterochromatin: densely packed regions, represent large blocks of genes that have been turned off + placed in a compact storage form, lower histone acetylation, higher histone methylation, higher DNA methylation, inactive genes, gene is unavailable for activation, highly condensed, 15% of genome, centromeric + telomeric regions, constitutive or facultative, highly enriched in DNA repeats

nonhistone: all the proteins associated with DNA that are not histones, vary widely in structure, most are negatively charged or neutral but some are positively charged, range in size, help control gene expression, affect gene accessibility, are regulatory proteins that active or repress the expression of a gene, others are components of the enzyme-protein complexes that are needed for the expression of any gene, have key roles in the regulation of gene expression

prokaryotes: primary DNA molecule is circular with only 1 copy per cell and is called a bacterial chromosome, replication begins from a single origin in the DNA circle, forming 2 forks that travel around the circle in opposite directions

nucleoid: inside prokaryotic cells, DNA circle is packed + folded into an irregularly shaped mass called the nucleoid, its DNA is suspended directly in cytoplasm with no surrounding membrane, closed circular molecule of DNA packed into nucleoid, bacterial nucleoid has DNA + basic proteins such as “HU”, “IHF”, “H-NS”, 40 and 50 supercoiled loops of DNA/genome

plasmids: in many bacteria replicate independently of the host chromosome, many prokaryotes also contain these DNA molecules called plasmids, in addition to the main chromosome of the nucleoid, most are circular, although some are linear, have replication origins, replication beings from a single origin + proceeds in both directions, DNA is replicated by a mechanism called “rolling circle” replication = 1 strand of plasmid is cut and travels to recipient cell as a linear molecule while the other strand remains circular in the donor cell, both strands get restored to double-strandedness and the linear molecule recircularizes, the leading + lagging strand synthesis occur in separate cells 

genome in “higher eukaryotes”: most of it is made up of repeated sequences + mobile elements called transposons or retrotransposons (retrosposons), only a few % codes for genes, the protein coding regions are only ~1.5% of the total

genomics: area = DNA genome, the original includes cloning & functional analysis

transcriptomics: transcriptome, area = mRNA, can vary b/w cells, time, condition etc. 

proteomics: proteome, area = protein, may take into account modification

DNA structure: is antiparallel, strands go from 5’ to 3’ 

helicase: 2 strands of parental DNA molecule unwind aided by helicases, helicases unwind DNA to expose template strands for DNA synthesis, unwinds the DNA

DNA synthesis: each is a template for the synthesis of a complementary copy, synthesis follows the base-paring rules, A-T, G-C, one new DNA strand is synthesized continuously; the other, discontinuously, DNA (or RNA) synthesis is ALWAYS 5’ to 3’, begins at sites that act as replication origins (ori, ars), proceeds from the origins as 2 replication forks moving in opposite directions, control the number of replication origins

steps:

1. Helicase unwinds the DNa, and primases synthesize short RNA primers.
2. RNA primers are used as starting points for the addition of DNA nucleotides by DNA polymerases.
3. DNA unwinds further, and leading strand synthesis proceeds continuously, while a new primer is synthesized on the lagging strand template and extended by DNA polymerase
4. Another type of DNA polymerase removes the RNA primer, replacing it with DNA, leaving a nick b/w the newly synthesized segments
5. Nick is closed by DNA ligase
DNA continues to unwind, and the synthesis cycle repeats as before: continuous synthesis of leading strand and synthesis of a new segment to be added to the lagging strand

Single-stranded binding proteins: stabilize DNA in single-chain form

DNA Ends, the Problem (how a gap is left by primer removal at 5’ end of a replicating linear DNA molecule, p. 286):
1. 3’ end of DNA template unwound and ready for replication
2. primer added and new DNA assembled from end of primer
primer removed

DNA Ends, the Solution (how telomere repeats added to eukaryotic chromosomes prevent chromosome shortening, p. 286):

Adding Telomere Repeats
1. Extra telomere repeats added by telomerase at 3’ end of template strand
2. Primer added + gap filled in
primer removed; original length is restored

DNA replication: is semiconservative (the 2 resulting DNA copies each have 1 strand of parental DNA, and 1 newly constructed strand, it means that each daughter DNA consists half of parental DNA and half of new DNA), multiple enzymes coordinate their activities in DNA replication, begins at replication origins (ori, ars) 

DNA polymerases: attaches to nucleotide at 3’ end (hydroxyl -OH group), assemble DNA chains on primers; replace primers while simultaneously replacing nucleotides with DNA nucleotides, primary enzymes of DNA replication, assemble nucleotides into a chain, remove primers, and fill resulting gaps, problem = DNA polymerase cannot start synthesis de novo, require a primer to initiate synthesis (the primer can be a suitable DNA molecule, one that has a 3’OH, which can be extended), in absence of a primer, one must be provided de novo --> 

RNA polymerases: can synthesize a primer (RNA) de novo, hence RNA polymerases are used to initiate replication, this leads to others problems that relate to how the cell deals with these short RNAs

RNA primer: provides the starting point for DNA polymerase to begin synthesizing a new DNA chain, are used as starting points for the addition of DNA nucleotides by DNA polymerases

telomerases: solve a specialized replication problem at the ends of linear DNA molecules

primase: synthesizes RNA primer (starting point for nucleotide assembly by DNA polymerases), assembles RNA primers

Okazaki fragments: DNA pieces separated by RNA primers in lagging strand are Okazaki fragments

RNase H: aids DNA replication by degrading RNA bound to a DNA template
DNA ligase: closes remaining single-chain nicks, seals nicks left after RNA primers replaced with DNA, ligates the Okazaki fragments 

leading strand: continuous

lagging strand: discontinuous, is synthesized as a series of Okazaki fragments

nick: is closed by DNA ligase, is a discontinuity in a double stranded DNA molecule where there is no phosphodiester bond b/w adjacent nucleotides of one strand typically through damage or enzyme action, nicks allow for release of torsion in the strand

replication fork: an area where the DNA separates into 2 strands and new DNA synthesis occurs

antiparallel strands: there are 2, as DNA unwinds one template strand runs in a direction allowing new DNA strand to be made continuously in the direction of unwinding while the other template strand is copied in short lengths that run in the direction opposite to unwinding - discontinuous replication produces short lengths, then linked into a continuous strand

single-stranded binding proteins: stabilize DNA in single-chain form

topoisomerases: relieve overtwisting and strain of DNA ahead of replication fork (in circular DNA)

telomeres: ends of eukaryotic chromosomes, short sequences repeats hundreds to thousands of times (humans have (TTAGGG)n), repeats protect against chromosome shortening during replication

telomerase: enzyme that prevents chromosome shortening in some cell types, adds telomere repeats to chromosome ends

DNA replication in bacteria: bacterial genome is a circular replicon, replication initiates at unique site, called the origin of Replication (oriC) and proceeds in a bidirectional manner until the terminus is reached (ter), these can be cloned + sequenced!!, has theta structure

proofreading (by DNA polymerase): mechanism that corrects errors, depends on the ability of DNA polymerases to reverse + remove mismatched bases, if a replication error causes a base to be mispaired DNA polymerase reverses (acting as a deoxyribonuclease) + removes the most recently added bases, the enzyme then resumes DNA synthesis in the forward direction, proofreading is very necessary --> # of DNA-damage events in a single cell range from 10^4-10^6 per day, requiring therefore in an adult human (10^12 cells) about 10^16-10^18 repair events per day...it is clear that DNA-repair systems effectively counteract this threat

steps: 

1. enzyme continues activity in the forward direction as DNA polymerase as long as the most recently added nucleotide is correctly paired
2. enzyme adds a mispaired nucleotide
3. enzyme reverses, acting as a deoxyribonuclease to remove the mispaired nucleotide
4. enzyme resumes forward activity as a DNA polymerase
DNA repair: mechanism that corrects errors, corrects errors that escape proofreading or caused by DNA damaging agents

DNA repair mechanisms: DNA polymerase enzymes = recognize distorted regions caused by mispaired bases pairs, remove DNA section with mispaired base from the newly synthesized nucleotide chain, resynthesize the section correctly (using original template chain as a guide)

Mismatch repair: 

1. repair enzymes recognize a mispaired base + break one chain of DNA at the arrows 

2. the enzymes remove several to many bases, including the mismatched base, leaving a gap in the DNA

3. the gap is filled in by a DNA polymerase using the intact template strand as a guide 

4. the nick left after gap filling is sealed by DNA ligase to complete the repair

Transcription

gene: DNA is organized into “functional” and “non-functional” DNA, “a gene codes for a protein” as in genomics...but does it? only 1.5% of your genome encodes protein, the original definition was genetic + reflected the lack of understanding of DNA or RNA (i.e. phenotype)...examples are 

--> “unit associated with an inherited trait”

--> “genes are the units of heredity in living organisms”

--> “biological or basic unit of heredity found in all cells...”

but soon after we added “molecular” info...examples are

--> “unit of info on a chromosome”

--> “basic unit of heredity; a section of DNA coding for a particular trait”
modern view of a “gene & chromosome: 

includes distal enhancer, proximal promoter, TATA box, exon, intron and distal enhancer

(regarding transpiration in eucaryotes + gene regulation) - Today many definitions are more explicit, at least from a molecular point of view:

“ a basic unit of hereditary material; an ordered sequence of nucleotide bases that encodes a product (an RNA* like rRNA or finally coding for a protein). The gene includes, however, regions preceding + following the coding region (5‘UTR and 3‘UTR) as well as (in eukaryotes) intervening sequences (introns) b/w individual coding segments (exons).”

But what we would really like to know is everything: 

“the ultimate goal of sequence annotation is to arrive at a complete functional description of all genes of an organism. However, function is an ill-defined concept. Thus, the simplified idea of “one gene - one protein - one structure - one function” cannot take into account proteins that have multiple functions depending on the context (ex. subcellular location and the presence of cofactors)...”

Connection b/w DNA, RNA + Protein:

--> genes specify either protein or RNA products

--> the pathway from gene to polypeptide involves transcription + translation

--> genetic code is written in 3-letter words using a 4-letter alphabet

The Central Dogma: DNA (replication) --> RNA (transcription) --> protein (translation)

Transcription:
· sequence in DNA is copied into a complementary RNA
· template strand of DNA is used to create messenger RNA (mRNA) or rRNA or tRNA etc. 
Transcription = begins as RNA polymerase binds to DNA, DNA double helix begins to unwind, RNA polymerase adds RNA nucleotides sequentially according to the DNA template, enzyme + completed RNA transcript release from DNA template, 

key terminology:

Promoter: control sequence initiates transcription
Transcription unit: portion of gene that is copied into RNA
Terminator: signals the end of transcription of a gene

Transcription Overview (steps):
1. Initiation: RNA polymerase binds to the promoter, unwinds the DNA and   initiates  transcription at the start point

2. Elongation: RNA polymerase moves along the DNA, unwinding it and adding new RNA nucleotides to the transcript in the 5’-->3’ direction. Behind the enzyme, the DNA strands reform into a double helix
3. Termination: The complete RNA molecule is released from the template DNA< RNA polymerase leaves the DNA, and the double helix reforms
*differs in procaryotes and in eucaryotes:

procaryotes: termination of transcription involves proteins recognizing conserved DNA sequences. There are 2 types:

rho-dependent = a termination factor (“p” = rho) stops RNA synthesis at specific sites, causing RNApol stop and to dissociate from the transcription complex
intrinsic or rho-independent = RNApol stops at a terminator sequence (palindrome) within the RNA leading to dissociate of RNApol from the DNA

eucaryotes: difficult to define exact sequences but linked to cleavage of the RNA and polyadenylation (modification)

Production of mRNas in Eukaryotes:

· Eukaryotic protein-coding genes are transcribed into precursor mRNAs that are modified in the nucleus
· During RNA processing modifications can occur in the nucleus 
· RNA cleavage, RNA addition, RNA splicing, nucleotide modification, mRNA capping, polyadenylation, RNA editing
· these change the structure of the RNA, the stability of the RNA, the ability to be recognized for translation and even the genetic code
Pre-mRNA Processing
1. RNA cleavage: 
In many species rRNA genes are transcribed as one long precursor containing several genes + intergenic regions. This precursor is cleaved into the mature rRNAs while the intergenic regions are discarded

2. RNA addition: 
After synthesis, the non-templated addition of extra ribonucleotides (CCA) to some tRNAs

3. RNA Splicing:
Many mRNAs in eucaryotes (and a few in procaryotes) have an intron/exon structure. Removal of introns is necessary prior to translation (actually some non-coding RNAs have introns too!), if a gene has several introns..in some cases “alternative splicing” will results in different versions of mRNA can be produced, in these mRNAs exons are joined in different combinations that can be translated into different proteins with different functions, more info can be stored in the DNA! but are these different genes or just different proteins?

Introns: non-protein-coding sequences in the pre-mRNA
Exons: amino acid coding sequences in pre-mRNA

Spliceosome: the complex that carries out the splicing reactions

Alternative mRNA Splicing: alpha-tropomyosin in smooth and striated muscle

4. mRNA Capping:
A cap attached to the 5’ end of the mRNA results in more efficient translation. (don’t memorize the structure, just call it a 7MeG cap). 

Polyadenylation:
5. 3’ to the signal AAUAAA, polyA polymerase adds ~50-250 adenine nucleotides to form the “Poly(A) tail”
· Proteins bind to the “tail” and protect mRNA from RNA-digesting enzymes
6. Nucleoside modification (see Unit 1, slide 18)
7. RNA Editing: 
Specific bases in the RNA are changed. Some examples are 

· a C in the RNA becomes a uracil (U) (cytidine deaminase) this can change a codon if in the open reading frame (ORF)
· an A in the RNA becomes an inosine (I): (adenosine deaminase) the ribosome translates I as a G thus changing a codon in the ORF
*These changes can lead to changes in the protein + its function, or splicing or may have no known function at all!

Pre-mRNA Modifications: Summary
Transcription by RNA polymerase II. 

The 5’ cap is added soon after transcription begins, then the RNA-coding sequence is transcribed and the 3‘poly(A) tail is added.

mRNA splicing: introns removed

RNApol: catalyses the polymerization of ribonucleoside 5’-triphosphates (rNTP or NTP), does not require a primer, transcription is initiated de novo, initiates synthesis at ‘promoter’ sequences on DNA, upstream (5’) to the transcription start site, other sequences such as enhancers can affect transcription, adds NTPs at 3’ end of new polynucleotide until it encounter a termination signal at defined sequence and/or structure on the DNA template, the “pre-RNA” is “processed” into the mature RNA (in eucaryotes mRNA is transported to the cytoplasm)
RNA: general characteristics = usually single-stranded (one polynucleotide) but ds regions, complimentary to part of a DNA polynucleotide, has ribose instead of deoxyribose, has uracil instead of thymine, may contain modified bases, is made by RNA polymerases instead of DNA polymerase, 1 type of RNA polymerase in prokaryotes, 3 types of RNA polymerase in eukaryotes (or more!)

RNA Polymerases: why are there multiple RNA Polymerases?

Different RNA polymerases function in different locations. Within the nucleus different RNApol transcribe different sets of genes. In order to recognize the correct gene to transcribe, RNApols must recognize different signals in the DNA

· RNA polymerase I transcribes rRNA in the nucleolus (part of the nucleus)
· RNA polymerase II transcribes mRNA and most snRNAs
· RNA polymerase III transcribes tRNA, 5S rRNA, some snRNAs and scRNAs
Translation

Translation: mRNA-directed polypeptide synthesis, all steps require protein factors (initiation factors = IF or eIF, elongation factors = EF or eEF and energy supplied by GTP), translation is a complex process, the ribosome is the scaffold, translation can occur in multiple locations, following translation the protein is released from the polysome and processed

· sequence mRNA specifies amino acid sequence in polypeptide according to a code
· ribosome assembles the amino acid sequence
tRNA: small RNAs of a highly distinctive structure that bring amino acids to the ribosome “adaptor hypothesis”, contains anticodon sequence that pairs with a codon in mRNA, many tRNAs are encoded by multiple genes, in general if an organism uses a anticodon frequently it makes more of the cognate tRNA = this is called codon bias, are heavily modified after transcription, tRNAs are specific for a given AA but one can interact with several codons (Wobble Hypothesis)
ribosomes: rRNA-protein complexes that work as automated protein assembly machines

translation initiation: brings the ribosomal subunits, an mRNA and the first aminoacyl-tRNA together

elongation stage of translation: polypeptide chains grow

termination: releases a completed polypeptide from the ribosome

triplet: DNA, 3-letter code

codon: RNA, 3-letter code

*3 letter code with 4 bases allows 64 combinations, more than enough for 20 amino acids, start + stop codons

genetic code: sequences are always written from 5’ to 3’, the codon in DNA is written the same as the codon in RNA, except that T becomes U. 

5‘GAC3’ in DNA is 5‘GAC3’ in RNA,

But 5‘GTC in DNA is 5‘GUC3’ in RNA,

if the codon is 5‘GAC3’, then the anticodon is 5‘GUC3’ to maintain the H-bonding rules, by convention 5‘GAC3’ is simply GAC,

is (nearly) universal --> the same codons specify the same amino acids in all living organisms + viruses (with only a few “minor” exceptions), slightly differences in mitochondrial + chloroplast mRNA which have their own transcription and protein synthesis system, in some E. coli genes, alternative start codons are used: 14% GUG, 3% UUG and one or two others (in some plant genes ACG is used), in Eubacteria AUG encodes fMet-tRNA; in Archaea and eukaryotes AUG encodes Met-tRNA, genetic code is (almost) universal and is degenerate (degeneracy/redundancy => there are many synonyms in the nucleic acid code...for ex. UGU + UGC both specify cysteine, whereas CCU, CCC, CCA + CCG all specify proline), it is also commaless => the words of the nucleic acid code are sequential, w no indicators like commas or spaces to mark the end of one codon n the beginning of the next...therefore the code can be read correctly only by starting at the right place (start codon)

start (or initiator) codon: first amino acid recognized during translation, specifies amino acid “methionine”, establishes the reading frame, AUG, is the first codon translated in any mRNA in prokaryotes + eukaryotes

stop (or termination) codons: sometimes “nonsense”, end of a polypeptide-encoding mRNA sequence, end of a polypeptide-encoding mRNA sequence, UAA UAG UGA (sometimes referred to as “ochre”, “amber”, and “opal”; the names relate to their discovery in mutations), don’t specify amino acids

“Wobble Hypothesis”: first two nucleotides of anticodon and codon must match exactly, the third nucleotide has more flexibility, this discovery lead to the “Wobble Hypothesis”, ex. tRNA carrying phenylalanine matches codons UUU & UUC , tRNA carrying leucine matches codons CUC and CUU, tRNA carrying isoleucine

sense codons: 61 different sense codons do NOT require 61 different tRNAs, 61 codons specify amino acids, most amino acids specified by several codons (degeneracy or redundancy), ex. CCU, CCC, CCA, CCG all specify proline

aminoacyl-tRNA synthetase: charges the tRNA with correct amino-acid (adds amino acid to tRNA)

aminoacyl-tRNA: is the name for the amino acid linked to tRNA

*specificity of synthesis depends upon the anticodon AND OTHER BASES!

*there are ~20 such enzymes

ribosomes: consist of RNA and Protein (see slide 16)

initiation: ribosome assembled w mRNA molecule + initiator methionine-tRNA, what happens: 

initiator tRNA (Met-tRNA) binds to small subunit, complex binds to 5’ cap of mRNA, scans along mRNA to find AUG start codon, large ribosomal subunit binds to  complete initiation, another way of looking at the steps:

1.  Met-tRNA with GTP bound to it + the small ribosomal subunit form a complex
2.  the complex binds to the 5‘cap of the mRNA and scans along it until it reaches AUG start codon
3.  the large ribosomal subunit binds and GTP is hydrolyzed, completing initiation
elongation: amino acids linked to tRNAs added one at a time to growing polypeptide chain, summary:

· aminoacyl-tRNA matching the next codon enters A site
· peptidyl transferase catalyzes formation of first peptide bond + cleaves tRNA in P site
· ribosome moves along mRNA to next codon 
--> empty tRNA moves from P site to E site, then released

--> newly formed peptidyl-tRNA moves from A site to P site

--> A site empty again

*steps:

1. an aminoacyl-tRNA binds to the A site
2. peptidyl transferase cleaves the amino acid from the P site tRNA and bonds it to the amino acid on the A site tRNA
3.  the ribosome translocates along the mRNA to the next codon, thereby bringing the tRNA with the growing polypeptide to the P site and moving the empty tRNA to the E site
4.  when translocation is complete, the empty tRNA in the E site is released and the cycle is ready to go again
termination: new polypeptide released from ribosome, ribosomal subunits separate from mRNA, begins when A site reaches stop codon, release factor (RF) or termination factor binds to A site, polypeptide chain released from P site, remaining parts of complex separated

polysomes: multiple ribosomes can simultaneously translate a single mRNA

simultaneous transcription + translation: can occur where no nuclear envelope; prokaryotes, organelles

polypeptide processing: processing reactions convert polypeptides into finished form 

· removal of one or more amino acids from the protein chains
· addition of organic groups
· folding guided by chaperones
· alternative pathways to different mature polypeptides
rRNA: are not specific, that is they can be used to synthesize many different proteins and hence can be reused many times over

mRNA: individual mRNAs are specific for a given protein

Regulation

Gene Regulation: refers to the regulation of activity and may occur at any level, while the main control is at the level of transcription additional controls are at the posttranscriptional, translational and posttranslational levels

Regulation of Gene Expression in Prokaryotes

· Prokaryotic gene expression reflects life history. In many cases rapid, reversible responses to the environment are observed. 
promoter: RNA polymerase binds to a DNA sequence 5’ to the gene called the promoter
TATA box: is within the promoter = consensus sequence 5‘TATAAT-3’ 
Repressor proteins: binding to other regulatory DNA sequences may prevent the gene from being repressed
Activator proteins: binding to other regulatory DNA sequences may turn on expression of the gene

*repressors + activators may regulate the same gene.
transcription units: in prokaryotes many genes are organized into clusters (transcription units) that are implicated in a single function

operons: at a smaller scale many genes are organized into operons (one or more operons may be found within a transcription unit), the operon itself can be considered as a unit of transcription with several genes controlled by a single promoter, in effect an operon is a cluster of genes + DNA sequences involved in their regulation. RNA polymerase binds at the promoter + transcribes all the genes in the operon into one mRNA (called polycistronic b/c it contains several cistrons - an older definition of a gene used in genetics). There are an estimated 630-700 operons in E. coli. Classic examples are the lac operon for lactose metabolism (3 genes) and the trp operon genes for tryptophan biosynthesis (5 genes)

lac Operon for Lactose Metabolism
Lactose metabolism in E. coli requires 3 genes lacZ, lacY and lacA 

· - lac operon contains all 3 genes + regulatory sequences
· lac operon operator sequence is b/w promoter and lacZ
· the operator sequence is the site of repressor binding
· study of the lac operon allows us to understand the interaction of one metbolic pathway in the context of both positive + negative regulation
· Lac repressor stops lac operon expression
· encoded by lacI, synthesized in active form 
· binds operator, prevents transcription
· Allolactose made from lactose when it enters cell, lasts as long as lactose is available
· inducer of lac operon by binding to Lac repressor
· inducible operon b/c inducer increases expression
· We can experimentally mimic this by adding IPTG, an analogue of lactose that is not metabolized, and use a substrate such as X-gal to measure enzyme activity
Regulation of Inducible lac Operon
--> When lactose is absent from the medium, the active Lac repressor binds to the operator of the lac operon, blocking transcription

--> When lactose is present in the medium, some of it is converted to the inducer allolactose. Allolactose binds to the Lac repressor, inactivating it so that is cannot bind to the operator. This allows RNA polymerase to bind to the promoter, and transcription of the lac operon occurs. Translation of the mRNA produces the 3 lactose metabolism enzymes. 

Positive Regulation of lac Operon
· lac operon operates when lactose but not glucose is present
--> glucose more efficient energy sources than lactose

· catabolite activator protein (CAP) is an activator that stimulates gene expression
--> CAP activated by cAMP

--> cAMP only abundant when glucose levels are low

· In E. coli many genes/operons have CAP regulation. Why is this important for E. coli? 
summary:

a) lactose present; glucose low or absent
When lactose is present and glucose is low or absent, cAMP levels are high, cAMP binds to CAP activating it. Active CAP binds to the CAP site and recruits RNA polymerase to the promoter. Transcription then occurs. 

b) lactose present; glucose present
When lactose is present and glucose is present, cAMP levels are low. As a result, CAP is inactive and cannot bind to the CAP site. RNA polymerase then is unable to bind to the promoter, and no transcription occurs. 


