Gene Expression
Regulatory Sequence – before coding sequence; controls the timing, location, and amount of gene expression. Transcription Factors and Response Elements bind to regulatory sequence. These sequences are not transcribed.
Coding Sequence – determines the sequence of amino acids in the protein. Only coding sequence is transcribed.
Eukaryotes - Immature mRNA is transcribed from DNA inside nucleus, that needs to be processed, mature and leave through nucleoporins
Prokaryotes – Mature RNA is transcribed from DNA inside cytosol (no nucleus)

Organization of Gene
Regulatory Sequence – before promoter; where Transcription factors can attach to response elements
TATA box – in promoter region; Proteins called TATA box Binding Proteins (TBP) bind here
Exons – coding region of transcription unit
Introns – non-coding region of transcription unit; housekeeping; pre mRNA
Distal Sequences – regulatory sequence that is far away from gene (enhancers, silencers). DNA folds over to interact with these.

RNA Polymerases
RNA Pol I – rRNA (ribosomal)
RNA Pol II – mRNA (messenger)
RNA Pol III – tRNA (transfer)

Transcription

Initiation in Eukaryotes
DNA is unwrapped; nucleosomes and histones change
Formation of Transcription Initiation Complex (TIC) 
· TBP bind to TATA sequence, this positions the helix for transcription. Additional proteins (transcription factors and regulatory elements) come in.
· Transcription factors (intracellular receptors, PKA, MAPK), activators and repressors bind to response elements. Proteins scan DNA until they find the response element that’s complementary for them to attach to.
· Activators can attach to enhancer by DNA folding to increase transcription rate
· Repressors can attach to silencers to decrease transcription rate
· RNA pol II recognizes TIC and binds to it

Initiation in Prokaryotes
Small proteins bind to promoter region and recruit polymerase; particularly the alpha subunit – serves as a guide to place RNA Pol – less regulation
RNA pol binds to alpha subunit




Elongation
RNA Pol II moves along DNA, unwinding it and adding new RNA nucleotides to the transcript in the 5’ to 3’ direction. DNA strands reform into double helix after RNA pol passes it.
RNA pol elongate the transcript really fast until the end of the coding sequence – makes mistakes

Termination in Eukaryotes
There is a sequence called a poly A signal – signals to poly A polymerase – recognizes sequence and processes mRNA
Poly A sequence is transcribed into a signal – lets RNA pol II know that it’s at the end of the elongation period

mRNA Maturation
5’ cap – made of 7 guanines – added when about 20 - 40 nucleotides have been added (during transcription)
3’ Poly-A tail – 50 to 200 Adenosines added to 3’ end by poly-A-polymerase after transcription – allows mRNA to pass through nuceloporins – also protects mRNA from nucleases (or any degrading enzymes)

Splicing (Eukaryotes)
Spliceosomes – combination of small proteins that recognize the ends of introns and catalyze their cleavage, then reattach the edges of the exons after the introns are excised
Exons are mature and have both caps – can exit through nucleoporins
Introns (cut out nucleotides) were once thought to be junk DNA, now we know that they are not, but we still don’t know what some sequences do
Do not need all exons, spliceosome can make different patterns of exons – more efficient
Spliceosomes can use different recognition sites on introns and remove several exons at once
Ex) Tropomyosin exists in smooth muscle and skeletal muscle, the exons that code for tropomyosin in each of the cell types vary depending on cell type; cell types favour certain proteins depending on needs
Same gene, different splicing

Termination in Prokaryotes
Rho independent – no energy requirement; sequence governs how polymerase knows when to stop – end of code is rich in Cs and Gs – forms a hair pin loop
Hairpin induces a pull allows polymerase to detach and mRNA to separate
Rho dependant – energy dependant; rho protein comes in at 3’ end and allows RNA pol to detach from DNA




Regulation Gene Expression in Prokaryotes
Operon – genetic switches that control transcription (on/off); controls the promoter 
Lac Operon – controls the transcription of 3 genes that translate proteins required for lactose metabolizing; controls the expression of 3 genes using one promoter and operator (on/off switch)
Regulatory gene – outside operon; determines the status of the operon; controls the switch – produces mRNA that translates to lac repressor
Active repressor binds to operate and blocks RNA pol II from binding to initiate transcription
If there is no lactose there is no need for lactose metabolizing proteins, but this is not fool proof; some things can react with the repressor and remove it – results in low levels of lac digesting proteins
When lactose enters the cell (facilitated diffusion with permease protein). Lactose is turned into allolactose by beta-galactosidase – repressor has higher affinity for this – allolactose binds to repressor and repressor detaches from DNA – RNA pol II can now bind to promoter and transcribe lactose metabolizing genes to make proteins
When lactose is metabolized – allolactose also digested – repressor empty – binds to operator again and stops transcription

Other
Distal elements can bind to enhancers, repressors and activators – fold over to interact with TIC
All cells have all genes – so how are only specific genes transcribed in different cell types?
Cells have a certain number or activators and repressors – use different combinations that can interrupt or facilitate the transcription of whichever genes are needed
Interfering RNA – junk DNA that controls how much mRNA is translated
Small interfering RNA (siRNA) – very small; directs mRNA to degradation before translation
Micro RNA (miRNA) – sequences that are transcribed - short sequences that fold over themselves right after transcription - fold over with a hairpin - short double strand folded over RNA - exits nucleus and meets dicer – dicer removes the hairpin loop – protein complex binds to double stranded RNA – enzyme in complex degrades on strand to make a single miRNA attached to a protein complex – called a miRNA induced silencing complex (miRISC) – miRNA in miRISC binds to complementary (or nearly complementary) sequence on mRNA
If paring is imperfect then the translation is just delayed; miRNA eventually dissociates 
If pairing is perfect then the mature mRNA is degraded

Transposons – Jumping Genes
Discovered by Barbara McClintock in 1940s – a geneticist studying maize
Transposons are portions of DNA, transposable elements, that move from one location in the genome to another
Occur in all organisms – account for 50% of human genome
Transposons are cut out by transposase (enzyme) and then put back into a different place – results in a mutation (can be good or bad) – introduces diversity (evolution)
Depending on where transposons land, it can have different effects
If it lands in a gene sequence it can silence or cause a mutation
Can introduce a new sequence and make a new gene – new proteins
Some transposons are silenced by miRNA or siRNA
Stimulate evolution – when they jump they bring adjoining sequence along with them – exon shuffling – increases genetic variability – this is how bacteria acquire antibiotic resistance
Alu transposons – around 300 bp – accounts for about 15% of human genome and half of all transposons – transposons move to make potential for alternative splicing to make new exon sequences (evolution) – thought to be key to understanding bridge between humans and primates
Associated with diseases like cancer, Alzheimer’s disease, haemophilia, many others

Retrotransposons
Some short pieces of mRNA won’t go on to translation but be reverse transcribed into DNA and inserted back into DNA genome – similar to Telomerase reverse transcriptase
Piece of DNA needs complementary strand made - now its a transposable DNA element - can insert itself further into genome
RNA pol II doesn’t proofread – mistakes and mutations occur

Retrovirus - HIV
Virus carries its genome in the form of two RNA strands and brings its own reverse transcriptase - frees RNA strands and enzymes required to reverse transcribe it - makes an RNA-DNA hybrid - cell doesn't like this
Cell replicates this to make double stranded DNA elements - like transposons - called retrotransposons - can be transcribed and translated - a host willing and able to make viral protein
Rebuilds itself inside host - introduces mutation - not the same RNA as it was
Has ability to make sure that each time it incorporates itself it changes - it exploits the inability of proofreading - introduces differences each time - ensures prolonged survival - every cure is for previous version
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