Structures of DNA
B-DNA - right-handed helix; found in vivo; 10 bp/turn
A-DNA – right-handed helix; found in low water content conditions; 11 bp/turn
Z-DNA – left-handed helix; found in vitro under high salt conditions; found in vivo in runs of G-C rich regions where C are methylated
- Major groove interacts with proteins because the most information is available (hydrogen bond donors and acceptors, hydrogens, methyl group)
Factors that denature DNA:

· heat

· low ionic strength ( not enough cations to neutralize phosphate groups

· high pH (~11) (low pH depurinates, degrades DNA so it’s no longer useful)
- DNA bases absorb light; max absorbance at 260 nm
Hyperchromic effect: 30% increase in absorbance between ss and ds DNA

Tm = MP at which 50% of DNA is denatured; determined by amt of GC/AT (GC harder to denatured so Tm would be higher)
Tm = 2°C (A+T) + 4°C (G+C)
Renature DNA by letting it cool; ice ( keep separated

Ways to measured DNA size

1) electron microscopy

2) C0t analysis

3) gel electrophoresis

4) sequencing
C0t analysis = measures complexity of the genome; give rough genome size
· shear control DNA and unknown, denature, allow to cool

· measure reannealing of subsamples and plot proportions of ss and dsDNA
· more repeats = anneal faster = less complex
· “snapback” ( strands can reanneal on itself if inverted repeats exist on same strand
Complexity = # of unique nucleotides + # of nucleotides of one copy of repetitive sequences (so lots of copies DNE complex)
· C-value paradox: no correlation between amount of DNA and morphological complexity of an organism
MW of double-stranded DNA fragment 1 base pair in length = 660 g/mol
Gel electrophoresis = analyzing DNA shape and size
· DNA is negatively charged so molecules migrate to positive end of battery
· Variables: charge (relative to size of fragment); strength of field (higher voltage = faster migration); bound molecules (ie proteins) slow migration; conformation (circular/supercoiled/linear cannot all be compared directly)
· Pulse-field separates large molecules (>20 kb), forcing them to change direction quickly in alternations of field direction
Cloning/Plasmid Vectors

E. coli vectors; bacteriophage λ; cosmids, BACs (>350 kb); YACs (>1 Mb)
Features:
· replication origin (ori)
· MCS multiple cloning sit
· Selectable marker (ie. drug resistance)

· Defined copy number; known sequence; small plasmid size

Restriction enzymes

· naturally occurring as defense from foreign DNA

· recognizes short palindromic sequences
· modification protects the organism’s own DNA (ie methylation)
· Type 1: not good for experimental use b/c it cleaves DNA at unknown distance from recognition site; requires ATP, Mg2+ and S-adenosylmethionine for activity
· Type 2: requires Mg2+ as a cofactor

· blunt ends harder to ligate than sticky ends (3’ or 5’ overhangs)
· isoschizomers: enzymes that recognize the same site but cut in different places
Genomic library: total genomic DNA is digested w/restriction enzyme; each fragment is closed into a vector
· can be used to isolate genes and promoters, determine location and number of intron in a gene, and learn relative locations of gene sequences (mapping)

cDNA library: start with an mRNA; reverse transcribe into cDNA 
· specific to tissues (ie. liver cDNA library, brain, etc. b/c organs/tissues have different gene expressions
· can be used to learn coding sequence of a gene, identify introns (compare cDNA and gene sequences)

· no promoters!

BUT… how do you find the clone containing your sequence of interest?
· compare size (electrophoresis)
· hybridization with labeled probes
· DIG label, or use T4 polynucleotide kinase (transfers γ-phosphate from ATP to nucleotide)
· immunology screening 
· primary antibody detects protein product of gene
· secondary antibody is labeled and binds to primary (cheaper to tag 2ary)
· complementation

· transform a mutant with recombinant clone, see if it now expresses desired gene (not always possible)
Sequencing
· finding out exact nucleotide sequence of DNA
· Maxam-Gilbert ( breaks DNA strand once; put enough strands so that there will be strands broken at each of the nucleotide positions; separate on gel
· Sanger dideoxy ( synthesize numerous strands that stop at all the nucleotide positions by using dideoxynucleotides (there is no 3’ –OH group for strand to keep growing); separate on gel
ESTs – Expressed Sequence Tags

· unverified sequence of random cDNA (“tag” of the complete cDNA sequence)
· ends of cDNA ( 3’ and 5’ UTRs (gene-specific)
· valuable source of hybridization probes
Gene family: all the same genes with slight variances (ie. hemoglobin, actin)
Synteny: conservation in genetic linkage; consistent gene order between related organisms
Approaches to Genome Sequencing
Hierarchal shotgun: dividing DNA into segments
Whole Genome shotgun: break whole genome into random overlapping fragments (used almost exclusively because computers can do this jigsaw puzzle really fast)
How to Incorporate labeled nucleotides
1. Nick translation
· DNAP1 makes cuts, acts as exonuclease and polymerase
· add small amounts of labeled nucleotide (too much radioactivity = DNA break b/c too much energy)
2. Random Priming

· denature DNA, add random hexanucleotide primers; Klenow subunit of DNAP1 only adds nucleotides (no exonuclease activity)
· new strands are labeled

3. Antisense Riboprobe
- 
WTF??????
4. PCR
5. T4 Polynucleotide Kinase
· requires γ labeled ATP as phosphate donor
· only labels DNA on 5’ end (not nucleotides)
Southern Blot
· used for detection of specific DNA fragments
· cut DNA w/restriction enzyme, stain with ethidium bromide, separate DNA on electrophoresis
· use capillary action to transfer DNA fragments to DNA-binding filter
· put filter in bag with probes, let them bind, wash to remove unbound probes
· x-ray autoradiograph to show dark bands (the fragments that are bound to probes)
stringency: measure of how restrictive the hybridization conditions are
- can be controlled by temperature, salt concentration, length of probe, …

Northern Blotting

· measures steady-state level of transcript (total synthesis and degradation of RNA)
· control: hybridize w/gene known to be in all genes (ie. Actin, transcription genes)
In situ hybridization
· identifies transcript in cell or tissue
· do a northern before an in situ to test specificity of probe
· make probe: antisense binds mRNA; sense should show no binding

Mapping Transcription Start Sites
S1 Mapping 

· isolate high-quality mRNA

· make a labeled probe that overlaps where you think transcription initiation site is

· add S1 nuclease – digests all single-stranded nucleic acids starting at 3’ end

· run on gel to determine size
Primer extension

· isolate mRNA

· hybridize with 5’ labeled primer

· extend primer w/reverse transcriptase
· size by electrophoresis

Polymerase Chain Reaction
· denature at >90°C
· primer annealing (T depends on Tm of primers)

· DNA synthesis w/Taq polymerase (72-75°C)

· at the end of 3rd cycle, 2 of the products contain only the desired gene

· product = 2(n-2), where n = cycle number

· MP of 2 primers should be about the same! Try to have about 50% GC, and avoid runs of A-T at 3’ end (will not bind tightly and polymerase won’t recognize it and elongate)

· avoid complementary sequences so primers won’t bind each other

· reverse transcription PCR (RT-PCR) uses RNA as source material; convert to cDNA and use for PCR
· RT-PCR can be done with very small amts of DNA (ng, pg); more sensitive than northern blot which requires lots of DNA (µg)
Microarrays

· snapshots to see which gene is worth working with; function: gene discovery
· underlying principles: base-pairing and hybridization

· applications: identification of sequence; determination of expression level
· control is very important, and many replications to verify true pos/neg
	cDNA
	Oligonucleotide/affymetrix

	Target cDNAs, ESTs, or PCR products are affixed to glass and exposed to sets of probes that are labeled w/different fluorescent dyes
	Oligonucleotides synthesized on glass slide, expose to labeled probe; hybridization; identity/abundance of complementary sequences are determined

	Can be pared by an individual lab
	Commercially prepared

	Each array contains different cDNAs
	Contains sequence from the whole genome

	Less expensive
	Expensive (~$400/chip)

	Less sensitive?
	More sensitive? (companies say)

	Not gene-specific unless only UTRs are arrayed
	Gene-specific information


SDS-PAGE
· proteins bind SDS (sodium dodecyl sulfate) in constant ratio to their mass so they receive neg charge proportional to mass
· run this under a polyacrylamide gel
· proteins are separated on basis of molecular weight rather than intrinsic charge

· limitations: bands can be mixture of proteins; small proteins run off the end; proteins are not functional; dimers/trimers all broken up; hard to isolate membrane proteins
2D gels: separates based on basis of charge (isoelectric point – pH at which net charge =0) and mass (like in SDS PAGE)
Western blot/Immunoblotting

· detection of proteins by antibodies (gene expression ( protein level)

· proteins denatured by heat and SDS, and electrophoresed
· proteins transferred to a membrane, then incubated with primary/secondary antibodies

Proteome: protein complement of a cell

Proteome chip: grid of molecules; identity of probe at each spot is known so identity of protein is known when they bind on the grid

- used to scan a sample for different proteins
DNA footprinting
· check if a putative trans factor really binds to the sequence
· label DNA fragment, mix with the trans factor, add DNase1 (to degrade fragment), electrophorese to measure size
EMSA – gel mobility shift

· label DNA fragment with putative cis element; mix with protein extract containing putative trans factor; electrophorese fragment alone alongside fragment+trans factor
· control: make a mutation site in the binding site, trans factor should no longer bind and shift should go away (proves protein only binds to the cis element)
DNA Replication in E. coli
- genome size = 4.6 x 106 bp
- quick-stop and slow-stop mutants ( detect what is wrong in a mutant by seeing which part in the replication process screws up
	
	Protein
	Genetic Locus
	Function
	Mutant phenotype

	Single-stranded Binding Protein
	SSB
	Ssb
	-keeps ssDNA in extended conformation

- protects DNA from degradation

- stimulates replication by homologous polymerase

- binds as a tetramer; addition of one protein lowers binding threshold of DNA
	Quick

	Topoisomerase II
	Gyrase
	gyrA

gyrB
	- releases positive supercoils generated by unwinding of helix
	Quick

	DNA Polymerase I
	Pol I
	polA
	- 5’(3’ exonuclease removes RNA primers

- synthesizes DNA in place of RNA primers; not very processive or it would remove newly synthesized DNA
- 3’(5’ exonuclease for proofreading

- single polypeptide
	Slow

	DNA Polymerase III


	Α
	dnaE
	- synthesizes DNA on the leading and lagging strands
	Quick

	
	ε
	
	- 3’(5’ exonuclease for proof-reading
	Quick

	
	θ
	
	- stimulates epsilon nuclease
	Quick

	
	γ complex
	
	- DNA-dependent ATPase needed to bind beta-clamp to Pol III
	Quick

	
	β
	
	- sliding clamp aids processivity of Pol III
	Quick

	Primosome
	Dna G
	dnaG
	- synthesizes RNA primers (10-12 nt) on leading and lagging strands
	Quick

	DNA Ligase
	Lig A
	ligA
	- joins Okazaki fragments on lagging strand & the two ends of the leading strand
	Slow

	Enzymes working at ori
	Dna A
	dnaA
	- aids binding of Dna B by melting 13-mer region; requires ATP
- binds 9-mer sequence (DnaA box) at oriC

- replication begins only if DNA is negatively supercoiled
	Slow

	
	Dna B

(Helicase)
	dnaB
	- stimulates the binding of Dna G

- binds to the 13-mers at oriC
- moves in the 5’(3’ direction separating ds DNA using energy from ATP hydrolysis
	Quick/Slow

	
	Dna C
	dnaC
	- binds to DnaB

- aids the delivery of DnaB to the ori site
	

	RNA Polymerase
	α2ββ'
	
	- generates an R-loop to destabilize oriC region
	Slow

	HU DNA Binding Protein
	HU
	
	- induces bending in ds DNA that aids in opening the oriC region

- small, basic, positive, dimeric

- H-NS ( monomeric, neutral
	Slow

	Terminus utilization substance
	Tus
	Tus
	- binds to the Ter sites and helps to stop the moving replication forks
	Slow

	Topoisomerase IV
	Topo IV
	parC

parE
	- unlinks (decatenates) the two circular daughter molecules
	Slow


DNA PolIII
- mutant lethal

- holoenzyme made up of 10 subunits:


α – active site for nucleotide addition

ε – 3’-5’ exonuclease (proof-reader)

θ – function unknown
γ – complex of 5 subunits that open and close clamp

β – clamp 
τ – helps dimerization of core polymerases
ori C
- is a cis-element
- contains 3 AT-rich sequences (13-bp long) and 4 DnaA boxes (repetitive 9-bp)
- more AT regions = easier to denature

Eukaryotic DNA Replication
- similar machinery but: more complex structure (chromatin) so replication forks move slower; multiple replicons/origins that may have different activation times
- α – primase, not processive
- δ works on leading strand, and ε works on lagging strand; maybe not always
- telomerase required to prevent shortening of DNA strands; contains its own primer, repairs/replicates chromosome ends

- steps: elongation, translocation (tandem repeats needed), elongation, primer synthesis, replication, remove primer (3’ overhang left, can form loops) [CN 179]
- most cells don’t have telomerase; mediates cell senescence, safeguard against uncontrolled proliferation

- cell life span determined by number of telomeres at the beginning

- not all cells lacking telomerase stop dividing!!!

Chromatin Structure ( important for transcription as well 

Histones: small basic (positively charged) proteins; Lys, Arg rich; highly conserved (aa sequence the same for almost all organisms); N terminal tails extend out from core: the tails interact and bring histones closer together)
H1- associates with DNA and octet in linker region; H5 (similar) found in birds, fish, amphibians
H2A, H2B, H3, H4 – form complex of 8 proteins 
Z-DNA has no nucleosomes so it is accessible to cis elements

8 histones+DNA = nucleosome

E. coli Transcription
RNAP( large molecule made of several enzymes

· core = 2 α subunits, β and β’ 
· holoenzyme = core + σ (to guide RNAP onto promoter)
· each sigma recognizes a unique sequence, it is recycled

· no primers needed, no proofreading (not very precise, transcript doesn’t live long
· very processive

Concensus sequence: determines binding of RNAP (initiation)

- promoter up/down mutations make sequence closer/more unlike to concensus sequence so RNAP binds more/less

Operon: group of genes under control of one set of regulatory sequences
· catabolic/biosynthetic
· coordinate regulation = genes turned on/off under similar circumstances
lac ( negative regulation (the repressor is a negative regulator)
- generally “off”; turned on when lactose is present and glucose is absent
- lactose ( allolactose, then binds to repressor, making it fall off
Catabolite repression: repression of glucose-sensitive operons when glucose is broken down (ie. Lac, mal, ara operons that break down other sugars; cell always wants to break down glucose first b/c it’s easiest)
Mal ( maltose = 2 glucoses; malT is the repressor protein
- when CAP binds, malT is shifted over 3 bp, changes RNAP binding to promoter and activates transcription
Ara ( bending involved; positive regulation
No arabinose: DNA bends and hids promoter from RNAP

Arabinose (effector) present: DNA is straightened and RNAP can transcribe structural genes
Autoregulation: end product binds to an operator and prevents transcription of the activator araC
Tryp ( biosynthetic operon
- aporepressor + tryp (co-repressor) = functional repressor

How much do we have to know? 
Prokaryotic Transcription Termination

1) Rho-dependent

- needs rho helicase to release transcript from template and RNAP; needs ATP
- does not have run of A/U so transcript cannot fall off on its own; hairpin still forms 
2) Rho-independent

- GC-rich region allows for self-complementary base pairing (inverted repeats); folds on itself making a stable hairpin loop
- a string of T’s at the end (U’s) lets the transcript loose because bonds are weak

3) Attentuation

- control that occurs after transcription starts but before it ends (*amino acid biosynthesis)
- if there is enough of the amino acid, translation occurs quickly enough because there are enough charged tRNAs in the cell, and certain stem loop forms that stops transcription
- if there is insufficient amount of aa, translation can’t happen fast enough; ribosome stalls, a different stem loop forms, and transcription continues

- only happens in prokaryotes since transcription/translation are coupled
Eukaryotic Transcription

Histone modifications of tails:

· acetylation = active gene expression (acetylated form is negatively charged since +ve H atom replaced by –ve acetyl group; necessary for transcription activation)

· methylation 

· phosphorylation = active 

· three polymerases exist, made up of 8-14 subunits; each transcribe different products
· 5 subunits are common to all 3 RNAPs

RNAPII

· has a stretch of 7 amino acids that is repeated multiple times (CTD – carboxyl-terminal domain)

· tail becomes phosphorylated on ser and tyr; also interacts with polyadenylation machinery
· transcribes for mRNAs

RNAPII promoters

· core promoter; TATA box  (~-30); initiator (start site); downstream elements
· TATA box is highly conserved
· housekeeping/specialized genes may be TATA-less

· initiator and TATA box direct transcription to start at a specific site
· upstream elements (could be in 3’ UTR or coding region)

· GC boxes may cause formation of Z-DNA
· reduce promoter activity when deleted

· CCAAT box binds specific transcription factor; deletion ( reduce transcription
· enhancer: element that stimulates transcription; silencer: negative enhancer
· one element can be both enhancer and silencer depending on bound protein
· activator: transcription factor that recognizes enhancer
· activators can interact and create enhancesome (bending is important)

- (in yeast, cis elements are called UAS – upstream activating sequences; most yeast genes contain only one)
- “modular” ( may contain any or all of TATA/GC/CCAAT box, enhancer, silencer, etc.

· deletion series helps you locate cis elements of the promoter
· purification of trans factor by DNA affinity column [ion-exchange chromatography-separate proteins by charge using gradient of salt concentration]; see if TF binds cis element by DNA footprinting
· then determine the crystral structure of the protein by X-ray crystallography
Transcription Factors

· TFs are modular proteins that contain at least 2 domains:
· DNA-binding– binds specific DNA sequences

· transcription activation– interacts w/proteins to stimulate transcription from nearby promoter

· dimerization (maybe) – more units (dimerization) increases specificity
· ligand-binding (maybe) – binding site for small accessory molecule (allosteric effectors)
· these domains are independent; if you change the DNA binding domain of a protein, it will bind where the new domain brings it
DNA binding motifs

· usually contain alpha-helices to interact with major groove
· Zinc finger (C2H2 ( Zn bound by 2 Cys and 2 His residues, held btwn pair of beta-sheets; C4; C6) 

· homeodomain proteins ( highly conserved 60-aa sequence organized into 3 alpha-helices (2 helix-turn-helix; one interacts w/major groove)
· leucine-zipper ( contains hydrophobic Leu in every 7th position; interacts with 2 adjacent major groove regions
· helix-turn-helix ( two alpha-helices separated by nonhelical loop
· dimerization allows for greater diversity and complexity for activation 
Transcription initiation by RNAPII

TFD – largest, consists of TATA box-binding protein and 8-10 associated factors (TAFs), saddle-shaped, interacts with minor groove; roles; foundation for transcriptional complex, prevents nucleosome stabilization

TFA – stabilizes TFD complex

TFB – monomeric, binds to TFD
TFH is close, but not bound

TFF binds RNAPII and directs it to promoter

TFE helps position TFF/RNAPII complex over start site; it’s a dNA-dependent ATPase (needed for generating energy for transcription initiation?)
Binding of whole complex activates TFH (helicase and protein kinase activity: unwinds dNA and phosphorylates CTD tail of RNAPII which detaches it and releases RNAPII)
· assay eukaryotic transcription initiation by adding a transgenic piece (reporter gene) downstream of promoter that codes for easily detected product; this tests the strength of the promoter (promoter activity), how quickly/abundantly gene is transcribed

· can also be used to locate promoter 
· limitations:  
· a) if reporter gene is very stable, it lasts longer than normal gene product; appears that the gene keeps being transcribed
· b) reporter gene may diffuse to other cells; makes you think it is being transcribed in location that in reality it is not

Transcriptional Control
1) Recruitment
2) Interaction 

3) Acetylation

4) Methylation

Transcription Termination

· not much known

· RNAPI requires a specific termination factor that binds specific DNA sequence

· RNAPII terminates due to complex that recognizes phosphorylated CTD tail
· RNAPIII terminates after transcribing series of U residues; stem-loop structure not required
Post-transcriptional Processing
5’ capping

· carried out by mRNA guanyltransferase; adds a GTP at 5’ end
· methylated in up to 3 positions
· methylated caps promote splicing better than unmethylated
3’ polyadenylation

· polyadenylation signal: 5’-AAUAAA-3’ or 5’-AUUAAA-3’, then YA (usually C), followed usually by GU-rich sequence
· CPSF binds to AAUAAA, CSF binds G/U region, CFI and II are cleavage factors involved in bending; all bind and then RNA is cleaved after CA (polyA site)
· PAP (poly-A polymerase) binds; slow phase for first ~12 nt; PAPII binds and adds 200-250 nt (rapid phase)
· process is template independent (not copying anything)
· may occur before or after splicing is complete depending on gene

· in vitro polyadenylation required for removal of terminal intron
Splicing
· some genes are self-splicing (mRNA can be made into only one product); others that require proteins can be spliced into different products (polycistronic mRNA)
· splicing mediated by snRNP (there are 5 different snRNAs: U1, U2, U4, U5, U6 ( rich in uridine; catalytically active snRNA + 6-10 supplementary proteins = snRNP)
· ATP is required for assembly of spliceosome (snRNP and mRNA complex), not for splicing 
· 3 types of interaction: RNA-RNA; protein-RNA; protein-protein
· splice site and U6; U2 and branch point; U4-U6; U5-U6

· cis-splicing ( joining two exons on same pre-mRNA molecule; trans-splicing ( joining exons from different mRNA molecules (ie. Trypanosoma)
Splicing Process

1) U1 attaches to 5’ splice site of intron (RNA-RNA interaction) (G-G at 5’ splice point)
2) U2 binds at branch point site (requires ATP; protein-RNA interaction)
3) U4/U6 and U5 bind pre-mRNA
4) Assembly of spliceosome complete (assembly ensures correctness because splicing in wrong spot would create frameshift); but not active yet
5) U6 dissociates from U4 (activates U6), displaces U1 (ATP-dependent step)
6) U2, U5, U6 are left; spliceosome is activated

7) Branch point A residue (-OH) attacks phosphodiester bond at intron-exon1 junction
8) Free –OH on exon1 then attacks phosphodiester bond between intron and exon2 (this step requires ATP) (A-G at 3’ splice point)
9) U5 holds 2 exons together

10) Lariat is degraded; splicing is irreversible
11) U2, U5, U6 are released as individual particles and recycled
Finding splice sites reliably:

· active site of spliceosome is formed only after multiple interactions of snRNPs with specific sequences (recruitment)

· interaction of splicing factors w/CTD

· SR proteins (serine/arginine rich proteins) bind to regions in exons that are near intron and recruit splicing machinery (U1 and U2 accessory protein)
Post-Transcriptional Control
Alternative splicing: something blocks intron-exon junction, making spliceosome skip over it
(ie. fibronectin)
-alternative poly-A tail (different C-terminus) influences different splicing 

(ie. calcitonin gene regulated peptide (CGRP) can be spliced into calcitonin) 

Translational Control

RNA editing occurs in mitochondria of protozona/plants/chloroplasts
- changes in many nucleotides made by guide RNAs (addition/deletion of Us)
RNA longevity

Instability elements: sequences predominantly in 3’ UTR signal for rapid degradation

Degradation can be monitored by interaction w/RNA-binding proteins
Translation (not much on the final)
AUG – start codon; UAA, UGA, UAG – stop
Each aminoacyl-tRNA synthetase is specific for one aa; there are several tRNAs for most aas
- must have very high fidelity; must not put wrong aa on tRNA
- there’s a different tRNA(i) Met for the initiation and for internal methionine sites of the growing polypeptide
Prokaryotes: Shine-Dalgarno sequence signals translation initiation; sequence base pairs w/16S rRNA
Euk: starts at first AUG so UTR, ORF will not contain AUG (or else efficiency is lowered of producing desired polypeptide)
