Molecular Bio Review Notes

Describe hydrogen bonding / base pairing / purines vs. pyrimidines.

Purines – adenine/guanine have two rings

Pyrimidines – thymine/cytosine have one ring

C-G has 3 hydrogen bonds (more stable at higher temps), whereas A-T only forms 2 

How can the tautomerization of bases interfere with base-pairing and cause mismatches?

C can tautomerize between amino and imino, allowing it to basepair with A

G can tautomerize between keto and enol allowing it to basepair with thymine

Complications in replication mismatch, improper transcription, proteins being unable to recognize binding sites

Compare and contrast the major groove and minor groove. 

The major groove is two times as wide as the minor groove. Proteins bind in the major groove more often because there is less steric hinderance and a hydrogen bond pattern specific for each combination of basepairs (there are differences between hydrogen bond acceptors and hydrogen bond donors, and the patterns in the grooves are different for each basepair, this plays a significant role in specific protein binding because the major groove has more sites for interaction.) 

Describe the differences between the three forms of DNA (B, A, Z). 

B DNA – form at normal pH and normal temperature. Highly organized pattern with a wide major groove (for low steric hindrance in protein binding) and a narrow and shallow major groove.

A DNA – found under conditions of low humidity, still a right handed helix. Major groove is narrow and deep, while minor groove is broader and more shallow. 

Z DNA – Found her high salt concentrations. A left-handed helix with a flattened major groove and a narrow and deep minor groove. 

How are RNA, DNA, and proteins distinguishable as molecules?

RNA is single stranded and made up of ribonucleic acids, while DNA has helical secondary structure, proteins can find themselves having alpha-helix and beta sheet secondary structure. RNA tends to form step and loop type structures with  Nucleic acids are also different from proteins in that they are made up of sugar phosphate backbones and a base. RNA replaces thymine with uracil and a deoxyribose base with ribose because of the presence of a 2’ hydroxyl. Both proteins and RNA molecules can be catalysts as enzymes. 

What does the type of amino acid (charge/grouping) have to do with it’s incorporation into a protein?

Different amino acids have different side chains that can be grouped into 4 categories: neutral nonpolar, neutral polar, acidic, and basic. Neutral non-polar tend to be found on the interior of proteins, while polar groups that can form hydrogen bonds are generally found on the exterior of proteins. Acidic and basic groups contribute to electrostatic interactions with proteins. 

Discuss protein secondary structure. 

The alpha helix maximizes possible hydrogen bonds. Beta sheets can be found in both parallel and anti-parallel conformations. Protein domains (motifs) can be fused together to form lots of different proteins. Protein structure contributes heavily to the ability of the protein to interact with specific nucleic acids and nucleic acid sequences. A helix-turn-helix motif will insert into the major groove of DNA (the lambda repressor does this). 

How do proteins recognize DNA sequences to which they will bind? How can protein/DNA interactions be demonstrated with molecular assays?

Non-specific DNA backbone contacts that are electrostatic in nature allow proteins to track along the DNA in 2D space, a “railroad analogy.” 

Some proteins recognize specific structures of DNA, like single stranded binding protein, Holliday junctions can also be specifically recognized by proteins. There are also specific patterns of hydrogen bonding that are recognized in interactions in the major groove, especially in the helix-turn-helix motif where the hydrogen bond patterns are responsible for recognition because the alpha helix inserts into the major groove of the DNA sequence with hydrogen bonding. 

What purposes does cloning serve in molecular biology?

Cloning in vivo is useful in studying specific patterns of expression because of the way vectors are inserted into host organisms. The ability to make lots of copies of a gene is useful for measuring levels of expression, and anything having to do with quantifying amounts. Reporter constructs are an extremely important representation of this. In the case of in-vitro cloning in PCR reactions. PCR can be used to amplify and gauge relative amounts/levels as well. It’s useful in that it is not dependent on host organisms. PCR cycles can be repeated to infinity thus greatly amplifying amounts. Reverse transcriptase PCR can also give a good study of an expressed gene. 

What is the significance of supercoiling? Describe DNA topology in terms of supercoiling capabilities.

DNA needs to able to overlap with itself in 3D space, which is where supercoiling arises. Especially in the case of eukaryotes where there is so much DNA, supercoiling serves as a preliminary means of compacting DNA. As related to covalently closed circular DNA (cccDNA), the linking number is the addition of twist plus writhe. Twist relates to the number of times on strand turns about another in a flat plane, while writhe is the number of times the double helix crosses over itself in 3D space. Negative supercoiling is induced when the linking number decreases, positive supercoiling when the linking number increases. Ethidium bromide is an intercalating molecular that can decrease the twist and increase the writhe, which does not change the linking number but relaxes negative supercoils. Dnase nicks allow for free rotation of molecule so the supercoiling will be relieved once the molecule is relegated. 

How do topoisomerases function and to what end does this serve?

Prokaryotic vs. Eukaryotic topoisomerases.

Topoisomerases change the linking number in DNA alter writhe (there is interwound and toroidal writhe – toroidal is mostly found with nucleosomes). Topoisomerases nick and pass strands through one another, does not actually change the linking number in cccDNA, but they relieve supercoiling. 

Type I topoisomerases cut one strand and pass the other strand through, and then religate. LK = n + 1

Type II topoisomerases change the LK by 2, cut 2 strands of DNA, and require ATP for conformational changes and usually act as dimers. 

Eukaryotes: Type I and II topoisomerases have tyrosine residues that attack the DNA strand and relax negative supercoils via nicking and passing mechanisms. 

Prokaryotes: DNA gyrase, a special type II topoisomerase can actually add negative supercoils, a reverse gyrase can actually create positive supercoils, so prokaryotes can induce supercoiling with the advent of gyrases. 

What do eukaryotic cells do to package DNA manageably / induce supercoiling?

Since eukaryotic cells do not have gyrases, they need other means of inducing supercoiling and packaging DNA. Nucleosomes are the structural mechanism that exist in lieu of supercoiling inducing enzymes that allow cells to pack DNA into the nucleus and keep it organized allowing for only appropriate gene expression. Nucleosomes induce negative supercoiling by winding DNA around them, creating toroidal writhe (negative supercoiling). 

How is chromatin structured? What are the levels of chromatin structure? Describe nucleosomes, histones, and any other relevant molecules.

Chromatin exists in a nuclear scaffold composed of 30nm fibers, which are organized by nucleosomes. The nucleosomes consist of 2 molecules of 4 different histone proteins (H2A, H2B, H3, H4) with 20-60bp of linker DNA in between nucleosomes. The histones are highly basic (positive charge) with 20% of amino acids as lysine or arginine, so they can be purified by acid extraction. Nucleosomes are assembled when an H3-H4 tetramer forms, binds to DNA, and recruits 2 dimers of H2A-H2B to form final nucleosome structure. They form a structure with a 2 fold axis of symmetry, there’s some hydrogen bonding with the DNA and the nucleosome but electrostatic interactions dominate so they tend to take place in the minor groove. Histones also have N-terminal tails sticking out from the nucleosome that can be modified to alter chromatin structure and play a role in gene expression. Chromatin assembly factors are thought to bring the histones to the DNA. Experiments with Mnase (which cleaves unprotected DNA) can show precise patterns of separation on gels (evenly spaced bands) indicating the presence of nucleosome structure. During replication, the H3-H4 tetramers stick to one strand or another, and the rest of the nucleosomes are retrieved from soluble nucleosome pools. 

What does chromatin remodeling have to do with controlling gene expression?

ATP-dependent chromatin remodeling enzymes can make DNA accessible to proteins by moving/exchanging nucleosomes. Sliding, transfer, and remodeling mechanisms all contribute to this process. Sliding pulls DNA from nucleosome to expose binding sites. Transfer exchanges nucleosome with naked DNA molecule and remodeling makes the inaccessible accessible by rotating the DNA outwards. It is important to consider though that since the nucleosomes bind to the minor groove (A-T rich regions) most of what will be easily accessible in terms of gene expression is already not too tightly would up by the nucleosome. 

General chromatin-based ways to affect gene expression

· HH1 presence/absence (30nm fibers inhibit transcription)

· Nucleosome positioning (allowed protein access to DNA)

· Superstructure / histone modifications

How can one determine nucleosome positioning? 

Box 7-2 in textbook

DNA binding proteins and nucleosome positioning sites all play a role and can be in part determined with gel and blot analysis. 

How do histone modifications play a role in gene expression? 

Histone H3 has particular modifications that tend to interplay with one another allowing access to gene expression. 

Acetylation is generally responsible for upregulating gene expression on lysine 14, methylation will down regulate expression on lysine 9 residues, and phosphorylation can go either way on serine 10 residues (though in this particular instance it will activate transcription). Acetylation neutralizes the positive charge on histones meaning that they will not be as tightly associated with DNA, whereas methylation causes further interaction with DNA, tightening it and making it harder for transcription to occur. 

What does histone H1 do? 

Histone H1 is thought to play a role in the formation of the 30nm fiber since it’s present in about half the amount as the other histones. It’s thought to bind to the linker DNA and the DNA at the center of the nucleosome, allowing for tighter wrapping of the DNA around the nucleosome. High levels of H1 are significant to regulating gene expression. 

Describe heterochromatin examples and heterochromatin spreading. 

Heterochromatin is incredibly dense chromatin that is often associated with centromeres, telomeres, and other silenced regions. Transcription of these regions is often repressed. There are proteins that bind to these regions catalyzing the deacetylation of histones and decrease gene expression, they can spread several kilobases past the telomere, etc. There is a boundary element that bind to stop heterochromatin spreading. Methylation in mammals can also occur at CpG islands, maintenance methylases can also maintain methylation state by modifying hemimethylated (newly replicated) DNA. 

How can chromatin structure be inherited? What is epigenetic inheritance? Describe the phenomenon of imprinting. 

Germ lines – reset methylation patterns create imprinting. It is sex specific gene expression, genes can be differentially expressed based on methylation pattern and are inherited either maternally or paternally. Imprinting can occasionally lead to genetic diseases when it is not set up correctly. A female like methylation pattern in males will turn off key genes (since both copies are off), similar situations can arise when there is a male like imprinting pattern in females. Prader-Willi and Angelman syndrome are two examples of imprinting genetic diseases. 

What is the main function of each protein in DNA replication and how do all of the proteins come together in the entire process?

The DNA polymerase has a 3D structure that is highly specific for correct base-pairing of dNTPs, and a very processive enzyme. Helicases, ligases, topoisomeases, primaes, PCNA (sliding clamp), RPA (ss binding protein), clamp loading protein, Dnase, origin binding proteins, and exonucleases all play a role. 

How does the molecular structure of replication proteins relate to their function? (Think of the trombone model.)

Helicase is a hexamer that requires ATP hydrolysis to translocate along the DNA, attached to a single stranded region and causes further unwinding. 

Topoisomerase relieves the supercoils created by the polymerase in front of the replication fork. The sliding clamp forms around the DNA double helix to make it much more processive by pushing on the polymerase. In eukaryotes, this clamp can also recruit chromatin assembly factors and histones to newly replicated DNA. The clamp loaded is a protein complex that is normally closed, opens with ATP and has affinity for open clamp binding. The open clamp has a strong affinity for DNA. ATP is hydrolyzed and the clamp will close on the DNA, thus causing the clamp loader to release the clamp and go back to closed formation. The basic process of replication involves a primase making an RNA primer, DNA polymerase loading and extending the primer, becoming more processive with the sliding clamp loading and better polymerases. Ligase seals the nicks on Okasaki fragments. RNA primers will need to be chewed away by Rnase H, removing the RNA, an exonuclease needed to remove the last nucleotide of RNA primer, and then a DNA polymerase can come bind and fill the gap all the way through, with ligase sealing the nick. 

How is processivity and accuracy ensured in DNA replication?

Processive enzyme because of amino acid electrostatic interactions at the active site that catalyze a reaction with seconds. The exonuclease within the polymerase also helps to ensure accurate base-pairing that increases the fidelity of the enzyme by 100 fold. Polymerization will slow with an incorrect base-pair allowing the exonuclease domain to cleave out that base-pair. The structure of the polymerase is also highly specific for proper base-pairing, if the pair is incorrect the hydroxyl group will not be in close proximity to the alpha phosphate, meaning no reaction is catalyzed. 

Compare processivity of polymerases/ribosomes in replication, transcription and translation. 

What are the differences between prokaryotes and eukaryotes in DNA replication?

The main differences involve the polymerases used, and the names and specifics of all of the proteins. (Major replicative in prks are II and III, and delta and epsilon in eukaryotes). There is trombone model proposed in prokaryotes, and the holoenzyme ensures functional lagging strand synthesis. One polymerase is constantly synthesizing the leading strand, while the clamp and clamp loader remains in the middle. The polymerase on the lagging strand has to act further downstream to work. Single strand binding protein will bind to the DNA to protect it. Once a single Okasaki fragment is formed the lagging strand polymerase will release from the sliding clamp, but will bind to a new spot further back on the DNA. The polymerase never dissociates from the trombone like complex, just becomes reavailable to bind to a new sliding clamp and start synthesizing again. This holoenzyme functions as a unit to ensure dual strand synthesis. Synthesis also occurs bi-directionally so this will happen in two directions. 

What is the role of telomerase in solving replication problems in eukaryotes? 

Replication in E. coli results in 2 different linked daughter molecules that are topologically linked and can be separated using a type II topoisomerase. 

Eukaryotes have an end replication problem on the lagging strand because there is a gap that exists from incompletely replicated DNA because of the RNA prior to the last Okasaki fragment, once it is digested no polymerase can load to replicate those last 10-15 nucleotides. With this problem persisting through each cycle of replication, it could ultimately become very destructive. Telomerase solves the end replication problem. A ribonucleoprotein, it catalyzes the addition of nucleotides to the end of the chromosome that are templated off of telomerase and extends the 3’ end of the telomere. Since the 3’ end is extended, new double stranded DNA can be extended where it did not exist before by the same lagging strand replication mechanism. A 3’ overhang will still exist at the end of the telomere, but it does not cut the end of the chromosome short. The end structure of the chromosome is such that telomere binding proteins loop to have the single stranded G rich piece invade into a C rich region, thus creating a T-loop and stabilizing the end of the structure. 

How is an origin of replication defined? How does it initiate differently in prokaryotes vs. eukaryotes? 

An origin of replication needs to be easy to unwind, so they are often A-T rich sequences that are specific for the binding of initiator proteins. (At least true in prokaryotic situations, not always in eukaryotes.) Replication initiates with the facilitation of an initiator protein to promote unwinding, following by helicase loading, DNA primase loading, etc. Eukaryotic replication involves ORC (an origin recognition complex) creates localized unwinding allowing everything else to load and continue with replication. Origins are discovered using genetic means, linker scanning, or biophysical methods using two-dimensional gels. 

How is the timing of replication regulated?

In E. Coli the timing of replication is controlled through the methylation status of GATC sites located near the origin of replication. Proteins will bind to hemi-methylated DNA to prevent Dam methylase from methylating the GATC where the proteins are bound. These proteins also block DNAa from initiating prokaryotic replication, but eventually the methylase will gain access to these sequences and methylate the DNA. Once the DNA is no longer hemi-methylated, then replication can begin again. Replication initiation occurs once per round of cell cycle. 

Eukaryotic cells select for replication prior to the S phase, so origins of replication are activated after the S phase is entered, once activated they are turned off until the cells go through mitosis to limit DNA replication to once per cycle. Cyclin-dependent-kinsases are primary means of controlling this timing of replication to occurring once during the cell cycle. The formation of replication complexes and the activation of these complexes is what ultimately controls this whole process. Cyclin-dependent-kinases must be activated to allow replication because they phosphorylate helicase loaders, when their activity is low as in prior to the S phase, then pre-replication complexes will form on the DNA, but not be activated. Once Cdk activity is high, existing pre-RCs formed prior to the S phase of the cell cycle will be activated, but no new pre-RC formation will be allowed. Cdk activity is high in the S phase up through mitosis, meaning that any pre-RCs will be activated, but no new pre-RCs will form. Levels are lowered at the G1 phase, which exists prior to the S phase, reallowing pre-RC formation. 

What are the different types of DNA damage and how do they arise?

Transversion/Transition Mutations where a mismatched base inserted, causing a point mutation in future rounds of replication. Transversion involves changing a purine to a pyrimidine, while transition is mismatch involving purines to purines or pyrimidines to pyrimidines. 

Hydrolysis of C converts it to a U, resulting in a transition mutation.

Hydrolysis of  G leads to an abasic site.

Hydrolysis of 5-methyl cytosine converts it to a T, another transition mutation. 

Alkylation of guanine, leads to O6-methyl guanine, allowing it to basepair with Thymine, another transition mutation. 

Oxidation of guanine leads to Oxo-G, which mispairs with A instead of C. 

Deamination of G allows xanthine to still basepair with cytosine, but only 2 hydrogen bonds exist so the DNA is slightly destabilized. 

Thymine dimers caused by UV damage. 

How does DNA mismatch repair function in prokaryotes vs. eukaryotes?

In E. coli mismatch repair involves the use of Mut proteins. These proteins bind to the DNA at a mismatch, binds to ATP, and a conformational change allows it to bind to more Mut proteins. One of the Mut proteins (MutH) nicks in the backbone close to where the mismatch occurs. A helicase and exonuclease chews back to where the mismatch occurs, allowing DNA polymerase and ligase to come in and correct the problem. The nicks are made in the nonmethylated strands because they are newly synthesized and the site of the mismatch that needs to be fixed. There are different polarities for the exonucleases dependent upon where the nick in the DNA occurs relative to the mismatch.

In Eukaryotes, Mut homolog proteins act to fill the same role of mismatch repair. Since there is no dam methylase system in eukaryotes, the newly synthesized strands are easy to tell in lagging strand repair, but not as easy to tell in leading strand repair. 

Is it possible for there to be direct reversal of DNA damage?

In the case of O6 methyl guanine, a methyltransferase can actually recognize the methyl group and remove it from where it does not belong, but there is an energetic cost involved. 

Thymine dimers can be removed by DNA photolyase, but this is not present in mammals. 

How does base excision repair function?

Involves a glycosylase scanning through the minor groove of the DNA, recognizing bases where they do not belong, and it cuts between the base and the sugar. 5’ of the abasic site exicision mode, an exonuclease comes in and creates a hole, which is filled in by DNA polymerase I in E. coli and ligase will seal the break. This action creates only a small hole in the DNA because it targets the base for excision first. Glycosylases can recognize DNA damange by scanning along the minor grove and flipping out bases where there is a distortion to check if the base is in fact correct. There are fail safe repair systems in this process in the case of A-oxoG base pairs. The adenine will be excised, giving time for the base excision to recognize the oxo-G and remove it as opposed to creating a point mutation to a T-A base pair. 

How does nucleotide excision repair function?

Can repair thymine dimers when photolyase is not an option. 

In E. Coli, UvrA will scan for a distortion and recruit another protein to the site of the damage that melts the DNA around the site of the damage. Once DNA is melted, UvrC makes nicks 8 nucleotides 5’ of damage and 4-5 nucleotides 3’ of damage. A DNA helicase in the pathway intercepts to remove the DNA at the nick sites. DNA Polymerase I will then create the damaged site and DNA ligase will seal the nick. This pathway can be activated when a RNA polymerase stalls encountering the DNA lesion, thereby recruiting the NER machinery to fix the problem.

Eukaryotic NER is much more complicated, involves damage recognition and action by different proteins. XPA will recognize the damage and TFIIH binds to the damage, melting the DNA, with endonucleases making the nick. The main difference is that there is a 24-32 nucleotide excision, which is a much larger excision than what happens in prokaryotes. 

Why repair the unmethylated strand? What is the significance of this action? 

The unmethylated strand is the site of error since it is the most newly replicated. It also prevents point mutations from carrying over into future DNA synthesis. 

What is translesion synthesis and when might it be induced?

Translesion synthesis is a last-ditch mechanism to replicate through DNA damage. Replicative polymerases and beta sliding clamp fall of the DNA, so translesion polymerases recruited to a damaged site (they are very error prone) to insert random mutagenic nucleotides. Since it is not a processive polymerase, it will fall off quickly and the replicative polymerase will reload itself for non-mutagenic processive replication. 

E. coli activates the SOS response n the presence of DNA damage. UV light will activate RecA, destroying the LexA repressor on the umuDC operon, meaning that the normally repressed operon that synthesizes translesion polymerases is allowed to undergo expression, so TLS is now an active pathway in the presence of UV radiation.

Eukaryotic TLS polymerases are highly specific. One can test the specificity of these polymerases using a template extension polymerase assay to test if a polymerase can extend past an oligonucleotide with an induced mutation. 

Describe double strand breaks and types of DSB repair.

Double strand breaks are breaks in a DNA that occur through both strands. They can be repaired via the error-prone pathway of non-homologous end joining or via homologous recombination, which is relatively error free but requires a homologous template. DSBs are actually frequently created by normal cellular processes, especially in replication with single-stranded nicks and lesions as well as the potential for replication fork collapse. 

What is Non homologous end joining used? What are the consequences of this?

Non-homologous end joining uses microhomologies upstream of double strand breaks as sources of alignment for endjoining. It will loop out pieces of DNA that end up being lost in the repair, since these base pairs are deleted the pathway is highly mutagenic but is an effective repair pathway. Ku heterodimers are often thought to be the proteins responsible for carrying out this pathway. 

What is the Holliday model of homologous recombination?

Initial model proposed for E. coli, later revealed to not be correct. Assumes DSB, which is not actually the case as pictured in the diagrams. From this DSB, single stranded DNA that is coated with single strand binding protein is created to invade into a homologous template. Once this invades into a homologous template a Holliday junction is formed following nicks and strand exchanges. The Holliday junctions are migrated to form heteroduplex DNA. Holliday junctions are cleaved in one of two orientations, one results in a cross over if the out strands are cleaved, and a cut at the Holliday junction gives a non-crossover product with some heteroduplex DNA that remains in the middle created by the migration of the holliday junction. 

Two single stranded nicks on two duplexes involved in this model. 

RecBCD binds to DSB and unwinds to that point, will cut and degrade DNA up to a Chi site, which is a hot spot for recombination. 

RecA uses ATP to catalyze strand exchange between ssDNA and homologous dsDNA. It is important to recognize, however, that RecA needs to be able to access ssDNA, and will not work for strand exchange purposes without ssDNA. 

RuvAB is a tetramer responsible for the holliday junction migration. 

RuvC cleaves the holliday junction.

Ligase seals breaks when joining correct strands. 

What is the Double Strand Break Repair model of homologous recombination?

It differs from the Holliday model in that there is a second strand invasion, DNA repair synthesis occurs, and 2 Holliday junctions are formed in the process. This model is generally believed to be a better representation of homologous double strand break repair over the holliday model. 

Different proteins in prokaryotes and eukaryotes create 3’ single stranded tails that will invade into a homologous template. DNA will be synthesized off of this template 5’-> 3’, following this DNA synthesis a second strand invasion occurs with the same D loop formation and new synthesis. Post ligation of the two newly synthesized strands, 2 holliday junctions exist. The resolution of these holliday junctions with cleavage inducing proteins will result in either a crossover product formation or a non-crossover product formation. Crossover products result in heteroduplex DNA formed adjacent to crossovers, whereas non-crossover products have heteroduplex DNA existing in other regions. 

Describe a Holliday junction. 

A Holliday junction is what forms post-strand exchange in homologous recombination. Different strands of DNA are base-paired, but sugar-phosphate backbones are not yet switched so DNA is hopelessly tangled. 

What are the consequences of recombination?

Gene conversion can result because heteroduplex DNA with 2 alleles of a gene is possible, meaning that different base pairs exist, with a mismatch in the DNA sequence. The cell will use mismatch repair to convert one DNA sequence to the sequence on the sister chromatid. This action will result in the conversion of one allele to another. 

What does mating type switching in yeast involve and what is it an example of?

Yeast has a and alpha mating types. Yeast can be made to produce diploid yeast in stressful conditions, so a will switch to alpha or vice versa to make this diploid possible. Parts of the yeast genome contain hidden stores of mating type information. Double strand breaks within the original mating type locus can erase all information and copy back information from whatever mating type the yeast selects to switch to using homologous recombination and double strand break repair. The HO endonucleae is responsible for creating the DSB that initiates this process. A strand invasion into the template strand than follows with new information synthesis. There is no Holliday junction formed in this process, because a bi-directional replication fork is set up to synthesize a leading and lagging strand off the top chromosome. So there is no second strand invasion, and no holliday junctions formed. Branch migration will disengage duplexes and repair synthesis plus sealing of DNA strands leads to the complete mating type replacement. This pathway is known as a Synthesis Dependent Strand Annealing Pathway (SDSA) and applicable to eukaryotes. Crossovers are impossible without holliday junction formation so there is always gene conversion when no crossing over. 

Describe several examples of site-specific recombination.

SSR involves recombinases catalyzing the cutting and joining recombination between two defined sequence elements. It is significant cause all proteins provided in the process are specific to the recombination taking place, and no host proteins are required from the cell! (Not even ligase!) 

SSR can result in insertion (bacterial phage DNA), deletion (cre-lox recombination), or inversion (a type of salmonella recombinase). There are serine and tyrosine recombinases and they act in different manners for recombination. Integrase catalyzes recombination of the lamda phage into the bacterial chromosome. 

What are lox-P sites, how can cre-lox be put over specific control in knock-outs?

Lox-P sites are involved in SSR, they are targeted locations for circularization and excision under the cre recombinase. Any gene inserted within these lox sites can be deleted/knocked-out if cre recombinase is put under a tissue specific control. Cre is what is responsible for cleaving between lox-P sites. Knock-out mice created when a mouse with lox-P sites is crossed with a mouse with the cre gene linked to a cell-specific promoter. You can then get tissue/cell-specific deletion at a target locus. 

What is Bacterial Plasmid Separation / Conservative Site Specific Recombination?

Homologous recombination may occur in bacterial plasmids if they become linked during replication. When a bacterial cell wall pinches during cell division, proteins that mediate crossing over and remain on the cell wall close in, activating the proteins that catalyze the recombination and ensuring that DNA is unlinked when the bacteria divides. 

What is transposition? What are the different types of transposons? Explore their structure and how this relates to function (terminal inverted repeats). 

Transposons have a preference for non-coding regions of the genome, most complex organisms have transposons that make up a substantial portion of the genome. All transposons create target site duplications as a consequence of insertion (and this is an easy way to recognize their presence, as there is literally the same sequence on either side of the transposon). Most transposons have inverted terminal repeats that form a kind of secondary structure, but this is not always the case. 

DNA Transposons: target site duplications, terminal inverted repeats, transposase to make them autonomous

· Cut and paste mechanism possible, inverted repeats are recognized by transposase, which excises the transposon. The transposon then attacks a target site on the target DNA, the distance between the attack sites from either 3’OH is where the target site duplication occurs. Once the transposon inserts itself into the new DNA, repair synthesis must occur to fill in the gaps and the element rests in it’s new location. 

· Replicative mechanisms are also possible. Similar to yeast mating type switching, the single stranded nicks in the transposon are not processed into DSBs, a replication fork assembly allows insertion into the donor with 2 copies of the transposon. This action can be very disruptive in target DNA. It is also possible to have a transposon act ahead of a replication fork on a new target site, leaving a double strand break that is repaired by DSB repair on a sister template that exists because of proceeding replication. 

Transposition capability can be limited when transposon mRNA binds to antisense RNA overlap, the RNA-RNA base pairing occurs when there is a high copy number of the transposon RNA around, meaning that translation of transposase mRNA will be blocked, so it prevents too many copies of transposons in cell. Transposase likes to bind to hemi-methylated DNA.

Virus-like retrotransposons/retroviruses element: These elements use integrase and reverse transcriptase. Transposon is transcribed into RNA using host RNA polymerase, it has a complicated pathway where double stranded cDNA is responsible for attacking the target site, giving rise to the target site duplication sequences. The DNA strand transfer is catalyzed by integrase. Still will repair gaps at target sites using host cell DNA repair machinery. RT inhibitors can prevent transposition of these molecules. 

Poly-A retrotransposons: ~50% human genome, target site duplications still, but no terminal inverted repeats. These transposons mimic genes because they have a 5’untranslated region, open reading frame, 3’UTR, and poly A tail. Also known as LINEs – long interspersed nuclear elements (autonomous) and SINEs (short interspersed nuclear elements, alu sequences, non autonomous. LINEs in particular will use ORF proteins to insert their mRNA into target DNA, a reverse transcriptase will work to make cDNA off the mRNA and this cDNA will insert into the target site, Rnase H will degrade the hybrid RNA, and DNA repair machinery will finalize the joining of the transposon to the target site as well as synthesize double stranded DNA back in the place of RNA. 

What type of recombination does not need cell machinery to function? How is this possible? 

Site specific recombination uses it’s own recombinases and does not need the help of other DNA repair proteins.  

How does transcription work in prokaryotes and eukaryotes? What are the main stages of transcription and how do they differ between the different classes of organisms?

Initiation – RNA polymerase binds to DNA at the promoter (closed complex), RNA polymerase has to melt the DNA around the promoter to convert to the open complex and proceed with processive transcription

Elongation – Promoter clearance achieved and RNA polymerase begins processive transcription

Termination – RNA sequences cause change in RNA polymerase to make it dissociate from template and release mRNA

Prokaryotic promoters have a –10 element and a –35 element that are highly conserved, the TATA box exists in both bacterial and eukaryotic promoters. Strong bacterial promoters also have UP elements, and some may have extended –10 regions where more basepairs can make contact with the sigma factor. Bacterial polymerases also only have 5 main subunits, while many more exist in eukaryotes. The sigma subunit is also centrally responsible for bringing the RNA polymerase to the promoter in bacteria. CTD can make contacts with the UP element for high levels of transcription, and the rest of sigma can make contacts with the conserved sequences in promoters. Contacts between the polymerase and the DNA are made using helix-turn-helix motifs into the major groove for non-specific contact. The alpha helices also play a role in the DNA melting necessary for open complex transition. RNA polymerase in bacteria also has 5 channels, the sigma factors must move around and dissociate somewhat for transcription to proceed properly. DNA needs to be allowed entry, and there must be a channel for RNA exit as well once mRNA is created. Termination can occur by either rho-dependent or rho-independent means. When Rho is not involved, inverted repeats in the DNA sequence can form hairpin structures, interfering with the RNA polymerase and causing it to fall off the DNA. Rho-dependent termination has the rho protein recognize Rut sequences on transcript with hairpin formation, causing the polymerase to pause and Rho will catch up forcing the transcript to be released and causing termination of transcription. 

Eukaryotic processes have very different promoters as well as initiation factors involved in transcription. While the TATA box is conserved, a GC rich region, initiator element, and downstream promoter element (DPE) may all exist in conjunction with the TATA box. The more of these promoter sequences that are present, the higher the levels of transcription that will occur. TBP, TATA Binding Protein, is one of the primary proteins responsible for binding to the DNA to entice RNA polymerase. Transcription factors bind in a passive complex with RNA polymerase II to encourage closed to open complex transition and start transcription. TFIIH is an important transcription factor because it has a helicase and kinase subunit, the helicase unwinds DNA at the start site, helping open complex transition, and the kinase phosphorylates the tail of RNA pol II (attracts mRNA processing proteins), furthering transcription initiation. Many proteins associate to form complicated transcription initiation structures, the mediator complex will also bind with transcriptional activators as well as chromatin remodeling proteins, it is an extremely complicated process of protein accumulation. Once transcription begins, processing occurs as transcript is made, with a 5’ cap, spliced introns, and poly A tail addition. The 5’ cap promotes stability from exonucleases and is also essential in splicing and translation. Cleavage factors cut the transcript at the end and recruit polyadenylation factors to add many As to the 3’ end of the transcript, which also promotes stability and ensures termination of transcription. 

Describe splicing and RNA processing? Why is it important and how can it play an important role in expression?

Introns in eukaryotic transcripts must be spliced out because they do not code for proteins, additionally the exons must be covalently attached to form the proper mRNA for translation. Splicing occurs via a splicing reaction involving an A branch point in the middle of the intron, a 5’ splice site on the intro and a 3’ splice site on the intro as well. It proceeds through a pathway forming a lariat intermediate structure, which allows the intro lariat to be excised leaving the remaining spliced exons. The adenine at the branch site catalyzes the splicing reaction with splicesome proteins. It will attack the 5’ splice site (AG on the exon, GU on the intro) leaving a 3’OH at the 5’ splice site and a lariat intermediate with the partially spliced intro and second exon. The 3’OH at the 5’ splice site will then attack the consensus sequence at the 3’ splice site (AG on intro, G on exon), binding together two spliced exons and fully excisint the intro lariat. The spliceosome is a 150 protein complex consisting of snRNAs (small nuclear RNAs) and snRNPs (small nuclear ribonuclear proteins). It is actually believed that the RNAs perform the catalysis in these reactions. The U RNAs/proteins act sequentially to bring together and catalyze splicing reactions in the mechanism previously described. It is believed that there are SR proteins (serine and arginine) that are splicing enhancers in that they position the rest of the splicesome and can lead to alternative splicing in higher eukaryotes. 

Introns can also be self-splicing. 

Group II introns use the same mechanism as the normal splicesome, just without the proteins, extensive RNA secondary structure is thought to help with this process. 

Group I introns also have extensive secondary RNA structure but proceed via a guanine mechanism that does not involve a lariat intermediate. The guanine is also not part of the transcript, but external to it, and in the middle of the intron and catalyzes the reaction with the 5’ splice site, but never forms a lariat structure in the process. 

Errors in splicing can result in exons being overlooked and not included as well as cryptic splice sites that lead to losing part of an exon in the process of splicing. 

What can alternative splicing patterns mean in an organism?

Alternative splicing patterns can mean that one transcript can produce several functional proteins based on the splicing patterns of the exons. Some exons may be skipped, some may be extended, or some may be shortened to complete this process. 

Alternative splicing can originate with splicing enhancer proteins (such as Tra) or splicing repressor proteins that block splicing machinery. 

Tra is a doublesex splicing enhancer that promotes the inclusion of the middle exon. Doublesex protein activates transcription of female genes, in males, since this splice site is not included, different proteins will be produced. Sex lethal protein is also regulated by splicing patterns. 

What is the structure of a molecule of tRNA? How is it significant to translation and how do tRNAs get to be charged?

The tRNA molecule is responsible for carrying the amino acid and interacting with mRNA to bring amino acids together in peptide synthesis as directed by the ribosome. The amino acid is always attached to the 3’ stem of the tRNA, next to an ACC. It is cloverleaf in shape, with the anticodon being on the bottom leaf. The anti-codon has anti-parallel base pairing with the codon. Aminoacyl tRNA synthetase is responsible for charing the tRNA with the amino acid, it makes contacts with the amino acid and tRNA, recognizing both the anti-codon and the acceptor stem to ensure the tRNA is charged properly. There is one synthetase per amino acid. Eventually a high energy bond is formed between the amino acid and the tRNA in the charged tRNA structure, this high energy bond makes it possible for peptide bond formation without ATP. A molecule of ATP is used to help establish this bond. Ribosomes also are responsible for recognizing the tRNA as opposed to the amino acid, so if a tRNA is improperly charged, the wrong amino acid will be incorporated. 

What are process differences in prokaryotes and eukaryotes concerning translation?

In prokaryotes transcription and translation occur at the same time, and prokaryotes can have polycistronic mRNAs. Ribosomes are composed of different subunits than in eukaryotes and recognize ribosome binding sites (shine-delgado sites) as well as multiple start and stop codons. 

Eukaryotes have transcription and mRNA processing happening in the nucleus, with translation in the cytoplasm. The mRNAs are generally monocistronic. The 5’ cap is implicated in eukaryotic translation to start translation because the ribosomes recognizes it over ribosome binding sites. Once the ribosome binds to the 5’ cap, it scans along the mRNA searching for the AUG start codon. 

What is wobble base pairing?

The base at the 5’ end of the anti-codon (3’ end of the codon) can base pair with multible bases at the 3’ end of the codon. Wobbling makes it so that there are not more tRNAs than necessary. It also means that point mutations in mRNA do not have to spell out improper protein coding.

How is the ribosome structured?

Exit site, Peptidyl site, and Aminoacyl Site. The ribosome is structured to bring together the amino acids in the A and P sites so a peptide bond forms. There are important contacts made between tRNAs and rRNA for the purpose of peptide bond catalysis. An exit tunnel exists, but only alpha helices can form, so the majority of protein folding occurs outside of the ribosome. 

What are the main stages of translation and what is significant to know about each stage?

Initiation – In prokaryotes, initial tRNA binding into the P site only by using proteins initiation factors to block the A site and the E site. These initiation factors also help to recruit the start tRNA to the P site. The mRNA and tRNA can bind to the small subunit in either order, and the large subunit binds after a conformational change using GTP hydrolysis. Eukaryotic initiation involves different proteins. The initiator tRNA binds to the small subunit of the ribosome. An initiation factor will bind to the 5’ cap of the mRNA and gets toe mRNA to the small subunit of the ribosome, also uses helicase activity to unwind any secondary structure at 5’ end. The small subunit will scan for the first start codon and has sequence recognition with specific base pairing. The poly A tail on eukaryotic mRNA helps in circularizing the mRNA for effective translation with multiple ribosomes loading. 

Elongation – Described for both eukaryotic and prokaryotic cells. Correct tRNA incorporation involves rotation of the tRNA for peptide bond formation because of all of the specific contacts made between the ribosome, tRNA, mRNA, etc. EF-G (an elongation factor) drives translocation and forces elongation of the polypeptide by introducing new tRNAs to align with the mRNA. There is kind of a shoehorn effect kicking out tRNAs into new sites. 

Termination – A release factor will incorporate itself into the A site to align with the stop codon. GTP hydrolysis will cause the release of the protein from the ribosome. This class I release factor will then be kicked out by a class II release factor. A ribosome release factor will then mimic tRNA and bind into the A site, elongation factors will come and try to induce translocation, jamming the ribosome release factor into the P site, an unstable conformation that causes ribosomal dissociation, releasing the two subunits, remaining tRNAs, and the mRNA. 

Antibiotics and translation.

Antibiotics such as puromycin can be chain terminators in translation. Puromycin works in both prokaryotic and eukaryotic systems, but most antibiotics are made to work exclusively in prokaryotes so humans can take them safely. 

Translation in eukaryotic mRNAs with problematic / no stop codons. 

Ribosome kicks off exon junction complexes when proceeding with translation. A premature stop codon will make the ribosome fall off without kicking off complexes. These downstream remaining exon junction complexes will call the attention of decapping proteins, allowing the 5’ cap to be removed and exposing the mRNA to exonucleases and endonucleases, targeting it for destruction. 

If no stop codon, a ribosome will end up incorporating excessive lysine into the protein because of the poly A tail. A protease will attack the lysine rich tail and degrade the protein, but an exosome will be responsible for degrading the same mRNA. 

Faulty mRNA is only recognized once translation occurs. 

Make a list of the myriad of ways of ultimately regulating gene expression.

Chromatin modifications

Transcription initiation

MRNA stability

Splicing and mRNA processing

Protein Folding

Transcription Elongation

Transcription initiation

Understand the regulation of the lytic vs. lysogenic pathway.

The primary reason for the choice of lytic vs. lysogenic cycles is to allow the phage to make as many copies as possible of itself without completely destroying the host. In conditions of good growth, the phage will prefer the lytic cycle, while poor growth conditions favor the lysogenic cycle. The lambda repressor acts to shut down lytic gene expression and turn up lysogenic gene expression. Cro protein is transcribed in the lytic cycle, while C1 (encoding for the lambda repressor protein) activates the lysogenic cycle. Cro binds to an operator sequence near the C1 gene, blocking C1 transcription, thus also decreasing the amount of lambda repressor around. The Lambda repressor protein binds cooperatively to the right operators, blocking transcription of the Cro gene. The lambda repressor contains both a DNA binding domain and an activating domain. If lambda repressor is overly present, the cooperative binding will also transfer over to shut off self-transcription of the C1 gene. CII and CIII proteins also further regulate this pathway.

An inactive C1 gene means that the phage enters the lytic pathway.

Inactive integrase gene makes lysogeny impossible, so a phage will die when forced into a dead end lysogenic pathway. Lysogeny is always a possibility, but cro is absolutely necessary for the lytic pathway. 

How does the lac operon work? Understand it in a general sense.

The presence of both glucose and lactose will mean basal levels of transcription. Lactose is needed, however, to induce transcription because if there is no lactose present the repressor will ensure that the lac operon is not transcribed. The presence of lactose with no glucose around will mean that the CAP protein is around to act as an activator of transcription by binding to the CAP site and interacting with the RNA polymerase to bring it to the promoter. 

The araBAD operon and other examples. 

Arabinose needed to activate transcription because it helps to bring the RNA polymerase to the open complex. Basically, arabinose helps the activator act as an activator via conformational change. Should conclude that allosteric protein interactions help RNA polymerase transition from closed to open complex, and transcription levels and gene expression is very easily controlled in this manner. Sometimes it is also necessary to rotate the DNA because promoter elements can be out of phase, other activator pathways may control for this. 

Many proteins made in operon pathways will also bind to the 5’UTR of the mRNAs and prevent the ribosome from binding and translating, this mechanism ensures that the protein levels are relatively balanced.

How does Trp attenuation work and what is the general pathway for attenuation?

Trp attenuation is a post initiation regulation pathway of the Trp operon. Tryptophan acts as a corepressor in this pathway so the operon is not turned on unnecessarily when there are high levels of Trp present. The mRNA leader peptide requires two Trp amino acids. When high levels of Trp present, the ribosome acts processively on the mRNA and hairpins form on the mRNA closer to the site of the DNA where transcription will occur for the genes that help to synthesize Trp. These hairpins ensure that RNA polymerase will not bind to the DNA at this location and that the Trp operon mRNAs are not transcribed. With low levels of Trp present, the ribosome will stall when trying to incorporate the Trp amino acids into the leader peptide, this will allow a hairpin to form closer to the ribosome and far enough away from the trp operon DNA that transcription of the Trp operon DNA will occur, allowing more Trp to be synthesized. 

How are activators / enhancers / operators / repressors positioned to affect gene regulation?

Operators bind repressors

Activator binding sites bind activators

Enhancer sites bind activators in Eukaryotes

Promoters bind RNA polymerase

In bacteria, regulatory sequences are usually positioned close in proximity to the promoter. Eukaryotes tend to space out regulatory sequences and they can even be found on completely separate chromosomes. Activation and binding domains act independently of one another. Swapping a binding domain so that an activating domain is still bound to DNA, just in a different region will still result in some upregulation of transcription by the activating domain. 

DNA binding proteins insert into the major groove in a myriad of ways, but all have one or more alpha helix that usually helps by facilitating hydrogen bonding. 

Activating domains can act at great distances in eukaryotes. Enhancer action is thought to occur by some means of looping or looping and tracking, which can even involve having promoters and enhancer regions on different molecules. Supercoiling and sliding mechanisms mean that the enhancer must be on the same molecule as the promoter. 

Activators can also alter chromatin structure, and to prevent them from overacting, insulators can build walls between activators and promoters so transcription is not enhanced too much. 

Eukaryotic repressions can work by competing with activators for binding sites, directly repressing activators, repressing transcription machinery, or recruiting histone deacetylases and other chromatin modification proteins. 

In yeast, GAL1 is repressed when galactose is absent. Gal80 will bind to the GAL4 activator and hide the activation domain. The presence of galactose will allosterically regulate Gal80 so it does not bind to GAL4, thereby allowing the activator to activate galactose metabolism pathways. This same pathway can also be repressed in the presence of glucose, as glucose recruits proteins to bind and recruit chromatin modification factors to condense the chromatin and prevent GAL1 transcription.  

The cantenane experiment:

Quantitative S1 nuclease assays

Not sure I really understand this. 

What is RNAi? 

Introducing double stranded RNA into an organism can severely affect transcription. In-situ hybridization examining transcription levels in embryos can reveal this phenomenon. RNA interference can degrade target mRNAs, amplify short interfering RNAs, inhibit translation of RNAs left in cell, and work to act in chromatin silencing. 

How are the different types of RNAi created?

SiRNA: can originate from mRNA, viral, synthetic, transposons

MiRNA: non-coding regions, coding regions, RNA transcribed from genome

How do siRNAs play a role in gene expression?

SiRNAs created when targeted by dicer, RISC then works with siRNAs to slice mRNA at specific sites most likely corresponding to the ends of siRNAs, the degradation of mRNA regulates gene expression

These siRNAs are also transferred across cell boundaries and amplified by an enzyme (RNA dependent RNA polymerase), this polymerase will recognize mRNA and siRNA hybrids and extend the 3’OH and synthesize new dsRNAs so the pathway continues. This is still relatively up to interpretation because there are RNAis that do not need 3’OH on siRNAs so the exact mechanism is still relatively unknown. 

It is also possible that siRNAs regulate heterchromatin formation. This might occur with a RISC/siRNA complex recruiting histonemethyltransferases. 

What is targeted by microRNAs in gene expression? 

MicroRNAs are created by different means. A diccer like protein or Drosha (in animals) will create a strand to associate with the RISC complex, which converts the pre-miRNA into the mature miRNA after association with Argonaute. MicroRNAs may result in translational repression of target mRNAs. If base-pairing is perfect to the target mRNA, then it may function the same way as siRNAs. It is also possible, however that the miRNA will base pair imperfectly to the 3’UTR of the mRNA and repress translation by sequestering mRNA or potentially using decapping enzymes to degrade the mRNA. 

Make sure you go over and understand important journal club figures that we discussed in class, because they are also allowed to show up on the exam! 

