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Unit 1-2: Chromatin the Dynamic Structure

1. The bacterial chromosome contains a circular piece of double stranded piece of DNA, whereas the eukaryotic chromosome contains a linear strand of double stranded DNA. Therefore they are similar in that they are both double stranded, but one is circular (no free ends) and the eukaryotic one is linear (two free ends). Eukaryotic chromosomes are typically smaller than bacterial chromosomes, however eukaryotes have more than one and bacteria only have one. Eukaryotic chromosomes are protected in the nucleus and packed into chromatin, while the bacterial chromosome is in the cytoplasm and packed into a nucleoid.

2. Chromatin is found in in the nucleus of a cell. Chromatin remodeling is the process in which the state of the chromatin is changes so that the proteins that initiate transcription can bind to their promoters.

3. The ‘Histone Code’ is a hypothesis that the transcription of genetic information encoded in DNA is in part regulated by chemical modifications to histone proteins, primarily on their unstructured ends. Heterochromatin is more highly condensed, the genes are generally inactive, DNA is more highly methylated, 15% or more of genome, centromeric and telomeric regions and highly enriched in DNA repeats. Euchromatin is less condensed and more dispersed, the genes are generally active, and DNA is less highly methylated.  


Unit 2: Information flow Replication

1. The following are the basic enzymes involved in DNA replication:

	Name
	Function

	Helicase
	Unwinds DNA, to allow for the anti-parallel strands to be replicated.

	Topoisomerase
	Controls the over winding or under winding of DNA (when DNA is getting unwound, there is a lot of strain as it goes on, this reduced it).

	DNA Polymerase III
	Adds nucleotides in the 5’ to 3’ direction

	RNA Primer
	Adds RNA so that DNA polymerase I can bind and initiate replication.

	DNA Ligase
	Joins Okazaki Fragments.

	DNA Polymerase I
	Removes RNA primer and replaces it with the correct nucleotides.

	Sliding Clamp
	Protein complex that keeps DNA together while it is being unwound. 

	Single Stranded Binding Proteins (SSBs)
	Prevents DNA from re-joining after it has been unwound



2. The lagging strand is discontinuous and is replicated by laying down an RNA primer than DNA polymerase III binds and initiates replication. Since the laggings strand runs from 5’ to 3’, the primer has to start at the replication fork (3’ end) and move towards the 5’ end. Since DNA is being unwound, this must be done several times; therefore Okazaki pieces are formed. Next DNA Polymerase I removes the RNA primer’s and adds the correct nucleotides. After this, the fragments are joined using DNA ligase. The leading strand is continuous, and starts at the 3’ end and runs towards the replication fork (5’ end). Only one RNA primer is needed, as the leading strand is not formed using fragments. 

3. Telomeres are an extension of DNA on both ends of the chromosome. This is used to protect the chromosome from shortening. Essentially, junk is extended, since it does not code for anything, used the enzyme telomerase, which is RNA dependent, meaning it does not require a primer to initiate, as it carries its own template, which is from the previous generation.

4. Some organisms, such as bacteria, do not have telomeres because they have circular DNA, therefore there is no need to protect the ends, as there aren’t any to protect.

· The following are mechanisms: 
· Proofreading by DNA Polymerase
· Starts to copy, and instead of copying A – T, makes a mistake and puts in C. Can occur 1 in ever million.
· Recognizes mismatched region, and reverses itself and fizes it
· Polymerizes in one direction, depolymerizes in the reverse direction.
· Puts the correct one back and then continues on.
· Adherent rate of making a mistake, due to DNA polymerase. 
· How does it recognize
· Structural change
· Recognizes mismatches that don’t form perfect helix
· Mismatch Repair: General Model for Post-Replication Damage
· Somehow recognize structural integrity is not right, and remove that region, remove nucleosomes and everything else. Uses nuclease to take it out.
· Then, region here is a gap, use gap repair to fill it in, then ligate it.
· These systems work very efficiently, but not completely and function differently in people.
· Repair for us is efficient.





Unit 2: Information flow Transcription

1. Transcription is the mechanism by which the information encoded in DNA is made into a complementary RNA copy.
Translation is the use of the information encoded in the RNA to assemble amino acids into a polypeptide.

2. It is important to have a variety of RNA Polymerases due to specialization and location.

	Name 
	Function

	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 RNA, some snRNAs and scRNAs.




3. The following are the definitions for Promoter, Transcription Unit and Terminator.

	Name 
	Function

	Promoter
	Control sequence initiates transcription.


	Transcription Unit
	Portion of the gene that is copied into RNA.


	Terminator
	Signals the end of transcription of a gene. 




4. First, the DNA is unwound opening up a portion to be transcripted. Next, RNA Polymerase II, joins to the DNA strand, and does not require and RNA primer. It transcribes from the 5’ to 3’ direction, making a pre-mRNA. After the desired length has been transcribed, the pre-mRNA undergoes modifications to become mature-mRNA or just mRNA. Some examples of this include:

	Name 
	Function

	RNA Splicing
	Removal of introns, which will then be recycled, which just leaves the exons, which are the protein coding part. In some cases, exons will also be removed, and an example of this is in skeletal muscle and smooth muscle. 


	Polyadenylation
	Addition of 5 to 250 adenine nucleotides (at the 3’ end), which will protect the mRNA from degradation.


	mRNA Capping
	The addition of the 7MeG cap to the 5’ end, which will aid in protection and it will also aid in a more efficient translation.





5. Genomics is the study of the genome. Epigenetics is the study of DNA modifications. Transcriponomics is the study of mRNA. Preteonomics is the study of protein. 

Unit 2: Information flow Translation

1. In DNA it is referred to as a triplet and in RNA it is referred to as a codon. If it is 5’GAC3’ in DNA, the RNA version will be 5’CUG3’ and if it is 5’GTC3’ in DNA, the RNA version will be 5’CAG3’. For tRNA the first one will be 5’CAG3’ and the second one will be 5’CUG3’.

2. The three types of codons are as follows.

	Type
	Function

	Initiation Codon
	It is AUG, and it signifies the initial amino acid (and also codes for methionine) in the protein.


	61 Codons (Remainder)
	Includes AUG, and they designate individual amino acids.


	Termination Codons
	UAA, UAG, and UGA. The do not code for amino acids, but signal the end of the mRNA message and provide the “stop” signal for protein synthesis. 



 
3. First, the mRNA strand enters the ribosome, and the first aminoacyl-tRNA binds to the P site carrying the initiator codon, UAG. Then the next codon binds to the A site, bringing the next amino acid. Once there, peptidyl transferase catalyzes the reaction for joining the two amino acids. Then the empty tRNA molecule in the P site shits to the E site (which then gets released), allowing space for the next aminoacyl-tRNA molecule to bind to the A site. This process then continues on until a termination codon is reached, and the mechanism is then disassembled.

4. The concept of redundancy is the fact that different codons can give rise to insertion of the same amino acid. 

5. Codon bias is that in different organisms, different codons are preferred. 
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