Biology 180 - Molecular Biology

Sample Exam
Hao Nguyen
Name:  ____________________

NOTE:  No abbreviation.  Be thorough.  Be specific and to the point.  
1.
a.
Please, describe one difference between the A-form double-stranded nucleic acid and the B-form 
double-stranded nucleic acid.  (5 points)

The A-form double-stranded nucleic acid is constructed from either two RNA strands or a hybrid (i.e. one RNA strand and one DNA strand).  Whereas, the B-form double-stranded nucleic acid is constructed from two DNA strands.  The B-form is the more common structure in a cell.

b.
Please, describe one similar between the A-form double-stranded nucleic acid and the B-form double-



stranded nucleic acid.  (5 points)


NOTE:
"They are both double-stranded molecules" or "They are both double helices" is not an 




appropriate answer.


Both forms are right-handed double helices.

c.
One form of the double helix (mentioned above) is more common than the other.  Which one is the more 


common form?  Also, explain or describe why this is the more common form.  (10 points)

The B-form is more common than the A-form.  DNA strands prefer to reside in a double-stranded structure; whereas, RNA strands prefer to be single-stranded due to the reactivity of the hydroxyl group (-OH) at the 2'-carbon.  Therefore, an RNA-DNA hybrid usually only occurs during transcription and is not as stable a structure as a DNA-DNA double strand.
2.
Please, describe the function of DNA polymerase DNA Pol ).  Also, thoroughly explain why this function 

of DNA Pol  is required during DNA replication.  Be sure to give as much detail as necessary and mention 

all the mechanisms and components for this process. (20 points)

DNA Polymerase  is a primase, which catalyzes the synthesis of an RNA primer.  In addition it also synthesizes a short DNA primer at the 3'-end of the RNA primer.  A hydroxyl group on the 3'-carbon is absolutely required for the addition of deoxynucleotides during DNA synthesis.  Therefore, the RNA primer provides this 3'-OH for the start of DNA synthesis during DNA replication.  On the other hand, the addition of nucleotides (for RNA synthesis) does not require an existing 3'-OH.
3.
A hypothetical cell expresses mutated forms of all five types of histone subunit where the histone tails are 


not synthesized.  However, both the Histone Acetyltransferase and the Histone Deacetylase are properly 


functional.  Can the solenoid form of chromatin still be formed?  If YES, please describe the entire folding 


process in detail.  If NO, please explain why not and be as thorough as you can.  (20 points)

NO, the solenoid form of chromatin will not be formed.  The histone tails are absolutely required for the association of naked DNA with histone octamers.  Lysine residues are basic amino acids and are negatively charged at physiological pH.  They are found on particular histone tails and form electrostatic interactions with the negatively charged phosphate groups on the DNA backbone.  This enables the wrapping or coiling of the DNA molecule around histone octamers.  No histone tails means no association between the histone octamer and the DNA molecule.  HAT and HDAC regulate DNA folding or condensation by acetylating or deacetylating lysine residues on histone tails.  No histone tails means that both enzymes are useless.
4.
Please, describe the direct effect of the following mutations:

a.
inactive cdk2/cyclin A complex.  (5 points)

Cdc6 will not become phosphorylated, which means that it would remain bound to the Origin Recognition Complex (ORC).  The phosphorylation of cdc6 and its ultimate dissociation from the ORC is the trigger for the initiation of DNA replication.

b.
mutation on the binding site of cdc6 where it cannot bind to its target.  (5 points)

Cdc6 will not be able to bind to ORC.  The binding of cdc6 to ORC leads to the recruitment of Mcm to complete the pre-initiation complex for DNA replication.  Without cdc6 binding to ORC, Mcm will not be recruited to the pre-initiation complex.

c.
mutation on PCNA where it cannot bind to the single stranded DNA.  (5 points)

DNA Polymerase DNA Pol ) will not be able to remain bound at the site of DNA replication.  PCNA acts as a clamp or anchor to hold DNA Pol  in place during DNA replication.  Without PCNA, the DNA Pol  can still function to synthesize DNA, but will not remain in place for very long.  Therefore, the DNA Pol  may drift in and out of the replicon (area where DNA replication is taking place).

d.
A cell cannot synthesize Sir3 and Sir4 proteins.  (5 points)

Sir2 protein (Sir2p) will not be able to bind to the area where the chromatin is required to be condensed into heterochromatin.  Sir3 and/or Sir4 proteins are needed to anchor Sir2 protein in place during the formation of a heterochromatin.  Sir2 protein is a histone deacetylase.  Without the deacetylation of lysine residues on histones, the formation of the heterochromatin cannot be completed.

e.
A cell cannot synthesize Replication Protein A.  (5 points)

Single-strands of DNA that are formed as the result of the melting of DNA (during DNA replication) will not remain single-stranded because they will very quickly reanneal and form the preferred DNA double strand.  Replication Protein A (RPA) bind to single-stranded DNA to keep the strands apart while each strand is being used as a template for DNA synthesis.  Without RPA, the single strands will not remain separated; therefore, DNA synthesis may not be possible.






