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Instructions: 

WRITE YOUR NAME and STUDENT NUMBER on the bubble sheet and the questionnaire.

Absolutely no books, handouts or notes are allowed. 

Write your answers to the multiple choice questions (#1 to 20) on the red bubble sheet. For the multiple choice questions, select the best answer and only one answer.

Write your answers to essay questions directly on the Questionnaire

At the end of the examination period, you must return the bubble sheet and the questionnaire.

______________________________________________________________________________

1)
Identify the TRUE sentence. (3 pts)

ANSWER: C

a)
The processed mRNA is generally longer that the primary transcript.

b)
An intron is a segment found on the processed mRNA.

c)
The primary transcript can include both exons and introns.

d)
The splicing reaction reorganizes the introns and the exons on the cellular DNA. 

e)
The primary transcript is composed of the amino acid sequence before all the processing reactions.

2)
How many trans-esterification reactions are involved in splicing of 
group II introns (3 pts)

ANSWER: B

a)
1

b)
2

c)
3

d)
4

e)
5

3)
Identify the TRUE sentence about SR proteins. (3 pts) 

ANSWER: E

a)
The SR proteins are name after Raymond Savard, a great scientist who worked on yeast splicing reactions.

b)
The serine and tryptophan rich sequence located at their C-terminus gave the name to this family of protein.

c)
The SR proteins bind to the exonic splicing silencers (ESS) to inhibit splicing.

d)
The SR proteins bind to hnRNPs to increase splicing.

e)
The SR proteins bind to exonic splicing enhancers (ESE) to increase splicing.

4) 
The Cap and Tail of eukaryotic messenger RNA consist of the following: (3 pts)

ANSWER: C

a) The Cap consists of the sequence AAAUAA added at the 5'-end

b) The Cap contains a single guanine nucleotide and the tail contains many methylated adenosine nucleotides

c) The Cap contains a single methylated guanine nucleotide and the tail contains many adenosine nucleotides

d) The Tail consists of a long sequence of A's added at the 5'-end

e) The Cap consists of a single guanine nucleotide added at the 3'-end

5)
Chemically, RNA is very similar to DNA. There are some main differences, and they are:  (3 pts)

ANSWER: B

 i)
Double-stranded regions of RNA adopt A-form helices, whereas DNA is typically a B-form helix.  

ii)
The major groove in RNA helices is wide and shallow. 

iii)
Proteins recognize specific sequences on double-stranded RNA by the minor groove. 

iv)
RNA uses the sugar ribose instead of deoxyribose.

a) Only “i” is true

b) “i” and  “iv” are true

c) “ii” and “iii” are true

d)
“ii”, “iii”, and “iv” are true

e)
Only “iv” is true

6)
What is a ribozyme? (3 pts)

ANSWER: E

a) 
It is a DNA molecule that can cleave RNA molecule

b)
It is an protein that can cleave RNA molecule

c)
It is a protein with a catalytic activity

d)
It is a DNA molecule with a catalytic activity

e)
It is an RNA molecule with a catalytic activity

7) Which one of those is NOT a ribozyme? (3 pts)

ANSWER: A

a) 
tRNA

b) 
Hammerhead

c) 
Ribosome 

d) 
Spliceosome

e) 
RNase P

8)
Identify the TRUE sentence about RNA interference (RNAi). (3 pts)

ANSWER: E

a) 
RNAi inhibits gene expression by producing small interfering RNAs (siRNAs) that affect the translation of messenger RNAs by binding specifically to the ribosome.

b)
RNAi specifically inhibits gene expression by producing small interfering RNAs (siRNAs) that will directly cleave cellular mRNA target.

c)
RNAi involves the production of 50-60 nt small interfering RNAs (siRNAs)

d)
The molecular hallmarks of siRNAs are 5’ unphosphorylated, 3’ phosphorylated, and 2 nt unpaired ends.

e)
RNAi machinery can act as an antiviral defense against RNA pathogens.

9)
Which of the following is the functional equivalent of bacterial sigma factors?

ANSWER: B

a) 
the RNA polymerase II core enzyme module.

b)
TFIID.

c)
the Mediator complex

d)
elongation factors TFIIs.

e)
there is no eukaryotic equivalent to bacterial sigma factors

10)
The principal function of the Mediator complex is to

ANSWER: D

a) acetylate nucleosome cores

b)
recruit chromatin remodeling complexes to the basal promoter

c)
phosphorylate general transcription factors and stimulate promoter clearance

d)
transducer signals from gene-specific activator proteins to the transcription apparatus

e)
unwind promoter DNA

11)
Select the correct answer. Termination of transcription by RNA polymerase II occurs:

ANSWER: C

a) 
immediately after the last stop codon has been read

b)
upstream of the poly adenylation signal

c)
downstream of the poly adenylation signal

d)
only in the presence of a hairpin structure and bacterial rho factor

e)
when the nucleation complex has dissociated from the transcription apparatus

12)
Which of the following structural element(s) of RNA polymerase is primarily responsible for separating the nascent RNA chain from the DNA template?

ANSWER: C

a) the phosphorylated C-terminal domain

b)
the jaw-lobe module

c)
the rudder and lid protrusions of the clamp module 

d)
the helicase activity of TFIIH

e)
all of the above

13)
Assuming it is possible experimentally, what would be the likely consequence of not allowing TFIIH to be part of the transcription apparatus?

ANSWER: E

a) 
an open promoter complex would not be formed

b)
RNA pol II could not advance and transcribe a full length precursor RNA

c)
the C-terminal domain would not be phosphorylated

d)
none of the above

e)
all of a) b) and c)

14)
Which of the following nucleotide sequence elements are common to the transcription unit, precursor mRNA and mature mRNA?

ANSWER: A

a) 
exons

b) TATA box

c)
GU-rich polyadenylation signal

d)
DRE (distal response element)

e)
none of the above

15)
Which of the following statement best describes the role of histone acetyl transferases during the elongation phase of transcription?

ANSWER: D

a) 
they hydrolase acetylCoA to disrupt nucleosome structure and provide energy to the advancing transcription complex 

b)
they facilitate the recruitment and stabilization of TFIID to acetylated histone cores on active promoter DNA regions

c)
they are recruited by the Mediator complex to facilitate the separation of both strands of template DNA at the active centre of RNA pol II 

d)
they track along with the advancing transcription apparatus to facilitate access to downstream template DNA sequence information

e)
all statements above are incorrect

16)
In eukaryotes, RNA pol II dependent promoters lacking TATA box motifs can still favour the assembly of a functional nucleation complex because:

ANSWER: D

a) 
the BRE and DPE promoter consensus sequences are sufficient for TBP binding

b)
they are effectively recognized by ATP-dependent chromatin remodeling complexes

c)
the histone cores of Inr consensus sequence containing nucleosomes are always acetylated

d)
the TAF component of TFIID can recognize surrounding basal promoter consensus sequences like Inr and DPE 

e)
TBP has strong DNA binding and local DNA bending capability

17)
What is the name of the nucleotide element that serves as a boundary between transcription units and guards against unwanted activation by enhancers?

ANSWER: A

a) 
insulator

b)
TATA box

c)
Kozak sequence

d)
histone code

e)
internal UTR

18)
What is the role of the  subunit of RNA polymerase?

ANSWER: B or D

a) is catalyzing the formation of phosphodiester bonds

b)
binds activators

c)
controls the binding of sigma factor to the core enzyme

d)
binds to UP element on DNA

e)
undoes the DNA-RNA hybrid

19)
During the reaction of transcription, the stabilizing effect of TFIIF is required for the recruitment of which two other transcription factors:

ANSWER: A

a) 
TFIIE and TFIIH

b)
TFIIA and TFIIB

c)
TFIID

d)
the nucleation complex

e)
TATA binding protein

20)
Identify the correct answer concerning rho factor:

ANSWER: CANCELLED 

a) 
rho binds the DNA matrix template

b)
rho binds RNA polymerase

c)
rho recognizes the termination sequence on DNA

d)
rho recognizes a hairpin loop structure formed by RNA

e)
rho binds a sequence rich in G residues and poor in C residues on RNA

Dr. Pelchat

1) Give 6 factors that act to stabilize RNA tertiary structure. (6 pts)

1. Watson Crick base pairs

2. Extensive base stacking

3. Non-Watson Crick base pairs

4. Base triples

5. Modification of bases

6. Loop-loop interactions

7. Metal ions

8. Stacking

9. G-quartet
2) What role(s) the snRNAs play in the action of the spliceosome (i.e. U1, U2, U4, U5, and U6)? (10 pts)

	U1
	Binds 5’ splice site

	U2
	Binds the branch site and forms part of the catalytic center

	U4
	Masks the catalytic activity of U6

	U5
	Binds the 5’ splice site, then 3’ splice site

	U6
	Catalyzes splicing


Dr. Laneuville

1. During the reaction of transcription pyrophosphate is generated. 

A. How is pyrophosphate generated? Describe the catalytic reaction leading to the formation of a phosphodiester bond between two nucleotides. (7 points).

B. What is the role of pyrophosphate in the reaction of transcription? (3 points)


RNA-OH + NMP  _  RNA-NMP + H2O
 (G° = + 6.0 kcal/mol


H2O + NTP → NMP + PPi 

 
(G° = - 8.6 kcal/mol

_____________________________________________________________ 


RNA-OH + NTP  → NMP + PPi

 (G° = - 2.6 kcal/mol

PPi is pyrophosphate at it is generated from the activated free nucleotide carrying 3 phosphates (3 points). The free pair of electrons carried by the oxygen on the C3 of the sugar at the 3’end of the RNA chain will perform a nucleophilic attack on the alpha phosphate carried by the free nucleotide (4 points). The products of this reaction are the elongated RNA chain plus pyrophosphate. 

Pyrophosphate drives the reaction of RNA synthesis towards products formation when pyrophosphate is hydrolyzed into 2 inorganic phosphates. LeChatelier principle (1.5 points)

Hydrolysis of bonds between phosphate groups generate energy necessary for the movement of the RNA polymerase onto DNA (1.5 points)
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2. In a bacterial genome, how does RNA polymerase recognize efficiently promoter sequences among all other sequences?  (10 points). Give the name of the factor modulating the binding of the RNA polymerase to promoter sequences and how this factor influence the binding of RNA polymerase onto DNA promoter sequence.

ANSWER:

Sigma factor (2 points)

Sigma increases the affinity of RNA polymerase for promoter sequences (3 points)

Sigma decreases the affinity of RNA polymerase for non-promoter sequences (3 points)

Alpha helix of sigma plays a role in the binding of RNA polymerase to the TATAAT sequence (2 points)

Core enzyme: 2’

Holo enzyme: 2’


3. Name the 3 proteins forming the nucleation complex formed during the transcription reaction in eukaryotic systems? (3 points + 1 free mark for everyone) 

ANSWER:

TFIIA (1 point)

TFIIB (1 point)

TFIID = (TBP + TAFII) (1 point)
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