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INSTRUCTION TO CANDIDATES

1. This question paper consists of three (3) parts:
PART I (MCQ)
PART II (Structured essay)
PART III (Essay)

2. Use the given sheet for answering MCQ questions
3. Answer ALL questions 




PART I (MCQ): (20 marks)

Select the best answer among the choices given and write  the answer in the corresponding square on the answer sheet. 

Answer Sheet

	Question No
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	
	
	
	
	
	
	
	
	
	
	


PART I MCQ (20 marks)
1. The incorrect statement about lactose would be
A. lactose can be an excellent meal for E. coli bacteria. 
B. Bacteria use lactose when other, better sugars – like glucose – are unavailable.
C. The lac operon is a major gene with multiple promoter 
D. Glucose requires fewer steps and less energy to break down than lactose. 
E. If lactose is the only sugar available, the E. coli will go right ahead and use it as an energy source.

2. The correct statement about lac operon would be 
A. The lac operon contains four genes: lacC, lacZ, lacY, and lacA. 
B. All the genes are transcribed as a single mRNA, under control of one promoter.
C. Genes in the lac operon specify fatty acids that help the cell utilize sucrose.
D.  lac Z encodes an enzyme that splits fat into fatty acids 
E. In addition to the genes, the lac operon does not contain a number of regulatory DNA sequences. 

3. Read the following statements and select the correct answer
I.  The DNA of the lac operon contains (in order from left to right): CAP binding site, promoter (RNA polymerase binding site), operator (which overlaps with promoter), lacZgene, lacYgene, and lacAgene. 
II. The activator protein CAP, when bound to a molecule called cAMP , binds to the CAP binding site and promotes RNA polymerase binding to the promoter. 
III. The lac repressor protein binds to the operator and blocks RNA polymerase from binding to the promoter and transcribing the operon.
A. I is correct II and III are incorrect
B. II is correct I and III are incorrect
C. III is correct I and II are incorrect
D. All the statements are correct
E. All the statements are incorrect

4. Select the incorrect answer about genetic code
A. Each three-letter sequence of mRNA nucleotides corresponds to a specific protein, or to a stop codon. 
B. UGA, UAA, and UAG are stop codons
C. AUG is the codon for methionine
D. AUG is the start codon
E. There are 61 codons for amino acids 

5. Select the correct answer according to the following description
"These are molecular "bridges" that connect mRNA codons to the amino amino acids they encode. One end of each molecule has a sequence of three nucleotides bind to another specific codons.
What is this sequence? 
A. Codon
B. DNA
C. mRNA
D. tRNA
E. rRNA

6. There are three statements on translation. Find the correct answer about the three statements
I. The anticodon of an incoming tRNA pairs with the mRNA codon exposed in the P site.
II. A peptide bond is formed between the new amino acid (in the A site) and the previously-added amino acid (in the P site), transferring the polypeptide from the P site to the A site.
III. The ribosome moves one codon down on the mRNA. The tRNA in the A site (carrying the polypeptide) shifts to the P site. The tRNA in the A site shifts to the E site and exits the ribosome.
A. Statement I is correct II and III are incorrect
B. Statement II is correct I and III are incorrect
C. Statement III is correct I and II are incorrect
D. All the statements are incorrect
E. All the statements are correct

7. The following figure shows two molecules found in a biological structure. Select the correct statements about the statements. 
B
A

A. A is Uracil and B is adenine
B. A is adenine and B is Uracil
C. A is a pyrimidine base and B is a purine base
D. A is a purine base and B is a pyrimidine base
E. Both are purine bases

8. Select the incorrect answer about DNA helical structure
A. It consists of two anti-parallel polynucleotide strands that wind about a common axis with a right handed twist to form a double helix. 
B. The diameter of a double helix will be around 20 Å.
C. Each base is hydrogen bonded to a base on opposite strand (A with T and G with C) to form a planar base pair and the planes of these base pairs are nearly perpendicular to the helix axis. 
D. The ideal DNA helix has 12 base pairs per turn and the helix rotates 36° per base pair.  
E. The helix has a pitch (the distance raised by common axis in a complete turn) of 34 Å.   So the per base pair raise in common axis will be 3.4 Å. 


9.  mRNA: The process of transcription results the synthesis of mRNA from DNA. These mRNAs carries genetic information of DNA from nucleus to cytoplasm. It can be monocistronic as in eukaryotes or polycistronic  in prokaryotes. In this description Polycistronic mRNA is 
A. messenger RNA which encodes two or more proteins
B. messenger RNA which encodes methionine containing proteins
C. messenger RNA which encodes no proteins at stop codons
D. messenger RNA which encodes a single protein
E. messenger RNA which encodes any protein responsible for polycistronic symptoms 

10. In genetic code, UGG is the codon for 
A. Methionine
B. Glycine
C. Tryptophan
D. Histidine
E. Argenine



PART II STRUCTURED ESSAY (40 marks)
1. Fill the blanks using correct terms (12 marks)
I. A   .............................   occurs when a DNA gene is damaged or changed in such a way as to alter the genetic message carried by that gene. (mutation) II. A  ...........................  is an agent of substance that can bring about a permanent alteration to the physical composition of a DNA gene such that the genetic message is changed (mutagen) III. Once the .................................. has been damaged or changed the mRNA transcribed from that gene will now carry an altered message. (gene) 
IV. The .................................made by translating the altered mRNA will now contain a different sequence of amino acids. The function of the protein made by folding this polypeptide will probably be changed or lost. (polypeptide) V. ......................... are alleles that cause the death of the organism that carries them. They are usually a result of mutations in genes that are essential to growth or development. Lethal alleles VI. ....................................... is a protein that represses (inhibits) transcription of the lac operon. lac repressor 2. Write the function of each in lac operon (12 marks)
I. The promoter is the binding site for RNA polymerase, the enzyme that performs transcription.
II. The operator is a negative regulatory site bound by the lac repressor protein. The operator overlaps with the promoter, and when the lac repressor is bound, RNA polymerase cannot bind to the promoter and start transcription.
III. The CAP binding site is a positive regulatory site that is bound by catabolite activator protein (CAP). When CAP is bound to this site, it promotes transcription by helping RNA polymerase bind to the promoter.


3. The following is the summary of the lac operon. Fill the blanks using - and + (8 marks)
	Glucose
	Lactose
	CAP binds
	Repressor binds
	Level of transcription

	+
	-
	-
	+
	No transcription

	+
	+
	-
	-
	Low-level transcription

	-
	-
	+
	+
	No transcription

	-
	+
	+
	-
	Strong transcription

	
	
	
	
	


4. The following statements are incorrect. Re-write the correct statement in the space given (5 marks).
I. Translation is the first step in gene expression. It involves copying a gene's DNA sequence to make an RNA molecule. 
………………………………………………………………………………………………………………………………………………………………………………………………….Transcription 
II. Translation is performed by enzymes called RNA polymerases, which link nucleotides to form an RNA strand. 
………………………………………………………………………………………………………………………………………………………………………………………………….Transcription
III. Replication has three stages: initiation, elongation, and termination. 
………………………………………………………………………………………………………………………………………………………………………………………………….Transcription or translation
IV. In prokaryotes, RNA molecules must be processed after transcription: they are spliced and have a 5' cap and poly-A tail put on their ends. 
………………………………………………………………………………………………………………………………………………………………………………………………….Eukaryotes
V. Specifically, DNA polymerase builds an RNA strand in the 3' to 5' direction, adding each new nucleotide to the 5' end of the strand 
………………………………………………………………………………………………………………………………………………………………………………………………….RNA polymerase, 5'-3' direction, 3'
5. Using a hypothetical DNA sequence show the template sequence, coding sequence and transcript (Marks 3)
Example: A: 5'-ATGATCTCGTAA-3'
B: 3'-TACTAGAGCATT-5'
C: 5'-AUGAUCUCGUAA-3' 

ESSAY (40 marks)
1. Write short notes on (6 marks)
I. Spontaneous Mutations occur without exposure to any obvious mutagenic agent. Sometimes DNA nucleotides shift without warning to a different chemical form (know as an  isomer ) which in turn will form a different series of hydrogen bonds with it's partner. This leads to mistakes at the time of DNA replication
II. UV Light acts as a mutagen 
Exposure to direct UV light induces covalent linking between adjacent thymine nucleotides on a DNA strand forming a thymine dimer.
These dimers cause the strand to buckle, disrupting normal base pairing. This prevents proper replication and transcription.
Bacteria have enzymes to fix the damage created by UV light.
An enzyme cuts the DNA at two point and removes the damaged portion.
DNA polymerase synthesizes a new DNA segment using the healthly strand as a template.
DNA ligase joins the new fragment to the old strand.
III. Silent Mutations 
No alteration in polypeptide product of the gene
Single base pair substitution
Occur in the third position of a codon
Codes for the same amino acid
No alteration of the protein
a codon is changed to a different codon that specifies the same amino acid.
   ATG CCG TGC CAG ATG TTC        -----MUTATED DNA (compare with wild type)
   AUGCCG UGC CAG AUG UUC   -----   mRNA    
Met     Pro   Cys    Gln    Met   Phe  --------  amino acid sequence
2. Distinguish the followings (6 marks)
I. Missense mutations
II. Nonsense mutations
III. Frameshift mutations
Missence mutation: a codon is changed to a different codon that specifies a different amino acid.
ATG CCG TGG CAGATGTTC -----MUTATED DNA
AUGCCG UGG CAGAUGUU -----  mRNA
Met    Pro   Trp    Gln    Met   Phe  --------  amino acid sequence
Nonsense Mutation: A codon that specifies an amino acid is changed to a stop codon. (termination codon), this mutation usually destroys the function of the gene product.
ATGCCG TGA CAGATGTTC-----MUTATEDDNA
AUGCCG UGA CAGAUGUUC-----   mRNA 
Met   Pro   STOP --------  amino acid sequence
Frame shift Mutations: One or 2 nucleotide pairs are inserted / deleted, 
causing an alteration of the reading frame. 
 codons downstream of the insertion/deletion will be a new sequence of aa. 
new polypeptide sequence 
loss of enzyme activity 
[bookmark: _GoBack]If the enzyme is an essential, the effect on the organism can be disastrous.
[image: https://nptel.ac.in/courses/102103015/module7/lec8/images/1.png]


3. Explain the function/s of lac operon (10 marks)
· The lac operon of E. coli contains genes involved in lactose metabolism. It's expressed only when lactose is present and glucose is absent.
· Two regulators turn the operon "on" and "off" in response to lactose and glucose levels: the lac repressor and catabolite activator protein (CAP).
· The lac repressor acts as a lactose sensor. It normally blocks transcription of the operon, but stops acting as a repressor when lactose is present. The lac repressor senses lactose indirectly, through its isomer allolactose.
· Catabolite activator protein (CAP) acts as a glucose sensor. It activates transcription of the operon, but only when glucose levels are low. CAP senses glucose indirectly, through the "hunger signal" molecule cAMP.
· [image: Structure of the *lac* operon. The DNA of the *lac* operon contains (in order from left to right): CAP binding site, promoter (RNA polymerase binding site), operator (which overlaps with promoter), *lacZ* gene, *lacY* gene, and *lacA* gene. The activator protein CAP, when bound to a molecule called cAMP (discussed later), binds to the CAP binding site and promotes RNA polymerase binding to the promoter. The *lac* repressor protein binds to the operator and blocks RNA polymerase from binding to the promoter and transcribing the operon.]
[image: Upper panel: No lactose. When lactose is absent, the *lac* repressor binds tightly to the operator. It gets in RNA polymerase's way, preventing transcription.

Lower panel: With lactose. Allolactose (rearranged lactose) binds to the *lac* repressor and makes it let go of the operator. RNA polymerase can now transcribe the operon.]

4. Explain eukaryotic RNA modifications using clearly labeled diagrams (10 marks)
Students explain, RNA processing, splicing, 	

5. Illustrate replication, transcription, and translation by using a hypothetical 16-base pair DNA sequence (8 marks)
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