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L. Multiple Choice(s) (Note: There may be more than one correct answer. 2.5% per question; 65% in total):

1. Which of the following do NOT need a primer in order to function?
(A)DNA Poll (B)DNAPolll (C)DNAPolIll (D) RNA Polymerase (E) Reverse transcriptase

2. Which of the following statements isfare TRUE about ALL topoisomerases?
(A)They relax DNA. (B)They underwind DNA. (C) They change the number of twists (Tw).
{D)They catalyze the breaking and resealing of phosphodiester bonds, (E) All of the above.

3. Nucleosomes (pick up all that apply)
{A)bind to RNA pol II. (B) package eukaryotic DNA. (C) are only present in prokaryotes.
(D) are composed on an octamer of histones and ~150 bp of DNA. (E) metabolize lactose.

4. Which of the following statements is/are CORRECT?
{A) The part of the bacterial RNA polymerase responsible for recognizing the promoter is the sigma subunit.
(B) The RNA primer is removed from the Okazaki fragment by exonuciease.
(C)DNA is replicated semi-conservatively.
(D}DNA ligase does join Okazaki fragments to the high molecular weight DNA chain on the lagging strand.
(E) Eukaryotic RNA polymerase I is specialized to transcribe tRNA.

5. Enhancer regions in eukaryotic DNA is/are
(A)DNA Pol 1 binding sites. (B) orientation independent. (C) position independent.
(D) promote transcription. (E) bind transcription factors.

6. Which of the following statements is/are CORRECT about DNA repair system?
(A) Alli DNA repair mechanisms in E. coli require DNA ligase.
(B) In E. coli, mismatch repair requires DNA polymerase III.
(C) Base-excision DNA repair uses DNA glycosylases io remove damaged bases.
(D) In bacteria, the SOS response starts when DNA damage is extensive. (E) All of the above.

7. Which of the following statements is/are CORRECT about the E. coli Lac operon?
(A) Itis polycistronic. (B) The mRNA for the repressor binds to the operator. (C) It is an example of negative control,
() The repressor binds to the operator. (E) The presence of lactose acts as an inducer,

8. Which Of these processes does NOT occur in the nucleus of eukaryotes?
- (A) Polyadenylation (B} Pre-mRNA splicing (C) 5-end capping of mRNAs (D) Translation (E) None of the above,

9. Which of the following statements is TRUE about telomerase or telotneres?
(A) Telomerase uses an RNA component to serve as a primer for synthesis of telomeres.
(B) Cell senescence (cessation of cell division) will occur if telomerase activity is restored.
(C) Somatic celis lack telomerase activity.
(D) Telomeres are needed to protect the circular chromosomes of eukaryotes.
(E) None of the above.

10. Which of the following is/are TRUE about the difference between translation in prokaryotes and eukaryotes??
(A) Only prokaryotes have an initjation factor that binds the 5' cap structure on mRNAs.
{B) Translation and transcription are coupled only in prokaryotes. _
(C) A Shine-Dalgarno sequence is needed for initiation of translation of only eukaryotic mRNAs.
{D) Only eukaryotic proteins initiate with a residue of N-formylmethionine.
(E) All of the above.

11. Which of the following statements is/are CORRECT about the E. coli frp operon?
(A) Tryptophan acts as an effector molecule.  (B) The frp operon is subject to catabolite repression.
(C) Tryptophan suppresses the expression of the Trp repressor protein.
(D) The #p operon is subject to translational repression.
(E) Trp repressor protein is activated in the presence of tryptophan.
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12. Micro-RNAs (miRNAs) and small interfering RNAs (siRINAs) inhibit the expression of specific genes by?
(pick up all that apply)
(A) methylating the genes to prevent their transcription. (B) base pairing with the genes to prevent their transcription.
(C) activating DNases to destroy those genes. (D) repressing their translation. (E) targeting their mRINAs for degradation.
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13. Below is a Lineweaver-Burk (double reciprocal) plot, 1/Vo vs. 1/[Substrate} for an enzyme
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in the absence of any inhibitor. 1481 (mM)-1
Which of the following statements is/are CORRECT?

(A) The Km for this enzyme in the absence of inhibitor is 0.2 mM.

(B) The Vmax for this enzyme in the absence of inhibitor is 0.2 pM/sec.

{C) The Km for this enzyme in the absence of inhibitor is 2.0 mM.

(D) The Vmax for this enzyme in the absence of irhibitor is 2.0 uM/sec,

(E) The Km for this enzyme in the absence of inhibitor is -5.0 mM.

14. A polypeptide is cleaved into peptides by treatment with trypsin and cyanogen bromide, and the peptides are purified and
sequenced. The sequences of the peptides (from N to C-terminus) are shown below,
(Note: Trypsin cleaves afier K and R residues; cyanogen bromide cleaves after M.)

Trypsin peptides Cyanogen bromide peplides
T-1 GASMALIK C-1 EGAAYHDFEPIDFPRGASM
T-2 EGAAYHDFEPIDPR C-2 TRDCWVHSD

T-3 DCVHSD C-3° ALIKYLIACGPM

T-4 YLIACGPMTK

Based on sequences of the overlapping peptides generated by treatment with trypsin and cyanogen bromide (shown above),
which of the peptides could represent the N-terminus of the polypeptide? -
(A)T-3 (B)C1 (C)T-2 (DY C2 (E) T4

15. Which of the following is/are TRUE about the difference between ELISA and immunoblot assays,
both of which can be used to detect protein antigens?

{A) Only immunaoblots allow for quantification in the presence of an antigen in a sample.

(B) Only ELISA assays require a purified protein antigen.

(C) Only immunoblots enable an approximation of an antigen's molecular weight.

(D) Only ELISA assays require a secondary antibody.

{E) Only ELISA assays recognize native protein antigen.

16. The dissociation constant (Kg) of the human insulin receptor for insulin is 1 x 107°M. What does this mean?
(A) 1t means that when the concentration of the insulin receptor is 1 x 107°M, half of the available insulin receptor sites
are occupied.
(B) It means that when the concentration of the insulin receptor is 1 x 107°M, all of the available insulin receptor sites are
occupied.
(C) It means that when the concentration of insulin is 1 x 107'°M, all of the available insulin receptor sites are occupied.
(D) Tt means that when the concentration of insulin is 1 x 107'%M, half of the available insulin receptor sites are occupied.

(E) None of the above. é %i k E
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17. Which of the following statements is/fare CORRECT?
(A) Glucose and galactose are epimers of cach other.
(B) Ceilulose is generally not digestible by animals, whereas starch is easily digestible.
(C) Lectins are proteins that bind carbohydrates.
(D) Cellulose is a structural polysaccharide in plant cells.
(E) All of the above.

18. Which of the following is/are TRUE about the structure of DNA as proposed by Watson and Crick (B-form DNA)?
(A) The strands of DNA are parallel. (B) DNA forms a lefi-handed double helix.
(C) The complementary base pairs are held together by hydrogen bonds.
(D) A complete turn of the double helix occurs after every base pair.
(E) There are two hydrogen bonds between A-T base pairs,

16. Which of the following is TRUE about the structure of nucleotides?
(A) Purine nucleotides cannot base pair with pyrimidine nucleotides.
(B) Pyrimidine bases are larger than purine bases.
(C) Purine and pyrimidine bases are found in DNA and RNA.
(D) Thymine base is found in DNA and RNA.
(E) None of the above.

20. Which technique is/are normally associated with DNA fingerprinting?

(A) Restriction endonuclease digestion (B) DNA microarray analysis (C) Northern blotting
(D) Southern blotting (E) The polymerase chain reaction (PCR)

21. Which of the following descriptions is correct for fatty acids?
(A) Arachidonic acid is a poly-unsaturated fatty acid with four double bonds at A5, A°, AP and AP,
(B) In nearly all naturally occurring unsaturated fatty acids, the double bonds are in the trans configuration,
(C) Poly unsaturated fatty acids have higher melting points than fully saturated fatty acids.
{D) Fatty acid derivatives, such as esters and amides, are generaily less soluble in water than the free fatty acids.
(E) The longer the fatty acyl chain and the fewer the double bonds, the lower is the solubility in water.
(I} All the derivatives of phosphatidic acids are negative-charged.

22. Which of the following techniques has been used for observation of protein-protein interaction?
(A) FRAT (fluorescence recovery after photobleaching) (B) FRET (fluorescent resonance energy transfer)
. (C) FISH (fluorescent in situ hybridization) (D) AFM (atomic force microscopy)

23. How can phosphatidyicholine diffuse from the outer [eaflet of the bilayers to the inner?
{A) By passive diffusion. (B) By catalysis. (C) By transporter. (D) By flippase. (E) By phospholipase. (F) By
SNARE complex.

24. Which of the following neurotransmitters is the derivative of tyrosine?
(A) Dopamine (B) Norepinephrine (C) y-amino-butyric acid (GABA) (D) Acetylcholine (E) Serotonin

25. If you can label glucose with '“C at any position or combination of positions, for yeast fermenting glucose to ethanol,

which form of labeled glucose would give the most radioactivity in CO; and the least in ethanol?
(A) C-1 (B) C2 (C)C3 (D)C4 (E)CS5 (F) C6.

26. Which of the following reaction(s) does(do) NOT occur in the inner membrane of mitochondria?
{A) The malate shuttle (B) The transport of pyruvate (C) ATP synthesis (D) Citric acid cycle.
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1. Matching (2% per gaestion; 10% in total); Link the foliowing basic mechanisms in signal transduction to the
relevant example(s) by picking up one item from Column B to fill in the blank in Column A .
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Column A
1. Gated ion channels:
2. G protein-coupled receptors (GPCRs):
3. Receptors with no intrinsic enzyme activity:
4. Receptors with intrinsic enzyme activity:
5. Nuclear receptors:
Column B
A) Nicotinic acetylcholine H)} NADH
receptor ) Glucose transporter GLUT1
B) Aquaporin ) NADPH
C) ABC transporter K) TNF (tumor necrosis factor) receptor
D) Estrogen receptor L) Insulin receptor
E) FADH; M) ANF (atrial natriuretic factor) receptor
F) FMN N) B-adrenergic receptor

G) Voltage-gated Ca®* channel
H1. Answer the following questions (25% in fotal}:
1. The addition of oligomycin to mitochrondria markedly decreases both the rate of electron transfer from NADH o0 O,

and the rate of ATP formation. The subsequent addition of DNP leads to an increase in the rate of electron transfer
without changing the rate of ATP formation. What does oligomycin inhibit? (5%)

2. The adenosine A2A receptor is coupled to Gs, while the adenosine A1 receptor is coupled to Gi in the same neurons.
Predict the cAMP level (increase or decrease) upon adenosine treatment in the neurons after the following molecular
perturbations:

(1) Overexpression of recombinant malecules containing the extracellular sequences of the adenosine A2A receptor
joined to the cytosolic sequences of the adenosine Al receptor. (2%)

(2) Overexpression of recombinant molecules containing the extracellular sequences of of the adenosine A}
receptor joined to the cytosolic sequences of the adenosine A2A adenosine receptor. (2%)

(3) Using RNAI to silence the adenosine A1 receptor. (2%)

{4) Using RNAI to silence the adenosine A2A receptor. (2%)

{5) Using RNAI to silence the phosphodiesterase. (2%)

3. Draw the diagram to describe how G-protein coupled receptors (GPCRs) can transduce its signal to gene expression.
(10%) ’
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