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Section A (Amino acids and proteins – 28 marks)


1.
Shown below is the curve for 50 mL of an amino acid solution titrated with 1.0 M NaOH solution starting from the zwitterionic form of the amino acid.
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(a)
Mark clearly on the graph the position of the pI, the pKa values and the equivalence points.










[5]

(b)
What amino acid was titrated?






[1]

(c)
Calculate the concentration of the amino acid in the solution.


[2]










(8)

2.
Offer a reasonable explanation as to why valine and isoleucine occur more frequently in (-strands than in (-helices.







(2)
Questions 3 to 7 are of the multiple choice type (select the best answer).

3.
Identify the peptide with the highest extinction coefficient at 280nm, ie. the one that would absorb the greatest amount of UV radiation at a wavelength of 280 nm assuming equal concentration.

A. Y-E-D-R-F-W

B. R-N-Y-F

C. Y-H-L-I-V-L-H-I

D. G-G-A-F

E. They would all absorb the same amount of UV radiation at 280 nm.
(1)
4.
Which pair of amino acid residues might be involved in a salt bridge in a protein?

A. glycine and methionine

B. glutamate and lysine

C. leucine and alanine

D. serine and asparagine

E. glutamine and cysteine






(1)
5.
In the water-soluble globular protein structure shown below, the amino acid residue in the following list that would, most likely, be found on the side of an (-helix facing towards the (-sheet portion of the structure is:
[image: image2.png]















(1)

6.
Select the 15-amino acid polypeptide sequence below, that is most likely to be in an amphipathic (-helix on the surface of a water-soluble protein:


(make use of the helical wheel provided to help you decide)

A. H-A-S-I-K-F-R-M-N-L-H-A-S-V-A

B. C-T-R-K-G-S-Q-Y-T-G-D-H-E-S-P

C. L-M-R-T-I-G-S-V-A-T-C-F-A-D-S

D. V-A-M-W-F-I-V-Y-N-H-R-K-S-G-D

E.
All of the above would be equally likely


[image: image3.jpg]










(3)
7.
A change in a protein’s 3-D shape or conformation due to disruption of hydrogen bonds, disulfide bridges and ionic bonds is termed:

A. renaturation

B. stabilization

C. hydrolysis

D. destabilization

E. denaturation








(1)
8.
The hemagglutinin protein in influenza virus contains a remarkably long (-helix, with 53 residues. 

(a) How long is this (-helix (in nm)?

(b) How many turns does this helix have?

(c) Each residue in an (-helix is involved in two H-bonds.  How many H-bonds are present in this helix?






(3)
9.
Two polypeptides, A and B, have similar tertiary structures, but A normally exists as a monomer, whereas B exists as a tetramer, B4.  What differences might be expected in the amino acid composition of A versus B?





(2)
10.
(-keratins which are found in claws, fingernails, hair and horns of animals are composed of long bundles of two-stranded (-helical coiled coils. These coiled coils display quasi-repeating 7-residue segments of the form (a-b-c-d-e-f-g)n called the heptad repeat, with residues a and d usually being nonpolar amino acids. 

(a) 
Why is spacing of the residues a and d important for the stability of the coiled coil structure?









[3]

(b)
Imagine that the dimensions of the (-helix were such that there were, instead, exactly 3.5 amino acid residues per turn.  What would be the consequences for the coiled coil structures?







[3]













(6)

Section B (DNA, RNA, replication, transcription and translation – 43 marks)

1. Match the following 3 oligonucleotide sequences with their characteristic properties by inserting a, b, c, etc. in the spaces provided after each one. Each sequence may have more than one characteristic and each characteristic may apply to more than one sequence. Note that sequence (1) is ss DNA; sequence (2) is RNA and sequence (3) is ds DNA. (if you report more than four characteristics for any of these sequences there will be an appropriate penalty imposed)

Properties 

a. Assumes A-form helical structure 

b. Assumes B-form helical structure 

c. Assumes Z-form structure in high salt 

d. Hydrolyzed by mild alkali 

e. Forms a hairpin structure 

f. Can form a bent double helical structure 

g. Shows the hyperchromic effect when heated 









(10)

Questions 2 to 15 are of the multiple choice type (select the best answer).
2.
Of the DNA sequences shown below, which one will have the highest melting temperature (Tm) when annealed to its complementary sequence under otherwise identical conditions?

A. AGTCTTAGTTC

B. CTCTAATCAGG

C. GACCTAGGACC

D. TACAGTTACAA

E. ATGTAATACTA







(1)
3.
DNA synthesis in bacteria requires two DNA polymerases, DNA pol I and DNA pol III because:

A. DNA pol I can synthesize the primer whereas pol III cannot.

B. DNA pol I cannot remove nucleotides in a 5’ to 3’ direction.

C. DNA pol III cannot remove nucleotides in a 5’ to 3’ direction.

D. DNA pol I cannot remove nucleotides in a 3’ to 5’ direction.

E. DNA pol III cannot remove nucleotides in a 3’ to 5’ direction.

(1)
4.
If, because of unwinding, a right-handed double helix acquires an extra left-handed twist, the closed circular DNA is said to be:

A. positively supercoiled

B. unwound

C. relaxed

D. neutrally supercoiled

E. negatively supercoiled






(1)
5.
During initiation of replication in Prokaryotes, the DNA double helix unwinds at a specific point called the:

A. helicosome

B. nucleosome

C. replication fork

D. ligatosome

E. origin of replication







(1)
6.
A base substitution that changes one purine into another is a

A.
transition

B.
transversion

C.
transduction

D.
translocation

E. 
transpurination







(1)
7.
What mechanisms of DNA repair can be used to repair thymidine dimers?

A. 
Postreplication repair

B. 
Photoreactivation

C. 
SOS repair

D. 
Excision repair

E. 
Both B and D








(1)
8.
Which of the following prokaryotic RNA sequences could act as a termination signal in the absence of ((rho) factor?

A.
5'... UUAGACUAACUUCCGUUAGUUUUUUU ...3'

B.
5'... UUAGACUAACUUCCGUUAGAGUCGAC ...3'

C.
5'... UAGCUUCAGAUUCCGUUAGUUUUUUU ...3'

D.
5'... CAGCUGAGAUUGCCUUCAAUCAGAUA ...3'

E.
5'... UUUUUUUUAGCUUCAGAUUCCGUUAG ...3'


(1)
9.
Operons are:

A. proteins that bind to operator DNA

B. similar to transposons but are specific for operator DNA

C. regulate RNA translation

D. found widely in nature, ie are common genetic elements

E. co-expressed gene clusters associated with promoter and operator sequences found in prokaryotes







(1)
10.
The positive control of the lac operon in bacteria is

A.
activated by a repressor protein.

B.
independent of glucose concentrations.

C.
activated by a protein known as CAP.

D. 
regulated by RNA polymerase.

E. 
all of these








(1)
11.
What serves as the inducer for the lac operon in E. coli?

A. lactobacillus

B. lactose

C. tryptophan

D. (-galactosidase

E. the repressor protein







(1)
12.
Which of the following is the region that is the binding site for RNA polymerase?

A.
 promoter sequence 

B.
 repressor gene

C.
 heterogeneous nuclear DNA

D.
 operator sequence

E.
 all of the above







(1)
13.
How are amino acids brought to the ribosome during protein synthesis?

A. By diffusion

B. Attached to mRNA

C. Attached to proteasomes

D. Attached to rRNA

E. Attached to tRNA







(1)
14.
The deletion of one nucleotide base in a gene’s genetic code would result in:

A. An altered reading frame

B. a protein with no change in its amino acid sequence

C. a protein with one amino acid being changed

D. no change in the protein produced since three nucleotides are required per codon

E. excessive ‘wobble’ in the tRNA





(1)
15.
The following is a sequence of nucleotides in a DNA double helix that contains a complete open reading frame (ORF). Answer the questions related to the sequence.

STRAND A  

A A A C T A A T A G T C A G A A C C C A T C T T G
STRAND B

T T  T G A T T A  T C A G T C T T G G G T A G A A C

(a) 
Which strand is the template (anti sense) strand? 
(b)
Write in the polarity of each of the strands above (ie. the 5(- and 3(- ends).

(c)
What is the complete mRNA sequence encoded by the template strand? (Include polarity. Also note that the transcription start site is not included here).

(d)
Write the amino acid sequence of the polypeptide encoded by this mRNA, labeling the amino terminal and carboxy terminal ends of the polypeptide. 













(8)

16.
A purified single-stranded (ss) DNA molecule was sequenced by the Sanger method with the following result (see Figure 1)
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(a)
Read off the bands as they appear on the autoradiogram (film used to detect radioactivity in the gel), starting from the 5’ end.




[2]

(b)
What is the sequence of the purified ss DNA deduced from the autoradiogram. (you must indicate the 5’ end of this sequence in your answer)



[5]













(7)

17.
Put the following steps (a – d) of elongation in prokaryotic translation in the correct order and fill in any missing information where indicated:

a)
An uncharged tRNA leaves the ribosome.

b)
The peptide is cleaved from the tRNA in the _          _site and linked by a peptide bond to the charged tRNA in the _          _site.

c)
A charged tRNA complexed with the elongation factor, _          _, and GTP binds to the A site.

d)
The mRNA and peptidyl-tRNA move from the _          _site to the  _          _ site of the ribosome aided by the elongation factor , _         _ .











(5)

Section 2 




W Brandt




59 Marks

Enzyme kinetics 

1. Write two separate equations for the conversion of substrate S to product P, either 

a. without catalysis, and






[1]

b. with enzyme E catalysis. Label all significant rate constants.

[2]

Referring to the diagram below give the number describing the energy of

c.
S

d. P

e. S٭  (transition state)

f. ES

g. ES٭

h. Relate activation energies 7, 8 and 9 in the energy diagram to your rate constants in parts (a)   and (b)







[4]

(7)
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2.
Match the Michaelis-Menten constants (a(d) to the proper descriptions (i(iv):

a.
Km      


 i. Turnover rate Vmax/E0 

b. Vmax        


 ii. Asymptotic v as S0 ( ∞

c. kcat  



iii. Dissociation constant of enzyme-inhibiter complex

d. KI   



 iv. Dissociation constant of enzyme-substrate complex if 

     k-1 << k1





(2)
3.
Describe the position of the inhibitor binding site relative to the substrate binding site for the following inhibitors. Also indicate whether the inhibitor binds to i) E, ii) E and ES or to iii) ES only.

a. competitive inhibition

b. noncompetitive inhibition

c. uncompetitive inhibition







(3)
4. Enzymes can be regulated by altering Km, Vmax, kcat or n, the Hill coefficient of cooperative substrate binding. Match the effects (a-e) with the correct regulator (i-iv).

a.
changes vo vs S curve from 

i. Noncompetitive inhibitor
hyperbolic to sigmoidal


ii. Noncompetitive activator

b. decreases the asymptotic value

iii. Competitive inhibitor


of vo at very high S


iv. Allosteric inhibitor

c. decreases n



v. Allosteric activator

d. Increases Km
e. Increases Vmax








(3)
5.
Several oxygen dissociation curves are shown in the figure below. Curve 3 corresponds to isolated hemoglobin in a solution containing physiological concentrations of CO2 and BPG at pH 7. Indicate which of the curves 1,204 best describes the statement (a-j) listed below 

a. decreased CO2 concentration relative to curve 3

b. increased BPG concentration relative to curve 3

c. increased pH relative to curve 3

d. dissociation of hemoglobin into subunits.

e. Which curve(s) are hyperbolic

f. Which curve(s) are sigmoidal





g. Which curve(s) shows co-operative oxygen binding

h. Which curve has an O2 binding constant of  25 torr.

i. Which one of the 4 curves corresponds to myoglobin.

j. Which curve has the lowest affinity for O2 and which the highest.

[5]

k. Given that the partial O2 pressure in the lungs is 100 torr and in the muscle capillaries 25 torr, estimate the saturation levels of hemoglobin under these conditions in curve 3 in the lungs and muscle. Calculate the amount delivered by hemoglobin from the lungs to the muscles.




[2]
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(7)

6.
What fraction of myoglobin molecules will contain a bound O2 if pO2 = 30 torr, and P50 = 12 torr? 









(2)
(a. 0.6
b. 0.66

c. 0.71

d. 0.75

e. 0.82
7.
Which of the following factors tend to promote oxygen release from oxyhemoglobin?

a. Increase in CO2 concentration.

b. Increase in pH.

c. Increase in BPG concentration.

d. Increase in hemoglobin concentration.
8. List four catalytic mechanisms or factors that contribute to the performance of enzymes.









(4)
9. What is a transition state analog? Describe a common use for such an analogue.

(3)

10. Match an item in the first column to one in the second column.

a.
covalent catalysis 

i.
Tightly bound Zn2+

b.
specific acid-base catalysis.
ii.
modified amino acid

c.
General acid-base catalysis.
iii.
involves a specific H+ donor

d.
metalloenzyme

iv.
pH dependent, buffer independent
(2)
11.
What role does the catalytic triad play during the hydrolysis of a peptide bond by chymotrypsin?









(3)
Multiple choice: Select one best answer per question. Show calculations for partial marks

1. Living systems are:
a.
closed systems exchanging only energy with the surroundings.


b.
isolated systems that are totally contained.


c.
open systems exchanging only energy with the surroundings.


d.
open systems exchanging both energy and matter with their surroundings.

e.
none of the above.







(1)
2. All the following statements regarding the Second Law of Thermodynamics are correct EXCEPT one. Which?

a. Systems tend to proceed from ordered states to disordered states.

b. The entropy of the system plus surroundings is unchanged by reversible processes

c. The entropy of the system plus surroundings increases for irreversible processes.

d. All naturally occurring processes proceed toward equilibrium.

e. None, all are true.







(1)
3. Which equation defines a system at equilibrium?
a.
G > 0


b.
G° = G


c.
G = 0


d.
G° = 0


e.
G = RT ln ([products]/[reactants])





(1)
4. All are distinctive properties of living systems EXCEPT:

a. Living organisms are relatively simple.

b. Biological structures play a role in the organism’s existence.

c. The living state is characterized by the flow of energy through the organism.

d. Living organisms are highly organized.

e. Living organisms are actively engaged in energy transformation.

(1)
5. From the major precursors, the complex biomolecules are made in which sequence?

a. metabolites, building blocks, macromolecules, supramolecular complexes

b. macromolecules, building blocks, metabolites, supramolecular complexes

c. building blocks, macromolecules, supramolecular complexes, metabolites

d. metabolites, macromolecules, building blocks, supramolecular complexes

e. metabolites, building blocks, supramolecular complexes, macromolecules
(1)
6.
Membrane structures are maintained primarily by:

a.
hydrophobic interactions.


b.
covalent bonds.


c.
hydrogen bonds.


d.
non-spontaneous assembly.


e.
ionic interactions.







(1)
7.
Rank the following bonds in order of increasing bond strength.

a.
ionic, hydrogen bond, van der Waals, covalent single bond


b.
van der Waals, hydrogen bond, ionic, covalent single bond


c.
van der Waals, ionic, hydrogen bond, covalent single bond


d.
covalent single bond, van der Waals, ionic, hydrogen bond


e.
ionic, van der Waals, hydrogen bond, covalent single bond


(1)
8.
All are true about hydrophobic interactions EXCEPT:

a. Hydrophobic interactions result from the strong tendency of water to exclude nonpolar groups or molecules.

b. Hydrophobic interactions result because water molecules prefer the stronger interactions that they share with one another, compared to their interactions with nonpolar molecules.

c. Hydrophobic interactions result from hydrogen bonds between water and the hydrophobic molecules.

d. The preferential interactions between water molecules “exclude” hydrophobic substances from aqueous solution and drive the tendency of nonpolar molecules to cluster together.

e.
Hydrophobic interactions result in nonpolar regions of biological molecules being buried in the molecule’s interior to exclude them from the aqueous milieu.









(1)

9.
All are specific molecular recognition mechanisms based on structural complementarity EXCEPT:

(d) an enzyme with its substrate.

(e) a strand of DNA and its complementary strand.

(f) sperm and an ovum.

(g) hormone and receptor.

(h) none, all are true.







(1)
10. Properties of water that render it so suited to its role as a medium of life include all EXCEPT:

(a) Unrivaled ability to form hydrogen bonds.

(b) Unusually high dielectric constant of water explains water’s ability to surround ions and increase the ions’ attraction for one another.

(c) Unparalleled ability to orient around nonpolar solutes to promote hydrophobic interactions.

(d) The small, but significant, tendency to form H+ and OH- ions.

(e) None, all are true.







(1)
11. All are true for water for a substance of its molecular weight that is neither metallic nor ionic EXCEPT:
a.
a high surface tension.


b.
a chemically inert solvent, which has a great capacity to dissolve a diverse spectrum of molecules and ions.


c.
a decrease in density.


d.
a high dielectric constant.


e.
a high capacity to form hydrogen bonds




(1)
12. Because of its highly polar nature, water is an excellent solvent for polar substances, but NOT for:
a.
salts.


b.
sugars.


c.
aldehydes and ketones.


d.
hydrocarbons.


e.
alcohols and amines.







(1)
13. Amphiphilic (amphipathic) molecules include:
a.
sugars.


b.
acidic amino acids.


c.
inorganic salts.


d.
water.


e.
salts of fatty acids.







(1)
14.  In micelles:
a.
polar ends form hydrophobic interactions with water.


b.
nonpolar ends form hydrophilic interactions with water.


c.
hydrocarbon tails form hydrophobic interactions with water.


d.
polar ends are hydrophobic and nonpolar ends are hydrophilic.


e.
hydrocarbon tails are excluded from the water into hydrophobic domains.
(1)
15. Fill in the missing words from the choices given (a-e)

To _____________ the osmotic pressure created by the contents of their cytosol, cells tend to store substances such as amino acids and sugars in ________ form.

(a) increase, monomeric

(b)
minimize, polymeric

(c)
minimize, monomeric

(d)
maximize, polymeric

(e)
increase, polymeric







(1)
16. Grapefruit juice at pH 3.2 contains about _____ times as much H+ as orange juice at pH 4.3.

(a) 0.9

(b) 10-7.5
(c) 10-2
(d) 12

(e) 101









(1)
17. All are examples of weak electrolytes EXCEPT: 

(a) hydrochloric acid.

(b) acetic acid.

(c) lactic acid.

(d) phosphoric acid.

(e) carbonic acid.








(1)
18. If equal amounts of Na2HPO4 and Na3PO4 are mixed in water, calculate the resulting pH.  The pKas of phosphoric acid are 2.1, 7.2, 12.4.

(a) 7.0

(b) 12.4

(c) 4.5

(d) 9.5

(e)
3.6









(1)

19. What ionic forms predominate at pH 7.0?  The pKas of phosphoric acid are 2.1, 7.2, 12.4.

(a) HPO42-
(b) H2PO4-
(c) HPO42- and PO43-
(d) H2PO4- and HPO42-
(e) All are correct








(2)
20. Buffer systems are effective when the pH values are ___ pH unit(s) either side of the pKa value.
a.
1


b.
2


c.
3


d.
4


e.
5









(1)
21. Water is particularly suited as a solvent for biosystems because it has all of the following characteristics EXCEPT:
a.
Water is a medium for ionization enhancing the variety of chemical species.

b.
Water is innocuous, yet a powerful solvent.


c.
Water is an excellent solvent for nonpolar substances.


d.
Water is relatively chemically inert, yet dissolves a variety of solutes.


e.
Through hydrophobic interactions, lipids coalesce into membranes in water.(1)
22. Which of the following weak acids would make the best buffer at pH = 5.0?
a.
acetic acid (Ka = 1.74 x 10-5, pKa = 4.76)


b.
H2PO4- (Ka = 1.38 x 10-7, pKa = 7.20)


c.
bicarbonate (Ka = 6.3 x 10-11, pKa = 10.24)


d.
tris-hydroxymethyl aminomethane (Ka = 8.32 x 10-9, pKa = 8.07)


e.
lactic acid (Ka = 1.38 x 10-4, pKa = 3.86)




(1)
Glutamate


Serine


Lysine


Asparagine


Leucine








Sequences





(1) 	5'-d(GpCpGpCpGpCpGpCpGpCpGpC)n   _          _ �(2)	 5'-r(CpCpCpUpUpApUpApApGpGpG)    _          _ �(3)	 5'-d(ApApApApApApApApApApApA) �   	  3'-d(TpTpTpTpTpTpTpTpTpTpTpT)       _          _





‘Bottom of gel’





‘Top of gel’





Figure 1
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