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72 Marks

Section A – 35 Marks

Amino acids and proteins

1.a)
Disulfide bonds help to stabilize the 3-dimensional structure of proteins.
What amino acids are involved in the formation of disulfide bonds?



(1)

   b)
Determine the subunit composition of a protein from the following information: Molecular mass by gel filtration: 200 kD.  Molecular mass by SDS-PAGE: 100 kD. Molecular mass by SDS-PAGE with 2-mercaptoethanol: 40 kD and 60 kD.  Note that you should draw the subunits using circles (or squares), and make dotted lines for weak interactions and solid lines for covalent interactions.








(4)

2.
You have a mixture of proteins with the following properties:



Protein 1: Mr 12 kD

pI = 10



Protein 2: Mr 62 kD

pI = 4



Protein 3: Mr 28 kD

pI = 8



Protein 4: Mr   9 kD

pI = 5


Predict the order of emergence of these proteins when a mixture of the four is chromatographed in the following systems: (pKa of DEAE cellulose ( 9.5; pKa of CM – cellulose ( 5.5).

(a) DEAE-cellulose at pH 7, with a linear salt gradient elution.

(b) CM-cellulose at pH 7, with a linear salt gradient elution.

(c) A gel exclusion (gel filtration) column with a fractionation range of Mr 1 kD
30 kD at pH 7.

(6)

3.
What is the advantage of affinity chromatography over other purification methods like ion-exchange or gel filtration chromatography?




(3)

4.
Treatment of two disulfide-linked polypeptide chains with 2-mercaptoethanol yield the following two peptides: 

1. 
Ala-Val-Cys-Arg-Thr-Gly-Cys-Lys-Asn-Phe-Leu 

2. 
Tyr-Lys-Cys-Phe-Arg-His-Thr-Lys-Cys-Ser 

Digestion of the intact disulfide-linked polypeptide with trypsin yields fragments with the following amino acid compositions: 

1. 
(Ala, Arg, Cys2, Ser,Val) 

2.  
(Arg, Cys2, Gly, Lys, Thr, Phe) 

3. 
(Asn, Leu, Phe) 

4. 
(His, Lys, Thr) 

5.
(Lys, Tyr)


Indicate the positions of the disulfide bonds in the intact polypeptide by drawing solid lines between the relevant amino acids.






(4)

5.
Concerning two-dimensional gel electrophoresis involving isoelectric focussing:

(a) In which dimension (first or second – the latter having been conducted at a 90° angle to the first) is sodium dodecyl sulfate (SDS) used? 


(1)

(b) Which property of proteins determines their separation in the first dimension?










(1)

(c) Which property of proteins determines their separation in the second dimension?










(1)

6.
A sample (660 mg) of an oligomeric protein of Mr 132,000 Da was treated with an excess of 1-fluoro-2,4-dinitrobenzene (FDNB) under slightly alkaline conditions until the chemical reaction was complete.  The peptide bonds of the protein were completely hydrolyzed by heating it with concentrated HCl.  The hydrolysate was found to contain 5.7 mg of the following compound (Mr 283 Da):


[image: image1.jpg]





(a) Calculate the number of polypeptide chains in this oligomeric protein.
(5)

(b) What N-terminal amino acid is present in this oligomeric protein?

(1)

The following questions are of a multiple choice nature, please read them carefully:

7.
Which amino acid would be the best one for making up a buffer of pH 5.5?

(a) Ala

(b) Lys

(c) His

(d) Asp

(e) Gln









(1)

8.
Which of the following peptides has the most negative nett charge at pH 7.4?

(a) A-A-G-A-P-C-V

(b) A-E-D-K-K-V-M

(c) E-V-D-V-E-A-F

(d) Y-Y-K-N-R-H-G







(1)

9.
What is the sequence of the following peptide?
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(a) T-L-I-G-Q

(b) N-I-L-T

(c) D-G-I-L-T

(d) T-L-I-G-N

(e) Q-G-I-L-T








(2)

10.
Which type of bond/interaction is most important in determining the secondary structure of proteins?

(a) hydrophobic interactions

(b) peptide bond

(c) hydrogen bond

(d) disulfide bond








(1)

11.
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) P-S-E-H-D-G-T-Y-Q-S-G-K-R-T-C

(b) E-V-S-A-H-L-N-M-R-F-K-I-S-A-H

(c) D-G-S-K-R-H-N-Y-V-I-F-W-M-A-V

(d) P-D-A-F-C-T-W-V-S-G-I-T-R-M-L

(e) All of the above would be equally likely


[image: image3.jpg]










(3)

Section B – 37 Marks

(RNA, DNA, replication, transcription and translation)
1.
Hairpin (stem-loop) structures may form at palindromic sequences in single strands of either RNA or DNA.  Palindromic sequences are inverted repetitions of a sequence of bases e.g. GCTACTCATAGC where the underlined bases are complementary to each other).  


(a)
Draw out the hairpin structure given above showing base pairing.

(2)

(b)
How is the helical structure of a hairpin in RNA different from that of a hairpin in DNA?








(2)

2.
A mechanism for the unwinding action of a bacterial helicase, PcrA has been proposed.  Follow the diagram below that illustrates the helicase mechanism.  Identify the two ends (labeled a and b) of one of the DNA strands.  In addition name the compounds taking part in this mechanism (labeled c and d).



[image: image4.jpg]AL







(2)

3.
The (2((’ core of RNA polymerase is unable to start transcription at promoter sites. It needs the complete (2((’( holoenzyme for initiation at the correct start site. 

(a)
Briefly state the two ways in which the ( subunit contributes to specific initiation on DNA.







(4)

(b)
What happens to the ( subunit after the formation of the first nine or ten phosphodiester bonds have formed in the RNA?



(1)

4.
The first step (activation) catalysed by a specific aminoacyl-tRNA synthetase is the formation of an aminoacyl adenylate from an amino acid and ATP, the second step is a transfer reaction.  

(a) Draw out the structure of an aminoacyl adenylate molecule (activated amino acid) using a generalized amino acid structure with R as the side chain.

(structure of ATP and amino acids are given on your Data sheet)

(5)

(b)
What is the bond between the ribose sugar and the carboxyl group of the amino acid called?









(1)

(c)
What happens to the PPi (pyrophosphate product) before the second step of this two-step reaction?
Why?







(2)

5.
An mRNA transcript of a T7 bacteriophage gene contains the base sequence shown below where the underlined bases represent part of the Shine-Dalgarno sequence.


5’ – ….AACUGCACGAGGUAACACAAGAUGGCU ….– 3’


(a)
Predict the effect of a mutation that changes the G marked by an arrow to A.













(3)

(a) Name the first two amino acids of the predicted peptide.


(2)

6.
The following diagram represents an mRNA molecule attached to a bacterial ribosome.  Identify the ribosomal subunits (a and b) in the diagram giving their S value.

[image: image5.jpg]



















(3)

7.
Some aminoacyl-tRNA synthetases do not bind the anticodon of their cognate tRNAs, but instead, use other structural features of the tRNAs to impart binding specificity.  The tRNAs for alanine apparently fall into this category.  The anticodon triplet of tRNAAla is 5’ – IGC – 3’.  Describe the consequences of a G ( C mutation in the second position of the anticodon of tRNAAla.





(3)
The following questions are of a multiple choice nature, please read them carefully:

8.
One strand of double-stranded DNA is mutated, changing all cytosines to uracils.  After one round of replication of the mutated DNA strand, the melting temperature of the resulting DNA will be (choose the correct answer):

(a) higher

(b) lower

(c) remain the same

(d) insufficient data supplied






(1)

9.
DNA polymerase I and RNA polymerase from E. coli differ from each other with respect to (choose the correct answer):

(a) direction of chain elongation.

(b) requirement for a divalent metal ion e.g. Mg2+.

(c) requirement of a primer.

(d) none of the above.







(1)

10.
With regard to DNA replication – DNA polymerase III adds nucleotides (choose the correct answer):

(a) to the 3’ end of the RNA primer

(b) to the 5’ end of the RNA primer

(c) to replace the RNA primer after the latter is removed

(d) to both ends of the RNA primer

(e) to internal sites in the DNA template





(1)

11.
With regard to DNA replication – DNA polymerase I adds nucleotides (choose the correct answer):

(a) to the 5’ end of the RNA primer

(b) to the 3’ end of the RNA primer

(c) to replace the RNA primer after the latter is removed

(d) on a single-stranded DNA template without the need for a primer

(e) in a 3’ to 5’ direction







(1)

12.
In their experiments to ascertain the mode of DNA replication, Messelson and Stahl labeled bacteria by growing them in a 15N (heavy isotope) enriched medium, and then transferring them to an ordinary medium (14N, light isotope) labelled medium and measuring the buoyant density of their DNA.  Using “H” for the DNA labeled with 15N and “L” for the strands labeled with 14N, demonstrate your understanding of semi-conservative replication by identifying the composition of the DNA in the 2nd generation grown on ordinary medium.

(a) HL only

(b) LL only

(c) HL + LL (in equal amounts)

(d) HL + 3LL (ie ¼ HL and ¾ LL)

(e) None of the above







(2)

13.
The mRNA sequence poly(GUA) would result in the following homopolypeptides:

(a) (Val)n; (Ser)n
(b) (Val)n; (Leu)n; (Cys)n
(c) (Ser)n; (Ile)n; (Met)n
(d) none of the above







(1)

14.
The anticodon of a particular tRNA molecule is 5’ GUC 3’.  Which amino acid would be attached to this tRNA molecule?  (refer to the genetic code on the data sheet).

(a) Glu

(b) Ser

(c) Gly

(d) Asp

(e) Leu









(1)

15.
Suppose there was a mutation in the gene encoding the tRNA molecule in the above question (question 7), such that the new anticodon was now 5’ UUC 3’ instead of 5’ GUC 3’.  What amino acid would the tRNA now put into proteins instead of the original one?

(a) Glu

(b) Ser

(c) Gly

(d) Asp

(e) Leu









(1)

16.
Which of the following is a function of a ribosome?

(a) RNA polymerase

(b) Aminoacyl-tRNA synthetase

(c) DNA polymerase

(d) Peptidyl transferase

(e) Helicase








(1)

Assoc Prof Wolf Brandt







51 Marks

1.
Enzymes are biological catalysts. List four general properties of such catalysts.
(2)

2.
Name the thermodynamic term: S, H and G and give the mathematical relationship between the three. 








(3)

3.
A block of ice is added to water at room temperature. Briefly describe what happens to the ice in term of, ΔH and ΔS after 30 minutes.




(3)

4.
An important step in the incorporation of nitrogen by plants is the following reaction, possessing an equilibrium constant of Ke = 3.13 x 10-3 at pH 7 and  25°C.

Glutamate (Glu) + NH3 ( glutamine (Gln) + H2O

a) Calculate ΔG°’ for this reaction.






(2)

b) Is it spontaneous?








(1)

c) How much energy is generated during the hydrolysis of glutamine to glutamate and ammonia.









(1)

d) Calculate ΔG’ at the following at the following conditions: Glu – 50 mM,  NH3 – 100 mM and  Gln –10 μM.







(2)

5.
The activation energy for a chemical reaction ΔG‡ has been reduced from 5.4 kcal to 1.36 kcal for a catalysed reaction. How many times would the catalysed reaction have been increased and how many H-bonds may be involved in the transition state?
(3)

6.
Define the transition state and illustrate your answer with an example from amide bond hydrolysis (peptide bond hydrolysis).






(3)

a) 7.
Match the terms in the first column with the description in the second column

b) S → P
 1. Km
c) V
 2. Vmax
d) dP/dt=dS/dt
 3. First order reaction

e) k in V= k[A][B]
 4. Michaelis-Menten constant

f) k-1/k1
 5. Vmax /Et
g) (k-1 +k2)/ k1
 6. The velocity or reaction rate

h) Vo at [S] = (
 7. Enzyme:substrate dissociation constant

i) [S] when V0 = Vmax/2
 8. 1/ Vmax
j) kcat
 9. Equilibrium

k) 1/Vo when 1/[S] = 0
10. Second order reaction rate

(5)

8.
The following data describe the catalysis of cleavage of peptide bonds in small peptides by the enzyme elastase.

Substrate                  Km (mM)           kcat (s-1)

P-A-P-A(G

4.0

26

P-A-P-A(A

1.5

37

P-A-P-A(F

0.64

18        .

The arrow indicates the peptide bond cleavage

a) 
If a mixture of these three peptides was presented to elastase with the concentration of each peptide equal to 0.5 mM (i.e. low substrate concentration), which would be digested the most rapidly and which the most slowly. (Assume enzyme excess).





(3)

b)
Which three amino acids are present in the catalytic triad of many proteolytic enzymes.?








(2)

c)
What role does this triad play in catalysis?




(2)

9.
List four ways in which enzyme activity is generally regulated and give an example of each.










(4)

10.a)
With the aid of a simple diagram of reaction velocity and substrate concentration explain how you would tell the difference between an enzyme that follows Michaelis-Menten kinetics to one that responds co-operatively (allosteric) to increases in substrate concentration.









(4)

    b)
How do the two enzymes mentioned above differ in subunit structure and binding sites.










(2)

11.
Hemoglobin O2 binding

The following data were obtained from measurement of oxygen binding by whole human blood at 37ºC and pH 7.4.

pO2 (mm Hg)      % saturation

11


10
  20


30
  27


50
  38


70
  50


85
  77


96
  92


98        (
a) From the data, construct a binding curve, and estimate the % oxygen saturation at 100 mm Hg , the approximate partial O2 pressure in the lungs and 


(2)

b) At 30 mm Hg, the approximate partial O2 pressure in venous blood.


(1)

c) Under these conditions, what % of the oxygen bound in the lungs is delivered to the tissues.










(2)

d) Why is the pH of venous blood lower when compared to arterial blood?

(1)

e) On the same plot sketch the binding curve for hemoglobin at a decreased pH of 7.2  and show by way of a simple calculation how this affects O2 delivery to the tissue (hint: the pH of venous blood is 7.2 while arterial blood is 7.4).



(3)

Movement of the mRNA is from right to left in the diagram.  Please identify the three sites labeled c, d and e and the elongated structure labeled f.
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