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Instructions: ANSWER ALL QUESTIONS. PLEASE BE BRIEF. 
ANSWERS FOR EACH PART MUST BE KEPT TOGETHER AT ONE PLACE 

Ql. (a) What spectral changes would probably accompany complete enzymatic hydrolysis~·of ,a 
compact protein in 0.1 M NaCl? 
(b) What does the term red-shift in fluorescence spectroscopy refer to? Use an energy diagram to 
identify the source of the red-shift. 
(c) To characterize the folding of a protein therapeutic drug that contains one Trp and 2 
Tyr residues, which residue would you select to monitor the folding and b.ow would you minimize 
interference from the other? 
(d) When will two perpendicular plane polarized waves of electromagnetic radiation produce 
circularly polarized light? 
(e) When a linearly polarized light beap:1 passes through a material displaying circular dichroism, 
what is the state of polarization of the exiting beam? 
(f) Why is CD and not absorption spectroscopy preferably used to determine the secondary structure 
of proteins? 
(g) Mention three basic differences between Optical Rotary Dispersion and Circular Dichroism. 
(h) What is the essential condition for FRET to occur? 
(i) What is the effect of temperature on static and dynamic quenching? 
G) What information may be obtained from FTIR spectra of proteins? 

Q2. (a) The A260 of denatured DNA (measured at a temperature at which the 
maximum A26o is reached) is invariably 37% higher than that of the native DNA 
(at 20°C). However, in a solution of 6 M sodium trifluoroacetate, the A260 of a 
DNA sample is only 16% higher than at 20°C. Propose an explanation f<?r this. 
(b) A certain RNA stem loop has 6 Watson Crick base pairs with the sequence 
and structure shown. When this is heated in a UV spectrophotometer the 
following data are re~orded as a function of temperature. 

I Temp (uC) IIO I 20 30 140 I so 60 170 80 
:1 Abs260nm II.OO I 1.03 1.01 IL31 I 1.35 1.38 11.38 1.38 

1. What IS the reason for the change m absorbance? 
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ii. From a rough sketch of the data given, determine the melting temperature of the stem loop. 
(c) A protein is placed in a 20% ethylene glycol solution and its difference spectrum determined 
against the solution without ethylene glycol. At all wavelengths, ..18 = 0. What can you conclude 
about the structure of the protein? A second protein is also studied in both 20% DMSO and 20% 
sucrose. In sucrose, L\.E = 0. In DMSO~ there is a characteristic difference spectrum of tryptophan. 
The observed value of L1s is doubled if the protein is heated to 60 °C in DMSO. In 20% sucrose, 
after heating to 60 °C, the value of ~E is equivalent to eight tryptophans. What can you say about 
the protein? 
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Q3. (a) The panel on the left shows the fluorescence spectra of a protein with one Trp in solution. 
A: without added cofactor; B: with added cofactor and C: free tryptophan. Based on the spectra, 
what information can you obtain about"the protein-..,when the. cofactor is added? 
(b) Fluorescence-anisotropy measurements on the native protein give these results shown in the panel on 
the right at 25°C. From these data, estimate the rotational correlation time for the motion of the tryptophan 

" residue. (Molecular weight 18,900 Da ;partial specific volume of0.72 cm3 g-1
; llsolv = 0.011 poise, degree 

of hydration =0.4) 
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(c) The above protein undergoes a secondary structure transformation from an a-helical type 
structure to a P-sheet type structure whenheated above 60°C. Sketch the expected CD spectra for 
the protein that might be expected at 25°C and 60°C highlighting the characteristic features. 

[4+5+5=14] 

Q4. (a) (i) What is shown in the diagram alongside? 
(ii) What does the deviation from linearity indicate? 
(iii) How may this be linearized? Would any further 
information be obtained in this case? 
(b) If the measured lifetime ofTrp at pH 7.0 in water is 
3.1 ns and the quantum yield is 0.13, what is the the rate 
of its fluorescence emission? · . 
(c) A DNA sample and a protein sample are mixed. ill 

·mixtures A and B, the NaCl concentrations are 0.01 M 
and 1 M, respectively. In sample A, the CD spectrum of 
DNA is changed but that of the protein is not. In sample 
B, the CD spectrum of neither is changed. The CD 
spectra of pure DNA in 0.01 M NaCl and 1 M 
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N aCl are the same. What can you conclude? 
(d) The data given list the CD maxima and 
minima for f3-lactoglobulin A under two 
different conditions. 

In aqueous buffer, pH 5 

K•5 t.r' 

0.4 0.6 0.8 
[a] 

Amax,m~ AE 

215 -1.7 
196 +2.6 Describe qualitatively what happens to P

lactoglobu1in when it is transferred into acidic 
ethanol solution. 

In 99% ethanol, 0.01 M HCl 
220 -7.0 
208 -8.0 
192 +15.5 
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