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Ql. (a) Consider the equilibrium given for a DNA binding protein that must form a dimer in order to 

bind to DNA. 2P + D 9 P2D. Write down the equilibrium constant, K for the reaction. 

As an experimentalist, you can control the total concentration of DNA [Dror] and protein [Pror]. It is 
possible to measure the concentration of the complex, [P2D]. Obtain an expression for the equilibrium 
constant Kin terms of these measurable quantities. 
What condition may be imposed to further simplify the equation so that it is easy to work with? 

(b) ATP copurifies with protein B and each subunit has a binding site for this ligand. Protein of a 
concentration 1 x 104 M is put into a dialysis bag and the bag kept in a solution containing ATP. After 
equilibrium is reached it is found that [ATP] = 3 x 104 M inside the bag and [ATP] = 1 x 104 M 
outside the bag. Considering that the binding sites are identical, what is the binding association 
constant for L binding to one site? 

(c) Studies ofthe binding of ATP to the enzyme tetrahydrofolate synthetase were 
d t d T 293K d . th T bl b 1 ATP. . 1 .t con uc e at = an appear m e a e eow.c 1s m mo ar um s. 

v 0.25 0.50 1.0 1.5 2.0 2.5 3 
cATP 6.67x10-o 1.43x1o-' 3.33x1o-' 6.00x1o-' 10-4 1.67x10-4 3x10-4 

(i) From a Scatchard plot, determine K293 and n, the number of ATP binding sites. 
(ii) Assume K 29jK310 = 2. Using the information from the Scatchard plot calculate the standard 
enthalpy 111-f for the binding of A TP to tetrahydrofolate synthetase. Assume 111-f is constant between 
293K and 31 OK. 

[5+5+5=15] 

Q2 (a) What chromophores are present in proteins and nucleic acids? What transitions give rise to the 
observed spectra in the UV -visible range? How are these affected by solvent polarity? 
(b) What is the basic difference between linearly polarized light and circularly polarized light? 
(c) The CD spectra of a-lactalbumin are given where the solid and-dashed lines represent spectra 
obtained at pH 7 and pH 2 respectively. 

(i) What is represented in the panels (a) and (b)? 
(ii) What information can you obtain from these spectra? 
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[6+3+6=15] 



Q3(a) Draw a rough sketch of the UV and CD spectra of a mononucleotide, dinucleotide and 
oligonucleotide in solution. Label your axes clearly. 
(b) What gives rise to the Amide I and Amide II band vibrations? In brief (point wise) write the 
experimental procedure for the determination of secondary structure of proteins by FTIR spectroscopy. 
(c) The figure below shows the IR spectra of an oriented sample of poly-Glu, acquired with the IR 
radiation polarized either parallel or perpendicular to the helical axis. Identify the spectral line (solid 
or dashed) corresponding to the radiation parallel to the axis. Justify your answer. 
What labels should be put for the x- andy-axes? 

All values in usual units 
a-helix: 1654 
[)-sheet: 1624, 1631, 1637, 1675 
[)-turn: 1663, 1670, 1683, 1688, 1694 
random: 1645 
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Q 4 (a) The spectra for the native and denatured forms of a 
specific azurin are shown. 
(i) Explain what is happening on denaturation with a sketch 
of the folded protein. 
(ii) A third spectrum is shown with an excitation 
wavelength of275 nm. What specific observation can you 
make in this case? 

(b) What is the Forster distance? 

(c) Fluorescence emission spectra obtained under two 
different conditions for a protein labeled with a fluorescent 

group X on the side chain of a specific lysine 
residue are shown~Spectra are also shown for an 
X-labeled lysine derivative (a-N-acetyl-e-X
lysine amide) which serves as a simple reference 
compound. Consider that the labeled lysine 
residues do not affect the other spectrum between 
the two monomers in the dimeric form of the 
protein. Propose a plausible explanation for the 
relative positions qf the emission spectra for the 
monomeric vs. the dim eric form of the labeled 
protein, based on the spectra for these forms of 
the protein and for the labeled reference species. 
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Denatured 
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