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1. Enthalpy Hof a system is defined as H = U + p V where U, p and V are the 

internal energy, pressure and volume of the system, respectively. (a) How does 

the change of enthalpy !).H depend on the change of internal energy !).U and 

volume !). V at constant pressure p? (b) !).U equals sum of the work w done by 

the system and the heat q transferred to it (!).U = w + q). Please show that why 

at constant pressure the change of enthalpy !).H of a system simply equals the 

heat transferred to it? (c) Why is enthalpy more useful than internal energy in 

measuring heat transferred to the system in most biological processes? (15%) 

2. The second law ofthennodynamics states that the entropy (a measure of 

randomness) of an isolated system tends to increase. However, life develops by 

organizing molecules into a more ordered fonn. Does this imply that the second 

law breaks in living organisms? Please explain your answer. (10%) 

3. The phenomenon of osmosis is the passage of a pure solvent into a solution 

separated from it by a semipermeable membrane. Based on this phenomenon, 

explain why do we need to use the solution that contains similar concentrations 

of salt to the blood when performing intravenous feeding (~Jlmmfi:i:). (10%) 

4. Ultracentrifugation can separate particles with different properties. What are 

these properties? (9%) 

5. Why can X-ray, but not light microscopy, determine protein structures at 

Angstrom resolution? (9%) 

6. Please explain how fluorescence occurs. (9%) 

7. Please explain Beer Lambe1i law. (8%) 



8. We prepare a solution containing 1 mM DNA duplex (D). When we heat the 

solution to 50 °C, 0.5 mM single strand DNA (F and B) is detected in solution. 

Please calculate the binding constant Ko and free energy ~Gunder the condition. 

(10%) 

Ko = [F][B] / [D] 

9. The rate constants for an enzyme reaction gave the following result: 

k, = 5 x 108 M-1 sec-1, k_, = 2 x 103 sec-', k2 = 3 x 103 sec-1 

(a) Please write down Michaelis-Menton equation. (5%) 

(b) What are the values of KM and Keat? (5%) 

(c) If the kinetic measurement was under the condition of 5 µM enzyme 

concentration. What would be the value ofVmax? (5%) 
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10. If there is a protein X with 125 amino acids. The diffusion coefficient D of 

protein X has been detennined as 1.5 x 10-10 m2 s-1. Under the same condition, 

please calculate the diffusion coefficient D of protein Y that contains 1000 amino 

acids. Ifwe assume that the shapes of the two conformations are near spheres, 

please estimate by looking at hydrodynamic radius r from Stokes-Einstein 

equation: (5%) 

kT 
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