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1. The following kinetic data were determined for an enzyme. We should be able to
determine the enzyme activity by analyzing the data. In addition, in the presence of
two different inhibitors at 1 mM concentration, we observed the kinetic data
changed. Assume the enzyme concentration of 10 pM is used in the experiments.

[S] (mM) v (mM s) v (mM s?) v (mM s)
+ inhibitor 1 + inhibitor 2
1 12 43 5.5
2 20 8 9
4 29 14 13
8 35 21 16
12 40 26 18

(a) Please write down Michaelis-Menten equation. (6%)

(b) Please explain the physical meaning of Kcat, Km and Kca/Kwm for an enzyme.
(6%)

(c) Plgase estimate Vmax, Keat and K for the enzyme by Lineweaver-Burk plot. (6%)

(@) Pléase explain how to determine the type of inhibition and Ki for the two
inhibitors. (6%)

. If we consider a 850 MHz NMR spectrometer, the resonance of 'H nuclear is
850MHz. Plé‘ase calculate the energy that is required to make the transition from
the lower energy state to the higher state. Meanwhile, please explain how to
calculate the population ratio of molecules in the higher and lower states? (8%)

. Please explain the mechanism to form a hydrogen bond and compare it with
covalent bond. Explain why hydrogen bond is so important in maintaining a protein
structure. (8%)
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4. Electrons have been explained to have different distributions outside of nuclei.
Please explain what s orbital and p orbital are? Meanwhile, what is sp> hybridization?

Give an example. (10%)

5. Lightning and thunder are natural phenomena. Please briefly explain the underlying
mechanism of lightning. (10%)

6. What is the bond order for O,", and O,? Which molecule is more stable? (20%)

7. A solution has formic acid at 5 mM, and formic ion at 6 mM, to which 5 mM HCl
is added. What is the pH of this solution? (pKa of formic acid is 3.7) (10%)

8. Suppose that the enthalpy change of the dissociation of double-stranded DNA base
pairs is ~10 kJ mol™ of base pairs and the corresponding entropy change is 30
J X! mol’. At what temperature (°C) can you expect a double-stranded DNA to
dissociate spontaneously? (10%)



