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Exam #2
Biophysical Chemistry
Chemistry 130A
Spring 2001

Justify all your assumpftions!
Show all your calculations!
Make sure all your conclusions are physically reasonable.
Keep track of units and significant digits!
Underline or Box all your final answers!

Exams in pencil won’t be regraded.

Keei iur answers short!
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Information Page

R=8.3145 J/(K mol) = 0.08206 L atm / (K mol)

——t

- F=Faraday’s constant= 9.6485 x 10* C/mol

log(y) = —0.509 zﬁ/}]

Reduction Potentials

Oxidant/Reductant Electrode Reaction 80 V) o 80 ’(V) ,
Chemist’s standard Biochemist’s
state standard state
NAD'/NADH NAD*+H*+2¢ ->NADH -0.105 -0.320
H/H,/Pt 2H"+2e— Hy(g) 0.0 -0.421
Ag*/Ag Ag'+e— Ag(s) 0.799
Fe**/Fe Fe** + 2 e'— Fe(s) -0.4402
0,/H,0 150, +2H"+2¢ 2 H,0 1.23 0.82
FADYFADH, FADMN2H'+2¢ —FADH, -0.219
Reaction AG® kJ/mol
D-Glucose -6-Phosphate — D-Fructose-6-Phosphate 1.7
Pyruvate + NADH + H" — Lactate + NAD" -25.1
ATP + H,O—ADP + Phosphate -31.0
2-Phosphoenolpyruvate + ADP— Pyruvate + ATP -31.4
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1. (15 pts) The following problems involve thinking about entropy and free energy.

a) Let the amounts of gases in two containers be na and ng; both are at pressure, p, and

temperature T. The chemical potential of gas A is pa and that of B is ig. +}/
Write down the total free energy of this system in terms of the chemical potentials. Write down {
the chemical potentials in terms of the standard chemical potentials and the pressures. Remember

to check your units!
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Imagine now that the partition between the two containers is remagved Wnte down the equation

for the new total free energy.
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Write down the equation for AGpixing for this process.
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Write the equation in terms of mole fractlons and determine the sign of AGm,Xlng
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Write the equation for ASixing for the same system and what is the sign?
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2. (15 pts) It is well known that polypeptides can adopt an o-helical conformation in solution. It
is known that small changes in temperature can cause this structure to unfold in some cases. Of
interest to the structural biologist is what proportion of chains in solutions are helical and which
are “denatured (coiled).” Each polypeptide has only two states: completely helical or completely

denatured.

a) In forming an o-helix, n-residues long the carboxy-group of one residue forms a hydrogen

bond with the amino-residue 4 residues up-stream of it.
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The free energy for converting a given residue in the helix from its free to its hydrogen bonded
state is AGp. This free energy is composed of the enthalpy of forming a hydrogen bond (per
residue) and the change in (conformational) entropy that occurs when the bond is formed. What
J( is the expression for the total free energy change for converting a “denatured’ polypeptide

of length n to a helical polypeptide in terms of AH;, and AS,? (Hint: Remember to consider the
end-effects-- four amino groups on the left are unbonded an the terminal residues of each chain
are never conf;rmationally restricted.)
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b) A researcher working on a particular helix-coil transition measures the following data.

A

hQ 3244 326.1 / 3275 329.0 330.7 332.0 333.8
) 0041 0.12 /| 027 068 . 19 50 21
|
Calculate AG’ for this transition at 54.5 C. Estimate a value AH for the transition at this
temperature. %—g’ -
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3. (15 pts) Cells need to maintain a difference (gradient) in chemical concentrations across their
membrane. To do this they use a number of different mechanisms including simple pores and

specific chemical transport proteins.

Imagine a particular (nonionic) species maintains a concentration of cl outside the cell and a

concentration of c2 inside the cell.

What is the expression for the free energy change for transporting this species from the outside to

the inside of the cell? . <> achvi 4’3 of stety mside el
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It is found for this species that the concentration outside the cell in 1 uM and the concentration
inside the cell 1 mM. Is this process spontaneous? (Explain based on the equation and common

sense.)
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4. (15 pts) At the core of the electron transport chain that drives respiration is the electron
transfer potential of NADH or FADHj relative to that of oxygen.

(a) What is the difference between the biochemist’s and chemist’s standard state? Write down
the overall reaction for the reduction of oxygen by NADH. Calculate the standard free energy of
this reaction? Calculate the equilibrium constant? (Use the biochemist’s standard state for
calculations!) ) ‘ /d«
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Bonus problem: 10 pts

Ima—gh; the following cell in which NADH is generated by a photosynthetic process in a small
organelle inside a cell. In turn, the NADH is used to reduce a protein in the organelle membrane
and then this protein supposedly reduces either NAD" or FAD" in the cytoplasm. Imagine that
this cell is illuminated such that the NADH/NAD" ratio in the organelle is maintained at 10:1.
With all else at equilibrium (and at 37 °C) what ratio of NADH/NAD" can be maintained in the
cytoplasm? What ratio of FADH,/FAD can be maintained in the cytoplasm? Show all how all
half reactions contribute.
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