
ndarnton
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should be 350 kcal/mol/Å^2
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We now replace this using eqn. 7.98 and its counterpart for CO and get
(

[O2]

K
O2
d

)nO2

1 +
(

[O2]

K
O2
d

)nO2

+
(

[CO]
KCO

d

)nCO
=

(
[CO]
KCO

d

)nCO

1 +
(

[O2]

K
O2
d

)nO2

+
(

[CO]
KCO

d

)nCO
. (7.102)

Given that the denominator on both sides of the equation is the same this leads
directly to the condition we are looking for

(
[O2]
KO2

d

)nO2 (
KCO

d

[CO]

)nCO

= 1. (7.103)

Finally, if we solve this equation for [CO] and plug in the numbers corre-
sponding to the concentration of atmospheric O2 we get that we need a carbon
monoxide partial pressure of 5.4 mmHg in order to get equal probability of CO
and O2 binding to hemoglobin.

7.6 Toy model of protein folding

A four-residue protein can take on the four different conformations shown in
Figure 7.21. Three conformations are open and have energy ε (ε > 0), and
one is compact, and has energy zero.
(a) At temperature T , what is the probability, po, of finding the molecule in
an open conformation? What is the probability, pc, that it is compact?
(b) What happens to the probability pc, calculated in (a), in the limit of very
large and very low temperatures.
(c) What is the average energy of the molecule at temperature T?

(a) The weights of each of the three open states is exp(−βε), while the weight
of the compact state is 1 (since it has zero energy). The partition function is
Z = 1 + 3 exp(−βε) while the probabilities of finding the ”protein” in the open
and closed states are

po =
3 exp(−βε)

Z
, and pc =

1
Z

. (7.104)

(b) The high temperature limit corresponds to β → 0 in which case pc → 1/4,
as expected since in this case all 4 states are equally likely. In this case the
thermodynamic state of the protein is solely determined by entropy.

On the other hand, in the low temperature limit when β → ∞, pc → 1,
which means that the protein will assume the lowest energy state. In this case
equilibrium is determined by minimizing the energy.
(c) The average energy is U = εpo + 0pc and therefore

U =
3ε exp(−βε)

3 exp(−βε) + 1
. (7.105)
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open open

open compact

Figure 7.21: Toy model of protein folding showing
four different conformations. (Adapted from example 8.2 of K. Dill and S.
Bromberg, Molecular Driving Forces, New York: Garland Science, 2003.)

At high temperatures this expression reduces to U = 3ε/4, while at low tem-
peratures U = 0.




