Problem Set #8 BChem 391

1 Consider the following scenarios and predict the effect of each on the pK, of the underlined
residue (or its conjugate acid if appropriate), offering a brief explanation.

a. A histidine side chain buried in the hydrophobic core.
It would have a lower pK, because the protonated form (conj. acid) would be destabilized.
b. A cysteine donating a lone pair of electrons to zinc.

It would have a lower pK, because the deprotonated form (conj. base) would be stabilized.

C. An aspartate residue, H-bonded to lysine.

It would have a lower pK, because the deprotonated form (conj. base) would be stabilized.

d. A lysine, H-bonded to aspartate.

It would have a higher pK, because the protonated form (conj. acid) would be stabilized.

e. An adenine base (part of a nucleotide) H-bonded to a phosphate via its N6 amino group.
Note that the conjugate acid of adenine is protonated at N1.

It would have a higher pK, because the protonated form (conj. acid) would be stabilized.

2 In class, I noted that the pH profile the activity of a general base is proportional to the
following equation, which relates the fraction of full enzymatic activity at a given hydrogen ion
concentration to the K, of the conjugate acid of the general base:

(act.)[m _ K,
(act) — [H']+K,
where (act.);,, is the activity at a given hydrogen ion concentration and (act),,, is the maximum

value assuming that the base is fully deprotonated. Note that “act” could be k., or some other
kinetic constant.

a. In this problem derive the comparable equation for the dependence of activity on the
presence of a general acid for activity, which depends on pH:
[H][A ']
(act) )~ [HA]  _ K,

(act) [HA]+[A"]_[H+][A% F[A']

)
(act) ., _ [H']
)

(act - [H']+K,

max

b. Show, algebraically, that the slope of the line obtained for log(act) vs. pH will be zero at low
pH. Why does that make sense?

(acth,.) _ [HT _[HT_,
(act),,, [H1+K, [H]
So we expect a straight line in which log(activity) ., = log(activity),,,

C. Show, algebraically, that the slope of the line obtained for log(act) vs. pH will be -1 as pH
becomes larger than the pK, of the general acid. Why does that make sense?

(act),, M1 _[H']
(act) ~ [H]+K, K

So we expect a straight line in which log(activity) ., = log(activity)

At low pH,

max

At high pH,

a

—log(K,) -pH.

max



3. Ketosteroid isomerase (KSI) catalyzes the following transformation:

-ty

a. When C4 of the substrate is labeled with deuterium at the pro-R position, roughly 25% of
the label appears in the product. Draw the transformation of the labeled substrate to
product. This suggests a proton transfer mechanism with a single active site base. Why?

H D
b. The enzyme has two important active site residues, Tyrl4 and Asp38, that contribute to
general acid/base catalysis. Write out a complete electron-pushing mechanism that invokes
these two side chains appropriately in the reaction. Take care to explicitly draw all
intermediates in the reaction.
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C. Sketch the plot of log(V,.../K.) vs. pH that you would expect to have given your mechanism

€C 2>

in “a”.

4. At 25°C, KSI catalyzes the above transformation with a k, of 3.8 x 10* s" and a K, of 1.3 x

10" M. The uncatalyzed reaction proceeds at pH 7 with a rate constant of 1.7 x 107 s”. When
acetate ion is used as a catalyst at pH 7, a rate constant of 1.8 M's™ is found.

a. What is the differential stabilization of the transition state relative to the reactant in the
reaction catalyzed by KSI?

AAG* = RTIn(k,,/k ) = -11.5 kcal/mol

unca



b. For the acetate-catalyzed reaction, AH7 is 16 kcal/mol and AS” is —17 cal/mol*K. Predict
the influence of KSI on these parameters and give a mechanistic rationale in each instance.

KSI will lower AH* via stabilization of the growing negative charge on the substrate through proton
donation to the carbonyl oxygen.

KSI will make AS* less negative because the Asp38 side chain loses less entropy as the complex goes
from ES to EX* than would an independent acetate molecule.



