Problem Set #10 — Chem 391
Due Thursday, Nov. 28" in class

1 Nitrile hydratase is an Fe’*-dependent enzyme tha catadyzes the hydrolysis of nitriles to

amides. [t@used in the industrid production of acrylamide The active site iron is bound as follows.
a The nomind pK, of water bound to Fe*, is 22. Would you
predict the pK, to be higher or lower than 2.2? Why?

O N | Because of presence of 5 anionic ligands (3 x thiolates, 2 x amidaes) the

j\: = Fe* is receiving a lot of dectrogaic stabilization from the other ligand

R N groups and will stabilize the hydroxide less well than would Fe** dissolved
in water.

(_)/ ) Soys b. Draw an arrow-pushing mechanism for the hydrolyss of a smple

nitrile (CH,CN) to an amide, in which the metd-bound hydroxideis used as
anucleophile. How does this ligand environment afect the nucleophilicity
of the bound hydroxide bound to Fe** (compared to hydrated Fe*)?
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The last step will involve dissociation and replacement of the bound water/ hydroxide. This ligand environment will
increase the nucleophilicity of the hydroxide relativeto Fe(H20)e3+ since the negetive charge on OH- isless stable.

C. Assuming the only role of this iron center is to provide an active ste nucleophile, predict
how the substitution of Fe** with Co*" (a stronger Lewis acid) will affect the kinetic parameters k.,
and K, for the enzyme.

It will probably dow down k_, (make is a smdler vdue) because the hydroxide will be more stable
on the Co* center and therefore less reactive. K., should not as significantly affected, since
acetonitrile (the substrate) does not bind to the metd ion.

2. Sdeophores are smal molecules used by bacteria and fungi to bind Fe* in the
environment, where it® soluble concentration is less than 10% M, and import it into the cell. The
dissociaion congtants of these compoundsare extremely low and difficult to measure. Instead, one
can cdculate the K, vaue for Fe€®* by measuring the reduction potentia of the sderophore-bound
ferric ion and the K, of F&* from the Sdeophore. Use the following daa to cdculae the
dissociation congtant of Fe** from enterobactin (Ent), a hexacoordinate siderophore produced by E.
cols. (Hint: determine the equilibrium constant for the reection of Fe** ) with Ent¥=€™")

DQFJ:ﬂ/l-EDH Fe?’*(aq) +e— FezJ'(aq) E@: +0.77V
Qh‘/‘fi‘ OH Ent¥:e3+(aq) + @ —>Ent¥:ez+(aq) EIx -0.75V
oM b e Ent¥:ez+(aq) < Ent + Fez+(aq) Kq=37X 10°M
N,.r“ﬂ”/"" “MH .0
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Fe2+ + Ent¥:eg+(aq) - Fng' + Ent¥:e2+(aq) Erxnaz '152V
I GO= -nFEx*= +147 k¥ mol

K = 20x 102
Fe2t + ENtYFes* oy < Fes* + EntFe?* K = 20x 102
Ent¥Ee? < Ent + Fe* K = 37x10°M
Ent¥Fe < Ent + Fe* K = (20x 10%6)(3.7 x 109 M) = 7.4 x 105 M

If you don® understand the multiplication step, write out the equilibrium expressions for each of the two reactions
above the line and the equilibrium expression for the reaction before the line B the latter is the product of the two

former equations.

3. Based on the reduction potentid shown in (Oabove, show that Ent¥e™ is not capéeble of
caayzing the disproportionation of superoxide

O, +e+2H"—=H,0, Eo=08VapH?7
0,+e—-0, E=-016VapH7

The problem isthat Ent¥-€* istoo wesk an oxidant to perform the oxidaion of superoxide

Ent¥e” ,, + € ~Ent¥e” ,, E0= 075V
0,—-0,+¢€ E,= +016V

ox

Ent¥e” ,, + O, —Entwe” , + O, EQ,, = -059V



4. Azurin is a copper-containing protein involved in bacterid denitrification B converting nitrite
and nitrateto N,. A study has been performed to test the role of an active site methionine (Met121)
in binding the copper ion. Methionine was replaced by leucine and the unnaturd amino acids
norleucine and selenomethionine;
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Sandad reduction potentias were measured for each form of azurin, ranging from 315 mV for the
WT (Meat121) to 455 mV for norleucine (Nle). Explan these results in the context of the metd
binding geometry shown. Ref: Berry et d. (2003) JACS 125, 8760.

Smply put, the polarity of sulfur (partiad negative) stabilizes the positive charge on copper and crestes a weaker oxidant
(lower reduction potentid). When replaced by Se, and especidly alkanes, the charge on copper is less stabilized and
causes the E(to go higher.

5. Syl tRNA synthetase (SRS activates serine with ATP to form a seryl-adenylae
(Ser~AMP) and then subsequently transfers serine from the adenylate to tRNA. To answer this
gquestion about the specificity of SRS for serine as a subgrae, you will need to download
SerRS.pse from the 391 web site (in the problem sets page). When you initidly open the file, you
will see aribbon cartoon, but to answer questions, you will need to hide the cartoon and focus on
the active ste and Ser~AMP.

a What interactions between Ser~AMP and the enzyme SerRS dlow the enzyme to exert high
gpecificity for serine over danine?

| see two interactions between the serine hydroxyl and the protein: to the carboxylae of Glu279
(261 ) and the hydroxyl of Thr380 (2.68 ¢ ).

b. What interactions between Cys~AMP and the enzyme SerRSdlow the enzyme to exert high
gpecificity for serine over cysteine? (You may wish to hide Se'~AMP and show Cys~AMP.) Cite
gpecific aom groups and distances.

The interactions in GO&bove are now somewhat tighter, unde 2.6 « for Thr380 and unde 2.5 »
for Glu279. Snce sulfur is a larger aom than oxygen, this creates a sericdly unfavorable
environment.

d. What interactions between Thr~AMP and the enzyme SerRS dlow the enzyme to exert high
gpecificity for serine over threonine? (As above, you may wish to close the view of Cys~AMP and
show Thr~AMP.) Cite specific aom groups and distances.



The methyl group of the sdechan is29 ¢ away from the backbone of Aan379, 2.7 « away from
the sde chan of Asn378 and 2.9 « away from both carboxylate oxygens on our friend Glu279.
Snce the combined vdW radii of Cand O are 3.1+ , thisisared problem sericaly.



