
Problem Set #9 Ð Chem 391 
Due November 15th in class 
 
1. Consider the following peptide analogs. 
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a. Explain why the phosphonate (A) is a poor inhibitor of serine proteases. 
b. Explain why the boronic acid (B) is a good inhibitor of serine proteases (hint: count electrons 
around boron). 
 
2. α-Lytic protease is a bacterial serine protease with six binding pockets (labeled S1-S6) that form 
direct interactions with six residues in the substrate peptide.  Cleavage of the substrate takes place between 
the residues bound in S1 and S2.  Consider the following kinetic data on substrates where the scissile bond 
is between alanine and p-nitroaniline (pNA).  The N-terminus is capped with an acetyl group (ac). 
 

Substrate kcat (s
-1) Km (mM) 

acAla-pNA 0.0025 12 
acProAla-pNA 0.80 27 
acAlaProAla-pNA 12 7 
acAlaAlaProAla-pNA 41 3.4 

 
a. Draw acProAla-pNA and the products of hydrolysis. 
b. Compare the efficiency constants of α-lytic protease with each of these substrates.  Where is there 
the biggest jump in efficiency?  What is ∆∆Gcat

‡ and ∆∆Goverall
‡ between those two steps? 

c. Propose a mechanism by which occupancy of sites S3-S5 stabilizes the transition state.  
 
3. Last week, you were asked to propose a mechanism for ketosteroid isomerase using only general 
acid-base chemistry.  Now, let’s look at nucleophilic catalysis.  Consider a possible role for an active site 
lysine, in which the side chain amino group could form an imininum ion with the ketosteroid: 

  
The pKa of a proton adjacent to an iminium group is roughly 11.  Explain how nucleophilic catalysis might 
enhance the rate of reaction via both enthalpic and entropic stabilization of the transition state vs. the ground 
state.  Ref.  Lin et al. (1997) PNAS 94, 11773. 
 
4. Fucose isomerase (FucI) is an enzyme that catalyzes an aldose-ketose isomerization of L-fucose to 
L-fuculose, analogous to that observed in triose phosphate isomerase. 
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A crystal structure of Fucose Isomerase (download FucI .pse from the Chem 391 web site) shows that Mn2+ 
is coordinated by the oxygens on C1 and C2 of the inhibitor, fucitol, which is similar to both fucose and 
fuculose, but is reduced at C1 and C2.  Glu337 is an active site base that is implicated in the isomerization. 
Draw an arrow-pushing mechanism for the interconversion of fucose and of fuculose and explicitly identify 
the role of Mn2+ in this reaction. 
 
5. Papain is a “cysteine protease” isolated from papaya.  Cys25 in the active site has been implicated as 
a nucleophilic residue.  Three other important residues have been identified in the catalytic mechanism: 
Gln19, His159 and Asn175.  Download papain.pse from the Chem 391 web site.  This structure contains 
an inhibitor of papain covalently bound to Cys25 via a thiohemiacetal, creating a covalently bound T.S. 
analog. 
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a. Using this structure as a template, draw the active site environment in papain, identifying groups that 
contribute to a “catalytic triad” and an “oxyanion hole”.   
 
An NMR investigation of papain focused on the chemical shift of H1 on residue His159 (H1 is the proton 
on Cε1) vs pH.  The following plot was obtained with native papain () and papain modified with a 
disulfide link to methanethiol (CysS-SCH3; ). Reference: Lewis et al. (1981) Biochemistry 20, 48. 
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b. What is the approximate pKa of His159 in native papain and (very approximately) what is the pKa in 
the modified form of papain?   
c. Two protonation states are possible for Cys25 in native papain: -S- and –SH.  What do the results in 
“b” suggest is the case?  That is – how would the protonation state of the cysteine residue affect the 
protonation state of His159? 
d. Given your answer to “c”, does His159 function analogously to the active site histidine in serine 
proteases?  Draw an arrow-pushing mechanism for the cleavage of a peptide substrate by papain that 
acknowledges the likely protonation states of Cys25 and His159 at neutral pH. 
 


