
Chemistry 4011/8011 Wednesday, December 6 
 

Workshop 11 Solutions 
 
 
a) First, let’s draw the two potential rate-determining transition states for this reaction: 
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To me, the alternating set of charges (-/+/-) in glyphosate looks more like the PEP 
fragment in the first transition state than the second. In addition, in the first transition 
state the two fragments are still some distance from one another, and the fact that 
glyphosate and S3P are separate from one another in the crystal structure looks 
more like this. 
 
 

b) See next page. 
 
 
 
 
 
 
 
 



 

 
 
 
 
c)  
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 I’ve drawn stabilizing electrostatic interactions as outline arrows. It’s clear that the 
carboxylate and phosphate are stabilized by interactions with all of the positively 
charged residues, but I like to think that Glu341 plays a special stabilizing role 
towards the developed positive charge at the transition state. This charge is not 
present in EAB, and represents a special enthalpic stabilization of the transition state 
that is different from starting materials. 

 
 
d) In the previous question, we decided that the enzyme acts on both ΔH‡ and ΔS‡. So, 

I would expect ΔH‡
cat < ΔH‡

uncat and ΔS‡
cat > ΔS‡

uncat. 
 
 
e) Any kinetic experiment looks at the difference between starting materials and the 

rate-determining transition state. One way that the two prospective rate-determining 
transition states differ from starting material is in the cleavage of the phosphate-
carbon bond; in the first TS, this bond hasn’t yet changed, but in the second it is 
breaking: 
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 This might be a good place to do an 18O isotope effect study on the circled oxygen. 

There should be no isotope effect for the first TS, but a 1° KIE in the second. 

bond still there 

bond breaking 


