
Methylmalonyl-CoA  
mutase: 

Conversion of  
(R)-methylmalonyl-CoA 

to succinyl-CoA  
(degradation of odd-
carbon fatty acids) 



The β-oxidation pathway  
of fatty acyl-CoA 



The reaction catalyzed by methylmalonyl-CoA 
mutase:  requires coenzyme B12  



Proposed 
mechanism  

of 
methylmalonyl-
CoA mutase  

Co+3 is the 
“resting” oxidation !

state of the B12 
coenzyme; during!
catalysis, Co+3 is 

converted!
to the Co+2 

oxidation state.!



Stepwise (a) versus concerted (b) mechanisms for the methylmalonyl-CoA 
mutase-catalyzed generation of 5’-deoxyadenosine, cob(II)alamin,  

and substrate radical 



Six possible mechanisms 
for the conversion of 
methylmalonyl-CoA 

radical to succinyl-CoA 
radical catalyzed by  
methylmalonyl-CoA 

mutase 



Mechanism proposed for coenzyme B12-
dependent ribonucleotide reductase	





Mechanism proposed for reducing and reestablishing the  
active site of coenzyme B12-dependent ribonucleotide  

reductase 



Acetyl coenzyme A 
(a biologically-activated acetyl group; 

a thioester that serves more as a substrate 
than as a coenzyme)	





Chemical structure of acetyl-CoA 
A pantothenic acid-containing coenzyme 



Phosphopantothenic acid coenzymes 



Biological activation of a carboxyl group	



During nucleophilic attack on a carboxylic acid, (-) charge accumulates !
in the tetrahedral intermediate, and breakdown of the latter involves!
the loss of an oxide-2 anion (not favorable).  In thioester substrates,!

(-) charge accumulation is reduced, and a good leaving group is present.!
Thioesters are more ketone-like (and thus more electrophilic) than oxyesters !

due to less overlap and less delocalization of non-bonding electrons from !
sulfur onto the carbonyl oxygen than in the oxyester.  	





Enolization of carboxylic acids, oxyesters and thioesters	



The rate of base-catalyzed enolization is fastest for  
the species that contains the most electrophilic  

carbonyl and produces the most stable enolate ion. 



Acetyl CoA plays a key role in C-C bond formation in vivo	







Citrate synthase:  An ordered bi-bi reaction involving  
a ternary complex (sequential, single displacement) 



Cleland notation!



The mechanism of citrate synthase 





The five reactions of the pyruvate dehydrogenase complex (PDC) 
(a multi-enzyme complex; involves five coenzymes and three enzymes)  



Interconversion of lipoamide and dihydrolipoamide 

Couples electron transfer and acyl group transfer reactions 
in α-ketoacid dehydrogenase multienzyme complexes; are 

conformationally flexible 

Linked to ε-amino groups of Lys 
in lipoyl-bearing domains of the 

dihydrolipoyl acyltransferase 
components of α-ketoacid 
dehydrogenase complexes!

Lipoic acid (acyl group carrier) 











The coenzymes and prosthetic groups of the 
pyruvate dehydrogenase complex (PDC) 

α-Ketoacid dehydrogenase multi-enzyme complexes catalyze!
the reactions of α-ketoacids with NAD+ and CoA to produce!

acyl CoA, NADH and CO2 (oxidative decarboxylation of α-ketoacids)!







Thiamine pyrophosphate 



The structure of thiamine pyrophosphate (TPP) 

The thiazolium ring is the reactive part of the molecule.  TPP !
functions to delocalize the (-) charge on acylium ions during!

the decarboxylation of α-ketoacids.!



Biosynthesis of TPP from vitamin B1 



TPP is involved in enzyme-catalyzed reactions involving 
C-C bond formation or cleavage in carbonyl or carbonyl-like 

substrates. 



Examples of 
enzyme  

reactions 
involving TPP  

as a coenzyme	





Decarboxylation of β-ketoacids 



Applicable to 1o and 2o amines only!







CN--catalyzed decarboxylation of α-ketoacids 



How TPP functions to stabilize an acylium ion during the 
decarboxylation of pyruvate 



Reaction mechanism of pyruvate decarboxylase 



Formation of the active ylid form of TPP in the pyruvate 
decarboxylase reaction 



A model system:  The C2-H of 1,5-dimethylthiazolium undergoes 
fast exchange with 2H2O in neutral solution 

The pKa for C2-H ionization of TPP in aqueous solution is ~19.!
In an enzyme active site, the same ionization is orders of magnitude!

lower than in water.!



Hydroxyethylidene-TPP is carbanionic in nature, with stabilization provided by 
its important resonance forms.  The enamine form is likely to be more important 

than the charge-separated carbanion, although the polarity of the 
microenvironment probably influences the relative importance of the two forms. 



Different 
chemical fates of  

hydroxyethylidene-TPP	





Proposed mechanism of phosphoketolase 



The 
pentose 

phosphate 
pathway 



The transketolase 
reaction:  A TPP- 
requiring enzyme	





Pyridoxal phosphate 
(key coenzyme of amino acid 

metabolism)	





Biosynthesis of 
pyridoxal phosphate (PLP) 

from vitamin B6 





Forms of pyridoxal 5’-phosphate:  (a) pyridoxine 
(vitamin B6) and (b) pyridoxal 5’-phosphate (PLP) 



Forms of pyridoxal 5’-phosphate: 
(c) Pyridoxamine 5’-phosphate (PMP) and (d) the Schiff 

base that forms between PLP and an enzyme ε-amino group 

An internal aldimine!







Internal aldimine:  maintains PLP in highly a reactive state to 
facilitate the formation of external aldimines (from amino groups 
of varied substrates); the protonated imine is considerably more  

electrophilic than the corresponding aldehyde or ketone. 


