


A:  Rate of product formation is initially rapid, then levels to a slower steady-state 
rate:  substrate is CO2.  The rate diminishes as HCO3

- is converted to CO2, then the 
equilibrium between HCO3

- and CO2 determines the steady-state rate.!

B:  Rate gradually increases, then levels at a faster steady-state rate:  substrate is 
HCO3

-.  The rate rises while CO2 is being converted into HCO3
-, then the 

equilibrium between CO2 and HCO3
- determines the steady state rate.!



covalently bound to the ε-amino!
group of a lysine residue!



Biotin and carboxybiotinyl–enzyme 
  

In the carboxybiotinyl–enzyme, N1 of the biotinyl imidazoline 
ring is the site of coenzyme carboxylation.!

“carboxylated” biotinyl!
group!







The conversions of pyruvate to oxaloacetate (OAA) and of  
OAA to phosphoenolpyruvate (PEP):  Anaplerotic reactions 

Enzyme 1:  pyruvate carboxylase (PC) (requires biotin) 
Enzyme 2:  PEP carboxykinase (PEPCK) 



The two-phase reaction mechanism of pyruvate 
carboxylase:  Phase I (CO2 activation) 



Three possible 
mechanisms for the 
formation of N1-

carboxybiotin	


Current 
experimental 
data support 
mechanism A.!



Three additional potential mechanisms for the 
formation of N1-carboxybiotin	




The two-phase reaction mechanism of pyruvate 
carboxylase:  Phase II  (substrate carboxylation) 



Possible mechanisms 
for the transfer of CO2  

from N1-carboxybiotin to  
substrates 

Current data support!
either (B) or (C).	




Propionyl-CoA  
carboxylase: 
Conversion of  

propionyl-CoA to 
succinyl-CoA  

(degradation of odd-
carbon fatty acids) 





Use of 18O to monitor the fate of the bicarbonate oxygens 
in the propionyl-CoA carboxylase reaction 





X-ray structure of tobacco ribulose 1,5-
bisphosphate (RuBP) carboxylase 

The quaternary structure of the L8S8 protein 



X-Ray structure of tobacco RuBP carboxylase 
 

An L subunit complexed with the transition state inhibitor, 2-
carboxyarabinitol-1,5-bisphosphate (CABP) 







γ-Carboxyglutamylation!
of proteins:  reduced vitamin 
K is an obligatory substrate 

for a carboxylase that 
activates proteins in the 
blood-clotting cascade	




Carboxylation of prothrombin:  vitamin K-dependent	


Ca2+-prothrombin + factors Va and Xa:  !
bind to membrane surface!

Cleavage of prothrombin by factor Xa gives thrombin	


Thrombin cleaves fibrinogen to fibrin!

Fibrin induces blood-clotting!





What is the role of reduced vitamin K?!





A weak base (active site cysteine) removes the hydroquinone proton!
 from reduced vitamin K, which then reacts with O2, leading to the !

strong base, the ketal anion.  This anion does not remove the glutamate !
proton directly, but rather, the elimination product, hydroxide ion, is !

proposed to be the strong base involved in this abstraction.!

The function of vitamin K appears to be to convert O2 into hydroxide!
anion in a hydrophobic environment where it can deprotonate Glu residues.!
This is more effective than aqueous hydroxide because bases are known !

to be stronger in hydrophobic solvents than in aqueous media.!



Coenzyme B12 Mediator of 1,2-shift rearrangements 



Vitamin B12:  R = b 
 

Coenzyme B12:  R = a  
(adenosylcobalamin 

or AdoCbl) 



Structure of 5’-deoxyadenosylcobalamin (coenzyme B12) 



Biosynthetic 
conversion of 
vitamin B12 to 
coenzyme B12  

(5’-deoxyadenosyl 
cobalamin) 



Cob(I)alamin is one of the most powerful nucleophiles known;!
the absolute reactivities of Co(I) nucleophiles are up to 107 times!

greater than those of iodide ion.!















Use of tritium!
to determine the!
fate of hydrogen!
during enzyme!

catalysis involving B12!


