
N
+

C S

H

N
+

C
-

S

CH3 C CO2-

O

N
+

C S

CH3 C

OH

C

O

O
-

N

C S

CH3 C

OH

N
+

C S

CH3 C

OH

H
CH3 C

O

H

CO2

H
+

..

H
+

..:pyruvate

(from Thiamine-PP)

(looks like a β-keto acid: 
undergoes spontaneous 

decarboxylation)

acetaldehyde

Pyruvate Decarboxylase operates only under 
anaerobic conditions (no O2)
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from Biotin 
attached to E

(= E-Biotin-CO2)

from Biotin 
attached to E

from Biotin 
attached to E

E ◊  ◊  ◊

ADP
Bicarbonate = HCO3

- 

= hydrated CO2
Pi

E ◊  ◊  ◊

ATP

Pyruvate Carboxylase (Biotin-dependent carboxylation)

This reaction is technically reversible, but under normal physiological conditions operates in the indicated direction.

readily 
dissociates 

(acidic)

(from Thiamine-PP)

H
+
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PEP Carboxykinase
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GTP GDP

CO2 phosphoenol pyruvate 
(PEP)

occurs only in liver, not in muscle

* This reaction is technically reversible, but under normal physiological conditions operates in the indicated direction.

*

(Biotin-independent decarboxylation)

 (β-keto acid  
decarboxylation)

αβ
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