




















All mutants grow in the presence of arginine.  Mutant 1 also grows in the 
presence of ornithine or citrulline, and mutant 2 grows in the presence of 

citrulline.  Mutant 3 does not grow on ornithine or citrulline.!



The conversion of 
D-[1-13C]glucose  
to glycogen as  
observed by 
localized in  

vivo 13C NMR. 



The metabolic origin of 
the nitrogen atoms in 

heme.  Only [15N]
glycine among the 

various [15N]labeled  
precursors tested, 

serves as a source of 
nitrogen in the 

biosynthesis of the 
porphyrin ring of heme. 





Criteria that must be met to!
establish that A* is the precursor!
of B*:!
!
1.  While the radioactivity of a 

product is rising, it should be 
less than that of its precursor.!

2.  When the radioactivity of a 
product is at its peak, it should 
be equal to that of its 
precursor.  The radioactivity of 
a product peaks after that of its 
precursor.!

3.  After the radioactivity of a 
product has peaked, it should 
remain greater than that of its 
precursor. !

























Equilibrium (reversible) and non-equilibrium (irreversible) reactions  
in metabolic pathways 

A B flux is 10 units
10.01 (vf)

0.01 (vr)

non-equilibrium reaction in vivo

A B flux is 10 units
100 (vf)

90 (vr)

near-equilibrium reaction in vivo


