




















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 expression of creatine kinase* in 
transgenic mouse liver as demonstrated by 

localized in vivo 31P NMR. 
 

A.  Normal mouse liver after fed a diet 
supplemented with 2% creatine  

 
B. Mouse liver transgenic for 

creatine kinase after feeding the  
 same diet. 

*CK converts creatine into creatine phosphate. 



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. 



Two possible pathways for the biosynthesis of ether– 
and vinyl ether–containing phospholipids.  The 

pathway shown in Scheme II is the correct pathway.  
How is this information obtained? 



A pulse of radiolabeled starting material is administered to an organism and 
the specific radioactivities of the resulting metabolic products are followed 

over time.!

The flow of a pulse of radioactivity from  
precursor to product. 

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. !







A selection of preparative 
ultracentrifuge rotors 





















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


