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The Lamb M~bauer  f a c t o r ,  f ' ,  measures the dynamic mean square 
d isp lacement  of  a M~Bbauer nucleus ( f ' = e x p ( - k 2 < x 2 > ) ) .  The re fo re ,  
one can ob ta in  i n f o r m a t i o n  on the mot ions w i t h i n  hemoglobin 
molecules by M~6bauer spect roscopy i f  one uses the 57Fe atom 
of  the heme group as a l a b e l .  The temperature dependence of f '  
helps to understand the phys ica l  nature of  d i f f e r e n t  types of 
mot ions .  

The study of deoxygenated myoglobin c r y s t a l s  ( I ]  showed t h a t  be- 
low about 200 K, the Fe v i b r a t e s  as in o ther  i n o r g a n i c  or orga- 
n ic  compounds, and <x2> increases  l i n e a r l y  w i t h  tempera tu re .  
Above 200 K t h i s  increase occurs much f a s t e r ,  i n d i c a t i n g  t h a t  a 
new channel of  mot ions c o n t r i b u t e s  now a d d i t i o n a l l y .  This new 
channel is  a t t r i b u t e d  to f l u c t u a t i o n s  of  the molecule between 
d i f f e r e n t  con fo rmat iona l  subs t ra tes  as descr ibed by F rauen fe lde r  
et  a l .  !2 I .  A s i m i l a r  behav iour  was found in Fe of metmyoglobin 
c r y s t a l  ~3] .  

In c o n t r a s t  to deoxy myog lob in , the  <x2>-va lues of 57Fe in met- 
myoglobin show a remarkable anomaly below 170 K: The < x 2 >  - 
values inc rease  w i t h  decreas ing tempera tu re .  This anomaly was 
a lso  found in oxygenated human hemoglobin molecules (HbA) a l -  
though absent in deoxygenated HbA. This phenomenon was p a r t i c u -  
l a r l y  obv ious in p a r t i a l l y  oxygenated HbA samples, i n d i c a t i n g  
a c o r r e l a t i o n  w i th  the conformat ions  of the molecule.  The i n -  
crease of  the m o b i l i t y  of  the i r on  c o n t a i n i n g  pa r t  must be ba- 
lanced by a s t rong decrease of the m o b i l i t y  of o ther  par ts  of  
the molecule.  
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