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A b s t r a c t  

Myoglobin  as a pro to type  of  a globular protein has 
been widely employed in advanced studies on the 
dynamics,  folding and evolution o f  proteins. The 
advent  o f  fast and super-fast lasers, the expression of  
site-directed mutants ,  and the application o f  ad- 
vanced analytical and spectroscopic techniques have 
provided new insights into the structure-function 
relationships in proteins. 
The work  carried out by the R o m e  group has foc-used 
on the mechanisms of  control  and discrimination o f  
ligand binding in myoglobin.  It is known 1 that  bound  
oxygen is stabilised by H-bonding  to the distal 
His(ET), and that  substitution o f  this residue is 
generally associated to a large (or  very large) increase 
in the oxygen dissociation rate constant  2. We have 
at tacked the problem of  engineering into the sperm- 
whale 3-D f ramework alternative distal residues that 
would  exert a control  on bound  oxygen even in the 
absence of  His(ET) 3. Of  particular interest in this 
context is the synthesis of  a new mutan t  4 which is 
expected (on  the basis o f  molecular modelling) to 
make  H-bonds  with bound  oxygen, one with Gln(ET) 
and the o the r  with Tyr(B 10), mimicking therefore the 
structure o f  the active site o f  Ascaris Hb 5. 
The functional properties of  this new myoglobin  
mutan t  (see table 1) can be accounted for by the new 
H-bond ing  network,  and provide a clue to a possible 
strategy for engineering a distal site suitable for a 
b lood substitute, given that  a low oxygen dissocia- 
tion rate constant  (which reduces the rate o f  autoxi- 
dation, see ref. 6) is associated in this mutan t  to a 
lowered oxygen association rate constant ,  thereby 
modera t ing  oxygen affinity. 
Mini-myoglobin  has been prepared in our  group by 
limited proteolysis o f  horse Mb  as a model  for the 
central exon of  the globin gene in order to test 
theories on the role o f  introns in molecular  evolu- 
tion. This myoglobin  fragment binds heme stoichio- 
metrically, acquires a high degree ( ~ 6 3 % )  of  
e-helical secondary structure and (more  importantly)  
binds oxygen with equilibrium and kinetic parame-  
ters very similar (within a factor  o f  2) to those of  
native myoglobin  (see table 2)7'8; therefore it is a 
valuable model  for a possible ancestor o f  the mod-  
ern-day oxygen carriers. 

Table 1. 02 Binding data on mutant myoglobins. 

ko~ kon Pt/2 
(s -1) (M -1 s -1) (mmHgO2) 

Wild type Leu(29) His(64) 17 1.6.107 0.6 
Single mutant Leu(29) Gln(64) 100 2.0.10 v 1.8 
Double mutant Tyr(29) Gln(64) 1 1 �9 106 0.6 

Table 2. Functional properties of horse heart mini-Mb. 

CO O2 

1' (M -t  s - t )  k ' ( M  -t  s 1) k (s - t )  
Mini-Mb 4.5 - 105 5 �9 106 20 
Mb 5.0. 105 I. 10 v 11 

Laser photolysis o f  the CO-derivative o f  Mini-myo- 
globin, and extensive analysis of  its temperature and 
wavelength dependence 9, have indicated that  Mini- 
myoglobin  is likely to be the domain  responsible for 
the ligand-linked conformat ional  transition, while 
the two polypeptides corresponding to the terminal 
exons of  the globin gene would stabilise the protein 
by damping the conformat ional  fluctuations of  the 
central exon, a novel view on the relationships be- 
tween the dynamics at the heme site and the overall 
mass o f  the protein. 
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