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The cDNA for soybean leghemoglobin a (Lba) was cloned from a root 
nodule cDNA library and expressed in Escherichia coli. The crystal struc­
ture of the ferric acetate comple� of recombinant wild-type Lba was 
determined at a resolution of 2.2 A. Rate constants for 02, CO and NO 
binding to recombinant Lba are identical with those of native soybean 
Lba. Rate constants for hemin dissociation and auto-oxidation of wild­
type Lba were compared with those of sperm whale myoglobin. At 37°C 
and pH 7, soybean Lba is much less stable than sperm whale myoglobin 
due both to a fourfold higher rate of auto-oxidation and to a ~600-fold 
lower affinity for hemin. The role of His61(E7) in regulating oxygen bind­
ing was examined by site-directed mutagenesis. Replacement of His(E7) 
with Ala, Val or Leu causes little change in the equilibrium constant for 
02 binding to soybean Lba, whereas the same mutations in sperm whale 
myoglobin cause 50 to mo-fold decreases in K0,. These results show that, 
at neutral pH, hydrogen bonding with His(E7) is much less important in 
regulating 02 binding to the soybean protein. The His(E7) to Phe mu­
tation does cause a significant decrease in K0, for Lba, apparently due to 
steric hindrance of the bound ligand. The rate constants for 02 dis­
sociation from wild-type and native Lba decrease significantly with 
decreasing pH. In contrast, the 02 dissociation rate constants for mutants 
with apolar E7 residues are independent of pH, suggesting that hydrogen 
bonding to the distal histidine residue in the native protein is enhanced 
under acid conditions. All of these results support the hypothesis that the 
high affinity of Lba for oxygen and other ligands is determined primarily 
by enhanced accessibility and reactivity of the heme group. 
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nity is required to prevent inhibition of nitrogen 
fixation, and a moderate dissociation rate constant 
is necessary for facilitating diffusion of oxygen to a 
high-affinity bacteroid oxidase (Appleby, 1992). 

The tertiary folding patterns of lupin and soybean 
Lb are very similar to those of mammalian myo­
globins, and the a and � subunits of human hemo­
globin. This pattern consists of seven a-helices (A 
to H, minus the D helix found in most mammalian 
myoglobins) wrapped around an iron-protopor­
phyrin IX prosthetic group that is coordinated to 
the histidine side-chain of the eighth residue in the 
F helix. Leghemoglobins also contain a "distal" 
histidine residue at position E7. Polar interactions 
involving His-(E7) in mammalian myoglobins have 

Introduction 

Leghemoglobins (Lb) are small monomeric heme 
proteins found in root nodules of leguminous 
plants. These proteins have unusually high affi­
nities for oxygen compared to vertebrate myoglo­
bins and hemoglobins. The association rate 
constants for 02 binding are very large (1 x ms to 
3 x ms M-1 s-1), whereas the dissociation rate con­
stants are in the "normal" range for hemoglobins 
(5 to 30 s-1; Gibson et al., 1989). High oxygen affi-

Abbreviations used: Lb, leghemoglobin; EPR, electron 
paramagnetic resonance; Mb, myoglobin. 
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