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The CuA centers of cytochrome c oxidases are unique exam
ples of a new type of binuclear copper cluster. X -ray crystallogra

phy of enzymes from beef heart, Paracoccus, and the engineered 
cyoA fragment of the quinol oxidase of E. Coli have provided a 

structural description of the site. The coppers are bridged by two 
cysteine ligands, and have an extremely short Cu-Cu distance of 
~2.4 A. X-ray absorption spectroscopy, which had previously pre

dicted the short Cu-Cu distance, has been used to further refine 

the structural details of the site. in both the oxidized and reduced 
forms. Subtle changes are detected in the metrical parameters of 

the oxidized versus reduced proteins which suggest that the short 

distance may be the result, in part, of a weak metal-metal bond. 
These studies have been extended to include CuA derivatives of 

the blue proteins azurin and amicyanin produced by "loop-direct

eel mutagenesis", in which the CuA-binding sequence has been 
introduced into the blue copper proteins. 
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The crystal structures of the periplasmic fragment from the 

wild-type CyoA subunit II of the Escherichia coli quinol oxidase 
and of a mutant with a reem!:ineered dinuclear copper centr·e ("pur
ple CyoA") have been solv;cl at 2.3 and 2.5 A, respectively. Quinol 

oxidases belong to the supelfamily of cytochrome oxidases. This 

enzyme is a member of the protein complex that catalyses reduc
tion of molecular oxygen to water and utilizes the free energy of 
this reaction to generate a transmembrane proton gradient during 

respiration. The electron entry site in subunit II is a mixed-va
lence clinuclear copper in the enzymes which oxidize cytochrome 

c. This centre has been lost clming the evolution of the quinol
oxidizing branch of cytochrome oxidases. 

CyoA is folded as a ]]-stranded, mostly antiparallel 13-sand

wich followed by three a-helices. The dinuclear copper centre is 

located at the loops between strands 135-136 and 139-1310. The two 

coppers are at 2.5 A distance and symmetrically coordinated to 

the main ligands which are two bridging cysteines and two termi
nal histidines. The residues that are distinct in cytochrome c and 

quinol oxiclases are around the clinuclear copper centre. A recent 

str·ucture of CyoA with reduced dinuclear copper centre shows a 
virtual identical arrangement of the two coppers except for in

creased distances between the two terminal histidines and the cop
per ions. Structural comparison suggests a common ancestry for 

subunit II of cytochrome oxidase and blue copper proteins. 
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Stellacyanins m·e blue (type I) copper glycoproteins that differ 
from other cuprecloxins (such as plastocym1in and azurin) in many 

of their propet1ies. They have an unusual copper ligand (Gln instead 

of Met found in other mononuclear blue copper proteins), they 
perform more rapid long-range electron transfer, and they exhibit 

pH-dependent. reversible EPR and electronic absorption spectra. 
Until now, stellacyanins have eluded str·ucture determination. Here 

we report the refined three-dimensional crystal structure at 1. 7 A 
resolution of stellacyanin from cucumber peelings. 

The overall fold of the cucumber stellacyanin copper-binding 

domain is organized in two ~-sheets, one of three ~-strands and 
one of four. Two a-helices are found in loop regions between ~

strands. One side of the molecule is predominantly negatively

charged, and provides a possible interaction site for redox pm1ners. 
The chm·acteristic spectroscopic properties and electron transfer 
reactivity of stellacyanin, relative to other well characterized blue 
copper proteins, may be explained by a copper binding site that is 

solvent exposed, and the fact that the copper is held in a nem·ly 

tetrahedral geometry by a str·ong interaction with the Gln ligand. 
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Results from a high resolution ( ~ 1.7 A) crystallographic stud

ies of oxidised and reduced azurin crystals are compm·ed to the 

XAFS studies of this new azmin. 
Crystal structure study of the first blue copper nitrite reduc

tase will be reported. Results from substrate and ligand binding 

studies will be presented and the chemical (structural) changes 
associated with such binding will be discussed in terms of reac

tion mechanism. Background references: 
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Biochemistrv. 34, 10180-10186 (1995) 

3. 'The substrate bindng site in copper nitrite reductase and its similarity 

to Zn carbonic anhydrase', R. W. Strange et al. Nature-Structural Biology 
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Azmins m·e the small copper-containing proteins that func

tion as electron tr·ansfer agents in the redox systems of some bac
teria. It has been known for a long time that only one azurin is 

obtained from one species of bacteria, except for the case of 

lvlethylomonas J. Recently, two azmins were found instead of the 

single previously identified one in both Alcaligenes xylosoxidans 

NCIB ll 015 and GIFU 1051. Here we present our recent work on 

the crystallization and preliminary X-ray studies of Azmin-I and 

Azmin-II fTom Denitrifing Bacterium Alcaligenes Xylosoxidans 
GIFU 1051. Both azurins were crystallized by the hanging drop 


