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MS02.07.06 XAS STUDIES OF THE CuA CENTERS OF CY­
TOCHROME c OXIDASE: A UNIQlJE BINUCLEAR COP­
PER CLUSTER. Ninian J. Blackburni. Simon de Vriess. Robert 
A. Scott11, James Fees, Yi Lui!, Cluis Dennison¥ and Gerard Can­
ters¥. ·i·Oregon Graduate Institute of Science and Technology: sDelft 
University of Technology, ~University of Georgia: SUniversity of 
California, San Diego: #University of Illinois, Urbana-Champaign; 
"Lei den Institute of Chemistry 

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. 

MS02.07.07 STRUCTURE OF SUBUl\i1T ll OF A QUINOL 
OXIDASE WITH REENGINEERED CuA SITE. Matthias 
Wilmanns, Kristina Djinovic, Pekka Lappalainen, Mark Kelly, 
Elisabeth Sauer-Deriksson & Matti Saraste, EMBL Heidelberg, 
Postfach 102209, D-69012 Heidelberg, Gem1any 

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. 

PS.02.07.08 CRYSTAL STRUCTURE OF CUCUMBER 
STELLACYAt'\IIN AT 1.7 A RESOLUTION. P. John Hm11

, Aram 
N. Nersissian2, Joan Selverstone Valentine2, and David Eisenberg'. 
1UCLA-DOE Laboratory of Structural Biology and Moleculm· 
Medicine, Box 951570, UCLA, Los Angeles, CA 90095. 
2Department of Chemistry and Biochemistry, University of 
Califomia, Los Angeles, CA 90024. 

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. 

PS02.07.09 XAFS AND CRYSTALLOGRAPHIC STUDIES 
OF AN AZURIN AND A BLUE COPPER NITRITE REDUC­
TASE FROM A DENITRIFYING BACTERIUM. S. Samar 
Hasnain 1.2, Fraser Doddl.2, Richard Strange I, Gunter Grossmann 1, 

Lorreta Murphy!, Zelda Abraham3, Robert Eady3. Bm·y Smith3. 
lMoleculm· Biophysics Group, Dares bury Laboratory, Wm1ington 
WA4 4AD, 2School of Applied Sciences, De Montfort University, 
Leicester LEI 9bH, 3John Innes Centre, Norwich Science Pm·k, 
Norwich, UK 

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: 

I. 'X-ray scattering provides direct evidence for a trimeric structure in 
solution of Nitrite Reductase from Alcaligenes .')•losoxidans", J. G. 
Grossmann et al., Biochemistry, 32,7360-7366 ( 1993) 
2'Evidence of two distinct azmins in Alcaligenes xylosoxidans' (NCIMB 
11015): potential electron donors to nitrite reductase', FE. Dodd et al 
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 
4, 287-292 (1995) 
4. 'Structure of a new azurin from Alcaligenes xylosoxidans at 1.9A reso­
lution', F. E. Dodd, S. S. Hasnain et al Acta Cryst D51 1052(1995) 

PS02.07 .10 CRYSTALLIZATION AND PRELIMINARY X-RAY 
STUDIES OF AZURIN-IAND AZURIN-llFROMDENITRIFING 
BACTERIUM ALCALIGENS XYLOSOXIDANS GIFU 1051. 
Chunmin Li*, Tsuyoshi Inoue*, Masaharu Gotowda*, Kazuyuki 
Hamada*, Nobuya Nishio*, Shinichiro Suzuki**, Kazuya 
Yamaguchi**, and Yasushi Kai*. *Depm·tment of Applied Chem­
istry, Faculty of Engineering, Osaka University, Suita 565, **De­
partment of Chemistry, Faculty of Science, Osaka University, 
Toyonaka 560, Japm1. 

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 
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vapor diffusion method at 20•C. The crystals of azmin-I belong 
to the monoclinic crystal system and have space group C2 with 
unit cell parameters of a=l30.6A, b=54.4A, c=74.7 A, and b=96.l•. 
Four molecules are in the asymmetric unit. The crystals of azmin­
II belong to the tetragonal crystal system and have space group 
?4122 ,,;th unit cell p';rameters a=b=52.6A, c=100.7 A. Only one 
molecule is in the asymmet1ic unit. They diffract up to 2.8A and 
2.0A resolutions, respectively. Their crystal structures were solved 
by molecular replacement method using AMoRe in the CCP4. 
Molecular structure of Azurin ll from Alcaligenes Xylosoxidans 
NCIB 11015 was chosen as a starting model for both azurins. The 
refinement for both azmins is being carried out by XPLOR. 

PS02.07.11 A NOVEL IRON CENTER IN DESULFOFER­
RODOXIN FROM D.DESULFURICANS ATCC 27774: 
CRYSTAL STRUCTURE AT 1.8 A RESOLUTION. Pedro 
M. Matias!, Ana Coelhol.2, Maria A. Carrondo1.3, Vilmos 
Fiili:ip4, Ana Gonzalez5 and Andy Thompson6. IITQB, 
Universidade Nova de Lisboa, 2780 OEIRAS, Portugal: 
2Universidade de Evora, 7000 EVORA, Portugal; 31ST, 
Universidade Tecnica de Lisboa, 1000 LISBOA, Portugal: 4 

LMB and OCMS, University of Oxford, Oxford OXl 3QU. 
UK 5ESRF, BP-220, 38043 GRENOBLE CEDEX France; 
6EMBL Grenoble Outstation, BP-156, 38042 GRENOBLE 
CEDEX France 

A novel iron centre in desulfoferrodoxin from sulfate 
reducing bacteria D.desulfuricans ATCC 27774 (DFX) has 
been st1:-ucturally characte~ized: this center contains a single 
Fe atom octahedrally coordinated to four equatorial histidines, 
one axial cysteine and one axial water molecule, and unlike 
most other iron centres in proteins, it is exposed to the sol­
vent, rather than buried within the bulk of the polypeptide 
chain. The three dimensional structure of DFX contains two 
domains linked by a short stretch of aminoacid residues. The 
larcrer domain is associated with the novel Fe centre. The 
sm~ller domain contains a desulforedoxin-like Fe-S4 centre 
(DX). This presentation will focus on the structural details that 
can be perceived from the ctm·ent model and will include a 
comparison between DX and the DX-like domain of DfX. The 
crystal structure of DFX has been determined to 2.5 A by the 
MAD method using data measured at the ESRF. The cunent 
R-factor value is 26.0 % (Rrree 34.0 % ). Refinement against 
1.8 A data measured at SRS-Daresbury is in progress. 

PS02.07.12 CRYSTAL STRUCTURES OF CYTOCHROlVIE 
c' AND ITS n-BUTYL-ISOCYANIDE-BOUND FORlvi FROM 
PURPLE PHOTOTROPIDC BACTERIUM. Tahir H. Tahirov, 
Shintaro Misaki, Yoshiki Higuchi and Noritake Yasuoka, Depart­
ment of Life Science, Faculty of Science, Himeji Institute of Tech­
nology, Hyogo 678-12, Japan and Teny E. Meyer, and Michael A. 
Cusanovich, Department of Biochemistry, University of A1izona, 
Tucson, AZ 85721, U.S.A. 

The structures of cytochrome c' from Rhodobacter capsulatus 
(RCCP) strain MllO have been detelTI1ined by the molecular re­
placement method. Iron anomalous scattering data were also used 
to confirm the molecular replacement solution. The structures are 
refined at 1.72 A and 2.0 A resolutions toR values of 15.0% and 
16.3% respectively. The RCCP molecule is a dimer and each of 
the identical 129 residue subunits folds as a·four-helical bundle 
with a covalently bound heme group in the center. This structural 
motif resembles that of cytochromes c' reported from 
Rhodospirillum molischianum (RJ\1CP), Rhodospi1illum rubrum 
(RRCP), and Chromatium vinosum (CVCP). However, the archi­
tecture of the RCCP dimer, that is, the mode of association of sub­
units, differs substantially from that of the other cytochromcs c'. 

In the RCCP dimer, the subunits are roughly parallel to each other 
and only helix B of each subunit participates in formation of the 
dimer inte1face. In RMCP, CVCP and RRCP the subunits cross 
each other to fom1 an X shape, and two helices, A and B, of each 
subunit are involved in the interactions across the dimer interface. 
Structural comparison of four cytochromes c' reveal that they can 
be divided into two groups. In group l cytochromes c', CVCP and 
RCCP, the amino acid sequences and the folding of subunits are 
ananged in such a way to allow the fom1ation of a large groove 
between helices B and C with direct solvent accessibility to the 
heme sixth ligand position. There is no such groove in group 2 
cytochromes c', RMCP and RRCP. This may account in part for 
the differences in carbon monoxide binding. 

An X-ray structure analysis of n-butylisocyanide-bound 
Rhodobacter capsulatus cytochrome c' was also carried out at 2.4 
A resolution. A comparison of the ligand bound structure with that 
of the native protein reveals that a significant conformational 
change of amino acid residues occurs in the heme vicinity, accom­
pani;d by a reanangement of the hydrogen bonding pattem. The 
results suggest that heme puckering in cytochrome c' is a unique 
mechanical mechanism which may control the dissociation of the 
dimer to monomers upon ligand binding. 

PS02.07.13 CRYSTAL STRUCTURES OF CLOSTRIDIUM 
PASTEURIANUM RUBREDOXIN MUTANTS VSA AND 
VSN. Tom J. Brett*, John J. Stezowski*, Kathy M. Selbo*, Charles 
R. Ross II*, Qiandong Zeng+, Donald M. Kurtz+, and Robert A. 
Scott+, *Department of Chemistry, University ofNebraskaLincoln, 
Lincoln, NE 68588-0304 +Center for Metalloenzyme Studies, 
University of Georgia, Athens, GA 30602-2556 

Crystal structures of V8A and V8N mutants of Clostri~ium 
pastemianum rubredoxin (Rd) have been detem1ined at 1.68A and 
1.82A resolution data giving final R-values of 14.10% and 14.40%, 
respectively. The structure determinations were pursued to en­
hance observations from recent studies in which redox potentials 
of several Rd mutants were determined!. In these studies, site­
directed mutagenesis was used to study the effects of mutations 
resulting in smface charge changes near the Fe(Cys)4 site of Rd. 
As predicted by simple electrostatic considerations, Rd mutants 
with positively charged arginine residues in place of neutral sur­
face residues (V8R and L41R) exhibit significant increases in the 
Fe(II/III) reduction potential. However, significant increases in 
reduction potential were also seen in mutants where the local neg­
ative charge was increased (V8D and L41D), and also when neu­
tral residues were replaced by other neutral residues (V8A and 
V8N). These findings suggest that reduction potential changes 
are not dominated by electrostatic effects. Rather, it has been pro­
posed that these reduction potential changes are due to increases 
in the local dielecuic at the Fe(Cys)4 center. Under this hypothe­
sis, increasing the local dielectric, e.g., by increasing the solvent 
accessibility of the Fe(Cys)4 site, would increase the reduction 
potential. In comparison with the Rd wild-type structure, the V8A 
and V8N mutants show increased solvent accessibility at one of 
the cysteine sulfurs (S-Cys42). 

I Q. Zeng, E.T. Smith. D.M. Kurtz, Jr., R.A. Scott. Inorg. Chim. Acta, in press. 


