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Fe EXAFS and edge spectroscopy have been used 
to characterize the 3-Fe clusters in aconitase and 
Azotobucter vinelundii ferredoxin I (Av Fd I). Fe 
EXAFS of a frozen solution of oxidized (unactivated) 
beef heart aconitase indicates a ‘compact’ cluster 
structure with Fe-Fe distances of ca. 2.7 A. In com- 
bination with independent iron and acid-labile sulfur 
determinations, these results allow us to propose a 
structure for the aconitase 3-Fe cluster with a 
stoichiometry of [3 Fe4S] . 

Single crystal polarized X-ray absorption spectro- 
scopy was performed on Av Fd I crystals with the 
goal of distinguishing Fe-Fe scattering contributions 
from the 4- and 3-Fe clusters. Crystallographic results 
on this protein suggest an ‘extended’ structure for the 
3-Fe cluster with ca. 4.1 A Fe-Fe distances. Pola- 
rized spectra were recorded with the X-ray 
polarization vector both normal to and parallel to 
the average plane of the irons in the 3-Fe clusters. 
The Fourier transforms were compared and found 
to be identical in the region in which a 4.1 A scatter- 
ing peak would be expected. Thus, the long (cu. 4.1 

A) Fe-Fe distance cannot be detected in Av Fd I 
crystals at room temperature. Low-temperature 
solution work is planned to look for evidence of this 
interaction. 
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In native superoxide dismutase, copper(I1) is bound 
to four histidine nitrogens in a puckered square planar 
arrangement, the angles N-Cu-N for the two couples 
of trans nitrogen atoms being 160” and 230”, respec- 
tively. One of these nitrogens belongs to an histidinate 
residue bridging the zinc ion [ 11. The EPR spectrum 
shows a large rhombic component [2]. Anions like 
CN, Ns-, NCS-, NCO- substitute in our opinion for 
a histidine nitrogen [3,4]. 

Zinc deprived SOD shows an axially symmetrical 
EPR spectrum [5] indicating that the removal of the 
bridging requirement leads to a less distorted chromo- 
phore. Water proton NMRD of solutions containing 
SOD have indicated the presence of a coordinated 
axial water molecule [6]. The same measurements 
performed on the zinc deprived derivative (Fig. 1) 
have shown that water is still present, although loosely 
bound as in the native SOD. 

The affinity constants of the anions Ns- and NCS 
at pH 6.0 for zinc deprived SOD (160, 26 M-l) close- 
ly compare with those for the native enzyme (90, 
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Fig. 1. Magnetic field dependence of the proton relaxation 
rate of aqueous solutions of native (=) and zinc deprived (-I) 
SOD. The samples were 5.6 X lop4 Mprotein, pH 6.0. 
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120 K’). These data indicate that anions do not sub- 
stitute for the bridging histidine in native SOD. 

The coordination geometry of the anion adducts is 
similar for the two enzyme derivatives and the major 
effect of zinc removal is probably that of providing 
a more tetragonal chromophore. 
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The oxidation of o-diphenols such as epinephrine 
and dihydroxyphenylalanine (DOPA) has been ob- 
served in human platelets [I], red blood cells both in 
the cytosol and membranes [2, 31 as well as in most 
animal tissues [4]. 

The diphenoloxidase (DPO) from red blood cells 
(1,2-benzenediol: oxygen oxidoreductase, EC 1.10.3.1) 
has been recently purified [5], but as yet insufficiently 
characterized; it is a protein of 150,000 molecular 
weight arranged in two identical subunits [5]. It oxi- 
dizes L-epinephrine and LDOPA to their respective 
quinones adrenoquinone and dopaquinone, which in 
turn give rise spontaneously to adrenochrome (e-r, 
485 nm = 4.35 X 103) and dopachrome (e-i, 475 
nm = 3.72 X 103). The latter compound is known as 
a precursor of melanins. 

This DPO may play a role in the in vivo oxidation 
of catecholamines [6], but also in some redox reac- 
tions of red blood cells involving reduced glutathione. 

We have purified the diphenoloxidase according to 
Tuil and Demos [5] with minor modifications. Poly- 

Fig. 1. Polyacrylamide gel electrophoresis of DPO. Protein 
20 I.rg; gel A: native enzyme stained with L-DOPA 2 X lop3 
M at 25 “C; gel B: native enzyme stained for proteins with 
Coomassie G-250; gel C: sodium dodecylsulphate (SDS) de- 
natured enzyme stained with Coomassie R-250. 

TABLE I. Effect of Some Cations on the Oxidation of L-epi- 
nephrine by Diphenoloxidase from Human Erythrocytes. The 
reaction mixture contained 0.375 M Tris-HCl, pH 9.55, 
L-epinephrine 2 X lop3 M, 40 pg enzyme protein and cations 
5 X lo-’ M. Reaction rates were recorded at 485 nm for 
2 minutes at 30 “C. 

Cation added Specific activity 
(nmol adreno- 
chrome per min 
per mg protein) 

% Activation 

None 84 _ 
Mn2+ 126 50 
Fe3+ 164 95 
coz+ 122 4s 
Ni2+ 170 102 
cuz+ 108 28 
Zn2+ 116 40 

acrylamide gel electrophoresis (PAGE) (Fig. 1) of the 
pure enzyme under both native and denaturing con- 
ditions shows virtually only one band in both gels 
stained for proteins; when gels with native enzyme 
are stained for activity (incubation with LDOPA), a 
black spot of melanin appears at the same position 
of the protein band. This indicates that the enzyme 
separated on PAGE is a DPO. Our pure preparation is 
active on Lepinephrine, L- and D-DOPA, while L- 
tyrosine is not accepted as substrate. 

We have also checked the effect of some cations 
on catalytic activity. Results reported in Table I show 
that Cu’+, Zn”, Co’+, Mn2+, Ni2+ and Fe3’ all en- 


