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The Fez& ferredoxin putidaredoxin (Pdx) functions as 
reductant of cytochrome P450,,, in the Pseudomonas putida 
camphor hydroxylase pathway.' The structure of oxidized Pdx 
has recently been elucidated using NMR techniques.2 However, 
line broadening due to the unpaired electron spin density renders 
the nuclei in the vicinity of the Fe2S2 cluster unassignable by 
standard multidimensional NMR methods. It has been shown 
that rubredoxins, in which a single iron atom is ligated by four 
cysteinyl sulfurs, can be reconstituted using diamagnetic metals 
such as Zn2+, Cd2+, and Hg2+, thereby allowing sequential 
resonance assignment of residues in the vicinity of the metal 
binding ~ i t e . ~ - ~  It has also been shown that Fe2S2 ferredoxins 
can be reconstituted in vitro from the apoferredoxin upon 
addition of iron and sulfide.6-8 Short-lived species apparently 
containing non-native iron coordination have also been ob- 
~ e r v e d . ~ ~ ' ~  Recently, exchange of Cd2+ for iron in Fe4S4 centers 
has been reported, although the nature of the Cd2+ incorporation 
is as yet unclear.'' Here, we report that reconstitution of Pdx 
using Ga3+ yields a stable mononuclear rubredoxin-like (GaS4) 
gallium derivative of Pdx (GaPdx) which retains the secondary 
structure and global fold of native Pdx. 

GaPdx was prepared using the reconstitution procedure of 
Tsibris et al. except that FeC13 was replaced with GaC13.*.l2 
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Figure 2. k3-weighted EXAFS spectrum of GaPdx (solid line) 
compared to a theoretical fit (dashed line) using FEFF 6.1 for an Sd 
first-shell ligation of Ga3+. 

between the X-ray near edge spectra (XANES) of GaPdx and 
Ga(SR)4- model compounds in which the Ga is tetrahedrally 
ligated suggest a distortion of tetrahedral geometry toward 
square planar. As the cysteinyl sulfur atoms ligating the Fe2S2 
center in the native protein are likely to be coplanar, such a 
distortion would not be surprising. 

GaPdx is sufficiently stable at ambient temperature and 
neutral pH to be characterized by standard NMR methods. 
Sequential 'H and I5N resonance assignments are similar to those 
of native Pdx (Figure 3).2,16 It is also evident from NOE 
connectivities that the major secondary structural features and 
global fold of native Pdx are conserved in GaPdx. Since GaPdx 
is diamagnetic, many resonances which could not be assigned 
in the native protein have already been assigned in the spectrum 
of GaPdx. These include the 'H and I5N resonances for residues 
Leu 84-Cys 85-Cys 86-Gln 87, none of which could be assigned 
in the native protein, as Cys 86 (along with Cys 39, Cys 45, 
and Cys 48) provides one of the thiolate ligands for the Fe2S2 
cluster. Also assigned are the previously unobserved side chains 
of Met 24, Met 70, and Leu 71, all of which are near the metal 
cluster in native Pdx. Resonances in the metal cluster binding 
loop (Val 36-Cys 48), including Gly 37, Gly 40, and Gly 41, 
have also been assigned in GaPdx. Complete assignment of 
the 'H, I3C, and I5N spectra of GaPdx, as well as a complete 
tertiary structural refinement, is in progress. 

Since all of the identified structural features of native Pdx 
are conserved in GaPdx, we conclude that the only significant 
structural differences between native Pdx and GaPdx will be 
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Figure 3. 500 MHz IH-I5N HSQC (heteronuclear single-quantum 
correlation) spectrum of uniformly ISN-labeled GaPdx showing cor- 
relations between directly bonded I5N and 'H nuclei. Numbers 
correspond to amino acid sequence assignments, as determined from 
two-dimensional IH NOESY, 2QF-COSY, ZQ, TOCSY, and three- 
dimensional IH-l5N NOESY-HSQC and lH-I5N TOCSY-HSQC 
spectra. Samples were 3-4 mM protein in 90% H20/10% D20 
containing 50 mM deuterated Tris HCI (pH 7.4) and 10 mM 
2-mercaptoethanol, 

found in the flexible metal binding loop (residues 36-48), which 
is apparently sufficiently distortable to accommodate a range 
of metal binding geometries. This raises some fascinating 
questions, including why a Fe& cluster is selected for 
exclusively in vivo, and what role the cluster might play in 
ferredoxin folding. Preliminary amide proton exchange mea- 
surements indicate that GaPdx is more dynamic than the native 
protein, with significantly increased amide proton exchange rates 
relative to the native protein (although the protons which show 
slow exchange in the native protein are also the slowest 
exchanging in GaPdx (S. Kazanis, unpublished results)). It is 
tempting to speculate on the basis of these observations that 
GaPdx may represent a trapped late intermediate in the Pdx 
folding pathway. 
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