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ABSTRACT: Escherichia coliferredoxin (Fdx) is an adrenodoxin-type [2Fe-2S] ferredoxin. Recent genetic
analyses show that it has an esssential role in the maturation of variousirtar (Fe-S) proteins. Fdx
probably functions as a component of the complex machinery responsible for the biogenesisSof Fe
clusters. Its crystal structure was determined by the multiple-wavelength anomalous dispersion method
using the iron atoms in the [2Fe-2S] cluster of the protein and then refinRdim Ry.. values of 0.255

and 0.278, respectively, at 1.7 A resolution. The structure of Fdx is similar to the structures of bovine
adrenodoxin (Adx) and®’seudomonas putidputidaredoxin (Pdx) whose respective root-mean-square
deviations of the correspondingxGitoms are 1.8 and 2.2 A. This analysis also revealed the structure of
the C-terminal residues protruding into the solvent, which is missing in Adx and Pdx. The [2Fe-2S] cluster
is located at the edge of the molecule and bonds with that8ms of Cys42, Cys48, Cys51, and Cys87.
Electrostatic potential analysis showed that the surface of Fdx has two negatively charged areas separated
by a hydrophobic lane. One is conserved on the surface of Adx which is an area of interaction with
adrenodoxin reductase. Cys46 is located on the molecular surface in the vicinity of the [2Fe-2S] cluster,
an indication that it may be involved in F& cluster formation.

Ferredoxins (Fd3)are small, acidic, electron transfer by transferring electrons from photosystem I to Fd-dependent
proteins that are ubiquitous in biological redox systems. They enzymes, such as Fd-NADeductase and sulfite reductase
have either [4Fe-4S], [3Fe-4S], or [2Fe-2S] cluster, whose (8). Although the degree of similarity in the amino acid
reduction potential is highly negative-B00 mV or less) sequences between the two Fd subfamilies is low, the
(1—3). Among them, Fds with one [2Fe-2S] cluster per polypeptide chains of the 2Fd-d family have a common
molecule are present in plants, animals, and bacteria, andfolding motif, designated as thgrasp 9) or UB-fold (10).
form a distinct 2Fe-Fd family 2, 4). They have four  Adxand Pdx have insertions of amino acid residues at several
conserved cysteine residues to which the [2Fe-2S] cluster issites relative to the plant-type Fdsl( 12), their molecular
ligated, but their amino acid sequences differ considerably weights being nearly 13K~2K larger than those of the
depending on the biological processes in which they are plant-type Fds.
involved. One distinct subfamily is comprised of adrenodoxin ~ Two members of the Adx/Pdx subfamily, Fdx&scheri-
(Adx) found in animals and putidaredoxin (Pdx)®seudomo-  chia coli and Yahl in yeast mitochondria, have attracted
nas putida both of which are involved in the hydroxylase much attention in recent years. Genetic studies have shown
system. Adx, located in the adrenal cortex mitochondria, is they have a crucial role in the biogenesis ofHfSclusters.
involved in the synthesis of steroid hormones in which it The gene encoding bacterial Fdx is located inifiegiron—
transfers electrons from NADPH-dependent reductase tosulfur cluster) operon, in which eight genes are clustered
cytochromes P450, whereas Pdx is involved in electron (13). Overexpression of the entire operon improves the
transfer to a cytochrome P450 that hydroxylates camphor tocellular ability for Fe-S cluster biosynthesis, leading to a
produce a carbon source for bacterial growsk-7). The marked increase in the yield of recombinantH&proteins
other major 2Fe Fd subfamily consists of the plant-type Fds (14). Thefdx gene, together witiscS iscU, iscA hscB and
present in plants and algae, which function in photosynthesishscAin the operon, is crucial for the efficient biosynthesis

of Fe—S clusters irk. coli (15, 16). The biosynthesis of the
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Fdx_and its closely rela_ted prOt__ein have b_een_ purifiegl from Table 1: Data Collection and Refinement Statistics
E. coli and Azotobactervinelandii, and their biochemical
and spectroscopic characteristics have been shown to be

Data Collection

imil h f Ad 4 Pabol 29 E i Fdx h peak remote high-resolution
simiiar t.Ot Os.e ° . X an a'.’ ). E. coli . X ?S wavelength (A) 1.74 1.00 0.70
111 amino acid residue<9), and its sequence is40% resolution (A) 20.62.8 20.6-2.0 20.0-1.7
identical to that of yeast Yah1p ar30% identical to those oscillation angle/frame (deg) 2.0 2.0 0.9
of Adx and Pdx 15). Despite the fact that Fdx has a redox "o Og measufetilfeft'_e‘;gons 1631354 49;3?612 40(1)22486

: _ . H : Nno. or unique retlectio
active _[2Fe 2S] cluster W|th_a reduc.t|on potential-e380 completeness (%) 99.1(94.2) 99.9(99.5)  98.7 (99.6)
mV, it is incapable of replacing Pdx in the electron transfer requndancy 2.8(1.2) 3.2(3.1) 3.9 (2.3)
to camphor-hydroxylating cytochrome P45, Similarly, Rmerge(%0)"° 7.3(12.3) 5.5(21.5) 6.6 (27.3)
human Adx cannot functionally complement the deletion of Phasing power 1.91(0.71) 1.18(0.52)
the yeastYAH1gene {9). Apparently, these proteins evolved Refinement Statistics
from a common ancestral protein but diverged for specific resolutioone(A) 20.6-1.7
functions. Until now, very little has been known about the R/Rree (%0) 25.5/27.8
biochemical reaction in which Fdx/Yahlp is directly in- no. of refined atonis 2665 (159)

e nip y rms deviations from ideality

volved. One possibility is that the proteins donate electrons bond lengths (A) 0.005
to one of the steps of the F& cluster biosynthesis that bond angles (deg) 14
requires the reducing equivalents. Accordingly, several amino ;:Ir:]hergrael ragr?"f:s(?gg)) 337-3
a(_:ids in the vicinity of the _[2Fe—28] cluster should intergct Ramgchgndraﬁpbt (%% '
with other proteins, or with iron and sulfur atoms, producing most favored regions 86.2
a function for this class of proteins distinct from that of Adx additional allowed regions 13.1
or Pdx. generously allowed regions 0.7

aFor the peak and remote data sets, Bijvoet pairs are treated

To shed light on the functional role of Fdx, we determined : : an AL
separately, whereas for the high-resolution data set, their intensities

the crystal structure of Fdx at 1.7 A resolution. We describe
the structural characteristics of Fdx on the basis of a
comparison of the primary and tertiary structures of related

are averaged.Values in parentheses are for the highest-resolution shell.
€ Rumerge= Y niaYi[li(hkl) — O(hKN VY nad ili(hkI). ¢ Phasing power is the
mean anomalous signal divided by the lack-of-closure efri@fec was

calculated for 10% of the reflections randomly excluded from the
refinement/ The number in parenthses is the number of water
molecules.

proteins, and discuss its possible function.

EXPERIMENTAL PROCEDURES

Protein Expression and Purificatior-dx was overex-
pressed under coexpression with theoperon, as described
previously (L4). E. coli C41(DE3) cells transformed with
pPET21-Fdx and pRK1SC plasmids were grown in Terrific
broth supplemented with 0.1 mg/mL ferric ammonium
citrate. Expression was induced with 0.5 mM IPTG and
allowed to continue for 19 h at 2&. Fdx was purified by
ammonium sulfate fractionation, hydrophobic chromatogra-
phy (Butyl-Toyopearl 650M), and anion-exchange chroma-
tography (DEAE-Toyopearl 650M). The overall yield of
purified Fdx was~200 mg/L of cluture. The brownish Fdx
has an absorption spectrum characteristic of [2Fe-2S] Fds
with peaks at 280, 339 (broad), 415, and 459 Wm{Azso

= 0.6). Structure Determination and RefinemeBath the Bijvoet
Crystallization. Crystallization conditions of Fdx were  and dispersive difference Patterson maps had identical peaks
surveyed extensively by the hanging-drop vapor diffusion that correspond to vectors between three [2Fe-2S] clusters
and dialysis methods at a protein concentration of 20 mg/ per asymmetric unit. Refinement of these sites, MAD
mL. Four forms of well-shaped crystals were obtained, but phasing, and improvement of the electron density by solvent
except for one, all gave diffuse diffraction spots and/or had flipping were carried out with CNS2{). The polyalanine
extremely high mosaicity. Rhombohedral crystals suitable model of Adx (PDB entry 1AYF) was fitted to one of the
for X-ray analysis were obtained when 100 mM Tris-HCI two enantiomer-related maps using the progran‘Qa),an
buffer (pH 7.5) containing 33% polyethylene glycol 4000, which substantial change in the main chain conformation
5% 2-butanol, and 80 mM Mgglvas used as the reservoir  was required. Individual iron atoms in each cluster were
solution. When the protein solution was mixed with an equal |ocated on the electron density map at 3.0 A resolution
volume of reservoir solution and equilibrated against it at calculated from the phase angles that were derived from the
23°C, crystals were grown to a size of 0.2 min0.2 mm  polypeptide model. These iron sites were consistent with
x 0.15 mm in 2 days. These crystals were sensitive t0 a those expected from the orientation of the cluster in the Adx
change in temperature. molecule. MAD phasing based on the individual iron sites
Crystallographic Data Collection and Processinghe improved the overall figure of merit from 0.46 to 0.62, in
crystals could be flash-cooled successfully without being particular for reflections at high resolution (from 0.15 to 0.37
transferred to a cryoprotectant solution. All diffraction data for 3.13-3.0 A data). The map obtained after solvent flipping
were collected by the oscillation method at 100 K on a MAR enabled us to build a model according to the known amino

CCD detector at beamline BL41XU of SPring-8, Japan. The
crystals were trigonal, in space groBp, with the following

unit cell dimensions:a = b = 107.3 A andc = 85.2 A.
The asymmetric unit was expected to have three Fdx
molecules Yu = 2.6 A¥Da), which was confirmed by the
subsequent analysis. For the MAD phasing, two data sets
were collected at wavelengths of 1.74 and 1.00 A from one
crystal, and for structural refinement, one data set at 0.70 A
was collected from another crystal (Table 1). Both crystals
were mounted on the goniometer in a random orientation.
Diffraction images were processed with MOSFLRE], and

the intensities were scaled with SCALRZA). Each data set
was processed and scaled independently.
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acid sequence. This model was refined by alternate applica- _ c

tion of model revision/water location againgt2— F. and o7 -
|

Fo — F. maps and simulated annealing using the high-
resolution data. Resolution was extended stepwise to 1.7 A.
The refinement statistics are given in Table 1. The coordi-
nates have been deposited in the Protein Data Bank as entry
1I7H.

RESULTS AND DISCUSSION

Structure DeterminationThe crystal structure of Fdx was
determined by the MAD method using the anomalous
scattering of the iron atoms in the [2Fe-2S] cluster, and then
refined at 1.7 A resolution to aR of 25.5% and arRyee Of
27.8%. There are three molecules (A, B, and C) per
asymmeric unit, the solvent content of the unit cell being
estimated as-51%. Of 111 residues in Fdx, residues?10
could be built in the A molecule, and residuesID9 in the
B and C molecules. The final model has a total of 2513
protein atoms and 155 water molecules. The Ramachandran
plot indicates that, except for Thr92, all residues are in either
the most favored or additional allowed regions. Only Thr92
is in the generously allowed region, isandy angles in
molecu!es A, B, and C being117+ 7° and ~102+ 7°, . Ficure 1: Ribbon representation of the Fdx protein. Helices are
respectively. The environments of T'hr92 are anservgd IN shown in yellow, strands in green, and random coils in gray. The
the three molecules, and both the side and main chains of[2Fe-2S] cluster is shown as a stick representation (Fe, red; S,
Thr92 are involved in hydrogen bonds with neighboring yellow). Side chains of cysteine and histidine residues are also

segments of the polypeptide chains: NH(Thr92)at--- shown. The figure was drawn using SETO#)

Oy(Ser6l), O(Thr92}-OyH(Ser23), and @(Thr92)-- A B c

O(Ser61). In addition, the water molecule hydrogen bonded 1= —_— = w0

to NH(Thr92) is connected to O(GIu94). Therefore, the ror I oxersmroim e oo rEataemi oo

present conformation of Thr92 probably contributes t0  Pdx  ------SKVV¥VSHD---CTRRELDVADGVSLMQAAVSHGIYD-IVGDCG

maintaining the correct folding of the Fdx molecule. b . . .
Overall Structure.The overall structure of Fdx is shown 0w = o — w = W

AWCG-LEPESRLS QARV
AYG-LTDRSRLG OICL
AELKPNSRLCOOTIM

by the ribbon drawing in Figure 1. The [2Fe-2S] cluster is  nyr  Lora. s *]E'E;‘;ﬁi_flfi%i‘m
located at the edge of the molecule. The three molecules Pdx  GSASCAT HVYVNEAFTDKVEAANIRE

(A, B, and C) in the asymmetric unit are very similar. The

Ca atoms of residues-2109 between the A and B molecules, —,, o

the A and C molecules, and the B and C molecules are ;:x TDED--LVVEI PRYTINHARE
. . . . X g
superimposed with respective root-mean-square (rms) devia- pay

tions OT 0.48, 0.28, and _0'47 A'_ . . Ficure 2: Sequence alignment of Fdx, Adx, and Pdx. This
Fdx is an (+p)-protein consisting of a core (residues alignment is based on the three-dimensional structures of Fdx, Adx,
2—58 and 86-100) and protruding (residues 585) do- and Pdx. The secondary structures are shown with green arrows

mains, and a protruding tail (residues #10). The folding ~ (8-strand) and yellow boxesuhelix) above the sequence. The

g PR B secondary structure of Fdx was analyzed using the program
of the core domain is classified in tifegrasp ©) or UB PROCHECK g9). Residues given in red are conserved in at least

fold (10) which is characterized as having jf&sheet o proteins, and residues given in blue are ligands to the [2Fe-
comprised of four-strands and one-helix flanking the 2S] cluster. Residues shown in gray are truncated or disordered in
sheet gA, B, D, fH, andoC in Figure 1). Both the core  the crystal structures. Putative residues that interact with reductase
and protruding domains are present in electron transferare boxed in red.

proteins, including the plant-type FA8(-35), halophilic absent in the plant-type Fds. Accordingly, the folding of Fdx
2Fe-Fd (36), and the C-terminal domain of phthalate s most similar to the foldings of Adx and Pdx. The locations

dioxygenase reductasg?). Only the-grasp/UB-fold motif  and orientations oftE, aF, andBG are characteristic in the
of the core domain, however, is found in such functionally Fdx/Adx/Pdx subfamily.

unrelated proteins as ubiquiti8g), the immunoglobulin- Comparison to Boine Adrenodoxin and P. putida Puti-
binding domain of protein G39), and the Ras-binding  daredoxin.The primary structures of bovine Adx aril
domain of human c-Raf14(). putidaPdx are shown in Figure 2. Fdx1s30% homologous

Secondary structures in the protruding domain of Fek, ( to both Adx and Pdx. Adx consists of 128 residues, and the
oF, and shor{3G) are conserved in bovine Adx3) and structure of its truncated form (residues-#08) was
Pseudomona®dx (12, 41) but not in the plant-type Fds. determined by X-ray crystallography3). Pdx, however,
Although a one-turn helix is present in a position similar to consists of 106 residues, and its structure was determined
that of aF in the subfamily of the plant-type Fds, its by NMR spectroscopyl@, 41). A superposition of the &
orientation differs from that ob/F (30—35). ShortaE is traces of Fdx and Adx is shown in Figure 3. The overall
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Although the crystal structure of full-length Adx was
determined recently, only a few of the additional residues
after the C-terminus of truncated Adx became visible
(42). Residues 1le105Glul10 in the protruding tail have
internal hydrogen bonds as well as hydrogen bonds to Glu39
in the core domain [@L(Glu39)-:-N2(Arg109) and ©@2-
(Glu39y--061(Asn106)], both hydrogen bonds contributing
to maintaining the structure of the tail in this position.
Structure of the [2Fe-2S] Cluster and Its Hronment.
The two Fe atoms are coordinated tetrahedrally by the two
inorganic S atoms and four cysteinyl S atoms (Figure 4), as
in the other 2FeFds. The $ atoms of Cys42 and Cys48
are bonded to the iron atom that is close to the molecular
FIGURE 3: Superposition of Fdx on Adx. Ctraces of these two ~ surface, and those of Cys51 and Cys87 are bonded to the
proteins with an [2Fe-2S] cluster: black bond, Fdx; white bond, iron atom buried in the molecule. The orientation of the
Adx. cluster in the molecule is conserved in the Fdx/Pdx subfamily
and is similar to that in the plant-type Fd subfamily. The
peptide segments in the vicinity of the [2Fe-2S] cluster are
folded in such a way that the majority of the NH groups are
directed to the cluster and the<© groups to the surface of
the molecule. Most side chains of the cluster-wrapping
segment (Cys42Cys51) are accessible to solvent. Of these,
Cys46 in Fdx must be noted because its side chain has a
reactive sulfhydryl group. Cys46 in Fdx is not conserved in
Adx or Pdx (Leu in Adx and Ala in Pdx); therefore, Fdx
should have biochemical behavior different from that of Adx
or Pdx (discussed below). The hydrogen bond between the
remote segments in Fdx f{Lys44Y)--O6(Asp29)] is remi-
niscent of that between Arg42 and Asp31 in the plant-type
Fds [residue numbers are Bpirulina platensisFd (30)].
FIGURE 4: Closeup view of the vicinity of the [2Fe-2S] cluster ~ This hydrogen bond is conserved in most plant-type Fds and

and C-terminal tail. Hydrogen bonds that maintain the C-terminal may contribute to stabilizing the peptide conformation around
tail that projects into the solvent and N5 hydroien bonds are  the cluster.

ig‘zvgygizcio(g%d A;n%iéyéféfgi%$g£54ﬁ)(§ﬁ'rgo))"s';'((éﬁg)) NH-+-S hydrogen bonds are present in the vicinity of the
(3.5 A), and N(Cys87)-Sy(Cys51) (3.6 A). The figure was drawn  [2F€-2S] cluster of Fdx (Figure 4). In the current model,
with SETOR @9). Ne2(GIn88) is close to HCys87) (3.3 A). But we are not

certain that this contact is due to the NF6 hydrogen bond,

foldings of Fdx, Adx, and Pdx are similar; the main because the present analysis could not rule out the possibility
difference among the secondary structures is thah@8lices that the side chain of GIn88 has a different conformation in
H and | found in Adx are lacking in Fdx. When the entire which the G —C¢ bond is rotated by 180so that the ®
molecules are superimposed, the rms deviations between thetom is close to §(Cys87). The hydrogen bond network
corresponding @ atoms are 1.8 A for the FaxAdx pair scheme seen in Fdx is conserved in Adx and Pdx. In Fdx,
and 2.2 A for the FdxPdx pair. Except for the N- and  however, it differs from that in the plant-type Fd subfamily,
C-termini, insertions/deletions of the amino acid residues in in which the deletion of one amino acid residue between
Fdx relative to Adx occur at four sites: insertion of three the first and second cysteine residues (Cys42 and Cys48 in
residues betweeA and B, deletion of two residues Fdx) relative to the Fdx/Adx subfamily has produced a
betweenaC and the cluster binding loop, deletion of one different conformation for this peptide segment.
residue betweefiD andoE, and deletion of two residues Electrostatic PotentialFigure 5 shows the electrostatic
before fH (Figures 2 and 3). These insertions/deletions potentials on the surface of Fdx viewed in two directions.
produce significant conformational change in the segment One side (Figure 5a) has two acidic areas and is in marked
where they occur. Moreover, the third one causes additionalcontrast to the other side (Figure 5b). One of these areas
conformational change in the N-terminal half of the protrud- (A, upper right in Figure 5a) is composed of a segment that
ing domain. Most of the conformational changes produced includesaF (Glu64, Glu67, Glu69, Asp71, and Asp74), and
by these insertins/deletions, however, are restricted in localthe other (B, lower left in Figure 5a) has segments that
segments, the arrangement of the secondary structures in therclude oE, fG, and the loop beforgH (Glu57, Asp60,
core domain being affected little. Glu80, Glu82, Asp93, Glu94, and Asp95). These two acidic

Fdx and Adx have C-terminal extensions rich in hydro- areas are clearly separated by a hydrophobic lane composed
philic amino acid residues (Figures 2 and 4). It is note- of Pro63, Phe59, Pro81, and Leu79 (from lower right to
worthy that, unlike in Adx, most of the C-terminal upper leftin Figure 5a). Although the corresponding surface
residues are visible in Fdx, and are located near the [2Fe-shown in Figure 5a in Adx is negatively charged, it is less
2S] cluster. The 20 C-terminal residues of Adx beyond negative than that of Fdx, as anticipated from the sequence
Pro108 (Pro101 in Fdx numbering) have been truncdt8d (  comparison (Figure 2). In particular, the negative feature of
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. [2Fe-28)] F

o B

Ficure 5: Distribution of electrostatic potentials on the surface of Fdx. Blue shows positive potentials and red negative ones. Panel b
(right) is a view of Fdx rotated by 18Ground the vertical axis relative to the view in panel a (left). The figures were drawn with GRASP
(50).

area B in Adx (lower left in Figure 5a) is less prominent Fdx, have been identified as central components in the
due to substitutions of the acidic residues in Fdx with neutral biogenesis of the FeS cluster 16—18), but little data are
or basic residues in Adx. available for determining the molecular mechanism of the

Adx interacts with adrenodoxin reductase (AR) mainly by complex machinery and the functional role of Fdx in it. The
electrostatic interaction in which the negatively charged analysis presented here has established that Fdx resembles
residues of Adx (Asp76 and Asp79) are involve®) The Adx and Pdx in three-dimensional structure and the elec-
crystal structure of the AdxAR complex, prepared by cross- trostatic potential of the putative interaction surface to the
linkage of Adx Asp39 and AR Lys27, has shown that Asp72, reductase. This suggests the possibility that Fdx interacts with
Asp76, and Asp79 of Adx are indeed involved in the reductase in a manner similar to those of the A&R and
interaction with AR @4). Asp76 and Asp79 of Adx are Pdx—PR systems. Recent genetic studies on yeast Arhlp,
conserved in Fdx, and Asp72 of Adx corresponds to Glug7 the homologue of AR, consistently have shown its essential
of Fdx (Figure 2). These are clustered in area A (upper right role in the assembly of FeS clusters 46). At present, the
in Figure 5a). In contrast, area B is not involved in the potential reductase partner Bf coli Fdx is not known.
interaction surface with AR in the cross-linked AdAR The target of the electron transfer reaction mediated by
complex @4). Most acidic residues in area A in Fdx are also Fdx/Yah1p has not been tested experimentally, but probable
conserved in Pdx, in which chemical modification of these candidates include the reduction of ® $ and Fé" to
acidic residues has been shown to decrease its level ofFe*, Cysteine desulfurase IscS catalyzes the removal of
interaction with putidaredoxin reductase (PRY) The side sulfur from cysteine to form alanine and enzyme-boufid S
chain of the conserved GIu69 in area A of Fdx extends along (47), and the sulfane sulfur produced by IscS should be
the surface molecule and forms a bridge to the side chain ofreduced to sulfide before combination with iron. The tertiary
the conserved Arg84 through two NHO hydrogen bonds.  structure of Fdx shows that His40, Cys46, and His52 are
Glu69 therefore may contribute to the stabilization of the |ocated close to the [2Fe-2S] cluster (Figure 1). Of these,

tertiary structure. Indeed, in the cross-linked AdAR Cys46 in Fdx is noteworthy because it is conserved in the
complex, the corresponding Glu74 of Adx faces away from Yah1p protein, and the reactive sulfhydryl group of its side
the interface. The homologous protein (Yahlp)fSaccha-  chain is on the molecular surface. In addition, the side chains

romyces cer@siae may also have a negatively charged of several hydrophilic residues (Ser66, GIn68, Glu69, and
surface that corresponds to area A (df) in Fdx on the  GIn88) are located near the sulfhydryl group of Cys46. We
basis of the sequence alignmefb) It appears, however,  speculate that Cys46 is involved in the binding and reduction
that the negative charge in area B in Fdx is not conserved inof S and/or F&", but its precise role remains to be elucidated
the Yahlp protein. experimentally. Although His40 is located near the cluster,
Putative Role of Fdx in the Assembly of Iresulfur its involvement in binding F&/Fe&*" ions is less likely

Clusters.Recent genetic studies have shown that disruption because N(His40) is involved in hydrogen bonding to
of the gene forE. coli Fdx or depletion of yeast Yahlp O(lle38). There is no residue near the side chain of His40
protein results in a marked decrease in the activities of that has the potential to stabilize the binding of His40 and
various Fe-S proteins 16, 20). In addition, overexpression these ions. His52 is buried inside the molecule. Takahashi
of Fdx and other proteins encoded in tise operon was  and Nakamura discussed the possibility of conversion of the
demonstrated to enhance the cellular ability to assemble[2Fe-2S] cluster to the [3Fe-4S] or [4Fe-4S] cluster in the
Fe—S clusters14, 15). So far, at least six proteins, including  Fdx protein {5). The present conformation of its polypeptide,
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however, is not suited to the accommodation of the [3Fe- 17. Lill, R., and Kispal, G. (2000)rends Biochem. Sci. 2852

4S] or [4Fe-4S] cluster with any combination of cysteine
and histidine residues. Conversion of the cluster type, if at
all, requires a large conformational change in the peptide
wrapping the cluster.

Specific binding between Fdx and IscA has recently been
reported 48). Although the exact role of IScA is unknown,
it can bind the labile [2Fe-2S] cluster. IScA is an acidic
protein (pl 4.6), but one-third of the N-terminal region is
rich in basic residues (Argl2, Arg20, Lys22, Arg27, and
Arg31). Acidic area A or B in Fdx therefore is assumed to
bind to the N-terminal basic region of IscA. Because several

18.
19.
20.
21.
22.

23.

basic residues are conserved in the corresponding regions ,,

in the IscA homologues of yeast (Isalp and lIsa2p), a
candidate for the binding site with these proteins in Fdx/
Yahlp is the conserved area A.

The crystal structure of Fdx presented here provides a
sound base with which the function of Fdx is investigated
by a method such as site-directed mutagenesis and finally a
better understanding of the assembly mechanism of the-iron
sulfur cluster in vivo.
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