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The yeast gene YDR533C encodes a protein belonging to the
DJ-1/Thil/Pfpl superfamily. This family includes the human protein
DJ-1, which is mutated in autosomal recessive early-onset Parkin-
son’s disease. The function of DJ-1 and its yeast homologue
YDR533Cp is unknown. We report here the crystal structure of
YDR533Cp at 1.8-A resolution. The structure indicates that the
closest relative to YDR533Cp is the Escherichia coli heat shock
protein Hsp31 (YedU), which has both chaperone and protease
activity. As expected, the overall fold of the core domain of
YDR533Cp is also similar to that of DJ-1 and the bacterial protease
Pfpl. YDR533Cp contains a possible catalytic triad analogous to that
of Hsp31 and an additional domain that is present in Hsp31 but is
not seen in DJ-1 and other members of the family. The cysteine in
this triad (Cys-138) is oxidized in this crystal structure, similar to
modifications seen in the corresponding cysteine in the crystal
structure of DJ-1. YDR533Cp appears to be a dimer both in solution
and the crystal, but this dimer is formed by a different interface
than that found in Hsp31 or other members of the superfamily.

C ells of the budding yeast Saccharomyces cerevisiae respond to
environmental stress by mounting both general and specific
programs of changes in gene expression (1). One such stress is
the chemically induced presence of large amounts of misfolded
proteins in the cytosol, which mimics some, but not all, features
of heat shock (2). This accumulation of misfolded proteins can
be induced with the amino acid analogue azetidine-2'-carboxylic
acid (AZC), which resembles proline but has one fewer carbon
atom in the ring (3). In contrast with what has been observed in
mammalian cells, treatment of yeast with AZC does not evoke
the unfolded protein response of the endoplasmic reticulum, but
instead induces a reversible cell-cycle arrest with some of the
characteristics of the quiescent state known as stationary phase
(2). AZC-induced arrest is accompanied by significant changes
in the expression of >500 genes in the yeast genome (4),
including the 20-fold or more down-regulation of essentially all
of the ribosomal protein genes plus a number of other genes
linked to protein synthesis, although the mechanism of this
down-regulation is not known. Genes whose expression is up-
regulated by 20-fold or more include the heat shock chaperones
Hsp12, Hsp104, and other members of the heat shock protein
family. The biochemical function of these proteins is to help
unfolded or misfolded proteins assume their correct structures
or to protect the cell from the potentially toxic affects of their
aggregation.

YDR533C, which encodes a ‘“hypothetical” protein of un-
known function, is transcriptionally up-regulated nearly as much
as Hsp12 when yeast cells are treated with AZC (4). This gene
was chosen for further study because its function is unknown and
its small size (predicted to encode a soluble protein of 237 aa)
makes it an attractive candidate for possible functional charac-
terization by structure determination. Knockouts of the gene in
both haploid and diploid yeast cells are viable (J.L.C., unpub-
lished work), making YDR533C amenable to functional charac-
terization by genetic techniques.

www.pnas.org/cgi/doi/10.1073/pnas.0308089100

Analysis of genomewide expression data from our laboratory
and publicly available microarray databases indicate that
YDR533C is not a component of the general environmental
stress response in yeast. The transcription of YDR533C is up-
regulated from a basal level of ~500 protein molecules per cell
in exponential growth (5) to 5,000-10,000 protein molecules per
cell in response to a subset of stress conditions. Specifically,
production of YDRS533Cp (yeast community convention uses
italicized uppercase for the gene name, Roman case followed by
the letter p to denote the protein product, and lowercase italics
to specify a mutation in, or deletion of, the gene) increases
markedly during heat shock, production of misfolded proteins,
oxidative stress by hydrogen peroxide or the glutathione deple-
tion agent diamide, or entry into stationary phase caused by
carbon starvation.

YDR533C has three homologues in the S. cerevisiae genome:
YMR322C, YOR391C, and YPL280W. Each of these three genes
is predicted to encode a protein product that is ~70% identical
to YDR533Cp and 99.5% identical to each other. This striking
conservation is the result of the location of these homologues in
the yeast genome: in contrast to YDR533C, an interstitial gene
on chromosome 4, YMR322C, YOR391C, and YPL280W all are
subtelomeric on their respective chromosomes. Subtelomeric
regions are well-known hotspots for recombination (6, 7), and it
appears that this mini-gene family arose from an initial dupli-
cation of the parental gene (presumably YDR533C) into a
subtelomeric location, followed by recombination to produce the
other copies. The flanking regions around YMR322C, YOR391C,
and YPL280W are identical for thousands of base pairs as well,
reflecting the homogenizing of sequence that occurs through
repeated recombination. Some divergence of regulation has
already taken place in this mini-gene family, however, as the
expression of YMR322C, YOR391C, and YPL2SOW is not up-
regulated by AZC treatment or carbon starvation, but is in-
creased dramatically upon starvation for nitrogen (J. Gray and
J.L.C., unpublished work).

Comparison of the predicted amino acid sequence of
YDR533Cp with proteins from other organisms shows that
YDR533Cp is a member of the DJ-1/ThiJ/Pfpl superfamily,
which can be divided into a number of subfamilies with distinct
(albeit poorly characterized) functions (S. Bandyopadhyay and
M. R. Cookson, personal communication). YDR533Cp or-
thologs in a variety of prokaryotic and eukaryotic species cluster
together, and most are of unknown function. The most closely
related protein of known function is Hsp31 (YedU), a heat shock
chaperone from Escherichia coli. The 3D structure of Hsp31 has
been solved and reveals a dimeric molecule with a cysteine

Abbreviations: AZC, azetidine-2'-carboxylic acid; rmsd, rms deviation.

Data deposition: The atomic coordinates and structure factors have been deposited in the
Protein Data Bank, www.rcsb.org (PDB ID code 1RW7).
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protease-like catalytic triad and a Zn?* binding site (8-10). The
importance of both the catalytic triad and the Zn?>* site are
unclear, but their presence suggests that Hsp31 may have a
number of distinct and still uncharacterized functions (9).

Two other major subfamilies of the DJ-1/ThiJ/Pfpl super-
family as indicated by sequence comparison are represented by
the bacterial proteins ThiJ and Pfpl. ThiJ and its close orthologs
are kinases involved in the biosynthesis of thiamine. PfpI and its
close relatives are annotated as cysteine proteases; a crystal
structure of one of them (PH1704) shows the presence of a
cysteine protease-like catalytic triad, but the glutamate in the
triad is contributed by a neighboring subunit in the hexameric
protein structure (11). Still other, more distantly related sub-
families contain glutamine amidotransferases (12) and AraC-
like transcriptional regulators (13, 14).

Despite differences in function, proteins in the DJ-1/ThiJ/
Pfpl superfamily appear to share some important common
features. In particular, all DJ-1/ThiJ/Pfpl superfamily members
contain an absolutely conserved cysteine residue in a “nucleo-
phile elbow” strand-loop-helix motif (15). This cysteine is the
catalytic nucleophile in both the cysteine proteases and the
GATA enzymes. An adjacent histidine residue is conserved in
some, but not all, of the subfamilies; in the proteases this
histidine is a member of the catalytic triad. In addition, all
structurally characterized members of the superfamily appear to
be oligomers, and the oligomeric state of these proteins appears
to be crucial either to their stability or biochemical activity. The
oligomeric state of members of the superfamily varies widely,
ranging from dimers to trimers and hexamers, and the oligomer-
ization interfaces differ from protein to protein. This highly
variable oligomerization suggests that different modes of self-
association may be correlated with functional diversity in the
DJ-1/ThiJ /PfplI superfamily.

The most medically important member of the superfamily is
DJ-1, mutations in which have been directly implicated in
autosomal-recessive, early-onset Parkinson’s disease (16, 17).
All of the well-characterized mutations associated with disease
appear to be loss-of-function mutations. The biochemical func-
tion of DJ-1 is unknown, but there is speculation that it may be
involved in the cellular response to oxidative stress (18, 19).
Several groups have determined the crystal structure of DJ-1,
and these studies show that DJ-1 is a dimer and lacks the putative
catalytic triad seen in the members of the protease subfamily,
although it does have a permuted version that includes a
conserved cysteine residue (Cys-106) (10, 20-23). Furthermore,
structural and biochemical studies indicate that the Parkinson’s-
associated mutation L166P destabilizes the dimer and leads to
rapid degradation, resulting in a loss of function (24, 25). As a
consequence of its medical importance, much recent effort has
been expended in the search for the biological function(s) of
DJ-1, particularly the function that is disrupted in DJ-1-
associated early-onset Parkinson’s disease.

To better understand the possible functions and evolutionary
relationships among proteins in the DJ-1/ThiJ/Pfpl superfam-
ily, the crystal structure of YDRS533Cp has been determined to
a resolution of 1.8 A. The structure shows that YDR533Cp has
the core flavodoxin fold that is common to all members of the
DJ-1/ThiJ /Pfpl superfamily and is most similar to the bacterial
chaperone Hsp31. Based on both the structural and expression
data for YDR533Cp, we propose that its biochemical function is
likely to be as a chaperone for proteins that are misfolded or have
been damaged by oxidative stress. The possibility that it may
degrade or nick these proteins is also consistent with the
presence of a putative catalytic triad in YDRS533Cp. In contrast
with the structure of Hsp31, there is no Zn>* binding site in
YDRS533Cp. YDRS533Cp and DJ-1 are found to be significantly
different in structure; however, they share one striking similarity:
Cys-138 in YDRS533Cp, like its counterpart Cys-106 in DJ-1, is
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highly reactive and readily oxidized, most probably to sulfinic
acid. Lastly, YDR533Cp has a high degree of sequence identity
(45-60%) with two proteins from pathogenic fungi that have
been implicated in immunological protein binding, although the
implications of this similarity are unclear.

Materials and Methods

Protein Expression and Purification. The gene for YDRS533Cp was
subcloned into the Ndel and Xhol restriction sites of the expres-
sion construct pET21a (Novagen) such that the expressed pro-
tein contained a C-terminal 6XHis tag. BL21(DE3) E. coli
(Novagen) transformed with the expression construct was grown
in LB broth supplemented with 100 pg/ml ampicillin, and
overexpression of YDR533Cp was induced with 0.4 mM isopro-
pyl B-D-thiogalactoside for 1 h. Cells were harvested by centrif-
ugation, lysed on ice in 50 mM sodium phosphate (pH 7.0), 300
mM NaCl, and 10 mM imidazole supplemented with 1 mg/ml
lysozyme, and sonicated, and cell debris was removed by cen-
trifugation. The cleared lysate was purified by Ni?*-NTA agarose
column chromatography followed by DEAE anion exchange
chromatography. The protein was dialyzed into crystallization
buffer (50 mM Mes, pH 6.0/1 mM EDTA/1 mM DTT) and
stored at —80°C.

Protein Crystallization and Data Collection. Crystals of YDR533Cp
with the symmetry of space group C222; were obtained by the
hanging drop vapor diffusion method by mixing 2 ul of
YDRS533Cp at 10 mg/ml with 2 ul of reservoir solution (35-40%
PEG 2000/200 mM NH4CH3COO/100 mM NaCH;COO, pH
4.0). Plate-shaped crystals appeared after 5-10 days of incuba-
tion at room temperature and typically measured 0.5 X 0.5 X
0.15 mm. The crystals were intolerant of the addition of standard
cryoprotection agents; however, the concentration of PEG 2000
in the mother liquor (35-40%) was sufficient to partially cryo-
protect the crystals. Acceptable reflection profiles and mosaici-
ties could be obtained only after annealing the crycooled crystals
by returning them to reservoir solution for 3 min at room
temperature, followed by direct reimmersion into liquid N, (26).

Structure Determination and Refinement. Initial attempts at mo-
lecular replacement using a variety of search models from other
members of the superfamily failed to produce an outstanding
solution, and experimental-phase information was required to
determine the structure of YDR533Cp. Phase information was
obtained by multiple isomorphous replacement using a native
data set and two heavy-atom derivatives [K,Hgl, and Pb(NOs3),].
All data sets (see Table 1) used in the phasing were collected at
room temperature from capillary-mounted crystals on a Rigaku
(Tokyo) RU-300 rotating Cu anode source operating at 38 kV X
24 mA. All data were integrated and scaled with DENZO and
SCALEPACK, respectively (27). Because crystals of YDR533Cp
were nonisomorphous even before derivitization, the native and
derivative data sets were collected from three fragments of a
single large native crystal that was broken into pieces before
derivitization. Derivative crystals were obtained by soaking for
10 min in reservoir solution saturated with K,Hgl4 or in a 10-mM
solution of Pb(NOs3); in the reservoir solution. This “quick-soak”
method resulted in better isomorphism and less crystal damage
than longer soaks at lower concentrations of the heavy atom
compounds (28).

Heavy atom sites were located, and phases were calculated to
2.5-A resolution by using SOLVE (29). Statistical density modi-
fication and subsequent automated model building were per-
formed with RESOLVE (30), which placed 33% of the residues.
The RESOLVE-built partial model was used as a guide to manually
build the remainder of the protein into the density-modified
electron density maps with the program O (31). The model was
subsequently refined against a 1.8-A resolution native data set
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Table 1. Data and refinement statistics

High resolution Native Pb(NO3), KoHgls
Data set
Resolution range, A 69-1.8 23-25 23-2.5 35-2.5
Space group C222, C222,4 C222,4 C222,4
a A 46.282 46.414 46.771 46.402
b, A 68.776 69.817 69.631 69.894
¢ A 137.197 140.084 140.030 140.273
Unique reflections 18,620 7,390 7.203 7,617
Completeness, % 99.5 (99.0) 97.7 (87.7) 95.4 (78.1) 98.1 (95.1)
Multiplicity 6.3 (6.2) 4.4 (2.5) 4.24 (1.9) 4.2 (2.9)
Rmerges %* 7.9 (50.9) 9.8 (37.3) 11.2 (38.1) 8.0 (25.4)
1/(1) 24.7 (3.95) 14.0 (3.3) 13.6 (2.8) 17.1 (5.0)
Phasing statistics
No. of sites 1 1
FOMsolve 0.42
FOMresolve 0.78
Refinement statistics
No. of residues 235
No. of waters 229
Rworks %™ 20.0 (26.7)
Rfreer %* 23.8 (351)
rmsd bond, A 0.019
rmsd angle, ° 1.57

Values in parentheses refer to statistics in the highest-resolution shell. FOM, figure of merit.

*Rmerge = ZhkiZil(hkl); — (I(hkD))TY ZpriZil(hkl);.
TRwork = ZhkiLF(hkl)c — F(hk)ol/ZpkiF(hkl)o.

*Rfree Was calculated as Ryorks Where the F(hkl)o were taken from a set of 2,020 reflections (10% of the data) that

were not included in the refinement.

collected at 100 K at beamline 8.3.1 of the Advanced Light
Source at the Lawrence Berkeley National Laboratory (Berke-
ley, CA). Initial torsion angle molecular dynamics-simulated
annealing (32), conjugate-direction coordinate minimization,
and restrained atomic isotropic B-factor refinement were per-
formed with the CNs refinement package (33). The final cycles
of refinement included translation-libration-screw (TLS) refine-
ment of anisotropic displacement parameters (34, 35) and were
performed with REFMACS in the CCP4 suite of programs (36). It
is worth noting that TLS refinement with a single rigid group
reduced the R and Ry (37) values by 4%. All refinements were
performed against all of the measured data (excluding the test
set for calculation of Ryrec) by using a maximum-likelihood target
function based on amplitudes and including both an anisotropic
scale correction and a bulk solvent correction.

Results and Discussion

Structure Description. YDR533Cp is a 237-aa residue protein
containing 10 a-helices and 10 B-strands that form two «/pB-
domains (Fig. 1). The major domain of YDRS533Cp (domain A)
is an /B sandwich that is characteristic of all members of the
DJ-1/ThiJ/Pfpl superfamily and contains B-strands B1 and
B4-B10 plus a-helices aA, aC-aG, and aJ. Domain A resembles
a flavodoxin-like fold but contains seven, rather than five,
B-strands in a parallel B-sheet with strand order: B4, 1, B5, B6,
B10, B7, and B8. Strand B9 is the only antiparallel strand in
domain A and packs against a face of the central parallel B-sheet.

A smaller second domain (domain P), formed by antiparallel
strands B2 and B3, a-helices aB, oH, and o], and extended loop
regions, caps domain A and is found in the sequences of only a
subset of the proteins in the DJ-1/ThiJ/Pfpl superfamily, in-
cluding one of known structure, the E. coli chaperone Hsp31
(8-10). Domain P partially occludes a cleft in domain A that
contains an absolutely conserved cysteine (Cys-138 in
YDRS533Cp) located at the nucleophile elbow region of domain
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A (see below). Overall, the structure of YDRS533Cp is similar to
Hsp31, with some notable differences (see below).

Oligomerization State. Gel filtration chromatography and dynamic
light scattering indicate that YDRS533Cp is a dimer with an

Fig.1. Aribbon diagram of the monomer of YDR533Cp. Domain A, common
to other members of the DJ-1/ThiJ/Pfpl superfamily, is colored blue, and
domain P, specific to YDR533Cp and its close relatives, is colored yellow.
B-Strands are numbered 1-10, and a-helices are lettered A-J. The diagram was
made with MOLSCRIPT (45).
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Fig. 2. Ribbon and electrostatic surface representation of the YDR533Cp
dimer. (A and B) Views of the YDR533Cp dimer that is generated by crystal-
lographic symmetry. The dimer twofold axis is represented as an arrow and is
in the plane of the page in A, and it is perpendicular to the plane of the page
and is represented as an ellipse in B. In A and B, monomer A is blue (domain
A) and yellow (domain B), and monomer B is green (domain A) and orange
(domain B). (C and D) The electrostatic surface for the dimer calculated by Grasp
in the same orientation as A and B. The saddle-shaped depression in the dimer is
highly negatively charged. The figure was made with GRAsP (46) and MOLSCRIPT
(45).

apparent molecular mass of ~45 kDa in solution, in reasonable
agreement with the expected dimeric mass of 51 kDa (data not
shown). The dimer in the crystal is generated by a crystallo-
graphic twofold axis, buries 1,080 A? of surface area, and
involves contacts between strands B7, B8, and B9 on each
monomer. The B-strands form a quasi-six-stranded B-barrel at
the dimer interface (Fig. 2), which has not been observed in the
structures of other members of the superfamily, including
Hsp31. The differing dimerization interfaces in YDRS533Cp and
Hsp31 is caused, in part, by a 45-residue N-terminal extension in
Hsp31 that contains most of the residues involved in the dimer
interface for this protein. This stretch of residues is absent in
YDRS533Cp, eliminating this potential interface.

Dimerization of YDRS553Cp forms a large and highly nega-
tively charged saddle-shaped depression on one face of the dimer
and another smaller depression on the opposite side (Fig. 2). The
concentration of negative charge in the “saddle” region of the
dimer is striking and is reminiscent of the gross surface features
of Hsp31, despite the different dimerization interface. In addi-
tion, the dimerization interface in YDRS533Cp is modest and
buries only half of the surface area that is buried in the Hsp31
dimer (8-10), suggesting that the YDRS533Cp dimer may not be
as robust as the Hsp31 dimer.

A Triad at the Nucleophile Elbow Region and Oxidative Modification
at Cys-138. The nucleophile elbow (15) is a motif common to all
members of known structures in the DJ-1/ThiJ/Pfpl superfam-
ily and contains an absolutely conserved cysteine residue in an
unusually strained backbone conformation. The conserved cys-
teine at this position is catalytically essential in the cysteine
protease and glutamine amidotransferase members of the su-
perfamily and may be involved in possible enzymatic activities of
the other members of the superfamily with unknown function. In
YDRS533Cp, Cys-138 is at the nucleophile elbow between 6 and
an extended region that is in a highly distorted quasi-helical
conformation. This cysteine is a member of a putative Cys-138—
His-139-Glu-170 catalytic triad (Fig. 34), where Glu-170 is
contributed by aG in domain P, very similar to the arrangement
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Fig.3. Two views of the catalytic triad in YDR533Cp. (A) The location of triad
residues C138, H139, and E170 on the monomer. (B) The hydrogen-bonding
network that encompasses the triad. E170 hydrogen-bonds with both the
triad residue H139 and a second histidine, H108. This second histidine is also
found in the structurally homologous E. coli chaperone Hsp31. The figure was
made with MOLSCRIPT (45).

of residues seen in Hsp31 (8—10) but notably different from the
intermolecular catalytic triad seen in the hexameric structure of
Phpl (11), where the glutamate is donated by another monomer.
Importantly, because the activity of YDR533Cp is unknown, it
cannot be said with certainty whether the observed triad is
indeed catalytic, although the presence of the triad strongly
suggests a possible hydrolase/protease activity for YDR533Cp.
Such activity has been observed for Hsp31, particularly against
small peptide substrates (10).

The triad in YDR533Cp is at the bottom of a predominantly
hydrophobic cleft, but the triad is surrounded by polar residues
that form an extensive hydrogen-bonding network (Fig. 3B). In
addition, Glu-30, a highly conserved residue whose importance
remains obscure, makes a 3.2-A hydrogen bond with the Sy of
Cys-138. Glu-30 is also found near the nucleophile elbow cys-
teine in the structures of Hsp31 (8-10), PhpI (11), and DJ-1 (10,
20-23), but not in the more distantly related glutamine amido-
transferases (38—41), suggesting that the presence of a glutamate
at this position may be correlated with a functional distinction
between different clades of the superfamily.

Wilson et al.
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Fig. 4. A view of the electron density around Cys-138 in the triad. Sigma-A
weighted 2 F, — F. electron density contoured at 1.0 ¢ is shown in blue, and
sigma-A weighted F, — F. electron density contoured at 3.0 o is shown in
green. The F, — F difference electron density around the S, of C138 suggests
oxidative modification to a mixture of species, including sulfinic acid. E30 is
close to the Cys at the nucleophile elbow in several structures of the DJ-1/
Thil/Pfpl superfamily. The figure was made with povscripT+ (47).

Electron density maps indicate that Cys-138 is modified,
probably by oxidation, in the crystal (Fig. 4). The electron
density around Cys-138 is not completely consistent with any
single oxidative modification of cysteine, but is consistent with
a mixture of species that likely includes sulfinic acid. A carbox-
ylate oxygen of Glu-30 makes close contact with the modified
Cys-138, which places two groups with acidic pK,s in close
proximity and thus requires that either Glu-30 or oxidized
Cys-138 be protonated. The importance of the modification at
Cys-138 and the close contact with Glu-30 is uncertain, although
the high degree of conservation of both residues suggests that the
modified Cys-138 may be important. Oxidation would decrease
the nucleophilicity of S, in the modified cysteine residue,
possibly providing a means of altering or regulating the activity
of YDR533Cp in response to oxidative stress. This idea is
speculative, as both the in vivo oxidation status of Cys-138
and the function of YDR533Cp are currently unknown. It is
particularly noteworthy that the homologous cysteine residue in
DJ-1 (Cys-106) was found to be very sensitive to modification by
x-ray radiation in a previous structure (21), suggesting that
unusual reactivity and susceptibility to oxidation are common
features of this absolutely conserved cysteine in members of the
superfamily.

Comparison with Other Members of the DJ-1/ThiJ/Pfpl Superfamily. A
DALI search (42) reveals that YDR533Cp is most structurally
similar to the E. coli chaperone Hsp31 [C. rms deviation
(rmsd) = 2.5 A, 29% sequence identity, Z score = 23.2], and
both proteins share a global similarity in fold, including the
presence of domain P (Fig. 54). However, YDR533Cp lacks a
region that corresponds to the first 45 aa of Hsp31, resulting in
a smaller domain P and a more solvent-accessible catalytic triad
in YDRS533Cp. In addition, although YDRS533Cp is dimeric, like
Hsp31, the dimer interface in YDRS533Cp is different from that
observed in Hsp31 (see above). Lastly, YDR533Cp lacks the two
His residues that contribute to the Zn?* binding site in Hsp31 (9,
10), again suggesting either a possible functional distinction
between these two structurally similar proteins or that Zn?*

Wilson et al.

Fig. 5. Superposition of YDR533Cp, Hsp31, and DJ-1 monomers. (A)
YDR533Cp (blue) and Hsp31 (red) are superimposed (C, rmsd = 2.5 A), show-
ing the high degree of structural similarity between these two proteins. Most
of the structural differences are in the P domains. (B) YDR533Cp (blue) and
DJ-1 (yellow) are superimposed in the same orientation asin A (C, rmsd = 2.1
A). Despite the better agreement in the core domain A, DJ-1 lacks a P domain,
and YDR533Cp and DJ-1 are likely members of different branches of the
DJ-1/ThiJ/Pfpl superfamily. The figure was made with MOLSCRIPT (45).

binding to Hsp31 may not be functionally important. We favor
the former hypothesis, as two independent groups have observed
Zn?* bound to crystalline Hsp31 in two different space groups,
even when no Zn?* was added to the protein (9, 10). This finding
strongly suggests that the Zn?* binding site in Hsp31 is specific
and of probable functional importance.

Of the proteins in the DJ-1/ThiJ/Pfpl superfamily, DJ-1 has
attracted the most attention because of its involvement in early-
onset Parkinson’s disease (16, 17, 43). YDR533Cp and DJ-1 are
structurally similar in the core flavodoxin-like fold that is shared by
all members of the superfamily, but the presence of an additional
domain (domain P) of unknown function, a possible catalytic triad,
and a different dimerization interface in YDRS533Cp distinguishes
it from DJ-1 and indicates that these two proteins are members of
different branches of the DJ-1/ThiJ/Pfpl superfamily (Fig. 5B).
Consequently, YDR533Cp and DJ-1 are not likely to share the
same function. The possibility that they may exhibit some overlap
in function is not ruled out by our data, however, and will require
further biochemical and genetic studies.

Recently, a 29-kDa IgE-binding protein from Candida albi-
cans that has 62% sequence identity with YDR533p was iden-
tified (44). In addition, a 36-kDa macrophage-binding protein
from Coccidioides immitis with 45% sequence identity to
YDRS533Cp was identified previously (G.T. Cole, personal com-

PNAS | February 10,2004 | vol. 101 | no.6 | 1535

BIOPHYSICS



z
/|
~ |

munication). The high degree of sequence identity between and
YDRS533Cp and these binding proteins from two fungal patho-
gens, which is significantly greater than the sequence identity
between YDRS33Cp and Hsp31 (29%), suggests a possible
functional connection, although this idea remains speculative
pending further experiments.

Based on the structural and likely functional similarities
between YDRS533Cp and the heat shock protein Hsp31, we
propose that the yeast gene YDR533C be renamed HSP31. This
name does not imply a specific biochemical function for the gene
product, which remains to be established, but emphasizes the
evolutionary relationship between the two genes and is consis-
tent with the up-regulation of YDR533C in response to heat
shock and other environmental stresses. A new name can be
assigned later if needed once the biochemical and cellular
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