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ABSTRACT: The enzymes in the-ketoglutarate KG) dependent dioxygenase superfamily represent the
largest class of non-heme iron oxidases and have important medical, ecological, and biotechnological
roles. One such enzyme, tauringdetoglutarate dioxygenase (TauD), catalyzes the conversion of
2-aminoethanesulfonate (taurine) to sulfite and aminoacetaldehyde while deconmpld§irtg succinate

and CQ. This aKG dependent dioxygenase is expressedgtherichia coliunder sulfur starvation
conditions and allows the cell to utilize taurine, and other similar sulfonates in the environment, as an
alternative sulfur source. In this work, we report the structures of the apo and holo forms of TauD to 1.9
A resolution Reryst = 21.2%, Rree = 24.9%) and 2.5 A resolutionRyyst = 22.5%, Riee = 27.8%),
respectively. The models reported herein provide significant new insight into the substrate orientations at
the active site and the conformational changes that are induced upon taurine binding. Furthermore, analysis
of our crystallographic data coupled with reanalysis of the crystallographic model (rescutiod A,

Reryst = 28.1, Riee = 32.0) presented by Elkins et aBipchemistry(2002)41, 5185-5192) reveals an
alternative oligomeric arrangement for the enzyme that is consistent with the conserved primary and
secondary structure elements of otld¢G dependent dioxygenases.

Oxygenases and oxidases that contain iron as the solehe aKG dependent oxygenases, represent the largest class
cofactor constitute a large family of redox enzymes that of non-heme iron oxidases. These enzymes require ferrous
utilize either di-iron centers or mono-iron centers for iron andoKG as a cosubstrate to catalyze biological oxida-
catalysis. Mono-nuclear iron enzymes can be iron(lll)- tions of otherwise inactivated carbehydrogen bondsl
dependent, such as lipoxygenase or the intradiol cleaving?2). Like their heme counterparts, these oxygenases perform
catechol dioxygenase, and iron(ll)-dependent, such as thea variety of essential reactions, including hydroxylations,
extradiol cleaving catechol dioxygenases and tH€G?! desaturations, and oxidative ring closures in the biosynthesis
dependent oxygenases. The members of the latter family,of antibiotics, modified amino acids/peptides, carnitine, and
signaling molecules. Notably, in higher organisms these
enzymes catalyze the posttranslational hydroxylation of
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Scheme 1 up these helices are composed of primarily conserved
S0 hydrophobic residues, and when the jelly roll motifs are
o | NP L aligned, these two helices also align. A similar pair of

HN ~N PN structurally conserved helices has also been observed in the

To provide further insight into the substrate interactions

N
OH
structure of proline 3-hydroxylase and has been proposed to
K//‘ be the site of dimer formatiorg).
3.0

TauD, Fe(ll), O, and the oligomeric nature of TauD, we have determined the
crystal structure of apo and holo TauD to 1.9 and 2.5 A
resolution, respectively. In both cases, the substrate taurine
was an absolute requirement for crystallization. The apo

ﬁ ﬁ structure therefore represents crystals prepared in the pres-

P N N NG c0, ence of taurine, while the holo structure contains taurine,
{ oKG, and ferrous iron bound at the active site. Because of

the crystallographic symmetry, four copies of the TauD

. . . . . . monomer are present in the asymmetric unit. In both the holo

pm"”‘? r_eS|du_es during collagen _blosynthe3|s and n the and the apo structures, three of the monomers contain taurine

hypoxia inducible factor (HIF)-mediated pathway for dioxy- 1,5 nq at the active site, while the fourth does not. Significant

gen sensingX-5). o conformational changes are observed in the monomer without
Sequence analysis of many members withi<G depend-  t5rine bound. In both the apo and the holo data, the exact
ent superfamily has revealed a conserved His-X-Agpsi orientations of the substrate molecule can be observed in

His sequenced] that forms a 2-His-carboxylate facial triad  {he monomers with taurine bound. Taken together, the data
at the active site of the enzyme9). The three amino acids  presented here provides an improved understanding of the
that form the 2-His-carboxylate facial triad represent the only g hsirate interactions within the active site and insight into
protein ligands to a bound iron atom. Previous studies have e conformational changes associated with substrate binding.
shown that in the absence oKG and substrate, solvent |, 4qdition, evidence for an alternative dimeric arrangement

molecules occupy the remaining three coordination sites of for TauD is presented that is consistent with the conserved
the 6-coordinate iron7( 10). Two of these solvent ligands sequence and structural elements found in othEG-

are displaced wheaKG binds to the ferrous center through dependent enzymes.
its C-1 carboxylate oxygen and C-2 carbonyl oxygérL().

The overall reaction catalyzed Bscherichia coltaurine/ EXPERIMENTAL PROCEDURES
a-ketoglutarate dioxygenase (TauD) is summarized in Scheme
1. TauD is a member of the group #KG dependent Enzyme Expression, Purification, and Ass@je tauD
dioxygenases, and a crystal structure of TauD with Fe(lll), gene was cloned from tHe coligenome by using traditional
taurine, andxKG bound at the active site has been reported PCR methods. The oligos used for amplification of theD
to 3.0 A resolution Reryst = 28.1%, Ryee = 32.0%) (L1). gene were designed such that the correct flanking sequences
Although the exact orientations of the substrates could not required for subcloning into the pET-TOPO vectors (Invit-
be determined, it was clear from this work that the 2-His- rogen Corporation, Carlsbad, CA) were incorporated in the
carboxylate facial triad architecture was preserved in TauD. PCR product. Using these vectors, gene expression is under
Similar to what has been proposed for oth&G dependent  the control of the T7 RNA polymerase/promoter systés).(
dioxygenases, this structural work combined with spectro- One advantage to using this approach is that a 6x His tail
scopic measurements suggested that the binding of taurinecan be attached at either the N- or C-terminus for rapid
displaces a solvent molecule resulting in a shift from isolation. For optimal expression levels using this system, 5
6-coordinate to 5-coordinate geometry at the active site andmL of cells (0.6-1.0 ODsoo nm) harboring the expression
creation of an oxygen binding sité{—15). In the absence ~ plasmid were inoculated iatl L of TB media and grown
of taurine, oxygen can still react with theKG- and Fe(ll)- for 12 h at 34°C. The cells were then induced by addition
bound form of TauD and leads to hydroxylation at tryptophan of IPTG (1 mM final) and grown an additiohd h before
residues 128, 240, and 2486]. At the present time, the being harvested. Purification of the tagged TauD was
mechanism by which these modifications are made and theirperformed in a single step using chelating sepharose (Am-
physiological role remains unclear. ersham Pharmacia, Piscataway, NJ) as previously described

Biochemical analysis suggests that TauD functions as a(20), except that salt was omitted from all elution buffers.
dimer (L7), and a model for the physiological dimer was Typical yields were between 40 and 60 mg of pure protein
proposed based on the crystallographic dat. (Interest- from 1 L of cell material. To ensure that no cationic metals
ingly, the proposed oligomeric structure was inconsistent with Were contaminating the purified protein, purified enzyme was
some of the conserved primary and secondary structural€xchanged from 10 mM TRIS buffer pH 8.0 into 100 mM
elements found throughout the group dKG-dependent ~EDTA pH 8.0 and back into the original buffer. The
dioxygenase family of iron dioxygenases. Specifically, all reconstituted enzyme had a specific activity of 140.5
group Il aKG-dependent dioxygenase, which have been #mol min-* (mg TauD)* at pH 7.0 when assayed by the
structurally characterized thus far, contain a jelly roll motif Method described by Eichhorn et al7).
around the active site as well as a pair of structurally  Crystallization.Crystals were grown by batch method in
conservedi-helices (1). For TauD and clavaminate synthase an anaerobic environment of 95% nitrogen and 5% hydrogen
(CAS), these are helices 4 and 6. The amino acids that makegas. The temperature of the glovebox was°22 and the
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oxygen level was maintained below 1 ppm at all times. All pH 7.5, or 50 mM TRIS (pH 7.58.5). The only essential
solutions for crystallization were made anaerobic by several requirement for preserving the crystal quality appeared to
rounds of vacuum degassing and flushing with argon using be taurine and the precipitant (Either PEG 3350 or PEG
a vacuum manifold. The protein-to-precipitant ratio was 2:3 4000). Taken together, these data indicate that conformational
in the batch experiment, and the initial protein concentration changes are occurring in TauD upon substrate binding or
was 30 mg/mL. Because of protein requirement for crystal- during turnover.

lization and the ease of purification, we decided to use TauD The structure of TauD with 5 mM taurine bound (apo
that was tagged at the N-terminus. Diffraction quality crystals TauD) is described to 1.9 A resolution. In addition, the
typically appeared within two weeks after the conditions were structure of TauD wittuKG, Fe(ll), and taurine bound (holo
set up. Crystals were grown using the TauD protein as TauD) is described to 2.5 A resolution. In both cases, the
isolated and a precipitating solution consisting of 0.2 M di- Crystals belong to the space gro@p:2:2; with similar unit
sodium tartrate dihydrate, 5 mM taurine, and 20% PEG 3350. cell dimensions (See Table 1). There are four monomers in
These crystals represent the apo crystals used in this studythe asymmetric unit. In all models, the main chain atoms
Interestingly, once these crystals were formed, they could Were clearly visible in their respectivé=g2 — Fc composite

be transferred to mother liquor containing 0.1 M TRIS-HCI ©omit maps for residues-3282. The 6x poly-histidine talil
pH 7.5 in place of di-sodium tartrate dehydrate. This could Was not observed in any of the models. All side chain atoms
only be accomplished if iron (FeSJ ascorbate, andKG could be placed with 'ghe exception of residues-1630 in
were also present at 10 mM. These crystals represent thdhe D monomer. In this case, the residues were modeled as
holo crystals used in this study. To prepare both the apo alanine.

and the holo crystals for freezing, the PEG 3350 was replaced 1he overall fold of the TauD monomer forms an-f

with PEG 4000, and the concentration was increased to 30%Structure with a jelly roll motif at the core of the structure.
in 2.5% increments. Despite the low sequence identity (7.7%) the TauD monomer

Data Collection and Structure Determinatidbata for the ~ Shows a high degree of structural similarity to clavaminic
apo-crystals was collected at the Cornell High Energy Synthase (CAS)28). Forty-eight percent of the backbone
Sychrotron Source (CHESS) on beam line Al. Data were &0MS align with a rms deviation of 1.64 A1). Not too
collected for the iron-treated crystals at the University of SUrPrisingly, the region of greatest alignment is centered on
Georgia on a Rigaku RU-200 rotating anode equipped with th_e jelly roll m_otlf, where _the active site typu_:ally resides in
Osmic focusing mirrors and a R-axislic image plate detector. tNiS superfamily. Interestingly, the other region of structural
Data were processed using MOSFLIZ1) and the CCP4 alignment is found around helices 3, 4, and 6. .
suite of programsa?). Our initial approach was to treat data " Poth the apo and the holo models, substrate is bound
collected from the apo crystal as native data and data from'" only three of the four monomers. If taurine was modeled

the iron-treated crystal as a derivative. Anomalous difference n th% active S'teg’f tges(:‘/o ugh monom?rt,ht_) més‘ and T."ee d
Patterson methods indicated four weak signals in the asym-\t’\r']c(;uhi Ir?CBr?faai?org of. re;i du(;(s:aclzjos\(/aeﬁn tlﬁeoai'ﬁ\r/\(/aasli?g 3\?e
metric unit. Prior to applying for beam time to collect MAD 9 9 '

data, a 3.0 A structureR(ye = 28.1%, Riee = 32.0%) of suspected that the fourth monomer might be in multiple
Tauf)waé renorted b Elkriyr?s ot al.I) U'Sif;ee 2 0ol '-alanine conformations because of partial occupancy of taurine in the
version of thg momo):ner reported By Ellgnspetél without active site. To test this, we modeled monomer D with taurine

having an occupancy of 0.5 and the residues that cover the
any substrate or cofactors, molecular replacement was

; . active site in both an open and a closed conformation. Like
performec_i using .CNSZG) and gave a good SOIUt'On. that_ taurine, each of the conformations was assigned an oc-
was consistent with four MOoNomers n the asymmetric unit. cupancy of 0.5. This approach resulted in an increase in both
Subsequent rounds of model building and refinement were

: . Reryst and Riee by ~2.5%. These results indicate that the
performed using the programs @4 and CNS £3). Proteéin  g,04re that best fits the data is a crystallographic tetramer
atoms were placed prior to modeling the water molecules

' with three monomers in a closed conformation, while the

and no atoms or molecules were treated as rigid groupS,rth monomer is in an open conformation. The nature of
during refinement. All figures were generated using the e gnen and closed conformations is discussed in the
programs MolscriptZ5), Xtalview (26), and Raster3DZ7). sections that follow.

RESULTS AND DISCUSSION Interestingly, if all four monomers were in the closed
conformation, then the crystallographic tetramer would
Crystal Growth and Structure Refineme@bnsistent with exhibit 222 symmetry. Considering that two of the unit cell
Elkins et al. (1), we observed that the exposure of iron- edges are very similar (Table 1) and the observation that all
treated crystals to oxygen had a negative impact on diffrac- angles are 90 this explains why our crystals were initially
tion (exposure during crystallization or post-crystallization). indexed in a tetragonal space group. However, integration
Therefore, prior to freezing the crystals for data collection, and scaling of the data usirfe4 resulted in unreasonable
sodium dithionite was added to a final concentration of 2 values forRsym Subsequently, all data reduction and refine-
mM. A crystal, in mother liquor containing dithionite, was ment was performed with the orthorhombic space group
then removed from the glovebox and immediately frozen. P222. Further analysis of the systematic absences suggested
We found that taurinegKG, and molecules with structure that the correct space group wa®;2;,2;. This space group
similar toaKG (e.g., tartrate or citrate) could also be used was used for all subsequent refinement for both the apo and
in crystal growth. In addition, once crystals were formed, the holo data, and the same set of reflections were used in
they could be transferred to mother liquor in which the both cases for calculatinferyst and Riee. The structure
original buffer had been replaced with a variety of buffers reported by Elkins et al. described crystals belonging to the
including 50 mM imidazole (pH 6:57.0), 50 mM HEPES hexagonal space gros,22 with unit cell dimensiona =
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Table 1: Data and Refinement Statistics

Data Statistics

A completeness
data set A resolution range (%) Rsynf
apo 0.97 50.61.90 (1.97-1.90y 96.9 (78.9) 0.049 (0.334)
holo 1.54 38.6-2.50 (2.59-2.50) 99.9 (98.4) 0.059 (0.431)
Refinement Statistics
model apo holo
unit celf 95.8117.8118.2 92.5118.8 118.8
protein/cofactor 6810 6850
non-hydrogen atoms
solvent molecules 706 353
resolution range (A) 50:01.9 36.5-2.5
total reflections 99 459 46 047
total reflections 5034 2321
used iNRyee
Reryst 0.212 0.225
Riree 0.254 0.278
rms deviations
bond distances (A) 0.005 0.006
bond angzles (deg) 1.34 1.35
B-factors (&)
average 345 47.9
minimum 13.3 10.8
maximum 76.9 98.0

aRsym = Ykl X1(IThiyr — D]/ Y hwy D) where hy is the intensity of an individual measurement of the reflection with indiddsand (O

is the mean intensity of that reflectiohThe numbers in parentheses refer to the outer resolution bin used in data proceEssgumbers refer
to cell edges, b, andc, respectively. The space groupR2,2:2; so all angles are 90

Ficure 1: Cross-eyed stereoview showing the identification of the asymmetric unit for spaceRZ(@3p, relative to the asymmetric unit

(space groupr6,22) presented by Elkins et allT). The monomers colored in gray and red represent the asymmetric unit for the space
groupP6,22, and the monomers colored in red, green, cyan, and blue represent the asymmetric unit found in the spR2g2¢g2oufhe

gray and red monomers are taken from the coordinates submitted by Elkins et al. (PDB 1GQW), and the green, cyan, and blue monomers
were generated using the appropriate symmetry operators for the spacePgs@@p The biological dimer proposed by Elkins et al. is
represented by the red and green monomers.

b =117 andc = 202 A. This was interesting because of the
similar cell dimensions observed for our crystals (Table 1)
and would suggest a small movement of the unique monomer
as well as the tetramer itself could generate two 6-fold
symmetry axes. Consistent with this proposal is the observa-
tion of a tetramer in the data presented by Elkins et al. that
is similar to the tetramer found in our asymmetric unit
(RMSD for a-carbon atoms<2.0 A). This is shown in Figure

1. Figure 1 was generated using the coordinates depositec
by Elkins et al. (PDB 1GQW) and shows the position of -

this tetramer relative to their asymmetric unit. The observa- FIGURE 2: Diagram of the proposed biological dimer for TauD.

tion of this tetramer in the hexagonal unit cell as well as in "€ monomer on the left is colored by B-factor with the color
ranging from blue to red and corresponds to a B-factor range from

our asymmetric unit is significant because it suggests two 14t 95 £ The monomer on the right is colored by secondary

possible arrangements for the biological dimer. structure with helices shown in red, strands in green, and coils in
Dimerization InterfaceThe proposed oligomeric arrange- yellow. The figure was generated using the coordinates from

ment that we feel best explains the dimeric nature of the monomer A (right side) and monomer D (left side) of the Holo

enzyme 17) is shown in Figure 2 and is in contrast to what Model.

was previously proposed ). The reason we favor this dimer two helices that form the dimer interface are conserved

arrangement stems from several lines of evidence. First, theelements of secondary structure in oth&G-dependent iron
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Ficure 3: Cross-eyed stereoview of th&2— F. composite omit map contoured at &nd the corresponding model of the active site

region for apo TauD with taurine bound. Top panel: stereoview of the substrate taurine and key residues in the active site of the apo model
and the corresponding=2 — F. composite omit map (purple cage). The composite omit map was generated using the simulated annealing
protocol with 5% of the asymmetric unit being omitted at a time. Bottom panel: stereoview taken from the same perspective as the top
panel with taurine colored purple. For additional clarity, the amino acid D94 and the side chain atoms of F159, Y73, N97, N95, S158, H99,
F206, as well as D101 are labeled. Five water atoms atoms are also shown, and unless stated otherwise, all atoms are shown in stick format
using cpk colors.

dioxygenasesl@g, 29). Moreover, many of the residues that from the observed B-factors for atoms at our proposed dimer
are found in the two helices at the dimer interface are highly interface. The B-factor can be described as a measurement
conserved and hydrophobic in natutd), Specifically, four of thermal motion. In Figure 2 it is clear that the region of
highly amphipathic helices (two from each subunit) form a the model with the lowest thermal motion is centered on
hydrophobic core that extends back into the hydrophobic our proposed dimer interface. Finally, a dimeric arrangement
center of each monomer. The tertiary structure that comprisesthat is similar to our proposed dimer has been observed in
our proposed dimer interface can therefore be described aghe high-resolution structures of otheKG-dependent di-

an antiparallel four helical bundle. At the center of the dimer oxygenasesi@).

interface are residues L145 and L221 (two from each Taurine Binding in the Apo Enzym&he binding mode
subunit). An axis of symmetry can be drawn between the of taurine, prior to the addition @fKG and iron, is presented
two equivalent pairs, and a 2-fold rotation of one monomer in Figure 3. The focus of Figure 3 is on the amine group of
around this axis will generate the other. Using the CCP4 taurine. This is primarily because the taurine sulfonate
program AREAMOL, the calculated buried surface for this interactions are similar to what was reported by Elkins et
dimer is ~400 A2, as compared with~550 A? for the al. Briefly, this includes residues R270, H70, and the
alternative dimer arrangemeritl). The hydrophobic core  backbone N-H of V102. Interactions of the taurine sulfonate
at the dimer interface is then covered by the helical structure clearly support the hypothesis presented by these authors to
itself and by a number of hydrogen bonds between the explain the selection of substrates with tetrahedral sulfonate
monomers at either end of the helices. It is very clear, moieties by TauD.

especially in the 1.9 A data, that water is completely excluded — The taurine amine group is bound in a distorted tetrahedral
from this interface. Extensive work by Fernandez et20) ( environment with hydrogen bonds to two water molecules
indicates that there is significant hydrogen bond desolvation and the amide oxygen of N95. The phenolic oxygen of Y73
observed in the interior of proteins. These authors have extends across the substrate from a loop region to come
extended their analysis to show that insufficiently dehydrated within 3.0 A of the carboxylate oxygens of D94. While the
hydrogen bonds are good determinants of protein interactionsphenolic oxygen of Y73 is 3.7 A away from amine group of
(31). Consistent with their findings is the observation that the taurine, the interaction of Y73 with D94 positions the
formation of our dimer interface allows these hydrophobic phenolic ring within 3.5 A of the C2 carbon of taurine. This
helices to dehydrate the hydrogen bonds that are central tointeraction essentially locks the substrate in place, with two
the stability of the secondary structure. There are no suchadditional phenyl side chains (F159 and F206) approaching
interactions at the dimer interface proposed by Elkins et al. the C1 and C2 carbon atoms of the taurine molecule from
(12). Additional support for this dimer arrangement comes the other side.
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Ficure 4. Cross-eyed stereoview depicting the difference between the open and the closed conformation of TauD. Overlay of the C and
D monomers from the apo model. Monomer C is shown in purple, while monomer D is shown in brown. Regions of movement are
highlighted by a lighter shade. The difference in the relative position of helix 5 is further highlighted by the black arrow.

Taurine-Induced Conformational Changd=r both the triad consisting of residues H99, D101, and H255. @iK&
apo and the holo data sets, the crystallographic tetramer wasnolecule is bound to the iron in a bidentate manner with
best modeled with three monomers in a closed conformationthe opposite carboxylate end being locked into place by the
with substrate bound. As previously mentioned, the position strictly conserved residues R266 (salt bridge) and T126
of taurine was not well-defined in the electron density of (hydrogen bond). In the holo structures, all four monomers
the fourth monomer. Given that the position of taurine was in the asymmetric unit show good density for the iron and
not well-defined in the fourth monomer (monomer D) for aKG molecules. As was observed in the apo data, the density
both the apo and the holo data sets, as well as the lack ofin the active site of the fourth monomer (D monomer) was
any strong interactions between this region of monomer D consistent with no taurine being bound. In addition, the
and other molecules in the unit cell, some conclusions canB-factors for atoms in the active site region of the D
be made regarding conformational changes that may be dueanonomer were also higher than average suggesting greater
to taurine binding alone. The overall secondary structure for thermal motion in the absence of substrate.
the open conformation is compared with that of the closed Implications for the Mechanism of TauDAll aKG
conformation in Figure 4. Two regions of secondary structure dependent dioxygenase family members demonstrate a
are seen to undergo dramatic movement. One possiblecommon jelly roll fold with three iron ligands found in a
explanation for the conformational change from the closed common 2-His-carboxylate facial triad motif. While the
to the open state is the loss of several key interactions with source of the carboxylate ligand can be either an aspartate
the substrate taurine. In the region of random coil (Figure or glutamate residue, the relative positions of the histidine
4), both H70 and Y73 have key interactions with taurine. and carboxylate side chain further divide these enzymes into
On the opposite side of taurine is a hydrophobic cluster of three distinct groups. Both TauD and CAS belong to the
side chains including F159, Y164, and W174. In the absencegroup Il aKG-dioxygenase subfamily because of the ad-
of taurine, the hydrogen bonding network in the active site ditional 138-207 residues that separate the carboxylate
is lost. This action releases the residues 80 (random coil ligand from the second histidate ligan82j. While TauD
region) and exposes a significant portion of these hydro- and CAS demonstrate low sequence identity1Q%), a
phobic side chains in the region of the helix (see highlighted remarkable 48% of the protein backbone atoms align with
in helix in Figure 4). Conformational adjustments must be an RMS deviation of 1.64 A1(1). In fact, if the residues
made to shelter these hydrophobic side chains from solvent.that form the 2-His-carboxylate facial triad in both enzymes
This is accomplished in part by a shift from-helical are explicitly aligned (residues 14446 in the CAS model,
structure to that of & *%helix in the region from T167 to  and residues 99101 in the TauD model), then two regions
W174. of high homology are immediately clear. The first region of

Iron andoKG Binding.The binding of iron andKG has homology is the3-strand section, or jelly roll motif, that is
minimal impact on the orientation of the substrate taurine important for the active site structure. The second region of
(Figure 5). However, the hydrogen bonding network around alignment is centered on the two helices that we propose
the taurine amine group is in contrast to what was reported are involved in dimer formation.
by Elkins et al. {1). In our model, the hydroxyl oxygen of Given the complex regulation of metal ions in the
S158 is positioned 2.6 A from the backbone carbonyl oxygen cytoplasm 83), the relative binding constants for substrates
of G205 and 2.5 A from a bound water molecule that is (12), and the absolute requirement for taurine and molecules
interacting with the amine group of taurine. This water with structures similar teKG for crystal growth, a reason-
molecule is 2.5 A away from the amide oxygen of N97. It able hypothesis is that in vivo activity of TauD may
is clear in both apo and holo data sets that water bound neawultimately be limited by the availability of iron. Furthermore,
the amino group of taurine provides a short solvent channel given the similar positions of taurineKG, and the 2-His-
to the bulk solvent. Residues in the active site that have carboxylate facial triad of TauD, as compared to the
hydrogen bond interactions with the ordered water include equivalent positions in CAS, it is reasonable to predict that
D94, N97, and S158. Consistent with what was proposed the oxygen binding mode between these two grouKG-
by Elkins et al., we clearly see a pentacoordinate ferrous dependent dioxygenases is simil28); In this mode, oxygen
iron bound to the protein through a 2-His-carboxylate facial binds opposite the second histidine residue and is positioned
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FicurRe 5: Cross-eyed stereoview of thE2— F. composite omit map contour avand correspondlng model of the active site region for

holo TauD with taurine bound. Top panel: stereoview of the substrate taurine and key residues in the active site of the holo model and the
corresponding B, — F. composite omit map (purple cage). THe,2- F. composite omit map was generated using the simulated annealing
protocol with 5% of the asymmetric unit being omitted at a time. The anomalous difference map is also shown contoured@tnt?

the iron position (red cage). Bottom panel: stereoview taken from a similar perspective with taurine colored purple. For additional clarity,
the amino acid D94 and the side chain atoms of F159, S158, Y73, N97, F206, N95, H99, R270, as well as D101 are labeled. The iron atom
is colored blackpKG is labeled, and two water atoms are also shown. Unless stated otherwise, all atoms are shown in stick format using
cpk colors.

for insertion into the appropriate €H bond of aKG. remains to be investigated, the observation of a short solvent
However, recent work using nitric oxide (NO) as an oxygen channel to the bulk solvent is significant. Specifically,
analogue has shown the potential for-&2 rearrangements  expulsion of the water atoms allows additional room to
(29) at the active site in CAS. At the present time this has accommodate larger sulfonates, consistent with the activity
not been tested in TauD. In any case, decompositiarkas of TauD (17).

has been proposed to occur prior to hydroxylation of taurine

(11, 12). It has further been suggested that the hydroxylation REFERENCES

reaction will proceed through an Fe(#D intermediate in 1. Prescott, A. G., and Philip, J. (1998nhnu. Re. Plant Physiol
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