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Escherichia coli CsdB is a pyridoxal S'-phosphate (PLP)-dependent enzyme that cata-
lyzes both cysteine desulfuration and selenocysteine deselenation. The enzyme has a
high specific activity for L-selenocysteine relative to L-cysteine. On the other hand, its
paralog, IscS, exhibits higher activity for L-cysteine, which acts as a sulfur donor during
the biosynthesis of the iron-sulfur cluster and 4-thiouridine. The structure of CsdB com-
plexed with L-propargylglycine was determined by X-ray crystallography at 2.8 A resolu-
tion. The overall polypeptide fold of the complex is similar to that of the uncomplexed
enzyme, indicating that no significant structural change occurs upon formation of the
complex. In the complex, propargylglycine forms a Schiff base with PLP, providing the
features of the external aldimine formed in the active site. The Cys364 residue, which is
essential for the activity of CsdB toward L-cysteine but not toward L-selenocysteine, is
clearly visible on a loop of the extended lobe (Thr362-Arg375) in all enzyme forms stud-
ied, in contrast to the corresponding disordered loop (Ser321-Arg332) of the Thermotoga
maritima NifS-like protein, which is closely related to IscS. The extended lobe of CsdB
has an 11-residue deletion compared with that of the NifS-like protein. These facts sug-
gest that the restricted flexibility of the Cys364-anchoring extended lobe in CsdB may be
responsible for the ability of the enzyme to discriminate between selenium and sulfur.

Key words: crystal structure, cysteine desulfurase, NifS, pyridoxal 5'-phosphate, seleno-
cysteine lyase.

Cysteine desulfurases and selenocysteine lyases both cata-
lyze the same type of reaction: the desulfuration of L-cys-
teine to S° and L-alanine (I) and the deselenation of L-
selenocysteine to Se° and L-alanine (2), respectively.

Cysteine desulfurases such as NiiS and IscS act on both
L-cysteine and L-selenocysteine, although the physiological
role of the enzyme is to supply sulfur atoms for the biosyn-
thesis of iron-sulfur clusters (3, 4), 4-thiouridine (5), and
thiflmin (6). NiiS from a nitrogen-fixing bacterium was
originally reported by Zheng et al. as an enzyme required
for the maintenance or formation of iron-sulfur clusters in
nitrogenase (1). NifS orthologs found in a wide variety of
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non-nitrogen-fixing organisms, including Escherichia coli,
are designated IscS for their proposed function in iron-sul-
fur cluster biosynthesis (3). Recent progress in this field
has revealed the multiple roles of IscS as sulfur donors for
biotin (7), thiamin (6), and 4-thiouridine in tRNA (5), in
addition to iron-sulfur cluster (4). During the cysteine de-
sulfuration catalyzed by IscS and NifS, the cysteine persul-
fide formed on a conserved active-site Cys residue is
believed to mediate sulfur transfer (8).

In contrast to cysteine desulfurase, selenocysteine lyase
is highly specific for L-selenocysteine. The activity of mam-
malian selenocysteine lyase toward L-cysteine is negligibly
small. The selenocysteine lyase from pig liver is entirely
specific for L-selenocysteine and does not act on L-cysteine
(2). The recombinant selenocysteine lyase from mouse liver
shows 6,700 times higher activity for L-selenocysteine than
for L-cysteine (9). Thus, selenocysteine lyase has the ability
to discriminate between two congeneric elements, selenium
and sulfur, whereas many other enzymes acting on sulfur-
containing compounds do not. There are a few examples of
enzymes that are specific for a selenium-containing sub-
strate (10), but the mechanism of such discrimination is
poorly understood (for reviews, see Refe. 11-13).

We have characterized CsdB from E. coli as an enzyme
homologous to cysteine desulfurase and selenocysteine
lyase (14). The amino acid sequence of CsdB exhibits about
20% identity with the sequences of Azotobacter vinelandii
NifS and E. coli IscS. The specific activity of IscS for L-cys-
teine is higher than that of CsdB, while CsdB exhibits 290
times higher activity toward L-selenocysteine than toward
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L-cysteine. Thus, CsdB is functionally much closer to sele-
nocysteine lyase than to cysteine desulfurase (14). In a pre-
vious study (15), we showed that the catalytic mechanisms
of CsdB, IscS, and CSD (another paralog in E. coli) are sim-
ilar to one another. A conserved Cys residue plays a critical
role as a nucleophile attacking the sulfhydryl group of the
substrate L-cysteine, whereas the residue is not essential
for the deselenation of L-selenocysteine (Scheme 1). The
corresponding active-residue in CsdB is Cys364.

We recently determined the structure of CsdB by X-ray
crystallography (16). CsdB is a homodimer with a subunit
molecular weight of 44,439. The overall fold of the CsdB
subunit is similar to those of enzymes belonging to the a-
family of PLP-dependent enzymes (17, 18). Each subunit
consists of an N-terminal segment (residues 1-21) contain-
ing two a-helices, a small domain (residues 33—298) con-
taining a four-stranded antiparallel p-sheet flanked by
three a-helices, and a large domain (residues 22-32 and
299-406) of a/p-fold containing a seven-stranded (3-sheet
flanked by seven helices, with one molecule of PLP in aldi-
mine linkage with Lys226. Residues 362-375 form a lobe
extending from the small domain to the large domain of the
subunit. The extended lobe contains the conserved Cys364
and constitutes one side of the entrance rim to the active
site. The side chain of Cys364 is located near the -y-atom of
a modeled substrate docked in the active site (16). However,
details of the substrate-binding site are not known due to
the structure determination of the substrate-free enzyme.
In order to define the substrate-binding site and find the
structural bases that enable CsdB to discriminate between
selenium and sulfur in substrates, we solved the crystal
structure of the enzyme complexed with a substrate analog,
L-propargylglycine (PG, 2-amino-3-butynoic acid), and com-
pared the structure with those of the uncomplexed CsdB
and the Thermotoga maritima NifS homolog (tmNifS).
tmNifS is closely related in amino acid sequence to A vine-
landii NifS and E. coli IscS, and its structure has recently
been solved by Kaiser et al. (19). The comparison provided
deeper insight into the substrate binding mode in CsdB
and the difference in substrate specificity between CsdB
and NifS/IscS. In this paper, we describe the crystal struc-
ture of CsdB complexed with L-propargylglycine and com-
pare its structure with those of the uncomplexed CsdB and
tmNifS. This is the first report of the external aldimine
structure of an IscS/NifS homolog.

EXPERIMENTAL PROCEDURES

Preparation of Crystals—E. coli CsdB was expressed and
purified as described previously (14). The enzyme was
stored at a concentration of 20 mg/ml in 10 mM KPB (pH
7.4). Crystals of CsdB were grown at 25'C using the hang-
ing drop vapor diffusion method of enzyme droplets against
a reservoir solution (0.1 M KPB, 1.4 M sodium acetate, pH
6.8). The droplet was prepared by mixing 5 ul of enzyme
solution and an equal volume of reservoir solution. The yel-
low and tetragonal-bipyramidal crystals of CsdB appeared
in one day and grew to a typical size of 0.5 x 0.5 x 0.4 cm3

within a couple of days. The space group of the CsdB crys-
tals was P43212 with unit cell dimensions of a = b = 128.1 A
and c = 137.0 A. There was one subunit of CsdB in the
asymmetric unit.

Crystals of CsdB complexed with PG were prepared at

25°C by soaking uncomplexed CsdB crystals in 0.1 M KPB
(pH 6.8) containing 0.8 M PG and 2 M pyruvate for 1 day.
Pyruvate was added to the soaking solution because it
slightly enhances the activity of the enzyme (15), although
X-ray analysis of the crystal soaked in 0.1 M KPB (pH 6.8)
containing 0.8 M PG and 1.4 M sodium acetate produced
an electron density map identical to that obtained with the
solution containing pyruvate.

Data Collection and Processing—Diffraction data for the
complex crystal were collected at 20°C with a Rigaku R-
AXIS LTc imaging plate detector system using graphite-
monochromated CuKa radiation produced by a Rigaku RU-
300 rotating anode X-ray generator operated at 40 kV and
100 mA. Data collection was performed with a crystal seal-
ed in a glass capillary. The crystal-to-detector distance was
set to 130.0 mm. The diffraction pattern of each 1.5* crys-
tal oscillation was recorded in 15 min. Data processing was
accomplished at 2.8 A resolution with the R-AXIS Lie data
processing software package. All the frames of the diffrac-
tion data were merged and scaled together into a set of
unique reflection data. The statistics of data collection and
processing are summarized in Table I.

Structure Determination and Refinement—The subunit
structure of the CsdB complex was analyzed using the sub-
unit structure of the uncomplexed CsdB containing the
Phe3—Gly406 region of the 406-residue polypeptdde as a
starting model, which was previously reported at 2.8 A res-
olution to an fl-factor of 18.7% (PDB # ICON) (16). First,
the protein subunit of the CsdB-PG complex dimer was ap-
propriately positioned by a 3.5 A rigid-body refinement
using the program CNS (20). Further refinement of the
structural model was carried out at 2.8 A resolution with
the simulated annealing protocol of CNS, followed by posi-
tional and individual temperature factor refinements with
the isotropic overall B-factor and bulk solvent corrections.
The regions of confonnational changes were checked on the

TABLE I. Statistics of data collection and refinement
CsdB complexed with L-propargylglycine;

of

Data collection statistics
Resolution (A)
Observed reflections (/ > la,)
Unique reflections (7 > la,)
Completeness (%)
^W (*)

Refinement statistics
fl-factor* (%) (last shell)
flfr»c (%) dost shell)
Number of atoms

Protein/PLP/Ligand
Mean B-factors (A2)

Main chain/Side chain
PLP/Ligand

rmsd bonds (A)
rmsd angles (deg)
Ramachandran plot quality* (%)

Most favored
Allowed
Disallowed

50-2.8
65,095
23,684
82.3
9.63

20.9 (42.1)
23.3 (42.5)

3,096/15/6

40.0/41.9
32.3/37.9

0.006
1.172

89.2
10.5
0.3

m«i». I K H W P A where (J) is the average of 7, over all symme-
try equivalents. bfl-factor = 1OO2|1FJ-IFJV2[FJ, where |FJ and |FJ
are the observed and calculated structure factor amplitudes, re-
spectively. 'Rfo = .R-factor, which is calculated for a selected subset
of the reflections (5%) excluded from the refinement. ""Most favored,
additional and generously allowed, and disallowed regions are de-
fined by PROCHECK.
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Structure ofCsdB Complexed with L-Propargylglycine 681

basis of the 2FO-FC and F0-Fc difference electron density
maps and rebuilt manually with -the program—Turbo-
FRODO (21). In the initial stage of refinement, the poly-
peptdde structure was refined in the complex. Then, the
model of PLP was fitted into the electron density and in-
cluded in the subsequent refinements. In the final stage of
refinement, the model of the ligand moiety was fitted into
the electron density lump occurring near PLP in the 2F<rFc

omit map of the complex. The model of the ligand was mod-
ified to bond covalently to that of PLP at the appropriate
position. The complex structure was further refined to con-
vergence. The refinement statistics are summarized in
Table I.

Site-Directed Mutagenesis—Mutations were introduced
into pCSDB (14) to produce H123A and R379A by PCR
according to the overlap extension method (22). The follow-
ing mutagenic primers were used: 5'-CATGATTACGAGT-
TCAGGAGGTGC-3' and 5'-TAAGCGTGGGCCTCCATCT-
G-3' for H123A and 5'-CATGATTACGAGTTCAGGAGGT-
GC-3' and 5'-AGCGACGCCGCGCACATCGC-3' for R379A.
To construct H55A, the QuikChange™ site-directed muta-
genesis kit (Stratagene, La Jolla, CA) was employed using
pCSDB as a template with primers 5'-GGCTACGCGGCG-
GTGGCTCGTGGTATTCATACC-3' and 5'-GGTATGAATA-
CCACGAGCCACCGCCGCGATGCC-3'. The activities of
the mutant enzymes were measured using L-selenocysteine
as a substrate (14) unless otherwise noted.

RESULTS AND DISCUSSION

Overall Structure—We have analyzed the structure of
the CsdB-PG complex using a crystal soaked in solutions
containing PG. PG was used as a substrate analog because
it has a C7 atom of an ethinyl moiety in place of the Sey
atom of selenocysteine. The Cy atom is unlikely to be
cleaved off, and, therefore, PG was expected to provide an
intermediate complex with CsdB. The polypeptide back-
bone of the structure is complete except for the N-terminal
Metl residue, which is invisible on the electron density
map. No clear electron density was found for the side
chains of He2, Lys7, Arg56, Ile58, Glu63, and Lys341.
Therefore, these residues are included in the final model as
alanine. The structure has good geometry. The polypeptide
dihedral angles (</>, <p) for almost all residues fall in either
the most favored or the additional allowed regions denned

Fig. 1. Superposition of the Ca trace of the CsdB-PG complex
(thicker lines) on that of the uncomplexed CsdB (thinner
lines). The PLP moieties are depicted as ball-and-stick models. The
figure was generated by MOLSCRDPT (29).

by the program PROCHECK (23). The overall structure of
tha complex is quite similar to_that of the uncomplexed
CsdB reported previously (16), with an average rms devia-
tion of 0.25 A over all Cot-atoms (Fig. 1). There are no dif-
ferences in crystal packing, no significant conformational
changes, and no global domain movements as compared
with the uncomplexed structure. In the complex, the do-
main orientation in the subunit and the subunit arrange-
ment in the dimer are the same as those of the uncom-
plexed CsdB. This implies that there is no subunit move-
ment in the CsdB dimer upon substrate binding. The plots
of rms Ca deviations of the CsdB-PG structure from that of
CsdB show relatively large deviations in three regions,
Vall9-Asn20, His55-Ile58, and Gly251-Ser254, and small
deviations around Argl36 and Leu339. Vall9-Asn20,
Argl36, and Leu339 are located on the surface of the mole-
cule and are exposed to the solvent. Gly251-Ser254 con-
tains the Gly-Gly-Gly triplet motif and is situated near the
active site, possibly providing flexibility for the enzyme.
The most remarkable region in the deviation is the loop
containing His55-Ile58. This region extrudes to the P-sub-
stituent of the ligand. This large deviation seems to be
caused by the high flexibility in the region of His55-Ile58.

Active-Site Structure of the Propargylglycine-Complex
Adopting an External Aldimine—Analyses of the Fa-Fc and
2FO-FC omit maps for the crystal soaked in PG solution sug-
gested that an additional electron density peak among PLP,
Arg379, and Hisl23 should be interpreted as a PG mole-
cule (Fig. 2a). The observed density peak was not assigned
to pyruvate because an electron density peak identical to
that shown in Fig. 2a was obtained with the crystal soaked
in PG solution without pyruvate (data not shown). The den-
sity is connected with that for C4' of PLP, and there is no
density peak linking PLP to Lys226, suggesting that PG is
covalently bonded to PLP and that the side chain of Lys226
moves apart from PLP. Although the electron density corre-
sponding to C7 of PG is relatively ambiguous, the Cp-C~y
bond is unlikely to be cleaved by CsdB. In addition, our bio-
chemical analysis showed that CsdB does not utilize PG as
a substrate or as an irreversible inhibitor (data not shown).
Therefore, the complexed CsdB structure was modeled as
the external aldimine with PG. Except for Cy, the model of
PG fits into the observed density (Fig. 2a). PG is placed in
the active site by the hydrogen bond between the a-car-
boxyl group of PG and the guanidino group of Arg379 with
a distance of 3.1 A. Multiple residues interact with the PLP
moiety of the external aldimine in the PG complex. The
OP2 atom of PLP is hydrogen-bonded to the side-chain Oy
and the main-chain N atoms of Thr95. The OP3 atom is
hydrogen-bonded to the side-chain Oy atom of Ser223 and
the side-chain Ne2 atom of His225. The OP1 atom is hydro-
gen-bonded to the side-chain Oy and the main-chain N
atoms of Thr278* in the other subunit. These binding
modes of the phosphate group of PLP in the complex are
similar to those of the uncomplexed CsdB. Asp200 in the
complex forms a hydrogen bond with the pyridine nitrogen
atom Nl of PLP in the same manner as in the uncom-
plexed structure (Fig. 2b).

Some changes in PLP binding and side-chain conforma-
tion of the polypeptide are observed upon formation of the
PG complex. Figure 3 shows the active site of the CsdB-PG
complex superimposed on that of the uncomplexed CsdB.
I n the CsdB-PG complex, the a-carboxyl group of PG is
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hydrogen-bonded to the NTI2 atom of Arg379 (Fig. 2b). The
conformation of Arg359 in the complex structure is remark-
ably different from that in the uncomplexed structure, al-
though the participation of Arg359 in the catalytic reaction
is not clear based on the present structural model. PLP
leans slightly toward Hisl23. In addition, Lys226 flips by
about 120° around its C-y-CS bond to form hydrogen bonds
with the 03 ' atom (2.7 A) of the pyridine ring of PLP and
with the Ne2 atom (2.5 A) of Gln203. Gln203, which is
hydrogen-bonded to the 03 ' atom of the pyridine ring in the
uncomplexed structure, is moved toward His207 so that the
hydrogen bond with the 03 ' atom can be broken in the PG
complex (Fig. 2b). The interaction between Gln203 and
Lys226 may favor the formation of the external aldimine by
stabilizing the PLP-unligated Lys226 through the forma-
tion of the hydrogen bond to Ne2 of Gln203. The formation
of this hydrogen bond may keep the free Ne-amino group of
Lys226 in the unprotonated form, which is necessary for
the base to accept the Ca proton of the substrate. Gln203 in
CsdB is completely conserved in NifS/IscS homologs (24).
In the PG complex, a new hydrogen bond is formed be-
tween Oel of Gln203 and Ne2 of His207. N81 of His207 is

hydrogen-bonded to the side-chain carboxylate of Glu306,
which is hydrogen-bonded to the amino nitrogen of Met384,
resulting in a hydrogen-bond network (PLP-Lys226-Gln-
203-His207-Gln306-Met384) ranging from PLP to Met384.
The closest proximity of the Ca atom of the substrate ana-
log PG to the enzyme base is observed at Ne of Lys226 with
a distance of approximately 5.1 A. Lys226 is the only resi-
due that is positioned appropriately to accept the Ca proton
from the substrate. Therefore, it is likely that the deproto-
nated Ne of Lys226 abstracts the Ca proton from the sub-
strate after formation of the external aldimine.

Mutagenesis Study of His55, Hisl23, and Arg379 Lo-
cated around Substrate-PLP—We have noted that His55,
Hisl23, and Arg379 are possibly involved in the catalytic
reaction of CsdB. The structure of the CsdB-PG complex
suggests that these residues must be located around the
substrate-PLP site. Accordingly, we used site-dericted
mutagenesis to replace each of His55, Hisl23, and Arg379
with Ala to produce the mutants H55A, H123A, and
R379A, respectively.

The activity of the H55A mutant toward both L-seleno-
cysteine and L-cysteine was not decreased by the mutation.

(a) (b) —

K226

R379/

r

/ DD200

D200 A125

Fig. 2. The CsdB-PG complex, (a) A stereoview of the ZFO-FC map Hydrogen atoms and charges are not shown in the figure because the
calculated at 2.8 A resolution and contoured at 1.0 <r. The Cy atom of protonation states of all species are not known. Presumed hydrogen
PG is not shown in the figure because the model lacks the atom. The
figure was generated with the program BOBSCRIPT (28). (b) Sche-
matic representation of polar interactions in the CsdB-PG complex.

bonds are indicated by dashed lines between atoms separated by less
than 3.6 A.

H225,
K226

Q203
H225

K226

^N175

(7 VC364
D200 \ H 1 2 3

Q203

V R359

N175

U? \C364
D200 \ H 1 2 3

Fig. 3. Stereo plot showing
the superposition of the ac-
tive site of the CsdB-PG
complex (thicker lines) on
that of the uncomplexed
CsdB (thinner lines). The fig-
ure was generated by MOL-
SCRTPT (29).
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Although, in our previous paper, we hypothesized that
His55, which projects from the other subunit in the dimer,
is a putative recognition residue for the side chain of the
substrate (26), His55 is not essential for catalysis.

The H123A mutant enzyme exhibits a decreased specific
activity (0.050 unit/mg toward L-selenocysteine), which is
less than 1% of the specific activity of the wild-type CsdB.
Thus, Hisl23 is important for catalysis. The absorption
spectrum of the H123A enzyme is different from that of the
wild-type enzyme. The absorption peak at 420 nm, which is
due to an internal aldimine linkage between Lys226 and
PLP, is significantly decreased in H123A, indicating that
His 123 may contribute to stabilizing PLP in the active site
by a plane-plane interaction between the imidazole ring of
His 123 and the pyridine ring of PLP.

The R379A mutant enzyme showed a significant loss of
activity toward L-selenocysteine (< 0.17% of that of the
wild-type). As Arg379 interacts with the a-carboxyl group
of PG, as described above, this residue probably defines the
position of the substrate during catalysis. Thus, Arg379 is
essential for the catalytic activity of CsdB.

Structural Comparison with tmNifS—CsdB and tmNifS
share 23% sequence identity based on a structure-derived
sequence alignment (Fig. 4). The structure of tmNifS (PDB
# 1EG5) can be superimposed on that of the CsdB-PG com-
plex with an average rms deviation of 1.5 A over 319 Ca
atoms, which is similar to the 1.5 A between tmNifS and
the uncomplexed CsdB. The folding of the large domain in
the subunit is highly conserved between both structures,
and the variable residues are largely confined to the sur-
face of the subunit. The largest main-chain differences map
the two regions that form the p-hairpin loop (residues 255-
271) and the extended lobe (residues 362-375) anchoring
the catalytic Cys364 (Fig. 5). Kaiser et al. reported that the
active-site loop (Ser321-Ser332) bearing the putative active
Cys324 in tmNifS is disordered, indicating that the loop is
highly flexible (19). On the other hand, we observed clear
electron density for the extended lobe of CsdB and deter-
mined the exact location of Cys364 in both the substrate-
free enzyme and the PG-complexed enzyme. The interac-
tion between the extended lobe in one subunit of the dimer
and the 3-hairpin loop in the other subunit is the most
remarkable structural feature in CsdB. On the other hand,

the (3-hairpin loop, which makes up one side of the active
site, is deleted in fcmNifS. In contrast to-this deletion^ 1-1
residues are inserted between Asp336 and Ala348 in the
region of tmNifS corresponding to the extended lobe of
CsdB (Fig. 4). Therefore, the extended lobe containing the
active Cys residue seems to be larger and much more ex-
tended in tmNifS than in CsdB, resulting in the enhance-
ment in the flexibility of the region in tmNifS.

Does the Non-Flexible Extended Lobe Restrict the Cys-
teine Desulfurase Activity of CsdB?—We previously charac-
terized the properties of three NifS homologs from E. coli

382

280

246*
264*

Fig. 5. Superposition of the structure of the extended lobe of
the CsdB-PG complex on that of tmNifS, showing the regions
in which the structures differ markedly between CsdB and
tmNifS. The Ca trace of CsdB is in white and that of tmNifS (PDB
accession number, 1EG5) in gray. The catalytic Cys364 and the PLP-
PG moiety in CsdB are depicted as ball-and-stick models. Residue
numbers are shown for CsdB. The Ca atoms of Thr220 and His333
in tmNifS, which encompass the disordered region, are depicted as
balls. The figure was drawn with the program MOLSCRIPT (29).

Fig. 4. Structure-based se-
quence alignment of CsdB
and tmNifS. Identical residues
are marked by asterisks. Hy-
phens in the sequences repre-
sent gaps in the alignment.
Residues not present in the co-
ordinate files are denoted by
small letters. Sequence num-
bers and secondary structural
elements of CsdB are shown
above the alignment. a-Helix re-
gions are denoted by white bars
and p-strand regions by hori-
zontal arrowa The regions
showing markedly different
structures between CsdB and
tmNifS are shaded on the align-
ment. The catalytic Cys residue
is denoted by a vertical arrow.

CsdB

CZ) CD
e 0 5 e 6 a 9 i e e

nriFSVDKVRADFPVLSMVW^PUYLDSMSAQKPSQVIDAEAEFYRHGYAAVTOGIHTlSEQA^
MRVYFD>»WTTRVDORVlEE>avFYREirra<PNSAHG-MGIEAHU*eKAMI<VAJ(VLOT-SWEIFFTSC>TESINWILPCTV*£

l ie 136 148 156 169
PU^

179 1M 199 296 216

-GFXVKYVmSRGVmEELEKLVDEDmVSD^

• —• ^ •
229 239 246 256 269

QALDCDFYVfSOKLYGPTGiaLYVK£AlLQFJ*>PWEGCGSfilATVStSE'
EKLEVDYASFSAHKFHGPKGVGITY1RXGVPIR—PLIHGGGQ

• J L. J
286 296 368 316

FEAGTPHTGGIIGLGAAI.EYVSALGLNNIAEYa)NL)«flfALSQLES
iLRSGTQNVPGIVGAARAMEUV-EELS£AAIl»<EiaRSt;LVSGLm

346 356 36e_l_3ZB 386 396 468
i-VIAFNLQCHHAYtIVGSFLONYGlAVRTpfKAHPUiArYNVPA - ) *CSASL»MYK™EEVDRLVTGIQRIHRI .LG
WT1 WSFPWTBGTTI QM I S C T E T Y V S T U O W - . I , , ! . . . ] .HUl mumnBBTMytrRT'U rmrWTFFFVDYFLiaUEEILSdUonnri

329 339
CsdB VPOLTLYGPOA-RLG
tartrtfS LG-AHIITPt.EISLPWn.SVSFPNIRGSTl.C!Nl_LSGYGIYVST<
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(A)

(B)

coo-

coo-

Scheme 1. Proposed reaction
mechanisms for cysteine de-
sulfuration (A) and seleno-
cysteine deselenation (B)
catalyzed by CsdB. The sulf-
hydiyl group of L-cysteine is
protonated, whereas the seleno-
hydryl group of L-selenocysteine
is deprotonated under the reac-
tion conditions at pH 7.4. The
desulfuratdon of L-cysteine re-
quires nucleophilic attack by
Cys364. In contrast, selenium is
released spontaneously from
the ketimine intermediate.

external aldlmlne ketimine

and showed replacing the conserved Cys of each enzyme
with Ala completely abolished the activity of the enzymes
toward L-cysteine, whereas the activity toward L-selenocys-
teine was less affected (15). Thus, we have proposed that
the reaction mechanism of the enzymes with L-cysteine is
different from that with L-selenocysteine (Scheme 1). Ac-
cording to the proposed reaction mechanism, the spatially
precise positioning of the active-residue Cys is crucial for
the cysteine desulfuration catalyzed by CsdB and tmNifS
(14, 15, 19). In the previous paper, we discussed the puta-
tive binding mode of the substrate L-selenocysteine to CsdB
by creating the docking model of the selenocysteine-CsdB
complex based on the crystal structures of complexes of
aspartate a m i notransferase and phosphoserine amino-
transferase with their substrate analogs (25-27). A discrep-
ancy in the model is that the selenium at the -/-position of
the cysteine substrate is located about 5 A apart from the
side chain of Cys364. This distance is too long for a direct
interaction. Therefore, we wonder whether the Cys364 resi-
due located on the extended lobe moves upon substrate
binding so that the sulfhydryl group of Cys364 can perform
the nucleophilic attack on the -/-position of the cysteine
substrate. However, the Cys364 residue in the present
CsdB-PG complex superimposes completely on that in the
uncomplexed CsdB, implying the positional preservation of
the Cys residue in both forms. In the CsdB-PG external
aldimine complex, the distance between the presumptive -/
atom of the substrate and S-y of Cys364 is 4.8 A. This dis-
tance is still too long for a direct interaction between them
(Fig. 5). In order for Cys364 to act as the nucleophile
attacking the sulfhydryl group of the substrate L-cysteine,
the S-y atom of Cys364 must get closer to the substrate-PLP
intermediate during catalysis. As mentioned above, the
extended lobe of CsdB is much shorter than that of tmNiiS
and seems to be fixed by interaction with the p-hairpin. In
contrast, tmNifS has a presumably longer and more flexi-
ble extended lobe and lacks the 3-hairpin structure, which

possibly makes the enzyme much more reactive toward L-
cysteine. Therefore, the low cysteine-desulfurase activity of
CsdB is likely due to inadequate positioning of Cys364
brought about by the inefficient movement of the extended
lobe. This possibly enables the enzyme to discriminate
between selenium and sulfur.
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