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The nitrilases include a variety of enzymes with functional specificities of nitrilase, amidase, and hydrolase reactions.
The crystal structure of the uncharacterized protein SA0302 from the pathogenic microorganism Staphylococcus aureus
is solved at 1.7 A resolution. The protein contains 261 amino acids and presents a four-layer afpa sandwich with a chain
topology similar to that of a few known CN-hydrolase folds. In the crystal, the proteins are arranged as dimers whose
monomers are related by a pseudo twofold rotation symmetry axis. Analysis of the sequences and structures of CN-
hydrolases with known 3D structures shows that SA0302 definitely is a member of Branch 10 (Nit and NitFhit) of the
nitrilase superfamily. Enzyme activities and substrate specificities of members of this branch are not yet characterized, in
contrast to those of the members of Branches 1-9. Although the sequence identities between Branch 10 members are
rather low, less than 30%, five conserved regions are common in this subfamily. Three of them contain functionally
important catalytic residues, and the two other newly characterized ones are associated with crucial intramolecular and
intermolecular interactions. Sequence homology of the area near the active site shows clearly that the catalytic triad of
SA0302 is Glu41-Lys110-Cys146. We suggest also that the active site includes a fourth residue, the closely located
Glul19. Despite an extensive similarity with other Nit-family structural folds, SA0302 displays an important difference.
Protein loop 111-122, which follows the catalytic Lys110, is reduced to half the number of amino acids found in other
Nit-family members. This leaves the active site fully accessible to solvent and substrates. We have identified conserva-
tive sequence motifs around the three core catalytic residues, which are inherent solely to Branch 10 of the nitrilase
superfamily. On the basis of these new sequence fingerprints, 10 previously uncharacterized proteins also could be
assigned to this hydrolase subfamily.

An animated interactive 3D complement (I3DC) is available in Proteopedia at http://proteopedia.org/w/Journal:JBSD:19
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Introduction

The nitrilase superfamily, which has in total over 180
known members, includes a variety of thiol amidase
enzymes involved in biosynthesis in plants, animals,
fungi, and prokaryotes (Pace & Brenner, 2001). All
members of this superfamily have conserved the active
site residues Glu-Lys-Cys, believed to form a catalytic
triad. Consensus sequences flanking the catalytic residues
supply the conserved motifs distinctive for all of the

branches (Pace & Brenner, 2001). The superfamily can
be classified into 13 branches, nine of which have
known or predicted specificity for nitrilase, amidase, and
CN-hydrolase reactions. Although the entire family has
been considered “nitrilase-related,” only members of
Branch 1 have demonstrated nitrilase activity. The
remaining branches include enzymes with amidase or
amide-condensation activity including aliphatic amidase,
amino-terminal amidase, biotinidase, f-ureidopropionase,
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carbamylase, prokaryotic and eukaryotic NAD-synthe-
tase, and apolipoprotein N-acyltransferase (Brenner,
2002). The domain structure of members of all branches
includes a common Nit-domain with the catalytic triad,
some members can have up to three additional domains.
The common structural nitrilase-like domain has a
unique affa four-layer sandwich protein fold, which in
most cases forms an eight-layer dimer. Such dimers have
been observed both in solution and in the crystalline
state (Bork & Koonin, 1994).

At present, the structures of about 30 proteins that
belong to the nitrilase superfamily are deposited in the
Protein Data Bank (PDB) (see, e.g. Andrade, Amin
Karmali, Carrondo, & Frazao, 2007; Barglow et al.,
2008; Chin et al., 2007; Chiu-Lien et al., 2007; Kimani,
Agarkar, Cowan, Sayed, & Sewell, 2007; Kumaran
et al., 2003; Nakai et al., 2000; Nel, Tuffin, Sewell, &
Cowan, 2011; Pace et al., 2000; Sakai, Tajika, Yao,
Watanabe, & Tanaka, 2004). Most of the corresponding
papers describe the protein structure and discuss its
catalytic mechanism. All these structures have a common
nitrilase domain with a similar main chain topology
differing only in small details. Essential differences are
caused by the addition of domains which carry some
other function. The main sequence fingerprint of nitrilas-
es is the presence of a Glu-Lys-Cys catalytic triad, which
functions as a charge relay system. These conserved resi-
dues are recruited from various parts of the primary
structure to form an active site. Functional substrate
specificity of these enzymes is closely related to the sur-
face side chains around the catalytic residues.

Recently, more details of their catalytic activity have
been gleaned from newly solved nitrilase structures. In
fact, the structure of AmiF formidase from Helicobacter
pylori showed that residue Glul41 is located very close
to the catalytic triad and facilitates the correct docking of
the substrate into the site (Chiu-Lien et al., 2007). Further
detailed analysis of the active site in the structure of ali-
phatic amidase from Geobacillus pallidus RAPc8 reveals
that the corresponding residue Glul42 could be the fourth
necessary participant of the enzyme reaction process, and
its position is conserved in homologous sequences
(Kimani et al., 2007). These observations argue that one
should consider a fourth residue, namely a Glu, when dis-
cussing the reaction mechanism. In fact, the acyl transfer
intermediate was observed near the nucleophilic amino
acid Cys166 in the structure of the amidase from Pseudo-
monas aeruginosa (Andrade et al., 2007). Recently, the
crystal structure of a rather unique aliphatic amidase from
a psychrotrophic and haloalkaliphilic Nesterenkonia
species was obtained (Nel et al., 2011). The species was
isolated using a screening program for nitrile- and amide-
hydrolyzing microorganisms in Antarctic desert soil sam-
ples. The enzyme has its optimal activity in the alkaline
pH range, at higher salt, and at low temperature. This

example demonstrates that there is value in studying
amidase enzymes in environmental microbiology.

Here, we report the structure of the uncharacterized
protein  SA0302 from the pathogenic bacterium
Staphylococcus aureus subsp. aureus COL. We provide
evidence that places the protein in Branch 10 (Nit and
NitFhit) of the nitrilase superfamily. This work was carried
out as part of a project devoted to the structural investiga-
tion of essential enzymes of pathogenic bacteria. The main
goal of the work was to establish the possible type of
enzyme function for gene product nit sa0302 on the basis
of the high-resolution crystal structure of this protein.

Data and methods
Protein expression

The gene coding for SA0302 was amplified by PCR
from genomic DNA of S. aureus and cloned into a mod-
ified version of the plasmid pETI15b (Novagen)
producing an N-terminal hexahistidine tag fusion protein
(http://www.sgc.utoronto.ca/SGC-WebPages/Vector PDF/
pl5TV-L.pdf). Selenomethionine-labeled protein was
expressed in Escherichia coli BL21 (ADE3) RIPL+in
minimal selenomethionine media supplied by Medicilon
(California). The cells were grown at 37 °C until ODggg
reached 0.6, then Isopropyl B-D-1-thiogalactopyranoside
was added to a final concentration of I mM and the
expression was continued overnight at 16 °C. The cells
were harvested by centrifugation, flash-frozen in liquid
nitrogen, and stored at —80 °C.

Purification

Bacterial cells were thawed on ice, resuspended in bind-
ing buffer (SOmM HEPES pH 7.5, 500mM NaCl, 5%
glycerol, 0.5% CHAPS, 0.2mM TCEP, and 25 mM imid-
azole), lysed by sonication and subjected to centrifugation
at 60,000g for 40 min. The cell-free extract was passed
by gravity flow through a DE-52 cellulose column (What-
man) preequilibrated in the binding buffer. The
flow-through fraction was loaded directly on nickel—
nitrilotriacetic acid-agarose resin (Qiagen) and washed
sequentially with 10 column volumes of the binding buf-
fer and 20 column volumes of the binding buffer without
CHAPS. The purified protein was eluted with 50 mM
HEPES pH 7.5, 500mM NaCl, 5% glycerol, 0.2mM
TCEP, and 300 mM imidazole and concentrated to 3—
5mg/ml using Vivaspin 20 with 5kDa molecular weight
cut-off concentrators (GE Healthcare). As the final purifi-
cation step, gel-filtration was performed on a 26/60
Superdex-200 column using the AKTA explorer system
(GE Healthcare) with a buffer of 10 mM HEPES pH 7.5,
50 mM NaCl, and 0.2 mM TCEP. Protein-containing frac-
tions were pooled and concentrated to 20mg/ml as
described above. Then, the sample was aliquoted, flash-
frozen in liquid nitrogen, and stored at —80°C. The
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molecular weight of the protein sample was determined
by electrospray ionization time-of-flight mass spectrome-
try analysis as 32,139 Da matching the calculated mass
within the error of measurement.

Crystallization

SA0302 crystals were obtained by sitting-drop vapor dif-
fusion at room temperature against a reservoir solution
containing 25% PEG 3350, 200mM MgCl,, 100 mM
TRIS buffer, pH 8.2. Crystals grew to 75 x 75 x 100 pm
in one week. Crystals were cryoprotected by transfer to a
mixture of Paratone-N and mineral oil (50/50), soaked
for 30-60s, and flash-frozen in liquid nitrogen.

Data collection, processing, and refinement

X-ray diffraction data were collected at 100 K using the
Advanced Photon Source IMCA-CAT beam line 17-ID
(Argonne National Laboratory). The single-wavelength
anomalous dispersion (SAD) data to 1.7A resolution
were processed using the program package XDS
(Kabsch, 1993). The initial phases were obtained by the
program autoSHARP (Vonrhein, Blanc, Roversi, &
Bricogne, 2006). Phase improvement by density modifi-
cation with the use of CCP4 (Cowtan, 1994) generated
an interpretable experimental SAD map, which allowed
building an initial model using ARP/WARP (Perrakis,
Morris, & Lamzin, 1999). The model was subsequently
improved through alternate cycles of manual rebuilding
using COOT (Emsley & Cowtan, 2004) and restrained
refinement against a maximum likelihood target with 5%
of the reflections randomly excluded as an Rg. test set.

Table 1. Crystallographic data and refinement statistics.

Data collection

Wavelength (A) 0.9794
Resolution (A) 20.0-1.7 (1.8-1.7)
Space group P2,2,2,
Unit cell parameters (A) 58.6, 62.0, 155.2
Molecules per asymmetric unit 2
Unique reflections 60,527 (7,994)
Multiplicity 9.6 (5.8)
Average I/o(]) 18.1 (2.8)
Rierge 0.08 (0.458)
Completeness (%) 97.7
Refinement and structure statistics

Reryst 0.20
Rfree 0.23
RMSD from ideal geometry

Bond lengths (A) 0.01

Bond angles (°) 1.14
Numbers of atoms

Protein nonhydrogen atoms 4318

Water oxygen atoms 555

Ligand atoms® 59

PDB ID 3P8K

Ligands: four Chloride ions, 1 TRIS, 3 Di(Hydroxyethyl) Ether (PEG),
2 Triethylene Glycol (PGE) and one glycerol.
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All refinement steps were performed using the BUSTER/
TNT program (Bricogne & Irwin, 1996, 1997; Tronrud,
1997). The data processing and refinement statistics are
presented in Table 1. The atomic coordinates have been
deposited in the RCSB PDB, accession code 3P8 K.

Sequence and structural homology search

Sequence and structural homology of SA0302 to a set of
homologous proteins with known structure was found by
running its sequence in a protein BLAST search (Altschul
et al., 1997, 2005; Basic Local Alignment Search Tool
[BLAST], 2000). Structural comparisons between SA0302
and each of its significant matches were performed using a
DALI search (Holm & Sander, 1993).

Results
Protein structure

The crystal structure of SA0302 was solved at 1.7 A res-
olution by the SAD method using Se-Met substituted
protein. The protein contains 261 amino acids and con-
sists of a four-layer appa sandwich, consistent with the
expected CN-hydrolase fold (Figure 1(a)). The monomer
consists of two similar subdomains related by a pseudo
twofold rotational symmetry (Figure 1(b)). These related
parts differ in length: the N-subdomain consists of 110
residues while the C-subdomain includes 151 residues.
Consequently, a small portion of the protein chain under-
goes a structural rearrangement, resulting in improved
spatial symmetry but violating topological symmetry
(Figure 1(c)). For example, helix 02 (residues 49-55) is
symmetry-related to deformed helix o4 (residues 115-
121), which must be assigned now as belonging to the
C-subdomain of the protein molecule. The topology of
SA0302 resembles that of the putative CN-hydrolase
from Saccharomyces cerevisiae, PDB code 1F89
(Kumaran et al., 2003). In the crystal lattice, the protein
molecule exists as a dimer with protein monomers
related by a pseudo twofold symmetry (Figure 1(d)). The
subdomain nature of the monomer is directly related to
the evolutionary precursor of this gene that seems to
arise from a gene fusion as a result of the joining of two
subdomains into one protein molecule. The dissimilarity
of the subdomains can be seen in Figure 1(b) and accu-
rately evaluated by topology in Figure 1(c). Note that
the active site is formed from the residues of both the
N- and C-terminal subdomains. The dimer contains two
active sites, which are positioned far from each other
and easily accessible to the solvent.

Sequence and structural homology

A set of homologous proteins with known structure was
found by running the protein BLAST search against the
SA0302 sequence. Thirteen structures from the PDB
with significant similarity were identified (Z-scores 127—
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(a) N-sub-domain | C-sub-domain (b)

(d)

C-sub-domain

N-sub-domain

Figure 1. Crystal structure, chain topology and dimer structure of the putative hydrolase SA0302 from S. aureus. (a) The protein main
chain includes two subdomains marked in green and magenta; both are related by a pseudo twofold symmetry rotation axis. (b)
Symmetry related N- and C-parts of the protein are rotated at 90° along the twofold rotation axis. Color-coding: red — a-helix, cyan — 3-
strand, green — turn. (¢) Main chain topology of the N- and C-subdomains; the similar fragments are shown in gray color; the catalytic
residues are indicated by black circles. (d) The dimer found in the crystal; it consists of two protein molecules related by a twofold
rotation axis. Positions of catalytic triad residues are marked in red, and the conserved a6 and 10 fragments are shown in magenta.

61; sequence identity 32—15%). These matching struc-
tures exhibited two groups of Z-score values: the first
consists of only four proteins with PDB codes 1F89,
2W1V, 2El11, and 1EMS with score 127-104, and the
second with lower score values 82-27. The best match
1F89 was a putative CN-hydrolase from S. cerevisiae
(Kumaran et al., 2003) with a pairwise sequence identity
of 31.5%. Structural comparisons between SA0302 and
each of these matches were performed using a DALI
search. Strong structural matches with Z-scores 35.6—
30.0 and C, RMSD: 1.5-2.3 A were revealed for many
nitrilase superfamily enzymes: CN-hydrolases 1F89,
2W1V, 2El11, 1EMS, amidohydrolases 1J31, 3HKX,
1ERZ, 2VHH, and other amidases 2PLQ, 2UXY, and
2DYU.

Sequence alignments of SA0302 with four known
nitrilase structures are presented in Figure 2. They
clearly show the conserved catalytic triad Glu41-Lys110-
Cys146. These catalytic residues are located within three
semi-conserved regions corresponding to their relative

locations in the SA0302 protein sequence: region |
— flanking E41; region 2 — following K110; and region 3
— flanking C146, which also has a protein signature con-
sistent with the 21-residue “nucleophile elbow” motif
(Kumaran et al., 2003). These flanking catalytic
sequences of SA0302 are in good accordance with
consensus sequences of CN-hydrolase of Branch 10 (Nit
and NitFhit) of the nitrilase superfamily (Pace &
Brenner, 2001). On the basis of semi-conserved regions
flanking the catalytic triad, we have assigned 10 other
uncharacterized protein sequences to Branch 10 of the
nitrilase superfamily (Figure 3).

We have also identified additional semi-conservative
regions 4 (residues 179-195) and 5 (residues 211-220),
completing all of the conserved segments in the Nit-nitri-
lase protein sequence (Figure 2). As we can see below,
these two regions represent unique structural elements of
Nit-nitrilase-like proteins that supply the external and
internal monomer specific interactions. Semi-conservative
region 4 provides stability of the dimer. It is connected by
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Region 1-E41 (37-45)

SA0302 1 MKVQIYQLPIVFGDSSKNETQITQWFEKNMNAEVD--V\YVIRgH GYDLEHLNEKAD- 57 Nit
1F89 11 IKVALVQLSGSSPDKMANLQRAATFIERAMKEQPDTKL\YVIMZECFNSPYSTDQFRKYSEV 70 Nit3
2W1lv 4 FRLALIQLQVSSI—KSDNLTRACSLVREAAKQGAN——I‘SLP CENSPYGTTYFPDYAEK 60 Nit2
2E11 5 HDLRISLVQGSTRWHDPAGNRDYYGALLEPLAG—QSDL‘ILP TFTSGFSNEAID-KAED 59 Nit
1EMS 14  RHFIAVCQMTSDNDLEKNFQAAKNMIERAG—-EKKCEMYFIBZECF-DFIGLNKNE-QIDL 69 Nit
Region 2-K110 (110-113)
SA0302 58 -—--NNLGQSFSFIKHLIAEKYKVDIVAESVSNI---RNNQIFINTAFSVNKSEOLINEYD] 111 Nit
1F89 71  INPKEPSTSVQFLSNLEWKFKIILVGETIPELDPK-TDKIYINTSIIFNEDEKLIDKHR] 129 Nit3
2W1lV 61  ----IPGESTQKLSEVIKESSIYLIGESIPEE---DAGKLYNTCSVFGPDESLLVKHRET 113 Nit2
2E11 60 M----DGPTVAWIRTQMARLGAAIT-@SVOLRTEH---GVFNRLLWATPDEAL-QYYDER 111 Nit
1EMS 70  AMAT-DCEYMEKYRELJARKHNIWLSL{€GLHHKDPSDAAHPWINTHLIIDSDEVTRAEYNEL 128 Nit
Loop near active site (111-122) Region 3-C146 (145-154)
SA0302 112 I[si#----VP----- MLREHEFLTAGEYVAEPFQLSDGTYVTQLICNERTIMAPELLRYPARSG 162 Nit

1F89 130 [sFDVDIPNGIS--FHESETLSPGEK-STTIDTKYGKF-GVGI
2wWilv 114 |MFDIDVPGKIT--FQESKTLSPGD--SFSTFDTPYCKVGLGIEMEMING
2E11 112 BWFRFGNEHLRYAAGRERLCVEWK--------—
1EMS 129 [FDLEIPGKVR--LMBSEFSKAGTEMIPPVDTPIGR-LGLST

Region 4(179-195)

MOMINAPELAMLSARKG 185 Nit3
ELAQIYAQRG 169 Nit2
MO INAPVECRNRFDVE 159 Nit
PP VIRFPELSLWNRKRG 185 Nit

>

Region 5(211-220)

SA0302 163 AKI------ AFYVINOWPMSRLOHH SIL K ARYAT ENNMFYY - IGTNSTGFDGNTEYARHRI 215 Nit
1F89 186 AFA----- MIYPSEFNTVTGPLHYHL QVY=MLCSPARNLQSSYHAY H I¥ 240 Nit3
2W1V 170 CQL----- LVYPGRFNLTTGPAHwEL 0 QVY‘ATASPARDDKASYVA H TV 223 Nit2
2E11 160 RPGQLDFDLQLFVEINWPSARAYARNKTIRL TENLCFYAAVNRVGVDGNQLHYAED! ¥ 219 Nit
1EMS 186 AQL----- LSFPSFTLNTGLAHETIL IEi QCY&@?AAQTGAHNPKRQSY H 240 Nit

SA0302 216 INPNEDLVGELNESADILTVDLNLNEVEQQ)
1F89 241 VDPREKIVAEAGEGEEIIYAELDPEVIESF
2W1V 224 VDPWEQVLTKAGTEETILYSDIDLKKLAEI
2E11 220 IDFLEQPQVEIREQEQVVTTTISAAALAEH
1EMS 241 VDPWEAVVAQCSERVDMCFAEIDLSYVDTL

ENIEVFKSIKLDLY 260 Nit
OAVISLTKQRRFDVY 285 Nit3
OQIIFTLKQKRADLY 269 Nit2

LDGDSFLL 264 Nit

EMQIFVEFSHRRSDLY 285 Nit

Figure 2. Sequence of SA0302 aligned with Nit-domains of other CN-hydrolases having similar crystal structures and sequence
identities of 28-30%. Conserved catalytic triad residues Glu41, Lys110, Cys146, and the additional Glul19 are highlighted with a red
background. Fully conserved amino acids are shown in white color against the black background. Semi-conserved residues are shown
against a gray background. PDB codes of proteins, with exception of SA0302, are indicated in the left column.

Bacteria Nit Staphylococcus aureus SA0302 VVLPEMWNN

Yeast Nitl Schizosaccharomyces pombe
Frog Nitl Xenopus laevis

Mouse Nitl Mus musculus

Human Nitl Homo sapiens

Yeast Nit2 Saccharomyces cerevisiae
Yeast Nit2 Schizosaccharomyces pombe
Mouse Nit2 Mus musculus

Human Nit2 Homo sapiens

Yeast Nit3 Saccharomyces cerevisiae
Worm Nit Caenorhabditis elegans

Branchl0 Nit,NitFhit Consensus

.E41 .K110 .Cl46

YDRVHLV LIEYDLRFPEL
IFFPEASDF YSHAHLF AI@FDIRFPEQ
VFLPEAFDY Y HLF GVEYDLRFPEF

AFLPEAFDF  YRRTHLC  AI@YDMRFPEL
AFLPEAFDF  YRNTHLC  AWEYDMRFPEL
VFLPEASDY  YORLHLF  AI@YDIRFPEF
IVLPEIENS HREIHLF GIBYDIRFPEL
VSLPHCENS  HREIHLF  GI@YDMRFAEL
VSLPHCENS  YRRIHLF  GI@YDMRFAEL
VVLPHCENS HREVHLF  GI@YDMRFPEL
MFLPECFDF  YNRLHLE  SIfYDVRFPEL
viLPf.£d. vr.HLf .iBYDmRFpEL

Figure 3. Conserved regions, flanking the catalytic triad, and assignment of uncharacterized proteins to Branch 10 of the nitrilase
superfamily. Catalytic triad residues Glu41-Lys110-Cys146 are highlighted against a red background. Conserved residues are shown
against a gray background. Sequence conservation of positions is indicated by letter case: upper case corresponds to more than 90%

conservation and lower case to 50-90%.
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Molecule A .

Molecule B

Figure 4. Interactions between molecules A and B in the
dimer interface of hydrolase SA0302. The projection is shown
along the twofold rotation symmetry axis of the dimer
molecule. Distinctive charge-alternating hydrophilic and
nonpolar hydrophobic contacts between external sides of two
a6-helixes of molecules A and B are shown by dotted lines.

several symmetry related hydrophilic and hydrophobic
contacts between external sides of two a6-helixes of mole-
cules A and B, as shown in Figure 4. The polar interaction
is formed by four charge-alternating cyclic chain contacts

... GIn190 (A): Argl87(A): GIn190(B): Argl87(B) ...

A specific type of contacts similar to the known “leu-
cine-zipper” interaction forms the nonpolar contacts

Leul83(A): Ile 189(B), Alal86(A): Alal86(B) and
1le189(A): Leul83(B).

Semi-conservative region 5 provides the internal core
contacts, which are important for molecular stability of
the protein monomer. Two nonpolar residues form con-
tacts between the internal surface of helix a6 and short
strand B10. These nonconservative residues form two
contacts as follows:

Leul84: Ile214 and Alal88: Ile216.

Active site of hydrolase SA0302 from S. aureus

Analysis of the protein sequence and structure homology
indicates that SA0302 belongs to the nitrilase superfam-
ily, and more exactly to the CN-hydrolases of Branch 10
(Nit and NitFhit). This conclusion is strongly supported
by the sequence alignment in the vicinity of the catalytic

residues, which coincides with other members of this
Branch (Figure 3).

Despite extensive similarity with other Nit-family
structural folds, there is an important structural difference
that distinguishes SA0302 from at least four known Nit
structures of Branch 10. It is related directly to the
region of the active center of SA0302, which is pre-
sented in Figure 5(a) and (b). In the vicinity of the active
site pocket, one can see loop 111-122, which is marked
in dark blue in Figure 5(b). This loop follows catalytic
Lys110 and it is fully accessible to the solvent. It also
contains deformed helix a4 (115-121). Temperature fac-
tors (B) for the main chain atoms of this loop are within
the 12-20 A% range. These B-values indicate that this
fragment has a rather stable main chain conformation. It
is significantly shorter when compared to similar loop
regions of other Nit-family members (Figure 2). Similar
Nit-nitrilases assigned to Branch 10 include an elongated
loop of 15-17 residues while in SA0302 this loop is
only 8 residues, about half as long. This loop was found
in the open position in yeast Nit3 (Kumaran et al., 2003,
pdb 1F89) and worm NitFhit (Pace et al., 2000, pdb
1EMS), but in the closed position in mouse Nit2 (Bar-
glow et al., 2008, pdb 2M1V). The dynamic nature of
this region implies a possible regulatory role for the
active site loop in catalysis (Barglow et al., 2008). How-
ever, the apparent shortening of this loop in SA0302
suggests another role in the catalysis process. For exam-
ple, it could provide specificity to substrate binding. The
functional importance of this loop is also connected to
the fourth conservative residue Glul19 in protein homo-
logs, which may also participate in the catalysis process.

The catalytic triad of SA0302 is located around a
deep and solvent-accessible pocket in both molecules of
the dimer (Figure 1(d) and Figure 5(a)). As shown in
Figure 5(a), the active site is viewed clearly along a
pseudo twofold symmetry rotation axis of the monomer.
In the dimer molecule, two active sites are situated far
enough from each other so as not to interfere. In the
dimer, however, the reliability of the whole enzyme sys-
tem appears to increase due to strong interactions
between the monomers, as seen in Figure 4 and
described above. Details of the surface region of
SA0302 in the vicinity of catalytic residues Glu4l,
Lys110, and Cys146 are presented in Figures 5(b) and 6.
It is important to note that one observes a central water
molecule, W272, which is located 2.9A from Glu4l
OE2, 3.7A from Cysl46 SG, and 2.6 A from Lys110
NZ (Figure 6). It is also interesting that the functionally
important loop, which follows catalytic Lys110, contains
residue Glull9 and that atom Glull9 OEIl is located
2.7 A from atom Lys110 NZ. That makes residue Glul19
the prime candidate for the fourth conserved residue in
the charge relay system in the process of catalysis
(Kimani et al., 2007).
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Figure 5. Active site of hydrolase SA0302. (a) General view of the active site with the catalytic triad as seen along the pseudo
twofold rotation axis. (b) Detailed view of the active site at a larger scale. The catalytic charge relay system Glu41-Water272-
Cys146-Lys110 is located along a deep and accessible pocket. The water molecule is colored in red and the cysteine SH group is
colored in yellow, the “loop” located near the active site is marked in a dark blue color. The location of conserved residue Glull9 is
shown here; this residue could be a possible fourth residue involved in the process of catalysis.

Glull9

Figure 6. Disposition of catalytic atomic groups and water
molecule in hydrolase SA0302, which are possible participants
in the charge relay system.

Discussion and conclusion

As we have shown, the high-resolution protein structure
SA0302 from S. aureus assigns the protein as a CN-
hydrolase of Branch 10 of the nitrilase superfamily.
Despite rather low pairwise sequence identity values of
25-31%, against the already known structures of this
Branch, many structural features of SA0302 are very
similar to those of the other members of the subfamily.
However, we have also revealed a number of specific
features inherent solely to SA0302. The most significant
new observations are as follows:

* The protein monomer of SA0302 consists of two
quasi-symmetrical N- and C-subdomains. Both are

built from the fragments. This feature was not con-
sidered earlier for other similar structures and it is
clearly seen in the common scheme of main chain
topology.

We have observed three distinctive conserved
regions 1, 2, and 3 for the sequences of Branch
10 members, which are related to the functionally
important  catalytic  residues  Glu41-Lys110-
Cys146. In addition, we have found two new rea-
sonably conserved regions 4 and 5, which are
related to the unique structural elements of
dimeric protein associates. These two structural
elements impart crucial intramonomer and
intermonomer interactions providing stability of
dimer Nit structures.

Of special interest is the nonconserved loop, which
is situated near the active centre, followed by cata-
lytically active Lys110. The structure of hydrolase
SA0302 is remarkable because it is the only mem-
ber of the Branch 10 Nit subfamily where loop
111-122 is approximately half as long as in other
members. We believe that this functionally very
important loop relates directly to the substrate—
enzyme relationship.

We have used three short sequence regions, flank-
ing three catalytic residues, as a test to reveal the
sequence homologs of the Branch 10 nitrilase
superfamily. On this basis, we have assigned 10
new, yet uncharacterized proteins to the hydrolase
subfamily of this Branch.
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* We have studied the disposition of catalytic triad
Glu41-Lys110-Cys146 in details and found in its
vicinity an important structural water molecule and
the carboxyl group of residue Glul19, which seem
to be the potential additions to the catalytic appara-
tus (Figure 6). This suggests a total five participants
closely related to the catalytic charge transfer pro-
cess. It is interesting to note that residue Glull9 is
also in the middle of peptide loop 111-122.

In spite of growing interest about the details of the
enzymatic mechanism of the members of Branch 10, at
present little is known about the specificity of possible
substrates or inhibitors. This is a very challenging bio-
chemical problem that is still far from being resolved. At
the moment, we can cite one important related reference
(Barglow et al., 2008). In this paper, two murine nitrilases,
including Nitl and Nit2, were identified as targets for a
dipeptide-chloroacetamide activity-based probe (dipeptide
-CA probe). Gel analysis of binding of Nit with dipeptide
-CA probes shows definite selectivity of labeling inside
the Nit subfamily. Experimental data of positive labeling
are as follows:

Nitl: Leu-Tyr, Leu-His, Leu-Leu, Asp-Leu, Glu-Leu,
Tyr-Leu, D-Leu-Asp, Leu-D-Asp, D-Leu-D-Asp,
D-Leu-D-Asp

Nit2: Leu-Tyr, Leu-His, Leu-Leu, Leu-Arg, Leu-Glu,
Leu-Asp, D-Leu-Asp,

where common dipeptide -CA probes are underlined.

These data implicate the specificity of substrate
binding for a definite member of Branch 10 of the
Nit-nitrilase superfamily. The present solution of the
substrate-free bacterial protein structure of SA0302 forms
the basis for substrate binding studies with any potential
substrates or inhibitors.
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