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Abstract—The 3D structure of recombinant bacterial carboxypeptidase T (CPT) in complex with N-BOC-L-leucine was
determined at 1.38 Å resolution. Crystals for the X-ray study were grown in microgravity using the counter-diffusion technique. N-BOC-L-leucine and SO42– ion bound in the enzyme active site were localized in the electron density map.
Location of the leucine side chain in CPT–N-BOC-L-leucine complex allowed identification of the S1 subsite of the
enzyme, and its structure was determined. Superposition of the structures of CPT–N-BOC-L-leucine complex and complexes of pancreatic carboxypeptidases A and B with substrate and inhibitors was carried out, and similarity of the S1 subsites in these three carboxypeptidases was revealed. It was found that SO42– ion occupies the same position in the S1′ subsite
as the C-terminal carboxy group of the substrate.
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Carboxypeptidase T (CPT) from Thermoactinomyces
vulgaris (EC 3.4.17.18) isolated and characterized earlier
[1] belongs to zinc-dependent exopeptidases splitting out
the C-terminal amino acid residues of proteins and peptides. The 3D structure of CPT is similar to that of such
classical enzymology objects as pancreatic metallocarboxypeptidases A (CPA) and B (CPB) (EC 3.4.17.1 and
3.4.17.2, respectively) [2]. The amino acid sequence of
CPT is 23% identical to those of carboxypeptidases A and
B, and their active sites have similar structures, but specificity of CPT is significantly wider than those of pancreatic carboxypeptidases: CPA cleaves mainly hydrophobic
and CPB the positively charged amino acid residues,
Abbreviations: BOC-L-leucine, N-(tert-butoxycarbonyl)-Lleucine; CABS-Sepharose, p-aminobenzylsuccinyl-Sepharose
4B; CHAPS, 3-[(3-cholamidopropyl)-dimethylammonio]-1propanesulfonate; CPA, carboxypeptidase A; CPB, carboxypeptidase B; CPT, carboxypeptidase T; DFP, diisopropyl fluorophosphate; IPTG, isopropyl-β-D-thiogalactopyranoside;
MPD, 2-methyl-2,4-pentadiol.
* To whom correspondence should be addressed.

whereas CPT is able to split out both types of residues.
That is why CPT is a model suitable for revealing the elements of molecular structure that impact the selectivity of
the enzyme.
Being bound in the active center, the substrate interacts with the enzyme at several sites. According to the
Schechter and Berger nomenclature, the subsites that
bind the side chains of amino acid residues located before
the cleaved bond are designated as subsites S1, S2, etc.,
the site number increasing with increasing distance from
the cleaved bond [3]. The subsites that bind amino acid
residues of the substrate located after the cleaved bond are
designated as S1′, S2′, etc. The substrate amino acid
residues bound in these sites are designated respectively as
P1, P2 or P1′, P2′, etc.
The present view is that substrate specificity of metallocarboxypeptidases is defined by the composition and
spatial structure of the S1′ subsite or the primary specificity subsite, which binds the C-terminal amino acid
residue [4]. CPT differs from CPB by five amino acid
replacements in the S1′ subsite. However, sequential
replacement of these five residues in the primary speci-
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ficity pocket of CPT by corresponding residues of CPB
did not result in changes in the enzyme selectivity [4, 5].
That is why it was suggested that amino acid residues not
belonging directly to the S1′ subsite can also participate in
regulation of the primary specificity of CPT. For example,
it was shown that CPT selectivity depends on Ca2+ concentration in solution [6]. In contrast to CPB, there are
five Ca2+ binding sites in CPT [2]. Recently, the 3D structure of the calcium-free form of CPT was determined [7].
Superposition of the 3D structures of calcium-containing
and calcium-free forms of the enzyme revealed differences in conformation of the Ca2+ binding sites and in
location and number of water molecules in the active sites
of these two enzyme forms. It was supposed that these differences can influence the rate of the catalyzed reaction.
However, it is impossible to rationalize wide substrate
specificity observed for CPT by this fact alone.
The S1 subsite, which binds the amino acid residue
preceding the cleaved residue, can be one of the molecule
regions participating in regulation of the enzyme selectivity. Change in the nature of the side groups of amino acid
residues interacting with the S1 subsite is known to have a
significant effect on activity of carboxypeptidases B and T
[8, 9]. It was also shown that the S1 subsite affects the
substrate specificity and efficiency of catalysis by metallocarboxypeptidase M [10]. The location of the S1 subsite
in the CPT molecule was still unclear.
In this work, we obtained a crystalline CPT complex with N-(tert-butoxycarbonyl)-L-leucine (N-BOCL-leucine) and performed the X-ray study of its 3D
structure at 1.38 Å resolution. The bound N-BOC-Lleucine and SO42– ion were localized in the enzyme
active site. Location of the leucine side chain in the
CPT–N-BOC-L-leucine complex allowed us to identify the S1 subsite of the enzyme and to describe its structure. The structures of CPT–N-BOC-L-leucine complex and complexes of pancreatic carboxypeptidases A
and B with peptide ligands and selective inhibitors were
superimposed, and the similarity of the S1 subsites in
these three carboxypeptidases was revealed. It was also
found that the SO42– ion occupies the same position in
the S1′ subsite as the C-terminal carboxylic group of the
substrate.

MATERIALS AND METHODS
Reagents. We used the following reagents in this
study: MilliQ deionized water from Millipore (USA) with
resistance 19 MΩ·cm; glycerol from Khimmed (Russia)
and chemically pure urea of Russian production;
Protosubtilin G10× from Ladyzhinsky Plant of Bio-/
Enzyme Preparations (Ukraine) (subtilisin 72 was isolated from Protosubtilin G10× according to [11]); 2methyl-2,4-pentadiol (MPD), L-cystine and L-cysteine,
diisopropyl fluorophosphate (DFP), isopropyl-β-DBIOCHEMISTRY (Moscow) Vol. 78 No. 3 2013
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thiogalactopyranoside (IPTG), N-BOC-L-leucine, 3[(3-cholamidopropyl)-dimethylammonio]-1-propanesulfonate (CHAPS), 4-morpholinoethanesulfonic acid
(MES) from Sigma (USA); mercaptoethanol,
CaCl2·2H2O, ZnSO4, NaCl from Merck (Germany);
YM10 ultrafiltration membranes and ultrafiltration cells
from Amicon (USA); Centripack microfiltration holder
from Millipore (USA). For CPT crystallization, glass
capillaries 60 mm in length and inner diameter of 0.5 mm
from Confocal Science Inc. (Japan) were used.
The chromogenic substrate ZAALpNA for subtilisin
determination and colored substrate DNP-AAR for
determination of CPT activity were synthesized in the
Laboratory of Protein Chemistry of the GOSNIIGENETIKA [12]. Affinity sorbent p-aminobenzylsuccinyl-Sepharose 4B (CABS-Sepharose) was prepared
according to [13].
Recombinant CPT. The pro-CPT gene was expressed
in Escherichia coli BL21(DE3) pLysS cells according to
the instructions provided by Novagen (USA) [14]. After
induction of expression by IPTG, the cells were ultrasonically disintegrated.
Native CPT was isolated from inclusion bodies as
described earlier [15]. Inclusion bodies were precipitated by centrifugation and washed with 0.05% CHAPS,
2 M NaCl, and water. The pellet containing inclusion
bodies was dissolved in 8 M urea containing 1 mM mercaptoethanol to the final protein concentration
5 mg/ml. Then this solution was added dropwise to 100fold volume of 50 mM Tris-HCl buffer, pH 8.0, containing 30% glycerol (v/v), 0.5 M NaCl, 10 mM CaCl2,
3 mM cysteine, and 10 mM cystine. The reaction mixture was incubated for 16 h, and the non-renatured protein was removed by centrifugation. The solution was
concentrated by ultrafiltration using an YM10 membrane to volume of 200 ml, and then the medium was
replaced by buffer of the same composition but without
glycerol using ultrafiltration. To obtain mature enzyme,
subtilisin 72 was added to the proCPT solution in the
ratio CPT/subtilisin = 200 : 1 (w/w) and the mixture was
incubated for 1 h at 37oC. Subtilisin was inactivated by
addition of DFP. Solution with the activated CPT was
again concentrated by ultrafiltration to 2 ml volume and
centrifuged.
After concentration, the protein solution was acidified to pH 6.2 by adding 100 mM MES-NaOH buffer,
pH 6.0. Then the protein solution was applied on a column (volume 20 ml) with CABS-Sepharose [15] equilibrated with 10 mM MES-NaOH buffer, pH 6.0, containing 0.5 M NaCl and 10 mM CaCl2, and the CPT was eluted by the same buffer. Fractions containing the active
protein were pooled, concentrated to 1 ml, and the buffer
was replaced by buffer for crystallization (0.01 M MESNaOH, pH 6.0, containing 1 mM CaCl2, 0.1 mM ZnSO4
and 0.25 M NaCl) by three ultrafiltrations using an
Amicon cell with 10-fold dilution, and then protein was
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concentrated to 10 mg/ml and sterilely filtered using
Centripack centrifuge holders. Protein concentration was
determined according to Bradford [16]. The final solution
was used for protein crystallization. The absence of subtilisin activity was proved using specific chromogenic substrate ZAALpNA. SDS-PAGE was performed according
to Laemmli [17].
Crystal growth. Crystals of CPT–N-BOC-L-leucine
complex were grown in microgravity in a capillary using
the counter-diffusion technique. Equipment and technology developed by the Aerospace Agency of Japan
JAXA were used for crystal growth [18, 19]. The protein
concentration in 10 mM MES-NaOH buffer, pH 6.0,
containing 0.25 M NaCl, 0.1 mM ZnSO4, and 1 mM
CaCl2 was 11 mg/ml. A 2.4 M N-BOC-L-leucine solution was added to precipitant solution containing 1.6 M
(NH4)2SO4, 5% MPD in 50 mM MES-NaOH buffer,
pH 6.0.
A drop of protein solution (10 µl) was placed on siliconized glass. A capillary was filled with the protein solution, touching the drop by the end of the capillary, and
then the opposite end of capillary was hermetically sealed
with plasticine. The end of the capillary with solution was
placed in a silicone tube with 1% agarose gel. The tube
was shortened to 5 mm and immersed in a plastic cylinder 180 µl in volume filled with precipitant solution containing 2.4 M N-BOC-L-leucine (Fig. 1). The bottom of
the cylinder was closed by a stopper with holes for
removal of excess solution, and both ends of the cylinder
were hermetically isolated with glue. Six crystallization
units thus equipped and united together were placed in a
plastic bag. The bags were packed in containers and delivered to the International Space Station where containers
were placed in a thermostat at 20°C. After the end of the
experiment and delivery of the samples back to the laboratory, the quality of crystals grown in microgravity was
estimated visually using a microscope (Fig. 2). To collect
diffraction data using a synchrotron source, the crystal
was taken off the capillary to precipitant solution, then
placed in cryosolution and frozen in nitrogen vapor flow.
Along with the precipitant components, the cryosolution
also contained 20% glycerol (v/v).
Data collection and processing. Diffraction data sets
from grown crystals were collected using Spring 8
(Japan) synchrotron at the temperature 100 K on
BL41XU station with CCD detector MAR225HE.

capillary with protein
solution

cylinder with precipitant
solution

tube with agarose
gel

Fig. 1. Scheme of device for crystallization in a capillary using the
counter-diffusion technique [18].

Fig. 2. Capillary with a crystal of CPT–N-BOC-L-leucine complex.

Diffraction data for one crystal were obtained by the
rotation method at wavelength 0.8 Å, crystal–detector
distance 125 mm, the oscillation angle 0.3°, the rotation
angle 180°. Processing of experimental data set was performed with HKL-2000 program package [20] to 1.38 Å
resolution. There is one enzyme molecule per asymmetric unit (space group 6322). The data processing statistics
are given in the table.
Structure determination and refinement. The structure of CPT–N-BOC-L-leucine complex was determined at 1.38 Å resolution by the molecular replacement
method using the Phaser program [21] and CPT atomic
coordinates (PDB ID: 3QNV) as the starting model. The
Refmac program was used for structure refinement [22].
Models were manually corrected using the Coot program
[23], and electron density maps were calculated with
2|Fo|–|Fc| and |Fo|–|Fc| coefficients. Water molecules
were localized on the electron density maps, and difference Fourier synthesis revealed electron density in the
active site, which was identified as the N-BOC-L-leucine
ligand and SO42– ion. Refinement of ligands with complete
occupancies of atomic positions gave B factor 19.9 Å2,
close to the average B factor value for the structure
17.1 Å2. Refinement statistics are presented in the table.
Structures of complexes CPT–N-BOC-L-Leu and
CPA–Gly-Tyr (PDB ID: 3CPA) [24], CPA–potato
inhibitor (PDB ID: 4CPA) [25], CPB–inhibitor BX528
(PDB ID: 2PIY) [26] were compared by superposition of
the structures via atoms of the following amino acid
residues that form the environment of the bound ligands:
166, 167, 206, 255, 287 (numeration as in CPT); 163,
164, 198, 248, 279 (numeration as in CPA and CPB). The
root-mean-square deviations of Cα atoms of the superimposed residues in pairs CPT/CPA–Gly-Tyr, CPT/
CPA–potato inhibitor, CPT/CPB–inhibitor BX528 were
0.428, 0.348, and 0.289 Å, respectively.
BIOCHEMISTRY (Moscow) Vol. 78 No. 3 2013
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Statistical characteristics of experimental data set and
refinement of the structure of the CPT–N-BOC-Lleucine complex
Data processing
Space group

P6322

Cell parameters

a = b = 157.914,
c = 104.068 Å;
α = β = 90°, γ = 120°

Resolution, Å

30.0-1.38
(1.42-1.38)*

Number of independent reflections

146 816

Completeness, %

99.16 (97.82)

I/σ(I)

18.79 (2.72)

Rmrgd-F, %

7.1 (31.8)
Refinement

Resolution, Å

14.0-1.38 (1.42-1.38)

Number of reflections

146 524 (10 026)

Rcryst, %

13.9

Rfree, %

15.2

Number of refined atoms

3293

Number of refined water molecules

431
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was ~1%. The purified preparation was used for growth of
crystals of CPT–N-BOC-L-leucine complex.
Crystals of CPT–N-BOC-L-leucine complex grown
in microgravity by the counter-diffusion technique
belong to space group P6322 and are 0.20-0.35 mm in size
(Fig. 2). The crystal used for collection of the diffraction
data set using the Spring-8 synchrotron diffracted at
1.38 Å resolution, which is 0.3-0.4 Å better than the resolution of control crystals grown on the Earth. The higher quality of crystals grown in microgravity is rationalized
by the absence of convectional flow in the crystallization
solution. In the absence of convection a stable zone
depleted of protein arises around a crystal, and substance
is transported by diffusion to the growing crystal [27, 28].
Diffusion transport provides a low degree of precipitant
oversaturation, and this promotes the higher degree of
crystal lattice ordering.
Using the collected diffraction data set, the 3D
structure of the CPT–N-BOC-L-leucine complex was
determined by the molecular replacement method and
refined to 1.38 Å resolution to Rcryst 13.9% and Rfree 15.2%
(the table). The refined atomic coordinates were deposited in Protein Data Bank (PDB ID: 4FBZ).
The structure of the complex is almost identical to
that of the free CPT molecule (PDB ID: 1OBR): the
root-mean-square deviation at superposition via Cα
atoms is 0.241 Å. Difference Fourier synthesis revealed
electron density in the active site, which was identified as
the N-BOC-L-leucine molecule and localized with
occupancy close to 100%. As in the structure of the free

B factor, Å2
Average

17.146

Backbone

13.362

Side chains and water molecules

19.808

RMS
bond lengths, Å

0.007

angles, o

1.194
Ramachandran plot

Most favorable areas

249, 87.2%

Allowed areas

36, 12.8%

Forbidden areas

0

* Values for the last shell are given in parentheses.

RESULTS AND DISCUSSION
The purity of the carboxypeptidase T preparation
after renaturation, activation, and purification by affinity
chromatography was not less than 95% according to the
SDS-PAGE data. The yield of protein after renaturation
BIOCHEMISTRY (Moscow) Vol. 78 No. 3 2013

Fig. 3. CPT molecule with ligands N-BOC-L-leucine and SO42–
ion bound in the active site. The zinc ion in the active site is
shown as gray sphere. The electron density map for ligands was
calculated with coefficients 2|Fo|–|Fc| and contoured at σ = 1.
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Fig. 4. N-BOC-L-leucine and SO42– ion in the pocket of the CPT
active site. The zinc ion in the active site is shown as gray sphere.

enzyme [1], a SO42– ion was also localized in the active
site. These ions were present in the crystallization solution at high concentration as one of the precipitant components. The CPT molecule with the ligands bound in the
active site is shown in Fig. 3.
The bound ligands on the surface of the pocket of the
CPT active site are shown in Fig. 4. A part of the active site
where the N-BOC-L-leucine molecule is located is

opened and accessible to solvent. In contrast, the SO42– ion
is partly shielded by amino acid residues bound with it.
The environment of N-BOC-L-leucine and the SO42–
ion in a radius of 4.5 Å is presented in Fig. 5. Both oxygen atoms of the carboxy group of N-BOC-L-leucine are
coordinated by the zinc atom in the active site. Along with
this, one of the atoms via water molecule is H-bonded with
Glu72, a constituent of the coordination sphere of the zinc
atom; the second oxygen atom forms a hydrogen bond
with the guanidine group of Arg129. Amino acid residues
Tyr255, Tyr206, Glu277, Thr205, and Ser207 are located
within a radius of 4 Å from the side chain of L-leucine.
Tyr255 forms a hydrogen bond with the nitrogen atom of
the imino group of N-BOC-L-leucine. The distance
between the side chain of leucine in N-BOC-L-leucine
and the side chain of Leu254 of CPT is ~4.2 Å. The
homologous tyrosine residue (Tyr248) in CPB participates
in binding the C-terminal amino acid residue of the substrate in the S1′ subsite, and Ile247 residue homologous to
Leu254 is a constituent of a hydrophobic cluster limiting
the S′ subsite in carboxypeptidases A and B. The methyl
groups of the tert-butoxycarbonyl residue are surrounded
by side chains of the Thr167, Arg71, and Arg129 residues.
Arg129 (127 in CPA numeration) is known to directly participate in the reaction catalyzed by the enzyme [25]. The
carbonyl oxygen of the BOC group forms a hydrogen bond
with the guanidine group of Arg71; the phenyl group of
Phe287 is also near the carbonyl group.
The SO42– ion forms hydrogen bonds with the imino
group of N-BOC-L-leucine and with the following
amino acid residues of the enzyme: Arg129, Asn146,

Fig. 5. Stereo view of the nearest environment of N-BOC-L-leucine and the SO42– ion. Amino acid residues within the range 4.5 Å are presented. Ligands are colored gray. The zinc ion is shown as a large radius sphere, and water molecules as spheres of the smaller radii. Hydrogen
bonds are drawn as dashed lines. The side chain of leucine is in the light-gray circle.
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Arg147, Tyr255, and Thr257. In pancreatic carboxypeptidases A and B, homologous residues (Arg127, Asn144,
Arg145, and Tyr248) participate in binding the C-terminal carboxyl group of the substrate, so that SO42– in the
CPT–N-BOC-L-leucine complex occupies the same
place as the carboxyl group of substrate in complexes with
CPA and CPB [25, 26].
To be sure that it is the S1 subsite that is occupied by
the side chain of leucine in the CPT–N-BOC-L-leucine
complex, the structure of this complex was superimposed
with complexes of pancreatic carboxypeptidases A and B
containing the substrates or specific inhibitors bound in
their active centers. These are CPA complexes with peptide inhibitor from potato [25] and with Gly-Tyr substrate
[24] and CPB complex with a selective inhibitor – peptide mimetic BX528 [26]. The structures were superimposed via the atoms of five homologous amino acid
residues in the nearest environment of the bound ligands.
The CPA complex with the peptide inhibitor from
potato is formed after breaking of the C-terminal peptide
bond between the C-terminal amino acid residues of the
inhibitor, Val38 and Gly39. After cleavage of Gly39, Val38
becomes the C-terminal residue. The complex thus
formed can be considered as a complex of enzyme with
the reaction product. In this complex the side chain of
Val38 occupies the S1 subsite, whereas the penultimate
side chain of Tyr37 occupies the S2 subsite.
The results of superposition of structures of CPA and
CPB complexes indicate that the isobutyl chain of NBOC-L-leucine in the CPT–N-BOC-L-leucine complex
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and the side chain of the C-terminal Val38 of the inhibitor
molecule in the CPA–potato inhibitor complex occupy
similar positions and are in similar environment (Fig. 6).
The difference in position of the Cβ atoms of Val and Leu
in corresponding complexes is less than 0.49 Å. The fact
that the side chain environments in both complexes differ
somewhat is rationalized by replacement of Leu254 and
Thr205 in CPT for Ile247 and Ser197 in CPA and CPB.
Earlier it was found [6] that Leu254 affects the substrate
selectivity of CPT: the CPT L254N mutant less efficiently catalyzes splitting of the negatively charged C-terminal
amino acid residues than the wild type enzyme. The position of the butoxy group of N-BOC-L-leucine almost
completely coincides with the position of the side group
of Tyr37 of the potato inhibitor occupying the S2 subsite.
Comparison of positions of N-BOC-L-leucine and
SO42– ion in the CPT–N-BOC-L-leucine complex with
the substrate position in the CPA–Gly-Tyr complex
demonstrates that the carboxyl group of tyrosine and the
sulfate anion occupy similar positions (Fig. 7). Amino
acid residues Asn144, Arg147, and Tyr248 participate in
binding the C-terminal carboxyl group of tyrosine in the
CPA–Gly-Tyr complex. These residues are analogous to
those mentioned above that bind the SO42– ion in the
CPT–N-BOC-L-leucine complex. The data indicate
that the SO42– ion is located in the same center where the
C-terminal carboxyl group of the substrate is bound.
It should be mentioned that the CPT–N-BOC-Lleucine and CPA–Gly-Tyr complexes represent the state
of the active site at different stages of the reaction cat-

Fig. 6. Superposition of the structures of complexes CPT–N-BOC-L-leucine and CPA–potato inhibitor (stereo view). N-BOC-L-leucine
and the SO42– ion in CPT are shown in gray; three C-terminal residues of potato inhibitor (Pro36, Tyr37, and Val38) are shown in black; the
environment of these ligands is shown within the radius 4.5 Å. Amino acid residues are numerated as in CPT. The numbers of amino acid
residues that differ in the two proteins are shown in italic and light-gray. The side chains in the S1 subsite are shown on a gray background.
The zinc ion is shown by a sphere of large radius and water molecules by spheres of smaller radii.

BIOCHEMISTRY (Moscow) Vol. 78 No. 3 2013

258

TIMOFEEV et al.

Fig. 7. Superposition of the structures of CPT–N-BOC-L-leucine and CPA–Gly-Tyr complexes (stereo view). Gly-Tyr is shown in black, and
other designations are as in Fig. 6.

Fig. 8. Superposition of the structures of the CPT–N-BOC-L-leucine and CPA–inhibitor BX528 complexes (stereo view). The BX528
inhibitor is shown in black. The side groups of ligands located in subsites S1, S2, and S1′ are shown on gray background. Other designations
as in Fig. 6.

alyzed by the enzyme. In the complex of CPA with substrate Gly-Tyr, when the peptide bond is not yet cleaved,
the carbonyl oxygen of the peptide group is at the distance
of H-bond length from the zinc atom ligands His69 and
His196. The nitrogen atom of the peptide group forms a
hydrogen bond with Glu270 (Glu277 in CPT) that is
directly involved in catalysis by the enzyme [25]. In the
CPT–N-BOC-L-leucine complex, the ligand simulates
the N-terminal fragment of substrate after cleavage of
peptide bond and removal of the C-terminal amino acid.

Both oxygen atoms of the carboxyl group of N-BOC-Lleucine are coordinated by the zinc atom of the active site.
This complex can be considered as an enzyme complex
with one of the reaction products.
Superposition of the structures of the CPB complex
with selective inhibitor BX528 and the CPT–N-BOC-Lleucine complex is shown in Fig. 8. Inhibitor BX528 is a
mimetic of tripeptide Phe-Val-Lys [26]. The Phe–Val
peptide bond in the former is replaced by the sulfonamide
group, phosphinate simulates the amide group of
BIOCHEMISTRY (Moscow) Vol. 78 No. 3 2013
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Val–Leu, and the side chain of lysine is replaced by the
aminomethylphenyl group. The isopropyl radical of the
ligand is located in the S1 subsite of this complex, the S2
subsite is occupied by the phenyl radical, and the
aminomethylphenyl group simulating the positively
charged side chain of the substrate is bound in the S1′
subsite. The positions of the side chain of leucine in the
CPT–N-BOC-L-leucine complex and the isopropyl radical in the CPB–BX528 complex along with the environment of both residues practically coincide in the two
complexes. The position of the phenyl radical occupying
the S2 subsite in the CPB–BX528 complex coincides
with the position of the butoxy group in the CPT–NBOC-L-leucine complex.
The Tyr248 residue (255 in CPT) participating in
binding the terminal carboxyl group of the BX528 ligand
in the S1′ subsite contacts with the aminomethylphenyl
group that simulates the positively charged side chain of
the substrate, and along with this it is close to the phenyl
radical in the S2 subsite. Hence, Tyr248 playing a significant role in the S1′ subsite, can simultaneously interact
with the residues that account for the S1 and S2 subsites.
This example demonstrates that the considered subsites
of carboxypeptidases are spatially close and can influence
each other.
Our comparison shows that the S1 subsite of CPT is
a very conservative structure and negligibly differs from
corresponding sites of CPA and CPB in the composition
and the 3D structure. In all the structures of carboxypeptidases, the S1 subsite is close to the catalytic zinc ion and
to the residues of arginine and glutamic acid (Arg71,
Arg147, Arg129, and Glu277 according to CPT numeration) important for catalysis. Such residues as Leu254 and
Tyr255 important for substrate binding and enzyme selectivity are located between the S1 and S1′ subsites and can
provide interaction between them. The data suggest that
amino acid replacements among the residues contacting
with Leu254 and Tyr255 (e.g. Leu209, Leu211, Ile256)
can affect the kinetic constants of hydrolysis as well as
selectivity of carboxypeptidases.
The authors are grateful to colleagues from the
Japanese Space Agency (JAXA) H. Tanaka, K. Inaka, and
K. Ohta for providing the equipment for crystallization
and help in obtaining the diffraction data.
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