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The cold-active protein-tyrosine phosphatase (CAPTPase) of a psychrophile,
Shewanella sp., shows high catalytic activity below 20°C. The catalytic residue of
CAPTPase is histidine, as opposed to the cysteine of known protein-tyrosine phos-
phatases (PTPases), and the enzyme protein has three amino acid sequences, Asp-
Xaa-His, Gly-Asp-Xaa-Xaa-Asp-Arg and Gly-Asn-His-Glu, that are observed in many
protein-serine/threonine phosphatases (PS/TPases). We have determined the crystal
structures of CAPTPase at 1.82 Å and the enzyme bound with a phosphate ion at 1.90
Å resolution using X-ray crystallography and the multiple isomorphous replacement
method. The final refined models are comprised of 331 amino acid residues, two metal
ions, 447 water molecules, and an acetate or phosphate ion in an asymmetric unit.
The enzyme protein consists of three β-sheets, termed Sheet I, Sheet I′, and Sheet II,
and 14 α-helices. The CAPTPase has a different overall structure from known protein-
tyrosine phosphatases. The arrangement of two metal ions, a phosphate ion and the
adjacent amino acid residues in the catalytic site of CAPTPase is identical to that of
PS/TPases. Thus, it was confirmed that the CAPTPase was a novel PTPase with a con-
formation similar to the catalytic site of PS/TPase. We speculate that the hydrophobic
moiety around the catalytic residue of CAPTPase might play an important role in
eliciting high activity at low temperature.

Key words: cold-active enzyme, crystal structure, phosphoesterase motif, protein-
serine/threonine phosphatase, protein-tyrosine phosphatase, Shewanella sp.

Abbreviations: CAPTPase, cold-active protein-tyrosine phosphatase; MIR, multiple isomorphous replacement;
λPS/TPase, bacteriophage λ protein-serine/threonine phosphatase; PS/TPase, protein-serine/threonine phos-
phatase; PTPase, protein-tyrosine phosphatase.

Psychrophilic and ectothermic organisms constantly liv-
ing in a low temperature environment have enzymes
adapted to their environment. These enzymes, so called
“cold-active enzymes,” show higher catalytic activity at
low and moderate temperatures, and lower thermostabil-
ity than enzymes from mesophilic and thermophilic
organisms (1–3). Cold-active enzymes have generated
considerable interest, since they have potential as to
improvement of the efficiency of industrial processes (4,
5). Accumulation of fundamental information on the rela-
tionship between structure and function will facilitate
application of these cold-active enzymes.

The enzymatical characteristics of cold-active enzymes
may be attributed to their flexible structures (6). The
three-dimensional structures of several cold-active
enzymes have been determined using the molecular mod-
eling method (7–9) and X-ray crystallography (10, 11),
and the structural features leading to the high flexibility
have been speculated to be as follows: (i) reduced num-
bers of hydrogen bonds, salt bridges, isoleucine clusters
and proline residues in loop regions; (ii) a low Arg/(Arg +

cine and serine residues close to their catalytic sites.
Thermodynamic studies on thermal unfolding of the cold-
active phosphoglycerate kinase of a psychrophile, Pseu-
domonas sp. TACII18, revealed that the cold-active
enzyme is composed of heat-labile and heat-stable
domains, these domains being involved in catalytic reac-
tions and substrate-binding of this enzyme, respectively
(12). Based on this observation, Lonhienne et al. pro-
posed the notion of “local flexibility/rigidity,” i.e. that
acquisition of the flexible regions essential for the cata-
lytic reaction and the rigid regions is important for
increases in kcat at low temperature (13). The detailed
structural features leading to high catalytic activity at
low temperature remained to be determined.

We isolated a CAPTPase from a psychrophile, Shewa-
nella sp. (14). This enzyme showed high catalytic activity
at low temperature and activation enthalpy below 20°C,
which is much lower than that at intermediate tempera-
tures above 20°C (15). PTPases, in general, contain an
evolutionarily conserved segment of approximately 250
amino acid residues including the catalytic domain (16).
Within this domain, there is a signature motif (His-Cys-
Xaa-Ala-Gly-Arg, where Xaa indicates any amino acid).
Mutational and chemical modifications have indicated
that the invariant cysteine residue in this motif is essen-
tial for enzyme activity (16). The cysteine residue forms a
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covalent bond to phosphate derived from the substrate as

an intermediate in the catalytic reaction. The catalytic
residue of the CAPTPase is histidine (17), and the
enzyme protein has the three amino acid segments, Asp-
Xaa-His, Gly-Asp-Xaa-Xaa-Asp-Arg and Gly-Asn-His-
Asp/Glu (18), that are called the “phopshoesterase motif”
and are observed in the PS/TPases of bacteriophage λ [λ
PS/TPase] (19), rabbit muscle (20), and so on. Site-
directed mutagenesis of histidine residues of the CAPT-
Pase conserved in PS/TPases suggested that His150
serves as a general acid catalyst (21). The CAPTPase is a
novel PTPase with the amino acid residues conserved in
PS/TPases.

The flexibility needed for an efficient catalytic reaction
at low temperature may be localized around the struc-
ture containing this histidine residue. We determined the
three-dimensional structures of the CAPTPase and the
phosphate (Pi)-bound enzyme using X-ray crystallogra-
phy. The novelty and the structural features leading to
the flexibility are discussed.

EXPERIMENTAL PROCEDURES

Protein Expression, Purification, and Crystallization—
The gene of CAPTPase (15) was inserted between the
NcoI and XhoI restriction sites of plasmid pET22b. E. coli
AD494(DE3) was transformed with the resultant plas-
mid, pTRCPTP, to express the recombinant CAPTPase
(15). The enzyme was purified as reported (15), i.e. by two
step column chromatography on a Q-Sepharose FF col-
umn with a linear gradient of 0 to 0.3 M NaCl, followed
by a hydroxylapatite column with stepwise elution with
150 mM sodium phosphate.

The hanging-drop vapor diffusion method (22) was
used for crystallization. Crystals were grown in a drop of
a protein solution (4.5 mg/ml) mixed with an equal
volume of 0.1 M Tris-HCl buffer (pH 8.5) containing 30%
(w/v) polyethyleneglycol 4000 as a precipitant and 0.2 M
ammonium acetate as a salt, i.e. by a modification of the
reported conditions (23). Crystals grew in one week at

4°C to reach 0.4 mm × 0.2 mm × 0.2 mm and had an octa-
hedral shape (23).

Data Collection—An X-ray diffraction data set for a
native crystal was collected to 1.82 Å resolution at 103 K
with CuKα radiation generated by a MAC Science
M18XHF rotating anode generator on a Bruker HI-STAR
multiwire area detector (23). The cell parameters and
space group were determined to be P212121 with a = 56.4
Å, b = 76.8 Å, c = 81.0 Å, and α = β = γ = 90°. There is one
molecule in an asymmetric unit, and approximately
46.2% of the crystal volume is occupied by solvent (23).
The data sets for crystals soaked in 1 mM merysalyl acid,
2 mM sodium tungstate and 2 mM cadmium chloride
were collected to 3.00, 2.67 and 2.51 Å, respectively. The
data set for a crystal soaked in 0.1 M sodium phosphate
buffer (pH 6.0) containing 30% (w/v) polyethyleneglycol
4000 and 0.2 M ammonium acetate was collected to 1.90
Å at 103 K. All data were processed and scaled using the
program SAINT (Bruker).

Structure Determination and Refinement—The struc-
ture of the CAPTPase was determined using the MIR
method and three isomorphous data sets plus the anoma-
lous contribution of merysalyl acid (Table 1). Data scaling
and map calculations were performed using the Phase 97
program package (24). The difference Patterson map cal-
culations for merysalyl acid, sodium tungstate and cad-
mium chloride using data from 25–3.0 Å resolution
allowed a clear interpretation of one heavy-atom site.
Refinement of the heavy atom parameters and calcula-
tions of the initial phases were performed using with the
program PHASIT (25). The resulting MIR map has a
mean figure-of-merit of 0.546 at a resolution of 15 to 3.2
Å. The map was significantly improved by means of the
solvent flattening process (25). The mean figure-of-merit
reached 0.823 in the same resolution range. The initial
model of the CAPTPase was built on the basis of the
amino acid sequence and the solvent flattened MIR map
using the program TURBO-FRODO (Architecture et
Function des Macromolécules Biologiques-CNRS, Mar-
seille, France) on an OCTANE computer (Silicon Graph-
ics). For refinement of the protein model, the CNS pack-

Table 1. Summary of phasing statistics.

aRsym = Σ | I – <I> | / Σ <I>, where I is the observed intensity of reflections. bRcullis = Σ || FPH | –
| FP ± FH(calc) || / Σ | FPH – FP |, cRkraut = Σ || Fderivative | – | Fnative + FH(calc) || / Σ | Fderivative |,
where FPH, FP and FH(calc) are the structural factor amplitudes for derivative, native and heavy
atoms. dValues in parentheses were obtained from the anomalous contribution.

Heavy atom Sodium tungstate Merysalyl acid Cadmium chloride
Data collection

Wavelength (Å) 1.54 1.54 1.54
Resolution (Å) 2.67 3.0 2.51
Observed reflections 31,667 22,810 51,789
Unique reflections 9,869 7,495 12,109
Completeness (%) 91.0 96.9 94.8
Rsym (%)a 6.3 10.0 13.2
Redundancy 0.03 0.03 0.04

Phasing statistics
Heavy atom sites 1 1 1
Rcullis

b 0.52 0.63 0.72
Rkraut

c 0.05 0.10 (0.14)d 0.09
Phasing power 1.93 1.24 (0.69)d 0.59
Mean figure-of-merit 0.823
J. Biochem.

http://jb.oxfordjournals.org/


Crystal Structure of Cold-Active Protein-Tyrosine Phosphatase 71

 at Peking U
niversity on Septem

ber 29, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

age (26) was used. Rigid body refinement with the data
between 15 and 4.0 Å resolution led to a decrease in the
R-factor to 0.448. Refinement by stimulated annealing
with molecular dynamics using a slow-cooling protocol
from 3,000 K to 300 K yielded R-factor = 0.296. Several
rounds of positional refinement and B-factor refinement,
followed by manual model building, were carried out to
try to improve the model. Water molecules were incorpo-
rated where the difference density had values of over 2.5
σ above the mean and the 2|Fo| – |Fc| map showed a
density of more than 1 σ. When the crystal structure of
the Pi-bound enzyme was determined, the refined model
of the native CAPTPase was used as an initial model. The
models were evaluated using PROCHECK (27). The fig-
ures in this paper were obtained using RASTER 3D (28),
MOLSCRIPT (29), BOBSCRIPT (30), and GRASP (31).

Protein Data Bank Entry—The atomic coordinates of
the CAPTPase have been deposited in the Protein Data
Bank as entry 1V73.

RESULTS AND DISCUSSION

Quality of Model—The final model of the native CAPT-
Pase comprised 331 amino acid residues, two metal ions,
an acetate ion, and 447 water molecules in an asymmet-
ric unit. The locations of the N-terminal five and C-termi-
nal six amino acid residues were not included due to
weak electron densities, and these residues were
assumed to be disordered in the crystal structure. In the
final model of the Pi-bound enzyme, one phosphate ion
was bound near the position of the acetate ion in the
native CAPTPase. The relevant refinement statistics are
given in Table 2. The R- and Rfree-factors of the final mod-
els were 0.178 and 0.226 for the native CAPTPase, and
0.183 and 0.235 for the Pi-bound CAPTPase, respectively.
The r.m.s. deviation from ideality was 0.005 Å for bond

lengths and 1.3° for bond angles. From a Luzzati plot
(32), the mean absolute positional error was estimated to
be 0.19 Å for the native CAPTPase and 0.21 Å for the Pi-
bound CAPTPase, respectively. A Ramachandran plot
(33) of the main-chain conformation angles of the native
CAPTPase showed good geometry with 88.1% in the most
favored region and 10.5% in the allowed region. Residues
Asp117, Arg118, Asn201 and His286 lay outside the
allowed regions. Asn201 lay within the ε region on the
plot. This residue was located in the short hairpin turn
structure consisting of four amino acid residues (Ile200–
Val203). It is known that the second amino acid residue
in this turn lies within the ε region due to the bond angle
(34). There was one cis-peptide bond in the structure
between Pro11 and Tyr12. The average B-factors of the
native CAPTPase were calculated to be 11.7, 4.86, 24.2,
and 21.8 Å2 for protein, metal, acetate ion, and solvent
atoms, respectively. And the value of the phosphate ion in
Pi-bound CAPTPase was 18.1 Å2.

The Overall Structure and Molecular Surface of CAPT-
Pase—The CAPTPase molecule formed an ellipsoidal
structure with dimensions of 47 Å × 46 Å × 52 Å. The
enzyme protein was constructed of three β-sheets termed
Sheet I, Sheet I′, and Sheet II, and 14 α-helices (Figs. 1
and 2). Sheet I′, which consisted of three anti-parallel β-
strands, β1, β2 and β3, formed a small subdomain con-
nected by a long loop containing αA, in the N-terminus.
Sheet I comprised three parallel β-strands, β4, β5 and β6,
and three anti-parallel β-strands, β12, β13 and β14. The
parallel β-strands (β4–β6) formed a βαβαβ substructure
with αB and αC. The residual five β-strands (β7–β11)
formed Sheet II located in the face of Sheet I. Thirteen of
the α-helices, the exception being for αA, surrounding
Sheets I and II, could be separated into three-helix- (αB,
αC and αN), four-helix- (αD–αG), and six-helix-bundles
(αH–αM). The three-helix- and six-helix-bundles were

Table 2. Refinement statistics.

aR-factor = Σ || Fobs | – | Fcalc || / Σ | Fobs |. bAn Rfree-factor test set of 10% of the total reflec-
tions was used. cR.M.S.D., root mean square deviation. dRamachandran geometry was moni-
tored using PROCHECK (27). eValues in parentheses are the highest resolution shell.

Native CAPTPase Pi-bound CAPTPase
Resolution range used (Å) 15–1.82 (1.88–1.82)e 15–1.9 (1.97–1.90)e

Number of reflections 27,394 (1,592)e 23,327 (1,275)e

Completeness (%) 85.0 (50.1)e 82.4 (45.9)e

R-factor (%)a 17.8 (19.4)e 18.3 (24.7)e

Rfree-factor (%)b 22.6 (24.4)e 23.5 (29.7)e

Average B-factors (Å)
Overall 13.1 15.6
Protein 11.7 14.7
Waters 21.8 24.9
Metal ions 4.86 0.81
Acetate ion 24.2 –
Phosphate ion – 18.1

R.M.S.D.c bond length (Å) 0.005 0.005
R.M.S.D.c bond angle (°) 1.3 1.3
Ramachandran geometryd

Most favored (%) 88.1 88.1
Allowed (%) 10.5 10.5
Generously allowed (%) 0.3 0.3
Disallowed (%) 1.0 1.0
cis-peptide 1 1
Vol. 137, No. 1, 2005
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flanked over the opposite side of Sheets I and II, respec-
tively. The four-helix-bundle was located in the space sur-
rounding the other two bundles and Sheet I′.

A narrow groove, ~30 Å long and ~5–8 Å wide, lay
along the surface of CAPTPase (Fig. 3). The |Fo| – |Fc|
electron density map of Pi-bound CAPTPase calculated
by removing the phosphate ion and the two metal ions
(Fig. 4A) indicated that the two metal ions, the phosphate
ion, and one solvent molecule were located in the deepest
part of the groove. Although the species of the two metal
ions could not be determined from the electron density
map at 1.82 Å, the activity of the enzyme from which the
metal ions had been removed increased remarkably in
the presence of Mg2+ and Ca2+ ions, and slightly with
Mn2+ ions (14). These findings indicated that Mg2+, Ca2+,
and/or Mn2+ ions coordinated at the catalytic site. The
presence of the phosphate ion suggested that the groove
housed the catalytic site.

Comparison of the Overall Structures of CAPTPase,
and Other PTPases and PS/TPases—CAPTPase can
dephosphorylate phosphotyrosine, but not phosphoserine
or phosphothreonine in proteins (14). To date, the crystal

structures of several PTPases including human PTP1B
(35), human SHP-2 (36), bovine low molecular weight
PTPase (37), and yersinia PTPase (38) have been deter-
mined, and all PTPases have a highly twisted β-sheet
structure. In the case of yersinia PTPase, the crystal
structure (Fig. 1B) is composed of a single domain, with
the polypeptide chain organized into 9 α-helices and 7 β-
strands (38). The 7-stranded β-sheet that spans the
entire length of the molecule adopts a highly twisted con-
formation. Moreover, cysteine as the catalytic residue of
yersinia PTPase is located in the active center neighbor-
ing this β-sheet (38). CAPTPase does not have the twisted
β-sheet, suggesting that CAPTPase has a different struc-
ture from known PTPases.

The catalytic residue of CAPTPase is histidine (17),
and CAPTPase has the amino acid residues conserved in
PS/TPases (18) (Fig. 2B). With regard to PS/TPases, the
crystal structures of human protein phosphatase-1 (39,
40), human calcineulin (41), and λPS/TPase (42) have
been reported. These data provided evidence that PS/
TPases have a βαβαβ substructure and the following α-
helix as a common structural feature, and the conserved

Fig. 1. The overall structures of
CAPTPase, and other PTPase and
PS/TPase. (A) The overall structure
of native CAPTPase is shown as a
stereo representation. Spheres repre-
sent metal ions. (B) and (C) show the
overall structures of yersinia PTPase
and λPS/TPase, respectively. α-Heli-
ces and β-strands are represented by
cylinders and arrows, respectively.
J. Biochem.
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amino acid residues, the phosphoesterase motif, in the
substructure forms part of the catalytic site of PS/TPases.
λPS/TPase is the smallest molecule among PS/TPases
with the common substructure (42). As shown in Fig. 1C,
the overall structure of λPS/TPase (35) comprises two β-
sheets (4- and 6-stranded), and 6 long and 4 short α-heli-
ces. Three β-strands in the 4-stranded β-sheet form the
βαβαβ substructure with 2 α-helices. CAPTPase has the
substructure (β4, αB, β5, αC, and β6) and the following α-
helix (αD) (Fig. 1A), and the conserved amino acid resi-
dues are positioned at the C-termini of β4 (residues

Asp78 and His80) and β5 (residues Gly113, Asp114 and
Asp117), and in αD (residues Gly148, Asn149, His150
and Gln151) (Fig. 2). Accordingly, CAPTPase has a struc-
ture common to PS/TPases but not PTPases, although the
overall structure is not similar to that of λPS/TPase.

Catalytic Site of CAPTPase—The catalytic site of CAP-
TPase was formed by the two metal ions, residues Asp78,
His80, Asp114, Asp117 and Asn149 from the βαβαβ sub-
structure, residue His150 from αD, and residues His207
and His286 located in the loops at the C-termini of β8 and
β9, respectively (Fig. 4A). Each of the metal ions in the
native CAPTPase was coordinated by six ligands in a tet-
rahedral bipyramidal arrangement (M1) and by five lig-
ands in a pentahedral arrangement (M2), respectively. In
Pi-bound CAPTPase, however, both metal ions had tetra-
hedral bipyramidal coordination with six ligands. The
distances among amino acid residues, metal ions, and
acetate or phosphate ions in the catalytic sites of the
native and Pi-bound CAPTPases are summarized in
Table 3. In the case of native CAPTPase, M1 was coordi-
nated by His80 Nε2, a single carboxylate oxygen atom of
Asp78, an oxygen atom of the acetate ion, and two water
molecules (Wat1 and Wat2). The uncoordinated side
chain oxygen atom of Asp78 was hydrogen bonded to
His286 N. M2 was coordinated by His207 Nε2, His286
Nδ1, Asn149 O, and Wat1. Asp114 Oδ1 was coordinated
to both metal atoms with its uncoordinated side chain
oxygen atom (Oδ2) hydrogen bonded to His150 N. M1 and
M2 in Pi-bound CAPTPase were coordinated to the phos-
phate O1 located at the position of Wat1 O in the native
CAPTPase.

As shown in Fig. 4B, the arrangement of the seven
amino acid residues (Asp78, His80, Asp114, Asn149,
His150, His207 and His286), metal ions and a phosphate

Fig. 2. Secondary structure diagram (A) and the conserved
amino acid residues (B) of CAPTPase. (A) α-Helices and β-
strands are represented by boxes and arrows, respectively. Num-
bers indicate the residue numbers at the beginning and end of the
respective secondary structures. Circles and squares represent the
residues (His150 and Asp117) essential for the catalysis and those
involved in the binding of metal ions, respectively. (B) Each amino
acid is shown in a one-letter code. The numbers above the align-
ments correspond to the amino acid numbers for the N-terminus of
CAPTPase expressed in E. coli. Asterisks indicate amino acids iden-
tical in all phosphatases. Dark and light grey represent α-helix D,
and β-strands 4, 5, and 6 of CAPTPase, respectively. CAPTPase,
cold-active protein-tyrosine phosphtase (18); lamPPase, bacteri-
ophage λ protein-phosphatase (19); Prp A and PrpB, E. coli phos-
phoprotein phosphatases (38); PyPP1, P. abyssi protein-serine/thre-
onine phosphatase (39); PP1arch, S. solfataricus protein-serine/
threonine phosphatase (40); PPZ, S. cerevisiae phosphoprotein
phosphatase PP-Z1 (41).

Table 3. Distances among protein ligands, acetic acid/phos-
phate ions and metal ions.

Distance (Å)
Native 
CAPTPase

Pi-bound 
CAPTPase

M1–M2 3.4 3.5
M1–Asp78 Oδ1 2.0 2.0
M1–His80 Nε2 2.1 2.1
M1–Asp114 Oδ1 2.2 2.1
M1–Wat1 O 2.1 –
M1–Wat2 O 2.2 2.1
M2–Asn149 Nδ2 2.0 2.0
M2–His207 Nε2 2.0 2.0
M2–His286 Nδ1 2.2 2.2
M2–Asp114 Oδ1 2.4 2.4
M2– Wat1 O 2.1 –
Acetate O1–M1 2.7 –
Acetate O1–Arg118 Nγ2 2.9 –
Acetate O2–Arg258 Nγ1 2.8 –
Phosphate O1–M1 – 2.0
Phosphate O1–M2 – 2.2
Phosphate O2–M2 – 3.0
Phosphate O2–Asn149 Oδ1 – 2.8
Phosphate O2–His150 Nε2 – 2.8
Phosphate O3–M1 – 3.3
Phosphate O3–Arg118 Nγ1 – 2.8
Phosphate O4–Arg258 Nγ1 – 2.7
Vol. 137, No. 1, 2005
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ion in the Pi-bound CAPTPase molecule was identical to
that of the corresponding residues, metal ions and a sul-
fate ion in the λPS/TPase molecule. The r.m.s.d. for 50 Cα

atoms of amino acids including the seven conserved resi-
dues, phosphorus atom, and metal atoms is 0.58 Å. Also,

Asp117, Arg118 and His286, which were located in the
catalytic site of CAPTPase, lay outside the allowed
regions on the Ramachandran plot. The corresponding
three residues in λPS/TPase also lie within the disal-
lowed region on the plot. Therefore, CAPTPase is a novel

Fig. 3. Moleculer surface of
CAPTPase. The right-hand view
shows the left-hand view ro-
tated by 180°. Metal ions in the
catalytic site are shown in red.
The aromatic and hydrophobic
residues on the surface of CAP-
TPase are colored yellow and
green, respectively.

Fig. 4. Stereoviews of the cata-
lytic site of Pi-bound CAPTPase.
(A) The side chains of the residues
essential for the catalytic reaction
and metal binding are represented
on the main chain. Large spheres
indicate metal ions. An |Fo| – |Fc|
omit map around the phosphate and
metal ions is plotted at +1.5σ. (B)
The main chains and side chains of
the amino acid residues, phosphate/
sulfate ions, and metal ions, which
are located at the catalytic sites of
Pi-bound CAPTPase and λPS/TPase,
are shown in black and grey, respec-
tively, as a stereo representation.
J. Biochem.
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PTPase with a conformation similar to the catalytic site
of PS/TPases.

Substrate Specificity—Since Pi-bound CAPTPase and
λPS/TPase had identical catalytic site structures (Fig.
4B), dephosphorylation of the respective substrates
might also proceed through similar mechanisms. CAPT-
Pase, however, could dephosphorylate phosphotyrosine
residues but not phosphoserine or phosphothreonine
ones (14). Tyrosine exhibits a different size and hydro-
phobicity of the side chain from serine and threonine,
suggesting that CAPTPase possesses structural features
that preferentially recognize tyrosine. As shown in Fig.
4B, in the region neighboring the catalytic site, probably
the substrate-binding site of this enzyme, the phenyl ring
of Tyr161 was located, whereas Asn96 was located at the
corresponding position in λPS/TPase (42). This suggested
that the phenyl ring of Tyr161 plays a key role in the sub-
strate-recognition of CAPTPase. Furthermore, the groove
adjacent to the catalytic site is formed by αI and the loop
connecting αK and αL on one side, and by αD on the
other side. On the wall, the side chains of the aromatic
amino acid residues, Phe249, Phe250, and Trp256, were
distributed. The groove in the PS/TPase molecule may
contain the substrate binding site (43), and the major
constituents of the wall are the side chains of hydropho-
bic amino acid residues. Differences in the types of amino

acid residues constituting the wall of the groove may
reflect differences in the recognized substrate polypep-
tides between CAPTPase and λPS/TPase.

Speculation of Structural Properties for Eliciting High
Activity at Low Temperature—Our view is that the flexi-
bility that could account for the high catalytic activity of
CAPTPase at low temperature is localized around the
structure containing amino acid residues essential for
the catalysis. The catalytic site of CAPTPase is mainly
constructed through hydrophobic interaction. In partic-
ular, CAPTPase possesses distinctive feature(s) in the
conformation around the catalytic residue, His150. In the
loop between β6 and αD, the side chain of Met147 in cold-
active PTPase is located in the surrounding space with
the side chains of hydrophobic amino acid residues
including Leu155, Leu191, and Val232 in the range of ~5
Å (Fig. 5A). In contrast, in the corresponding loop of λPS/
TPase (42), the leucine and glycine residues are con-
served, but the arginine residue Arg73 is located at the
position of Met147 in CAPTPase (Fig. 2B). As shown in
Fig. 5B, the nitrogen atoms of Arg73 form five hydrogen
bonds to the oxygen atoms in the side chains of the sur-
rounding residues, Arg73 Nγ1 to Gln78 Oε1, Arg73 Nγ1 to
Asp120 Oδ1, Arg73 Nγ2 to Asp120 O, and Arg73 Nγ2 and
Nε to Leu122 O (35). In general, a hydrophobic interac-
tion is relatively weaker than a combination of hydrogen

Fig. 5. Stereoviews of the loop structures
located behind the catalytic sites of
CAPTPase and λPS/TPase. (A) The struc-
ture around αD (dark grey) of CAPTPase is
shown with the side chains of Met147,
Leu155, Leu191 and Val232 (light grey), and
His150 (black). (B) The structure of λPS/
TPase is shown with the side chains of Gln78,
Asp120, Leu122, Arg73 and His76 (black).
The latter histidine residue corresponds to
His150 in CAPTPase. Spheres are metal ions
in CAPTPase and λPS/TPase.
Vol. 137, No. 1, 2005
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bonds (44). Therefore, maintenance of the conformation
of the catalytic site through the hydrophobic interaction
mediated by Met147 could be one factor accounting for
the flexibility of the loop before αD, which may provide
the motility with a particular direction to αD containing
His150 at low temperature. The details of the mecha-
nisms involved in elicitation of high catalytic activity at
low temperature will be revealed on determination of the
crystal structure of the CAPTPase-substrate complex,
and mutation of the residues essential for the flexibility
of the PTPase has to be performed.

This study was supported in part by a Grant from the Japan
Foundation for Applied Enzymology.
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