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The catalytic triad consisting of His57, Asp102 and Ser195, which is completely conserved within the chy-
motrypsin-like serine protease family, plays a central role in catalysis. Highly conserved Ala55 also likely plays
an important role in catalysis due to its location just behind the catalytic triad. The only exception to the con-
served AlaS5 in mammalian serine proteases is Val55 in bovine protein C. Interestingly, it has been demonstrated
that the replacement of Ala55 with Thr results in the reduced activity of plasmin in patients with venous throm-
bosis and with retinochoroidal vascular disorders, which indicates the importance of Ala55 in catalysis. In the
present study, we constructed a bovine protein C model which shows that ValS5 causes no serious rearrangement
of the catalytic site structure. We also constructed an AS5T variant model of trypsin for comparison. The A55T
substitution alters His57 into an inactive conformation, forming an unusual hydrogen bond between Thr55 Oyt
and His57 Ne2. The present study shows that the Ala/Val55 residue contributes heavily to the active conforma-
tion of His57 and enables His57 to accept a proton from Ser195 O effectively.
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In the chymotrypsin-like serine protease family, the com-
pletely conserved catalytic triad consisting of His57, Asp102
and Ser195 (Fig. 1, chymotrypsinogen numbering is used in
the present paper) plays a central role in catalysis. The cat-
alytic roles of these residues have been well established by
experimental' ™ and theoretical®® evidence. Serine pro-
teases catalyze the hydrolysis of amides and esters by nucle-
ophilic attacks on the carbonyl carbon of the scissile bond by
the hydroxyl group of Ser195. His57 acts as a catalytic base
which enhances the nucleophilicity of Ser195 and assists
proton transfer from the serine hydroxyl to the substrate leav-
ing group. Aspl02 O atoms (061 and O62) stabilize the
side-chain conformation of His57 that is required for cataly-
sis by accepting hydrogen bonds from His57 N61.

Neighboring residues of the catalytic triad, such as Cys42,
Gly43, AlaS5, Cys58, Tyr/Phe/Trp94, Gly196, Gly197 and
Ser214, are also highly conserved in both the primary and
tertiary structures.”® These residues, together with the cat-
alytic triad, stabilize one another by intramolecular interac-
tions conserved in serine proteases, which maintain the ac-
tive conformation of the catalytic triad (Fig. 1). Among the
conserved neighboring residues, Ala55 seems to be very im-
portant for catalysis, because X-ray structures show that
Ala55 CpB is located just behind the catalytic His57 and
Asp102. Position 55 seems to always be a small Ala because
of its steric requirement. In sequenced mammalian serine
proteases, the serine protease domain of bovine protein C
(BOPC) is the only exception in which the conserved Ala55
is replaced with Val.” In other serine proteases which are
highly homologous to mammalian ones, Val55 is found only
in plaice trypsin.'” As for plaice trypsin, looking at the pri-
mary structures, Rypniewski et al.'" showed that it seems to
be difficult to accommodate a larger side chain without dis-
rupting the alignment of the catalytic residues or causing a
major rearrangement of the neighboring structure. No theo-
retical studies have ever been undertaken to investigate the
effect of Val55 upon the structure of the catalytic site by X-
ray analysis or modeling study.

Interestingly, it has been demonstrated that the reduced ac-
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tivity of human plasmin in patients with venous thrombosis
and with retinochoroidal vascular disorders results from re-
placing Ala55 with Thr in the serine protease domain.!*~'7
These show the importance of Ala55 in serine protease catal-
ysis. Previous experimental studies of A55T plasmin demon-
strated that the patients possess normal levels of plasminogen
antigen, and that its Michaelis constant is very similar to nor-
mal ones. In spite of these normal properties, A55T plasmin
has low activity on the synthetic substrates.'®'” These exper-
imental results indicate that the cause of the reduced activity
of ASST plasmin is localized in the catalytic site, whereas the
overall structure of AS5T plasmin is normal. Surprisingly, al-
though Val and Thr are not very different from each other in
size, BOPC is active, while A55T plasmin is not. It has been
considered that Ala is preferable at position 55 simply be-
cause of its small size, but these examples indicate that the
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Fig. 1. Schematic Representation of the Hydrogen Bonding Network in
the Catalytic Site of Bovine Trypsin

In bovine protein C, positions 54, 55 and 104 are Thr, Val and Ala, respectively. In
order to act as the catalytic base, His57 must conform to the following conditions: i)
monoprotonated His57 at optimum pH must be protonated at N&1, not N&2, and ii)
His57 must be stabilized in the conformation in which N&2 can accept a proton from
Ser195 Oy.
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role of the residue at position 55 is more important and com-
plex than earlier supposed.

In the present paper, we investigated the structural features
of the catalytic site of BOPC, and compared them with serine
proteases containing Ala at position 55 (Ala55 serine pro-
teases). Since the X-ray structure of BOPC is yet to be deter-
mined, we constructed its 3-D structure by the homology
modeling method. We also constructed an AS55T bovine
trypsin (A55T BOTR) model for comparison, and investi-
gated the effect of the AS5T substitution on the catalytic site
structure. The catalytic site of the models was evaluated
using molecular dynamics (MD) simulations. Our results
show that Val55 causes no serious rearrangement of the cat-
alytic site structure, while the A55T substitution alters His57
into an inactive conformation by the formation of an unusual
hydrogen bond between Thr55 Oy1 and His57 N&2.

Experimental

Molecular Modeling The models in the present paper were constructed
by the CHIMERA modeling system, a program which constructs 3-D pro-
tein structures by homology using more than one reference protein. The de-
tailed procedure of CHIMERA is described in our previous paper.2” The fol-
lowing X-ray structures were taken from the Brookhaven Protein Data
Bank®" (PDB) as reference structures: BOTR (PDB code 4PTP), bovine
chymotrypsin (SCHA), human neutrophil elastase (1HNE), the serine pro-
tease domain of human u-PA (1ILMW), the serine protease domain of human
o-thrombin (1PPB), the serine protease domain of human blood coagulation
factor Xa (IHCG), rat tonin (1TON), porcine kallikrein (2PKA), porcine
elastase (3EST), rat mast cell protease (3RP2) and trypsin from Strepto-
myces griseus (1SGT).

Prior to the BOPC and A55T BOTR models, in order to evaluate the accu-
racy of the model derived from CHIMERA, we constructed a BOTR model,
whose X-ray structure had been solved, using the X-ray structures of other
serine proteases as reference structures. The BOTR model was refined by
energy minimization with an AMBER united-atom force field” using the
program APRICOT?

The 3-D structure of BOPC was constructed using CHIMERA. In addi-
tion to the above-mentioned X-ray structures, a model structure of the serine
protease domain of human protein C (HUPC), which had been built in our
laboratory,2® was used as the reference structure. Because HUPC showed by
far the highest sequence identity to BOPC (77%) among the reference pro-
teins, the HUPC model was selected as the base structure for the BOPC
model. There was one four-residue deletion in the loop between 1’ and 2’ -
strands in the C-terminal domain (loop 1'-2") of BOPC in comparison with
the sequence of HUPC (Fig. 2). Therefore, the loop 1’2’ structure (residues
141—155) was taken from the X-ray structure of BOTR (4PTP) because the
number of residues in BOTR was equal to BOPC. After the main chain was
constructed, the side chains were substituted to obtain the correct amino acid
sequence of BOPC. The final structure derived from CHIMERA was refined
by energy minimization using APRICOT. The program PROCHECK? was
used to evaluate the stereochemical quality of the model.

The A55T BOTR model was constructed based on the X-ray structure of
BOTR (4PTP) by replacing Ala55 with Thr; it was energy minimized using
APRICOT. )

Molecular Dynamics Simulation in the Catalytic Region A cap of
TIP3P water molecules®® was placed 22 A from His57 Cel of the models.
First, the water molecules were energy minimized, then the whole system
was energy minimized. All residues which lie 15 A or more from His57 Cél
were fixed, while the residues within 15 A and the water molecules were al-
lowed to move during the course of MD simulation. The residues that con-
struct the active site were all allowed to move. The whole system was heated
from 0 to 300K for 10 ps, then a 190 ps simulation was performed. The sys-
tem was kept at 300K during the productive simulation by applying a tem-
perature coupling 7=0.1 ps. All calculations were carried out using APRI-
COT with an AMBER united-atom force field, a non-bonded cutoff of 124,
and a constant dielectric of 1. The SHAKE algorithm?” was applied to all
bonds involving hydrogen atoms. A time step of 0.002ps was used. Data
were collected every 0.5 ps.
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Fig. 2. Sequence Alignment of BOPC, HUPC and BOTR

Chymotrypsinogen numbering is indicated above the sequences. Residues marked
with asterisks are the catalytic triad and Ala/ValS5. Portions of the reference proteins
used to construct the BOPC model are indicated by bold letters.

Results and Discussion

Construction of the BOTR and BOPC Models We
compared the BOTR model constructed by CHIMERA with
the corresponding X-ray structure (PDB code 4PTP). The
root mean square deviations for superposition between the
main chain atoms in the model and those in the X-ray struc-
ture are 0.90A (all residues) and 0.50 A (residues lying
within 15 A of His57 Cel). The BOTR model was very simi-
lar to the X-ray structure, especially in the catalytic site re-
gion.

The BOPC model was constructed by CHIMERA accord-
ing to the sequence alignment shown in Fig. 2. To investigate
the preferred side chain conformation of Val55, we con-
structed three structures in which the values of the side-chain
x1 torsional angles of Val55 (N-Ca—-CB-Cyl) were 60°
(gauche™ conformation, g~), 180° (trans conformation, ¢)
and —60° (gauche® conformation, g*), respectively. Three
initial models were refined by energy minimization. The
overall structures of the three models are quite similar to one
another. The models have two domains containing a six-
stranded antiparallel fB-sheet each, similar to the reference
serine proteases. The models have three disulfide bridges
(Cys42—Cys58, Cys168-Cys182 and Cys191-Cys220), which
agrees with the experimental data. In the BOPC models, no
unfavorable contacts between the atoms and no unnatural
chiral centers are observed. The Ramachandran plot of the
main-chain torsional angles ¢—¢ of the BOPC models gener-
ated by PROCHECK show that all but one of the nonglycine
residues are in the most favored or allowed regions (Fig. 3).
The exception is Lys138, which is very close to the allowed
region. The @ angles are all trans-planar. In all three models,

NII-Electronic Library Service



September 1998

the hydrogen bonding pattern in the catalytic site is similar to
that in Ala55 serine proteases, and the catalytic triad is in the
active conformation (Fig. 4). Val55 appears to have no bad
effect on the catalytic site.

Evaluation of the BOTR and BOPC Models by Molec-
ular Dynamics Simulations We performed MD simula-
tions of three BOPC models to investigate whether the hy-
drogen bonding pattern in the catalytic site and the active
conformation of the catalytic residues are maintained. In ad-
dition to the BOPC models, we performed an MD simulation
of the BOTR model to evaluate the dynamic properties of the
catalytic site of the model derived from CHIMERA.

The dynamic properties of the hydrogen bonds in the cat-
alytic site are presented in Table 1. In the simulation of the
BOTR model, the orientation of the His57 side chain was
stably maintained. There was a 180° rotation of the side-
chain torsional angle ¥2 of Asp102 (Ca~CB-Cy-041). This
rotation did not distort the hydrogen bonding pattern in the
catalytic site, because two conformations of the side chain of
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Fig. 3. Ramachandran Plot of the Main Chain Torsional Angles ¢—¢ of
the BOPC Model

The ¢—¢ space is divided into four regions: most favored (A, B, L), additional al-
lowed (a, b, 1, p), generously allowed (~a, ~b, ~1, ~p), and disallowed. Glycines are
represented by triangles. The plot was generated using the program PROCHECK.
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Aspl02 derived from this rotation were structurally equiva-
lent, and Asp102 O61 and OO2 alternated in accepting the
hydrogen bonds from Ala56 N, His57 N and Ser214 Oy. All
but two of the hydrogen bonds in the catalytic site were sta-
bly maintained during the simulation. The exceptions were
the hydrogen bond between His57 Ne2 and Ser195 Oy, and
the hydrogen bond between Aspl02 O&1/002 and Ser214
Q. The former was lost; this hydrogen bond is thought to be
formed after the substrate is bound.?® The latter was effective
11.5% (between Aspl02 Od&1 and Ser214 Oy) and 54.5%
(between Aspl02 002 and Ser214 Oy) of the simulation
time. This hydrogen bond may not always be necessary for
catalysis, because S214A rat anionic trypsin is more active
than native ones.?” The result of the simulation of the BOTR
model presented in Table 1 was in good agreement with
those of whole unconstrained MD simulations of the X-ray
structures of BOTR?" and porcine pancreatic elastase,*” sug-
gesting that the catalytic sites of Ala55 serine proteases have
similar dynamic properties and that the catalytic region of
the model derived from CHIMERA is sufficiently accurate.
For BOPC, independent of the starting conformation, the
side chain of Val55 was only in the g* conformation during
the entire simulation (mean y1 values were —64.5° (starting
value was 60°), —65.6° (180°) and —66.0° (—60°)). The
backbone-dependent rotamer library’? shows that the g*
conformation is suitable for the backbone conformation of
position 55 in this model (mean values of ¢ and ¢ (¢, @)
were (—97.2°, 149.0°), (—98.1°, 159.6°) and (—90.8°,
156.4°)). Table 1 shows that the dynamic properties of the
catalytic site of the three simulations were similar to one an-
other. It also indicates that most of the dynamic properties of
the catalytic site of BOPC were similar to those of Ala55 ser-
ine protease. Only a few hydrogen bonds became a little un-
stable. For example, though the hydrogen bond between
Gly197 O and Val213 N was effective 97.7% of the time for
BOTR, it was effective 34.0%, 55.7% and 34.2% of the sim-
ulation time for BOPC, which may be due to the slight steric
hindrance between Val55 and the neighboring residues.
These hydrogen bonds, however, do not adversely affect the
active conformations of the catalytic residues. Accordingly,
the catalytic residues are maintained normally in BOPC.
A55T BOTR Model In order to investigate the cause of
the reduced activity of ASST plasmin, the X-ray structure of

Fig. 4. Stereoview of the Catalytic Site of the BOPC Model

The side chains of the catalytic triad and ValS5 are drawn with thicker lines. Val55 is in the g* conformation.
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Table 1. Hydrogen Bonds in the Catalytic Sites” of BOTR and BOPC
BOTR model BOPC model

Hydrogen bond partners o A . - Distance (A) Time (%)

istance (A) ime (%) 60°" 180° ~60° 60° 180° —60°
A56 N-D102 081¢ 2.88 79.7 2.87 2.83 2.82 41.7 90.7 98.0
H57 N-D102 061¢ 2.80 84.2 2.90 2.89 2.90 65.5 98.2 97.2
A56 N-D102 0629 291 15.0 2.80 — — 54.7 0 0
H57 N-D102 082¢ 2.82 15.5 2.97 — 3.38 35.0 0 0.2
H57 N§1-D102 0819 3.01 89.2 2.93 3.09 3.04 82.7 63.7 72.7
H57 N81-D102 062¢ 2.84 98.5 2.89 2.85 2.86 87.5 98.7 98.7
D102 08198214 Oy 291 1.5 — - 0 0 0
D102 0829-S214 Oy 291 54.5 2.80 2.84 2.88 8.2 63.2 36.2
H57 Ne2-S195 Oy 2.90 0.2 3.09 3.00 3.23 8.2 5.2 10.2
54" N-104" O 297 97.0 2.87 2.87 2.88 99.2 99.5 100
549 0-104" N 2.86 99.5 2.93 291 2.87 94.5 98.7 99.7
G43 0-54" 0y/0y1 2.87 93.2 2.91 2.96 2.95 87.0 58.5 91.2
G43 N-S1950 2.92 96.5 2.97 2.98 2.94 85.7 91.2 93.2
G196 N-V213 0 2.89 99.0 2.92 2.87 291 86.0 975 91.5
G197 O-V2I3 N 2.94 97.7 3.15 3.09 3.18 34.0 55.7 34.2

a) The hydrogen bonds in the catalytic site are schematically shown in Fig. 1.

b) The distances are average distances of snapshots where the interactions are characterized as

hydrogen bonds (2.4—3.4 A) during MD simulations. ¢) Times (%) are percentages of snapshots where the interactions are characterized as hydrogen bonds during MD simula-

tions. d) The starting y1 values of ValS5 in MD simulations of BOPC.

¢) When there are rotations of the ¥2 angle of Asp102, Asp102 Q41 and 082 alternate in accepting the

hydrogen bonds from Ala56 N, His57 N, His57 N&1 and Ser214 Oy. /) Positions 54 and 104 are Ser and Met in BOTR, and Thr and Ala in BOPC, respectively.
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Fig. 5. Dynamic Properties of the Hydrogen Bonds of A55T BOTR in
MD Simulations

Small bars denote the formation of the hydrogen bonds between Thr55 Oyl and
His57 Ne2 (HBI1), between His57 N&1 and Aspl02 O81 (HB2) and between His57
N&1 and Asp102 082 (HB3). The starting ! values of Thr55 were 60° (A), 180° (B)
and —60° (C).

plasmin would be useful, but has not been solved. Therefore,
we constructed an AS5T BOTR model based on the X-ray
structure of BOTR to investigate the effect of replacing
AlaS5 with Thr upon the structure of the catalytic site. We
constructed three models, in which the y1 values of Thr55
(N-Ca—CB-0y1) were 60° (g7), 180° (¢) and —60° (g"),
and evaluated them using MD simulations. Independent of
the starting conformation, Thr55 was only in the g~ confor-
mation (mean Y1 values were 34.3° (starting value was 60°),
30.0° (180°) and 32.8° (—60°)), which is equivalent to the g*
conformation of Val55 in BOPC because of the definition of
the y1 angles. The backbone-dependent rotamer library*?
shows that the preferred side chain conformation of Thr is
strongly dependent on the backbone conformation, and the
g~ conformation is most suitable for the backbone conforma-
tion of position 55 in this model (mean values of ¢ and @ (9,
@) are (—71.2°, 155.3°), (—71.9°, 150.3°) and (—71.7°,

\ \

\ \

\ \

\ \
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Fig. 6. Stereoview of the Catalytic Triad and Ala/Thr55 in Normal BOTR
(Thin Line) and AS5T BOTR (Thick Line)

Thr55 Oy1, His57 N&1, His57 N2, Aspl02 O& atoms and Ser195 Oy are stressed
with bold lines in each structure. The hydrogen bonds are drawn with dotted lines. The
hydrogen atoms (Thr55 HOy 1, His57 HN! and Ser195 HO &) are shown.

153.5°)). The most remarkable feature of A55T BOTR is an
unusual conformation of the His57 side chain due to the
AS55T substitution (Figs. 5, 6). Thr55 Oyl and His57 Né&2
electrostatically interact with one another through Thr55
HO¥1, forming a new hydrogen bond, though this hydrogen
bond is out of the His57 imidazole plane at mean angles of
88.4°, 84.7° and 88.2°. It is never formed in Ala55 serine
proteases and BOPC, because the side chain of Ala/Val5$5 in-
cludes no hetero atoms that can be a hydrogen bond donor to
His57 N&2. The normal hydrogen bonds between His57 NJ1
and Aspl02 OJ atoms were also maintained stably, and,
therefore, His57 NO1 and Ng2 were hydrogen bonded to
both Asp102 OJ atoms and Thr55 Oy1, respectively. His57
Neg2 retreats from Ser195 Oy to accept the hydrogen bond
from Thr55 Oy1. Table 2 shows that the dynamic properties
of the hydrogen bonds in the catalytic site of three MD simu-
lations were similar to one another. Although the hydrogen
bond between Gly43 O and Ser54 Oy was effective 93.2% of
the simulation time for BOTR (Table 1), it was effective
66.2%, 68.5% and 52.7% of the time for AS5T BOTR. This
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Table 2. Hydrogen Bonds in the Catalytic Site” of AS5T BOTR Table 3. Hydrogen Bonds in the Catalytic Site” of BOPC-X
AS5S5T BOTR model BOPC-X model

Hydrogen bond partners Distance (A)? Time (%)° Hydrogen bond partners Distance (A)” Time (%)°

60°" 180° —60° 60°  180° —60° —60°% -~60°
AS56 N-D102 0619 274 282 278 96.5 332 80.5 AS56 N-D102 051¢ 272 39.2
H57 N-D102 0519 293 297 290 96.2 41.5 81.7 H57 N-D102 0619 2,97 34.5
A56 N-D102 0829 2.89 275 2.70 22 655 18.0 A56 N-D102 082° 2.78 59.0
H57 N-D102 0829 333 294 2.88 1.2 63.7 172 H57 N-D102 0629 2.96 53.0
H57N§1-D102 0619 3.08 2.88 3.02 747 827 72.7 H57 N61-D102 0619 2.89 76.2
H57 N§1-D102 0629 2.77 297 2.80 99.2 782 96.0 H57 N81-D102 0829 2.92 79.2
D102 0619-S214 Oy — 288 292 0 35 02 D102 0619-S214 Oy 2.90 14.7
D102 0829-S214 Oy 285 277 283 357 150 287 D102 062°-S214 Oy 2.75 42
H57 Ne2-S195 Oy 326 3.19 3.2 07 07 22 H57 Ne2-S195 Oy 3.16 3.0
S54 N-M104 O 294 293 295 98.0 97.5 985 TS4 N-A104 O 2.98 97.5
S54 O-M104 N 287 284 285 99.5 100 100 T54 O-A104 N 2.85 100
G43 0-S54 Oy 297 297 297 66.2 68.5 52.7 G43 0-T54 Oyl 2.91 96.0
G43 N-S1950 295 297 3.00 940 92.0 83.2 G43 N-S1950 2.90 98.0
G196 N-V213 0 293 291 291 982 99.0 98.7 / GI96 N-V213 0 293 98.7
G197 O-V213 N 296 293 299 97.5 98.7 972 G197 O-V213 N 2.96 95.5

Definitions of a)—cj and e) are the same as those in Table 1. d) The starting 1
values of Thr55 in MD simulations.

is probably due to the hindrance caused by the ASST substi-
tution.

Effect of Val55 and Thr55 on the Catalytic Site As de-
scribed above, the BOPC model shows that Val55 causes no
serious rearrangement of the catalytic site structure, while in
the case of AS5T BOTR, the unusual hydrogen bond between
Thr55 Ovy1 and His57 Né&2 due to the A55T substitution al-
ters His57 into the unusual conformation. In the catalytic
mechanism of normal serine proteases, the formation of the
strong hydrogen bond between Ser195 Oy and His57 Ne2 is
essential after the substrate binds, which enables His57 N&2
to accept a proton from Serl95 Oy as the catalytic base
(drawn with a thin line in Fig. 6). In the case of A55T BOTR,
however, it is difficult for His57 to accept a proton from
Ser195, because His57 Ng2 stably accepts a hydrogen bond
from Thr55 Oy1 and retreats from Ser195 Oy (drawn with a
thick line in Fig. 6). This indicates that His57 in AS55T
BOTR is unable to act as the catalytic base and to enhance
the nucleophilicity of Ser195. The studies of D102N rat
trypsin demonstrate that the inability of His57 to act as the
catalytic base reduces protease activity.'? Though the AS5T
plasmin model itself was not constructed, the cause of re-
duced activity of AS5T plasmin is probably the inability of
His57 to act as the catalytic base.

The X-ray structures of serine proteases, which are all
Ala55 serine proteases, show that the region where the pro-
ton transfer from Ser195 to His57 occurs is completely con-
served in both the primary and tertiary structures throughout
this family. Moreover, this region is stabilized by the hydro-
gen bonding network conserved in this family. In this region,
there are no hetero atom candidates for the hydrogen bond
donor to His57 Ng2 except Ser195 Oy, which probably en-
sures the proton transfer from Ser195 Oy to His57 Ne2 after
the substrate binds. In the case of BOPC, it is probable that
Val55 causes no serious rearrangement of the catalytic site
structure because the Val side chain has no hetero atoms to
cause disorder within the active conformation of the catalytic
residues. This indicates that BOPC which includes ValS5
works nearly as effectively as Ala55 serine proteases. In al-

Definitions of a}—c) and e) are the same as those in Table 1.
value of Val55 in MD simulation.

d) The starting 1

most all serine proteases, however, position 55 is Ala instead
of Val. Though the cause of the high conservation of Ala55 is
unknown at present, the exceptional Val55 shows that the
side chain at position 55 is not necessarily Ala because of the
fact that the essential side chains for catalysis, such as the
catalytic triad, are completely conserved without exception.
The side chains that do not inhibit the active conformation of
the catalytic residues are suitable for position 55. We also
constructed a model of plaice trypsin with Val55. Its catalytic
site was very similar to that of BOPC, and thus it may be ac-
tive for the same reason as BOPC.

Conclusion

In conclusion, the present study demonstrates that the
residue at position 55 provides an important contribution to
the active conformation of the catalytic residues. In the case
of the A55T variant, since His57 N&2 strongly accepts the
unusual hydrogen bond from Thr55 Oyl and retreats from
Ser195 Oy, His57 is unable to accept the serine hydroxyl
proton and to enhance the nucleophilicity of Ser195. The re-
duced activity of AS5T plasmin is probably caused by the in-
ability of His57 to act as the catalytic base. On the other
hand, in the case of Ala5S serine proteases and BOPC,
Ala/Val55 has no hetero atoms that can be a hydrogen bond
donor to His57 N&2, and, therefore, His57 is in the active
conformation and is able to accept a proton from Ser195 as
the catalytic base after the substrate is bound. The present
study will shed new light on the essential environment for the
catalysis of serine proteases.

Note In this article, the HUPC model was used as the
reference structure when we constructed the BOPC model.
Recently, the X-ray structure of HUPC has been deposited
with PDB (PDB code 1AUC). Therefore, we constructed an-
other BOPC model (BOPC-X model) following the same
method using the X-ray structure of HUPC instead of the
HUPC model as the reference structure for comparison. The
root mean square deviations for superposition between the
main chain atoms in the former BOPC and latter BOPC-X
models are 1.10 A (all residues) and 0.54 A (residues lying
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within 15 A of His57 Cel). Both models were quite similar
to each other, especially in the catalytic site region. We eval-
uated the catalytic site of the BOPC-X model using MD sim-
ulation. The starting conformation of Val55 was g*, because
the former BOPC model and the backbone-dependent ro-
tamer library®® showed that the preferred conformation for
Val55 was g*. As a result, the active conformation of the cat-
alytic site is maintained normally with the g* conformation
of Val55 (mean y! value was —67.5°) in the latter BOPC-X
model like in the former BOPC model (Table 3). That Val55
has no bad effect on the catalytic site is shown by the both
BOPC and BOPC-X models.
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