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Abstract

Crystal structure of the complex between porcine B-trypsin and the second domain of the Kazal-type ovomucoid turkey egg
white trypsin inhibitor (OMTKY?2) has been determined at 1.9A resolution. A peptide fragment from the first domain has been
crystallized with the complex. Restrained-refinement of the structure led to an R-factor of 0.19 for the 32206 reflections. OMTKY?2
exhibits the canonical Kazal-type fold with a central a-helix and a short two-stranded anti-parallel B-sheet. The carbonyl carbon of
the reactive site prefers trigonal geometry. The reactive site loop geometry of the inhibitor is complementary to the surface and

charge of the binding site in B-trypsin.
© 2003 Elsevier Inc. All rights reserved.
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The inhibitors of serine proteases have been grouped
into 18 different families [1] ranging from low to high
molecular weight [2]. Ovomucoids, the major glyco-
protein proteinase inhibitor from avian egg white such
as chicken, turkey, and golden pheasant have long been
known and have been widely studied. Based on their
inhibitory properties, ovomucoids from various birds
have been classified as single, double, and triple headed
inhibitors. Interestingly, inhibitors from closely related
birds were found to have different specificities.

Turkey egg white inhibitor is a double-headed in-
hibitor, where the second domain is specific for trypsin,
and the third domain for chymotrypsin and elastase.
The connecting peptide between the domains can easily
be hydrolysed and the resulting domains are indepen-
dently active. There is no evidence for noncovalent
interactions among these domains [3]. The Kazal-type
inhibitors consist of several domains, comprising char-
acteristic disulphide bridges and high structural
homology [4]. There are many inhibitors available in
nature showing variance in size and shape, but they
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possess the same specific orientation of the loop at the
binding site of the proteases [5]. It has been emphasized
that the binding site residue P, (nomenclature as de-
scribed by Schechter and Berger, [6]) plays a vital role in
inhibiting the enzyme and is responsible for up to 50%
of all contacts at the protein-inhibitor binding interface.
The residues located in this region from P; to P, exhibit
conserved conformation and interactions [7-9].

The reactive site of the inhibitor reacts with the active
site of the enzyme in a substrate-like manner. In each
case contact occurs over a small portion of the enzyme
and the inhibitor, but over this portion the fit is excellent
and numerous van der Waals interactions, hydrogen
bonds, and salt bridges are formed. In each case com-
plex formation occurs with relatively small conforma-
tional change and is predominantly a lock and key
interaction, although a small conformational adaptation
of the inhibitor does take place. In all the studies re-
ported on trypsin-inhibitor complexes, the interesting
feature was the geometry of C' atom of the reactive site
residue and in most cases it was concluded that this
atom prefers a tetrahedral geometry [3]. The crystal
structure of turkey egg white inhibitor is not known but
that of the third domain has been reported previously
[10]. The crystal structure of the second domain of this
ovomucoid inhibitor as trypsin complex (OTPT) has
been reported here. The crystal structures of the second
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and third domains (OMTKY3) have been compared to
understand their specificities.

Materials and methods

Ovomucoid turkey egg white trypsin inhibitor (TEWI), porcine -
trypsin, and the substrate benzoyl arginyl p-nitroanilide (BAPNA)
were purchased from Sigma Chemicals, USA. For the complex for-
mation, 20 mg trypsin and 40mg TEWI were dissolved in 500 pl of
10 mM acetate buffer, pH 5.3. The mixed sample was incubated for 1 h
at 10 °C. This solution was loaded onto a Sephadex G-200 gel filtration
column of size (1.5 x 50cm), which had been previously equilibrated
with the same buffer, with a flow rate of 1 ml/min. Three milliliters of
fractions were collected per tube. The fractions containing complex
were pooled after checking with UV (Cary) at 280 nm. The complexed
protein was assayed for activity using BAPNA and showed no activity.
Protein concentration of 22 mg/ml was used for crystallization.

Crystallization. Crystallization was achieved by the hanging drop
vapour diffusion method using 24-well tissue culture plates at 20 °C.
The hanging drop was prepared by mixing 4 ul protein and 2 pl res-
ervoir solution. The reservoir solution contained 1.5M ammonium
sulphate, 10mM zinc acetate, and 50 mM acetate buffer, pH 5.3. The
complexed protein crystallized in the P65 space group. All the solutions
used for crystallization were made in acetate buffer, pH 5.3.

X-ray data collection. X-ray data were collected on a single crystal
of size (0.2 x 0.5 x 0.9mm), mounted in 1 mm capillary tube, using
MARXDS image plate, at Indian Institute of Science, Bangalore, In-
dia. The data were reduced and scaled using DENZO [11]. The crystal
diffracted up to 1.9 A. The cell parameters and other details are listed
in Table 1.

Structure solution and refinement. The structure was solved (Fig. 1)
by molecular replacement method using the CNS package [12] and
ARP/WARP [13]. Porcine B-trypsin (BPT) was used as the model [14]
(PDB1QQU) for molecular replacement. The best solution from ro-
tation search was used for translation search in P6s space group, in
different resolution ranges. The solution obtained was satisfactory and
the rigid body refinement gave an R-factor of 0.37 and R-free 0.34 for
4.0-15.0A resolution. Further positional and isotropic temperature
factor refinement with CNS brought the R-factor down to 0.28 and
R-free to 0.33, for all the reflections. As the structure of the second
domain is unknown, ARP/WARP program version 6.0 was used for
building the inhibitor backbone. Every run of ARP/wWARP program
was followed by refinement using REFMACS5 [15]. Thus, the entire
inhibitor structure was built after several cycles. Sixty-two residues of
the inhibitor thus built were later mutated with the second domain
sequence of common turkey egg white ovomucoid inhibitor (NiceProt
View of Swiss-Prot: P01004) using O [16]. The mutated sequence fitted
the electron density very well (Fig. 2). Several cycles of model building
using 2F, — F. and F, — F, maps were done which was followed by
refinement. Apart from the second domain of the inhibitor a small
peptide fragment consisting of 7 residues was located adjacent to the
N-terminal of the inhibitor. The backbone density was at lo level,
while the entire side chain appeared at 0.5¢ level in the 2F, — F, map.
The sequence of the hepta peptide was assigned by the prediction al-
gorithm in O giving the C* coordinates. The prediction algorithm
identified a sequence in the third domain of the inhibitor (OMTKY 3).
However, several trials were made with many sequences available from
both the first and third domains of the inhibitor, which were cleaved
during complexation. Thus, 7 residues were fitted in the electron
density of the inhibitor by trial and error. The best fitting sequence was
identified to be in the N terminal region of the first domain from
residue 12 to 18 (Fig. 3).

Water molecules were located from F, — F; maps at 3¢ level and
refined using CNS. Some of the water molecules with high thermal
factors were removed in subsequent cycles of refinement. The 1/8th

Table 1
Data collection statistics

Crystal data

Space group P6s

Unit-cell parameters (A) a=>b=98.575,
C=73724 A
o= f=90.0°
y = 120.0°

Contents of asymmetric unit 1 B-trypsin

Data statistics

1 second domain of
the ovomucoid
turkey egg white
inhibitor

1 hepta peptide from
the first domain

Resolution limits (A) 80-1.9
No. of observations 189,883
No. of unique reflections 32,206
Completeness (%) 95.2 (92.8)
Multiplicity 3.24

Rmerge (0/0)

Refinement and model statistics

0.078 (0.461)

Resolution limits in refinement (A) 80.0-1.9
Number of protein non-H atoms 2171
No. of solvent molecules 128
No. of observed reflections (//a(I) > 0) 30831
Rcrysl (%) 019
Riree (%0)? 0.21
Average B-factor (A2)

Trypsin and inhibitor 34.1
Hepta peptide 78.5
R.m.s deviations from ideality

Bond lengths (A) 0.006
Bond angles (°) 1.236
Dihedral angle (°) 23.2
Ramachandran Map for the structure

Residues in most favoured regions in (%) 88.7

Residues in additional allowed regions (%)

11.3

Values in parentheses are for the highest resolution shell.

#Free R-factor was calculated using 5% data.

Omit maps were calculated in order to remove any model bias and the
stereochemistry for the final model was checked using PROCHECK
[17]. The final R-factor was 0.19 and R-free 0.21 for all the reflections.
There were no residues found in the disallowed region (Table 1). The
coordinates have been deposited in the protein data bank (PDBID:
IPWN and RCSBID: RCSB019642). The residues in the additionally
allowed regions of Ramachandran map are in general found in the
flexible loop regions of the protein.

Results and discussion
Inhibitor structure

Ovomucoid trypsin inhibitor is a 27 kDa glycoprotein
[18]; with three homologous domains, each approxi-
mately 60 residues long. The third domain is specific for
chymotrypsin and elastase, while the second domain is
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Fig. 1. Crystal structure of OTPT, generated with Pymol (DeLano,
W.L.) The hepta peptide is shown closer to the inhibitor structure. The
N-terminal of the OMTKY2 has assumed a helical conformation,
which is not seen in other Kazal-type inhibitor structures.

Fig. 2. F, — F, Electron density map showing the interface between
trypsin and inhibitor. Trypsin residues from 204 to 216 and the
inhibitor residues from 22 to 24 form a B-sheet at the interface. The
map is shown at 1o level.

specific for trypsin [3]. The following is the complete
sequence of common turkey egg white inhibitor (Nice-
Prot View of Swiss-Prot: P01004). The sequence of the
second domain, which binds to trypsin, is shown in bold.
The other two domains were not found in the electron
density suggesting cleavage by trypsin during crystalli-
zation. The hepta peptide sequence from the first do-
main that was located in the electron density has also
been highlighted.

VEVDCSRFPN TTNEEGKDVL VCTEDLRPIC
GTDGVTHSEC LLCAYNIEYG TNISKEHDGE
CREAVPMDCS RYPNTTSEEG KVMILCNKAL

NPVCGTDGVT YDNECVLCAH NLEQGTSVGK
KHDGECRKEL AAVSVDCSEY PKPACTLEYR
PLCGSDNKTY GNKCNFCNAV VESNGTLTLS
HFGKC

The sequences of the active site region from P, to P;
for the second and third domains show that only the P;
position is conserved between the domains.

P, P, P, P, P, P, P,
L C N K A L N — Second domain
A C T L E Y R — Third domain

The sequence alignment between these domains using
ClustalW shows 31% identity. Both the domains have
three-disulphide bridges in the same region of its struc-
ture and the reactive site residues of the domains are
buried into the binding pocket of the respective enzyme.
Out of the three-disulphide bridges two of them viz.
(Cys 6I-Cys 451 and Cys 23I-Cys 42I) are located in the
central a-helix region of the OMTKY?2 inhibitor. As the
peptide is cleaved at the N-terminal region of the in-
hibitor, this region exhibits relatively high thermal fac-
tors due to which the first two residues of the inhibitor
OMTKY?2 have only partial electron density. The third

Fig. 3. Stereo view of the hepta peptide with the fitted electron density (2F, — F. map). The electron density displayed covers all atoms including side

chain at 0.5¢ level.
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disulphide bridge is formed between the C-terminal
residue Cys 631 and Cys 311. All the disulphide bridges
are of length 2.02 A (+0.01).

The structure of the second domain reported here is
superimposable on the third domain, with an r.m.s de-
viation of 0.37 A, except for a 10 residue long extra loop
from 111 to 201 (Fig. 4), having an anti-parallel B-sheet
structure. The overall secondary structure of inhibitor
comprises two helical segments a central a-helix from
Glu 401 to GlIn 521, and in the N-terminal region a small
a-helix from Asp 51 to Tyr 91; an anti-parallel B-sheet in
the extra loop between Asn 11I-Thr 131 and Vall191-Ile
211, and a B-strand between Leu 22I—Cys 231. Apart
from this an anti-parallel B-sheet forms between Thr
371-Tyr 381, Val 30I-Gly 32I, and Lys 57I-His 591
These secondary structural elements interact apprecia-
bly to stabilize the intact structure of the OMTKY?2 and
the interactions are listed in Table 2.

Asn 241 which occupies P, position has a strong in-
teraction with OD1lof Asn 40I resulting in a compact
structure for the inhibitor. The residues from P, to P; of
both the inhibitor domains (i.e., OMTKY2 and OM-
TKY3) have similar interactions with the respective
enzymes, excepting for the reactive site residue (P;) in-
teractions of the inhibitors. The recognition site of the
second domain consists of three water molecules while
in the third domain there are five water molecules in this
region. In the case of chymotrypsin the binding pocket is
not completely occupied by the reactive site residue side
chain and hence more water molecules are required to
stabilize this pocket.

Protein—protein interaction

The extra loop in the present structure interacts with
Gln 175, LYS 224, TYR 217, TYR 20, and Lys 159 of
trypsin and stabilizes it. Gln 175 of trypsin has slightly
changed its orientation as compared to free trypsin
(PDB1QQU) to stabilize the position of the extra arm of

Fig. 4. Super position of C* trace of the second domain OMTKY?2
(black) and third domain OMTKY3 (grey) using INSIGHT II. The
extra loop missing in the third domain is in anti-parallel B-sheet
structure.

the inhibitor by this interaction. 16 out of 62 residues of
the inhibitor make 128 contacts (2.6-4.0 A) with trypsin.
Residues Lys 60, Ser 149, and Tyr 217 of trypsin found
in loop regions interact with the inhibitor through both
main chain and side chain interactions. Lys 251 (P;) and
Ala 261 (P}) have numerous contacts with trypsin in the
binding pocket and the active site of trypsin. Almost
50% of the interactions are through reactive site residue
as seen in other inhibitor complexes. The side chain of
Lys 251 (P)) is oriented in its expected position and oc-
cupies the specificity pocket by replacing water mole-
cules in the functional water network found in free
trypsin [19]. The NZ atom of Lys 251 interacts with OD1
and OD2 of Aspl89 (Fig. 5) of trypsin and one of the
interactions is mediated through conserved water (W37)
and is responsible for orienting the side chain of the
reactive site residue in the binding pocket. The water
molecule W37 in OTPT is well ordered and is hydrogen
bonded with the carbonyl oxygen of Gly 219. All the
other three-conserved water molecules (W33, W9, and
W2) found in this region have strong interactions with
neighbouring residues (Table 2). The non bonded dis-
tance between C’' of Lys 251 and Ser 195 OG is 2.70 A,
which falls in the short contact range and is comparable
to those observed in other trypsin-inhibitor complexes.

Cys 231 occupies the P; position in the inhibitor.
Bittergourd trypsin inhibitor (IMCT) [20], OMTKY3,
and OMTKY?2 are the only inhibitors having the same
residue at this site. P; interactions in these inhibitor
structures are similar and the carbonyl oxygen is hy-
drogen bonded to NH of Gly 216 of trypsin. OH---O
type of hydrogen bond was found between the hydroxyl
group of Tyr 217 of trypsin and Glu 50I. Some of the
important interactions are listed in Table 2. The tight
binding of the inhibitor with the enzyme explains its
complementary nature to the binding cleft of trypsin.
Several interactions in the interface of enzyme and in-
hibitor could explain the strong binding of inhibitor.
Either side of the reactive site residue is involved in
protein—protein interactions, e.g., Leu 22I-Cys 231 and
Gln 204-Gly 216 of trypsin form a B-sheet at the in-
terface, while on the other side of reactive site loop
NH---O and CH- - -O type of hydrogen bonds have been
observed. Some of the interactions in the interface are
listed in Table 2. The charge surface calculation was
done using SPDBV viewer [21]. The active site and
specificity pocket of trypsin are negatively charged and
the surface of the inhibitor is covered with positively
charged residues such as Asn 241, Lys 251, Asn 281 and
hydrophobic residues Ala 261, Leu 27I.

Reactive site geometry
It has been observed that all serine protease inhibitors

share similar conformation at the binding loop (P; to
P;), even though they have different inter scaffolding [7].
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Table 2
Some of the interactions between trypsin and inhibitor
10 B PRO CB 175 A GLN OE1
20 B MET SD 224 A TYS NZ
20 B MET CE 224 A LYS NZ
21 B ILE 0 217 A TYR CcD2
50 B GLU CD 217 A TYR OH
50 B GLU OE2 217 A TYR CZ
50 B GLU OE2 217 A TYR OH
15 B GLU OE2 159 A TYS CD * 5 0 0
15 B GLU 0 159 ALYS CcD * 5 0 0
28 B ASN 0Dl 60 A TYS CE
28 B ASN 0D1 60 A TYS NZ
39 B ASP 0Dl 149 A SER oG
25 B LYS NZ 190 A SER 0
25 B LYS NZ 189 A ASP 0Dl
25 B LYS NZ 190 A SER oG
25 B LYS 0 195 A SER oG
25 B LYS 0 193 A GLY N
25 B LYS 0 195 A SER N
26 B ALA N 195 A SER oG
28 B ASN 0Dl 60 A TYS NZ
37 B THR N 93 A ASN 0Dl * 4 0 -1
39 B ASP 0Dl 149 A SER oG
39 B ASP 0Dl 151 A TYR OH
Water interactions stabilizing the calcium binding loop:
70 A GLU OE1l W36 HOH 0
72 A ASN 0 W36 HOH 0
75 A VAL 0 W36 HOH 0
80 A GLU OE1l W36 HOH 0
Water interactions at the active site:
189 A ASP 0oD2 w2 HOH 0
224 ALYS 0 w2 HOH 0
221aA ALA N w2 HOH 0
221 A GLN N w2 HOH 0
217 A TYR 0 w2 HOH 0
227 A VAL 0 w9 HOH 0
215 A TRP 0 W9 HOH 0
190 A SER oG W9 HOH 0
25 B LYS NZ W9 HOH 0
216 A GLY N W33 HOH 0
219 A GLY 0 W33 HOH 0
192 A GLN OE1l W33 HOH 0
23 B CYS 0 W33 HOH 0
25 A LYS NZ w37 HOH 0
189 A ASP 0D2 W37 HOH 0
219 A GLY 0 w37 HOH 0
25 B LYS CE W37 HOH 0
Strong interactions at the interface of trypsin and inhibitor (OMTKYZ2):
23 B CYS N 216 A GLY 0
23 B CYS 0 216 A GLY N
24 B ASN 0 192 A GLN OE1l
25 B LYS N 195 A SER oG
25 B LYS N 214 A SER 0
25 B LYS 0 194 A ASP N
27 B LEU N 41 A PHE 0
27 B LEU 0 41 A PHE CB
Interactions stabilizing the inhibitor:
40 B ASN 0Dl 24 B ASN 0
40 B ASN 0Dl 24 B ASN 0
11 B ASN CA 20 B MET 0
11 B ASN CB 20 B MET 0
11 B ASN C 20 B MET 0
12 B THR N 20 B MET 0

AV MHVDVOEVLVLARDVDOTEDVEDV N [ASERACERAVIRAV] VWOV OO HRDODOWOHHWODHWVDAANDNDNANA

[SAERAVING RN RV BN BRG]

VW NN A

.29
.17
.38
.54
.48
.58
.68
.39
.98
.38
.24

32

.01
.44
.91
.05
.65
.04
.05
.24
.92
.32
.67

63

.84

65
61

.36
.64
.17
.74

79

.85
.04
.15
.85
.14
.87

95

.16
.98
.55
.95
.47

.08
.18
.16
.87
.09
.34

93

.20

35

.35
.09
.53
.38
.78
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Table 2(continued)

12 B THR 0 19 B VAL CA
12 B THR 0 19 B VAL C
12 B THR 0 20 B MET N
30 B VAL N 38 B TYR 0
30 B VAL 0 37 B THR CA
30 B VAL 0 38 B TYR N
31 B CYS N 59 B HIS 0
31 B CYS 0 58 B LYS N
31 B CYS 0 58 B LYS CA
31 B CYS 0 58 B LYS CB
31 B CYS 0 59 B HIS N
31 B CYS CB 59 B HIS 0
31 B CYS CB 59 B HIS NE2

50
.55
.69
.97
.43
.92
91
.70
.44
.28
.42
.67
.37

NNV VDVXWODV AN

Asp !D‘

Fig. 5. Ribbon diagram of binding pocket of trypsin and reactive site
of the inhibitor in OTPT complex. The recognition amino acid Asp
189, active site residues His 57, Asp 102, Ser 195, and Lys 25 of the
inhibitor are shown in stick model. The water molecules in the binding
pocket of OTPT shown as balls. Three water molecules forming a
water network from Ser195 OG to Aspl89 in free trypsin have been
replaced by the side chain of Lys 25I.

The phi/psi values for this region have been tabulated
(Table 3) for comparison. Table 3 indicates that the
reactive site peptides prefer conserved orientation,
though the sequence is not conserved. The inhibitors
compared in all the cases have strong interactions with
their respective enzyme in a lock and key fashion. Apart
from these interactions the conserved orientation is also
one of the reasons for inhibition of the enzyme, as
mutations in this region lead either to destabilization of
the binding loop conformation [25] or lower affinity
than that of the wild-type protein [26]. All these facts
indicate strongly that the specific binding controls the
inhibition of an enzyme.

As mentioned earlier the reactive site of OMTKY2
has Lys 251 (P;) and Ala 261 (Py)) in OMTKY2. The
geometry of the P, residue is most important in under-
standing the interaction between inhibitor and the en-
zyme during catalysis. It has been reported that the C’
atom of Pl residue assumes a tetrahedral geometry
which was negated by Song et al. [24]. In the present
structure the results agree with those reported by Song
et al. In order to assess the effect of restraint refinement
on this geometry, unrestrained refinement was carried
out. The distortion of C’ atom of reactive site residue
(Lys 25I) was calculated through plane calculation,
which shows a deviation of 0.007 A from the plane and
increases to 0.052 A in the unrestrained model. As a
control experiment the same was checked for Leu 211
residue, which had a deviation to 0.008 A in the re-
strained refinement and 0.024 A in the unrestrained
structure. As the deviations from planarity are insig-
nificant it can be concluded that C’' atom is in trigonal
geometry in this structure.

Peptide fragment

A small peptide fragment consisting of 7 residues was
identified near the N-terminal region of the OMTKY?2.
It has strong interactions with OMTKY2 as well as
trypsin. The sequence of this hepta peptide was arrived
at, based on the cleavage sites of the inhibitor and the
electron density. The hepta peptide assumes a B-turn
structure with 3rd and 4th residues at corners, but (i + 1)
to (i + 3) hydrogen bond is absent. This hepta peptide is
held strongly by Asn 111 of OMTKY?2 and is situated
near the surface of calcium binding loop of trypsin.
Trypsin residues namely His 71, Asn 72, Asp 74, Ser
153, and Leu 154 (Table 4) interact strongly with the
hepta peptide. The loop starting from 71 to 80 (calcium
binding loop) of trypsin deviates significantly from the
native trypsin (r.m.s. deviation 1.07 A) conformation to
facilitate interactions with the hepta peptide and thus
stabilizing it. The phi/psi values of this hepta peptide are
listed in Table 5.
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Table 3
Comparison of dihedral angles (¢/¥) of the reactive site loop residues (P,—Py) of inhibitors in trypsin complexes and in free state
P, Py P, P Py Py Py
Sequence
OMTKY?2* L C N K A L N
BPTI G P C K A R 1
MCTI I C P R I w M
STI S P Y R I R F
ETI S R L R S A F
Conformation(¢/¥)
Complex structures
OMTKY?2? —94/123 —114/144 -70/161 —105/35 —87/151 —-101/94 —-130/74
BPTI: BPT 78/174 =771-29 —-70/155 —116/39 —87/164 —-112/79 —-98/124
STIL: PPT —114/144 —58/-34 —-56/139 —89/38 —83/148 —67/-38 —-118/155
MCTI —58/117 -137/112 —54/147 -91/34 —82/146 —84/125 —-152/127
Free inhibitor structures
BPTI 86/176 —-86/-6 —-81/165 —-104/9 =76/172 —-127/76 —-105/121
ETI —88/171 —-66/-30 —112/150 —66/134 —-169/151 —74/-46 —106/163
Free STI —-112/149 —-70/-28 —62/158 —84/21 —-60/148 -90/-22 —-127/126

Torsion angles at P,, Py, and Py are highly conserved in the complex structures.
#OMTKY?2 present study; BPTI, [22]; ETIL [23]; and STI:PPT (orthorhombic), [24].

Table 4
Some of the interactions of the hepta peptide with trypsin and inhibitor
6 C LYS N cen 121 HOH 0 3.14
11 B ASN ca e 6 C LYS NZ 3.42
11 B ASN oDl e 6 C LYS NZ 2.74
11 B ASN ND2 cee 6 C LYS NZ 3.67
3 C GLU OE1 cen 71 A HIS NE2 * 4 o -1 o 3.42
3CCGLU OE2 e 71 A HIS NE2 * 4 0 -1 0 3.09
2 C ASN D2 cen 72 A ASN oDl * 4 o -1 0 2.98
2 C ASN D2 cen 72 AASN  ND2 * 4 0 -1 0 3.36
2 C ASN D2 e 74 A ASP CB * 4 0 -1 0 2.95
2 C ASN ND2 cee 74 A ASP ca * 4 o -1 0 3.43
2 C ASN D2 e 74 A ASP oD2 * 4 o -1 0 3.03
2 C ASN 0D1 cee 153 A SER ol¢] * 4 o -1 0 2.78
4CGLU OE2 154 ALEU CD1 * 4 0 -1 0 2.85
Table 5 higher (2.98 A). Main differences were observed only at
(¢/'¥) angles of hepta peptide the active site region. The residues involved in inhibitor
Res. Name Phi (¢) Psi () interactions have moved from the native trypsin position
Thr 791 675 to facilitate anchoring of the reactive site residues.
Asn -33.8 144.0 The hydrogen bond geometry at the active site is in
Glu -1274 -127.1 agreement with other complex structures and the hy-
g}“ _i;gg . ;g(l) drogen bond strength is more as compared to the native
Y e e trypsin (Table 6). The shorter hydrogen bond distances
Lys -139.3 155.2 X A O R
Asp 159.1 341 in the present complex (OTPT) indicate rigid packing at

Trypsin in the free and complexed state

Superposition of trypsin in the complexed and free
state (BPT) was done using INSIGHTII [27] and
LSQ_MOL of O [16]. The r.m.s deviation including side
chain atoms was 2.92A while the deviation for main
chain atoms only was 0.56 A. However, the deviations of
main chain atoms in the loop regions were significantly

the active site. The widening of hydrogen bond angle
OG of Serl95--- N of His57 as compared to native
trypsin is due to Ser 195 OG atom moving away from its
original position during complexation. The salt bridges
found in the native trypsin have been retained in the
complex with minor variations and 4 additional salt
bridges were found within the inhibitor. There are a
total of 482 hydrogen bonds calculated using HbPlus
program [28] in the present complex structure, including
all the water molecules.
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Table 6
H-bond geometry at the active site region of trypsin
OTPT (A) BPT (A) AVW (A) MCT (A)
His 57 ND1-Asp 102 OD2 2.61 2.73 2.68 2.75
His 57 ND1-Asp 102 OD1 3.36 3.57 3.27 343
His 57 N-Asp 102 OD1 2.94 2.90 291 2.93
His 57 NE2-Ser 195 OG 2.67 3.07 2.52 2.80
Asp 189 OD2-Ala 221 N 3.00 291 2.95 2.77
Angle
Ser 195 CB-OG-His 57NE2 96.63° 92.03° 103.95° 97.3°
AVW [26], MCT [20]
Ca’* ion binds and stabilizes trypsin [29] by reducing References

the autolysis of trypsin [30]. Most of the structures so far
solved have Ca?* ion in the loop region Lys 60-Glu 80 of
trypsin while there is no Ca>* ion in the present study, as
Ca’* was not used in the preparation or crystallization of
the complex. A water molecule W36 has replaced Ca*
ion and it interacts with Glu 80, Glu 70, Asn 72, and Val
75. Almost all the residues, excepting Glu 77, which was
interacting with Ca?* in BPT, are involved in Ca?" in-
teractions. The hepta peptide found in the structure offers
additional stability to this loop and vice versa.

Solvent interactions

Solvent molecules at the active site were compared
with native trypsin and other complex structures. A
network of water molecules at the active site of trypsin
has been reported to play an important role in the ac-
tivity of trypsin [19]. Three water molecules from this
network are replaced in most of the trypsin-inhibitor
complexes by the inhibitor, which is in agreement with
the present study. The water molecules (W77, W43, and
W86) forming the water network in o-trypsin (1AKS)
are replaced by the side chain of Lys 25I in OTPT. Only
one water molecule (W37) from this network is not ex-
pelled if the specificity pocket is occupied by lysine ra-
ther than arginine. W9 is the invariant water molecule in
OTPT found in almost all the complexes and free
trypsin. It interacts with both Asp189 of trypsin and Lys
251, in such a way as to stabilize the side chain of Lys
251. Some of the water molecules are involved in the
water-mediated interaction between trypsin and inhibi-
tor. Cys 231 interacts with Gln 192 and Gly 219 through
a water molecule W33. A similar network was found
between Leu 271 and Ser 39 through the water molecule
W4e.
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