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Inhibition Mechanism of Trypsin by Schiff Base Metal Chelate Inhibitors
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Studies on trypsin-specific compounds are useful for the design of clinically useful compounds. It is well known that
several benzamidine derivatives are potent competitive inhibitors of trypsin and trypsin-like enzymes. Many kinds of
Schiff base metal chelate containing either amidine or guanidine have been synthesized and their inhibitory activities

against trypsin have been characterized. Recently, the interactions of the Schiff base metal chelate inhibitors with trypsin

enzyme have been determined by X-ray crystal structure analysis. The structural information and inhibitory activity data
for amidine- and guanidine-containig Schiff base metal chelate inhibitors provide new avenues for designing novel inhib-
itors against physiologically important trypsin-like serine proteases.
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Fig. 1. Overall Structure of Bovine Trypsin Complexed with
Benzamidine
Three residues His57, Asp102, and Ser195 in the active site, forming the
catalytic triad, are shown. Ser195 is the most important residue in the active
site because the hydroxyl of Ser195 performs a nucleophilic attack on the
substrate amide bond in the first reaction step. Substrate recognition residue
Aspl89 is also shown.
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Fig. 2. Chemical Structures for the Inhibitors

Inhibitor 1: m-guanidinosalicylidene-L-alaninato (aqua) copper (II) hydrochloride, inhibitor 2: [N,N’-bis (m-guanidinosalicylidene) ethylenediaminato] copper
(II), inhibitor 3: m-amidinosalicylidene-L-alaninato (aqua) coppoer (II) hydrochloride, inhibitor 4: [N,N’-bis (m-amidinosalicylidene) ethylenediaminato] copper
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Table 1. Inhibition Constants of the Inhibitors for Trypsin-
catalyzed Hydrolysis of Benzoyl-L-arginine p-Nitroanilide

Guanidine-based Amidine-based
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Table 2. Hydrogen Bonds and Coordination Bond Distances
Distance (A)
Inhibitor 12 Inhibitor 2b Inhibitor 3¢ Inhibitor 44

Ser195 O7-SB¢ O1 2.3 2.7 2.6

Ser195 O”-Cu 2.6

His57 N#2-Cu 2.3 3.1

His57 N22-SB 02 3.1 3.0

Ser214 O-Waterl 2.8 3.0 2.8

Waterl-Cu 2.8 2.4

Asp189 O%2-SB N1 2.8 2.9 3.1 2.9

Asp189 O%-SB N2 3.0

Ser190 O-SB N1 3.0

Ser190 O”-SB N1 2.8 3.1

Ser190 O”-SB N3 3.2

Ser190 O”-Water2 2.2 2.8

Val226 O-Water2 3.1

Trp215 O-Water2 3.1

Water2-SB N1 2.3

Water2-SB N3 2.4 3.2

Gly219 O-SB N1 3.2

Gly219 O-SB N2 2.4 2.8 2.8 1.9

2 PDB code 3AAC, ® PDB code 3AAU, ¢ PDB code 1G3D, ¢ PDB code 3AAYV, ¢ SB, Schiff base.
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Fig. 3. Detailed View of the Interactions between Inhibitor
(1, 3) and Trypsin
(A) Trypsin-inhibitor 1 complex. (B) Trypsin-inhibitor 3 complex.
Hydrogen bonds and coordination bonds are indicated as dashed lines.
Water molecules and the copper(II) ion are shown as small and large
spheres, respectively. Residue numbers are labeled.
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Fig. 4. Detailed View of the Interactions between Inhibitor
(2, 4) and Trypsin
(A) Trypsin-inhibitor 2 complex. (B) Trypsin-inhibitor 4 complex.
Hydrogen bonds and coordination bonds are indicated as dashed lines.
Water molecules and the copper (II) ion are shown as small and large
spheres, respectively. Residue numbers are labeled.
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