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Structural prediction of
2-chloro-4-nitrophenyl-4-0-p-D-galactopyranosylmaltoside
binding in the active site of human pancreatic a-amylase

Yoshiaki Nishiya'

Summary Human pancreatic a -amylase (HPA) has been found to leak into the bloodstream
when the pancreas is damaged. Several functional clinical assays for detecting HPA activity in
serum (P-AMY) are performed using artificial substrates, such as 2-chloro-4-nitrophenyl-4-O- f§
-D-galactopyranosylmaltoside (GalG2CNP). In this study, the binding mode of GalG2CNP in the
active site of HPA was predicted based on the tertiary structure of nitrite-activated HPA complexed
with the HPA mediated rearrangement product of the inhibitor acarbose (PDB ID: 2QV4). A
P-AMY assay requires high concentrations of chloride and thiocyanate. Therefore, the model
structure substituted a chloride ion for a nitrite ion, and contained a thiocyanate ion based on
another solved HPA structure complexed with azide (PDB ID: 3BAW). After energy minimization,
the constructed model structurally explains functional kinetic data of HPA's reaction with
GalG2CNP, its release of the chromogen CNP, and the effect of thiocyanate.
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Fig. I Conformational analysis of GalG2CNP. (A) 517 GalG2CNP conformations
predicted by molecular dynamics. All conformations are superimposed by

their CNP regions and shown as stick representations. The most stable

structure is colored yellow. (B) Superimposition of a GalG2CNP

conformation (cyan) on AcaG3 (magenta), the rearrangement product of the
inhibitor acarbose, found in the HPA-ligand complex (PDB ID: 2QV4).
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Structural model of GalG2CNP bound in the active site of HPA. (A) The overall structure

shown in ribbon and transparent surface representations. Positively and negatively charged

regions are colored blue and red, respectively. GalG2CNP (cyan) and a thiocyanate ion

bound in the active center are shown in space-filling models. (B) Close-up view of the

HPA active center. Stick representations of GalG2CNP (cyan), a thiocyanate ion, and

active site amino acid residues are shown. The substrate binding pocket is shown as a

transparent sheet of enzyme surface. Hydrophilic and hydrophobic regions are colored

green and purple, respectively. The main chain is shown in ribbon representation, colored

by B-factor levels [from blue (low) to red (high)]. The three catalytic residues are

indicated with yellow letters. (C) Close-up view of the hydrolytic site and its surrounding

area. The hydrolytic site is indicated with an arrow. Atomic distances between the

hydrolysis site and the catalytic residues (A) are also indicated.
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