
Structural Analysis of Substrate Specificity in a Copper Amine Oxidase from Hansenula polymorpha
Corinne J. Solheid*δ, Valerie J. Klema*, Judith P. Klinman#, Carrie M. Wilmot*

*University of Minnesota, Twin Cities
#University of California, Berkeley

δPresenting Author

•Copper amine oxidases  (CAOs) are ubiquitous enzymes that catalyze the oxidative

deamination of primary amines, generating the corresponding aldehydes.

•CAOs have many roles, including the production of second messenger compounds, 

wound healing in plants, and regulation of glucose uptake in mammals. 

•Different CAOs display activity against a variety of primary amines, ranging from bulky 

aromatic to small aliphatic amines.

•The catalytic mechanism (Figure 1) is ping-pong and includes a reductive half reaction, in 

which an active site topa quinone (TPQ) cofactor is reduced with the release of product 

aldehyde, and an oxidative half-reaction, in which reduced TPQ is reoxidized with the 

concomitant reduction of O2to H2O2. 

•HPAO-1 crystals were reduced with either ethylamine or benzylamine in the absence of 

O2, stalling catalysis with TPQ in its two-electron reduced aminoquinol form (Fig. 1, 

species E). 

•Their structures were solved by X-ray crystallography, revealing an amine substrate 

molecule bound in the active site ready for the next catalytic turnover upon oxidation of 

aminoquinol to iminoquinone (Fig. 1, species G) by O2. 

•Rearrangements of particular amino acid side chains within the substrate channel and 

specific protein-substrate interactions provide insight into substrate specificity in HPAO-1. 

Figure 2: Native HPAO-1 fold shown in cartoon. One monomer shown in grey, the other 

monomer colored by domain. D2 (blue), D3 (green), D4 (purple), loop connecting D3 and 

D4 (yellow). Copper is shown as a gold sphere, TPQ colored by atom type (Carbon, blue).

•X-ray diffraction data for native HPAO-1 anaerobically reduced with ethylamine and 

benzylamine were collected and refined to 2.18 and 2.25 Å resolutions, respectively. 

Figure 3: Active site of HPAO-1 reduced with (A) ethylamine, (B) benzylamine. 2Fo-Fc electron 

density drawn only for the cofactor and substrate amine. 

•A comparison of the steady-state kinetic parameters kcat and kcat/Km for the HPAO-1-catalyzed 

oxidation of ethylamine and benzylamine reveals that HPAO-1 is an effective oxidase for 

ethylamine, but not benzylamine. 

Table 4. Steady state kinetic parameters for the oxidation of ethylamine, or benzylamine by 

HPAO-1.

Changes in the HPAO-1 substrate channel associated with binding

•Structural changes were localized to a conserved channel leading from the enzyme surface to 

the deeply buried CAO active site.

•Ethylamine or benzylamine binding causes movement of residues lining the amine substrate 

channel, including those not directly in contact with the bound substrate. The more distant 

changes are primarily due to the knock-on effect that moves the helix containing 

residuesThr117 to Cys122.

•The substrate channel of HPAO-1 is relatively narrow, reducing the number of orientations with 

which a bulky substrate can approach the active site, and thus the likelihood of its binding or 

subsequent catalysis 

•The phenyl ring of benzylamine is positioned for aromatic interactions with Trp156 and Tyr323. 

CAO catalysis requires formation of several transient tetrahedral species at C5 of cofactor, 

such as during the initial nucleophilic attack, but in the narrow channel the aromatic benzyl ring 

from substrate limits the conformations that can be supported during the reductive half-

reaction.

•In contrast the smaller ethyl group of ethylamine has less conformational restriction. In fact, 

the electron density for the ethylamine-reduced structure indicates the presence of minor 

alternate conformers.

•Structural analysis of HPAO-1 in complex with two amine substrates has identified specific 

amino acid residues lining the amine substrate channel which move upon substrate binding.   

•Conformations of specific amino acid side chains which may interact directly with the amine 

substrate before its nucleophilic attack on TPQ appear to influence substrate specificity by 

altering the efficiency with which primary amines can interact with catalytically-relevant 

residues in the CAO active site. 

•Species-specific differences in the positions of these side chains likely play a role in substrate 

selection, helping to generate the broad substrate specificity seen across the CAO family of 

enzymes. 
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Figure 1: 

CAO catalytic mechanism

Figure 5: Structural changes in  

substrate channel (ethylamine: 

green, benzylamine: blue).

Figure 4: substrate channels of (A)native, (B) ethylamine-reduced, and (C) benzylamine-

reduced HPAO-1

substrate kcat(s
-1) kcat/Km(S)  (M-

1s-1)

Dkcat
Dkcat/Km(S)

ethylamine 20 b 5.2 × 104 b ND ND

benzylamine (6.6 ± 0.3) ×

10-2 a

(9 ± 1) × 101a 5.9 ± 0.7a 3 ± 1a

aData from Chang, C. M., Klema, V. J., Johnson, B. J., Mure, M., Klinman, J. P.,

and Wilmot, C. M. (2010) Biochemistry(49), 2540-2550. bData from Klinman, J.

P., Hevel, J. M., and Mills, S. A. (1999) Biochemistry(38), 3683-3693.

Figure 6: Overlay of active site of  

ethylamine and benzylamine-reduced 

HPAO-1. ethylamine (blue), 

benzylamine (blue)


