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The structure of copper binding site in bovine serum amine oxidase
( BSAO ) treated with diethyldithiocarbamate ion( DDC ) was discussed
by comparing its absorption and electron spin resonance spectra with
those of a model copper complex. The structure of the model complex,
[Cu(2,2'-bipyridine)(DDC)]+, suggested that at least two nitrogen atoms
are coordinated around the copper ion in the native BSAO. Some organic
chromophore from which the pink color of BSAO stems was also observed as
the difference of the absorption spectra in the region of 450 to 600 nm
between BSAO-DDC and the model complex.

Bovine serum amine oxidase( BSAO ) catalyzes oxidative deamination of various
amines by accepting two electrons from amines and transferring them to molecular
oxygen.l) The molecule of this enzyme contains two paramagnetic copper (II) ions
which are refered to type-2 or non-blue copper, exhibiting a pink color because of
an intense absorption band at around 460 nm. This characteristic absorption band
was supposed to be responsible for charge transfer transitions from ligating groups

2)

to Cu(II) and/or an electronic transition in some organic chromophore. In a
previous paper, we suggested as the results of the spectroscopic studies on
cobalt(II)-substituted BSAO that the chromophore exhibits a distinct positive
circular dichroism( CD ) band at around 370 nm and a negative CD band at near 440
nm.3)

This letter describes the structure of the copper site of BSAO treated with
sodium diethyldithiocarbamate( BSAO-DDC ) by comparing spectroscopic and ESR spectra
of BSAO-DDC with those of a model copper complex. The DDC is usually 2)reagent for

the separation of copper ion from copper proteins as Cu(DDC)2 complex. Yamada and

Yasunobu reported that the copper in bovine plasma monoamine oxidase was mostly

5)

removed by dialysis against DDC with a concomitant loss of activity. However,
our BSAO-DDC sample was observed to keep ca. 80 % of copper at the active site with
the same procedure.

BSAO was isolated from bovine serum and then twice crystallized.l) The

molecular weight of this pink enzyme was disclosed to be ca. 190,000, which contains
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about 2 g atoms of copper. The BSAO-DDC was prepared by dialyzing BSAO( Cu : 8.3
b4 10—5
sodium diethyldithiocarbamate( 0.05 mol dm—3 ) for 26 h at 4 °C. The resulting

brown BSAO-DDC sample was dialyzed against the DDC-free buffer( about 1.5 dm3 ) in

mol dm—3 ) against 0.2 mol dm-3 sodium phosphate buffer( pH 7.2 ) containing

order to remove the excess DDC. The concentration of copper in BSAO or BSAO-DDC

was determined by use of an atomic absorption spectrophotometer, and the protein
concentration was determined by measuring the optical density at 280 nm. The visible
electronic absorption and electron spin resonance( ESR ) spectra of BSAO-DDC are
shown in Fig. 1l(a) and Fig. 2(a), respectively. The electronic absorption spectrum
is characterized by an intense band at 380 nm and a discernible shoulder at around
480 nm. The ESR spectrum in the region of 270 - 340 mT displays the existence of

a tetragonal copper (II) in the modified BSAO( g, = 2.17, g, = 2.04, A, = 17.0 mT ).
The nitrogen superhyperfine structure observed at 315 - 330 mT indicates that Cu(II)
is bound to some nitrogenous ligands. The very weak peak at around 265 mT is
assigned to one of the four copper hyperfine lines of unreacted native BSAO,Z)
although the amount of the native species is estimated to be extremely small through

the peak area.

10000f 4

- Fig. 1 Optical absorption spectra
Ecu b of BSAO-DDC( a ) and [Cu(bipy) (DDC)1*

complex( b ) at room temperature.

a : copper concentration, 6.7 x

10™> mol dam 3; pH 7.2, 0.2 mol dm™

- phosphate buffer. b : solvent,

3

aqueous ethanol( 1 : 1 v/v ).

In order to shed light on the structure of the copper site in BSAO-DDC, a model
complex was prepared from Cu(2,2'—bipyridine)2+ complex* and sodium diethyldithio-
carbamate in ethanol-water( 1 : 1 v/v ). The electronic absorption and the ESR

* 2,2'-bipyridine is abbreviated as bipy hereafter.
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a

Fig. 2 ESR spectra of BSAO-DDC( a )
and [Cu(bipy)(DDC)]+ complex( b ) at 77K.

260 300 340 mT ,
b

a: pH 7.2, 0.2 mol dm
b : aqueous ethanol( 1 : 1 v/v ).

phosphate buffer.

spectra of the ternary copper complex, [Cu(bipy)(DDC)]+,6) are represented in Fig.
1(b) and Fig. 2(b), respectively. The intense band at 383 nm in Fig. 1(b) is
supposed to be due to a S —>Cu charge transfer, being well contrasted to the intense
band of BSAO-DDC at the same wavelength in Fig. 1l(a). On the other hand, water-
insoluble binary complex, Cu(DDC)Z, exhibited a charge transfer band at 428 nm in
aqueous ethanol( 1 : 1 v/v ). Therefore the intense absorption band of BSAO-DDC

at 380 nm suggests that there are two sulfur atoms of DDC and two nitrogen atoms of
the endogenous groups( probably histidine imidazoles ) as the ligating atoms of the
copper site in BSAO-DDC. The shoulder band at around 480 nm is not supposed to be
responsible for the copper center itself in the light of the fact that the model
complex displays no absorption band in the 450 - 600 nm region. The shoulder band
might be related to the chromophore under the influence of the copper(II). The ESR
spectrum of [Cu(bipy)(DDC)]+ complex, of which the spin Hamiltonian parameters are
given as g, = 2.16, g; = 2.04, and Ay = 17.1 mT, indicates that the geometry of
copper (II) is tetragonal,s) and bears a strong resemblance to that of BSAO-DDC.

A comparison of the ESR spectrum of BSAO-DDC with that of the model complex further
afforded the evidence for the N S2 donor set of the copper site in BSAO-DDC, as

2
shown in Fig. 3.
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Fig. 3 Proposed structure of copper site
of BSAO-DDC.

Im: imidazole *

The present finding implies that the ligating groups around Cu(II) in native
BSAO consist of at least two nitrogens, and that the shoulder at around 480 nm in
Fig. 1l(a) occurs not from the minor native species but definitely from some organic

3 under the influence of the copper in BSAO-DDC.

chromophore
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