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A.V. Karapetian, M.G. Kamalian and R.M. Nalbandyan

Institute of Biochemistry, Academy of Sciences, Armenian SSR, Yerevan 375044, USSR
Received 26 May 1986

A non-blue copper-containing glycoprotein was isolated from Psewdomonas aeruginosa. The protein has a

molecular mass of 10 kDa and contains 1 atom of EPR-detectable type II copper. The protein inhibits oxi-

dation of both azurin and cytochrome c-551 catalyzed by nitrite reductase from Ps. aeruginosa. Thus, it
may be considered as an endogenous inhibitor of nitrite reductase.
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1. INTRODUCTION

During searches for copper in different fractions
of extracts obtained from Pseudomonas
aeruginosa we observed a copper-containing pro-
tein fraction [1], the properties of which were
significantly different from those of azurin, a blue
copper-containing protein from Ps. aeruginosa
[2,3]. Thus, Ps. aeruginosa was found to contain
at least two copper-containing proteins: azurin and
a novel protein in which copper belongs to the so-
called ‘non-blue’ type. However the properties and
the role of this novel copper protein were not
studied.

Here we report about the purification and some
physico-chemical properties of this protein. In par-
ticular, evidence is presented that the protein in-
hibits  nitrite reductase (cytochrome cd;,
cytochrome oxidase) also obtained from Ps.
aeruginosa. This finding seems to be the first in-
dication of the presence in Ps. aeruginosa of a
protein which is able to inhibit nitrite reductase.

2. MATERIALS AND METHODS

Nitrite reductase, azurin and cytochrome c-551
were obtained from anaerobically grown Ps.
aeruginosa (IFO 3080) essentially according to
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Parr et al. [4]. All these preparations were elec-
trophoretically homogeneous and had the follow-
ing spectral ratios: A85e/Azs0 = 0.6, A5}/ A2s0 =
1.14 and A%fo/Az2s0 = 1.17 for azurin, cytochrome
and nitrite reductase, respectively. The oxidation
of azurin and cytochrome ¢-551 by nitrite reduc-
tase was followed by an increase of intensity of the
band at 629 nm characteristic for oxidized azurin
and a decrease of the band at 551 nm characteristic
for reduced cytochrome. Both reactions were car-
ried out at 20°C in 0.01 M phosphate buffer con-
taining 10~* M EDTA. Kinetic curves and optical
spectra were obtained on a Specord M-40 spec-
trophotometer (GDR) using 0.2 cm cells.

EPR spectra were taken at 77 K on a Varian E-4
instrument operating at microwave frequency,
9.08 GHz; microwave power, 10 mW and modula-
tion amplitude, 10 G.

The copper content was assayed according to
Matsuba and Takahashi [5] for three separate
preparations. Protein was determined by the
method of Lowry et al. [6]. Carbohydrate content
in protein preparations was evaluated according to
Dische [7] and Stumpf [8]. Molecular mass of the
protein was determined electrophoretically [9].
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3. RESULTS AND DISCUSSION

3.1. Preparation of the protein

Routinely, 250 g of wet paste of Ps. aeruginosa
was suspended in 1.2 |1 of 0.02 M phosphate buf-
fer, pH 7.4 and 300 ml portions were sonicated at
22 kHz for 10 min. During sonication the
temperature of the suspension was maintained
5-6°C. Then the suspension was centrifuged at
10000 x g for 30 min and to the supernatant ob-
tained solid ammonium sulphate was added to
45% saturation. The residue formed was removed
by centrifugation, and to the supernatant am-
monium sulphate was added to full saturation. The
residue formed was suspended in 150 ml of
0.001 M phosphate buffer, pH 7.4, and the
suspension was further dialyzed against 40 1 dis-
tilled water during 24 h and, after clarification by
centrifugation, it was passed through a column
(5.5 x 7) with DEAE-celiulose equilibrated against
0.005 M Tris-HCI1 buffer, pH 7.8. The charged
column was washed with the same buffer, then
with 0.05 M buffer, and a yellowish copper-
containing fraction was sharply eluted with 0.1 M
Tris-HCI buffer, pH 7.8. This fraction was dia-
lyzed, concentrated and then gel filtered through a
column with Sephadex G-75 (superfine). Copper-
containing fractions were collected, concentrated
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Fig.1. Electrophoretogram of the purified protein and

the elution pattern of the preparation during gel

filtration through Sephadex G-50 at the last step of the

purification. The column (1.5 X 60) was equilibrated

with 0.1 M Tris-HCl buffer, pH 7.8. Fractions were

collected after elution of the external volume of the
column.
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by ultrafiltration and finally purified by gel filtra-
tion through Sephadex G-50 (superfine). At this
stage the elution pattern represents the only sym-
metric peak in which the maximum at 260 nm
coincides with the maximal content of copper. This
preparation was found to be electrophoretically
homogeneous when analyzed in 10% poly-
acrylamide gel (fig.1). The procedure used results
in 10—12 mg of homogeneous preparation from
250 g of wet paste of Ps. geruginosa.

3.2. Properties of the protein

The main maximum in the UV spectrum of the
purified protein is located at 260 nm. There is also
a minor absorbance at 330 nm (see fig.2). At the
same time no absorbance in the visible region, and
in particular at 630 nm characteristic for azurin,
was observed. The molecular mass of the protein
was found to be 10 kDa. It follows from this value

220 260 300 350 400 Atnm)

Fig.2. EPR (above) and optical (below) spectra of the

copper protein. The EPR spectrum was recorded at pH

7.4, Parameters of the signal were: g, = 2.07; g = 2.23;

A = 180 G. The part of the optical spectrum at

300—400 nm recorded at the higher sensitivity is shown
by a dashed line.
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and from assays of the copper content in the
preparation that the protein contains 1.1-1.3 cop-
per atoms per molecule. The copper in the protein
is EPR-detectable (fig.2). The shape of the EPR
signal depends on pH. Parameters of the EPR
signal are characteristic of a so-called type 2 cop-
per (non-blue copper). It is of importance to stress
once more that the EPR spectrum of azurin is
typical of a type 1 copper (blue copper) [10]. The
reduced form of the protein was practically non-
auto-oxidizable.

The protein gave a positive reaction when its
total carbohydrate content was tested; the fructose
test was also positive. Thus, the preparation
isolated is a copper-containing glycoprotein.

It is well known that nitrite reductases of many
denitrifying microorganisms, and among them Ps.
aeruginosa, have also cytochrome c- and azurin-
oxidase activities [11—13], i.e. oxygen, instead of
nitrite, may be used as a terminal acceptor.

Here we found that the oxidation of azurin as
well as cytochrome c¢-551 catalyzed by nitrite
reductase is inhibited by the protein isolated from
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Ps, aeruginosa. These results are shown in fig.3,
where the Dixon plot obtained for the oxidation of
cytochrome ¢-551 is also presented. The inhibition
constant was determined to be 2.5 x 10°® M in-
dicating a potent inhibition of the enzyme by the
protein. The effect of the protein was completely
reversible because its removal from the reaction
mixture by gel filtration resulted in the initial ac-
tivity of nitrite reductase. The inhibition seems not
to be connected with the interaction of the protein
with substrates of the enzyme. In particular, in the
absence of the enzyme under both aerobic and
anaerobic conditions we were unable to observe
any redox reactions between the protein and azurin
or cytochrome c-551.

A final conclusion on the mechanism of the in-
hibition of nitrite reductase by the protein as well
as its physiological function remains to be settled.
There are also many problems concerning the
structural features of this novel protein. However
it may be suggested at present that the protein
seems to be an endogenous inhibitor of nitrite
reductase in Ps. aeruginosa. It is of interest,

1

Fig.3. The effect of the copper protein on the oxidation of cytochrome ¢-551 (A) and azurin (B) by nitrite reductase

and the Dixon plot obtained for the oxidation of cytochrome ¢-551 (C). The concentration of nitrite reductase in (A)

and (B) was 1.5 x 10~7 M. For curves 1 and 2 concentrations of cytochrome ¢-551 and azurin were 1.6 x 10~° M and

2.35 x 107* M, respectively. Curves 2 were recorded when 4.4 x 10~7 M of the copper protein was added to mixtures

of nitrite reductase with substrates. Dashed lines (controls) represent Kinetics obtained in the absence of nitrite

reductase. In (C) concentrations of cytochrome c-551 and nitrite reductase were 3.2 x 107° and 1.5 x 1077 M,
respectively.
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therefore, to determine whether other denitrifiers

s il +ay svhilit
contain a simuar protéin innioitor.

REFERENCES

[1] Karapetian, A.V. and Nalbandyan, R.M. (1981} in:

USSR-Sweden III Symposium Physico-chemical
Biology, Abstr., p.153, Tbilisi.

[2] Brill, A.S., Bryce, G.F. and Maria, H.J. (1968)
Biochim. Biophys. Acta 154, 342--351.

[3] Kamalian, M.G. and Nalbandyan, R.M. (1977)
Biokhimiya 42, 223-229.

[4] Parr, S.R., Barber, D., Greenwood, C., Phillips,
B.W. and Meeling, J. (1976) Biochem. J. 157,
423-430.

[S] Matsuba, J. a

1

Biochem. 36,

d Takahashi, J. (1970) J. Anal.
2

I
2 101
3 171.

134

FEBS LETTERS

July 1986

[6] Lowry, O.H., Rosebrough, N.J., Farr, A.L. and
Randall, R.J. (1951) J. Biol. Chem. 193, 265-275.
[7] Dische, Z. (1944) Proc. Soc. Exp. Biol. Med. 55,
217-220.
[8] Stumpf, P. (1947) J. Biol. Chem. 169, 367-371.
[9] Weber, K. and Osborn, M. (1969) J. Biol. Chem.
244, 4406—4412.

[10] Malkin, K. and Malmstrom, B. (1970) Adv.
Enzymol. 33, 177-244.

{11] Ingledew, W.J. and Saraste, M. (1979) Biochem.
Soc. Trans. 7, 166—168.

{i2] Timkovich, R., Dhesi, R., Martinkus, K.J.,
Robinson, M.K. and Rea, T.M. (1982) Arch. Bio-
chem. Biophys. 215, 47-58.

[13] Tordi, M.G., Silvestrini, M.C., Colosimo, A.,
Tuttobello, L. and Brunori, M. (1985) Biochem. J.

MMIN T0E_onNns
LIV, 1F53—0US.



