Inhibition of Mg, Ca-ATPase from E. coli by Ruthenium Red
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The membrane-bound, solubilized, and trypsin-treated forms of Mg, Ca-ATPase from E. coli are
inhibited by ruthenium red[RR]. The inhibition is noncompetitive and is reduced at higher sub-

strate concentrations.

n-Butanol-extracted ATPase is not inhibited by ruthenium red and is not activated by KCI.

In mitochondria ruthenium red (RR) inhibits
energy-dependent Ca®* uptake, and energy-indepen-
dent Ca®* binding [1 —6] and promotes Ca®* re-
lease [3, 6]. A Ca?*-binding protein which is spe-
cifically inhibited by RR was isolated from mito-
chondria [7].

Moreover, the Ca**-dependent ATPase activities
of erythrocytes [8], sarcoplasmic reticulum [9]
and sarcolemma [10], which are probably involved
in Ca2?"-transport [11, 12], are inhibited by RR.
Since the ATPase of E.coli is also activated by
Ca?*, we tested the effect of RR on it.

Materials and Methods

AT Pase preparations

E. coli strain B163 was cultured as already de-
scribed [13]. Membrane-bound ATPase was pre-
pared according to Evans [14]. For preparation of
solubilized ATPase, the membrane vesicles were
washed three times in 30 mM Tris HCl 1 mm EDTA,
pH 7.5 and sedimented at 30 000 x g. The pellet
was washed with 3 mm Tris-HCl pH 7.5 and centri-
fuged at 30000 x g. The supernatant fluid con-
tained the solubilized ATPase.

n-Butanol-extracted ATPase was prepared from
membrane-bound ATPase and checked by polyacryl-
amide gel electrophoresis according to Salton and
Schor [15].

Pyridine-extracted ATPase was prepared from
solubilized ATPase according to Nelson et al. [16].

For preparation of trypsin-treated ATPase, 0.3 ml
solubilized ATPase [100 ug protein] was incubated
with 0.1 ml 200 mm Tris HCI, pH 9, and 0.2ml
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trypsin [50 ug, specific activity 33 U/mg] for 5 min
at 37 °C. After addition of 0.1 ml H,0, 0.1 ml 300
mM KCl or RR respectively, incubation was con-
tinued for 5min and then the ATPase reaction
was started by addition of substrate.

For treatment of ATPase with neuraminidase,
0.3 ml membrane-bound ATPase [0.9 mg protein]
was incubated with 100 ug neuraminidase [from
Clostridium perfringens, specific activity 0.6 U/mg]
and 50 ul 0.1 M sodium acetate buffer, pH 5.0, for
30min at 37 °C. After addition of 0.9 ml 25 mm
Tris HCl, pH 9, 0.1 ml was used for testing ATPase

activity.

Determination of AT Pase activity

The ATPase was assayed at 37 °C in a shaking
water bath in 1 ml samples with Tris HCI buffer as
indicated in the legends, 0.2 mm ATP adjusted to
pH with Tris, and 0.04 mm CaCl, or MgCl,. The
protein content of the samples amounted to 0.1 mg.
After 10 min preincubation, substrate was added
and incubation was continued for 20 min. Under
these conditions the ATPase activity was linear with
respect to time.

The reaction was stopped with 0.5ml 15% cold
TCA. After centrifugation double determinations of
the inorganic phosphate with 0.2ml or 0.5ml of
the supernatant were made according to Anner and
Moosmayer [17]. The protein content was deter-
mined according to Lowry et al. [18].

Chemicals

Trypsin, neuraminidase, ATP and Tris were ob-
tained from Boehringer, Mannheim, Germany.

RR and the other reagents, which were of reagent
grade, were purchased from E. Merck, Darmstadt,
Germany.

Commercial RR contains RV and RB. In some
experiments purified RR, RV and RB were used.
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RR and RV were purified from commercial RR
according to Luft [19]. RB was prepared from RR
according to Fletcher et al. [20].

Results

As Fig. 1 shows, the E. coli ATPase is inhibited
by RR. The inhibition is not specific for Ca**, as it
also occurs in the presence of Mg?*. The KCI-
activated Mg, Ca-ATPase is also inhibited by RR.

To determine the type inhibition, 1/v was plotted
against 1/[S] (Fig. 2). It can be seen that both V'
and K, are changed, and that RR is thus a “mixed-
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Fig. 1. Inhibition of ATPase from E. coli by ruthenium red.
Membrane-bound ATPase was incubate for 20 min at 37 °C
in 20 mm Tris HC1 buffer, pH 9.0. Commercial RR was
used. [ATP]=0.2 mm; ], l: 0.04 mMm CaCly; O, @: 0.04
mM MgCl,; full symbols in presence of 30 mm KCl. Mean
of 3 experiments.
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Fig. 2. Plot of 1/v vs 1/[S] at various ruthenium red [RR]
concentrations. @: without RR; A: 3X10~°mM RR; H:
1X10—* M RR. [Commercial RR] Membrane-bound ATPase
was incubated for 20 min at 37 °C in 30 mM Tris HCl buf-
fer, pH 8.5, in presence of 30 mM KCI. Ca ATP in the ratio
1 : 5 was used as substrate.
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type” inhibitor [21]. The same type of inhibition
was found with purified RR [not shown]. Thus the
inhibition is especially pronounced at lower sub-
strate concentrations.

Ca®* transport and binding are inhibited by RR,
again noncompetitively [1, 4, 5]. Like the E. coli
ATPase, the sarcolemma ATPase is less inhibited
at higher substrate concentrations [10]. However,
an increase in the Ca®>' concentration did not de-
crease the inhibition of the E.coli ATPase (not
shown). The same was observed with sarcolemma
ATPase [10].

Commercial RR contains RV and RB [19]. These
impurities also inhibit the E. coli ATPase [Fig. 3],
although less strongly than RR. There are further
impurities in commercial RR, e.g. several ruthe-
nium ammines, chloride and nitrosylruthenium com-
plexes [19, 20], probably more than 9 different
substances [22]. The ruthenium ammines, however,
are inactive [22]. According to Luft [19], com-
mercial RR contains only about 15% RR. Therefore,
the difference in half maximal inhibition between
commercial RR [Fig. 1] and purified RR, RB and
RV [Fig. 3] may result from inactive impurities.

In order to characterize the RR-binding groups,
the E. coli ATPase was treated with neuraminidase.

relative activity
5
T

n
o
T

| DS | | - 1

e -5 —4

0 10 10 10 M

Fig. 3. Inhibition of ATPase from E. coli by purified ruthe-
nium red [RR], ruthenium violet [RV] and ruthenium brown
[RB]. Membrane-bound ATPase was incubated for 20 min
at 37 °C in 20 mm Tris HCl buffer pH 9.0 in presence of
30mm KCL [ATP]=0.2 mM, [CaCl,] =0.04 mM. Mean of
2 experiments.

It was still inhibited by RR after this treatment.
The binding of Ca®" to sarcolemma ATPase was
also not significantly affected by the treatment with
neuraminidase [23].

The E. coli ATPase consists of 5 different sub-
units, (a, f, y, 0, ¢ for review see [24]), which
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have different functions [24]. In order to charac-
terize the point of attack of RR, ATPase prepara-
tions with various subunit compositions were tested.
Solubilized ATPase was inhibited in the same way
by RR as membrane-bound ATPase. We found the
same behaviour with solubilized ATPase whose ¢
subunit had been destroyed by treatment with tryp-
sin [not shown].

ATPase prepared by extraction with n-butanol,
which preserves the a and f subunits [15, 25], was
no longer inhibited by RR [Table I]. Interestingly

Table I. Effect of ruthenium red [RR] and KCl on the
activity of n-butanol-extracted ATPase from E. coli. Condi-
tions: 20 mM Tris HCL buffer, pH 9.0, [ATP]=0.2 mMm,
[CaCly] =0.04 mM, 20 min incubation at 37 °C. Commercial
RR was used.

[RR] Control 30 mm KC1
[mM] [nmol/min-mg prot]

0 18.8 18.8

0.1 19.0 18.8

0.3 18.6 19.1

enough, this ATPase preparation was also no longer
capable of activation by KCIl. (Membrane-bound,
solubilized and trypsin-treated ATPase is activated
by KCI [26].)

The RR inhibition therefore appears to be con-
nected with the y or é subunit.

Further differentiation along these lines was not
possible because after preparation with pyridine,
which produces a complex of @, § and y subunits,
the residual ATPase activity was too low for kinetic
measurements. Similarly, treatment of mitochondrial
ATPase with pyridine destroyed all measurable ac-
tivity [27].

Discussion

RR acts as a “mixed type” inhibitor [Fig. 2],
giving a combination of partially competitive [type
Ib] and non-competitive inhibition [21]. In earlier
experiments with ATPase from Bac. megaterium,
no inhibition by RR was found [28]. However,
in these experiments a maximum of 1x107°M
RR was added, at an ATP concentration of 8 mM.
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