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1. Introduction

Success in reconstruction of microsome enzyme
systems depends on many factors, including the
procedures employed to solubilize components from
the microsomal membrane. In fact, if reconstruction
of a hydroxylation system has been achieved with the
help of NADPH-specific flavoprotein, isolated from
microsomes treated with detergents (deoxycholate or
Triton X-100), a system comprising NADPH-specific
flavoprotein, solubilized with trypsin or bromelain,
was incapable of metabolizing xenobiotics [1,2].

Encouraging is the fact that NADPH-specific flavo-
protein, isolated with proteases, actively supports
peroxidation in liposomes. Nevertheless, we can not
state that the intact microsomal system of lipid
peroxidation (LP) is similar to the reconstructed one,
because the latter functions only in the presence of
an additional component, namely, the iron ions
chelated by ethylenediaminetetraacetate (EDTA-Fe)
[3].

The purpose of this study was to assess the efficien-
cy of NADPH-specific flavoprotein from microsomes
solubilized with Triton X-100 in the reconstruction
of LP system. The enzyme we prepared was found to
be capable of supporting LP in reconstructed system
in the presence of the ADP-Fe complex alone in
contrast with the enzyme prepared by protease
treatment.

2. Methods
Microsomes were isolated from the livers of Wistar
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male rats and random-bred male rabbits by the method
of differential centrifugation. NADPH-Specific flavo-
protein was separated from rat liver microsomes (LM)
by the treatment with trypsin or Triton X-100, fol-
lowed by DEAE-cellulose chromatography and gel-
filtration [4,5] . Lipids were extracted from micro-
somes by the method of Bligh and Dyer [6] perform-
ing all operations under nitrogen at 0—4°C. Liposomes
and lipoprotein complexes were prepared by the
method of Racker et al. [7]. The content of total
lipid phosphorus was measured by the method of
Bartlett [8].

The activity if NADPH—cytochrome ¢ reductase
was determined as described earlier [9]. LP was
determined by measuring the malondialdehyde produc-
tion [10] and was expressed as nmgl malondialdehyde/
umol lipid phosphorus/10 min. LP was conducted at
37°C for 10 min in reaction mixtures containing 125
mM KCl + 20 mM Tris,pH 7.5, 0.5 mM NADPH or 1.0
mM ascorbate and iron complexes. EDTA-Fe Complex
was used as CyoH;,FeN,NaQg salt. Protein content
was assayed as outlined by Lowry et al. [11].

3. Results and discussion

Tables 1 and 2 summarize the results of LP mea-
surements in the model systems reconstructed from
purified NADPH-specific flavoprotein prepared either
by trypsin or by Triton X-100 solubilization and
lipids extracted from rat LM. In the presence of
ADP-Fe, the activity of the system containing NADPH-
specific flavoprotein, solubilized with protease, is
3.5 times lower than the activity of the system con-
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Table 1
The activity of enzymic LP system reconstructed from rat LM components

NADPH-specific flavoprotein isolation®

Trypsin Triton X-100
ADP(2.0 mM)+Ic*(0.012 mM) 1.87 6.60
EDTA-Fe(0.1 mM) 6.05 7.04
EDTA-Fe(0.1 mM) +
. ADP(2.0 mM)+T¢*(0.012 mM) 5.50 9.13

4 The reaction mixture contained liposomes (0.25 umol lipid phosphorus in 1 ml)
which werce preincubated with purified NADPH-specific flavoprotein (of equal
activity determined by the reduction of cytochrome ¢) at 37°C for 30 min.

taining the detergent-solubilized NADPH-specific
flavoprotein (table 1). Both systems were equally
active in the presence of another iron complex,
EDTA- Fe. Thus, in contrast with the LP system
reconstructed by Pederson et al. {3], in our experi-
ment the functioning of the detergent-solubilized
flavoprotein did not require the simultaneous presence
of ADP— and EDTA—iron complexes. So, the inter-
action of the purified flavoprotein either with
EDTA-Fe complex only or both iron complexes
depends on the kind of the solubilization procedure.

It should be noted that in the system achieved by
the self-assemblage of lipoprotein complexes from
enzymic proteins and lipids after detergent-dialysis
procedure [7], malondialdehyde was produced in
amounts twice exceeding those generated in the
system reconstructed by simple mixing of the com-
ponents [3], under otherwise identical conditions
(table 1 and 2).

It is known that LP reactions proceed 3—4-times

slower in intact LM of the rabbit than of the rat. The
reason for this difference is unclear. We have suggested
earlier that the low activity of the LP system in rabbit
microsomes may either be due to the increased content
of natural antioxidants in membranes or to some
structural features of the membrane itself [12]. We
reconstructed the system of enzymic LP from rat LM
NADPH-specific flavoprotein and the lipids extracted
from rabbit LM. Having compared the activity of this
LP system with that reconstructed from the compo-
nents of rat LM (see table 2), we found that the lipids
from rabbit LM may be peroxidized just as efficiently
as rat LM lipids (table 3). These facts contradict to
our earlier suggestions [12].

It may be inferred that the LP system recon-
structed from NADPH-specific flavoprotein isolated
by Triton X-100 and microsomal lipids resembles the
intact microsomal enzymic system of LP because both
systems are activated by the iron complex, ADP-Fe
alone.

Table 2
Effect of different iron concentrations on the activity of the enzymic LP system
reconstructed from rat LM Triton X-100-isolated flavoprotein and lipids

Fe*(mM) EDTA-Fe  Fe®(0.012 mM)?3
+
0.0122 0.024b  0.P (0.1 mM)  EDTA-Fe(0.1 mM)
NADPH 9.8 12.5 16.4 17.9 15.9

Ascorbate”  10.0 - -

4 Plus 2. 0 mM ADP

b plus 4.0 mM ADP. The incubation medium, passed through a Chelex-100 resin
column, contained lipoprotein complexes prepared by the method of Racker

etal. [7]
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Table 3
Peroxidation activity of lipids extracted from rabbit liver
microsomes in a system containing NADPH-specific
flavoprotein isolated from rat liver microsomes with
Triton X-100

System Liver microsome lipids
Rat Rabbit
9.9 11.9
114 13.9
ADP-Fe+EDTA-Fe ......... - 14.1 17.2

The reaction system was the same as for Table 2 [7]

Hogberg et al. [13] have shown that NADPH-
dependent cytochrome ¢ reductase is released from
isolated rat LM into the medium during LP. When
added to mitochondrial suspension, this enzyme
supports the peroxidation of mitochondrial lipids in
the sole presence of ADP-Fe, which is also needed by
LP systems in intact microsomes. The LP system
reconstructed by Hogberg et al. is hardly comparable
with the system we have reconstructed with the help
of lipids and NADPH—cytochrome ¢ reductase isolat-
ed with Triton X-100. What is certain is that both
systems are active in the presence of iron chelated by
ADP,

Further insight into the mechanisms of enzymic
LP would be rather provided by comparisons of the
other two systems of LP reconstructed from NADPH-
specific flavoprotein and liposomes. One system
comprises NADPH-specific flavoprotein solubilized
with proteases, the other is catalyzed by NADPH-
specific flavoprotein isolated with detergent Triton
X-100. These flavoproteins differ in molecular weight
[2,5] and in the capacity of activating LP in the
presence of ADP-Fe. In this connection, it is impor-
tant to note that NADPH-specific flavoprotein
solubilized with Triton X-100 was also efficient in
the reconstruction of a hydroxylation system.

It seems quite possible that hydrolytic solubiliza-
tion frees the catalytically active fragment of NADPH-
specific flavoprotein while the hydrophobic part of
the enzyme remains in the membrane. This may be
the reason why after incubation of microsomes with

trypsin or bromelain a flavoprotein of lower molecular
weight is isolated as shown for many other microsomal

components [14].
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It has been reported that Triton X-100 solubilized
membrane proteins without altering their conforma-
tion and loss of their biological activities [15]. The
more likely possibility is that in the presence of
Triton X-100, NADPH-specific flavoprotein retains
a structure, similar to the enzyme in intact micro-
somal membrane, and its capacity to reduce Fe3" in
ADP-Fe complex.

Based on the data obtained, it may be concluded
that different mechanisms underlie NADPH—ADP-Fe-
dependent and NADPH—EDTA-Fe-dependent LP. It
is assumed that ADP-Fe is required, firstly, to support
iron in the solution and, secondly, to provide adequate
interaction of iron with the microsomal membrane.
Inasmuch as the trypsin-solubilized enzyme is incap-
able of reducing ADP-Fe, it is possible that the iron
which is complexed with ADP binds precisely with
the hydrophobic region of NADPH-specific flavo-
protein. However, trypsin solubilized enzyme retains
the capacity to reduce cytochrome ¢ 2,6-dichloro-
phenol-indophenol and other acceptors and also
supports LP in the presence of EDTA-Fe. The reduc-
tion of EDTA-Fe complex is probably accomplished
by a mechanism reducing the above-mentioned accep-
tors and this process does not seem to require any
interaction between EDTA-Fe and the hydrophobic
region of flavoprotein.
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