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1. Introduction

We reported with intact microsomes the formation
and partial stabilization of a ferrous—oxy intermediate
of cytochrome P-450 in fluid mixed solvents at sub-
zero temperature [1]. The data compare well with
those from stopped flow measurements on purified
cytochrome above 0°C [2] and steady state recordings
on intact microsomes [3].

The subzero temperature experiments offered two
advantages, particularly with intact microsomes:

(1) Uncoupling of the oxygen reaction from the
other steps of the cycle;

(2) Therefore single turnover of enzyme since the
first electron is blocked at S —20°C [4,5].

The decomposition of this ferrous—oxy compound
was also shown to be accompanied by the discharge
of possible ‘leaks’ of oxidizing species, indirectly
detected by the oxidative luminescence of luminol [5].

Here we use the same temperature programme to
show that enzymatic O-dealkylation of the substrate
7-ethoxycoumarin occurs during the single redox
cycle of cytochrome P-450. This substrate was mainly
chosen for the easy fluorometric detection of its
product 7-hydroxycoumarin (umbelliferone, 7-OH
coumarin) [6].

2. Materials and methods

2.1. Materials
Hepatic microsomes prepared according to [7]
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from untreated rabbits were stored in 20% glycerol
at —30°C for up to 2 months and freshly thawed just
before use.

The cytochrome P-450 and P-420 contents were
estimated as the ferrous—CO adduct by the method
in [8]. The microsomes contained about 1.5 nM
P450/mg protein, < 10% in the form of P420 .
O-dealkylation of 7-ethoxycoumarin was measured
according to [6] with the substrate generously
supplied by Dr Ullrich. Ethylene glycol was from
Riedel de Haen and buffers were reagent grade
from the usual suppliers.

2.2. Experimental procedures

Absorption spectra were measured with an Aminco
Chance DW 2 spectrophotometer thermostable at
subzero temperatures [9] and fluorescence emission
in an Aminco-Bowman spectrofluorimeter similarly
equipped. The final hydro-organic reaction medium
contained 0.1 M Tris acetate buffer (pHyoc 8.4),
45% (v/v) ethylene glycol, < 2% glycerol and 500 uM
ethoxycoumarin. The proton activity is strongly
temperature dependent: at —30°C, pay; = 10.35 [10].
The two reaction vessels at 1.5-3.5 mg microsomal
protein/ml were deoxygenated by argon bubbling at
4°C and the cytochrome reduced at 5°C by anaerobic
addition of deoxygenated NADPH to 50 uM final
conc. After full reduction, the cuvettes were cooled
to —30°C, respectively, in the spectrophotometer and
fluorimeter and oxygen admitted by 10 s bubbling.

The fluorescence excitation was at 385 nm to
minimize NADPH interference; product formation
was calibrated by adding commercial 7-hydroxy-
coumarin (Merck) at the end of each experiment.
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3. Results

3 1. The effect of solvent and temperature on the
steady state O-dealkylation of 7-ethoxycoumarin

Prior to low temperature experiments, we studied
the effects of various parameters on the steady state
O-dealkylating activity of aerobic microsomal sus-
penslons

The rate of O-dealkylation measured at 20°C
decreases as a function of ethylene glycol concentra-
tion, 1n a way parallel to the progressive inhibition of
other microsomal activities [4] and overall electron
flow, moreover, the temperature effect 1s the same
whether microsomes are suspended 1n aqueous or
hydro-organic medum.

Smce preliminary experiments on the microsomal
(P D, unpublished results) as well as camphor-free or
bound bacterial cytochrome P-450 [11} showed that
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high pay greatly stabilize the mtermediate oxy —
ferrous compound, we also studied the effect of pay
on steady state activity At room temperatures and
45% (v/v) ethylene glycol, the O-dealkylation activity
decreases by a factor of 1 5 when the starting pay

of the buffer increases from 7 48 4 The latter con-
ditions (Trts (pH 8 4)/ethylene glycol 45%) have thus
been used for further experiments, we have checked
that under those conditions, no denaturation occurs
before, during, or after a cooling—heating cycle.

3 2 Low temperature O-dealkylation by the oxy
compound of ferrous cytochrome P-450
The optical characteristics of the compound(s)
obtained after 10 s oxygen bubbling at —30°C are
given 1n fig 1 They are essentially similar to spectra
already described on rat liver microsomes at lower
pay [1], except that the two maxima at 430 nm
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Fig.1 Dafferential optical spectra of the microsomal oxy—ferro cytochrome P450 at —

30°C Microsomal suspension (3 mg

protein/ml) in 45% (v/v) ethylene glycol-0 1 M Tns acetate buffer pay p0°c = =8 5,50 uM NADPH and 500 uM ethoxycoumarmn

Baseline Fe?" minus Fe?"
heating to —10°C (5 min)

118

recorded at —30°C Spectra (1) 30 s after oxygen bubbling at
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and 445 nm are less resolved. Aegqq- 490 between
(Fe? - 0,) and (Fe?") is estimated to 12 £ 3 mM ™!
and A€ gqo_ 490 between (Fe3") and (Fe?") to —3 mM ™!
at 30°C.

The maximum at 440 nm decreases slowly with
time, while cytochrome b5 gets progressively oxidized.
After 1 h at —30°C a subsequent heating for 5 min at
—10°C leads to a further reoxidation of both cyto-
chromes (spectrum 3, fig.1), which is however not
complete since a full transformation into Fe3" would
give a negative absorption in the 440—450 nm region.
However high temperature incubation was not
prolonged longer to avoid enzyme recycling through
reduction of the ferric cytochrome.

Figure 2 describes the parallel fluorometric record-
ings on an aliquot of the same suspension. The —30°C
spectra before and after full reduction are a control
that no substrate was transformed during the anaerobic
reduction stage. The progressive increase of fluor-
escence in presence of 7-ethoxycoumarin after oxygen
bubbling at —-30°C parallels the decomposition of the
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Fig.2. Evolution of the fluorescence intensity at -30°C
Qexe™ 385 nm, A,y = 460 nm) after oxygen addition on
completely reduced microsomal suspension. (a) in presence,
(b) in absence of 7-ethoxycoumarin. Conditions as in fig.1.
Arrows indicate the final levels recorded at the same tempera-
ture after heating 5 min to —10°C. Intensity expressed in
7-OH-coumarin concentration.
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optical intermediate compound (fig.2, curve a). Sub-
sequent heating to —10°C further increases the
fluorescence intensity measured at —30°C. The fluor-
escence increase is calibrated at —30°C by addition of
known concentrations of the fluorescent product
7-OH-coumarin.

In the experiment of fig.1,2 (4.5 uM cytochrome),
~80% of the oxy-compound is decomposed into Fe3*
after heating to —10°C, while 0.55 uM product 7-OH-
coumarin are formed. The yield of product formation
is thus 15%. Several experiments with different
preparations lead to a 10—20% yield.

Control experiments showed that neither spectral
change nor fluorescence increase occur when argon is
bubbled instead of oxygen, when only cytochrome b5
is reduced or when CO is added prior to oxygen.

4. Discussion

The above experiments clearly show that the
single formation—decomposition cycle of an inter-
mediate involving both oxygen and the fully reduced
microsomal cytochrome P-450, is coupled to the
O-dealkylation of 7-ethoxycoumarin. The control
experiments, already discussed previously [1,5]
show again that hydroxylation requires absolutely
the full reduction of the microsomal components
including non-liganded cytochrome P450 (Fe?),
before oxygen addition.

It is worth noting that at —10°C the electron flow
does not proceed at a detectable rate, so that only
one turnover is observed. The present method offers
a simplified alternative to the elegant method set up
at room temperature [12] to measure elementary
turnover at room temperature.

High pay; has been used to slow down the decom-
position and allow a direct comparison with the
already observed liberation of oxidizing species [5]
which can be considered as a side reaction competing
with the presently observed enzymatic activity.

The 10—20% yield of product formation is quite
satisfactory owing to the fact that:

(1) Various forms of P450 have been detected in
liver microsomes [13] which may not all be func-
tional in O-dealkylation;

(2) Maximal substrate binding has been estimated to
70% [14];
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(3) The oxy-compound can be partly decomposed
via non-product, formng side reactions such as
H,0; production [15,16]

Further subzero temperature experiments are
under way to study in more details the number and
properties of functional oxy-intermediates mvolved
1n hydroxylation
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