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TransgenicSaccharomyces cerevisigeast strains were constructed which expré¥$2D6and CYP3A4
genes under control of an artificial promoter. When added to the growth medium, sparteine, a substrate for
CYP2D6, was shown to increase the content of this cytochrome P450 isoform in yeast cells. No such increase
was observed when a proteinase-deficient yeast mutant was used as a parent strain. Nifedipine, a substrate fc
CYP3A4, failed to affect the level a€YP3A4expression even in wild yeast cells. These results suggest that
expression ofCYP2D6in human liver can at least partially be controlled post-transcriptionally by its inductors
while for CYP3A4such a mechanism is hardly possiblee 1996 Academic Press, Inc.

The cytochrome P450 gene superfamily includes over 150 isoforms responsible for metabc
of a variety of substrates. The multiplicity of cytochrome P450s is consistent with the diversity
the mechanisms regulating their intracellular contents. The cytochrome P450s responsibl
xenobiotic metabolism are usually induced by their substrates which seem to be effectiv
different stages of gene expression: (i) gene transcription, (i) mMRNA processing, (iii) mRI
stabilization, (iv) mMRNA translation, and (v) enzyme stabilization (see for review [1]). Accordil
to current knowledge, the most commonly encountered mechanisms involve gene transcriptiol
mMRNA stabilization, though enzyme stabilization is of importance too. Unfortunately, different
tion of all the above mechanisms is still conjectual because of the lack of adequate experim
approaches. Obviously, one possible way to circumvent this problem includes uncoupling ¢
transcription from other stages of cytochrome P450 expression.

In this paper we advance transgenic yeast strains, expressing exogenous (human) cytocl
P450s under control of foreign promoters, as a model system allowing one to elucidate at
whether an inductor is effective at the post-transcriptional stages (iii) to (v) of cytochrome P.
gene expression.

MATERIALS AND METHODS

Saccharomyces cerevisigeast, strains Y1153MAT leu4 ura3 STAL INH1 Chi) and 2805 ¢MAT pep4::3 prols
canl GAL2 his3 ura3-52), were used in this work. The former was from the collection of the Institute of Genetics &
Selection of Industrial Microorganisms (Moscow, Russia) and the latter was a generous gift of Dr. Sang-Ki Rhee (G
Korea). The conditions of yeast growth were as in [2, 3]. The yeasts were cultivated with the inductors for the
phosphatase promoter and the GAL10-CYC1 promoter.

Construction of yeast strains expressi@yP2D6gene under control of the acid phosphatase promoter and of tt
GAL10-CYC1 promoter was described earlier [2, 4]. Expressio@6P3A4gene in yeast cells was performed as in [3].

Yeast microsomes were isolated according to [5]. The content of cytochrome P450s in the microsomal fraction
determined from their difference spectra (CO reduced against reduced), the extinction coefficient of cytochrome P450
nm being taken equal to 91 mivem ™ [6].

RESULTS AND DISCUSSION

It has earlier been shown [2, 3, 4, 7] that human liver CYP2D6 and CYP3A4 synthesized in y
are located in the endoplasmic reticulum membranes. The foreign proteins showed the imm
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reactivity and spectral properties of the intact enzymes. They were found to be catalytically ac
towards their specific substrates both in intact cells and in isolated microsomal fraction.

Expression CYP2D6 in Wild Yeast Cells and in a Proteinase-Deficient Mutant

cDNA for CYP2D6 inserted into a pYeDP (1/8-2) plasmid was expressed under control of
GAL10-CYC1 promoter in the yeast Y1153 strain and in the proteinase-deficient 2085 mutant.
content of CYP2D6 in the microsomal fraction isolated from yeast cells at the late exponer
phase was 200-230 and 60—100 nmoles per mg of microsomal protein for the 2805 and Y'
strains, respectively. These results are likely to suggest that cytochrome P450IID6 suffers di
dation under the action of vacuolar proteinases in the Y1153 yeast.

Effect of Sparteine on the Level of CYP2D6 Expression in Yeast Cells

Figure 1 shows the difference spectra of yeast cells (the 20B12 strain) expré¥d2ip6in the
pYP plasmid [2] under control of the acid PHO5 promoter. The yeast culture was grown either \
or without sparteine (10g/ml), a substrate for CYP2D6. The spectra had peaks at 450 nm, wh
is inherent in the native cytochrome P450s. It is evident from the values of the peaks that
content of CYP2D6 was ca. 20% higher for the culture grown in the presence of spectrine.

Similar results were obtained when the content of CYP2D6 was measured in the microsc
fractions of yeast cells expressi@y P2D6in the pYeDP plasmid. In those experiments the yea:
culture was supplemented with sparteine (1 mM) after a 12-h growth and incubated further fo
h. In the control experiments no sparteine was added. The microsomal fractions were iso
afterwards and CYP2D6 specific content in these fractions was measured from the differt
spectra. For the Y1153 strain this value was again ca. 20% higher when the growth mec
contained sparteine (Fig. 2). No such effect of sparteine was observed for the 2085 proteil
deficient mutant.

Expression of CYP3A4 in Yeast Cells with or without Nifedipine

The CYP3A4gene inserted into the pYeDP plasmid was expressed in the Y1153 and 2085 y
strains. The specific content of CYP3A4 in the microsomal fraction was higher by a factor of 3
the proteinase-deficient 2805 strain thus suggesting the involvement of vacuolar proteinas
control over the steady-state level of this foreign protein in yeast cells.

As in the previous experiments, the Y1153 strain was cultured either with or without o
substrate for CYP3A4, namely nifedipine (20@n). The microsomal fractions were isolated anc
the specific CYP3A4 content was measured from the difference spectra of these fractions.
values obtained proved to be almost the same in both cases thus testifying that nifedipine h.
effect on the level of CYP3A4 expression in yeast cells.
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FIG. 1. Reduced CO difference spectra of transformed yeast cells expré&3¥iPgD6.1, cells grown with sparteine; 2,
cells grown without sparteine; 3, base line.
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FIG. 2. Reduced CO difference spectra of the microsomal fraction from transformed yeast cells expGa&3RID6.
Solid line, cells grown with sparteine; dotted line, cells, grown without sparteine. In both cases protein concentration

1 mg per ml.

Protective Effect of Sparteine on the Degradation of CYP2D6 in Isolated Yeast Microsomes

The microsomal fraction was isolated from yeast cells (strain 2805) expressingvihaD6
gene. The microsomes were washed with a potassium buffer (pH 7.4) and stored in liquid nitro
The aliquotes of the microsomal suspension (1 mg of protein per ml) were incubated in the s
buffer at 37°C for different intervals and the difference spectra were recorded thereafter. The |
at 450 nm decreased whereas the peak at 420 nm increased during such incubation thus pc
to the denaturation of CYP2D6. Addition of sparteine to the incubation medium hindered
denaturation to some extent. The protective effect averaged 20—-30 % after a 24-h incubation v
was long enough for almost complete denaturation in the absence of the substrate (Fig. 3
stabilization of CYP3A4 was observed when nifedipine was added to the microsomes isolated
transgenic yeast and incubated under the same conditions.

These data show a potential capacity of sparteine to stabilize the native CYP2D6 structure w
in turn might be indicative of a post-translational mechanism of sparteine stimulatory effect
CYP2D6 expression.

By and large, this work demonstrates that yeasts expressing cDNAs for exogenous cytoch
P450s can indeed be used as model systems for selective studies of post-transcriptional effe
various cytochrome P450 effectors. At this stage we have confined ourselves to establishin
fact that this approach is applicable to CYP2D6. It has been shown that the content of this parti
isoenzyme is to some extent regulated post-transcriptionally [8]. As to correct recognizing
individual post-transcriptional mechanisms (e. g., mMRNA stabilization, stimulation of translat
and enzyme stabilization) additional experiments in the framework of general approach are
quired. Further elaboration of the approach calls for a new object (other cytochrome P450s) an
a new effector which would show more pronounced post-transcriptional effects.
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FIG. 3. Effect of sparteine on thermal denaturation of CYP2D6 in the microsomal fraction isolated from transforn
yeast.
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