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Increased sterigmatocystin-induced mutation frequency in Saccharomyces
cerevisiae expressing cytochrome P450 CYP2B1

(Received 30 July 1991; accepted 1 October 1991)

Currently almost 25% of the world population will develop
cancer. The DNA damage associated with exposure to
environmental chemicals is likely to play a major role in
this process {1]. Consequently, rapid and reliable tests
to determine the carcinogenic/mutagenic potential of
chemicals are required. The large majority of chemical
carcinogens are only mutagenic when a suitable metabolic
activation system is present [2]. Aimost invariably these
activation systems comprise hepatic subcellular fractions
containing cytochrome P450 isoenzymes [3-6]. This is a
limitation in the various predictive tests that are in use
since short-lived or highly reactive species will be formed
outside the cell and may, therefore, not interact with the
DNA to elicit a detectable response [7]. There is currently
a need for new mutation tests with additional properties
including endogenous activation [8]. This can be achieved
by the expression of P450 isoenzymes in suitable recipient
cells using the growing number of cDNAs now available.
Saccharomyces cerevisiae was identified as a suitable
organism for such studies due to its ease of manipulation
and the presence of cytochrome P450 reductase which is
required for a functional monooxygenase activity. The rat
CYP2B1 (P450IIB1, the major phenobarbital (PB*)-
inducible cytochrome P450 form) ¢cDNA was expressed
using a 2 uM-based yeast expression vector, pMAS6 [9]
and mutation assays carried out to establish whether the
potent mycotoxin STC was activated to mutagenic products
by this enzyme.

Materials and Methods

The details regarding the subcloning of the rat CYP2B1
¢DNA have been ocutlined elsewhere [10]. The yeast strain
used in these experiments, KY118 (a, trpAl, ade2-101°,
ura3-52, his3-200, lys2-801*") was chosen because of its
extremely low (almost undetectable) P450 levels. The
lithium acetate method [11] was used to introduce the
expression vector into the yeast strain.

* Abbreviations: PB, phenobarbital; STC, sterigmato-
cystin.

Protein levels were determined using the folin phenol
reagent [12] and cytochrome P450 from the reduced carbon
monoxide difference spectrum {13]. The O-dealkylation of
benzyk])xyresomﬁn was determined as described previously
{10, 14].

Western blots were carried out [15~16] using polyclonal
antisera to either CYP2B1 or CYP2C6 proteins. Mutation
assays were carried out using L-canavanine resistance as a
determinant of mutation frequency {10, 17-20].

Results and Discussion

The carcinogenic mycotoxin STC is produced by fungal
species of the Aspergillus, Bipolaris and Peniciilium genera
[21]. This compound has been shown to induce
hepatocellular carcinomas after oral or intraperitoneal
administration as well as squamous cell carcinomas after
repeated application to the skin [22]. Although the STC-
producing fungi are widespread the health hazard to
humans remains unclear as the presence of STC in
foodstuffs has been found only rarely despite extensive
surveillance programmes [23].

STC is of interest as a model compound in studies of the
mechanism of carcinogenesis due to its structural homology
with aflatoxin B;. Although the DNA lesion produced by
STC has been isolated and characterized [24] little
information is available on the metabolic activation of
STC. However, it has been demonstrated that mutation
rates are increased by the use of PB-induced microsomes.
Thus, this study was carried out to determine if CYP2B1
(the major rat PB-inducible cytochrome form) is involved
in the activation of this compound.

The levels of CYP2B1 expression following transfection
of yeast with pMAS56 carrying the CYP2B1 insert are shown
in Fig. 1. Densitometric analysis of the Western blots
indicated that CYP2B1 represented between 0.1-0.2% of
total yeast protein. This protein was not found in the
control strain (56 par). When probed with antisera specific
to CYP2C6 no cross-reacting bands were observed in either
strain indicating that the CYP2B1 antisera is specific for
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Fig. 1. Expression of CYP2B1 protein in S. cerevisize. Cells were transfected with p56/3a (expressing

rat CYP2B1 protein) and p56par (control vector with no cDNA insert) and Western blot analysis was

carried out on whole cell extracts (50 ug protein) as detailed in Materials and Methods. Antibodies

raised against the rat CYP2B1 (P450IIB1) or CYP2C6 proteins were used to identify the protein
expressed in KY118 and to test the specificity of the recognition, respectively.
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Fig. 2. Mutation frequency in §. cerevisiae strains exposed
to STC. The mutation frequency of each strain was
calculated with increasing concentrations of STC (up to
160 ug/mL) by selection of resistance to L-canavanine [10].
The strain producing CYP2B1 (56/3a) showed an increase
of up to 4-fold (at 160 ug/mL). The control strain (56 par)
showed no such dose-related increase in mutation
frequency. When repeated three times the same results
were achieved.

the recombinant protein. Further studies using SDS-PAGE
and Western blotting localized the protein to the microsomal
fraction of the yeast. Activity measurements using the

* Present address: Department of Paediatric Medicine,
University of California and San Francisco, CA 94143,
U.S.A.

t Corresponding author. Tel. (031) 668-3343; FAX (031)
668-4419.

CYP2B1 substrate benzyloxyresorufin gave a value of
0.16 nmol/min/mg microsomal protein demonstrating that
the expressed protein was catalytically active. The control
strain exhibited no activity to this substrate.

When exposed to STC (Fig. 2) a dose-dependent increase
in mutation frequency up to 4-fold was observed in yeast
containing CYP2B1; no increase was observed in the
control cells. These results demonstrate that CYP2B1
converts STC to its mutagenic (STC-epoxide) form and is
probably the enzyme predominantly responsible for its
activation in phenobarbital-induced microsomal fractions.
This is interesting in view of the reports that a member of
the CYP3A gene family is the major enzyme catalysing
this reaction in human liver [25].

These studies also exemplify the potential of yeast
systems for establishing the role of mammalian drug-
metabolizing enzymes in the metabolism of chemical
carcinogens and demonstrate that the expression of
cytochrome P450 isoenzymes in S. cerevisiae represents an
attractive short term test system that does not require the
addition of exogenous factors to elicit a response. The
sensitivity of this system could be improved significantly
by generating yeast strains with new selectable markers
and more sensitive endpoints to establish mutation rates.
Work to optimize the co-expression of mammalian P450
reductase and P450s is also in progress [26].

ICRF Molecular
Pharmacology Group

Hugh Robson Building,

George Square

Edinburgh EHS8 9XD

+ School of Biological
Sciences

University Hospital of Wales
Swansee SA2 9PP, U.K.

STEPHEN M. BLACK*
S1aN ELLARD?T
JAMES M. PARRY?
C. RoLaND WOLF}



376

1.

2.

10.

11.

12.

13.

14.

REFERENCES

Ames BN, Identifying environmental chemicals causing
mutations and cancer. Science 204: 587-593, 1979.
Ames BN, Durston WE, Yamasaki E and Lee FD,
Carcinogens are mutagens: a simple test system
combining liver homogenates for activation and bacteria
for detection. Proc Natl Acad Sci USA 72: 2281-2283,
1973.

.Lu AYH and West SB, Multiplicity of mammalian

cytochrome P450s. Pharmacol Rev 31: 277-295, 1980.

. Wolf CR, Cytochrome P450s: polymorphic multigene

families involved in carcinogen activation. Trends
Genet 2: 209-214, 1986.

. de Montellano PRO (Ed.), Cytochrome P450: Structure,

Mechanism and Biochemistry. Plenum Press, London,
1986.

. Ashby J, The prospects for a simplified and in-

ternationally harmonized approach to the detection of
possible human carcinogens and mutagens. Mutagenesis
1: 3-16, 1986.

. Moustacchi E, Carere A, Morpurgo G, Ramel C and

Wurgler FE, Assays for genetic changes in fungi. In:
Long-term and Short-term Assays for Carcinogens: A
Critical Appraisal (Eds. Montesano R, Bartsch H,
Vainio N, Wilbourn J and Yamasaki H), IARC
Scientific Publication, Vol. 83, pp. 303-349, 1986.

. Tenant RW, Margolin BH, Shelby MD, Zeiger E,

Haseman JK, Spalding J, Caspary W, Resnick M,
Stasiewicz S, Anderson B and Minor R, Prediction of
chemical carcinogenicity in rodents from in vitro genetic
toxicity assays. Science 236: 933-941, 1987.

. Ammerer G, Expressions of genes in yeast using the

ADC1 promoter. Methods Enzymol 101: 192-201,
1983.

Black SM, Ellard S, Meehan RR, Parry JM, Adesnik
M, Beggs JD and Wolf CR, The expression of
cytochrome P450IIB1 in Saccharomyces cerevisiae
results in an increased mutation frequency when
exposed to cyclophosphamide. Carcinogenesis 10:
2139-2143, 1989.

Itoh H, Fukada Y, Morata K and Kimura A,
Transformation of intact yeast cells treated with alkali
cations. J Bacteriol 153: 163-168, 1983.

Lowry OH, Rosebrough NJ, Farr AL and Randall RJ,
Protein measurements with the Folin phenol reagent.
J Biol Chem 193: 265-275, 1951.

Omura T and Sato R, The carbon monoxide-binding
spectrum of liver microsomes. I. Evidence for its
hemoprotein nature. J Biol Chem 239: 2370-2378,
1964.

Wolf CR, Seilman S, Oesch F, Mayer RT and Burke
MD, Multiple forms of cytochrome P450 related to
forms induced marginally by phenobarbital differences
in structure and in the metabolism of alkoxyresorufins.
Biochem J 240: 27-33, 1986.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Short communications

Towbin H, Staehelin T and Gordon J, Electrophoretic
transfer of protein form polyacrylamide gels to
nitrocellulose sheets: procedures and some applications.
Proc Natl Acad Sci USA 76: 4350-4354, 1979.
Adams DJ, Seilman S, Amelizad Z, Oesch F and Wolf
CR, Identification of human cytochrome P450
analogous forms induced by phenobarbital and 3-
methylcholanthrene in the rat. Biochem J 232: 869-
887, 1985.

Larimer FW, Ramey DW, Lijinsky W and Epler JL,
Mutagenicity of methylated N-nitrosopiperidines in
Saccharomyces cerevisiae. Mutat Res. 57:. 155-161,
1978.

Whelan WL, Gocke E and Manney TR, The CAN 1
locus of Saccharomyces cerevisiae: fine structure
analysis and forward mutation rates. Genetics 91: 35—
51, 1979.

Grenson M, Mousett M, Wiame JM and Bechet
J, Multiplicity of the amino acid permease in
Saccharomyces cerevisiae. Biochim Biophys Acta 27:
325-338, 1966.

Rosenthal GA, Berge MA, Bleiler JA and Rudd TP,
Aberrant canavanyl protein formation and ability to
tolerate or utilise L-canavanine. Experimentia 43: 558-
561, 1987.

Schroeder HW and Kelton WH, Production of
sterigmatocystin by some species of the genus
Aspergillus and its toxicity to chicken embryos. App!
Microbiol 30: 589-591, 1975.

Dickens F, Jones HEH and Waynforth HB, Oral,
subcutaneous and intratracheal administration of
carcinogenic lactones and related substances and the
intratracheal administration of cigarette tar in the rat.
BrJ Cancer 20: 134-144, 1966.

Wogan GN, Croy RC, Essigmann JM, Croopmann JD,
Tilly WN, Skopek JR and Liberm HL, Mechanism of
action of aflatloxin B, and sterigmatocystin: relationship
of macromolecular binding to carcinogenicity and
mutation. In: Environmental Carginogenesis (Eds.
Emmelot P and Kriek E), pp. 97-121. Elsevier,
Amsterdam, 1979.

Essigmann JM, Barker LJ, Fowler KW, Francisco MA,
Reinhold VN and Wogan GN, Sterigmatocystin-DNA
interactions: identification of a major adduct formed
after metabolic activation in vitro. Proc Natl Acad Sci
USA 76: 179-183, 1979.

Shimada T and Guengerich FP, Evidence for
cytochrome P450ys, nifedipine oxidase, being the
principal enzyme involved in the bioactivation of
aflatoxins in human liver. Proc Natl Acad Sci USA 86:
462-465, 1989.

Bligh HFJ, Wolf CR, Smith G and Beggs SD,
Production of cytochrome P450 reductase yeast-rat
hybrid protein in Saccharomyces cerevisiae. Gene, in
press.




