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The metabolism of 14C-4-n-nonylphenol (14C-4-n-NP), as a model for the xenoestrogen
nonylphenol, was investigated in three types of tobacco cell suspension cultures: one geneti-
cally non-modified culture (NT) and two cultures constitutively expressing human cyto-
chrome P450 CYP1A1 or CYP1A2. With 1 mg lÐ1 of 14C-4-n-NP and 24 h of incubation, the
xenobiotic was transformed almost completely to glycosides. After glycosidic cleavage, 14C-4-
n-NP and several primary metabolites of 14C-4-n-NP were liberated. Portions of the primary
metabolites were 29.3% (NT culture), 34.3% (CYP1A1 culture), and 50.7% of applied 14C
(CYP1A2 culture). Thus, the endogenous capacity of the tobacco cells to form primary meta-
bolites of 4-n-NP was noticeably higher than that of CYP1A1 or CYP1A2. The results how-
ever clearly suggest that 4-n-NP is Ð even though a poor Ð substrate of CYP1A1 and
CYP1A2. In order to examine metabolic profiles of 4-n-NP in the NT, CYP1A1 and CYP1A2
cultures, the suspensions were exposed to 10 mg lÐ1 of 14C-4-n-NP using a two-liquid-phase
system with carrier n-hexadecane and 192 h of incubation. Results obtained resembled those
of the low concentration study. The oxidative metabolic profiles determined after hydrolytic
cleavage using GC-EIMS were similar in the NT, CYP1A1 and CYP1A2 cultures. Main
metabolites were side-chain mono-hydroxylated derivatives of 4-n-NP with 6�-, 7�- and 8�-
OH-4-n-NP as prominent metabolites. In addition, olefinic side-chain hydroxy, ring methoxy-
lated, keto and ring hydroxylated derivatives were observed. The lack of differences in meta-
bolic profiles among the CYP1A1, CYP1A2 and NT cultures was referred to the low enzy-
matic activity of CYP1A1 and CYP1A2 as compared to the higher endogenous oxidative
capacity of tobacco, as well as to similar metabolic profiles of 4-n-NP produced by CYP1A1
and CYP1A2 and tobacco itself.
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Introduction

In recent years, valuable information on sub-
strate specificities of P450 isozymes concerning
xenobiotics was derived from studies using bacte-
ria (e.g. Parikh et al., 1997) or yeasts (e.g. Inui
et al., 2001) heterologously expressing the corre-
sponding genes. Both expression systems show no
or only low endogenous P450 activity. In addition,
commercially available microsomes containing se-
lected (human) P450 species are utilized, which
are derived from the baculovirus expression sys-
tem. All systems mentioned so far, however, re-
quire the co-expression of NADPH-P450 reduc-
tase in order to obtain catalytically active P450s.
Overexpression of mammalian P450 isozymes in
higher plants, e.g. tobacco and potato, was shown
to enhance the oxidative metabolism of e.g. herbi-
cides (Inui et al., 2000, 2001; Inui and Ohkawa
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2005). In these experiments, co-expression of
mammalian NADPH-P450 reductase was not nec-
essary, since the foreign P450s were supplied with
the requisite electrons by endogenous plant reduc-
tases. Recently, we similarly produced transgenic
cell suspension cultures of tobacco overexpressing
human P450 CYP1A1 or CYP1A2 (each under
control of a constituitive promotor). These P450-
transgenic in vitro systems were subsequently used
to examine successfully the metabolism of atrazine
and metamitron. In addition to metabolic path-
ways, it was shown that the main oxidized metabo-
lites of both herbicides could be generated in 100Ð
200 µg amounts per cell culture assay (Bode, 2004;
Bode et al., 2004).

In the present investigation, this conception of
‘oxidative metabolic profiling’ is applied to the xe-
noestrogen (endocrine disruptor) nonylphenol,


