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Abstract: Two highly stereospecific microsomal cytochrome P-450 NADPH dependent 
enzymes have been discovered and characterized which are responsible for the methylene- 
dioxy group formation from (S)-scoulerine via (S)-cheilanthifoline to (S)-stylopine. 

(S)-Stylopine, a tetrahydrobenzylisoquinoline alkaloid containing two methylenedioxy 

groups in rings A and 0, is an important branch point intermediate. It can for instance 

undergo oxidation of ring C to yield the protoberberine coptisine, or alternatively N- 

methylation opens the pathway to the benzophenanthridine alkaloids.’ In vivo experiments 

employing 14 
-- 

C-labelled precursors demonstrated that the methylenedioxy groups found in 

benzylisoquinoline alkaloids are derived by cyclization of an o-methoxyphenol to furnish 

the methylenedioxy ring.2-4 Elaborate experiments involving multiply labelled (S)-scoule- 

rine (derived from (S)-reticuline) demonstrated that this precursor is transformed into 

(S)-stylopine in the intact plant.5 Furthermore, evidence has been obtained that during 

the transition of (S)-scoulerine to (SJ-stylopine the methylenedioxy group in ring D 

(9,10-position) is formed prior to the -OCH20-bridge in ring A of scoulerine.6 Subsequent- 

ly (S)-cheilanthifoline was unequivocally proven to be the ultimate precursor of (S)- 

stylopine. 7 On the other hand, (S)-nandinine, containing the methylenedioxy group in ring 

A at the 2,3-position also exists in plants.8 This intermediate could potentially also 

serve as a precursor for stylopine. The determination of which pathway (Scheme 1) is 

operative in the plant and also which type of reaction leads to the formation of the 

methylenedioxy groups in stylopine prompted us to investigate this phenomenon on the 

enzyme 1 eve1 . 

Methylenedioxy group formation from an o-methoxyphenol should involve the loss of one 

hydrogen atom from the methyl group. Introduction of a tritium labelled methoxy group 

either in position 3 or 10 of the putative precursors should provide a convenient assay 

system. If the methylenedioxy group is formed by an enzymatic reaction, theoretically one 

third of the tritium activity residing in the methyl group should be released into the 

aqueous medium. The remaining two thirds of the label should be located in the methylene- 

dioxy group, thus enabling the identification of the product. The compounds (S)-(lO-O- 

C3H3)-, (S)-(3-0-C3H3)-scoulerine, (S)-(lo-0-C3H3)-nandinine and (S)-(3-0-C3H3)-chei- 
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Pathway I 
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El-Nandininr 

Pathway II 

Scheme 1. Two possible pathways leading from (S)-scoulerine to (S)-stylopine 

lanthifoline were synthesized enzymatically by standard techniques empIoying catechol-O- 

methyl transferase (Sigma), 4’-O-methyl transferase,’ berberine bridge enzyme,” using the 

appropriate benzylisoquinoline alkaloids and C3H3-SAM (85 Ci/mmol) as substrates. The 

compounds were stereochemically pure except for cheilanthifoline which contained 13% of 

the (R)-enantiomer. Analogously, the 14 C-labelled compounds were prepared using 14CH3-SAM 

(59 mCi/mmol). The corresponding (R)-enantiomers were synthesized by subjecting the (S)- 

enantiomers to (S)-tetrahydroprotoberberine oxidase action. The resulting dehydro-deriv- 

atives were reduced with BH4- and the remaining (S)-analogues of the racemates selectively 

reoxidized repeatedly in the same manner. 11 

Eschscholtzia californica cell suspension cultures were used as an enzyme source, 

since these cells proved also to be a rich source of benzophenanthridine alkaloids, 

especially after elicitation with yeast cell wall fractions 12 and therefore must involve 

the stylopine pathway.7 Enzyme preparations of E. californica (cytosol and subcellular - 
particles) subjected to the highly sensitive ABTS-test13 revealed absolutely no peroxidase 

activity. Therefore, peroxidase dependent demethylation of the radio-labelled methoxy- 

groups, as observed in Berberis cultures, 14 did not impede the tritium assay. Since the 

incubation of cytosolic enzyme preparations of E. californica with the labelled substrates - 
did not effect any tritium release into the aqueous medium, microsomal fractions were 

tried as enzyme source. Microsomes from five day old elicited suspension cells were 

prepared by standard methods-l5 The MgC12 pelleted microsomal fraction was resuspended in 

0.1 M tricine buffer pH 7.5, containing 50 mM MgC12 and 5 mM thioglycolic acid. The 

microsomal fraction (10 - 100 ug protein) was incubated in the presence of 200 mM tricine 
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of NADPH with other cofactors such as NADH, NAO or NADP rendered the enzyme COIIIplCX 

completely inactive. Typical inhibitors for cytochrome P-450 enzymes were found to be 

active. 

The following inhibitors showed a drastic difference in the concentration necessary 

for 50% inhibition of the two individual enzymes: 

Ancymidole 
Metyrapone 

Prochloraz 

Enzyme I Enzyme II 

19 uM 4 UM 
1500 TIM 75 uM 

23 uM 2 uM 

No inhibition was observed at 2 mM EDTA or KCN. 

Carbon monoxide (90% CO, 10% 02) inhibited both enzymes to 10% of the original activ- 

ity in the dark. Illumination of the samples containing the inhibitor restored activity to 

about 57%. 

Both enzymes are present in a number of cell suspension cultures such as: Corydalis 

vaginans, Fumaria parviflora, Eschscholtzia glauca, E. lobbii, and Chelidonium majus. -- 
Enzymes I and II are absent in mouse-liver microsomes. Due to the fact that cytochrome P- 

450 dependent monooxygenases are involved in the above-mentioned reactions, we assume that 

methylenedioxy group formation is initiated via hydroxylation of the attached methoxy 

groups. This step would generate a hemiformal, possibly representing the crucial inter- 

mediate in the reaction mechanism. 4 The picture now emerging indicates that microsomal 

bound P-450 enzymes play a major role in the catalyzation of reactions in alkaloid bio- 

synthesis which are difficult to mimic in organic chemistry. 

Acknowledgement: 

Our thanks are due to Mr. R. Stadler for linguistic help in the preparation of this 
manuscript. Supported by SFB 145 of Deutsche Forschungsgemeinschaft, Bonn, and Fonds der 
Chemischen Industrie. 

References: 

:: 
3. 

:: 

6. 

;: 
9. 
IO. 

1:: 
13. 
14. 
15. 

G.A. Cordell: Introduction to Alkaloids. John Wiley Interscience New York (1981). 
M. Scribney and 5. Kirkwood, Nature 171, 931 (1953). 
D.H.R. Barton, G.W. Kirby, and J.B. l?$or, Proc. Chem. Sot. (London) 340 (1962). 
D.H.R. Barton, G.W. Kirby, J.B. Taylor, and G.M. Thomas, J. Chem. Sot. 4545 (1963). 
A.R. Battersby, R.J. Francis, M. Hirst, E.A. Ruveda, and J. Staunton, J. Chem. Sot. 
Perkin I, 1140 (1975). 
A.R. Battersby, J. Staunton, H.R. Wiltshire, R.J. Francis, and R. Southgate, J. Chem. 
Sot. Perkin I, 1147 (1975). 
N. Takao, K. Iwasa, M. Kamigauchi, and M. Sugiura, Chem. Pharm. Bull. 24, 2859 (1976). 
Z. Kitasato, Acta Phytochim. (Japan) 2, 175 (1927) 

- 

T. Frenzel and M.H. Zenk, unpublished results. 
P. Steffens, N. Nagakura, and M-H. Zenk, Phytochemistry 2, 2577 (1985). 
M. Amann and M.H. Zenk, Phytochemistry 26, 3235 (1987). 
H.-M. Schumacher, H. Gundlach, F. FiedlF, and M.H.Zenk, Plant Cell Rep. 5, 410 (1987). 
R.E. Childs and W.G. Bardsley, J. Biochem. 145, 93 (1975). 
W. Bauer and M.H. Zenk, Phytochemistry, manEript submitted, 
H. Diesperger, C.R. Miiller, and H. Sandermann, FEBS Letters 43, 155 (1974). - 

(Received in Germany 17 July 19891 


