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Biological Systems Pharmacological Effects/ Plant/Constituent Page
Organs/Diseases Effectson
Central nervous system anticonvulsive Magnolia officinalis, Magnoliaceae 103
muscle relaxant Magnolia officinalis 103
sedative Magnolia officinalis 103
Peripheral nervous system muscle relaxant Tetrapleura tetraptera, Mimosaceae 99
Autonomous nervous system spasmolytic Tabernaemontana dichotoma, Apocynaceae 28
Cardiovascular system hypotensive Tetrapleura tetraptera, Mimosaceae 46
hypotensive Tetrapleura tetraptera, Mimosaceae 99
Hormonal system antifertility Hippadine, Amaryllidaceae 252
Infectious deseases antibacterial Baccharis crispa, Asteraceae 128
antiviral Clivia miniata, Amaryllidaceae 109
Tumors tumor promotion Pimelea simplex, Thymelaeaceae 3
Inflammation antiinflammatoric Chamonmillareculita, Astcraceae 67
antiinflammatoric Crassocephalum multicorymbosum 255
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Abstract

A highly specific new enzyme, S-adenosyl-L-me-
thionine: (6-O-methyl-norlaudanosoline)-5'-O-me-
thyltransferase which catalyses the formation of nor-
orientaline from 6-O-methyl-norlaudanosoline and
SAM was discovered, partially purified, and charac-
terized. Argemone platyceras cell suspension cultures
served as enzyme source.

Introduction

Tetrahydroisoquinoline biosynthesis in plants in-
volves a number of O- and N-methylation steps [e.g.
1] of norlaudanosoline, the first precursor in the
pathway. In a previous communication, we have des-
cribed the isolation of a first specific O-methyltrans-
ferase. In Argemone platyceras cell suspension cultu-
res this enzyme methylates predominantly the 6-O-
position of (S)- as well as (R)-norlaudanosoline, me-
diating the transfer of a methyl-group from S-adeno-
syl-L-methionine to NLS [2]. During the purification
of this enzyme, a second enzymatic activity was dis-
covered which utilises 6-O-methyl-NLS to introduce
a second methyl group in the 5’-position of the mole-
cule to yield nororientaline. Again SAM serves as a
methyl group donator. Nororientaline is a principal
immediate precursor of papaverine in Papaver som-
niferum [1] and is also undoubtedly converted to
orientaline by N-methylation. Orientaline itself has

Abbreviations: NLS = Norlaudanosoline; SAM = S-Adeno-
syl-L-methionine; SAH = S-Adenosylhomocysteine.

been isolated from opium poppy [3] and is metaboli-
zed in Papaver orientale via orientalinone to isothe-
baine [4]. Therefore nororientaline can be consid-
ered as a specific precursor of a number of isoquinoli-
ne alkaloids in higher plants. This report describes
the partial purification and characterization of a new
enzyme which was designated S-adenosyl-L-methio-
nine: (6-O-methyl-norlaudanosoline)-5'-O-methyl-
transferase.

Material and Methods

Argemone platyceras cells were cultivated as described pre-
viously [2]. Chemicals used were essentially those described in the
preceeding communication [2]. The new enzyme, described here,
was purified through steps 1-4 as described previously [2]. How-
ever, the enzyme was eluted from hydroxyapatite columns at frac-
tions 56-65 in contrast to the previously described NLS-6-O-me-
thyltransferase which was eluted between fractions 43 and 54. En-
zyme assays were carried out as follows: (R, S)-6-O-methyl-nor-
laudanosoline (0.3 mM), SAM-*H (10000 cpm, 0.1 mM), KPO,2-
buffer, pH 7.5 (130 mM) were incubated in a total volume of 150 ul
at 35° C for 45 min. The reaction was terminated by the addition of
200 ul Na,COs-buffer (1 M, pH 9.5). The methylated product was
extracted by adding 400 ul isoamylacohol and shaking for 45 min.
After centrifugation for S min. in an Eppendorf centrifuge, 200 ul
of the organic phase were transferred to scintillation vials and
counted. A blank value of about 10 % (obtained by assay mixtures
containing either no enzyme or no substrate), had to be subtracted
from all incubation mixtures. Recovery of the methylated product
was 92 % under these conditions.

The products were separated and identified by HPLC using a
Nucleosil-SA-column (25 mm X 3.2 mm i.d.) and 0.5 M ammo-
nium phosphate : methanol (70:30) as a solvent system. Retention
time of the potential products were: norisoorientaline, 7.14 min.;
nororientaline, 8.20 min.; norprotosinomenine, 8.84 min.; norre-
ticuline, 10.94 min.

Preparative isolations were done using the above incubation
mixture X 100. The reaction product was extracted by ethylacetate
and purified twice by thin layer chromatography (Si-gel; solvent
systems: 1) chloroform : methanol : acetic acid : water =
18:6:3:0.3; 2) acetone : chloroform : diethylamine = 5:4:1). Mass
spectra were determined in a Finnigan MAT 44S instrument.

Results and Discussion

During the purification of the 6-O-methyltransfe-
rase evidence was obtained that its reaction product
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Table |
Purification protocol for the 5'-O-methyltransferase from A. platyceras cell suspension cultures (125 g fwt)
Purification step Volume Total activity Protein Spec. activity Yield Purification
(ml) (pkat) (mg/ml) (pkat/mg) factor
Crude extract 236 4647 1.10 17.97 1
(NH,),SO, precipitation 23 56733 10.02 24.9 100 1.4
Geffiltration 69 5703 0.22 375.5 99.48 20.9
DEAE chromatography 35 1127 0.07 506.5 19.65 28.2
Hydroxyapatite 12 327.7 0.038 718.8 5.7 40.0
Table I Table Il

Some characteristics of (6-O-methyinoriaudanosoline)-5'-O-
methyltransferase from A. platyceras cell cultures

Substrate specifity of 40-fold purified 5'-O-methyltransferase
using SAM as methyl group donator

Characteristics 5'-O-methyltransferase
Molecular weight 47.000
pH-optimum 7.5
Temperature optimum 35°C
K for 6-O-methyinorlaudano-

soline 04 mM
Ky for SAM 0.05 mM
Kifor SAH 0.034 mM

is transformed by the introduction of a second methyl
group in the presence of excess SAM and crude en-
zyme preparations. The two enzymes involved are
clearly separated by chromatography on hydroxya-
patite. The enzyme was partially purified by using
(R,S)-6-O-methyl-norlaudanosoline as substrate. As
shown in Table I the enzyme could be recovered with
6 % yield. Purification was about 40-fold.

The characteristic properties of the enzyme are li-
sted in Table II. The enzyme has a half life of 33 hrs
at 30° C and retains full enzymatic activity in the pres-
ence of 0.05 % NaNj, at 4° C after 4 weeks. The en-
zyme is, however, completely inactivated by freezing
even in the presence of 30 % glycerol. The enzyme is
inhibited completely by Fe3* and Hg?* ions at 5 mM
concentration and is strongly inhibited by 5 mM p-
chloromercuribenzoate (84 %), N-ethylmaleimide
(82 %), and 10 mM jodobenzoic acid (79 %). This in-
dicates that SH-groups are present at the active cen-
ter of the enzyme. Similar findings have been repor-

H3CO-¢
HO B N-H

H +SAM —> H

HO

6-0-Methylnorlaudanosoline

Substrate Product of

reaction

pkat/mg %

(R, S)-6-O-methyi-
norlaudanosoline 1
(R)-Norlaudanosoline 0
(S)-Norlaudanosoline 0
(R, S)-Laudanosoline 0

0  Nororientaline

ted for the unspecific meta and para directing cate-
chol-O-methyltransferases from plant origin [5]. The
general properties of the enzyme, described here, are
very similar to the previously described norlaudano-
soline-6-O-methyltransferase.

The substrate specifity of the 5’-O-methyltransfe-
rase was of considerable interest. 18 substrates were
tested for their ability to accept methyl groups from
SAM catalysed by S-adenosyl-L-methionine: (6-O-
methyl-norlaudanosoline)-5'-O-methyltransferase.
None of the phenols, phenylpropanoids, flavonoids,
coumarins, and biogenic amines tested, served as
substrates. Out of 12 different isoquinoline alkaloids
tested [2] only (R,S)-6-O-methyl-norlaudanosoline
was methylated. Surprisingly neither (R) or (S)-nor-
laudanosoline nor (R, S)-laudanosoline served as a
substrate (Table III) which shows a hitherto unique
substrate specifity of an O-methyltransferase in plant
kingdom [6]. Since the 6-O-methyl-norlaudanosoline
used was a racemate, it is not known whether either

H3CO-&

N-H
HO +SAH

H3CO 5
HO

Nororientaline
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of the two stereoisomers is preferentially methyl-
ated. As shown by HPLC (retention time 8.20 min.)
and mass spectroscopy ([M+1]* 316, 100 %, meas-
ured with dci), the reaction product of the enzyme
was unequivocally nororientaline. As shown in Fig.
1, the new enzyme therefore exclusively methylates
the 5'-position of 6-O-methyl-norlaudanosoline.

Using *CH;-SAM as one substrate and this novel
enzyme as catalyst it was possible to synthesize 5’-
4CHj-nororientaline with excellent yields. Using
callus of A. platyceras, feeding experiments with the
labelled substrate showed that nororientaline was ex-
tensively metabolized by Argemone, yielding several
alkaioids which are now being investigated. This
finding demonstrates that the new enzyme is of phy-
siological importance in the plant tissue.

Our results confirm previous findings [1, 2] that 6-
O-methylation clearly precedes methylation at C-7
and methylation at ring C within the reticuline/orien-
taline pathway.

In addition the results obtained on the specific
NLS-6-O-methyltransferase [2] and especially the 5'-
O-methyltransferase described here clearly demon-
strate that O-methylation precedes N-methylation.

Acknowledgements

Our thanks are due to Miss GaBrieLe WEBER for excellent tech-
nical assistance and Dr. H. IBeLGaurTs for his kind linguistic help.
This investigation was supported by SFB 145 of Deutsche For-
schungsgemeinschaft, Bonn, including a Finnigan MAT 448 in-
strument and by Fonds der Chemischen Industrie (literature provi-
sion).

References

(1) Brochmann-Hanssen, E., C.-
H. Chen, R. Chen, H.-C. Chiang,
A. Leung and K. McMurtrey: J.
Chem. Soc. Perkin I, 1975, 1531.

(4) Batterby, A. R. in Taylor, W.
I. and A. R. Battersby (eds.): Oxi-
dative coupling of phenols, p. 119,
New York 1967, Marcel Dekker.

57

(2) Rueffer, M., N. Nagakura and
M. H. Zenk: Planta Med., in press
(1983).

(3) Brochmann-Hanssen, E., C.-
H. Chen, H.-C. Chiang, C.-C. Fu
and H. Nemoto: J. Pharm. Sci. 62,
1291 (1973).

(5) Tsang, Y.-F. and R. K. Ibra-
him: Z. Naturforsch. 34c, 46
(1979).

(6) Poulton, J. E., Stumpf, P. K.
and E. E. Conn (eds.): The Bioche-
mistry of Plants, Vol. 7, p. 667,
New York 1981, Academic Press.

Address: Pharmazeutische Biologie,

Karlstrafle 29,

D-8000 Miinchen 2, Federal Republik of Germany



