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Protoberberine alkaloids 20 
Protocatechuic acid 186 
Pseudoguaianolides 226, 246 
Puberaconitidine 85 
Puberaconitine 85 
Puberanidine 85 
Puberanine 85 
Pulegone 9 
Pyrrolizidine alkaloids 57 

Resins 154 
Resveratrol 51 
Reticuline 20, 131 
Rhamnose 149 
Rhoeadine derivatives 43 

Steroidal sapogenins 38 
Stigmastenol 177 
Stilbene51 
Sugiol 220 
Swertiamarin 240 

Tabersonine 28 
Tacaman alkaloids 232 
Tannins 181 
Taraxerol 60 
Terpineol 216 
Tertiary phenolic alkaloids 14 
Tetrahydroalstonine 62 
Tetrahydroisochinoline alkaloids 196 
Tetrahydroprotoberberine alkaloids 162 
Thalifaberine 55 
Thalifabine 55 
Thujaplicin derivatives 216 
Thujone 220 
Tigliane derivatives 3 
Tinnevellin glycoside 36 
Tripdiolide 109 
Triterpenoids 60, 165 
Tropolone 220 
Tumor promotors 199 

U 

Ursolic acid 240 
Ushinsunine 20 

S 

Sabinene 220 
Sapogenins 38 
Saponins 38, 60 
Sarpagine 62 
Schumannificine 95 
Sciadopitysin 204 
Scopoletin 46, 99 
Secoiridoids 208,211 
Sesquiterpene lactones 226,246 
Sesquiterpenes 127 
Silybin 224 
Simplexin 3 
Sinapic acid 186 
Sitosterol 220 
Skin irritants 199 
Spinasterol 177 
Stemmadenine 28 
Stepholidine 20 
Steroidal alkaloids 126 

V 

Valepotriates 64, 138, 191 
Valtrate 64, 138,191 
Vellosimine 62 
Vindolinine derivatives 124 
Vinorine 62 
Voacangine 28 
Voacristine 232 
Voaphylline 28,232 
Vobasine 232 

Y 

Yamogenin 38 

Z 

Zierinxyloside 143 



VI 

Index of Names of Organisms 49,1983 

Please note that the following plant fami-
lies are listed as indicated below: 
Alsinaceae sub C a r y o p h y l l a c e a e 
Apiaceae sub U m b e l l i f e r a e 
Arecaceae sub P a l m a e 
Asteraceae sub C o m p o s i t a e 
Brassicaceae sub Cruciferae 
Clusiaceae sub G u t t i f e r a e 
Fabaceae sub L e g u m i n o s a e (including M i -

mosoideae = M i m o s a c e a e , Caesalpini-
oideae = C a e s a l p i n i a c e a e and Papilion-
oideae = P a p i l i o n a c e a e = Fabaceae 
sensu stricto) 

Hypericaceae sub G u t t i f e r a e 
Lamiaceae sub L a b i a t a e 
Oenotheraceae sub O n a g r a c e a e 
Poaceae sub G r a m i n e a e 

Abrus cantoniensis 165 
Abrus precatorius 165 
Aconitum barbatum 85 
Adlumia fungosa 133 
Albertisia papuana 22 
Alstonia yunnanensis 62 
Althaea officinalis 152 
Amaryllidaceae 109, 252 
Annonaceae 20, 25 
Anthemis altissima 143 
Anthemis cairica 143 
Anthocephalus cadamba 189 
Apocynaceae 28, 62, 79,124, 232 
Araceae 14 
Argemone intermedia 133 
Argemone platyceras 131, 196 
Arnica montana 226 
Artemisia caruthii 67 

B 

Baccharis crispa 128 
Baccharis megapotamica 116 
Baccharis notosergila 128 
Baliospermum montanum 200 
Berberidaceae 32,133 
Berberis actinacantha 32 
Berberis henryana 133 
Berberis stolonifera 133 
Berberis wilsonae 133 
Betula species 181 
Betulaceae 181 
Blackstonia perfoliata 211 
Bombax malabaricum 127 
Boraginaceae 254 
Brucea antidysenterica 116 
Bryonia dioica 176 
Buxaceae 126 
Buxus papulosa 126 

Cacalia floridana 57 
Caesalpinia gilliesii 116 
Caesalpiniaceae 36 
Campanulaceae 60 
Cannabis sativa 250 
Cassia angustifolia 36 
Cassia senna 36 
Catharanthus roseus 79,124 
Celastraceae 115 
Cephalotaxaceae 115 
Cephalotaxus harringtonia 115 
Chamomilla recutita 67 
Chasmanthera dependens 17,162 
Chelidonium majus 133 
Chlorella ellipsoidea 178 
Chrysanthemum indicum 236 
Cissampelos mucronata 133 
Clivia miniata 109 
Codonopsis pilosula 60 
Colchicum speciosum 116 
Compositae 57,67,128,143,226,236,246, 

255 
Convolvulaceae 154 
Convolvulus al-sirensis 154 
Convolvulus microphyllus 154 
Coridothymus capitatus 248 
Corydalis pallida 133 
Corydalis sempervirens 133 
Crassocephalum multicorymbosum 255 
Crepis capillaris 246 
Crepis virens 246 
Crinum asiaticum 252 
Crinum augustum 252 
Crinum latifolium 252 
Crinum pratens 252 
Cucumis sativus 176 
Cucurbita maxima 176 
Cucurbita pepo 177 
Cucurbitaceae 176 
Cupressaceae 170, 216 
Curcuma longa 185 

D 

Dictiostelium discoideum 177 
Digitalis lanata 74 
Digitalis schischkinii 74 
Dioscorea collettii 38 
Dioscoreaceae 38 

Fagara zanthoxyloides 116 
Fumaria officinalis 133 

Gentiana pedicellata 240 
Gentianaceae 208, 211, 240 
Ginkgo biloba 204 
Ginkgoaceae 204 
Glaucium flavum 133 
Guatteria gaumeri 25 

H 

Erythrina lithosperma 22 
Eschscholtzia tenuifolia 133 
Euphorbiaceae 199 

Heliotropium indicum 116,254 
Heliotropium supinum 254 
Hibiscus species 127 
Holacantha emoryi 116 
Hura crepitans 3 

I 

Ipomoea lacunosa 154 
Ipomoea operculata 154 
Ipomoea pandurata 154 
Ipomoea quamoclit 154 
Ipomoea turpethum 154 
Isertia hypoleuca 244 

Juniperus communis 170 

Kydia calycina 127 

Labiatae 9, 248 
Lantana achyranthifolia 63 
Leguminosae 36, 46, 61, 99, 120,165 
Lindera oldhamii 22, 26 
Loganiaceae 158 

M 

Magnolia obovata 103 
Magnolia officinalis 103 
Magnoliaceae 103 
Majorana syriaca 248 
Malvaceae 127 



Index of Names of Organisms Vl l 

Maytenus bucchananii 116 
Menispermaceae 17, 133, 162 
Menispermum dauricum 22 
Mentha species 9 
Mimosaceae 46, 99 
Moraceae 90 
Morus alba 90 
Morus australis 90 
Moschus moschiferus .183 
Mycobacterium species 10 

N 

Nicotiana tabacum 250 

O 

Ochrosia moorei 116 
Origanum compactum 249 
Origanum floribundum 249 
Origanum hirtum 249 
Origanum majorana 249 
Origanum maru 248 
Origanum smyrnaeum 249 
Origanum syriacum 248 
Orobanchaceae 250 

P 

Panax ginseng 60 
Panax pseudo-ginseng 60 
Papaver armeniacum 43 
Papaver cylindricum 43 
Papaver fugax 43 
Papaver Orientale 196 
Papaver somniferum 131,196 
Papaver tauricola 43 
Papaver triniifolium 43 
Papaveraceae 43,131,196 
Papilionaceae 120 

Penicillium expansum 211 
Phelipaea ramosa 250 
Pimelea linifolia 7 
Pimelea prostrata 3 
Pimelea simplex 3 
Pinellia ternata 14 
Podophyllum hexandrum 223 
Polyalthia beccarii 20 
Polyalthia emarginata 20 
Polyalthia nitidissima 20 
Polyalthia oligosperma 20 
Polyalthia oliveri 20 
Polyalthia suaveolens 20 
Polygonaceae 51 
Polygonum cuspidatum 51 
Polygonum multiflorum 51 
Polypodium vulgare 181 
Pongamia glabra 61 
Putterlickia verrucosa 115 

R 

Ranunculaceae 55, 85,133 
Rhus coriaria 248 
Rubiaceae 95,188,244 

S 

Sapium sebiferum 199 
Satureja capitata 248 
Satureja peltieri 249 
Satureja thymbra 248 
Schistosoma japonicum 199 
Schumanniophyton magnificum 95 
Schumanniophyton problematicum 97 
Scolytus multistriatus 181 
Scolytus ratzeburgi 181 
Scrophulariaceae 74 
Senecio aureus 57 
Stizolobium hassjoo 120 
Streptomyces clavuligerus 10 

Strychnos melinoniana 158 
Strychnos usambarensis 158 

T 

Tabernaemontana dichotoma 28, 232 
Tabernaemontana eglandulosa 232 
Taxus brevifolia 116 
Tetrapleura tetraptera 46, 99 
Thalictrum dasycarpum 116 
Thalictrum faberi 55 
Thalictrum sparsiflorum 133 
Thalictrum tuberosum 133 
Thuja occidentalis 216 
Thymelaeaceae 3 
Thymus capitatus 248 
Tilia species 149 
Tiliaceae 149 
Tripterygium wilfordii 115 

U 

Ulmus americana 181 
Uncaria sinensis 188 
Uncaria species 188 

V 

Valeriana edulis ssp. procera 64 
Valeriana kilimandscharica 64 
Valeriana thalictroides 64 
Valeriana wallichii 138,191 
Valerianaceae 64, 138, 191 
Verbenaceae 63 

Z 

Zingiberaceae 185 



VIII 

Pharmacology Index 49,1983 

Biological Systems Pharmacological Effects/ Plant/Constituent Page 
Organs / Diseases Effects on 

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 Chamomilla reculita, Asteraceae 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 6-0-
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]. Düring 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 

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: (6-0-methyl-norlaudanosoline)-5'-0-methyl-
transferase. 

Material and Methods 
A r g e m o n e p l a t y c e r a s 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 eiuted from hydroxyapatite columns at frac-
tions 56-65 in contrast to the previously described NLS-6-O-me-
thyltransferase which was eiuted between fractions 43 and 54. En
zyme assays were carried out as follows: (R, S)-6-0-methyl-nor-
laudanosoline (0.3 mM), S A M - 3 H (10000 cpm, 0.1 mM), K P 0 4

2 -
buffer, p H 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 2C0 3-buffer (1 M , p H 9.5). The methylated product was 
extracted by adding 400 ul isoamylacohol and shaking for 45 min. 
After centrifugation for 5 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 thje methylated product 
was 92 % under these conditions. 

The products were separated and identified by H P L C 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 isoiations 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 M A T 44S instrument. 

Results and Discussion 

Abbreviations: NLS = Norlaudanosoline; S A M = S-Adeno-
syl-L-methionine; S A H = S-Adenosylhomocysteine. 

Düring the purification of the 6-O-methyltransfe-
rase evidence was obtained that its reaction product 
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Table I 
Purification protocol for the ö ' -O-methyl t ransferase f rom 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 

( N H 4 ) 2 S 0 4 precipitation 23 5733 10.02 24.9 100 1.4 

GelTiltration 69 5703 0.22 375.5 99.48 20.9 

DEAE chromatography 35 1127 0.07 506.5 19.65 28.2 

Hydroxyapati te 12 327.7 0.038 718.8 5.7 40.0 

Table II 
Some characterist ics of (6-0-methy lnor laudanoso l ine) -5 ' -0-

methyltransferase f rom A. platyceras cell cultures 

Characterist ics 5 ' -0-methy l t ransferase 

Molecular weight 47.000 

pH-opt imum 7.5 

Temperature Optimum 35° C 

K M for 6-O-methylnor laudano-

soline 0.4 m M 

K M for SAM 0.05 m M 

Kj for SAH 0.034 m M 

Table III 
Substrate specifity of 40-fold purified 5 ' -0-methy l t ransferase 

using S A M as methyl group donator 

Substrate pkat/mg % Product of 

reaction 

(R, S) -6-0-methy l -

norlaudanosol ine 314 100 Nororientaline 

(R)-Norlaudanosol ine 0 0 -
(S)-Norlaudanosol ine 0 0 -(R, S)-Laudanosol ine 0 0 -

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)-6-0-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 füll enzymatic activity in the pres
ence of 0.05 % NaN 3 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 Fe 3 + and H g 2 + ions at 5 mM 
concentration and is strongly inhibited by 5 mM p-
chloromercuribenzoate (84 %), N-ethylmaleimide 
(82 %), and 10mM jodobenzoic acid (79 %). This in-
dicates that SH-groups are present at the active Cen
ter of the enzyme. Similar findings have been repor-

+ SAM 

6-0-Methylnorlaudanosoline 

ted for the unspecific meta and p a r a 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-methy ltransferase. 

The Substrate specifity of the 5'-0-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: (6-0-
methyl-norlaudanosoline)-5'-0-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)-6-0-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 

+ SAH 

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 + l ] + 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 1 4 CH 3 -SAM as one Substrate and this novel 
enzyme as catalyst it was possible to synthesize 5'-
14CH3-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. 
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