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Abstract-Enzyme preparations from cultured roots of Hyoscyamus nrger converted 6B-hydroxyhyoscyamine to 
scopolamme m the presence of the co-factors required by 2-oxoglutarate-dependent dioxygenases, I.e. 2-oxoglutarate, 
ferrous ion and ascorbate The epoxidase, a soluble enzyme, reqmres molecular oxygen for the reaction. Incubations 
with 6P-[6-‘80]hydroxyhyoscyamine and 6/3-hydroxy[7/&‘Hlhyoscyamme as substrates demonstrated that the 
epoxidatlon reaction proceeds with retention of the 6fl-hydroxy oxygen and with loss of the 7jShydrogen. The 
epoxidase activity found under the optimal reaction conditions studled was considerably lower than the activity of 
hyoscyamine 68-hydroxylase in cultured roots, and the two activities could not be separated during partial 
purification. The function of this epoxidase m scopolamine biosynthesis is discussed in relation to hyoscyamme 6/S 
hydroxylase. 

INTRODUCTION 

Scopolamme 1s formed by oxidative transformation of 
hyoscyamine (1) in several solanaceous species [l] (Fig. 
1). The first step m this epoxidation is the hydroxylatlon 
of hyoscyamme to 6fi-hydroxyhyoscyamme (HyosOH, Z), 
which IS catalysed by the 2-oxoglutarate-dependent 
dioxygenase, hyoscyamme 6p-hydroxylase [Z]. No en- 
zyme(s) that catalyses the subsequent step(s) leading to 
scopolamme (3) has yet been found Although 6,7-dehy- 
drohyoscyamme (4) is converted to scopolamme when fed 
to plants [3,4], as well as acting as a substrate for 
hyoscyamme 6/?-hydroxylase [S], our feeding study with 
[6-l *O]HyosOH [4] established that the unsaturated 
alkaloid 4 1s not a precursor of scopolamine in viuo. 
Independent feeding of [N-methyl-‘4C, 6p,7/G3HJtro- 
pme [6] and [7/G2H]HyosOH [7] to alkaloid-producing 
plants resulted m the loss of the 7/I-hydrogens in sco- 
polamine Therefore, scopolamine must be formed in 
uuo by 7/Ldehydrogenation, followed by the epoxide 
formation of HyosOH. 

We here report that enzyme preparations from cul- 
tured Hyoscyamus roots convert HyosOH to scopol- 
amme with the same stereochemistry reported for in uiuo 
feeding experiments 

RESULTS 

Properties of 6jkhydroxyhyoscyamme epoxldase 

When enzyme preparations from root cultures of 
Hyoscyamus nrger which had been partially purified by 

*Author to whom correspondence should be addressed. 

t Present address. Plantech Research Institute, MIdon-ku, 
Yokohama city, Kanagawa 227, Japan 

ammonium sulphate fractlonatlon (55-85% saturation) 
were Incubated with HyosOH, 2-oxoglutarate, ferrous 
ion, ascorbate and catalase under aerobic conditions, a 
time-dependent formation of scopolamme took place. 
The formatlon of radioactive scopolamme when the 
enzyme preparation was incubated with [N-methyl- 
‘HJHyosOH and the co-factors required by 2-oxoglu- 
tarate-dependent dioxygenases is shown m Fig. 2. No 
radioactive compounds other than scopolamme and the 
substrate were detected, the formation of scopolamine 
depending on the presence of the native enzyme and the 
co-factors. Omission of 2-oxoglutarate, ferrous ion or 
ascorbate from the reactlon mixture markedly reduced 
the reaction rate (Table 1). The omission of catalase had 
no effect on the enzyme activity of our relatively crude 
enzyme preparations, as had been found for the relatively 
crude hyoscyamme 6/?-hydroxylase [2]. The epoxldase 
reaction required dloxygen; under anaerobic condltlons 
in which the air m the reaction vial was replaced with 
nitrogen, there was little reaction (Table 2) 

71 2 /” 2 \ 

65 4 
1 

Ii 
R=-CO-C-Ph 

&H&H 4 

Fig. I Blosynthetlc pathway from hyoscyamme to scopolamine. 

The pathway by which 6,7-dehydrohyoscyamme, non-natural 

alkaloid, IS converted to scopolamme IS also shown. 
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ABC 
Fig 2 AutoradIography of reactmn mixtures after TLC separ- 

ation Partially purified HyosOH epoxldase (1 I mg protein) and 

[N-methyl-3H,]HyosOH (120 nmol, 0 48 ,&I) were Incubated 

at 30’ overnight with (A). or without (B). the co-factors of 2- 

oxoglutarate-dependent dloxygenases Bolled enzyme with the 

co-factors served as the control (C) After termmatlon of the 

reactlon, the alkalords were extracted dnd mlxed with unlabelled 
alkaloids The mixture then wab chromatographcd on a sihca gel 

TLC plate (solvent system A) Alkaloids were located with 

DragendorfT’s reagent, after which the plate was sprayed with 

EN3HANCE (NEN Research Products) and exposed at - 70 

for 2 weeks Stop, scopolamme. HyosOH, 6/Ghydroxyhyoscyd- 
mme 

Durmg purification of the epoxldase we found that its 
actlvlty was rapidly lost even when buffers contarnmg 
glycerol (up to 30%) or co-factors for the reaction were 
used. A representative example of our attempted purlfi- 
cation IS shown m Table 3 The actlvlty of hyoscyamme 
6,Ghydroxylase was also measured durmg purlficatlon In 
the crude enzyme extracts, epoxldase actlvlty was three to 
ten times lower than hydroxylase actlvlty During am- 
momum sulphate fractlonatlon, Butyl-Toyopearl CC 
(data not shown), and DEAE-Toyopearl CC, the two 
enzyme activities were found m the same fractions, but 
epoxldase actlvlty was generally cu 20 times lower than 
hydroxylase actlvlty after ammomum sulphate fractlon- 
atlon, and ca 100 to 200 times lower after the CC steps 

Prehmmary experiments performed with enzyme prep- 
arations partially punfied by ammomum sulphate frac- 
tionation and Butyl-Toyopearl CC gave a K, value of 
15 /.LM for HyosOH and an optlmal reaction pH of 7 5 

Table I Co-factor reqturements of 6/Ghydroxyhyoscya- 
mme epoxldasc 

Omls?lon\ from the 

complete \y\tem 

Enzyme activity 

pkat % of control 

None 1 09 100 

b/I-Hydroxyhyoscyamme 000 0 

2.Oxoglutarate 006 6 
Fe” 000 0 

Aacorbdte 035 32 

Catalase I IS I05 

The assay mixtures were Incubated for 3 hr at 30. with the 

parttally pm-died epoxldase (1 7.5 mg of protein) 

Table 2 6&Hydroxyhyoscydmme epoxldase activity in the 

presence of arr or mtrogen 
____ -----.~ 

Enzyme dctrvlty 
-.- 

Experiment pkal* % of control 

Control 

N1dAlr 

N,+N, 

085&O IO 100 

I03~002 121 

0 03 + 0 0 I 3 

The standard assay mixture m a stoppered vlal was 

bubbled with mtrogen gas for IO mm, and then partially 

purdied epoxidase (0 56 mg of protem) was InJected into the 
vlal and Incubated for 2 hr at 30 in au (N,-+alr) or in Nz 

(N2-+N2) An assay mixture not subjected to nitrogen 

bubbling was Incubated with the partially purified enzyme 

preparation in an (control) 
* Edch value IS the mean of three replicates ( +s d ) 

The mhlbltory effects of several metal Ions on epoxldase 
actlvlty were tested at 0.2 mM, CaCI, (0% mhlbltlon), 
MgSO, (24%), ZnSO, (lOO%), MnSO, (100%) and 
CuSO, (100%). Pyrldme 2,4-dlcarboxylate, a potent m- 
hibltor of 2-oxoglutarate-dependent dloxygenase [S, and 
refs therem], tnhlblted enzyme actlvlty by 41% at 
0 5 mM. Addltlons of the followmg compounds (0 1 to 
10 mM) to the complete reactlon mixture had no marked 
effect on enzyme activity, NAD’, NADP’. NADH, 
NADPH, ATP + MgSO,, FAD, FMN, pyrroloqumolme 
quinone, acetyl-CoA, 6,7-dlmethyl-5,6,7,8_tetrahydro- 
folate, phenazme methosulphate, 2,6-dlchlorophen- 
ohndophenol, cytochrome c and hydrogen peroxide. 

To determine whether the observed low epoxldase 
actlvltles of crude extracts were caused by mefficlent 
solublhzatton of the enlyme from root cells, Trlton X-100 
at 0 1% (v/v) or deoxycholate at 005% (w/v) was m- 
eluded m the extractton buffer There was no increase m 
the epoxldase actlvlty of crude extracts, nor was there any 
Increase when the acetone powder of root cells was the 
starting material. The assoclatlon of the epoxldase with 
the cellular membranes was btudled m fractions obtamed 
by ultracentrlfugatlon (Table 4) Ultracentrlfugatlon at 
160 000 y of a crude cell extract m buffer contammg 1 mM 
MgCI, separated the soluble enzymes from the mem- 
brane fraction. as Judged by the dlstrlbutton of cyto- 
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Table 3 Partial purification of 6fi-hydroxyhyoscyarmne epoxldase from cultured H mger roots 

Purlficatlon step 
Total protem 

(mg) 

Total activity 

(pkat) 

Epoxldase Hydroxylase 

Specdic actlvlty 

(pkat/mg) 

Epoxidase Hydroxylase 

Crude extract 1632 3719 8677 2.3 53 
55-85% (NH&SO, 290 403 3978 1.4 14 
DEAE-Toyopearl 97 32 2475 33 255 

Hyoscyamus roots were cultured and processed as descrkd m Experimental. The enzyme preparation 
from each purlficatlon step was assayed for 68-hydroxyhyoscyamme epoxldase and hyoscyamme 6/?- 
hydroxylase 

chrome c reductase, a marker enzyme for microsomes. 
Both hyoscyamine 6/l-hydroxylase and HyosOH epoxi- 
dase were recovered m the 160000 g supernatant. Scarce- 
ly any activity of either enzyme was associated with the 
microsomal pellet 

Reaction mechanism 

Partially purified HyosOH epoxidase was incubated 
for 4 hr with [6-‘*O]HyosOH and the co-factors re- 
quired by 2-oxoglutarate-dependent dloxygenases. The 
reaction product (scopolamme) was analysed by GC/MS 
after being converted to its TMSi derivative. It gave a 
parent ion of m/z 377 (rel. int., 8) and a fragment ion at m/z 
140 (89) (Scheme I), both of which were two mass/charge 
units higher than the corresponding ions m authentic 
scopolamme [m/z 375 (5) and 138 (lOO)]. Based on the ion 
ratio 3771375 and 140/138, 80% and 78% of the scopol- 
amme molecules contamed one atom of ‘*O in their 
epoxide oxygen. These values are in good correspondence 
with the IsO content of 82% found for the substrate, 
HyosOH. Therefore, all of the ‘*O in the hydroxyl group 

InI2 377 m/z 140 

Scheme 1 

of HyosOH was retained in the epoxide 
scopolamine. 

oxygen of 

When a large excess of the partially purified epoxidase 
was mcubated overnight with 20 nmol of [7/?- 
‘H]HyosOH and the cofactors, all the labelled substrate 
was converted to scopolamme. GC/MS analysis of the 
scopolamine formed showed that the reactton product 
had a mass spectrum identical with that of authentic 
scopolamine. Thus, the 7/3-deutermm m the substrate was 
lost during epoxidation 

DISCUSSION 

A 2-oxoglutarate-dependent dioxygenase, HyosOH 
epoxidase, from cultured H. nrger roots converts 
HyosOH to scopolamine. Although dioxygen is required 
for the reaction, It IS not mcorporated into scopolamme, 
the epoxlde oxygen of the scopolamme bemg derived 
from the 6fi-hydroxyl oxygen of HyosOH. Based on our 
comparisons of reactlons catalysed by other 2-oxoglutar- 
ate-dependent dloxygenases [8,9], we propose the fol- 
lowing reaction mechanism for the epoxidatlon catalysed 
by HyosOH epoxidase (Scheme 2). The reactlon of a 
ferrous ion-enzyme complex (5) with dioxygen and 2- 
oxoglutarate decarboxylates the keto acid. Simul- 
taneously a highly reactive ferry1 enzyme species (6) IS 
formed, which we postulate to be a species common to all 
the dloxygenases of this class. This oxldlzing species 
could be mserted into the C-7-HB bond of HyosOH with 
retention of configuration to give an iron+arbon species 

En=Fe + l O, + 2-09 - En=Fe=O’ + Co2 + *O Loon 

5 6 

it=-COCH(CH~H)Ph 

En; 66-Hydroxyhyoscyamme Epoxutase 

2-Og; 2-Oxoglutarate 

Scheme 2 
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Table 4 Assoclatlon of 6/j-hydroxyhyoscyamme epoxtdasc and hyo5cyamme 6[1-hydroxylase with 
mlcrosomes 

Enzyme acttvltles 

Fraction 

Epoxldase* Hydroxylase* CR* 

(pkat) (pkat!‘mg) (pkdt) (pkatimg) (A,,,,) (A,,,,/mg) 

270 supernatant y 

(crude extract) 

16OOOOy aupernatant 

(soluble enzymes) 

I60 000 pellet q 

(mlcrosome fraction) 

37 2 0 6 528 78 417 61 

28 4 0 7 687 170 81 2 0 

0 0 24 17 398 19 1 

* Epoxldase 6fl-hydroxyhyoscyamme epoxldase, hydroxylase hyoscyamme 6a-hydroxylase, CR 
cytochrome c reduccdae CR wdb used as the marker enzyme for microsomes 

Expcnments were repeated twice. all gave snnilar rCWltb 

(7) FormatIon of such an lron<arbon species has been 
suggested as the explanation of the rmg expansion of 
peruclllm N by deacetoxycephalosporm C/deacethyl- 
cephalosporm C synthetase, another 2-oxoglutarate-de- 
pendent dloxygenase [9] In the subsequent reactlon step, 
mtramolecular attack of the 6,5hydroxyl oxygen on the 
adjacent Iron atom from the same exo side of HyosOH 
would produce, with release of water, a metallocycle (8) 
which would collapse to scopolamme and the mltlal 
ferrous enzyme In such a scheme, lron<arbon species 7 
might undergo hydroxylatlon, to give 6b,7/Gdlhydroxy- 
hyoscyamme In none of our experiments, did we detect 
any formation of the dlhydroxylated alkaloid, but, the 
low epoxldase activity and the unavallablhty of an auth- 
entic sample of the alkaloid prevented the detectton of 
any rare hydroxylatlon reactton 

In cultured roots of H nrger, from which our enzyme 
preparations were obtained, the most abundant alkaloid 
IS scopolamme (0.1-O 2% dry wt), followed by hyo\cya- 
mme (003-007%) then HyosOH (cu 0 01%) [S, lo] As 
Judged by the high ratio of scopolamme to HyosOH and 
of hyoscyamme to HyosOH, our cultured roots should 
have higher HyosOH epoxldase actlvlty than hyoscya- 
mme 6,%hydroxylase actlvlty The low epoxldase actlvlty 
found m the crude enzyme extracts 1s not the result of 
mefficlent solublhzatlon of the enzyme The rapid loss of 
enzyme activity during purlficatlon may mdlcate mstabll- 
lty of the epoxldase, which might account for the loss of 
enzyme actlvlty during the preparation of crude extracts 
from cultured roots Alternatively, optimal expresslon of 
the epoxldase activity may require another unknown 
factor (enzyme?) which IS eliminated (or inactivated) 
during the extraction and punficatlon of the epoxldase. 
Our reconstitution experiments, m which partially purl- 
fied epoxldase preparations with reduced actlvtty were 
mixed with crude extracts, did not, however, restore 

enzyme actrvlty to the expected levels 
The co-purlficatlon of the epoxldase and the hydrox- 

ylase during partial purlficatlon and their requirement for 
the same co-factors raise the question as to whether the 
two enzyme activities are located on the same polypep- 
tide In terms of the reaction mechanism, the active site of 
the hydroxylase might also catalyse the epoxldatlon 
reaction, although probably less efficiently Because of 
sterlc hindrance between the h\l-hydroxyl group of 

HyosOH and the ferry1 oxygen of the oxldlzmg species 6, 
HyosOH might bmd at the active site of the hydroxylase 
m an orientation that forces the ferry1 oxygen to a 
posltlon closer to the 7/Ghydrogen than it takes with the 
normal substrate hyoscyamme If so, species 6 might be 
inserted mto the C-7-H/? bond of HyosOH at a low rate, 
with formation of an epoxlde taking place by the mechan- 
ism described m Scheme 2 Although this blfunctlonal 
nature of the hydroxylase IS theoretically possible. an 
unknown factor for epoxldase actlvlty still must be 
postulated to explain the stablhty of the epoxldase bemg 
lower than that of the hydroxylase durmg partial purlfi- 
catron 

EXPERIMENTAL 

Muterral~ Root cultures of Hycmqamus nqer L were init- 
iated and subcultured ds described m ref [IO] Prtor to enzyme 
extraction, the roots were transferred to 300 ml flasks contammg 

75 ml of B5 medium [ll] then cultured for 1 week Butyl- 

Toyopearl 650 M and DEAE-Toyopearl 650 M were purchased 

from TOSOH, Japan 

6/1-[6-‘“O]H)~dr0x~h~0~oamrnr [6-‘“O]HyosOH was pre- 

pared from hyoscyamme and IsOL by hyoscyamme 6/&hydrox- 

ylase ‘,F described In ref [4] GC ‘MS analysis showed that the 

alkaloid has 82 atom % of “0 at the 68-hydroxyl oxygen 

68-HydrosyL7P-LH]hy~\c~amln~ Scopolamme was converted 

to 6.7-dehydrohyoscyamme as described m ref 16) The un- 

saturated alkdlold, IdentItYed by ‘H NMR and MS. WdS hydro- 

genated m EtOAc with ‘H, (>99 75% CEA, France) m the 

presence of 10% Pd,‘C to give [6/i,7/G’H,Jhyoscyamme 

‘H NMR (400 MHz, CDCI,) on unlabelled hyoscyamme 62 20 
(3H, 5, N-Me). 2 92 and 3 04 (1 H, hr t. J = 3 4 Hz, H-l and H-5), 

147andl68(1H,hrd,J,,,= 15 0 Hz, H-2,, and H-4,,), 2 03 and 

2 11 (1 H, hr dt, J,,, = 1 S 0 Hz. J = 3 445 2 H7, H-2,, and H-4,,), 

503 (IH, t. J=52Z55Hz. H-3), 118 and 176 (IH, ddd, J,,, 

= 13 2 Hz, J =4 0 Hz. 9 2 Hz, H-6,,,, and H-7,,,,), 1 74 and 1.86 

(1 H, m, H-L and H-7,,,,) In the [?H]hyosLyamme, the broad 

triplet signals at (i2 92 dnd 3 04 changed to broad smglets. and 

the doubiets of double doublets at h I 1X and 1 76, to broad 

doublets (J=9 8) The multlplet!, at 0 1 74 and 1 86 also were 

reduced to small slgndls The TM% derlvdtlve of the labelled 

hyoscyarmne gave MS (70 eV), m:z (rel mt ) 363 [M]’ (5 5), 126 

[M-tropic dcld moiety]’ (IN)), 94 LC,H,N+Me] (22) The 
HBr salt had [r$ --25 1 (HIO. c 3 09) Compansons of NMR 
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and mass spectra data for the labelled hyoscyamme with the data 
for the unlabelled alkaloid confirmed the location of the two 
deutermm atoms 

The deuterated hyoscyamme was hydroxylated at the 6/I- 

position by hyoscyamme 6fi-hydroxylase partially purified from 

cultured H mger roots ‘H NMR (400 MHz, CDCI,) on un- 

labelled HyosOH 62 48 (3H, s, N-Me), 3.09 (lH, br t, J= 3 0 Hz, 

H-l), 1.22 and 1 59 (lH, br d, J,,,= 15 6 Hz, H-2,, and H-4,,), 
206and216(1H,brdt,J,,,= 156Hz,J=36-54Hz,H-2,,and 
H-4,,), 5 04 (lH, t, J =5 2-5 5 Hz, H-3), 2 96 (lH, br s, H-5). 4 32 

(1H,dd,J=24Hz,70Hz,H-6,,,,),175(1H,dd,J,,,=13.7-140 

Hz, J=7 O-7 3 Hz, H-7,,6,). 1 5-l 6 (lH, m, H-7,,,) In the 

[2H]HyosOH, the broad triplet signal at 6309 changed to a 

broad singlet, and the doublets of doublets at 64 32 and 1 75, to 

doublets (each with J = 7 6) The signal at 6 1 5-l 6 disappeared 

The TM& dertvative of the labelled HyosOH gave MS (70 eV), 

m/z (rel mt) 450 [M]’ (1 2), 435 [M-Me]+ (1 2), 213 [M 

-tropicacid moiety]+ (17),207(18),95 [C,H,N+Me] (100) 94 

[CsH,N+Me] (74) These spectral data confirmed the location 

of ‘H Mass fragmentography with two selected sets of ions (m/z 
212 -215 and m/z 449 -452) Indicated that the alkaloid has 85 

and 84 atom % of ‘H at the 7/I-position 

6fi-Hydroxy[N-methyl-jH,lhyoscyamme [N-methyl-‘H,] 
atropme (0 75 mCt, 87 Ci/mmol, NEN Research Products) was 

converted to [N-methyl-3H,]HyosOH by the hyoscyamme 6/I- 

hydroxylase partially purified from cultured H niger roots The 

hydroxylase is active only for the S isomer m [R, Slhyoscyamme 

(1 e atropine) [Z]. After the reaction, the radioacttve HyosOH 

was mixed with unlabelled HyosOH, purified by prep TLC, and 

the mixture recrystallized as an HBr salt from EtOH-Et,0 (see 

ref 121) This HBr salt (4 0 Ci/mol) was dissolved m 50% EtOH 

and stored at -20” until used 
Partial purlfcatlon of 6/?-hydroxyhyoscyamme epoxldase Root 

cultures were harvested on a suction filter, frozen with hqmd N,, 

then homogenized m a Waring blendor The frozen homogenate 

was kept at - 20” until use Subsequent procedures were done at 

4” The cell homogenate was suspended m 2 vol of Pi buffer 

(IO0 mM, pK 78) contammg 0.2 M sucrose and 3 mM dithio- 

threitol This suspension was ground thoroughly m a mortar 

with sea sand then mixed with 10% (w/v) msoluble poly- 

vmylpyrrolidone. After being kept at 4” for 30 mm with occa- 

sional sttrrmg, the suspension was passed through a compostte 

cheesecloth-Miracloth-cheesecloth filter and centrifuged at 

120009 for 30 mm The resultmg supernatant was used as the 

crude extract 

The HyosOH epoxidase m the crude extract was pptd between 

55 and 85% saturation by (NH&SO, The ppt obtained after 
centritugatton at I2 00Og for 30 mm was dtssolvedm a mmtmum 

vol of 40 mM Tris-HCI buffer (pH 7.5) contammg 0.2 M sucrose, 

1 mM dithiothrettol and 30% (v/v) glycerol (buffer A), this buffer 

having been adjusted to 21% saturation with solid (NH&SO, 

The enzyme soln was loaded on a butyl-Toyopearl column (2 6 

x 10cm) that had been equilibrated with buffer A saturated 

(21%) with (NH&SO, The column was treated m steps with 

buffer (lOO-ml porttons) containing 21,14,7 and 0% (NH&SO4 
m buffer A, at a flow rate of 1 ml/mm Most of the active fractions 

were eluted with 7% (NH&SO, 
When DEAE-Toyopearl chromatography was used for the 

purtfication, the (NH&SO, ppt dissolved m buffer A was 

desalted by passing tt through a Sephadex G-25 M (Pharmacta) 

column, after which it was loaded on a DEAE-Toyopearl650 M 
column (2 6 x 20 cm) that had been equilibrated with buffer A 

contammg 50mM NaCI After the column had been washed 

with 150 ml of the same buffer, the enzyme was eluted at a flow 

rate of 1 ml/mm with a linear gradtent of 50 and 200 mM NaCl 

(150-ml portions) dissolved in buffer A 

In both systems the active fractions were pooled and coned 

with an Amicon YM-10 ultrafiltration membrane. The concen- 

trate was passed through a PD-10 column (Pharmaaa), and the 
enzyme eluted with buffer A Glycerol was added to the eluted 

enzyme to a final concentration of 50% (v/v) The enzyme was 

stored m small porttons at - 20” until assayed 

Protein concns were determined by the method of ref. [12] 

with bovme serum albumin as the standard 

Enzyme assay. HyosOH epoxidase activity was assayed by 
measuring the formation of scopolamme by GC The complete 

assay mixture, m a total vol of 1 ml, contamed 50 mM Tris-HCI 

buffer (pH 7 5 at 30”) 0.4 mM FeSO,, 4 mM Na ascorbate, 1 mM 

2-oxoglutanc acid, 0 2 mM HyosOH HBr, 2 mg/ml catalase C- 

10 (Sigma) and the enzyme Incubation was at 30” for 2 hr The 

reaction was started by the addition of the enzyme and was 
stopped by the addition of 0.1 ml of ca 1 2 M Na-carbonate 

buffer (pH 10 5) The subsequent procedure used to extract the 

reactton product and the conditions for dertvattzation are 

reported m ref [4] TMSI derivatives of alkaloids were analysed 

with a gas chromatograph equipped wtth a fused silica capillary 

column CBP-1 (25m x 0.2mm, Shimadzu, Kyoto) Conditions 

for GC detection, FID, carrter gas, He at 1 ml/mm, split ratto, 

50.1, column temp , 250”, nnectton temp , 300”, mJectton vol, 

2 /Il. 
In the study with [N-methyl-sH,]HyosOH as the substrate, 

the epoxtdase activity was determmed by measuring the radioac- 

tivity of scopolamme that had been separated from the substrate 

by silica gel TLC (CHCI,-EtOH-28% NH,OH 85 15.4, sol- 

vent system A) After detection under UV,,,, the portion 

contammg scopolamme was scraped from the plate, dissolved m 
1 ml of MeOH then mixed with 10 ml of Umver-gel II (Nacalai 

tesque, Kyoto). The enzyme activities determined m several 

samples by both the GC and RI methods were the same 

Hyoscyamme 6B-hydroxylase activity was measured as de- 

scribed m ref [Z]. 

Identtjicatlon of the reaction product The reaction product was 

identified as scopolamme based on the followmg data (i) R, (5 5 

mm) on GCunder the condttions described (11) R, (tl Uj on sifica 

gel TLC (solvent system A) with detectton under UV,,, or by 

DragendortI’s reagent (kj GC/MS ot- the TMSi derivative 

(70 eV) m/z (rel mt.) 375 [M]’ (9 6) 138 [M-tropic acid 

moiety] + (100) 

Fractlonatron of mtcrosomes Freshly harvested cultured roots 

of H mger (25 g) were suspended m 45 ml of Tris-HCl buffer 

(0 2 M, pH 7 2) contammg 10 mM KCI, 1 mM MgCl,, 1 mM 

EDTA, 10 mM dithtothreitol and 20% (w/v) sucrose (buffer B), 
after which they were ground gently m a mortar then mixed with 

1 g of msofubfe pofyvmyfpyrrohdone. ‘This suspenston was 

passed through 4 layers of cheesecloth then centrifuged at 270 g 

for 10 mm The resultmg crude extract was centrifuged at 

160000 g for 1 hr, after which the ppt. obtained was washed once 
with buffer B then suspended m buffer A. The protein in the 

supernatant was precipitated by adding (NH,),SO, to 85% 

saturation The ppt obtamed after centrifugation at 15000 g for 
20 mm was dissolved m a mmimum vol of buffer A, then passed 

through a PD-10 column and the enzyme eluted with buffer A. 

Cytochrome c reductase was used as the marker enzyme for 

mtcrosomes Its activtty was measured as described m ref [I33 
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