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Abstract-Studies with [methyl-‘4C]-L-methionine have established that the methyl carbon of L-methionine can 
act as a precursor of the N-methyl group of methyl coniine in Conium muculutum. 

INTRODUCTION 

TRANSMETHYLATION is well established in animals’ and there is now evidence that L-meth- 
ionine is the major donor of 0- and N-methyl groups in plants2 In particular it has been 
established using radioactive tracer techniques that the 0- and N-methyl groups of the 
piperidine and pyrrolidine alkaloids originate in this manner. The methyl carbon of L- 

methionine has been found to serve as a precursor of the 0- and N-methyl groups of 
ricinine,3 the activity of these two groups accounting, within the limits of experimental 
error, for all the activity in the ricinine molecule. The two groups also exhibited similar 
activity, indicating that the enzymes responsible for the transfer of the methyl group of 
L-methionine must in both instances be comparable. Similarly, it was found that the N- 
methyl of hyoscyamine in Datura stra~zonium~ and the N-methyl of nicotine in Nicotiana 
rustica originated from the methyl group of L-methionine. The present work investigates 
the further utilisation of L-methionine in the formation of methyl coniine in Coniuvn macu- 
latum. 

RESULTS AND DISCUSSION 

Since whole plants of C. maculatunz cv. Bowles had amounts of methyl coniine which 
were easily extracted from the leaves at flowering (014 mg/g fr. wt), three plants were wick- 
fed with [methyl-14C]-L-methionine and harvested after 4 or 6 days. Incorporation of 
radioactivity into the methyl coniine was found to be low (005%) and subsequent exper- 
iments with cut fruit panicles gave a much improved incorporation of radioactivity (1.5%). 
The unripe fruits from a number of varieties of C. maculatum were used for the experiments 
shown in Tables 1 and 2. At 9-21 days from flowering the different varieties had a similar 
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concentration of total alkaloids per g, but the concentrations of the individual major alka- 
loids, coniine. methyl coniine and y-coniceine varied considerably. As early as 9 days from 
flowering the major alkaloid in the Messina and Bowles fruits was methyl coniine, whilst 
in Minnesota and Chelsea the major alkaloids were coniine and ;s-coniceine respectively. 
As the fruits ripened the only significant changes in alkaloid composition took place in 
the Chelsea fruits where at 3.5 weeks from flowering coniine accounted for some 66”,, of 
the total alkaloids and ;3-coniceine for- .32,5”,,, methyl coniine occurring only in trace 
amounts. 
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SP = Single panicle of fruits. 
MP = Multiple panicle cornpod of three panicles of fruits. 
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Incorporation of radioactivity from [methyl-‘4C]-r.-methioninc into the total alkaloids 
of the hemlock fruits was variable. depending on the stage of dzvelopmcnt of the whole 
plants and fruits. The highest incorporation of radioactivit> (1.8”,,) \vas obtained in the 
early summer (prior to leaf senescence) with multiple fluit panicles, at ELI I.5 weeks from 
flowering (Exps. 1 4). At this stage the administration of double the concentration of 
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[methyl-‘4C]-L-methionine (i.e. 26.4 x lOh cpm) doubled the incorporation of radioacti- 
vity into the alkaloid fraction and harvesting after 24 hr as opposed to 48 hr (Exps. 1, 6, 
7 and 13) suggests that there is no advantage to be gained by harvesting panicles after a 
longer period of time. Indeed Exps. 10 and 11 suggest that maximal incorporation is 
obtained in the first 6 hr. Since preliminary experiments had not indicated that such a 
short time was required for maximal radioactivity in the alkaloids it is suggested that the 
hot sunny conditions during the period used for the experiments recorded in Table 1 
brought about an early cessation in metabolism in the cut fruit panicles. The [methyl- 
“C]-L-methionine was normally administered in 0.05 ml/per panicle of culture solution 
buffered to pH 7.0 and these solutions were taken up by the fruit panicles in 3&60 min. 
The flowering process with C. nzaculatum normally covers several weeks and it was also 
found that the Bowles and Messina varieties flowered some weeks earlier than the Minne- 
sota and Chelsea varieties. However, with the later flowering panicles (fed at 1.5 weeks 
from flowering) it was observed that there was a sharp decrease in the incorporation of 
radioactivity into the alkaloid fraction by a factor of 5-10 which may in part be due to 
the early senescence resulting from the dry hot conditions. 

The individual alkaloids were determined quantitatively using GLC, and individual 
alkaloids isolated using PC followed by recrystallisation to constant activity. The results 
in Table 1 show that all the radioactivity was confined to the alkaloid methyl coniine in 
all varieties of hemlock fruits and since the generally accepted biosynthetic pathway for 
these alkaloids is y-coniceine-+coniine--+methyl coniine6,7 it is reasonable to assume that 
the radioactivity is confined to the N-methyl group of the methyl coniine molecule. The 
large variations in the specific activity of the methyl coniine reflect the varietal differences 
in methyl coniine content at the commencement of the experiments since with Bowles and 
Messina varieties large amounts of methyl coniine are already present, whereas Minnesota 
and Chelsea varieties contain only small amounts of this alkaloid. However, comparison 
of the results from Exps. 613 for the per cent incorporation into the alkaloid fraction sug- 
gest a methylating enzyme in the fruits of all the hemlock varieties which is capable of 
similar activity, so that it may be assumed that these results are either a direct response 
to an excess of the precursor of the N-methyl of methyl coniine or that in some varieties 
under normal growing conditions the methyl coniine formed is more rapidly metabolised 
to other substances; a consideration which deserves further investigation. 

To further confirm that the whole of the radioactivity of methyl coniine resided at the 
N-methyl carbon, methyl coniine from three separate experiments, after purification by 
recrystallization to constant activity, was degraded using a variation of the Pregl method’ 
for the estimation of methyl- and ethyl-imino groups. 

The N-methyl of methyl coniine was obtained as triethyl-methyl-ammonium iodide 
which was then converted to the reineckate salt for determination of radioactivity. The 
results in Table 2 show that the recovery of the methyl coniine radioactivity as the methyl 
group of the quaternary iodide ranged from 94 to 101% indicating that, within experimen- 
tal error, all the activity is localized on the N-methyl carbon of methyl coniine as had been 
anticipated by the results given in Table 1. 
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Formation oftriethyl-methyl-ammonium reineckate. Triethylmethyl ammonium iodide was dissolved in MeOH 
and the reineckate salt formed using ammonium reineckate. The salt was purified to constant radioactivity by 
repeated decomposition and re-precipitation of the reineckate in Hz0 according to Kapfhammer and Bischoff.” 

Determination ofradioactiuity. The alkaloids were dissolved in MeOH (50 mg/ml) and 0.1 ml taken for radioac- 
tive determinations using scintillation counting (efficiency 85%;). The radioactivity of the reineckates was deter- 
mined by taking a known amount and using Cab-0-Sil(O.5 mg) to maintain suspension in the scintillation fluid 
since the reineckate of the quaternary ammonium compound came out of soln on cooling. 

1 ’ KAPFHAMMER, J. and BISCHOFF. C. (1938) Z. Phys. Chew. 191, 179 


