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MUGH is now known about the early *2 and intermediste’ stages of morphine
biosynthesis and there is considerable interest in the later stages. By
feeding [2-'“CT tyrosine to Papaver sommiferum plents it has been
established ’° that two molecules of tyrosine are built into morphine (I).
Purification of the codeine (II) end thebaine (III) fractions from our
feeding experiments hes yielded codeine (3.1 x 105 counts per min. per
millimole) and thebaine (1.1 x 10° counts per min. per millimole).
Morphine from the seme plents hed an activity of 4.5 x 10° counts per min.
per millimole., Tyrosine can thus serve as the precursor of all three
elkeloids. This finding allows [2-'%C] tyrosine to be used to follow the

rate of incorporation of activity into the bases (I), (II), and (III).
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Forty five mature poppy plants (1958 season) were fed over 0.5 hr.
with [2-'%C7] tyrosine and at set times after the feeding, groups of five
Plants were harvested. The alkaloids were extracted and the morphine,
codeine and thebaine were isolated by partition chrometography on Whatman
No. 1 peper in dioxen, water, 99% formic acid (90, 9.5, 0.5 by volume) for
determination of their activities.

We find that the total amounts of alkaloid and the relative amounts
of the bases (I), (II) and (III) vary from plant to plant; in addition,
these quantities are knowmn to depend \pon the stege of development of the



No.27 Rate study on the incorporation of tyrosine into morphine 23

plant.

alkeloid as total activity; <this gives a measure of the smount of that

It is therefore necessary to express a result for a given

alksloid formed from [2-'14C) tyrosine which is still present in the plent
at the time of harvesting. In order to deal with variations in the total

Time Total Activities x 135
after (counts per 100 sec.) Ratio Ratio
Feeding vorsiins ]| Goastng |Tmebain Codeine/Morphine | Thebeine/Morphine
bhows| 7.3 | 33 1 4
8 hours| 2 60 53 2.5 2.2
25 hours | 76 77 53 1.0 0.7
2ays | 75 91 52 1.2 0.7
3 days 86 36 19 oL 0.2
5 deys 270 55 27 0.2 0.1
8 days | 145 29 10 0.2 0,07
11 deys | 204 25 1 0.1 0.05
AL days | 195 24 9 Q. 4 0,05

incorporation (e.g. apperently more efficient incorporation has oocurred
in the 5 day experiment) the ratios of activities of the three alkaloids
are given. High acouracy is not claimed for these figures, but the
experimental error is emall compared with the very large changes in
activity.
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The results show a rapid incorporation of activity into thebaine
followed by a rise in the codeine activity and then a steady fall in the
activities of these two alkaloids relative to that of morphine. Obviously
the simplest interpretation of these facts is that the biosynthetic
pathway runs from tyrosine to thebaine which is converted into codeine and
that morphine is the end product of the synthesis. FPFeeding experiments
using high activity specifically labelled thebaine are planned.

The sbove studies are complementary to the recent work of Rapoport
et QS who grew poppy pl‘ants in “‘C-caz’oon dioxide; they proved that the
activities residing in the thebaine, codeine and morphine skeletons
(i.e. lacking methyl groups) changed with time as in the experiments
ebove, Rapoport et al. also regard their results as evidence for the

pathway thebaine — codeine -+ morphine.
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