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MIJCH is now known about the early I,2 and intermediate3 

biosynthesis and there is oadderable interest in the 

feeding [2-'+q ty roainetoPawwraonmifennnplants 

stages of morphine 

later stages. By 

ithasbem 

estab15shed"2 that twomoleoules oftyroaine arebuilt intomorphine (I). 

Purification of the codeine (II) and thebeine (III) fractions fmm ow 

feeding experimenta has yielded codeine (3.1 x id counts per mh per 

millimole) and thebaine (1.1 x Id oounte per mzin. per mlllimole). 

Morphinefxm~the sameplantshadanactivitgof4..5 xld ootmtepermin. 

permilliude. Tyrosine 

dhlOid& This finding 

rate of inoorwo -- xldion~ 

canthus serve aethepreoursorof all three 

allows [2-'%] -sine to be used to follow= 

activity into the ba8es (I), (II), and (III). 
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22 Rate 8tuay on the incorporation of tyrosine into morphine No.27 

Me0 / 
0 sib NMe 

Me0 \ 

III 

@km& f%re mature M planta (1958 meamm) we= fed over 0.5 hr. 

with [2-'4C~tproeinsandatsstt~saiterthefeeding,gmupa of five 

plant~wereharveste& The alkaloldswem extra&edandthemorphine, 

oodeine andfhebainewereieolatedbypartition &mmtogrepfgr onWhatman 

No. 1 paper In dioxan, water, 99$ fomic aoid (90, 9.5, 45 by wlme) for 

detexndnatlon of their a&ivitles. 

We find that the total mom&e of alkaloid and the relative Bmounts 

of the bases (I), (II) ad (III) vasg from plant to plant; in addition, 

theme qumtitiens me knam to depend q)cm the mtege of developmnt of the 



No.27 Rate study on the incorporation of Q-rosins into morphine 23 

P-4 Itiethereforeneoe~to exprelsaaaeultforsgiw3n 

aumloidMtotdaotivlty; this gives a mmsura of the amount of that 

dllcaloid formsdfmm [2-'4o]tgrpsinerhichi~ stiupre0ent intheplanf 

at the time of harvesting. Inorderto dedwithvarlationa lnthe total 

Tims 
tier 
meding 

r Total Aotivlties I 1-G (ooumt6perlOO wo.) r 
codeins 

Ratio 
3z3de+* 

4hows 7.3 14 33 1.9 l 

8houra 24 60 53 2.5 

25 hours 76 77 53 1.0 

2-s 75 91 52 4.2 

3-0 86 36 19 a4 

5deDre 270 55 27 a2 

8-8 145 29 10 42 

IldeQm 204 25 11 0.1 

14a4ys q95 21 9 091 

Ratio 
Phebain&oz@ine 

485 

2.2 

a7 

0.7 

CL2 

ai 

aat 

0.05 

a05 

inoorpmaticm(e.g. apparent~more efflolentinoorporatiaahaaooourmd 

in the 5 day emriment) the ratios of aativitie8 of the three Llkalolds 

are given. High am ienot olaimed forthem flgures,butthe 

experimentalerrorlsePalloanpsred~~thbwrgbrgeohange6in 

aativlty. 

4 R. )liriem end S. Pieifer, 
A. R. Batters* and B. J. 



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

The results shaw a rapid incorporation of activity into thebeine 

followed by a rise in the codeine activity end then a steady fell in the 

activities of these two alkaloids relative to that of morphine. ObtiOUSly 

the simplest interpretation of these facts is that the biosynthetic 

pathway runs f%am tyrosine to thebaine which is converted into codeine and 

that morphine is the end product of the qynthesis Peeding experziments 

using high activity specifically labelled thebaine are planned. 

The above studies sre complementary to the recent work of Rapoport 

et aL5 who grew pop~ly pGnta in -- %-of&on dioxide; they proved that the 

activities residi~ in the thebaine, codeine end morphine skeletons 

(i.e. lacldn;: methyl groups) changed with time as in the experiments 

above. Rapoport et al. also regard their results as evidence for the -- 

pathweythebaine+codeine ~morphine. 
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