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Abstmct-The incorporation of [2-14Qacetatc, [v-~Q-lysinc and n-14c]-mevalonate into the alkaloid, 
carpahe, by excised shoots of Curicapcy~va Lh. has been investigated. It was found that acetate was* by far, 
mom &ciitly incorporated than the other two compounds; and it is suggated that this linding could be 
consistent with a fatty acid or “polyketide” type of mecbahm for the biosynthesis of carpah 

CARPMNE from the leaves of Cadcapapaya Linn. has the structure @).I Inspection of the 
formula suggests a possible biogenetic relation to the fatty acid or “polyketide ” routes;* but 
the detailed origin of the piperidine ring cannot be assigned with certainty. In view of the 
interest in the origins of pipe&line rings in alkaloids 3 we have examined the incorporation 
of [14C]-labelled acetate, lysine and mevalonate into carpaine by excised shoots of C. papaya. 
We report here the preliminary conclusions : the detailed chemical degradations of the labelled 
alkaloid obtained are still under investigation. 

RESULTS 

Since the quantity of each radioactive compound administered per shoot was always less 
~n4oo~~andnevermo~than1O~,itisBss~~fbatitwouldnotgreatlyalterfheno~l 
pool size of the compound in the plant; and should not have any significant deIeterious 
effect on the metabolism of the plant.4 It is assumed further that no significant permeability 
differences exist in the absorption of the three compounds into the cells of the plant, and also 
that the chemical recovery of labelled carpaine was equally efficient in the three sets of experi- 
ments. With these provisos in mind the relative efficiencies of the administered compounds 
as precursors for carpaine can be compared, as in Table 1, by making use of an arbitrarily 
defined incorporation factor given by : 

Total counts per set 
Administered radioactivity @c x wt. of plant tissue, g) 

1 G. BARGE& R Ronmso~ and T. S. WORK, J. C&em. Sue. 711(1937); H. RAPPORT, H. D. BAUXUDGE and 
E. J. VOLCHEICJ Amer. Ch. Sot. 75, X290(1953); T. R. GovmDAcrs.uuand N. S. N-J. CZiem. 
Sue. 2635 (1953), 1563 (1955); M. TICHY and J. SIP, ?&&reahn~Lettcrs 511(1%2). 

2 A. J. BIRCH, i-roe. Chem. Sot. 3 (1962). 
3 K. MOTH~S and H. R Sc&rm, hgew. Chem. (Znternah Ed) 2,341(1963). 
4 E. NOWACICI and R. U. BYERRUM, Bkhem. Biophys. Rm. Gomm. 7,58 (1962). 

591 



592 C. W.L. BWAN andA.U. OGAN 

TABLE 1. RELATIVE IZFFICIENCIES OF AUZTA’IX, LYSINE AND MEVAL~NATE AS PRECURSORS 
POR CZARPAINE 

- 

[2-W]-Acetate [UJ+Cl-Lysine [2-K]-Mcvalonate 

Activity in carpaine (cps) (c) 126.500 1991 4028 
Administered activity (p) (a) 40 8 8 
wt. of plant tissue (9) (w) loo-3 170.6 195.7 

Incorporation factor 31.5 146 2.51 

DISCUSSION 

The results indicate that acetate is incorporated far more efficiently than lysine or mevalo- 
nate into carpaine. From structural considerations it seems unlikely that mevalonate could he 
involved directly in the biosynthesis of carpaine. Moreover if mevalonate were involved 
directly, then it should have proved more efficient than acetate as a precursor. There is some 
indication, however, that mevalonate could undergo biological degradation to yield products 
which may then be channelled into “non-polyprenoid” synthetic pathways.5 It is probable, 
therefore, that the slight incorporation observed with mevalonate arose via some such 
degradation; and therefore is not biogenetically significant. 

Lysine is known to be the precursor of piperidine-2-carboxylic acid in the rat, in plants and 
in Neurosporu crawa Among the alkaloids proper there is much evidence that lysine and its 
decarboxylation product, cadaverine, are the precursors of the piperidine rings of anabasine, 
the lupin alkaloids, matrine, etc.3 But the finding from the present investigation that lysine 
is even less efficiently incorporated than mevalonate indicates that it is improbable as a direct 
natural intermediate in the biogenesis of carpaine. 

Carpaine contains an intact carbon chain of the same length as myristic acid (which, 
incidentally, occurs in the seed-oil of Curicupupu~u7>. It could therefore arise by the acetate- 
malonate pathway characteristic of both the fatty acids and polyketides. Although the 
terminal unit in such cases (i.e. acetyl coenzyme A) differs from the other units (i.e. malonyl 
coenzyme A) it might be expected that under the prolonged conditions of the experiment, 
complete equilibration should occur. 

Leete8 has recently shown that the related piperidine alkaloid, coniine, very probably 
arises by a “polyacetate” route, and not from lysine as had previously been postulated.g 

Apparatus and Materials 
EXPERIMENTAL 

Radioactive chemicals were supplied by the Radiochemical Centre, Amersham, England. 
The ordinary carpaine used to dilute the biosynthesized [“Qcarpaine was prepared as 
described by Govindachari et al. lo Liquid scintillation counting was done in re-distilled 

5 M. J. COON, F. P. KUPJXKI, E. E. DECKER, M. J. SCHIBSINGBR and A. DEL CAMPILLO, in The Biosynrhesis 
of Tetpenes and Sterols: Ciba Foundation Symposium, London, (1958) (Edited by G. E. W. WOLSRZNHOLME 
and M. O’CONNOR), p. 62, J. & A. Churchill, London (1959); T. RAMASARMA and T. RAMAKRISHNAN, 
Biochem. J. 81,303 (1961). 

6 L. FOWDEN, in Annual Reports Progr. Chem. (1959) 56,359, The Chemical Society, London (1960). 
7 J. M. WATF and M. G. BREYW-BRAND~LJK, MedicinaIandPoisonous Plants of Southern and&stern Africa, 

2nd Ed., p. 173, E. & S. Livingstone Ltd., Edinburgh and London (1962). 
8 E. LEETE, J. Amer. Chem. Sot. 8!5,3522 (1963). 
g U. S~HIEDT and H. G. H&s, Z. Natwforsch. 13b, 691 (1958); Hoppe-Seyler’s. Z. 330,74 (1962). 

10 T. R. GOVINDA~HARI, B. R. PAI and N. S. NARASIMHAN, J. Chem. Sot. 1847 (1954). 
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sulphur-free toluene, as described by Stitch,ll using an Ecko Type N621A counter connected 
to a stable power source (a.c. voltage stabilizer Type AC2 Mk IIB, Servomex Controls Ltd.), 
and an automatic scaler (Ecko Type N 530 G). The organic phosphor was a O-3 % (w/v) 
solution of 2,5diphenyloxaxole (i.e. “PPO”) iu toluene.12 A constant total volume of 3 ml 
of phosphor was used for each count.11 

Since piperidine itself had been reported to exhibit considerable “quenching” property 
with regard to “PPO” as phosphor, l2 the ‘Lselfquenching” by carpaine was determined 
beforehand, using 3 ml of phosphor solution containing about 0.06 PC of carrier-free [2J4C]- 
mevalonate, as the standard scintillator. From the results it was deduced that a suitable 
amount of [l’%Z]-carpaine to be used for each count was 10 mg (- 12 % quenching), 

General Incorporation and Extraction Procedure 

Eigbt and a half months old C. papaya seedlings were cut under water, about 40-50 cm 
from the crown, and each excised shoot was transferred quickly into a large test-tube con- 
taining a solution of the radioactive compound in 2 ml of water. The assembly was placed 
inside an illumination chamber made of wire-netting, and illuminated with two 8OW 
fluorescent tubes and four ordinary 60W “pearl” bulbs. After most of the solution had been 
absorbed the test-tube was rinsed down thrice with small amounts of water; the plant being 
allowed to absorb almost all of each rinse before the washing was repeated. Finally 25 ml of 
water was added, and the shoot was illuminated continuously for 14 days; its cut end being 
maintained under water throughout. 

By the above method a set of four excised shoots were given 10 clc (ca. 113 pg) of sodium 
[2-“‘C]-acetate per shoot ; a second set of four shoots were given 2 fl (ca. 394 pg) of [2J4C]- 
mev~onola~one per shoot; and a third set 2 clx: (c-a. 31 pg) of [UJ4C]-lysine monohydro- 
chloride per shoot. The shoots all remained generally healthy and produced several new 
leaves during the experiment. After 14 days they were harvested, cut up together in appro- 
priate sets, weighed, and each set of wet tissue was macerated in a Waring blendor, together 
with 600 ml of chloroform and 60 ml of 14 N amm0nia.l 3 The mart was stood for 48 hr, with 
occasional stirring; and the liquid was then drawn off, and the residue washed with 400 ml 
of chloroform. The extract and washing were combined, transferred into a separatory 
funnel, and the organic phase was run off. The aqueous phase was extracted further with 
chloroform (3 x 100 ml) and then discarded. The combined organic extract was shaken with 
2 N HCl(4 x 50 ml), and the acidic extract was washed with chloroform, to remove non-basic 
oils. All the chloroform fractions were then discarded. 

To the acidic extract was added inactive carpaine; and the solution was cooled in ice, 
treated with excess ammonia, and extracted with chloroform or ether (4 x 100 ml). The 
organic phase was washed with water, dried over Na2S04 and the solvent removed on a 
water-bath. The residue was next digested with sulphur-ftee toluene (3 x 50 ml); and the 
insoluble resin (which, in each case, gave an orange-brown colour with DragendorfI’s reagent) 
was discarded. The toluenasoluble fraction always gave a single, elongated, orange-pink 
spot on paper chromatograms run in n_BuOH: acetic acid: Hz0 (4:l: 5, top phase), and 
sprayed with Dra~ndo~s reagent. I4 The toluene was removed on a water-bath, under 
nitrogen; and, after prolonged drying of the residue in vacw over PzOs, 10 mg of it was 
counted. 
11 R. sTlTCH,&Xti.~. 73,287(1959). 
12 F. N. HAYE& R. D. J~IB~T and R. L. SQlvm, Science, 116,140 (1952). 
13 E. Llm& 3. Amer. c%em s?c. 78,352o (1956); 808 4393 (1958). 
14 C. W. L, BEVAN and A, U. OGAN, FT. .@ii~m Scf. f. (io pnss). 
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After dilution with 85 mg of crude, inactive alkaloid as described above, the fInal product 
from the experiment with [%!I-acetate was chromatographically pure, semi-crystalline 
carpaine (72 mg) with activity of 126,500 cps (extrapolated from an observed value of 1757 
cps on 10 mg). The product from the experiment with lysine was diluted with 41 mg of 
inactive, crystalline carpaine, and finally yielded 41 mg of semi-crystalline, chromatographic- 
ally pure base with a total extrapolated activity of 1991 cps. Similarly the [r4C]-carpaine 
from the mevalonate experiment was diluted with 30 mg of inactive, crystalline carpaine; and 
the semi-crystalline, chromatographically pure alkaloid isolated finally (33 mg) had a total 
extrapolated activity of 4028 cps. 

Acknowle&enz.ent authors are indebted to Professor A. J. Birch, F.RS., for suggesting the problem, 
for the gift of the [‘4c]-labelled acetate and mew&mate, and for much useful advice. 


