Phytochemistry, 1972 Vol. 11, pp. 2499 to 2502. Pergamon Press. Printed in England.

SHORT COMMUNICATION

BIOSYNTHESIS OF INDICAXANTHIN IN OPUNTIA
FICUS-INDICA FRUITS*
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Abstract—The result of the incorporation of doubly labelled tyrosine into indicaxanthin in the fruits of
Opuntia ficus-indica shows that the dihydropyridine moiety of the pigment originates from dopa by extradiol
cleavage of the aromatic ring.

INTRODUCTION

BeTALAINS (I), water-soluble nitrogenous plant pigments which include the red-violet
betacyanins (glycosides of betanidin and its C-15 diastereoisomer isobetanidin) and the
yellow betaxanthins, are characterized by the same dihydropyridine moiety and can be
formally considered as immonium derivatives of betalamic acid (II).! This compound II
was proposed as an intermediate in the biosynthesis of betacyanins and betaxanthins, which
would be formed on condensation with appropriate amino acids or amines,? and moreover
the suggestion was made that it might originate from 3,4-dihydroxyphenylalanine (dopa)

HOOC N COOH HOOC N COOH
I !
H H
(1) ()

(ITI) by oxidative cleavage of the aromatic ring and subsequent closure to a dihydropyridine
system.® Whether or not betalamic acid lies on the pathway to betalains is still an open
question, but evidence has been obtained that dopa (and also tyrosine, but less efficiently)
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is indeed incorporated in the dihydropyridine moiety of these pigments.*-> Conceivably,
the CoN skeleton of this ring could be derived from dopa in either of two ways: (a) cleavage
of the aromatic ring between the two hydroxylated carbon atoms followed by bonding
of nitrogen to carbon 5'; or (b) cleavage between carbons 4’ and 5’ and subsequent ring
closure by bonding of nitrogen to carbon 3.

Oxygenases which catalyze the cleavage of dihydroxyaromatic compounds are known
to occur in bacteria and is not impossible that analogous enzymes exist in higher plants,
Pyrocatechase type enzymes cleave the aromatic ring betweea the two hydroxylated carbon
atoms (‘intradiol’ cleavage) resulting in the formation of two carboxyl groups, while meta-
pyrocatechase type enzymes catalyze the incorporation of two atoms of oxygen into the
substrate between a hydroxylated carbon atom and an adjacent carbon atom carrying
hydrogen, forming an «-hydroxy dicarboxylic acid semialdehyde (‘extradiol’ cleavage).®’
With dopa as substrate, intradiol cleavage (a) or extradiol cleavage distal with respect to the
side chain (b) would be expected to yield 6-amino-4-(carboxymethylene)-2-heptendioic acid
(IV) and 6-amino-4-(formylmethylene)-2-hydroxy-2-heptendioic acid (V), respectively,
both of which could cyclize to betalamic acid and this would subsequently react with
amino acids or amines to give betalains (Scheme 1).

Hoocﬁ
}r HOOC\\/

NH3 ~COOH
KO3 3
l’lz\j ¥ (1Y)
4’,)f
HO S NHg” NCoOH
Eng N
HOOC 0~ NHZ  “cooH
(Y)
SCHEME 1.
RESULTS

In an attempt to distinguish between these two possibilities, we have studied the incor-
poration of doubly labelled tyrosine (L-1-'4C,3',5'-*H-tyrosine) into indicaxanthin (VI)
in the fruits of Opuntia ficus-indica Mill. (orange-yellow variety). Since it has been shown that
when 3’,5'-3H-tyrosine is enzymically hydroxylated one tritium atom is lost from a position
ortho to the hydroxyl group resulting in the formation of 5'-*H-dopa (3',5'-3H-tyrosine —
dopa, 559 tritium retention),® isolation of **C-labelled indicaxanthin free of tritium from
the tracer experiments with doubly labelled tyrosine would indicate that the conversion of
dopa into the dihydropyridine moiety takes place via an intradiol cleavage, while isolation
of labelled pigment with a ratio of tritium to **C(T/C) halved with respect to that of the
administered precursor would be consistent with the pathway involving a distal extradiol
cleavage of the aromatic ring of dopa.
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The results of the experiments carried out with different T/C ratios in the precursor are

summarized in Table 1 and agree with the latter alternative. Degradation of the radioactive
pigment gave *4C-labelled pyridine-2,4,6-tricarboxylic acid free of tritium and proline

TABLE 1. INCORPORATION OF DOUBLY LABELLED TYROSINE INTO INDICAXANTHIN BY Opuntia ficus-indica

Indicaxanthin isolated

Radioactive T/Ci in Incorporation§

Expt. No. L-tyrosine fed (uCi) the substrate Wt (mg) *H 14C T/C%

1 1-14C* 4-5 1-04 7-8 021 0-38 0-57
3,53HE 47

2 1-14C* 35 2-46 43 024 0-45 1-31
3,5-3Ht 86

3 1-14C* 27 370 111 0-31 0-57 2:01
3’,5.3Ht 100

4 1-14C* 2-3 4-00 12-8 023 042 2-19
3,53Ht 92

5 1-14C* 22 10-10 17-4 0-12 0-23 5:26

3,5-*Ht 223

* Specific activity 50 mCi/mmol.

1 Specific activity 25 Ci/mmol.

1 Ratio of tritium to *4C.

§ Total dpm in indicaxanthin x 100.

total dpm fed

completely devoid of radioactivity, in agreement with a specific incorporation of tyrosine
without noticeable scrambling of the label.

———— ————eii— l
HO NHZ HO HOOCC

CooH NHz~ “CooH 10~ NHz  “CooH
T T
:+ -
N|/‘\coo
cTo
| T
o
SN e WG
HOOC wny” “toom HOOC” >N >COOH HOOE N COOH
[
H H

(vr)

SCHEME 2. PROPOSED PATHWAY FOR THE BIOSYNTHESIS OF INDICAXANTHIN IN Opuntia ficus-indica.

Accordingly, a scheme for the biogenesis of indicaxanthin can be proposed (Scheme 2),
but the possibility that the closure of the dihydropyridine ring occurs after the step of
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condensation with proline must be taken into consideration. Replacement in this scheme of
proline by different amino acids or amines gives a probable general route of biogenesis of all
the betalains.

EXPERIMENTAL

Plant material. Mature fruits of Opuntia ficus-indica Mill. (orange yellow variety) were used immediately
after collection.

Administration of 1-1-'*C, 3'5’-3H-tyrosine and isolation of radioactive indicaxanthin. In a typical run,
three fruits were injected with an aq. solution of doubly labelled tyrosine (mixture of L-1-1*C-tyrosine and
L-3’,5’-3H-tyrosine, see Table 1). At the end of the incubation period (24 hr) the radioactive indicaxanthin
was isolated according to a previously described procedure® and purified to constant specific activity by
recrystallization from water.

Degradation of radioactive indicaxanthin. (1) Pyridine-2,4,6-tricarboxylic acid from indicaxanthin. A
sample of doubly labelled indicaxanthin (47 mg; SA 5-1 x 10°% dpm/mmol (*4C) 15:6 x 10% dpm/mmol CH)
obtained from a larger scale incubation experiment was oxidized with H,O, as described elsewhere® and the
isolated pyridine-2,4,6-tricarboxylic acid crystallized from water to constant specific activity. Yield 3-2 mg,
SA (**C) 495 x 10° dpm/mmol. Tritium activity was negligible. (2) Proline from indicaxanthin. Doubly
labelled indicaxanthin (11 mg) was subjected to acid degradation and proline isolated as described previous-
ly.? The amino acid was completely devoid of radioactivity.

Counting of radioactivity. Radioactivity was measured using a Picker Ansitron II liquid scintillation spec-
trometer. Insta-gel (Packard) was used as the scintillant solution. Prior to counting, coloured samples were
bleached with H,O, in alkaline solution. All counts were corrected.

® M. PIATTELLL, L. MINALE and G. PROTA, Tetrahedron 20, 2325 (1964).



