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Abstract-The administration of DOPA to violet flowers of Portulaca grandipora led to the biosynthesis of 
betaxanthins not present in untreated plant material. Among them vulgaxanthin II but no dopaxanthin could be 
identified. DOPA serves as a precursor of the dihydropyridine moiety of the new betaxanthins. Its role as an elicitor of 
betaxanthin biosynthesis is discussed. 

INTRODUCTION 

The seedlings of Amaranthus caudatus are used widely in 
studies of the regulation of betalain metabolism [ 1,2]. As 
a result, the regulation of betaxanthin metabolism has 
be-en neglected because A. caudatus plants normally form 
betacyanins only [3]. 

In future experiments in this field, it appears important 
to investigate also a plant species that synthesizes beta- 
cyanins (2 in Fig. 1) as well as betaxanthins (3 in 
Fig. 1). Portulaca grandl#lora may be a candidate since it 
produces both pigment types characteristic of the order 
Centrospermae [4, 51 and is suitable as experimental 
material [6, 71. 

The small number of regulatory investigations with 
A. caudatus seedlings which were not confined to the 
betacyanins, however, led to a surprising result since, 
besides betacyanins, betaxanthins were produced, under 
the influence of external factors or agents such as intense 
light and DOPA [S-l 11. As this phenomenon needed to 
be studied in more detail, we have examined the response 
of violet P. grandz$ora flowers to DOPA feeding. 

RESULTS AND DISCUSSION 

Untreated violet flowers of P. grandijora line H [7] 
exhibit a white colour in the basal parts of therr petals. 
After the application of a substantial amount of DOPA 
(0.75 mg) to a stem tip with a flower bud, the bottom of the 
perianth shows a golden yellow pigmentation extending 
mto the violet areas. This can be seen even before anthesis. 
Crude extracts from DOPA-fed petals are brick-red in 
colour in contrast to the violet extracts of untreated 
flowers. This difference IS caused by a qualitative change 
of the betalain composition of flowers fed DOPA due to 
the synthesis of additional betaxanthins. 

After DOPA application, the separation of a petal 
extract by DEAE-Sephadex A-25 CC [ 123 yields betalain 
fractions in the following order: (a) a very small amount of 
betaxanthin; (b) the feeding-depending betaxanthin; 
(c)the main betacyanin; (d) betaxanthin; and (e) a very 
small amount of betacyanin. In untreated flowers as well 
as after the feeding of ascorbic acid, only fraction b 1s 
absent. Betalamic acid (1 in Fig. 1) is never detectable. 

The question now arose as to whether or not DOPA 
acted as a precursor and/or as an elicitor of betaxanthin 
biosynthesis. On feeding L-3+dihydroxyphenyl[3- 
“C alanine, 1 a significant amount of radioactivity was 
detectable in fraction b (Fig. 2). After alkaline hydrolysis 
[ 131 of this fraction and subsequent CC [ 12,141, radioac- 
tively labelled betalamic acid was identified. The amino 
acid portion could not be characterized by this procedure. 
The results show that, as expected, flowers of P. grandif- 
lora incorporate exogenously supphed DOPA mto the 
dihydropyridine moiety of betalains. This finding agrees 
with the report [lS] on betalain biosynthesis in Opuntia 
fruits when,after D,L-3,4_dihydroxyphenyl[2-“C]alanine 
administration, more than 90% of the betanin radioac- 
tivity was found in the betalamic acid obtained by 
hydrolysis. Since the main betacyanin of P. grandz$ora 
flowers also contains radioactivity after feeding L-3,4- 
dihydroxyphenyl[3-“Clalanine, we assume that this 
amino acid reaches the internal DOPA pool. No further 
investigations on betacyanins were camed out. 

Ifa betaxanthm molecule IS subjected to acid hydrolysis 
[ 161, the amino acid moiety is split off. By this procedure 
our fraction b afforded two amino acids suggesting that It 
is composed of two betaxanthins. One of the amino acids 
showed the same R, value as glutamic acid in two solvent 
systems. Therefore, the parent betaxanthin is vulga- 
xanthin II [16] (3 in Fig. 1). Attempts to identify the 
second amino acid were unsuccessful. However, we can 
exclude the presence of DOPA and dopamine, the ‘upper’ 
parts of dopaxanthin and miraxanthin V, respectively 
[ 17,181. After DOPA application to Amaranthus coty- 
ledons Giudici de Nicola et al. [9] were unable to find any 
dopaxanthin but vulgaxanthin II and miraxanthin II. A 
number of compounds, including vulgaxanthin II, were 
reported by Colomas [lo]. 

These results show that, in violet flowers of P grands- 
flora line H as in A. caudatus seedlings, DOPA adminis- 
tration elicits the formation of betaxanthins which are 
absent in untreated plants. Since dopaxanthin is one of the 
main betaxanthins in yellow P. grandt$ora flowers [4, S] 
the presence of this pigment is to be expected after DOPA 
feeding. But the experiments with P. gra&Yora confirm 
the absence of dopaxanthin observed in A. caudatus after 
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Fig. 1. Betalamic acid (1) is a precursor of all betalams and represents the chromophore of these pigments In 
betacyanins, e.g. betanin (Z), it is always linked to cycle-DOPA whose glycosidation and acylation lead to ca 50 
known betacyanins. In betaxanthins, e.g. vulgaxanthin II (3), hetalamic acid is attached to an amino acid or an amine 

without any glycosidation. 
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Fig 2. DEAE-Sephadex A-25 CC of the [“Clbetaxanthin fractions isolated from petals fed L-3,4-dihydroxy- 
phenyl[3-L4C]alanine. (0) Radioactivity; (a) E4,Snm 

DOPA application. Obviously, the feeding of a certain 
amino acid cannot induce the biosynthesis of the respect- 
ive betaxanthin. This is in agreement with the finding that 
proline application to a yellow flowering Celosia plumosa 
variety does not result in the formation of indicaxanthin 
c191. 

It is noteworthy that the basal parts of violet P. 
grandijlora flowers exhibit a yellow colour in the after- 
noon of very sunny days. Separation of the petal extract 
on DEAE-Sephadex A-25 [12] shows the presence of 
fraction b. This observation supports the assumption that 
the effect of DOPA is not restricted to its precursor 
function. 

It now needs to be clarified whether the betaxanthin 
synthesis found under the influence of different con- 
ditions leads to identical patterns and whether these 

betaxanthins occur in untreated yellow flowering P. 
grandiflora plants. 

EXPERIMENTAL 

PIant muterwl Plants of the violet flowering Inbred hne H of 
Portulaca grundrfloro Hook [7] were grown in a greenhouse 
under long day conditions 

Feeding method Apical stem parts of 2 cm length with flower 
buds were transferred into 0.3 ml 13 mM aq. DOPA soln 
containing an equlmolar amount of ascorbic acid to inhibit 
oxidation. After uptake of the feeding soln, the stem tips were 
kept In Hz0 up to anthesis. Controls were fed with 13 mM 
aq. ascortnc acid soln only In some cases, 130 ~1 (= 280 p(g) 
L-3&dihydroxyphenyl[3-“C]alanine (1.4 mCi/mmol) was 
admmistered per stem tip. 
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Isolation and fractionation of betalains. Petals of P. granddipora 
were collected 1 or 2 days after DGPA application and stored at 
- 15” until required. The frozen petals were homogentxed with 
quartz sand in a mortar and extracted with HsO. After centrifu- 
gation (15000rpm for 10min) the supematant was passed 
through a DEAE-Sephadex A-25 column [12]. Pigments were 
eluted by a discontinous gradient of NaCl (from 0 to 0.6 M) and 
determined by then absorption spectra. In some cases most of the 
betacyanin fraction of petal extracts was separated by a poly- 
amtde column 1143 (solvent, &2 % aq. crtric acid) before 
DEAE-Sephadex CC of betaxanthins. 

Alkalrne hydrolysis. After application of [3-%]DOPA, the 
[r4C]be.taxanthin fraction b was Isolated by polyamide and 
subsequent DEAE-Sephadex A-25 CC. An aq. soln of this 
fraction was de-aerated and the pH adjusted to 9-10 by addition 
of 0.6 M NH3 under a stream of N2 [ 131. Under these conditions 
betaxanthms (A,, nnr 475) were split and the resulting beta- 
lamrc acid (1, nm: 430) was Isolated by DEAE-Sephadex A-25 
CC. All fractions were collected and their absorption maxrma as 
well as radioactrvrty were determined. 

Acrd hydrolysis. The betaxanthin soln was applied to the top of 
a Dowex 50 x 8 (H*) column in order to bind free amino acids. 
The betaxanthins were eluted with HsO, reduced to dryness on a 
rotary evaporator and allowed to stand with 2 ml 1 M HCl at 
30”-35” for 24-48 hr [16]. When the cleavage of betaxanthms 
was complete the reaction mixture was chromatographed on 
Dowex 50 x 8 (H+). After careful washing of the column with 
HsO, the amino acids were eluted with 10% NHs. The eluate was 
evaporated to dryness. The residue was dissolved m a few drops 
of 50% aq. EtOH and sublected to PC. 

Paper chromatography of amino acids Performed on Schleicher 
& Schhll 2043 b M. Solvent systems: n-BuOH-HOAc-H,O 
(12:3:5) and PhOH (Hz0 satd). 

Radioactivity measurements. Carried out m a Packard 
Scintillatron System Tri-Carb 2660. 

Chemicals. DEAE-Sephadex A-25 was a product of Pharmacia 
Fme Chemicals AB, Uppsala, Sweden, and Polyamide powder of 
M Woelm, Eschwege, West Germany. L-DGPA and Dowex 
50 x 8 were obtamed from Serva, Heidelberg, West Germany and 
t-3,4-dihydroxyphenyl[3-‘4C]alanine (10.9 mCi/mmol) from 
the Radmchemrcal Centre, Amersham, U.K. 
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